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. \\ ‘ . ; :'i;‘ .. ; Abstract . . - . S ’_- N e S ":
B ;_;,’/ .- L o { — . . . -t"\' Ii . °
.. ‘ ;1nﬁ'? This'study was undertaken to:comoare the maximdm\l- ) -
.; ia oxygen uptake obtalned by three standard maxlmaldoxygen .2 ;:Lf

AR N uptake tests.‘ One 1nd1rect\and two dlrect tests of

. IR o maxlmum oxygen consumptlon were chosen.» ‘The dJ.rect tests .'

t; _;zﬁjf‘ chosen were the ‘continuous bicycle test and the contlnuous"
( ‘:ff- trEadmillﬂtest "The indirect test was'the'Astrand-Ryhmingw.'v h,“
N A ;A\ - test emploY1ng heart rate response to submax1ma1 work - fr;'",ﬁf
'; s The sample (N—20) which’ con51sted of ﬁO'male and - 10 o B
fé '."_;a'p;:, female volunteer students fromwMemorlal Unlver31ty of lifig

. Newfoundland was d1v1ded 1nto-two groups on the ba51s of . iﬁ\\\\*“

. . . )
i

- sexr Each sub]ect was requlred to perform each of the N

three maxlmum oxygen consumptlon tests.;f \'-f~ S S o

The scores obtalned from the maxlmum oxygen consump— S

thn tests were compared u51ng ‘the t test fér palred U -
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samples.~ The;’ "obfained from all*three*maﬁﬁmwmr—t

oxygen consTmptlon tests were: found to be 51gn1f1cant1y

dlfferent at ‘the. 05 level in all cases except for the ,i;' f:,F“*

N ﬂstranﬁ Indlrect test and the contlnuous cycllng test 1n o

. female subjects. ~'Q . S O
: S / : G

S The mean dlfference between the scores on the jﬁ“ EPEREERA

‘R.?.' t'ﬁ'._, qycllng test. and the treadm111 test‘was 9% for males and
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ll% for females. The treadmill test resulted 1n values

. N yleldlng the hlgher scores 1n both male and female
\‘ "-‘ < . . . L. ’

f;th A subjects., ”;‘..f :" '.ﬁ_&g ”ﬁ“ffh‘t:f”ff“

o

”gt_‘3.1; Spearman s coefflclent of rank correlatlon was used
. e , RN -

“f to flnd theacorrelatlon coeff1c1ents between the three (ﬂ*!-*V;j’ f,jth

T e ‘A / . ..‘. r : e S
:-testS. All correlatlon coefflcrbnts were fouhu to be o

. A —\ 4 : oo .3' -'_‘/ T A ' [T

E TR 51gn1f1cant at the .05 level S IV‘ff Ul e e

'fIt was concluded that .\,f."gj,'. ,?s ;uf -.. ig'f f“'*£f7,;f
. ] T SRR A AN S

':!the treadm111 test results in values which are _frzfij“

';fapproxlmately 10%.hlgher than those obtalned _f@jt;f\jf;fﬁj <

- . . - o

hddurlng the cycllng test,_ -'h_: . Jn f._.W
:the Astrand 1ndlrect test underestlmates ﬁhe x:j@“”

readmlll score by about 7%, o ”Q' i;-f;bﬁ.m, ; Vo Tl
- .'o' "ty ' - T G x ',"',‘ o :Lh Vs
the Astrand 1nd1redt and‘cycllng test glve scores LR ;"Lf
B \\\/ 4 : . 3 .ey U..a . - R . " . ’. w I i
whlch are 51m111ar.'," '-. o '-“.1;3 S :

" et B . .
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, Some characterlstlcs of test subJects e
1;~II{ Eormula For converSion: of ‘maximum
*.,j oxygen uptake values to STPD oy

L..

e .:'g'fﬁ Ili o Formqla for the conver51on of
L "1[‘ﬁ'5: {_ pulmonary ventllatlon'values to BTP%

: Ind1v1dua1 and average values for -
3 »" ' 'Oxygen uptake (liters/min.)’ durlhg
’ o U maxigal bicycle, maximal: treadm111
L 'ﬂgsf~and Astrand Indlrect test ;[T

Ind1v1dua1 and average values for "

" pulmonary ventilation and maximum :
e .,qﬁ heart. rate during maximal blcycle-v
R and treadmlll exerc1se N e
» > ' RN \,- N
— N , Correlatlon matrlx fog maximum oxygen
IS i uptake values on' the. Astrand’ indirect ..
s “.test, continuous blcycle test and,the .
ES : contlnuous treadm111 test ’ - g -
. “a'j“iaﬂrfygyvlggY‘ Correlatlon matrlx for maX1mum oxygen RS
T e ) uptake scores, pulmonary ventllatlon
so's._f_;:y\;ﬁ*jf and. maxlmum heart rate :
.: . _! --'_.'_.':. -:‘"'_‘.'. . N et T, . E .
R IR VI}IH., Data 0011ect10n sheet on each subject
. . - tJ- =‘ - . - T e Lt .
. .”!j\\gulx -_fVapor pressures of - Water at varlous :
e G temperatures : : S
‘%ﬁf ‘ ﬂi’}gﬁ;!t testuto determlne rf there was a’ o
: : SN .~ significant in; max. Vo, 'dlfference-“

"
LI .

R -between the tests,~ e ';.’:f?'

e %{}'-L_,:‘V‘XI‘iﬂﬂt<test to determlne 1f there was a-
Lo he e o significant difference in pulmonary
S :5Q"-'g-;»},';»ventilatlon during maximal treadmlll

. ... and'bicycle’ exerc15e 1n males and
AR o . females ‘ . S




flcant d1fference* i, mammum
; rate -during max:Lmal treadm:Lll
exerc"se and maximal blcycle exerc;.se
ﬁx maj\e ant% female iybjects
. ‘}' .
Spearmag & coet. 1c1ent ‘of rank/
*“-t:orreia ions bek ween the( three
‘:'max. V02\ tests -
. NS
Spearman..s coeff:.c:Lent of .rank
\ correlat:.ons between:. pulmonary
B Ventllath and scores on bot}‘n
;'du'ect t . .-, K
:Spearman s d efflc:bent of ra ke
‘correlations\between maximum’ heart,
. -xate’ and sco S, on: both dlre t
tests - ’ ‘
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Phot g:;aph of dry air splrometer RN
and RAPOX oxygen analyser. . LT 20

"IndJ.VJ.dual values for oxygen uptake .

'Indwldual values for oxygen’ ‘upta‘ke
» during-.maximal. treadmill exercise
. compared with correspondlng values =
‘s -during ‘maximal - blcycllng exerc:Lse A Lo T
SAnm female subjects S R e 33 e
o Indlw.dual values for oxygen uptake ,
" 'during maximal ‘treadmill exercise. . ..

'f..obta_med from the Astrand. J.ndlrect
~ .-test in- male sub]ects SO

R Ind:.v:.dual values for oxygen uptake
. .during maximal treadmill exercise P
' -'?compared"mth corrgSpondlng values .‘

'Nomogram to-- calcula‘te the gross : o

_compared with, corre5pond1ng values Cl s
S durlng maximal’ blcycllng exerc1se
"'~--":Ln male subjects T Tl

P, Coe e Tee

Photographg\of appara\tus used

.._"durlng the’ blcycle er?ometer L e
. ,test . o . 17

v

,.-~ - -

‘. cie

: ";_Photograph ‘of sub]eCt durlng R

“the treadmill ‘test showing EkG ' Lo
placement and Douglas ~Bag S o e
. arrangem nt. e - N PEEECY §- )

oxygen cost-of treadmill running.:

from the treadm.Lll slope and speed '. 2:8 |

R

during maximal treadnull ‘exercise "

compared with corrgspondlng values

obtan\ed from the Astrand. :md:.rect

s

test in’ female subjects Sy 36 S
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Indlw.dual values for oxygen uptake
durlng maximal.. .¢ycling. ekxércise . .
‘compared : with ‘corrgsponding values -
“"gbtained from:the Astrand J.ndlrect
tesi: in male subjeots '

Ind:.v:.dual'l values for oxygen uptake
. -during maximal-cycling’exercise = -.
~ compared: with - corrgspondmg values )
- obtamed' from the Astrand: 1nd1rect".
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o Need for the Study

‘ ‘ Iﬁ has been establlshed that the measurement of
. _' aeroblc‘ powe'rr oreyldes an objective measure of the phy51ca1
f ess of an '1nd;.v1dua1 as refleeted by hls cardlo- .' - .
- ) resplratory system. (26) The best 1ndicat0r of aerol:ne
S power J.n ma.n .'Ls generally cons:l.dered to be the maximum R
oxygen consuwon test._, Many methods and technlques ‘
"nave been developed for assessn.ng‘a;l :Lndlv:Lduals maxlmum L

TR e oxygen consumpt:Lon or max. vo (2 3 4, 6 7 9 21 26 33)

[ .a- ’
AN ’\C“
‘ : response to s maxlmal work to dlrect tests (2 4 6 9 26 33)
' r 6m whlch the\subject must work- to near exhaust:.on.‘_ )'-,‘ ‘
o If wever, max. VO is to be measured, then the f.,“

g S result reported should 1deally be the most an 1nd1v1dua1

E _-" can achleve w1th any form of exercm.se.-" All these methods:-'..l.':.:
.’:;Z"ﬁ | ot " are judged to ellct(a max VO althougn they vary from
2} i the procedure employed t:or the type q,f ergometer used ' '.‘ -
:} In the measurement of max V02 by d;l.rect technlques -
“ '11: is- essentlal to use ia;ée muscle groups 1n order to o
v ; e - . s '




‘-'ithls‘reaspn that \Lxxclz.ng and runmng are frequently uéed

'j12 ;4 6 7 9 22 25) Recent studiesw(ls 17 29 13 27 19 22l

. o hOES "- v '\ . .‘ '-_ ‘s
D ‘2|3 30) have shown that max.‘VO2 15 \»sn.gnlflcantly hn.gher -

(6 15%) dun_ng maxlmal uphn.ll. tunna.ng as cbmpared to .

“However neariy all these étud:.es h@ve used

.
< PR

The excess phy51cal demands made upon the subject.

durlng these dlogcec;t technlques have led to the developmeh.t ‘

'- : of several mndlrect techm.ques. (3 21) These J.ndlreét :

'StudzLes comparlng max. .Vo2 values obtal,ried from lndlrect ,

tests to dJ.rect ’tests have been ;:eported (4 7‘;29 34)

hs SAL R G s
haveﬁgenerally been characterlzed by small sample 51ze

(4 29 7 34), 1aqfﬁof statlstlcal data (29) and ‘the use of

: -only one d:Lrect test (34) Whether these indlrect

~-'.u ‘\r

technlques are appllcable to a populatlon unac:customed to

.

g ‘eycl:l.ng rema:ms J.n doubt ThJ.s 15 especxl.ally tmue 1n the
DK ./,_: : . B

o~

case of female subjects. --‘ _1.

_ The present study then :.s'an attempt to compare two

dlrect technlques of max1mum oxygen consumpt:.on and one.

)

mda.rect techm.que 1n young male and female subjects.
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et

and the contlnuous trehdmrll (23) tests,f
s o P .

tests were chqsen because they were typxcal of both

These d;rect

- e o, K - L . A
U ;';cycllng anq runnlng sts and could be carrled out in one ,‘jﬁﬁe:l; L
o ! . laboratory SeSSlOn._ The 1nd1rect test used was the 7T'fffjﬁ39. ‘
;;f' : Astrand-Ryhmlng 1nd1rect test Wh1Ch 1s typical of the ’Qic{?°f";ﬁ:fy¢
Yo , lo ‘4 o e ke . ]
B S ‘ : S

hljf‘fi(ﬂ,';_~5_, 1nd1rect tests..j‘f Q'~ﬂg-{”];LG¢fﬁi;ﬁ§)1;3 ~LQQC

"f?fﬂfffil) that there 1s no sign flcant difference between
o a ’ o ' . ‘ t.
B -”(2) that there is no sxgnlf;cant dxfference between o
o N . x .. Q o
maximum oxygen,consumptlon as measu%ed by the Astrand— : R
Ryhmlng indlrect test the contlnuous blcycle}test and:‘ '
; T ..5» e



have chated an: lnarease‘ln réstlng heart rata:: If thlS
. state of anX1e£§ was also present durlng the Astrand
:a/&nd;ract éasg.fhen an underestlmate oftfhe maxlmum o#ygea
-uptake may: have occurréd 51nce the max. v02 lS est1mated
from héaré.raﬁe responsedto submax;ﬁal work. f.ﬁ?”?ﬁ ;.L?

tHe dlrect tests or 1nd1rect test.:(32)




' 1 O
oo
: S \;: -
Definitions .
, .
n t o E

"fThls exer01se should be'performed on elther a" ffﬁﬂ’:;ff?;F\ff:
i;blcycle or treadmlll and at approxlmately sea level. %

L R W SERRRRTI ;fift.ﬁ
.j;The max..VO ;1s also termed aeroblc capa01tyﬂ' ' ' :

. . . cart . e A

test:performed on the blcycle ergometer 1n whlch the .f’”'

. . e . |
P subgect works contlnuously at 1ncrea51ng workloads - '
e - I R U S S A SR oo

-fiil;h untll exhaustlon.'“

B

. et ' . . R . . . .o : . : v o q RO ‘-:_
Indlrect max1mum VO test - a test 1n Whlch max Voi

v

est1mated from heart rate response to.a submax1ma1j.-‘

e ‘-Q,
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ol SR RN Do e T e R
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.In measurlng maxlmum oxygen uptake 1t 1s 1mportant

that l rge muscle groups be employed in- order to

”.maxlmal y stress the cardlo—resplratory system. (l 4 33) LR
-I ...,h

'_' For thls reason the treadmlll and the b1cycle ergometer

are the two most frequently used laboratory dev1ces for
i . \
dLIECt measurement of maxlmal aeroblc power. (4 7 26 33)

Many studlos (15 17 29 13, 27 19 22 2 30) have compared f ?32: b

the maxxmum oxygen intake durlng\maxlmal treadmlll and ";yﬁsfﬁﬁbj 2

[ .
b1cycle exercise.. The two main problems w1th these ;jftl_ig.”7ﬂ?{“

' 534' studles have been that the testlng procedures used ' _.; '%”
. . ' : ";' "l"."|' .'_I.
: varled from one 1aboratory to another and that the subjects :~,Qf;"

to whlch these methods have been applled are generally

healthy young men.;(ls 17 29 13 27 23 24) é;' :'. i:}*:i:f:.;;ff

Glassford (15) u51ng young male subjects compared the""

y Q-

"f?i maxlmum oxygen uptake as measured by the Mltchell Sproule o lhf?."

and Chapman treadmlll test, Taylor,/Busklrk and Henschelﬂ

R L o R R LI S

treadmlll test and the Astrand blcycle ergometer test. - ;’11ﬂ1f;:

. {'ﬁV’: He found that the two treadmlll tests ylelded 51gn1f1cant1y

. \ L ) .-:_1"."' (
‘i hlgher mean values than dld the dlrect blcycle-test.,gHe :L:;ﬂ;ﬂ;‘%
Pl _ RTINS

'-'concluded that the results 1nd1cate that the dlrect
’ . - . \ . . N




M . ‘ ! N . . . . " ~ . . . ‘,' ' . . . \ . :
AR _ :_(}f)'__www.-w'-m'v'«-"-r't:—v;-i...‘..'._.i.....';'.\.. y - - < o e lon _rt;--.»._-—-—q-.'—:'..j.(;-'..'. :er,,.. ';_':........._‘_'_J..H_'..;\”' - .._ '“_"l.'..‘_':.. o Do o
\ N ¢ i .
- ‘;I]' ' . B l -
IR .{ e S S A A R '{
N : ,;8—
Ttreadmall tests, employlng a greater muscle mass ylelded .
ﬁi;'hlgher max1mal oxygen uptake values\48%) than dld the '
\} . dlrect bicycle ergometer test.,.f'”ﬁ -:f”h‘}:l H;i‘f“iﬁ fgffiafij:fﬂﬁ
: Hermansen and Saltln (17) us;ng male subjects
“Acompared the procedure suggested by‘Astrand and Saltln ”.jih31~zu_ g
o '.7' ‘LS) for the bicycle ergometer test w1th a modlfled f-ggf AN Tk"”

procedure orlglnally descrlbed by Taylor at al (33) forf

";the treadmlll fhey“found that 28 llters/mln. or 7% =‘gf‘. l*:fiyf:i
lihigher 02ygen uptakes were obtalned durlng max;mal uphlll E -
'lﬁf{ runnlng as compared to cycllng. ThlS dlfference was "

y51gn1f1cant at the 0. 301 level., They found no signlflcantl_}if; i?”

ﬂ«f;dlfferences 1n the max1mal values for the work time, hearthfi:

I's't3]ﬂm5'frate and pulmonary ventllat;on.;

LY

Newton (29) uSLng male subjects-compared athéAamiiii“

";; ”]li test w1th the rate and grade adjusted to the capaC1ty of 'uf‘?_}jég'ﬁ

»

o

; v'f;the 1nd1V1dual and a blcycle erfometer test wrth the
N 3brakeload adgusted to. the capac1ty of the 1nd1v1dual. He':

"’\reported that hlgher oxygen 1ntake values were achleved

'i“Vf; :f,;i;on the treadmlll than on the blcycle ergometer.x There was 'fy.j”“~.ﬂ

; ':]'however no statlstlcal analys;s of the- results. Newto ‘? 7ﬂ{:'}~j
:concludes that 1nd1v1duals unaccustomed to cycllng wer:y_ J}ihﬁ} |

'?. Lxunable to reach as hrgh a/max1mal oxygen 1ntake ‘on thef;:- '{;ﬁ;bli
”fi - blcycle ergometer as” when runnlng on the treadm111 at a -i}jéka
R EETI ‘ : ST,
e h : Lo
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P e A s A A vr—t . ...'..._:,....-.,.n._—...,,.,.«.,- [P —— A
[SEY ..- \. Lo H Lo . Do ‘. ‘ e ‘} R L PR . N B L \ . A
. R A g E
' v R i ; SIS
R | g SRR T e
. r ' N o ..,".. * .\.- I )
PR L A . a
’ speed afd grade SUlted to theﬁ;, Hls subjects pedaled at
D ’
. .

:‘fsﬁd“j": a. rate gf 50 rpm,although Hermansen and Saltln (17) have

2
Fau ker at al. (13) compared the cardlo—vascular

' fougd{GO\rpm to e11ct the hlghest max. VO values.‘fj‘ff“r:ﬁv““'ﬂ

o

:' . responses to submax1mum~and maxxmum effo X
:; runnlng._o . :
} ‘.whom were\ tes pot ~i‘
B r the blcycle ergometer and the treadm111 He found that e i%:'ifﬂl
the maxxmu oxygen intake was ll% less c§e11ng than runnln K:C?ffjhr
He concluded that smnce the arterlal-venous oxygen dlfferente wi:'lg

and the maxxmum heart rate are the same 1n both cycllng and

'runnrng then the lower maxlmum oxygeh consumptlon 1n cycllng

. '\ - is completely—due to al smaller cardlac output and a smaller 3 N
: B ' ?5tr°k9'GOiume-uj;;m;%ﬁﬂff;fff,Tiéﬁ:f{ie‘f,;ﬁf'}_j&{}fff.iv;af;;' :
L L Mlyamura (27) agaln u;ed young male unlver51ty studentsfifﬁi;u:‘
: when hecompared haxinal oxygen uptake dur;ng maxlmalitread-r-hﬁﬁiz
thviriEtﬁj;w‘ hlll SQd blcycle ergometer exerc1se w1th stepwxse 1ncrementaLf
t o 'K’l loadlng and constant»loadlng. He found that the maxlmnm "fluiﬁﬁnl.
: ;1'%}+'f oxygen 1ntake was 15% higher durlng the treadmllkﬁexercise . N

_ffﬁ:'i”a. than the blcycle ergometer exeqc1se regardless of whlch tYPeﬂi{;-'tft'
\;fﬂffg”'jlj vof 1oad1ng was used These di ferences were: found to be fffiﬁ' ﬁi
iviuif;{i:}}f statlstlcally SLgnlflcant v;yfifif;fl" - ;

YL T "*l«. ) w

Kamon and Pandolf (19) tested the max1ma1 aeroblc




e

. a3

-

. . RIS . R . .’;.
!

capacity of‘ twelve female and eleven male subjects durlng
.‘uphlll treadm111 running-and cycllng at 60 rpm.. They

found a lower maxlmum oxygen consumptlon for cycllng as

P

id';q.compared to uphlll runn1ng The dlfference 1n the maxlmum "'ﬁ;h*,nu:l

oxygen\uptake 1n cycllng as compared to runnlng was 10% ln :Vtﬁygﬂf"*'
the male subjects and 7% 1n the ”female subjects.-,,. It is’

ﬁ

1mportant to note that all subjects in this study were, :Q-}j;f;;'
actlve 1n physical act1v1ties w1th the eXCeptlon of two f;;:;;f;.ﬂﬂ

females and one, male. wV;ﬂffn,j;fgL”jTQ,aﬁ”gffg' 'Vj”v_fb qug.'={f?"”

M Ardle and Magel (24) studled the max1mum.oxygen

7

-

consumptlon heart rate and ventllatory patterns 1n male

college students durlng blcycle and treadmlll exerc1se..:r

‘iy, [ .

They found an average reductlon 1n max1mum oxygen consumptlon ’“

. 1‘
M

.“f 324 l/m;n or 10% was obserVed durlng blcycle work as

N
N s

*'f? compared to the treadmlll\\ Thls dlfference was smgnlflcant

at the..Ol level . They also found that the heart rate was

e

51gn1f1cantly lower 1n the b;cycle test but observed no L

51gn1f1cant dlfference 1n the ventllatory mrnute Volume be—t;ftr}

ot T . o

‘i tween the two tests.éi"ﬁ

'v-t.' ]

'?qf' McArdle et al (23) compared two blcycle tests Wlth

four treadm111 tests kn male college students He found that ‘7af

the mean vaers for the maxxmum oxygen consumptlon on the '

~

blcycle tests averaged from lO - ll% beldw the treadm;ll

test.n

ThlS dlfference was sxgnlflcant at the”.01 level




T Max1mum heart rate was'51gn1f1cantly 1ower on the blcycle j}fvf N

'tests 1n comparlslon to thé treadmlll test.

(o

:*'if‘ Rog ll aﬁd co-workers (30) found on the averfge'-GO ???i;?}:j”‘

”;llth/mln thhea values on’ the trea ‘1ll-than\on the'hfffffﬁe,f?ﬁ“3

blcycle ergbmeter. Thls larg: difference yay‘be accounted fZT"}JJ. ,;
for by the fact that levellng'off was used as the crxteron f'_f_ : 13f@_

Nl _—
to establlsh the maxlmal oxygen\uptake On the treadmlll ;f'ﬂgi,/); A

whlle the procedure used on the blcycle con91sted of {*jff:'ffp;ﬁﬁf
only one contlnuous exerc1se perlod s ’:';”"*“25“73 ST

Astrandfand_Saltln (E) when_eomparlng oxygen untake

e '-_ ‘o .(» .
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_ Besxdes these dlrect tests of max:un' oxygen \
-(

- : cpnsumpt:.on there have also been several i dlrect tests

reﬁorted (3 21 7) The As‘trand-Ryhmmg in 1rep./t test

was used J.n thlS study._

"’/-.\

Studies have been, undertaken\

t

J.n an attempt to evaluate\tﬁe\validlty of /thls 1nd1rect

o r.

test. g ';Liﬁﬂa’.ﬂb ;g~._i;'_:'* . .'w-fn

. A .. - R K B - (I s A _' DR SN B
‘ R N . / ,_x
." . : .

‘ Glassf rd (15) us:.ng young male subuects compared

the Astrand—Ryhmlng .1nd1rect test w1th thi‘ee dlrect tests

on thle dxrect treahim:.ll test.. He concluded that::_the.-,

--:estlmaftlon of max:.mal oxygen ‘uptake

4. -

unaccustomed to cycl:.ng. He also ob erved that standard

1nd1rect were of /”%

greater magm.tude than those calculated from ‘the three

dev:.at:.ons obta:.ned from the Astran :

. Vv
’ .

dlrect tests::‘““'”h

K

the Astrand/ indl.rect test w1th the aAstrand dn:ect test

He found a. s:.gnlficantly,, hlgher mean for the Astrand

J.ndlrect test

AN e B | . .,,;

Rowell et al. (30) compared the 1nd1rect test w1th

the Taylor treadm1ll test. o Agaln healthy young men served

Loyt

~ .
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: e N,m : _ 4_ &
A as SubJeCtS-”: The results showed that t.he J.ndn.rect test ‘
. ‘of Astrand and Ryhmlng underestlmated the actual maxlmum
. -;by 27§ 1n ~a sedentary group and by about 6% J.n a group )3 .
G ‘..-""Of athletes,_ They also found that %onspeclflc stresses AR ‘
_-_'A-..c.’"lncreased the pred:.ct:.ve errors in aJ.l. groups," They N
e - _ .‘ .concluded that the 1nd1.rect test provxded a reas,cmably j,‘:.'aﬁ .;'_; )
s ".'”-'_\', ff.:-laccurate p'}_-e'dlctlon of max:.mum oxygen 1ntake in enduranc@
. o athletesp, ndeed thls 1s a sngmlllar group w1th Wh:.ch | '
“"l . ,#Astrand deve10p h:Ls 1ndlrect test. .

Wyndham (34) found that predlct:.on cﬂ:‘ maxlmum

oxygen consumpt:Lon by :,the Astrand Ryhmlng 1nd1rect test

w1ll underestimate the true max1mum by approxlmately

,asymptotlc.approach of' VO2 and the maxlmal values for

underestlmated the maxlmum oxygen consumptlon py about

_‘. Lo R

,26 25% He concluded that the method remams of l.mu.ted

‘.--

-' value and provxdes only a crude gu:.de to an 1ndn.v1duals

L '.\_‘:"" abiln.ty to perform at m\axlmum effort and that for accurate

: .
3 ,,.

analy51s of the maxlmum aeroblc power there appears to be

s _;,..'.F,'.’l.s-s’-h-w

no.'"'alternatlve but .to measure max, Vo2 dlrectly.

SN The ll‘terature then seems to be d.‘l.Vlded pn Whether'
- :‘ the AstrQnd-Ryhmmg mdlrect test is of. ua:a 1n predlctmg

max:.mum oxygen consumptlon. : ::*':rz."‘fl‘i',
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Nethodslogy . -

o 's'ub'jé'c':ts‘[- :

Ten male and ten female undergraduate students at \

o < \

: Memonial Unlver51ty of Newfoundland volunteered as: subjects 5

for the study.. The subjects ranged ‘in age from 18 23 _F'cﬂ'j ﬂ
) years w1th a mean age of 19 5 years.. The twenty volunteers l ;fA:"if

pdrt1c1pateﬂ ln normal college acthltaes and recreatlonal jL

gf”'}g?f"WﬁTE; sports but were not anOlved 1n any strenuous phy 1cal::

If?uﬁffi;’ﬂ-Zi condltlonlng’programs.f Table I,\page 15, summarlzes the ﬁf .:'
a ":‘ f; '
T ~\~/*;; I

f”?}«fufﬂ@_ Research desxgnf'Tightgu"V' ‘ L
f - The subjects were d1V1ded 1nto 2 groups accordlng toj'~
K o ”, S e RN A
' sex._ Two dlrect technlques of measurlng max1mum oxygen.f

X fi:"k"?»fi consumptlon and one 1nd1rect technlque were admlnlstered to 1””7

'&;{‘:f;f‘.; . the - subjects.. The two dlrect methods were the contlnuous

-}di /treadmlll test (23 32) and the contlnuous blcycle test._s

.i (23 32) The lndlrect technlque whlch was 1nvest1gated ‘jf}ffﬁﬁf‘

"f\was the Astrand Ryhmlng lndlrect test (3)

BRI LN
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L The seat helght of the b%cycle ergometer was adjusted
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I~Methode':f_f- "1':f' e 'Q.:;:i. 'f.}[f':ff33rl \\;f

| The runnlng test was performed on a motor drlven - ';'J; .
. ° . . ‘_-'.”,, .. ) BRI
'treadmlll The speed of the treadmll] ‘was calculated -~

-f_by countlng the number of belt revol 1ons durlng a one '_Af~-{;

“7 o LU

I"m:mute per:.od | Flft,y three rop. m‘ ‘ was equal tll 2, km/hr
X whlle}45 r.p. m. equaled 9 6 km/hr..:‘:j_'43:} ei. 1-: ‘:ulj'“ L
. . The blcycle exetcxge oas Derformed on a mecéialcally ;;'f o
/lbrakéd blcycle ergometer as descrlbed by Dobeln. (12)- R l“
"Prior to testlng the blcfcle ergoﬁeter ‘was - callbrated~=i:f;?' :H
”:according to the-manufacturers Lestructlons,ﬁtA pedallng S .{

' “Arate of 60 r p m.:ln all blcycle tests was establlehed ;;};jf- .
f;by hav1ng the subiect keeﬁ a. speed of 21 6 km/hr.hw'&fiir”‘yf'::- S
'd;In'addltlon a counter was attached to the cycle slrrame ;.:??' , :}lu

'to prov1de an accurateumeae;re of the pedallnq rate.:wifaﬁ " r;:ff

@ilndLV1dua11y to allow for an almost completely extended ‘5;f¥ﬁ{ff'

l{leg at the lowest pedaleOSLtlon.. See Flgdre I, page 17 e
An electro cardlogram prpv1ded an accurate measure e :an{fi

I' - N B P
o 1. A SO R -l L

'?”of the heart rate. In order to av01d thellnconvenlence

o

";of a tralllng cable a telemeter was used/tb transmlt thnlii

pulse SLgnal to a ph&51ograph in apother/part of the ‘f';f{:ffﬂ?f A
i Wl . ‘:'i‘n._."': . .
' L;room. (16) Heart rate was\recorded during the 1ast 10 ’fiV7J'.;V.

~:.seconds of each~m1nute of exercxse. The electrodes weregﬁrw"“

‘.




fardlic telemeter
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BT _.placed in the CVS posrtlon as recommended by Blackburn.-E(Bl' ff‘_; :j{f.

fOne qfectrode was‘fltted over the manubrlum sternl and

AN N f;:; j.the other was placed in the space tetween the flfth and.”””‘f‘ff.ytlf'
. . - B ' . . . )c‘ . N
- srxth rlbs where the apex beat of the heart 1s most ~ e

{ ‘ : l{: readlly palpated The rlght chest electrode prOV1ded a - )

i@“ t ‘good ground 1ocat10n. Thls electrode placement yleldedq::; '*iﬂf%. ' .

zgi’ 5 f_h;:a hlgh R wave amplltude.; See Flgure II page 19 im;ffc{; l';i.ri{ﬂ‘w"

i&: %'ﬁ\x'f' The oxygen uptake yas determlned by the Douglas bagg iu.*,f

'5 yﬁ'fl{ff;l;?,method The subjects breathed through a 1ow re51stance-;3}£,;h;%{l
v'ﬁizﬁf'mipolllns triple - J resplratory valve and the explred alrbudi;if%fﬁgf

oy i was collected 1n rubberlzed DOuglas bag See Flgure II .

;ﬁ = ’ z ' o
2o 0 ‘ . , e i
vl - “"; ¥ A o

L "fuh:gjxhi The VOlume pf the explred a1r collected ln the :

na R RO ! '”“"13 N
jf, R Douglas bags was measured 1n a dry gas meter Wthh could S

'fbe read w1th an accuracy of 0 2 llter‘. Oxygen analysrs

'iwaq performed us;ng a RAPox oxygen analyser and standard _";‘d

‘-fﬁg_ﬁ %flﬂ 3'511 35% oxygen was used in callbratlng the gas analyser.\ﬁhﬁ{yf-fff; -

'f;._ff'flii Thls.type of paramagnetlc analyser can y1e1d results that

,are accurate to about 0 04% (32) See Figure III page20 “”‘; fk
fﬁ;fif” Oxygen consumptlon was converted to STPD usxng the
'?;Vaxﬁrds¥‘-formu1a ln Table II page 21
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Formula for Conver51on of @ e

| Pulmonary Ventilation values ' it T i

ko, Bfr‘bs:.".g Lo L

Soen




'u\:a o ..»9..‘.:,.-,-.“.--4.'__’_, L.t - - ,:." ..m,l_,.,.: " I o ' ) T v\:, ,:.._ ,,,,,:‘
' ! ) Y ‘\w - b
.‘ - ’1 ___23__ - .‘ '“._
- : e ' P "
e '-Proqedures, E T T T S
. L ,' . B - . ’: . . . ,.‘ . v . . ". - . R : - .. .
R Each subject reported to the_:laboratory*a tota.l of
EERTTI Dot e e B < - s
’ - three t1mes w:.thln a seven day perlod. ) The first sess:.on R
_f v was deSLgned to acqualnt the SUbjeCt w1th the laboratory, \
" ."' .:‘; . * _' . ) : N I'- g . - .II.'

the a.nvestlgator and the procedure to be used :m the R A

U S subsequent tests. Durmg thJ.s VlSlt the SllbjeC'tS became

v

_~accustomed to pedallng the blcycle ergometer and ranning

.t i
* . - S~ . .« . .

\ on the treadmll In addltlon he:.ght was% xec.otded to the .

p meal'at least three hours prlor to thelr next ..ttvo v:.s:.ts.:)'-;:jf:;_':'f'"."-" AR
The toor subjects who smoked were\ asked to refra;m from | l

| e smokmg oh the day of the experlment. i R I

RN : Due to schedul:mg d:.ff:.culties t.he subjects could SRR

T T
K i

."" not be tested at the same t1me each day. _ . _
E .\' ‘ On the second d"ay the Astrana Ryhmmg 1nd1.rect test
L ‘ /Was admmstered and followed by the\contlnuous b:l.cycle . B
: “ ;‘” test.',_ On the fmal day the subject agam performed the

L Ast;and"lndlrect test whlch served as a v,arm—up for the R

contlnuous treadnull test which followed f"l‘here was a

— -' el '. e
o ’ ¢7 oy



SRS LN il w T R N TN B :
; o L aara T PR S N r_.;’l.ﬁ.._.m B T A .:. FUEN ".l",_.._t....a ’
| o ) N V-i‘."@', ; N . ,,,’.:, :
A Although the 1aboratory was neJ.ther temperature h :
: J, or humldlty controlled,lthe temperature never exceeded | -
' L 24°C. and the relatzve hum:.dlty never went above 60% i
\Astrand Indlrect 'l‘est W , _!' L . '
) Aftér adjusting the seat helght the subject began - :
. pedalmg at a rate of 60 r p m.’ The female subjects '. i
' began the mdlr;éct test at a, workload of 360 kgm/nu.n wh:l.le - l'
the males began the test"at 720 kgm/m:.n.,,_. The subject :
‘ pedaled at. thls ‘work 1eve1 untJ.l a steady state was i B
,_'-.;,fj'_attalneld.between 125 < 170 beats/m:m._ 'I‘wo consecutiv'el :
-' .' l‘ ~'»by no more Ehan 5 {beats fter the f:.fth m:.nute of exerc:.se )
T was the cr.lterJ.on used to defme steady state. . If the
o _ heart rate had not reached 125 by the f:Lfth nu.nute the work s
' ' }oad was 1ncreased hy 360 kgm and the subject cont:l.nued p N "
to rlde untll a steady state vuthln the requz.red range was o
. "‘f'.-.-::attalned The two heart rate\values wereﬂ then averaged
e | ’;and th:.s value along wrth the correspond:mg \work load was .
'.t._,appla.ed to the Astrand Ryhm:.ng formula‘._

PRV any unneCessary errors the formula on whlch the nomogram :LS . 4'_' RREES




W g : N P B
e Y0y max Voz(obser"ed)

. yPo = . .corfesponding pulse rate .. .. oo 00

« : s Lorett

-.O.‘-f°.0229l VX ,+:,'f';'0"i-'"°"?1‘."‘. B

e N

Both the cofxt:.nuous blcycle and the contlnuousj )

treadmlll test followed the procedure recommeneed by

s ,...L,:'-.,'.-i‘-‘: N

7

7.

VRS e Tt



" ‘Shephard (32) Both max1ma1 tests were preceded by the

r, N B - . .
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’ v . e . . ¢ , S v - T Lo e -
"
N

"'j'Astrand 1nd1rect test whlch represe,nted a work 1oad

£ .' e .approxrmately 50 - 70% of the jlnd1v1duals maxlmum oxygen

v

‘consumptn.on. Th:.s test served as a warm-up for both

:ysw%w:'a#; PR o AR AT

] maxlmal work bouts..._ w.'l S - LT

On the bleycle ergometer max1mal oxygen 1ntake was

) ,_"-flrst predlcted from the heart rate response to a. sub-l‘:, e \ -

.'.-.max:n.mal work load on the bJ.cycle ergometer accordmg to ‘»., R

Tl
- .~

R '_:.the method of Astrand (3)_- Wlth the a1d of the equatlon g

o k '_.f.'.?.of Astrand g v
g - where ' ' B o ’ y . ' o ;
3 ; y = 100% of the predlcted max VQz .' L P
Sl ST e The work load Was then chosen so as to be Just hlgh enough T
( ' a _.-to reach the predrcted max:.mal oxygen untake. The subject |
. _ : R "-pedaled the ergometer at a rate of 60 r p.m. . Thls pedal:.ng .
.1 -_m,frequency has been shown to ellct the hJ.ghest max VO2 -

f"'

:'I_when compared w:.th rates of 50, 70 'and 80 r. p m.l- (17)

R Lnagh)
KL

ISEAE RN

e '.The work was mcreased 180 kgm/m:.n.‘every 2 m.n* unt:.l

r

o

: the subject was unable to contlnue"on"the pedal rate

: dropped below 50 r p m.. Explred.; a:.r was collected durmg

TTEY T
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the 1ast -mJ.nute of each wor}E\permd. . See -Figure v,

(=3
- e Bl L cr N
T it

page 28

s

On the treadnu,ll test the maxlmal oxygen uptake

. \was fJ.rSt predlcted from the Astrand 1nd:.rect test 1(3)

— | and expressed 1n ml/kg mln..l.' Wlth the aJ.d of Flgure IV

,'rpage 28 the startlng grade for the max1mal run‘ was LA Co
L chosen accordlng to the same pr1nc1ples as descrlbed :

for the blcycle ergometer. The speed was ll 2 km/hr.v‘.";":,_f N g

LRy X Ve gk Al {3 T,
T e A A R

for males and 9 6 km/hr., i;'or emales. i 'I‘he treadm:.ll ' -

'E':('y.-_; grade was J.ncreased by 2!5% eve:ry 2 m:.nutes untl'l the .;l_;‘; e on o n
o and treadma.ll exercxse..p N Ve S v
1 e ., It was accepted that the maxlmum oxygen 1ntake .
; : had been reached when the oxygen consumth.on 1ncreased 3
§ . by less tha.n 3% for a 180, kgm/m:.n. , :anrease on. the

blcycle ergometer and for a 2!5% mcrease 1n grade on the :, SR

.‘._

treedmlll._ If an J.ndlvn.dual’ falled to meet thls crlterla

' .a new test follow:.ng the same procedures but starti'qg”at - ,,
E . 110% the predlcted VO2 max was adm:.ru.stered . . :
I ; g v —-'\

e crlterla of ‘a. true maxlmum 1nc1uded obv:.ous exhaustlon of e
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correlat:r.on were employed. A - . ; E'"'.. '_ . ‘ '{_f

[N
\
o .
.
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- el icthzsaiog
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-t 1

"'I‘re_atment':j of Déita o L S

The data were collected on data collectlon sheets
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Ind1v1dual and mean values for oxygen uptake as qT%{f-ﬁﬁ',v

'ed by ‘the- contlnuous blcycle test, the contlnuous _
‘b-\'- . - oY

-l ff:' treadmlll test and the Astrand 1nd1rect test are presented l.';_

for both male and ﬁemale g;oups 1n Table IV, page 30..

Z Durlng max1mal treadm111 exerc1se the mean maxlmal

. .
K

'%a: oxygen uptake was 9% hlgher for males and 11% hlgher for ,}?.Z;Jf;_}'h ;

females as compared to max1mal cycllng~exerc1se.; Thrs “11%1?3 f,{f/

'. B . /s R
RN \23 1/m1n: 1n the women. These dlfferences were bdth

e l P N ‘v'.-:',_ L N

fsSlgnlflcant at the Ol 1eve1 The smallest 1mprovement ,}ilf

"ﬁ repredented a; dmfference of .30 1/min.{1n the men and iﬁifve;giuasf“.

was 3% whlle the 1argest Was 17%.u The results of the fﬁ“'

determlnatlon of oxygen uptake durlng max1ma1 exerc1se on ’
the blcycle and on the treadmlll are shown in’ Flgure V LT
for the males and Fléure VI for the females.~a'ﬂ:yﬂTS*{ﬁin"fl:?f?V

' P-'. ——— L S Lot " -‘.".

””Qﬂ";i? The mean maximal oxygen uptake durlng the maxlmal A,-"ffjiﬁ-l

treadmlll test was 18 l/mln.'and 19 l/mln..hlgher than
on the Astrand Indlrect test for females and males :;”“Q“J:_=: o
. . :.‘,-' . . \‘\.'- '_ A S 'I AN L
respectlvely., ThlS dlfferenCe was s;gnlflcant at the‘;.;V“

.01 1eve1 for both groups*: Tﬁe mean valués for maxmmum-_;

hl'oxygen codsumptlon durlng uphill runnlng were 3 55 l/mln.‘b-;
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L f'f- . for the men and\é 37 l/mln for the women : This compared ilr;j;;}.

‘ ‘to 3 36 l/mln.-for the males and 2 20 l/mln._for the ::Ji‘”fpiﬁ’{y“
’ L,’:females on the Astrand Indlrect test-J Thls represented Ei:}a;l:.'
| ; jﬁ:a dlfference of 6% 1n the males and 8% 1n the females w1th *fy}‘lh'
:h';?fi:'the treadmlll test §1e1d1ng hlgher maxlmum oxygen consumptlons o

in both groups._ The results of the determlnatlon of oxygen

‘fﬂ; f;-uptake durlng max1ma1 exerc1se on; the treadmlll and on theg‘

¢ .,~

TﬂAstrand 1nd1rect are shown 1n Plgure VII for the men and 'f;n:fi

o

‘“fflgure VIIi for the women.

~In the case qf the malersubgects thls dlfference proved to:”w

\

'f}fiﬁi~\ be 51§n1ficant at only the;

only the *10 level for the female subjects.- In both cases ‘?ﬁg:5“

a*fﬁtfiu the percéntage 1ncrease was approximately 3% with the males
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The pulmonary ventllatlon Was hlgher in the treadmlll

tesﬂ than 1n the blcycle test for both groups.
AN
for the males and 3 8 l/mln.
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dlfference was 2.9 1/m1n.

the females. These dlfferences were both 51gn1f1cant at

'the .05 level .wn;“‘:ii':'t:nif':A”Yi )

No 51gniflcant dlfference was found between the

%

B maxxmum heart rate durlng blcycle or treadmlll exerclse
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'_;; .. The ma]or questlon in the present study wa whether éﬁ
é or not the same values for oxygen uptake could b ob alned lén
' from the Astrand 1nd1rect test, maxlmal blcycle est '§
. 0’ 'ﬁ
max1mal t admlll test 1n male and female subjec s. o
- 51gn1f1ca tly lower values for max VO on- the b cycl
ergometer 1n comparlson to the treadm111.d§55<rn lose E L
agreement w1th the results of prev1ous rnvestlga 1ons. _ ) ‘
(15 17 119 23 24 27 29 309 Hermansen and SaltJ.n 17) L
. N ﬁ . ce g
reported mean,values whlch were 7% hrgher 1n tre dmlll RN
SN -

L :runnlng as compared to cycllng at 50 r. p o They.also"'1T1;}'ififblir
.ifgl' found that sedentary students had a 120% hléher leue on e
iié}: the treadmlll as compared fo the b:l.cycle.~ Thls study showed

A a dlfference of 9% for the males and ll% for the f‘males. y

Glassford (15) u51ng procedures slmlllar to lhose ln :%;:;;v

the present study reported that dlrect treadmlll te'ts.ﬁw;* ' f
’ yexlded hlgher oxygen uptake values by 8% than the 'iréeﬁiiknbsa?;ﬂ;.
bicycle test.g The study by Rowell (30) however sho;ed‘ﬁ ; ' “,fﬁ;
{ \values'.GO 11ter/m1nute hlgher on the treadm111 than on'. C 1g77
the blcycle ergometer. These values are considerabl ;F?ﬁ;Lf?itfityﬂ';
L ol

--ft' hlgher than the 30 llter 9na 23 llter whmch were o served

'1n thls study.
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.:-._ ) Pandolf (19) who found lmprovements of 13% in men and 8%
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" was uSed as the cr1ter10n to- establlsh the maximal oy
oxygen uptake on the treadmlll while only one contlnuous - j'g'
. * . ” ‘-I}t
R ‘exercise perlod was used on the blcycle. ThlS may . . o :3
'account for such a: large dlfference between the studles. -'h"“ﬂ;”ﬁ
v o . B MRl & .x,..
In comparlng the 1mprovement in men and women thlS e R
‘ TR
study found an lmprovement of 9 and ll% respectlvely. ThlS x;-ﬁ';'n1@¢~
. 3
result seems to be Slmlllar to that reported by Kamon and &

3

1n females. McArdle and Magel (24) found an’ average_li
» reductlon of 32 l/mln. or 10“'reductlon 1n vo max. R

*_‘j' durrng cycllng as compared to runnlng v31ng male college

—'ﬁ;; students._ Our study shOWed a’ reductlon of 30 1/m1n.

.',' '-'-.i"_.',whlch .‘LS very close to that of McArdle and Ma,ge]

r

A common complalnt of subjects on the continuous.f T

o L blcycle test'was a feellng of 1ntense local dlscomfort lnﬂ_”b“i;‘,
R e RRR P
f'\ N the thlgh muscles durlng thelr maxlmum work Ievels., Many
of the subjects stated that thls was a ma]or factor 1n ,f,'f

11m1t1ng the1r ablllty to perform more work on the ergometer
f’;i,l- test ThlS 'was not a general complalnt Wlth the treadmlll

'_runnlng.; It 1s llkely that the development of local

-.Qf~ muscular fatlgue may set the llmlt for oxygen uptake 1n
R cycllng. It seems that the results of thlS study agree N
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10% hlghen VO2 max durlng uphlll runnlng as qompared to

“;fcycllng.ﬂ'Thls dlfference seems to exlst regardless of the k
sex of the subject. .I, t‘ , : ; L }L

" - irhe results showed tha.t the AStrand’ 1nd1rect test .
:':5 : yellded'maxlmal oxygen uptake values Wthh were apgroximately-

&\\\ 3% greater than those measured durlng the cycllng test'

. and approxlmately 6 - 8% smaller than those measured .
.~d:ﬂ;ii durlng the treadmlll test..,?;f_‘ _ ”‘ f“>“';? "7.:-‘ -
.Jf;":?;¥: g Glassford (15) found that the 1nd1rect.test ylélded
i._‘:‘ smgnlflcantly hlgher means than did the dlrect blcycle v, .
“; ke test., However he found the dlfference to be approxmmately' miih}”

7%. ThlS may be explalned by the fact that he used a Q;”“
n#(! i '=¢3'
drscontlnuous blcycle test whereas thls study used a ’

. REEEN

contlnuous hlcycle test.“ Hettlnger (18) aIso found a

T LA

e srgnlflcantly higher mean for the Astrand 1nd1rect test
o as compared to the Astrand dlrect blcycle test.-TEh{E»ﬁ}‘ﬁggf'
: ‘In’ comparlng the Lndlrect test to the\treadmrll
.j_;; S dlrect test 1t was found that the Astrand 1nd1rect .Wh?fﬁfeiﬂff'
' i“-f”ff'*lﬁ"x slgnlflcantly underestlmated the e trew "11 max.xﬁbé{.fihis“?:“:givfr
o was in’ general agreement w1th RowelI‘et al. (30hj "l”' '%
: B ’ .l . o '..I._\ , I.‘ ',’-'.l'
P R Wyndham/(34) and Dav1es (ll) All these studles agree with, 700
1o e f;b';. A
) Rﬂjﬁf,;m;f;;;‘ these flndlngs but both Dav1es and Rowell suggesb u_-:ﬁf”;;ﬂf
f'%' B dlfferences as’ great as 20% and 27% respectxvely..ifﬂy
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f- T, ;‘:apprdX1mately 32 llters or 10% Thls 1s 51m111ar toi;f( .l -2
- ; I . N ) '?'jr
' the Value of from 6 - 8% obtalned %rom thlS study %

n
A - Lo - e e
'g." e ﬁ,' Glassford (fg) however found,no 31gn1f1cant dlfference

?
3

i3i¥¢ between V024max. on the treadmlll test and as predlcted ;% %
'ﬂg | by the Astrand 1nd1rect test.v He used a serles of 4 . . .é
g': '-§'7'71 e dlscontlnuous.threadmlil tests to degermlne the V02 max.fffdkfﬁ h
i%d S whlle thlS study us&d one’ contlnuous treadmlll test Th;s‘;"ﬂ'ff'f' )
. %f may accouht for the dlfference in the results.-f' ' - ;; Lo f
O';%' .if_,“\@j}hgfgfi'ﬁ Pulmonary Ventllatlon and'heart rate during max1mal . {
h'§:7h..?,,f;;¥q‘ treadmlll and blcycle exercise were compared.- The reeultslf;i?'. g
oL LT :

BT 'showed no. smgnlflcant dlfference between maxlmum heart n.,*f,ny3j K

- I T
Tart YR D

'g;',d' ff ,@srate durlng both tests., There was, however, a smgnlflcant

deference\ln pulmonary ventllatLOn. Pulmonary ventllatlon

f"“‘;; was’ higher durrng the treadmlll ‘test’ in both male and :ffu?r'f
' female subjects.tf“f;i'fi=n?:?th=fjx{”f~ 7:;'7y'iﬂyiafé»fﬁ%:j{.ﬂlﬂ
R Correlatlon coefflcrents between mar;.voz and

_\W,ﬁ; pulmonary ventllatlon were 51gn1ficant at the pS level ':.f_-lf:i.mk
| However there was no signlflcant correlatlon between‘t‘J _:'3d::“;:
max. VO and max..heart rate. /These two éorrelatrons are“ .

1n agreement w1th prev1ous studles. (32) '_ : :_‘~':f3:‘~ﬂ':'i; E':}f?

: '.. Analysis of ‘the correlaﬂlon coeff1c1ents betweenw
L ;the three tests 1ndicated that all three oxygen consumptlon
'i“jﬂhféf tests were hlghly correlateds McArd;e reported a eorrelatlon ffﬁ ‘
‘ o e .
;;(. 3 ' ; _: .'; 8




. ¥ 1 g
. Vo, N .
. . . "'l e
T e e X v e el e e ey e el
{
. -,
. [N . N
'y
"y
A . -
o o~
. . .. .
. ot el .
i -
L ,- ,

Lia;;i"of 93 betWeen the continuoﬁs treadm111 test and the con—'-'_f"”“\

gy A

'ef[ tlnuous blcycle tést._ Correlatlon coeff101ents of 92

. ',-i . .-' -

E'P';_for males and .90 for females Were obtalned~1n thls study..u 3

e (ﬂGlassford (15) also rpproted 51gn1f1cant correlatlon
e o N
) ::E'ﬁ'coeff1c1ents between both cycllng and runnlng max. VO2
| . v : . R T A
stests as well as the Astrand indlrect.- The correlatlons

N . ".. e . 3

"Lobtalned between the indlrect test and the two dlrect

1}tests were equlvalent\to the intercorrelatlons between
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'I‘he purposé of th:.s study was to compare the AR

‘ ) max1mum oxygen consumpt:.ons obtalned from the Asotrand—.
‘" Rhym:mg lndJ.rect test, the contlnuous blcycle tes‘t and
. / ' the contlnuous treadnull test. Many previous s;:udles _
‘ : 'v.‘\.;'.i"' had compared the max:.mum oxygen consumpt:.on 'obtarlned\l J.n'_.'j 'I‘”

these tests butmost had used young male sub]ect,s
N Lo The sample of 10 males and lo-u-females con51sted

v

v of volunteer students from Memorxal Unlvers:Lty of

Newfoundland Each subject was requ:.red to perform each \

v Lo ' ‘ Y ,

' of the three maxlmum oxygen consumpt:.on tests.

oy

' AN The stat:.stical analysm employed in- thlS study were '

A
the t test for paJ.red samples and the Spearman s

l - »

coefflcz.ent of Rank correlatlon. . 'l‘he t test enabled the
- \ . N -

Spearman s correlatlon enabled the researcher to exam ne’: ;.

.~ s ' . A

the relationshlp between each of the three tests.

T

3

'f“"_ " 'l'he means of the three tests were found to be .

Ty

51gm.f:.cant1y different at the 05 level in. all cases .

Pz T

: researcher to: determlne if- there was a 51gn1f1cant -éf;"' '

dlfference between the means of the three tests, : 'i‘he'. AT
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except for the Astrand lndJ.rect test and the contlnuous‘ .‘

cycling test J.n female subjects. - The latter was s:Lgn:Lflcant

e

, at the 10 level The correlat:.on coeff:l.clents between e v

the three tests were all s:.gnlflcant at the 05 level.. e

'-' .:_ ' The dlfferences between the means of the cycllng

test and the runnlng test were 9% for ma.les and 11% for

e kS ; females.. The Astrand 1ndJ.rect test gave a mean approx- D ,
5 . "" 1mately 3% h:.gher than the 'clmg test 1n both 9r°ups;.;'—_.j..-f p
; e ?' g The treadm:.ll test Ve' va’_]_ues Qf approx:.mately 7% hlgher . L
'~ \(1) that. there :.s no s:.g‘m.flcant dlnfference
“ “ "_.-_i_‘:betWeen max. V02 as ‘measured by the Astrand 1nd.1.rect” o
| .-j'test, the cont:l.nuous blcycle test and the contlnuous SR ,:_
() treadmill test inmales il SN
' | (l -) that tHere ls no Slgnlflcant dlfference i | K
.,-.-f.:, ?'..\- ‘ 'between max. \/702 as measured by the Astrand J.ndlrect '
‘ ";‘test, .the continuous blcycle test. and the contlnuousil'-:‘;'_'- SR
PO esinind et n tomae aipgetea.
§ L .' The results obtalned 1ed to the follow:.ng e g
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To show t test valuea of dlf:f.erences between T
smeans oijf three max. voz tests in- males ‘and -
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“fTo show £ test values of difference betweena

a treadmlll and blcycle ergometer

}'ﬁ3 250 requlred for 51gn1flcance at o. 01 1eve1
> 2. 663 requlred for sxgnlflcance at 0. 05 level
>ﬁ;1 833 requlred for¢51gn1flcance at 0 10 level

B To show t test values of dlffer nce' between-
' means -of mAximal heart rates.of male and’
- female subjects on maxlmal treadm111 and
“iblcycle exerc15e‘ SRR :

L il mable xx

."' . . . . .
. . . B . '."

means of. Pulmonary Ventilation: of male and .. I R
female -subjects during maximal exercise; on G e g

. -f},;l{pf a t value: ,'lL?-'\

‘Males' oo iade) e

Females e”jfgijﬁ.:33{31‘?{5U.JQEE?,eﬁi”:51*?fijf?i

- Males. »

'\Females o

30 250 required for signlficance ‘at. 0 Dl 1eve1 SRS
,2 663 requlred for 51gn1fxcance at O 05\1evel
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N A Matrlx to show Spearman Coeff1c1énts of O
MR .rank correlation .£6T max.. fscores on.'3 :-:g e,
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A crltlcal value of P >
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To show Spearman Rank Order Correlatlon Coefflcqents

‘between maximum: Pulmonary Ventilation and max. 'VQZ eI
“of Male and: Female Subjects on treade.ll and E
cYcl‘:.ng tests ST R N T

B

. _' Pulmonary Ventn.latlon Pulmonary Ventllatl.on
- Males . Females

freadmill *1f71];n3779,lf'fj;li}j;“}ﬂ:ﬂ,fgh.sa :ffzjr-';“

'

'I‘o show Spearman Rank Order Correlat:,on Coeff:.c1ents

‘between maximum heart rate,and max. VO, of male and, ok
female subjects on - treadmlll and cycl:.gg tests ' B
A Maxlmum Heart Rate Maxlmum Heart Rate S

Females
R L
. 28

Treadmlll 'FhufxtJf%@4&i*“

Blcycle ;f"@’v"f}{v4{27;.fgf:;fﬂj}a”f:”;f, 12
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