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An Analysis of Intraindividual Variation of
Oxygen Debt with Respect
to Kinetics of Oxygen Uptake
During Recover after Supermaximal Exercise

&I M Heomome
Mitsuru SAITO*' and Noriaki FUIITSUKA*?

The present study was conducted to examine an intraindividual variation of oxygen debtafter supermaximal
exercise. Oxygen uptake before and after supermaximal treadmill exercise were determined three times for each
subject on separate days, usually one week apart. Six healthy male was participated in this study as subject.
Average values and standard deviations for age, height and weight of the subjects were 25.1 +6.1 yr, 168.5+3.2
cm and 60.7 + 5.8 kg, respectively.

Oxygen debt was estimated by two method; oxygen debt was obtained from total oxygen uptake during 70
min recover period above the resting oxygen uptake measured before exercise (Observed oxygen debt: O-O,
debt). On the other hand, it was assumed that oxygen uptake during recover could be fitted best by an equation
the form Y = ¢ + a, exp (—kit) + a exp (—kat), and oxygen debt was calculated from the parameters in above
equation (Estimated oxygen debt; E-O, debt). First and slow components and its coefficient variation were also
computed from two exponential component curve.

It was found in this study that coefficient variation (CV) of the O-O, debt was larger (17.7%) than that of E-O,
debt (10.8%), while CV of base line was smaller in the observed base line (O-base line) (7.2%) than estimated
base line (E-base line) (10.09%). Since magnitude and CV in both observed and estimated oxygen uptake during
70 min recover were almost the same, an intraindividual variations of 0-O; debt and E-O, debt will be due to the
difference between observed and estimated base lines. Moreover, magnitude of slow component was about 2.7
fold as compared with first component, and CV of slow component was larger (13.2 %) than the first component
(8.6%).

From these results, it was suggested that intraindividual variation of oxygen debt after supermaximal
exercise may be due to the variations of E-base line and slow component, and that it will be need further
investigation concerning the reason of variation of the E-base line or slow component.
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Table 1. Physical characteristics of subjects and their maximal oxygen uptake.

Sk Age Height Weight VO, max/weight
(yr) (cm) (kg) (ml/kg'min)

FN 34 170 68 47

SM 33 168 59 56

0olJ 19 166 54 69

oT 24 172 69 55

ST 19 172 56 60

YA 22 164 . 58 70

Table 2. Treadmill speed, allout time and coefficient variation (CVsp) of allout time on each subjects.

Subi Grade Speed Exp. All out Time mean + SD CVsp
Subj. (Degree) (m/min) No. (sec) (sec) (%)
| 60
FN 5 270 2 60 60.0 & 0.00 0.0
3 60
| 79
SM 5 300 2 80 80.3 +1.25 1.6
3 82
1 68
0J 5 320 2 79 74.3 +4.64 6.2
3 76
I 70
oT 5 290 2 71 71.0 +0.82 1.2
3 72
| 72
ST 5 290 2 75 75.0 +2.45 3.3
3 78
| 70
YA 5 300 2 75 76.0 +5.35 7.0
3 83
Total
Mean 72.8 32
£ & (0l 8 W base line = Estimated base line: 3 1110 dpe/ M AC 56 3 2 di KAl & fe/ MO 72 Ol
E-base line) 2 dH 5D J 6 Ay, ArnKy, Ko, (3R 5T (CVmy) CTHODULT,

bbHo TN oDEHIE, D AT (Ikegami: er

al 1980) ®C X » Tk Lizo | -
o . X T X)
25 TR B VN %00

CVyp =
M REAE O ZE B R EL (Coefficient Variation: CV) X
3, LR GEES, 1978) &R UL 3o e
5 O LI IS 2 BEHE S 0 B2y (CVa) & V. =
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Table 3. Comparison of observed and estimated base line and its coefficient variations.

il & Observed Estimated
Subj. Xp.
Base line mean CVsp C Vo Base line mean CVsp CV max

o (ml/min) (SD) (%) (%) (ml/min) (SD) (%) (%)
1 272 270

FN 2 227 o 77 19.8 242 i 7.4 20.5
3 239 (1% 501 (20)
I 256 224

SM 2 241 i 102 280 247 ) 5.5 [3:6
3 200 (24) 21T (13)
I 229 213

0J 2 267 (22518) 80 210 268 (2}53% 13.0 37.4
3 277 293 ]
i 230 242

oT 2 192 o 103 286 234 226 7.4 19.2
3 247 {23) 203 (17
I 238 262

ST 2 229 234“) 1.6 3.9 192 i 16.6 50.5
3 234 289 n
i 237 214

YA 2 254 (2]545) 5.5 15.2 259 o 10.0 27.1
3 273 272 (25)

Total mean 241 7.2 19.4 246 10.0

Mean SD 13 3.0 8.35 15 3.8




Nagoya J. Health, Physical Fitness, Sports Vol. 4 (March 1981)

Table 4. Comparison of observed and estimated oxygen debts and its coefficient variations.

— 5 Observed Estimated
Subj. CXP.
0,Debt mean CVsp C Virinx O;,Debt mean CVsp CVigsx
No. ) (+SD) ) (+SD)
I 10.70 10.77
FN 2 12.04 '('-(‘)i) 5.8 13.0 .71 (?-gg) 19.5 61.9
3 10.65 : 7.23 :
1 5.84 8.13
7.75 8.05
w4 B om e B e o
I 9.63 10.74
0J 2 10.94 '(}gg) 16.3 31.8 10.85 '(}'(5)2) 9.1 214
3 14.12 : 13.03 :
I 12.24 11.40
oT 2 13.28 }{'3% 16.9 51.4 10.40 '((‘)'é%) 5.5 14.1
3 8.77 : 11.87 :
1 11.09 9.46
ST 2 8.09 '(é-gg) 26.3 54.5 10.71 ‘(8'8(')) 8.5 23.2
3 15.49 ; 11.66 :
I 11.36 13.55
YA 2 7.52 ’(g'gg) 21.8 55.0 18.66 '(‘2‘28) 18.0 493
3 11.30 : 12.50 '
Total  mean .14 177 446 11.09 10.8 30.0
Mean  SD 169 6.2 16.9 07 5.9 19.0

(5.8 ~26.3% D), E-O,debt #510.8 %
(4.0 ~ 195 o) & 1750, O0-0rdebt O
As E-Oz debt & O K& 13250 & /" LTz,
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8.6 %), slow-C 52906 265 % CI¥13.2
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Table 5. Comparison of first and slow components in the oxygen debt and its coefficient variations.

Subj Exp. Filst-C mean CVsp CVimax Slow-C mean CVsp CVoas
) No. (0] (£SD) (%) (U)) (£SD) (%)
I 2.694 8.079
2.783 7.121
FN 2 2.902 31 79 8.802
3 2.753 (.087) 4u§g3 (1.889) 209 96.3
I 2753 5.509
SM 2 2.480 2;2} 10.1 27.4 5.146 3.302 2.9 7.1
3 3.160 (-:281) 5,051 (0.153)
1 2.612 8.132
0J 2 2.965 i 5.4 13.5 7.885 8722 |16 28.7
3 2.884 (151) 10.149 (1.014)
I 3.482 7.922
oT 2 3.458 B 5.1 1.5 6.942 7.626 6.4 15.4
3 3.856 (-182) 8.013 (0.485)
I 2.553 6.909
3.122 7.487
ST 2 3.191 14.1 41.9 7.518 .
3 3.622 (:439) 8.035 (0.460) o! 163
I 3.060 10.480
2.812 12.086
YA 2 2.267 13.7 19.5 16.39
q 3.110 (.386) 5384 (079) > 7
Total  mean 2,988 858  20.35 8.057 132 39.8
Mean  SD 0.302 431 1154 2.073 9.4 335

Table 6. Expired gas volume during 70 min recovery
and its coefficient variations.

VE/70 min
Subj. (]) CVs]) CVm“
mean *+ SD
FN 967.74 +49.43 5.1 12.4
SM 816.13 = 21.19 2.6 6.5
0J 787.71 = 50.31 6.4 16.8
oT 910.61 + 17.94 2.0 4.3
ST 679.12 + 30.14 4.4 11.4
YA 961.92 + 53.89 5.6 14.6
Total
Mean 854.87 4.1 11.0
WAL,

AT O AN 25 B ER B DM 3. 2 %
THO, BHSDOWEMICTOSDTH -720
AEBTH O N BAAKEOEUED 6 HD
SR 1114 € THY, KE24D TR 1850 TH -

Too TOMZ, RSP, hphs18), L)
HASY), Graham & Andrew *) O L0 4
FOHDTH oo TOENICONTIE, —DIC
MR S0 B 2D ML H I & h
bo T L, AW TILES)H O I EM 270
BCH >t b, MO TR0 LINTH D,
$ 72, Graham & Andrew ® ) V3R EERT COZE N,
WA base lineE Licc Eick b EEbNnb,
— )i, A FTHE XN TU B (a1 ) R B )
RE AR DR DY E 343 & A EDEKITED DM
WL I L B bDTH B0 AW T, Ikegami
58 DI fol/N A T IC & B A D TR
TRE U Tco AT TIE SNIBRBOM & A
D EEETHERBDL DT b0 BIIKHE
TSP L T 21 b b 69, K
T3NS D DN H SNt o KRBT O N
T ARBUE, 1L S 20 DA I b D 5 o
Margaria & ') 0BG R (3 A RER & X< Pk
HFTHh 12 bbb 5, Ky, Ky DIENKEL
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Table 7. Comparison of observed and estimated oxygen uptake during 70 min recovery and its coefficient variations

Observed

Estimated

0O, uptake/70 min

O, uptake/70 min

Subj. (mean + SD) CVsp CV (mean * SD) CVsp CV inax
(1 (%) (%) (1 (%) (%)
FN 28.36 = 1.02 3.6 8.6 28.63 +0.84 2.9 7.4
SM 24.35 + 0.46 1.9 4.7 24.10 £ 0.56 2.3 54
0oJ 29.60 + 3.20 10.8 30.5 29.60 £ 3.21 10.9 30.7
oT 27.06 £ 0.96 3.5 8.8 27.06 £ 0.95 3:5 8.7
ST 27.92 £ 3.18 11.4 32.2 2795 £3.16 11.3 32.0
YA 31.19 £ 3.09 9.9 26.3 32.29 + 3.4l 10.6 29.0
Total Mean 28.08 6.9 18.5 28.27 6.9 18.9
Table 8. Comparison of exponential curve parameters and recovery time.
. s First-C 1 Slow-C 1 Recovery
Authores Exp. condition (liter) ki 5t (liter) ka 2 b time (min)
bresent g"se%/‘ojm"“ 2.99 920 459 8.06 067 117 70
" *
79 sop dlieut (8.6) (8.3) (8.0) (13.3) (16.2) 15.9)
Margaria Treadmill » .
e!t; ul 1—7 min allout — 1.04 25—40 .02 34.6 110
Robert Treadmill
g - 209 (240—268m /min) 2.81 1.51 45.8 2.47 .36 1.9 25
Katch Bicycle
& Henity 60 toe llsut 1.94 1.443 28.8 5:72 .059 11.8 15
Yamaoka 600m run 2.70 74 56 3.57 .07 9 40
Aoki et al 100m sprint 1.93 — — 5.50 — — 40—50

* Figure of the parentheses indicates coefficient variations.

Boot, COC EE, Margaria 5 %) 3ERIEEIC
Y AHRBIE LOBEBREDL S LD EEZ S
N 5o FHCIEXIE T, base line, 2% 0, C%
HoPUDRE L ThHrOSRBARET L0
KA Fi>To0, EHFICEDXHIBEMFET
base line & 5E 4 5 ICE > THREMB K &S,
AWFE TR, I R AR I T AR @ base line
(C) MOGRBUE I/ N E RIEIC X O B BIIICRAE &
Nk Ers, fERIEICK D XTI ITS
N EFEZ N Do I, AFERTRD I first-
C KT slow-C DIEICDNT & HOF NI bIF 1 T
X550 EVZ LD,

J2 I IR % AU (0-0, debt) D E BRI DN
i, 17.7%Thv, BRES?) OWEMED P
PRED oo TN, AWFE TR, BESD
D & ICHERGA D Wk O A 18 & Fe oy U 73
D otetedE b s, UL LEs, [miEihi
D OHEE U iRF AR (E-O, debt) D %2 Bl £ 34
13 108% &1, 0-0;debt DEH L D/NS L,
WHS ) o EMEBBRALTH -0 0-0,
debt & E-O, debt & T, AiEREICET S
base line DREENIE L, T13b L, LiCl~i

91T, 0-0, debt O base line (3l B jij 4 it &
B TE D, B0, debt ® 2L, [IBHIH A

b9 —
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Table 9. Comparison of oxygen uptake on three conditions and correlation coefficient matrics.

Oxygen uptake

Items Recovery Oxygen
O-Base line E-Base line 65—70 min uptake
Ouptake (ml/min)

O-Base line o — 241
E-Base line 0.489 — 246
Recovery
65-—70 min 0.190 0.800%** — 259
O, uptake
** p<0.001

I8 T & - THEE L 72 (E-base line)b O % Jf

72 o 1704 }Fﬁm@?ﬁ}glﬂim’ﬁ"'A(Uiiﬁ,’}f?%(
DN DSIEIME EHEEAE & TRED IS (K6)
T &d S, 0-0,debt & E-O, debt EDE MO
TR R BT R RLE IS B 1 B base line 9% 1C &
5bDENZ LD,

O-base line & E-base line ® 6 #0ONH{1L, =
N2 241 ml/min, 246 ml/min &3 & A E 713 A
SN otco L L, ZIHHEOKRIEER
O-base line 23 7. 2 %, E-base line 78 10.0 % & 15
0, E-base line DEHD SMWKEh 512 (43),

COT EF, ) oD fil i Hs 01152 101 S LI B i,
2 F 0 base line 2 )i D %2 base line 1~ T
RECEHIHLCEERTEDENZ LD, &
51CX 913, O-base line, E-base line, [1] {56543
S5T705r O AL EDOMH ~ b Y » 7 2% R L1z
D TH %o O-base line & E-base line , O-base line
{5657 5 7043 H o fifp e B R & o> I HE N
A SNIED -7 HS, E-base line & 0118657 & 704>
E & ORI A= M3 B (r—0800, P
0.001) WD OITzo TS DOFEYIT, B
O base line & [0 2> & HE5E L 72 base line & {3 5
MONKEEFF>TNBEE ERRTEDERDNS,
b b, HEICK > THENOERE D Fve v

D5y, KO ERE, s R o BlLgs o210 1)
13 EM3E-base line ICEBA 2 kbD EFEZ S5
b0

AT, IR S HEE U 7o #4516 i (E-
0, debt) % & SATHUN B 53 (first-C) & PEUBE 4)

Table 10. Comparison of coefficient variation of
parameters.

Coefficient
variation (%)
(mean + SD)

Parameter

All out time 3.2 2.6
VO, during run 6.3 +3.0
O-base line 7.2+£3.0
E-base line 10.0 £ 3.8
Recov. Vi:/70 min 5.8+ 1.6
Recov. Vi/70 min 6.9 £ 3.9
0O-0; debt (70 min) 17.7 £ 6.3
E-O; debt (t = =) 10.8 £ 5.9
First component 8.6 4.3
Slow component 132+ 9.4

2 1 2 1

(slow-C) (T o3 ) T2 DEMRBA T 5 & iid
M8 6%, BEML3.2% &1, slow-C DX
K EL T otee 2, THOHD CViyy DD
THBHE, first-C 1320%, slow-C 5329% T&H -
1o KT D D first-C, slow-C O fiid = <
49ml, 135ml &78 D5 slow-C 3 first-C (T 5
T2THRED 5T TOT EDS, WAL
DL, base line & slow-C & DB ICK X<
LT BEENZ LD,

AKEHRT 0, debt DZERIL, YL 5D, Graham
& Andrew *) O E A0 K X0 T & s
e otes, Cchicilid 2 E - bns all
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DR ENZ L Do

5l A X M
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