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ABSTRACT

Near-infrared spectroscopy (NIRS) is less restrictive for examinees than other
brain function imaging methods such as positron emission tomography or functional
magnetic resonance imaging. In addition, fixation of the head and recumbence on

a special device during measurement are unnecessary with NIRS. Biofeedback
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training (BFT) elucidates the importance of mental training, and monitors and

encourages the learning of psycho-physiological control necessary for muscle

performance. Electromyography of examinees’ rectus femoris muscles and near-

infrared spectroscopy were simultaneously conducted to investigate the relationship

between BFT and local cerebral blood flow. The influence of a kicking motion on brain

functioning was confirmed. These findings suggest that BFT is effective in activating

working memory.
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HIE (a), HEM (b), BED (o), ZREE (d) 1280 AMiiE D2t [mM - cm] 25547 L 72,
BAHIIR 3D 70— 7 ORFNIE - 72 AEIZIETTHREZREL 7.

(a) 0.11 .18 .09 .09 [0.06 .07 .00 06 .08 .08
0.05 [0.22 .18 .15 .14 (0.02 16 .08 10 .06 .02 (0.07
0.28 .23 .28 .16 [0.26 26 .23 .15 .12 .12
0.14 [0.20 .21 .13 .10 [0.14 18 .12 .12 .11 .08 .04
0.15 .14 .06 .10 (0.10 06 .06 .07 .07 .06

(b) 2.89 .42 .42 11 12,42 .21 .14 .94 .32 .63

2.98 |2.02 .16 .51 .03 12.19 .72 .72 .72 .70 .94 .28
2.29 .78 .57 .13 12.65 .34 .13 .01 .60 .65

1.93 |1.64 .43 .95 .28 |1.17 .26 .20 .05 .44 .07 .35
1.46 .13 .58 .59 10.63 .54 .58 .96 .84 .94

(c) 6.51 .11 .26 .26 |6.71 .82 .26 .86 .15 .19

8.69 |6.11 .61 .85 .52 |5.56 .06 .02 .02 .05 .88 .44
6.08 .68 .80 .43 16.05 .05 .72 .97 .26 .31

5.25 |13.92 .32 .17 .78 |2.27 .53 .29 .47 .51 .23 .45
3.67 .24 .45 .18 |1.35 .99 .10 .68 .46 .83

(d) 1.45 .51 .08 .96 |1.65 .07 .66 .14 .19 .90

3.12 |2.57 .80 .47 .13 12.06 .37 .88 .62 .72 .93 .77
2.24 .01 .69 .11 |12.43 .24 .38 .20 .32 .95

1.67 |1.76 .68 .79 .83 10.89 .10 .95 .23 .58 .62 .29
0.77 .64 .32 .41 |0.52 .36 .36 .50 .37 .44
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BN (), BIEH (b), Bl (o), REHE (1) 1280 2R DZt [mM - cm] 27547 L 72,

(a) 0.25 (0.26 [0.32 .32 10.28 .25 .20 .22 ]0.21 .24

0.22 |0.19 |0.27 |0.21 .25 10.29 .22 .18 .18 10.20 .26 .37
0.22 10.22 |0.27 .23 10.28 .24 .24 .24 10.19 .20

0.19 |0.22 |0.18 |0.21 .23 ]0.19 .21 .21 .20 [0.21 .18 .23
0.20 |0.21 |0.18 .19 10.19 .18 .18 .20 10.19 .21

(b) 0.94 10.72 |0.73 .97 10.81 .72 .69 .67 10.97 .35

1.65 |0.78 [0.64 [0.39 .63 10.72 .45 .46 .53 10.69 .15 .57
0.78 |0.50 [{0.73 .60 |0.72 .57 .44 .48 10.45 .62

0.86 |0.47 [0.50 [0.30 .34 10.31 .33 .30 .30 10.40 .93 .85
0.50 |0.31 |0.25 .22 10.23 .23 .22 .24 10.28 .29

(c) 1.11 |1]0.86 |0.93 .11 11.44 .13 17 .76 [0.91 .69

1.23 |1.31 |1.18 |1.00 .31 |1.21 .95 .81 .36 [0.98 .78 .44
1.05 ]|1.01 |1.35 .00 ]0.86 .75 .93 .82 10.97 .61

0.78 |0.79 |[1.09 |[0.48 .46 10.36 .42 .39 .97 10.72 .60 .26
0.78 |0.43 |0.45 .34 10.34 .26 .27 .31 10.24 .25

(d) 1.61 |1.43 |1.60 .54 11.86 .71 .56 .21 11.43 .95

2.11 |1.56 [1.47 |1.06 .98 |1.71 .08 .02 .42 11.10 .24 .36
1.37 |1.11 |1.67 .43 11.38 .25 .15 .01 J1.03 .94

1.16 {0.93 [1.13 |0.57 .69 10.58 .57 .51 .64 10.89 .83 .78
0.96 [0.62 |0.47 .37 10.40 .30 .32 .45 [0.36 .47
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fEE (o), fReill (d

£33 CynTENE.
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FEOZA[mM - cm] % 0HF L 72,

(a) 1.32 |1.02 (0.44 (0.28 |0.58 |0.86 [1.08 |1.04 |0.81 (0.27
0.37 10.38 |0.42 |0.66 |[0.39 |0.41 |0.43 |[0.54 [0.32 [0.32 |0.21 [0.69
0.79 ]0.52 |0.92 |0.82 |0.88 |0.97 |0.99 |[1.25 [0.51 |0.18
0.30 (0.32 (0.09 |0.12 |(0.45 |0.22 |0.36 [0.565 [0.22 |0.66 |0.26 |0.07
0.17 10.29 |0.06 |0.11 |0.02 |0.12 |0.10 (0.07 [0.16 |0.67

(b) 0.8110.32 |0.47 |0.58 |{0.94 |(0.83 |0.72 (0.70 (0.73 |1.16

1.27 (0.62 |0.49 |0.30 (0.70 (0.79 |0.40 |0.31 (0.07 |0.76 [1.16 |1.34
0.74 10.33 |0.58 |0.57 |0.42 |0.34 |0.15 (0.57 [0.03 |1.06

1.06 (0.35 |0.54 (0.15 |0.22 |0.33 |0.00 |0.31 |0.21 |0.54 (0.93 |1.40
0.77 j0.02 |0.17 |0.07 |0.04 |0.10 |0.23 [0.08 [0.06 |0.56

(c) 0.03 /0.04 |0.08 |0.00 |0.01 |0.08 |0.04 (0.20 [0.14 |0.43

0.36 {0.03 |{0.22 |0.05 |0.07 |0.01 |0.04 |0.22 |0.16 [0.00 |0.60 [1.13
0.07 (0.01 |0.16 |{0.20 {0.20 |(0.14 |0.19 (0.19 [0.26 |0.17

0.25 |0.02 |0.06 [0.06 |0.08 |0.02 |0.19 [0.19 [0.24 |0.18 |0.06 |0.45
0.06 |0.05 |0.08 |0.20 |(0.02 (0.02 |0.10 (0.22 (0.11 |0.51

(d) 2.35 12.52 |2.66 (2.47 (2.37 |2.41 |2.55 |2.45 |1.88 |1.66

1.48 (1.72 |2.20 |2.16 |1.74 |1.47 |1.73 |1.86 [1.58 |1.75 |[1.19 |[1.00
2.20 ]2.18 |1.96 |1.69 |1.83 |1.88 [2.03 [2.09 [1.89 |1.57

2.08 |1.87 |2.05 |1.93 |1.78 |1.62 |2.05 [2.07 [1.59 [1.98 |1.36 [0.99
2.63 |2.14 |1.85 |1.52 (1.47 |1.13 |1.53 |2.12 [2.03 |2.04
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F4 CoDLE.

BN (), BIEH (b), Bl (o), ®EHE (1) 1280 2MmiE D2t [mM - cm] 27547 L 72,
(a) 2.58 [1.93 [0.20 .02 |0.31 .03 .04 .52 |1.47 .45
0.27 |0.33 |[0.23 |1.46 .04 10.04 .26 .80 .36 [0.11 10 39
1.37 10.01 |1.30 .03 10.74 .58 .54 .48 10.66 15

0.36 |0.55 |0.47 [0.33 .25 (0.31 10 .90 13 [1.45 26 59
0.19 |0.35 |0.42 .25 10.06 .23 .05 09 [0.34 .42

(b) 0.81 |0.32 |0.47 .58 10.94 .83 .72 .70 10.73 16

1.27 10.62 (0.49 [0.30 .70 10.79 .40 .31 .07 10.76 16 .34
0.74 |0.33 [0.58 .57 10.42 .34 .15 .57 10.03 .06

1.06 [0.35 (0.54 [0.15 .22 10.33 .00 .31 .21 10.54 93 .40
0.77 10.02 |0.17 .07 10.04 10 .23 |0.08 [0.06 56

(c) 1.29 |10.60 |0.33 .13 |1.05 .00 .73 77 10.82 09

1.09 (1.20 |1.07 |1.20 .17 |1.35 .21 .05 .14 |0.89 .39 .11
1.02 |1.05 |1.09 .03 10.81 .60 .85 .74 10.73 .01

1.17 j1.29 (1.14 (0.89 .93 10.70 .77 .70 .85 10.86 .69 .47
1.17 |1.05 |1.00 .86 [0.95 .18 .38 .53 [0.36 .29

(d) 5.37 |6.17 |6.73 .97 15.20 .30 .15 .73 13.45 .53

1.73 |2.81 (4.46 [4.32 .48 11.38 .13 .87 .01 13.12 .32 .53
4.54 |4.44 |3.46 .45 12.94 .96 .45 .18 [3.49 .47

4.29 |3.18 |4.25 |[3.82 .99 12.26 .10 .27 .44 13.75 .78 .56
6.88 [4.49 |3.65 79 12.27 .96 .08 .14 15.19 .61
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R5 CollB¥ pftrtiEs.
Y VFOUREIZBIT A HE (a) *. B (b) BXOWIGEE (o) 2B 2 x 2l

(a) |53 55 55 53 52 56 56 53 42 35

33 42 54 57 52 52 59 62 54 43 30 27

47 53 55 58 58 63 71 65 57 44

38 51 43 42 54 54 53 55 49 55 33 238

46 50 32 31 34 30 34 54 43 47

IR B0 B Co lFRILFHINCIL L TR L7222 7 = VT D tRIE IS TGS L7z,
WENDchDHES thifHE % Ral>Tw 5 (a).

(b) |314 |196 |33 37 24 66 232 1104 [108 |20

13 10 16 147 |16 23 24 23 12 12 12 92

58 22 68 63 55 80 113 [302 |32 9

15 11 5 15 27 9 16 54 7 156 |12 13

4 20 14 6 11 7 9 7 3 74

(c) 103 |93 110 (114 |145 [174 |84 66 67 63

152 |45 61 595 105 [101 |84 61 87 39 79 155

70 70 67 795 60 81 338 61 37 31

78 60 60 26 37 17 39 16 30 44 13 17

85 59 36 40 34 21 9 15 6 25

ik y CHOEIC BT A ER AR OB, 1KEDH 72 ) OBIIEABL TH LI L b,
AH =T L ADRIHENT0 & L7z,

2) REATVNHET 28R 7 7 7 & I3RS Fi2, D 2o B BT HRE IZE ) BE S
AL 220, WHBIOBALE L B &) s A7 %, BB TEE)

3) MLB #1251 2 EHUIH (HfLIZ X 2 BOLE) VZPE D) RO B S LD &) %y A
&, FHHIE—E L A D, 71&, CW 22T TR, SOtk z v 5
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(a)

—e—ch-30

-0.5 0 0.5 1 1.5
Co

B4 C, D557 DI,

FHIlOX R &7 67, EEEEIIREL NV T
DEHILEERT H DA TR L, BB RE
BRI OIS X ) AISERTE PR T A /L C
W RS IGRICVE § 2 W R AVR ST H
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