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100% MVC 54 doxyHb 1125 = 103 *!
mean % EMG 98+ 31%?

50 % MVC 4t AoxyHb 1196 + 176 **®
mean % EMG 581 = 164
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*1:100% MVC 44 @ A oxyHb & 100% MVC 4 @
mean % EMG & # [ (p<001). 100% MVC&#Fo
A oxyHb & 50% MVC % 4 @ mean % EMG & @ R
(p<001).
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A oxylb e @ B (p< 001). 100% MVC% # @
mean % EMG & 50 % MVC 41 ® mean % EMG & ®

~ M (p<00D).

*3:50% MVC4& @ A oxyHb & 50% MVC4 # o
mean % EMG & ®OR (p<001).
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WEE (%)
100% MVC &t Aoxylb 35+ 30™!
mean % EMG 794+ 76%2
50 % MVC &t AoxyHb 324+ 142%*3
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(mean = SD)
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mean % EMG & @ (p < 001). 100% MVC 5o
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AoxyHb E DO (p<001).
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mean % EMG & @ (p<001).
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7THE 1S

DWFEHRE, FIMTHRELETRD SN H 72,
% &

100% MVC 4 & 50 % MVC & 0B I B W T,
mean % EMG2ME T LI 72125 B b & 3 I E 5
IR BT 5 L oxyHb 1IN 2 84T 720 Feelilim &
HHZ—REE) B OBBEIB KT L2, W27
AR L D s hTs ) 9519, AifgicBir 2
KRB IO MBI B oMM, MEOHREE 2
bith, RPFFRIZEBWTIE, —RIEEEBT B O M
THEAHEIML CTW 223 20vb 59, FRLES R
DOBEMOMIT 2 HH L T 5 mean % EMGIZIET L
ThBY, ROEREMES & OATEM L2 & B iEE
B~ OMHIE AT DR, 3B EEAD
BLERML T EDTERnwhEEL NS,

mean % EMG @ I, 5 2 13 100 % MVC & & 50%
MVC 4O B THEENR SN2 H 57205 JoxyHb
DWFEIL100% MVCHHTIRFAEREEIA S LT,
50% MVC 5 TIZ 30 % REORITREZ R L7z, 50%
MVC §&t-12 BT, mean % EMG ZMET L7212 BEH
ZBWTBREEHFERICBT S A4oxyHb DRI 7%
BT EREINZ, RABIUCRATIRICBITS—
RAEENFF B L BB A O MBEE L & b
2, FRRETT A2 8L, IMRIZ HWA20%Elc & D)
s Twa Y9 Lalasrs, REMEHo
BETFORERIZOWTIIBHETIE RV, —DOMREM:E L
T, RO OFENIC X 2 —JGEF R o
HHPEZ 5N D BERE W LY, HESs
ZRE, GEENREE KL CWw b & EhN 5 REER%
RPBAT B EAMEIN TS Y, $512, B
X VIV R M B o0 3 KR 1 D B R 25— R ) B
ORAEER R T S 2 WHRESRESATw 7, 111
B XUV RO, SO E 23k
M RBUCBURCH 0, FHIGEIC & 2 M OBl <
Y OER VI E BT 5 8%, Zh
LD EDND, KBIRIZBWTIE, 100% MVC 5&H8T
RIS S AR ECHRE I AME T U, KR M oB
MPRFEWOEROBREN Lo/l LI L,
50 % MV C &8 Tl Fe Ry I — 8 o0 3 8 T & MEFe L 72
728, FMIME QBN LR EWOFRS I VAL
DTEHLVPEEZOND, T bbb 50%MVC &M
BV T, 1B XTIV ROERRSHIE O 36 K EL A
100% MVC &R _ I DKL 72720, —RKEBTF
DMFERIOMPICE ST B EZ SN D,

AEFFRORIIL, INIRS 2% LRI L 7 By ] 7 g g 12
e, ZESMERICZ L niY, —JGEBETE LUK
R E T2 0L CllET 2 2L PREETH- 722 &
WhiFoh b, 2512, fRMEHEMERIIERD VIR

NI | -El ectronic Library Service



Japanese Physi cal

Therapy Associ ation

9 5 AR S

BRI 2 WE L Cwna 20, FHEAD S X ormsg
HEATIOR T 2L TWLWEED D5, in
NIRS {55 2 HH AL & 0 I R/E % RE, MEEZES
ORI T AETOR, BTSRRI O B %
LB LT LE ) MREEED 5. TREEMTS &
312, NIRSTESALE), BIRILEZR) S X WK% &

DBEEST DL EBWE I TSP, Rl
MU, SRS EMED 72O RERA~DRE %
MTaEwEEZONS, MAT, EHHELBETO
EMEDARTH Y, 100% MVC £ B 1T 5 S8R
BERAAY, 50% MVC & A oxyllh T & (3 (T [a] b
IR TLTLE D 2o, doxyHb D& F A%, BATH

BT, ERATRERIC O AR L T\ A T RE
bEZONDL, 5%, T—F 7727 PORER, LK
WEMTE RS X AR E, BERITIE oW, o
P B I RE B DR & 2 TRET 2 N2 T B E
b,

#

13

AEFFEIZB VT, FHESHERITHICHEEIAMET L
OIS b 5, EERE L EIB O MRS DB
LiglF 5 2 EASRENT. SHICE Y, B EE%
T ORGEB O T X — SOREY B O MR BT Tid 2
<, FHLESHHENROBEEDOKTIZL 2 DAKE
WOTIE RV EHERSIN,

72, ARG E RN TFTIMSMFICBWTIE, M
EBEORVESCTEL VL 29 b 5T, BT
S CIIHEEIK T oK, Lids d LT EMREEo
ETARD BNz g, SROMERSHIILA & KA EZ

MR~ ORBEAN VTG EMTRL Y, BEEE)
TSI OB OISR K FIURSAFTL Y K& h oz
DT VI EEZ DNz,

X #®

1) Bigland-Ritchie B, Jones DA, et al: Central and periph-
eral fatigue in sustained maximum voluntary contrac-
tions of human quadriceps muscle. Clin Sci Mol Med.
1978; 54: 609-614.

2) Asmussen E : Muscle fatigue. Med Sci Sports Exerc.
1979; 11: 313-321.

3) Bigland-Ritchie B: EMG/force relations and fatigue in
human voluntary contractions. Exerc Sports Sci Rev.
1981; 9 75-117.

4) Gandevia SC: Neural control in human muscle fatigue:
Changes in muscle afferents, moto neurons and moto
cortical drive. Acta Physiol Scand. 1998; 162: 275-283.

5) Gandevia SC: Spinal and supraspinal factors in human
muscle fatigue. Physiol Rev. 2001; 81: 1725-1789.

6)

8)

10)

1D

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

BIFHRBEENET O L IREE(L 39

Liu JZ, Shan ZY, et al: Human brain activation during
sustained and intermittent submaximal fatigue muscle
contractions: an FMRI study. J Neurophysiol. 2003; 90:
300-312.

Dettmers C, Lemon RN, ef al: Cerebral activation dur-
ing the exertion of sustained static force in man.
Neuroreport. 1996; 7: 2103-2110.

Gandevia SC, Allen GM, et al. Supraspinal factors in
human muscle fatigue evidence for suboptimal output
from the motor cortex. ] Physiol. 1996; 490: 529-536.
Brasil-Neto JP, Johansson R, et al. Central fatigue as
revealed by postexercise decrement of motor evoked
potentials. Muscle Nerve. 1994; 17: 713-719.

Liu JZ, Dai TH, et al: Nonlinear cortical modulation of
muscle fatigue: a functional MRI study. Brain Res. 2002;
957: 320-329.

Yang Q, Fang Y, et al: Weakening of functional corti-
comuscular coupling during muscle fatigue. Brain Res.
2008; 1250: 101-112.

Mima T, Toma K, et al.: Coherence between cortical and
muscular activities after subcortical stroke. Stroke. 2001;
32: 2597-2601.

Salenius S, Avikainen S, et al: Defective cortical drive
to muscle in Parkinson’s disease and its improvement
with levodopa. Brain. 2002; 125: 491-500.

Hellwig B, Haussler S, et al. Tremor-correlated cortical
activity detected by electroencephalography. Clin
Neurophysiol. 2000; 111: 806-809.

Hoshi Y, Kobayashi N, et al. Interpretaion of nearin-
frared spectroscopy signals: a study with a newly devel-
oped perfused rat brain model. J] Apply Physiol. 2001;
90: 1657-1662.

Jean-Claude J, Michel P, et af: A dynamic network
involving MI-SI, SII-Insular, medial insular, and cingulate
cortices controls muscular activity during an isometric
contraction reaction time task. Hum Brain Mapp. 2009;
30: 675-638.

Martin PG, Weerakkody N, et al.: Group III and IV mus-
cle afferents differentially affect the motor cortex and
motoneurones in humans. ] Physiol. 2008; 586: 1277-1289.
Knifki KD, Schomburg ED, et al.. Synaptic responses of
lumbar alpha-motoneurones to chemical algesic stimula-
tion of skeletal muscle in spinal cats. Brain Res. 1979;
160: 549-552.

Li J, Sinoway LI: ATP stimulates chemically sensitive
and sensitizes mechanically sensitive afferents. Am J
Physiol Heart Circ Physiol. 2002; 283: 2636-2643.

Mense S: Nervous outflow from skeletal muscle follow-
ing chemical noxious stimulation. ] Physiol. 1977; 267:
75-88.

Rotto DM, Kaufman MP: Effect of metabolic products of
muscular contraction on discharge of group III and IV
afferents. ] Appl Physiol. 1988; 64: 2306-2313.

Sinoway LI, Hill JM, et al: Effects of contraction and
lactic acid on the discharge of group III muscle affer-
ents in cats. J Neurophysiol. 1993; 69: 1053-1059.

Boas DA, Dale AM, et al.: Diffuse optical imaging of
brain activation: approaches to optimizing image, sensi-
tivity, resolution, and accuracy. Neuroimage; 2004; 23:
275-288.

NI | -El ectronic Library Service



Japanese Physical Therapy Association

40 W 3T AE 1Y

{Abstract)

Oxygenation Changes in Sensorimotor Cortex during Exhaustive Handgrip Task

— A Near-infrared Spectroscopy Study —

Tatsuya Iwabe, PT, Hideaki Onishi, PT, PhD, Masayoshi Kubo, PT, PhD
Field of Physical Therapy, Niigata University of health and welfare graduate school

Katsuya Furukawa, PT
Department of Rehabilitation, Niigata Rehabilitation Hospital
Field of Physical Therapy, Niigata University of health and welfare graduate school

Hikari Kirimoto, OT, MS
Department of Occupational Therapy, Niigata University of Health and Welfare

Purpose: We investigated the relationships of changes among muscle forces, muscle activities and
sensorimotor cortical activity during exhaustive task.

Subject and Method: Seven male healthy subjects participated in this experiment. Subjects
performed handgrip task with maximul voluntary contraction (100% MVC) for 120 s and with 50 %
maximal contraction (50 % MVC) for 300 s. The rest period was given berore (120 s) and after (300 s)
the task. The cerebral cortex oxy-hemoglobin concentration change (4 oxyHb) was measured by
Near-infrared spectroscopy (NIRS) from the beginning of the first rest period to end of the second
rest period. Muscle force and electromyogram were also measured in the same period.

Result: In both conditions, 4oxyHb in sensorimotor cortex exhibited steady increases in initial
part of the handgrip task. In 50% MVC condition, the decrease of 4oxyHb was preceded by the
decrease in muscle force and muscle activity. However, In 100 % MVC condition, the decrease of
AoxyHb was observed only at the end of the hand grip task. In both conditions, reduction rates
of AoxyHb were less than that of the muscle activities.

Conclusion: This study demonstrated that in 100% MVC condition, sensorimotor cortical activity
keeps increasing even though muscle activity starts decreasing due to fatigue. However, in 50 %
MVC condition, decrease in senserimotor cortical activity is observed significantly later then the

occurrence of the in muscle activity.
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