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Validity on Submaximal L oad Tests Using Cycle Ergometer in Evaluation of
Maximum Oxygen Consumption Volume
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Pusan University Medical School Department of Preventive and Occupational Medicine
2Kosin University Medical School Department of Preventive Medicine

Because of the limitations of maximal load tests for
VOzmax, submaximd tests usng cycdle ergometer are used for
fidd study in generd. This sudy was conducted to evauate
vaidity of various submaxima tests using cycde ergometer. This
study had been conducted during May to June 2005, which
subjects were 15 mdes and 15 femaesin twenties. Experiment
was performed with restrictive conditions which regulated
ambient temperature, noise, and entrance restriction.
Submaximal load test protocols including YMCA Protocol
(YP), Arand-Rhyming Protocol (ARP), Relative heart retio
Protocol (RP), and Ramp test Protocol (RP) were compared
with maxima load test which used gas mask andyser using
Bruce Protocal. All submaximd load tests were highly related
with maxima load test (Spearman's corrdlaion coefficient >
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0.60) with statistical significancy. The highest correlation
coefficient with maximal test was found in RP. Three
submaximal test results except RP were sgnificantly different
with maximal test results (Wilcoxon rank test). All submaximal
tests had high vaidity. The reason why RP hed highest vdidity
might be that it represents Korean physical strength and
individud differences better than the others. RP using cycle
ergometer would make easy to study for physica capacity
evauation and field workload estimetion.
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F Aol ANBto] A 2EFS AXLSRE Aiatzial
1 (maximdl load tet) o] 717 92 A9l Hhfol), 18y Ho
@9 253 FE7IAEA 1S F8ake 2] ofe] 7 @
AH Ak A1 Q) de] ARF UL A AS
ok AFg-¥ T @ oA 2o ahel Al (sbmaxima
loaditest) o] - A}k, A chsPral ARgol R 9 v
s} 5 ) A olgdtel £5 7178 o183
o] At -9 0-8NE & AA Al +sFadd =Y
a7] Aol 458 FBAYIL 1 AR S o] g3l
Ao LEHe} A e 22FE FYske ol $59
W ol = Eg = (treadmill) 2} 28 A of 2 32 1] €] (bicycle
ergometer) o] 5 71#] H o] 9l (Adrand et d., 2003).
Ed=d AR dele A8 714 fleld 2AVE
u Vel e A WS (VO Aute) & AR S, 3
e e 7%31 Fol] FEFE FYsh= Aotk E
A= HAPHS 2t o Ate] diste] $-g5-stE A s
A 9o, X}ﬁéﬂi & 271X 5E A EA A 7H
B o G Y Ul A4l e )
HE =& AR 5740] Thssitte gilol ook 19
EoRR) BIgkAe] A Al FEE £ 5 oRE o]
Al HAEs] vt A% 7]?7} BIEUSTRS
o] o] A0l “’Omi}t wdo] olet. A
0115’1‘11 Bl A7 vkl e s 3ds) sl Tl
1S WA $5 AL E 2As, EF g v5)] A=
o Qg wAel Tt o] wmepE o] $olat,
ZAAY g E ol glo] AL S0 folsh, 7pzo] A9
sk olgol stk 49 vele g Algslel B
od Bu Ak F Fo] A4 vehal €3 dof iy 25
o F 28 $Fo] TuHE o] ot EFEd S o] &3t
H o 53173 A ol &= Bruce Protocol, Naughton Protocol 5-0] )
i, A A 2avEHE o] §¢ Husy-shd APl ol &
Adrand—Rhyming Protocal, YMCA Protocol, AFtfj 41 BHe] & o]
%_z}l- Hohﬂ %o] O]l:pﬂ o]‘: tﬂ—}ﬁ o 01 X‘] zﬂ- /\] 7]—50]— 0171 z‘ﬂ-
P32 1§ AR OR HatE LeiAl gARkE HRA
B 22 E (incrementd tes) o]}, o)o] u]s] w7 E gl
X A3] -8k ule AE HAE fanpted) L H o)
FePAALE ARG H AL Q) okl XA HAE Y2 A Y
Ao FAE dolHE 7o E g HojF-spiArd )
4 58 ol 83l0] A5@ 7j2le) Aujsira A e 4
ol rSAb S ghksle] Alibasy e S
otk ofo lg) W= Bl2E RS AXe FaE 27
AR S Aol Aetmaie Rate wAE ol %
gto] FAAE e & HAYAAAR FE FY5HE o]
t} (Astrand et al., 2003; Buono et al., 1996; Fitchett, 1985;
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Macsween, 2001; Northridgeet d., 1990).
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et AR 7I5A 2 sto] o Hojstel AME Bl sl
ot H o F-sh Al = Bruce Protocal of 2] 7 5Fo] MonarkA}o
A kgl ZFA A o) 2 31 1) E] (839E°, Monark Co., Sweden) &
AHgsto] AAIEESIT) Hdjsty-shdARE Monak & AHE-3F
o] YMCA Protocol, Adtrand-Rhyming Protocol, A3tj ) H}H] =
o] &3 AP 5 HXA Bl AER ] A8t A8k
A GAENL AioA] JE Combirke] AFd A oiLL
1] & (Aerobike 75XL 112, Combi Co., Jgpan) & o] -5} 2 A3}
ik AdiErg & ofgj e FAe S A st A et
(rlative heart ratio: RHR) & 7313 17, 30%, 50%, 75% RHR]
sl gsts AgF-eHE 7 51tk sto] AbAa R @) ek
TE 543t Vo s 931 Aed 2ds
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RHR(%) = [(HRee — HRves)/(HRmax — HRex)] ¢ 100

o] 7] 4], RHR: rdaive heart retio
HRewds: heart rate during exerdise
HRres: heart rate during rest
HRmax; maximum heart rate
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Table 1. General characteristics of study subjects
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otk ol 91%; 420 19 180 A A Ash]E o] §
gk, i E]éEﬂg, Adrand—Rhyming Protocol @ & ]
35171412 Bruce protocol & 0] 4310} AAFsI L) AT &
TAT AAA g M e ok T U T AT el A
3}%& ouq 71— 74/\} x%oﬂb 55 xﬂt o}xﬂ 0 _zqg}r:i 6]— s
AALE AA ST W A EYLS Miyashita 5-(1985) o]
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o] 25 Ageo] Yglor, 558& Isto] 557 4
B2 Bl

Total(N=30) Male(N=15) Female(N=15)
Mean SD. Mean SD. Mean SD.
Age(yr) 20.8 16 212 0.9 204 21
Height (cm) 170.2 7.0 175.1 41 165.0 5.2
Weight (kg) 61.4 10.5 69.3 8.3 53.6 5.2
Smoking n (%)
Non-smoker 26 (86.7) 11 (73.4) 15 (100.0)
Ex-smoker 2 (6.7) 2 (13.3) 0 (0.0)
Present smoker 2 (6.7) 2 (13.3) 0 (0.0)
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£l q1 SHE-SFAAE & H o VOamax= Astrand—Rhyming
Protocol, YMCA Protocol, 2= e ~EH Ao Auhe)d o] o=
]9l om 7}7} 255 221,199, 1.66 L/min o] ¢lt}. Huj 5317
A1 (Bruce Protocol) ® .t} Adrand—Rhyming Protocol, YMCA

Protocol & 3 3tar Aol e &
A RE I e

S VOama= 0]

5. Z|C Fot A AL} (0] ot St A2 Z|O &4
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b E=AE B g8l o AAPEE 2 Aol 4 o F
Wilooxon 4= A4S A ). A4 d3ojx= YMCA

Table 2. VOmax acceording to maximal and submaximal load tests

(unit=L/min)
Total (N=30) Male(N=15) Female(N=15)
Mean SD. Mean SD. Mean SD.

Maximal load test

Bruce Protocol 1.94 0.56 240 0.42 1.49 0.17
Submaximal |oad test

YMCA Protocol 221 0.49 2.46 0.46 1.96 0.39

Relative heart ratio 1.66 0.46 1.93 0.49 1.39 0.20

Astrand-Rhyming Protocol 2.55 0.53 278 0.56 2.33 0.41

Ramp test 1.99 0.51 2.42 0.32 1.56 0.17

Table 3. VOa/kg accaording to maximal and submaximal load tests
(unit=m /kg/mi)
Total(N=30) Male(N=15) Female(N=15)
Mean SD. Mean SD. Mean S.D.

Maximal load test

Bruce Protocol 31.24 4.83 34.65 3.93 37.83 2.82
Submaximal load test

YMCA Protocol 36.20 6.09 35.70 6.17 36.70 6.17

Ifiel ative heart ratio 27.04 5.90 27.84 6.22 26.23 5.66

Astrand-Rhyming Protocol 41.78 6.88 39.94 531 43.63 791

Ramp test 32.08 4.45 35.06 4,00 29.10 247

Table 4. Spearman's correlation coeffidents between maximal load test and submaximal load tests
Total(N=30) Male(N=15) Female(N=15)
YMCA A-R RHR  Ramp YMCA A-R RHR Ramp YMCA A-R RHR Ramp

A-R 0.61° 0.45 0.59*
RHR 0.681 0.507 0.797 0.59* 031 -011
Ramp 072" 060" 063 060"  056* 049 056* 044 008
Bruce 0.70% 067" 063" 0.88° 0.16 075t 033 0.51 0717 064* 021 056*

#p<0.05, "p<001

YMCA : YMCA Protocol, A-R Astrand-Rhyming Protocol Ramp: Ramp test, RHR :relative heart ratio, Bruce @ maximal load test by Bruce Protocol
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Protocal, Adrand —Rhyming Protocol, AF o A EF ] H & Z oj &
AP <] Bruce Protocol®} $-2] 8k 2fo] & Bl oL} #x

& Fog ApolE BolA orrt. WAl A Astrand—
Rhyming Protocol,  Acjj A ek 1] & Bruce Protocol 7} £-2] 3
zpol & Bl o} A 3 YMCA Protocol & 2] 81 xfo] &
RBolx ¢orrt, o] A o A YMCA Protocol @ Astrand—
Rhyming Pratocol - Bruce Protocol 7} §-2] 61 }o] & 1.9 o1},
e & AA A 07 f-o ¢k 2ol & Hola e
o gt afo] & Ho|A| ¢kohrt whebr] 2 HAER o] A
FahAAP 2} xfo] & HolA| ob= Ao ' vEpytaL, YA
HAEES J59 Aol= AN HojF-atAby 3 EA1 4
o & fofgt zpo] 7} ldTh

v. n%

AT A VOrma = A3 S] 79-240Liml, 01732 7§-
= 149 Limlo|glat, AT F VOmas B 9 45 3465
mikg/min, o344 2] 7-9-=27.83 mikkg/mino] 1t} 20t off 848
1B E dgor g uAg 5(199%6) ] Aoxe Aot
oA e A4 HAES AZ HAEE B usiele,
AT AE o} AXA HAEY Ay 77 2630 Lmin
(39.43£7.02 mi/kg/min) 2} 29+0.4 L/min (43.97 £8.47
mi/kg/min) ©] ¢} 31, Adrand Protocol of] 2] 3t 74 ¢~ 2| A E 9}
AAA gAEW A7 Z47F 31165 Limin (4801665
mi/kg/min) 2} 3202 L/kg (49.06 +-7.24 mi/kg/min) o] 1t} o]
Aip = £ AT T T HAE d7Ql 2421032 Limin
(35.06+4.00 mikgmin) 2= %2 Aajolrt. 20t A<l
2085 o gk A F199) 9 AFAE Ale T
VOumac= 7HAG &7 & 0] 88 o F-aa AL A7) Adrand—
Rhyming Protocol @ A8 AE Aab= 247 A5 o 44+
6.2, 408 t4.1, 37350 mikgmino 2 & -4 331 34.65,
3094, 3506 Bt} mtor HujFstHArd el A 7
zfol & B}, ey & o] &-sto] At A3t £ 20

O 94 59& gl o g o 9 954 (2001) 2] A+
ol 4= 259 Limino] 1z, w2k t sl 698 & oo ® gk A
et 3 71571 (1997) 8] Aol A= 256 Limino]ofA] & <A
T A i Ete & o] 88 Al L8 Lmin Brh= 52
A5 1.9 a1 Bruce Protocol & ©]-§-3 A ¥}l 240 Liminz}
e A9 By 2 A+t A AT} 2pol vt v
T olfrE AR A7 2 amE AAE NS FE AL
4o EYrds o] &g Aals AREshe ZAPH ) B
8l HrirkaiE o] WA S AT HellA & Aok A
PAT oA Ed = AARE I 1k Aolrt A 4 9l
& Aotk thFo® A A 2 auvHE o] &g Mg AT
= 5o & Aq-d 3t dapd el Aagle]l daEA WA 5
A= Ae = w 5749 ea}o]7] Bk tidAke] A9 9
xfo] 2 wol=u|, daAe] Aol T2 A5 gl
t ik ojste] shgoleb= A at i A tho] o) ghrfjste]
stoleh= Aol Aol & Bol&= o|fd 4 At ¥ A+
o} oh2 A+~ 1] Aol g A7t el A BFE L v
T AT VAA EE Ao duH

¥ A7 Adtel SfelA HoisHrska Ak BE R A
S AN A& 8] wsllvl. Eomputerized extrapolation
method (XTP), Astrand—Rhyming Protocol, Fox Protocal,
Havadsteptest 54714 Htjaiald A o) el A4 &
AAG g Ao g8k, A5 VOma 9} 9 Astrand—
Rhyming Protocdl 719] 3 #4415 247} 068, 04901911, &
Q2= XTP7} 71 2o} A1 EAke] fAkak 58 S74E 9
A= XTP7} 71 ehgshvbar stivh (37 &, 1999). o]
Aol A ARE-gE XTPw= oAl 7ds A o 2 av]
E] (Tekel Moddl, Jgpan) & ©] -&-3fo] 5485 F71A71H A
Z¥zk o] Alukrrt e ol Wae 223 oste] g7
Aoz AL el ol VOmao}l Ag 0% E3 5]
A HE gAoltt, eba] dESs oo A3 93
ol Fx kS AMggithE A 79l 894 Satd
AR VOmaE T-31= 2 & AP0l & AFofA] AL
gt HEHAEY 3 Ut E AT AL AZEHAET}

Table 5. Wilcoxon rank test for difference between maximal load test and submaximal load tests

Totd(N=30) Md(N=15) Femde(N=15)
Mean SD. p-velue Mean SD. p-velue Mean SD.  p-vdue
Bruce- YMCA -0.27 0.09 <0.010 ~0.06 0.14 0.890 -0.48 0.08 <0.001
Bruce- A-R -0.61 0.08 <0.001 -0.37 0.09 <0.01 -0.84 0.10 <0.001
Bruce- RHR 0.29 0.07 <0.001 0.47 0.12 <0.01 0.10 0.06 0.060
Bruce - Ramp -0.04 0.05 0.360 -0.02 0.09 0.850 -0.07 0.04 0.210

YMCA : YMCA Protocol, A-R Astrand—Rh\/ming Protocol Ramp: Ramp test, RHR :relative heart ratio, Bruce : maximal load test by Bruce Protocol
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HjHahaAr gk A HAS 088 71 = 9kal BAIgHH o= A AR AR B s AFE B, I oliE
ot om FAlo s s AAL 0518 714 o FEG7E #7) vtz St o)) AuE F3shd
o] AAAR FA4 & BTtk Ao Ao i-etziab ek B A oA A A1 g YMCA Protocol, Astrand—Rhyming
Zpol & 747 g Wilcoxon =91 A7 A% SmglE Atol & Protocol, A3l Bhel iy, AZE|AEY BF AAAG7) =ot
Ro|7) ok AAPHo ek Ao A & Ao A AAIE Hu Bl A vt ole AoR e, FoiRet Ay
sHtakAAL & TP BF et 8 A P 0w wdETh A o] Aol & e well= AZHAEW o] 7H BRI E
BEAANE R AQ 4259 S gt oR @ FH% 5 & Qo7 A7tHr

(1997) 9] Ao M = ol F-shz A 3} Adrand -Rhyming 0] 34 Aoty 08 & o AAe ¢ A

Protocol & |- ¢:3F Al skrsa APE Sl BFEE A3 H1996) 2 Aol BT 00F E A7 A9} fAkk
|, F AR GRAAZ) ol Adrand Ryming 51250282 Aoy AL AR DA ABAESNE o

Poocol 9] Bl 5 & A0 Busidleh E ATINE  AIEE 0N 5& A0S RAY E A7 Q708 F
WSO 5 T AS A Aol BRAS LRl U595} o 5 thef 21 7 9L
v 0612 FEE0] J#E B FAIgH o= oul7t Q) £ AAEE W, 13 574 Al VOamac®] gh2 3243(+4.26)
Qo YA E AaAS 045 oA ol 4= 0590] a1 of mI/kg/manIQiﬁ,Zﬂ =74 A] 3259(£307) mikgmino] i},
oA Rt FARA FodE Bt nebr] dAFoRE A t-7A% A7} pake 0882 T 7 719 24 -4 24 A
T HAPHALO) 9] o] HE& Ao Holu Hid §lo] 2} VO 9] 7ke] Bt SAISHA 07 xo]7} AT 3} v)
olF B3l o|f= X2 7} A7) wjiro| 4259 & AAD. e HE HAEYS B3} 3 AHERE &
O & g Ao A AAAIGTTL FaL FAA A0l vER & Qo7 sad)

TolfE ¥ U 87 gio R ot A ofe] ettt AP & HE HAEWS] Bgrt 7t
Adrand— Rhymlng Protocol 5=3F B} =7 Qv ddsts A 2 =7 ﬁ7}ﬂL o] -= YMCA Protocol, Astrand—Rhyming
o] && Ao}, rEg o)Al ebu)y o] L YMCAY gk A A Protocol 52 Akol S T o & =48 ARg-8lel 7] ol i
g ke ASedle AT F5 5k oldola FAIA L of g=19 AHE 7roR A LGk A ol&
= frofalon, dyiE g 73%0115 SBATFT} ot TEEZS AGS ggoR ¢ FANE 7o s A9, A4

Table 4. Comparison of maxima & submaximal load for Koreans

Authors Subjects Methods Realts
Park J 13Mdein 1. HRRmethod 1.1)26 +30L/min
ed. twenties 1) ramp test with 30%,50%, 75% HRR (3943 +7.02 mi/kg/min),
2) incrementd test with SOW, 75W, 2)29+04L/min
100w, 125W, 150W for 50 rpm (4397 =847 ml/kg/min),
2. Adrand Protocol 2.1)31+165L/min
1 ramp tedt (48.01 £6.65 mi/kg/min)
2) incrementd test _ 2)32+02L/kg
(Cydeergometer: SensorMedics (49.06 +7.24 ml/kg/min)
ergo-metric 800s)
LeeB& S5Mdeintwenties  submaximal test with 30%, 50%, 75% Cyde 2591.51 mi/min
WooD HRR for 5min. Treadmill; 2051.35
(Cydeegometer; Cateye ergodise
EC-1200)
g S 6Mdeintwenties  submaximal trest with 30%, 50%, 75% Cyde 2562.71 ml/min,
& Kim HRR Treedmil: 2874.89 mi/min
H (Cydeergometer; SensorMexics,
Ergoline SVIC Ergo-metrics800S

Ergometer)
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