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Comparison of Muscle Oxygenation in Middle-and Long-distance Runners
and Untrained Persons during Isometric Knee Extension Exercise
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1) Department of Sports Science, Sapporo Campus Hokkaido University of Education
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{Abstract)

The aim of this study was to investigate the oxidative metabolism during isometric knee extension
exercise (IKEE) in five middle-and long-distance runners (runners group) and seven untrained persons
(untrained group). The right vastus lateralis muscle was monitored by near-infrared spectrometer for
changes in oxygenated hemoglobin and myoglobin contents [oxy (Hb+Mb)]during IKEE with 10, 20,
30, 40, 50 and 60%of the maximum voluntary contraction (MVC). We calculated EX/RT ratio (an in-
dex of O:consumption) from the initial rate of deoxygenation during rest and immediate post exercise by
1 min ischemia and %oxygenation (a balance index of oxygen supply and consumption) by 15 min ische-
mia. There were no significant difference in EX/RT ratio and %oxygenation in all intensity between run-
ners and untrained group. However, EX/RT ratio increased linearly up to 40%MVC and 30%MVC and %
oxygenation decreased significantly down to 50%MVC and 40%MVC in runners and untrained group, re-
spectively. It is suggested that middle-and long-distance runners can supply more energy to skeletal

muscles by the oxidative metabolism up to higher intensity than untrained persons.
{Key words) runner, untrained, muscle oxygenation, isometric knee extension exercise
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1. #H&E
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Table 1 Physical characteristics, MVC and running performance in each subject.

no. age sex height weight MVC running performance
year cm kg kg min’ sec”

Runner 1 23 male 172 57 62.0 1500m; 4°02” 5000m; 15’ 35"
group 2 21 male 166 57 55.0 5000m ; 16°05” 10000m ; 34’ 17"
3 19  male 171 60 74.0 800m; 1°55”

4 18  male 174 56 49.0 5000m ; 16°20” 3000mSC; 947"
5 19  female 160 48 52.0 3000m;10°19” 5000m; 17°54”
mean®tsd 20+2 168+£6 b55+4 58.4+10.0
Untrained 1 21 male 174 72 72.0 -
group 2 21  male 171 71 51.0 —
3 20 male 177 75 72.0 -
4 20  male 176 57 479 —
5 19  male 178 71 57.0 -
6 22 female 154 44 30.8 -
7 22 female 152 55 30.0 —

meanxsd 21=%1

16911 63+12* 51.5+17.2

Abbreviations : MVC = maximum voluntary contraction.

* denotes significant difference (p<0.05) when compared with runner group.
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Fig. 1 A typical example of determination of
EX/RT ratio in one subject at 40%
maximum voluntary contraction.

%oxygenation

o » 0w w10 we
time (sec)

Fig. 2 A typical example of %oxygenation
change during isometric knee exten-
sion exercise (5sec. contraction 5
sec. relaxation ; 2 min) in one subject
at 50% maximum voluntary con-
traction.
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Fig. 3 Changes of EX/RT ratio at different ex-
ercise intensity in each group. See ab-
breviation in talbe 2
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Table 2 Slopes of EX/RT ratio between each
9%MVC in runner and untrained group.

%MVC  Runnergroup p Untrained group p

10%—20% 31.2+19.3 319 +148

20%—30% 4394319 ns 40.3 +236 ns
30%—40% 26.7£351 ns 38 £33 **
40%—-50%  —10.2%£16.7 ns —6.32+ 7.7 ns
50%—60%  —18.2+165 ns  —25.7 =301 =ns

Abbreviation : EX/RT radio = the initial rate of deoxygenation
during rest and immediate post exercise by 1 min ischemia ;
%MVC = the percentage of the maximum voluntary contraction
; p = probability ; ns = no significance.

** denotes significant difference (p<0.01) when compared with
the slope between 20%MVC and 30%MVC in unirained group.

THOBEIIBWTDEEREZIROON 2D
72, 7z, SUF—EEBIUEBSEEROETNE
NIZBVWTH MVC CEEZIRO SN Do
7o, L Ladss, 9 F—ETIRI0%MVC
THEBEICEML TWB DIt LT, FREEEEH
TII30%MVC F TTH5H. £2T, £MVCH
RERTREY, ZOEROMEE * ZHEIRD:
(#2). 5 F—BTIZ20%—30%MVC B D
& £30%—40%MVC DIEX ICEEEEED S
Nehroiz. —F, FFEEBERTIE, 30%—40%
MVC D4 % 1320% —30%MVC O & 12 sz L
THEILNE o7z (p<0.01).

110

—&— Runner group
—O—Untrained group
100 }
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I
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Fig. 4 Changes of %oxygenation at different
exercise intensity in each group. * and
* % denote significant difference (p<
0.05and p< 0.01) when compared
with values in each group. See abbre-
viation in table 2 .

3. %oxygenation

4 137EE) F D % oxygenation % K E O FHE
TRLIZDDTHD. FRELSBREDOHEME HIT
%oxygenation I T T 2 EMICH 5. F—D
MVC MW FNOBEICBWTHHETHEE
EIZED SN h o725, 40%MVC £ TIET ¥
F—HEFEL, TRUBET VKL 2D
ERER L. YT —HOEIODVTAS
&, 30% —40%MVC (p<0.01), 40% —50%MVC

(p<0.05) N FNEFNEEICHS L. £h
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0.05), 30%—40%MVC (p<0.01) &, FTH
FEICEA L7z 50%MVC 22 560%MVC £ Tl
TR & b ISR RO bh e hore.

AFEIIBWTEREIN/A EX/RT ratio i,
LRI T 5 EBFOBRHEEOHFELRL T
Wh., ZLT, FETB L OESER ICEIRILE
WETeoTROTWBE I END, MEBEDEE
FBRVWTEZAZENTES. M3IRLZES
2, 7> F—FDEXRT ratio iZFEEEER &

CHELT, EEERTDLNLD 200D, F

RTCDBETHEWVERNTH o7z, T2, £2I1TR
L7zk 92, ¥ F—BTIi320%—30%MVC &
30% —40%MVC DIE & 3% Lo 7245, Fedsk
# B T 1330% —40%MVC @ {8 & 520% —30%
MVC OB EICHBELTHEEICLAE o2 p<
0.01). ¥oT, 7+ —HiZ40%MVC DEE
T TEX/RT ratio YEMAVISHEML TWBH DI
LT, FEERBREFEOBEMII30%MVC £ TLH
WiThZENTEL, ZOIEDDL, FYyF—F
BE Y EVEEI TRIFEREVEMNL T EE
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Homma 53 HHREC 1 4 RIC60E 0 EEE
iz MVC D5 ~30%D#H THERE ¥, NIRS
Lo TER L BREHERE L EFHEL OB
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