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ABSTRACT

The purpose of the present study is to investigate the relationship between muscle force
and blood volume and oxygenation in the sensorimotor cortex of the human brain by ﬁsing
multi-channel near infrared spectroscopy. Seven healthy men performed isometric knee
extension at 10%, 40% and 60% of maximum voluntary contraction in a 5-sec of exertion
with a 30-sec of recovery for ten repetitions. During the knee extension exercises, surface
electromyography (mEMG activity) of the vastus lateralis and rectus femoris was

measured. Multi-channel near infrared spectroscopy (Mch-NIRS) was applied to the top
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of the head for measuring oxygeneted hemoglobin (Oxy Hb) and deoxygenated

hemoglobin (Deoxy Hb) and total hemogrobin (Total Hb) at the sensorimotor cortex of

ipsilateral hemispheres. The kinetics of the Oxy Hb and Total Hb during isometric knee

extension exercises were very similar, and no change were found in the Deoxy Hb during the

exercises. There were significant relationships between muscle force and Total Hb (r =
0.647, p<0.01) and Oxy Hb (r=0.647, p<0.01). We found significant correlation
coefficient between mEMG activity of the vastus lateralis and Total Hb and Oxy Hb: r =
0.699, p<0.01, and r = 0.669, p<0.01, respectively; and that of the rectus femoris and Total
Hb and Oxy Hb: r = 0.665, p<0.01, and r = 0.692, p<0.01, respectively. We concluded that
motor-related cerebral cortex in human brain encoded muscle activation (muscle force and

EMGs) during exercise as has been demonstrated by non-human primates.
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b ORI E IFREMIC L 5 25—k BT
HE L TR A LB M{EE (functional
magnetic resonance imaging: fMRI), H ¥ b O H#f
J&# (positron emission tomography: PET), Rifitk
Batill2% (8 (magnetoencephalography: MEG), it
HAH2EE  (near infrared spectroscopy: NIRS)
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=N E TR EBIEF 12 BV B HRETES) & A5
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1. 1 #Higd

BEREBRIRABETZTH 7. BREOZHE
BT L9 TH B | ER32L4yrs, FE
170 + 5cm, 1K 67 + 3kg. & COWRE IZEHH
WM REAH L/ 2L WA T, EBRATZ 41
HHL, ZMOEEELRLIZObDTHA.

1. 2 SR4RGRES
ETOWEREIHEFIMOA MLy F Vv 7BEY
A —=3IVTT v TO%, BHEEAEOEICE
T 5EREmAKBEMERST (maximum voluntary
contraction: MVC) & i#fll%E L7z, MZE A/
HE Y A7 41, Kouzaki &1V #3475 72 51k
ICHE U 72, fEICHRRB &, A0 RBEEC T +
—AMF VAT 2—H -2 AT, KBREB X
OMEEERIZ A D BRI B A 2 v X ) ICEE L,
+o kB E 3 & AR DS 3 E O %R MR KR
Bfh MVC) ZHIEL:. 3EORTDH) BD
BKEE ZDEREDOMVC & L7,
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LB L CERRF ORI - ~NEFY A 37
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peal g Bk I B e AR i T R S b N 2
HUEDE T A EEBI T AH 5 Z L0 o
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T L 7. |

SRMEBMEEEIIMVCHLTI0% (10%
MVC), 40% (40% MVC), 60% (60 % MVC)
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D 3FEFHOEE T2 T 1047y, 10[EDFEERAS
MEFHEIN—2oDZEEREDT—F L2 5.
B, FEE)E ORI 5%, RIfERR 308 T
Holz.
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E1kHz TR WA h, 7— % DETIEE T/ —
VFEVar¥a—¥—ETiThbiil, ¥—% 0K
WiZoWTIE, 300/ NRIERIZBVTHY—
FE N o TV ARG O 2BHE O iRiE (mEMG)
IZOWTHEM LA, 447id Kouzaki 5 1) 0447
MZEICHEL 7.

1. 5 #HatiniE

ETOT— 7 I FEB X UTRERETR L.

2DDNT A =5 -~ DREEUOBREIZOW T,
7 vy OMBEREEFRV. F72, EBhhiE R
DING A —F —DE NI DT IR — TR E S #5
&Y, post-hoc T A MZiZTz v 7 2 DRE
ZHw.,

2. & R

F112i310%, 40%, 60 % MVC D% R
BEB R OBR{L~NT/ O Y Y (Oxy Hb), i
FIENEZFOE Y (Deoxy Hb) BL U =%
ANEZU Y Y (Total Hb) @ 10FIME T — 42D
WTiR L7z, Total Hb DEiEIL Oxy Hb DEE &
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— L0%MVC
0.4 — 40%MVC

Hemoglobin changes (AU)

BJ1 Total hemoglobin, oxygenated hemoglobin, and
deoxygeneted hemoglobin kinetics during 10%, 40% and
60% of maximum voluntary isometric knee extension in the
sensorimotor cortex of the brain.

FEEII—HTLIERETH /. Total HbB L
Oxy Hb DB)EEIX, NEHHIKEL L2 BIHE- T,
ZFOY— 2 ENE L ko7, |11, Total Hb
BXUOxy HbD ¥ — Z7fEIZDWTIR L7z, Total
Hb & Oxy Hb D ¥ — 7 {12 B\ CIX5&EE f CHEet
MICH B AR EDRD b/,

# 1 Peak value of total (Total Hb) and oxygenated hemoglobin (Oxy Hb)
during isometric knee extension at 10 %, 40 %, and 60 % MVC task

Total Hb Oxy Hb

10 % MVC task 0.427 £ 0.0214 0.0351 + 0.0229
40 % MVC task 0.0911 + 0.0242% 0.0969 + 0.0270*
60 % MVC task 02315 + 0.1514 T 0.2760 + 0.1931 7

Values are means and SD. *; p<0.05 vs 10% MVC, T; p<0.05 vs 10 % and 40 % MVC.
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%2 Measured force and electromyographic activity during isometric knee extension at 10 %, 40 %, and 60 % MVC task

Measured force (% of MVC) mEMG of VL (V) mEMG of RF (V)

BRI A SN, Oxy Hb & i1 & fIC
b AR BAR (r=0.647, p<0.01) PREDLHN
7z,

10 % MVC task 94 + 2.3 749 + 304 351+ 187
40 % MVC task 364 + 3.9% 194.6 + 56.3* 1650 + 43.1*
% MVC task 560 + 58T 350.1 + 60.8 T 2852+ 111.3 %
Values are means and SD. MVC: maximum volunatary contraction, mnEMG: mean electromyographic activity,
VL, vastus lateralis, RF: rectus femoris
*; p<0.05 vs 10 % MVC, T; p<0.05 vs 10 % and 40 % MVC. 0.5] r=0.647, p<0.01
. 04 . *
- -y = 1
R 2 1TSS R YR 5 0 S H b o SV 5 33 < od ¢
L OKBRE O MFEREE) (mEMG) 122V TR ; 02
Lz EBCRIESRZBENEY—5 Y FED D ol
Bos—t v MEP oz, T2, BREFEDMICIEE 00
LB EESED LN, AEHB X UV O8] -iasrno<att
= r=0.647, p<0.
Ef O mEMG X, IHOMENKEL 2501 del &
b b ko CERICHIML . | S os )
21213 Total Hb 3 X UFOxy Hb D ¥ — 7 flid P
Ty b EBRHREL AV TEBRIC RIS h 53*
.17 .
TH O/ & DEIRIZ VTR L. Total Hb & ot Y
AT L ORI r= 0647 (p<0.01) DEE% LY e T

2 Relationship between force and peaks of total
hemoglobin (Total Hb), oxygenated hemoglobin (Oxy Hb),
and deoxygeneted hemoglobin (Deoxy Hb).

Ex: isometric knee extension exercise

057 r=0.692,p<0.01

051 r=0.669, p<0.01
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3 Relationship between mean electromyographic (mnEMG) activity of the vasus lateralis (VL) and rectus femoris (RF) and
peaks of total hemoglobin (Total Hb) and oxygenated hemoglobin (Oxy Hb).
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B 3 12 AL B & OSBRI A5 O 4 55 16 Bh
(mEMG) & Total Hb B X UFOxy Hb D ¥ — 7 &
DORRIZDWTR L7z, SRR O FHiRIE &
Total Hb B L FOxy Hb ® ¥ — 7 fii & OAHRI B2
X, FhLEhr=0669 (p<0.01) B&Ur=0.699
(p<0.01) THolz. T/, KBEHOHERF
Y9HRIE & Total Hb 35 & 0FOxy Hb D ¥ — 7 fli & 0
AHREBARIX, FNEFNr=0692 (p<0.01) BL T
r=0665 (p<0.01) THhH-o7.

3. % &

AHETHRONZELHREIULTOL) TH
% . 1) BlnFcE (Total Hb) 35 X UEERILNE
Zu¥ s (Oxy Hb) (ZRDFEHEOHKIIPEVHE
L 728, BEBERIEANETZOE s (Deoxy Hb)
WCARELEZAD N o7z, 2) BbliEES
S UBFEIDO Y — 7 BT REH ) L AEREOM
BIBRICH o 72 (r=0647, p<0.01), 3) %ERM
fe ek S B o D AMAL 5 3 & UVRBRIE R © EMG
ERRIMGE S & OBERIL L O ENENEE LM
BB fRLTRRD bz,

BIEB)IC & b 2 ) KN FATME = (regional
Cerebral Blood Flow: tCBF) OZ{ks kX UB#EAL

FHEICOVWTIE, kDL IBABI=XLTHEE

—fEICE 2 5N TWS, PETR {MRI % 7z
WL BE, MOPDY AT ZTbEEED
rCBF 3£ 30 % D¥Ehndid 553, €RICHEL T
BiEE AL Hb O ZALIZFER I/ & VY, REFZEIC
BOWTHRIEZERV/EONZ, 2%V, Total
Hb (ZEB) OB ICHBI LT, #inT 5%, £h
[T Deoxy Hb DZALE &\ ) DIXIEF T4
EVnLDTHo7: (K1), ZHOZ L4 RIHN
72%F % Y FIVONIRSIZ X ARIED, IMRI % &
DOMOFET S N7tk abll e S MO L 2R T
Holzl ERRBLTEY, 4EONIRSHIED
RYUBZRTODTHLLEZ DI LNTES.
AL ) V) T 4 —D—2IF, EEEE
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DHFFFICBVTHEICERLRKE %3 5 KERMNEE
OB X O iESE) & KX BEYEFIC BT 2
BEe L OBMRICOVTREI L7-ETH 5. PET R
fMRI % |V 7258 T, 805 v ¥ v 7 Rigo
HE - -l HWIHEFIZIEAETHS
BY, zo@EBEO—2k LT, BEXET %ESH)
BFOBIPVHLBEHAE , WETLDIHFHBET
HHIENEZONS, 72, IMRIOHIEITZE
FEICRO N MREBHN T ) DTIRDY v ¥
YITEEL V) DORERLLTVER DAL, &
D &) RHEEPS, PETRIMRIOHFETIESY v
A (3 IRVAS XY e ANRY  E o ¥ (-0
FEFFRTIE, JEHET 2 RREoVwTE T
¥ VAIVDONIRS  FHHWTRE L., HoRI%
LU pRERZIRE, KE-—E85Fo—2
rCBF @A RT L 2 FR LTV 5, EHE
Whrbrma—aridhxildsb0, »5—%
D HENDEE AT DI Iz O AR % 17
v, %G)ﬁ\*&;%g;tﬂ%}ﬁw'(mélm. AEbi
bW E) IR ERERMEEE) TH - 7.
L7:HoT, EEHENEaI Y bO—VT5H=a
— 0 EBHED r(CBF DZELAHIE SNz d D
EEzZbh5,
INETHRERD L EHFONEY A FIT A
EOMICIIFEELRBERIH LI LD, IMRIB X
U'PET # W 2B ICBWTHL Z SR TET
w3, #lZiE, Thickbroom % 13 135, 10, 25,
50 % MVC T DR EDOILEES) % 17 > TV 5B
DRI O REE-EBEF 12 BT 5 MRI > 7 F VAL
WCOWTHRES L7z, ZOFRR, BEREWV &R
HOBEME &S ICHAIICERE Ro K7 2N
DI L7245, IMRID—D2 DK &7 L)V DfE
FIREIC OV TIIEBEEN THEREN; RO L
Nhahotz. 2O ehs, S ILRE-EEE
123 5B DR NKEREL D T ) ISR
T, TOMEICH > CEBOEHPFE XL T
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2 PO= VL TWAIEEEZRIELTWS,
FO X 9 B L~V CTOMBERS OB,
RADIMNCE b 7% 9 IMRIICBIT 5 R 2 2L
DMz FERL-TaELE LTS, KBIET
3% F ¥ Y AWVONIRS VTS, ZTDHEE
DZEMS R 2ommBETH S, LA -T,
—DODMHENREOFREUETE LI LOREIC
X, BERWT LIHENTHHA, BOERICE
FNDMEABOEHOREB L URZ2 L5225
DT LbDTHLH I LD, FMEOK RN
5H S PICTE 722 L3 4HOERHRRFIHFE DR
RIZBVWTEKROHZOEDTHA).

AW TRAMIES B L OCKREHToO
mEMG & Oxy Hb B & (N Total Hb & O IZE 7%
ARBIBIMRASRD O L7z, SMENAF R KRE R O X
) A E 2T, hoar bo—)VikE
B ORBSHHECIE L ERBBICL > TiTh
NTWV5 2 ENFBEREBZHRHESD LU
BIEBRAEA MR 2S5BS DI R o TV,
T/, VIR VAN L= E > THAN
WAL THEFHEMNORBFEEIZ L 2w L
Lo Tn A, KRR ICH 5 TIFHIC
BE L TwamMEiliiass, Lok cHfoES)
FEAFE B X OHRMEEL ) V7 LT A0 kv
DRI DV TIEFEE ICHARBOHETIED 597,
BEZTOLIAZORBOEFIETHITHLS H
WZhoTwiWw, LALEYS, AFETHEOL
7R R RAY ORI TG B A5 D SR B - B B
DNETAFTITZTALEBRLTNwSE L ZRTH
RTHH, 4k, BRFLEHLOBRIIOVT
FHHICHRA LTV LEDFH B EEZ TS,

TED

AHIFFE 13 R E B B E SRR 12 350 B B -
NEFAF I ALHHD EDOBRIIOVWTE T
X Y ANDBEFNGHEEZ TR L, &
FROEHEZLUTIORT.

1. 10% MVC, 40% MVC, 60 % MVC TNH%
RUVEREA 5 ) F5#l v @ Oxy Hb & Total Hb D)
REIZFEFICEMLADbDTH o7z, F72, Deoxy
Hb ILEBHICK S 2BLIZR O N ho e,

2. FREBMEGHDIEE L > TREIN
7 & Oxy Hb & Total Hb & D RIZI%, & iz
r=0.647 (p<0.01) OFFELMHBEARIED LN
%,

3. FRYERRR G ) ZiE T OSIIL 5 © mEMG
& Oxy Hb & Total Hb £ DRIZIZZFNFhr=
0.699 (p<0.01) BLUr=0.669 (p<0.01) DHE
RABBEAYTD Y, F 72 KBRE O mEMG &
Oxy Hb & Total Hb & D IZIZZ NEr = 0.665
(p<0.01) BXUr=0.692 (p<0.01) DHEELH
BIBIFRAERD & 7z,

DEDREREYS, & b OKBRNIER OIGHEH B
KOS 5 2 I DR i D R oD A B B e A
BEFIZBI A RMMITE & BRILANESOE 0
EERGBRGH DL EATHY, o
(&Y KBRIMEER, % SZEC S 2 A Bk oA
TEERADMBRE DMK 5 Z LHRBE S
1=,

A B

AR ZATIICHY, KV KRTF7TFT 74— %k
CEBLTHEWZ (BF) B AT 1 2 IR#HEKL
9. T/, ABEIE LB -3 w7 ()
AARLR T > b AR — AR E FI2E S
oY= Y
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