11

14



*k*k

NIRS
8
30% 50% 70%V Oomax 6
NIRS /
1/2 reoxy
NIRS 1/2 reoxy
*
905-2192 905

*%*

* k%



Arnord et a. 1984; McCully et a. 1993

NIRS
McCully and Hamaoka 2000 NIRS
NIRS
NIRS Chance et
a. 1992; Hamaoka et al. 1992; Ichimura et al. 2006; McCully et a. 1994 ,
Hamaoka et al. 1998 |, (Motobe et a. 2004; Nagasawa et a.2003)

Kime et a. 2003 NIRS

Ichimura et al. 2006

sedentary Hamaoka et a. 1992

McCully et al. 1992

,NIRS



McCully et a. 1999; Olive et al. 2002



8 26.3+4.2 1745 + 3.3cm 70.8 + 8.0kg +
2
4
VOoma
NIRS NIRS
/ oxy-Hb/Mb 1/2reoxy
1 1/2reoxy oxy-Hb/Mb 0%
3 oxy-Hb/Mb 100% oxy-Hb/Mb  50%
1/2reoxy oxy-Hb/Mb 0%
oxy-Hb/Mb 100% T1/2reoxy
T1/2reoxy
30 2
23 25 50 60%



T.K.K.1269f

75XL 11
1 20W
60bpm
AE-300S
Vv OZmax VO,
10 V O2max
4
30% 50% 70%V Ozmax
1/2reoxy
Wat VO,

60bpm

5
50%MVC
90
3

1/2reoxy

Breath-by-breath

90%

V Ozmax

MVC 50%
1/2reoxy

T.K.K.5710m

T.K.K.5710a

\% OZmax

al out time



1/2reoxy 4 oxy-Hb/Mb

280mmHg

775nm 810nm 850nm 3

Modified Beer-Lambert MBL

1 2cm NIRS

NIRS 10 12cm

I+

Tukey-kramer

5%

NIRO200

oxy-Hb/Mb

3.0cm

05

NIRS



1/2reoxy 1 1/2reoxy

1/2reoxy 1 1/2reoxy
1/2reoxy 70%V Oppmax 1/2reoxy
p<0.01
30%V Opmax 1/2reoxy V Oomax r = 0.77 p<0.05 50%
70%V Ozpmax 1/2reoxy V Oomax
1/2reoxy 1/2reoxy V Oomax



309V Oonax 1/2reoxy

V Oomax 50% 70%V Opzmax 1/2reoxy
V Ozmax
30%V Omax 1/2reoxy
1/2reoxy
1/2reoxy

McCully et al. 1994

1/2reoxy 15.1 223
1/2reoxy
, Time constant Hanada et

a 2000; McCully et a. 1994

sedentary 50%V Omex 2
1/2reoxy 14.7 Hamaoka et al. 1992
50%V Ogmax 1/2reoxy 153
1/2reoxy 225 457
Ichimuraet al. 2006 1/2reoxy 151

pH



Arnold et al. 1984 pH

Arnold
et a. 1984 pH 7.0 NIRS
McCully et al. 1994 pH

1/2reoxy 30%V Osmax

pH 30%V Oomax 1/2reoxy
V Ojmax

NIRS oxy-Hb/Mb
, 1/2reoxy
1/2reoxy

Kent-Braun et a. 2000

Arnold et al. 1984

) V Ozmax 1/2reoxy
V O2max
L] V OZmax
1/2reoxy V Ozmax
4
4

McCully et al. 1999; Olive et al. 2002



\ OZmax
1/2reoxy
30%V Ozmex 1/2reoxy
RPE
1/2 reoxy

10

1/2reoxy
1/2reoxy
1/2reoxy
, %HRmMax
1/2reoxy
1/2reoxy
NIRS
NIRS
NIRS



Arnord D, Matthews P, Radda G. (1984) Metabolic recovery after exercise and the assessment of
mitochondrial function in vivo in human skeletal muscle by means of 31P NMR. Magn Reson Med

1:307-315.

Chance B, Dait M, Zhang C, Hamaoka T, Hagerman F. (1992) Recovery from exerciseinduced

desaturation in the quadriceps muscle of elite competitive rowers. Am J Physiol 262:C766-775.

Hamaoka, T., C. Albani, B. Chance, and H. Iwane. (1992) A new method for the evaluation of
muscle aerobic capacity in relation to physical activity measured by near-infrared spectroscopy.

Med Sport Sci 37:421-429.

Hamaoka T, Mizuno M, Katsumura T, Osada T, Shimomitsu T, Quistorff B. (1998) Correlation
between indicators determined by near infrared spectroscopy and muscle fiber types in humans. Jpn

JAppl Physiol 28:339-344.

Hanada A, Okita K, Yonezawa K, Ohtsubo M, Kohya T, Murakami T, Nishijima H, Tamura M,
Kitabatake A. (2000) Dissociation between muscle metabolism and oxygen kinetics during recovery

from exercise in patients with chronic heart failure. Heart 83:161-166.

Ichimura S, Murase N, Osada T, Kime R, Homma T, Ueda C, Nagasawa T, Motobe M, Hamaoka T,

Katsumura T. (2006) Age and activity status affect muscle reoxygenation time after maximal

11



cycling exercise. Med Sci Sports Exerc 38:1277-1281.

Kent-Braun JA, Ng AV. (2000) Skeletal muscle oxidative capacity in young and older women and

men. JAppl Physiol 89:1072-1078.

McCully K, Fielding R, Evans W, Leigh J Jr, Posner J. (1993) Relationships between in vivo and in
vitro measurements of metabolism in young and old human calf muscles. J Appl Physiol

75:813-819.

McCully K, lotti S, Kendrick K, Wang Z, Posner J, Leigh J Jr, Chance B. (1994) Simultaneous in
vivo measurements of HbO2 saturation and PCr kinetics after exercise in normal humans. J Appl

Physiol 77:5-10.

McCully KK, Natelson BH.Impaired oxygen delivery to muscle in chronic fatigue syndrome.

(1999) Clin Sci 97:603-608.

McCully K K, Hamaoka T. (2000) Near-infrared spectroscopy: what can it tell us about oxygen

saturation in skeletal muscle? Exerc Sport Sci Rev 28:123-127.

Motobe M, Murase N, Osada T, Homma T, Ueda C, Nagasawa T, Kitahara A, Ichimura S,
Kurosawa Y, Katsumura T, Hoshika A, Hamaoka T. (2004) Noninvasive monitoring of deterioration
in skeletal muscle function with forearm cast immobilization and the prevention of deterioration.

Dyn Med 3:1-11.

12



Nagasawa T, Hamaoka T, Sako T, Murakami M, Kime R, Homma T, Ueda C, Ichimura S,
Katsumura T. (2003) A practical indicator of muscle oxidative capacity determined by recovery of

muscle O, consumption using NIR spectroscopy. Eur J Sport Sci 3:1-10.

Olive JL, DeVan AE, McCully KK. (2002) The effects of aging and activity on muscle blood flow.

Dyn Med 1:1-7.

13



VI. B %

Table 1. T1/2 reoxy time after arterial occlusion at rest and submaximal and max exercise.

Rest 30% VO;max  50% VO,max  70% VO,max Max
exercise
T1/2reoxy time (sec) - 6.1 £4.0* 16.3 =71 15.3 £3.9 22.3+93 15.1 =4.7

Values are Mean=S8D. *p<0.01 significant difference from 70% VO.max.
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Fig.1. Typical changes in oxy-Hb/Mb during and after exercise and method of evaluating T1/2 reoxy time.
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Fig.2. Relationship betweenT1/2 reoxy time after exercise at 30% VO,max and VOzmax {r=0.77 p<0.05).
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