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Human Motor Cortex Oxygenation Measured by NIRS during Ergometer Exercise
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ABSTRACT: [Purpose] The aim of this study was to clarify the activity of the lower limb area of the sensory motor
cortex during bicycle ergometer exercise at light loads using functional near infra-red spectrometry (fNIRS) and its
relationship with exercise load as well as the temporal changes in cortex activity. [Subjects and Method] The subjects
were 9 healthy adults. There were 4 exercise tasks of constant work and pedaling rates, and 2 tasks of changing the
pedaling rate (but not work rate) during exercise. Each of the tasks were performed in 3 contiguous sets, and we
examined and compared the changes in oxygenated hemoglobin (oxyHb) at 5-second intervals from the start of
exercise. [Results] In the 4 tasks of constant work and pedaling rates, the change in oxyHb over 5~10 seconds from
the start of exercise was significantly higher than over 0~5, 10~15 and 15~20 seconds, and the transient increase in
oxyHb decreased despite the continuation of exercise. In the 2 tasks in which the pedaling rate was changed, we found
that oxyHb gradually decreased after the initial increase at the start of exercise, but increased again with increase of
the pedaling rate. [Conclusion] We revealed the activity of the lower limb area of the primary motor cortex during
bicycle ergometer exercise. We also demonstrated that the effect of changing the pedaling rate during exercise is to
increase the blood flow in the lower limb area of the primary motor cortex.
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FEZEH2BETHS. 2BBELELI Yy MEGETTY, FEBAEELGCSPBITLEORME S (ERM) obh
¥, EEMOEFEL~T Y o (oxyHb: oxygenated hemoglobin) DLz >WTHERHLE. (BR) —E®
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EEVERE & MTEENCBEE T B BFRIC 2V THE, 2000
F£/1T72 o T Miyai 5 BBHERICIT->THY, Py F
INEBTROKBEEEER O CREPERERE %
B L LIBTHBEOHRHERI AR EORMIC
B+ oA ZREL TS0,

HERESGBIZBVWTHE, BAAKERZLSTENL
L T20~ 120 Watts FREED A FTRE D B IREH = L = A —
F—BEHEERAVAZ NS, BEEERIE, |\
WoBGH L MiFIc L 2B EHTHD Z L, BiE
EEOR—ZABRBETEELULTWA I L0 FiEm
REBBEOMBECHLEAEIR TS, Fujiwara b 17
i, HEPBRELZHBIZSNmOEHAFICEVWTEER
B AIA—F—BBEE LY ERICEVHERN
Bohilt@BELTWAS. REAZXRIC, 0Nm®
BEAMIZBWT AT A— 7 —BHIZHTHEO TRO
IS/ — 2 BEET A RFRLAED L
219, 3 Nm D& AR 70 rpm BB 12 351 T T
O L —= TP FREEDZLBHEES
nTW5 M. %7z, Brooke &2 [X30 ~ 60 Watts il &
eV, BFLED X 1I0NmOAFICBWTELE
NEEHEEHIAEELRBITILFEL TS, =
DEHIZBEEEHBEBEHRICOVTNL 210HE
BhHHbL00, BEEEHEERKBETEHICOVT
DL REEERIEZLTVWALALIZLTNE LD
EHHT=HRR.

thEaERRE LEBMEDEZA AV 7T 5ERE
LT, B4EEZEX (MEG: magnetoencephalography) , B5E-F
HHBrfG3E S (PET: positron emission tomography), #84E
FIERE S BT E IR 5B (IMRI: functional magnetic
resonance imaging) , ¥ FRS53 Y (NIRS: near-infrared
spectroscopy) 2 &5 3. NIRSIE, ERABREEAV
THEEDR OBE{L~F ¥ a £ (oxyHb: oxygenated
hemoglobin) 3 &k NHERFE(L~F ¥ 2 £ (deoxyHb:
deoxygenated hemoglobin) DBEEZE{L A IS L THAIT
HEBETHY, tMORBERERIZLBELTEM
SEREERPRE L L OO0, BHRIBREO IR LS
R BEREFOFEMRIFLLI PRV EWVWIFAED
3. 1993 4EiC Hoshi? %2 Kato?, Villringer® & 7%, AR
EHCRM LN ~E /o e E(LREHBIT S Z
LICKVIBBTHIZLAMETHS LBREL TLERA
HICERLTETWS, R, SESEY EEHE
67, PRANEAES) ICBT SRS B CHEMICHIASh
TWaA, FHRBREICHIRED R, BAMEB)RED K
HEHZHMUTED LW I KEEFA LB EEICEE
TAHAMEZPRVOBBRRTH B,

EBATR L KMEABEH L OBPFRIZTONT

Kawashima %22 %2 Sadato 5 [IZPET# B\, FOEGHD
—REMFORENACEE L EOMEBET T & #E
LTWa., LAsL, fHAXEBHRERE S o 7 s i
DELIEPETRMRI TR A Z LM TE 2L,

B TiL, NIRS 2 i\ T HiEEEBBIRFIZ 51T 3 &
BREOBFEL~NES o bR E2BAICERIL,
BAWNCOHBERBDICIT 2 KMETE L ED
ATRE ORFRBS LR EEGHORMAEILE AL,
CFTHZEH#EME L= i, BEETHRICEHE
BICELZEXD L CRBMEREMICY DL 5> 2K
BEYRETONEEEMNCTAZEICLY, PEMAME
REBE~OBGHEHZ AV BERE~OER L
LizweEz s,

Il HREFE

1. g

BEMRAIR, 354 6658 (FHEMIEMEE),
BtSA - kAL THD. FTEOEMIZE LERE
ICEBAZEZ+SICHAL, SECRELXB-. £5-,
EFEROAFIZOVTIL, BLMNHABTIHEROAME
ZRASOARR (KBES17006) 2B,

2. HiE

BRANA A —2 0 7B OMM3000/8 (NIRS, B
RERN B L B GHE =/ I 2 —# — (AEROBIKE 75XL
I, COMBD) 2B LK. ARAXREZH o —TH
EROFRNY FHEESICEEL, BRI LEXRE T 0 —
T8A& (TIAHTS) LZEXRA TS —78% (R1HHRS)
DOH 1645 %3 cmHE THES T & B4 F)ICER S L /-, i
BRIEXA T e —T LBETIZRATo—TOME
HEEAME L, A3 24ch iz THD. BMEEE
EETHIEFRFI20EIZHL, EADOAFTLERLSE
LABRMNODEROZRAERLA (CZ) L L, ZoCZ
WF ¥ RN16 (Ch-16) BEBT DL 5T —T7#%
EH LI

HHRBERR IR ToMED B IEEFEHEE L L,
ThTh3ity b2 LTITo7. ERF o ban
BETHEZSHIC LTI, KEERHZEHEMO
2FITRE L. £, BT & 0K 8 RRE 2 E 5
M O2HEIZT 5 Z & CoxyHbBEB/ L_NICEB T L%
WHNCRESE LA, EEBREOEEFIEESRLE LE. B
EEBHFEDY FAEIE, <F R THEORECRE
HiA330° Hih T A@WE L L, KBTI AGEE- L I A —
B—=DOy FARBRHRL, 8 - T2 EPMLREL
FBAES L L. ANOEHSHEACRETREY
B/hRET B8, kBB LIUEBPOVTHRICE
WTHHIBEANT A =S —LtDE=F—% T3
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ZEl, BEPEREBROBBER/NRIZTAZLEE
L7

HERAE T, BAFTCTHBRENBREIC AL Z L]
YXIHINCTEHTEZEH0E L. 5% 10 Watts
1B LU0 Watts, BRI 30 pmB L0 pm & L, Z
DHALETEDRBELRELL. BEI12»0HE4 %
Tid, HEGEHEEEROLTTRE L CE 5 A5 NE Db
CRETHREERMTIOORETHD. BESL6
HEHSPICEEE A FC S EREORMBEHAZRNT S
e h OB T, BEHBIEE IS O A CHRERE A 30E
EnbeoEE~LELs®ER (R1).

NIRS i i B2 B OB IE B 1 £ - TE LT SoxyHb,
deoxyHb, ¥~ 2 1 '/ (totalHb : total hemoglobin) @
BEFLEZRIDIZLICL>TREBZHATS. =
DONIRS #{F - & 0 3l /- oxyHb, deoxyHb, totalHb
DF—F % 130 msec DY 7Y B T—YF N
arPa—#—CBYiAATE. BHIAOEBEC R
LTEHT2EEL LTRLEENRV L ShdoxyHb
TrREZEHEL-A—BEIEy PCTIMBEEHLE. -
L, £3EOEHMBEOENEBIZALS L) ICER
ELE 36, TREBHEFICALYTILEELLL
542D F ¥ 3 (Ch-9, 12, 13, 16) % BH.LHE L
L CoxyHb L ROFHE S L bz, WITHHES (K
) TEItHREILOFHEERH LAEMEL L.
NIRS % AW RfTHETIE, 70y 7 F¥FAL L ORE
BT AFERERD Y — 31702, ML E A
WEEHSBITF THhhEERMERDLI LEhTWE D,
FORS, FFETCIRLETORBICHWVT, BHIEER
BT AMEBORIERONITIEDIZEREN
FEE% S BMEOT — ¥ 2HH LEEMNELE R
L7, $EtnEIZizspsSIg (A F— xR - =
ABEREH) 2HEA L, KEBRFIZXT 5 B BIFRF D oxyHb
EeEOBRRHELERENE —TEES BT TH
BLi-. BEBREIITukey HSDIEEX AV E B A MEIZ5%
ELT i oxyHb BEEBRRE L& - - FEHRE O
Efizd &, TDOXMDoxyHb L% IRE1 L IRRE
3, B2 LEBEAMTHEOLDREF AWV TLIEEL
=, AEKEIS%EREEL L.

n. & 8

BRI UCATREMERD L OBEKRIZSNT, @
I »b40EHBRECBITA2HARIF ¥ FALD
oxyHb 2 MAFEH L bDERla-diZFT. £2TO
AREE T oxyHb A EBHBARSE & ICHEM L THEEZR L
%, BRHFTHRC LD TRELTE A7 —
BEE&n-. ¥, BERETHEOKRERIZIZ—AEY
THLRBIEAKBEDO L RVICRS T Y — B

#£1 BEI-6nEWH e Far
RE < BEE) - KRB EIEy MEBTERE L.

fLdrsR Elfsdk k& 5541 B 9 -

{Watts) (rpm) (%) # ()
HE 10 30 20 20 20
ARRE2 10 60 20 20 20
BREH3 30 30 20 20 20
URE4 30 60 20 20 20
mEas 10 30—60 * 30 30 30
BE6 30 30—60 * 30 30 30

* B 5 - 6 T, BREBRGEE 15 PRFA CHIEE % 30 BiE
b 60 EiE~& E{b S ¥,

BRI,

SRR A 54122\ T, IR (F3, 32)=12.85,
p<0.05), ERRE2 (F(3, 32)=4.52, p<0.05), iREA3 (F(3,
32)=3.38, p<0.05) B L U'RREHE4 (F(3, 32)=7.85, p<0.05)
&, oxyHb ZBAL R EBEFMHBIHEBEINATHERELR
oTiz (F2). FRERICET 3 EMHRAMGES g
M4 O oxyHb L O FHEZ 4 5 &, B I
T, BEPAAES ~ 10 TiZo~S#ME, 10~158
BB LV ~208MICk<FEICHEN o (p<0.05).
BE2ICBWVWTIE, BBMEES ~ 10 TIX10~15
PHlB LU~ 20k EFRICE»o . 1E3
IZBWTI, BBBABES~100H TR0~ 158/
BRTHBEIZEH» - (p<0.05). BEE4 BV T, B
BhBAAAH S ~ 108 I it 10~ 157 M3 L U015 ~20 7
KHERTHERICE 272 (p<0.05). —EOHFRL X
CE#EE TRET 3841, BOSRIC By TEREIE
1% 5 ~ 10 FPR CoxyHb BILEARK HBMNZ L HRD
bhite (F&2).

¥ 7o, oxyHb AL A B Ao - BRI BA A H 5 ~ 10 B0
IZH1F 5 oxyHb B{L Rt % Rl — Bl OMBETHET 5
&, BEICRE3BLUHRE LIREIOMTHEER
FREROBERo7 (R3I).

FHHEEHOFEL L MERE OBFRIC-OWT, BE
SBLUBE BT 2EHREOTHERIF v 2V
OMBEHER 2 E 1. fICTFT. HREICBVWT, B
WRRAEENL ERA L THEELRLE, BLERT
bO0,BREEEHREY D EXEMRLISPELY,
BELRTINF—VUEFREIRE. £, BBKTE
BLOT3L00BLIZKBRED LALIZRE 2 T 2
F—UBBEIh.

TEBIRREES 18 X Uf6 T3, BRRAS5 (F(5, 48)=8.24, p<0.05),
fRRE6 (F(5, 48)=8.1, p<0.05) T, oxyHbZE{LEASEED)
FHSICREBENTHEBICRE LT, FBERIC
B 5 ETHBA A ST R 8 DoxyHb EAL D L %
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e)
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-0.015 i
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60(s)

E1

-0005[

b)

(mM-cm)
0.03
0.025
0.02
0.015
0.01
0.05

—-0.01

—0.01 5_2 0 0

d)
{(mM=cm)
0.02
0.015
0.01
0.005

-0005
-0.01

-0.015
-0.02

-0.025

-20 0 20

f)

(mM-cm)
0.025
0.02
0.015

0.01

0.005 ;é ,
0 . S _J' 7 '-

-0005 | 77
-0.01
-0.015
~-0.02

-30

WBE L T OFEHI M LR CoxyHb R L

a): ARRA1, b): BREH2, c): BREE3, d): BREE4, o) BRRES, f): 1RRH6
KR iZoxyHbE( LR O FHE, BRE VAR ToyHVE L RO MRS RT.
e) B L UY) OHORRITIEGHR A ELIEH=BEATHS.

BToL (%4), BESITBWTIL, BHAKBEI~S
FORE25 ~30 M IC e~ oxyHb O E (L BB FTEICHE D
< (p<0.05), BOHBRAEEH S~ 10 F0R1 Tix 10 ~ 15 #06,
15~20 %0, 20 ~25F0PFE, 25 ~30FMICHEFEILH
Modz (p<0.05). REH6 Tit, EERMLES~108PHE
10~ 15FR, 20 ~25 %0, 25 ~30 B MIC LA EILH
< (p<0.05), 0~SFMI LTS ~20FRiL25 ~30F
Miclk_EF I @M o 7z (p<0.05).

v. & &

NIRS X fMRI ° PET, MEG T3 &t Hl7 =7 fE 72 4 AH
DRFICBITOMEBHEHBTAENTE, b FEX
f & LRI E A 0 AR A -LBEN B IS ISAT A Z
LRTELIRAMRREFETHD. AHFRETIL, NIRSOFF
HEAHALBEEEZNRII L CHEREEBFIZRITS
AR EMHEEOFEEA LM L.

B EmEERBhEF (35 1T D IS B & RO IC oWV TR
LR BIEEHRMAE %A S oxyHb O H A
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F2 BE1» 4T HEBIREH0~SFIR, 5~ 108,
10~1580f, 15~20F0H DoxyHbZE{LR (n=9)

EREhEREE SREEFR(s)  oxyHbZE{L B (mM+cm)
| 0~5 0.00224 = 0.00298
(10 Watt 30rpm) 5~10 0.00839 + 0.00742*!

10~15 —0.00118 *+ 0.00664
15~20 -0.0017 = 0.00788
AREE2 0~5 0.00298 + 0.00483
(10 Watt 60rpm) 5~10 0.00947 £ 0.01115*2
10~15 0.00075 = 0.01046
15~20 0.00027 + 0.00885
BREE3 0~5 0.00271 £ 0.00572
(30 Watt 36rpm) 5~10 0.00737 = 0.00914*3
10~15 -0.00116 %+ 0.01021
15~20 0.00095 = 0.00939
HRRE4 0~5 0.00372 = 0.00268
(30 Watt 60rpm) 5~10 0.0073 = 0.00825*?
10~15 -0.00311 %= 0.01112
15~20 —0.00335 % 0.00991

EEE L FESEZE (mM - cm)

*1 .0 ~ S FPH, 10 ~ 15 FbfH, 15 ~ 20 M) & Ll L T oxyHb
E{eRBATICH.

*2:10 ~ 15 #0, 15 ~ 20 #A & el L T oxyHb ZE(LEHFH
pei it 10N

*3 010 ~ 15 BRI & bl LT oxyHb ECEAFEICH.

#3 WE1» BB 5 BIRREES~ 10 DL
fEIRIC BT DoxyHbE LB OB (n=9)

RO B8RS D oxyHb ZE (L fiE
(mM * cm)
#EE1 (10 Watt 30rpm) 0.00839 % 0.00742

MREE2 (10 Watt 60rpm)
FRRE3 (30 Watt 30rpm)
BRRE4 (30 Wart 60rpm)

0.00947 £0.01115
0.00737 £ 0.00914
0.0073 *0.00825

FEHEFEREZE (mM - cm)
THEGFEFICHYTILEIOND 4 2OF ¥ 20
(Ch-9, 12, 13, 16) ZBA.LEEKE L1,

oxyHb Z{L A3 5% b B Ao = IROhBA A 5 ~ 10 BRI T,
BARE ] LRI, BRRA 2 L IREE 4 ToxyHb ElLRIZHEER
=i,

2 bz, oxyHb ZE{b BTN O iF W R B L
TEMHMTHHEELE L TROVBENLVWEHESNTS
B 1011,13242528)  RFFRAIZE VT b oxyHb D EE{LIZH B
L CTHRRHT 21T » 7=, EMIBALA I £F 5 B.O I o oxyHb
E{e o miz, BG5S —RIEHHEFOMPETE
v AN LZERTHALEELLNA.
LdL, FHEY v B 7H{ERICE T 5 oxyHb DZE{L
D & 5 I BRI 1 oxyHb DM AHEF Sh 5 DT
342 <D, S SHEMNLSBEICE, WML Ty

#4 BEASE X U6 BiEBBALEEZ0~58, 5~108
f, 10~15F0fE, 15~20F00H, 20~25%bH], 25~30
M DoxyHbZE (L (n=9)

FRhARRE BRENEER (s)  oxyHbZE (L (mM-cm)
AREAS 0~5 0.00278 +0.00169 *'
(10 Watt 30~60rpm) 5~10 0.00653 +0.0074 *2

10~15 -0.00266 = 0.0058
15~20 0.00038 £0.00324
20~25 —0.00053 = 0.00829
25~30 -0.00433+=0.00718
iREH6 0~5 0.00597 % 0.00601 *!
(30 Watt 30~60rpm)  5~10 0.00928 = 0.00979 *3
10~15 0.00152 +0.00822
[5~20 0.00451 £0.00777 *!
20~25 0.00063 £ 0.00949
25~30 —0.00291 = 0.00919

FHfE R EEE (mM - cm)

*1: 25~ 30 FPR & Kol LT oxyHb LR AZTIZE .

*2: 10~ 15, 15~20 %M, 20 ~25FM, 25 ~30F
[ & Helz U T oxyHb ZE{LHAH FITEVs.

#3110 ~ 15 $0M, 20 ~ 25 FRD, 25 ~ 30 BRI L HEEL T
oxyHb ZE{LRBFEITEL.

7o oxyHb A LIX U, BEEREGHFIZEZHRFL
Mzl A D EMREA RN, Sumuki 5342 F v R
NRSERZA-TREEZHNRICLT ALy FIk
ITEEP D oxyHb DA L 2 R4T L, EEHEILAE & O M
HEH ORI TRBEEDEKIZHS VT oxyHb OBRER
M R b, EEIREGE I oxyHb IXEEF L RAIZER
HEHELTHD. FHREEWVTHED#ERIZ—
BHIM L 7= oxyHb ZELRBBEL L TL B L0 ) R
"Bohie. ZoZ kY, BEEREHRFO oxyHb OF
EORE = iFBTEEL ASROBRETR LTI E
Exbnb.
BERHEEEhchC— B0 U 7= oxyHb 2354 L /=B M
LT, BWHEFEOBGREFHICBWTIIAGHEE
DhE#RLE A RERERICET 5 £ T3, THREDEH
DOEHEMT 55, BERGEERIZELLE, TED
EHEFETIEOOFNELBLETATAEREMR
SEVVERN & 25701, EERFOFEB LB ESL
tLEZzHh?. FEO_R—ACHBEZHMGET S LE
BB EEF BT oxyHb X—H LR Liz#%, &P T
ET+3H88Z6NA0NY, gEREEREDHZESNTY
F—FE&EHE CHEMEGH ZH#E L C\\aAZ LT, THE
ET IC B W TEENED) - LIEILAE Z D oxyHb 8
HOLZEMEZLNS. Fox b3 (1R RTE T
ICRERHEBIIS%BETH > TH HATMM L 50%
BELSRL, —RICHEARELELT AL EOMFE
PEBEBHBMCERE IR LHELTWD. EHH



244 HERERE $2e82E

M R TITEG PR E S O AR O o S BRI
LT, —EMICBR BRSNS HERRMALICED
3, BEHEBEHEEE) B ERGEICE®ET D L,
EEAEEFOFHARAS T LICM, BRIZH
KL T 7o R 38 B A3 84 3 5 72 © oxyHb A3 2B
PLEbOEELIONS. s, BBICLZ0EL L
VHREOER L WM E OB LEBRE L TW LEH
HBb.

BANOBERERRFC VLTI, SERoEmc
# 5 THGEBET OoxyHbDIMIIBH bhizd o7z,
FHEOEHTHLNS, —REREEEFORE D & B
DAHRWE L OEEIRED, Ly FIAEoBTH
YERFIZ 31T B T AR 35 S Bh 57 0 oxyHb ZE{L ik & 1T
ELoOICEEOERTY, CoZ L3FHRFERL
—HELTWa. HITCEREREDHESZSEMEDOLE
REROBEBE R0, SECRE, TFHL <L TO
HERESBENKE<BETZROTERVNEEL
BB,

FEEEGEH L AP CEIEBETE, RS
BE#HIZoxyHb M ERA L, 20%ED Lizh, BlEEHE
Tl ¢-BATEEoxyHb ML, Zhid, B
iR R EERR & — E IS HERE L TV BR1BA S ElESK
FELEER I LICLY, BRiTHELTEDICHE -
METHE-DIEEE THEEFOBESHMNEM LI
BTV EELIBNS. ThbbRE—EIEKTE
EgET3 X0 b, BBEEGEHICELEL S X REED
LR ERE D S v o L, BOEEOEhE
BHEMcmbIZ bicoRBB LTI,
7o, RS THERZE(LSEEICoxyHb BRFEICH
MU0, BNEEFEROREEHOLDIZE
HBA O oxyHb D — 7 ReIT K& 237 Y FHBD
B TRAZAVILLEEZEZILNRD. APRIZBNT
i, SINHEA B L SRR O EmIC 8 Tdh 5 oxyHb D
EALE & Pl RT Z 1T 27288, Kato®) DRBT S
WEERABEEE Y CV I HERY, T—FDNRFY
XEBOEHHLOORTAELRNTILERDY,
SHEDOBFREL L.

AFECTHEALAENRSEROHRF v RV iL24
F ¥ XN THY, Suzuki b OWED L S AT
BizBiT 5 oxyHb DE(L IR XA Z LIZTET, BHIHE
NTRESEERFOEHRBICEE . BAWHOD
A AOEG CRIBEEED RIS B KR T O L
HREAEOEMLEL GRS, BEBEHHEIC T — R
BhEF, EEHAITF, ¥ EHEF, #HRENESEFR L O
ERdHY, S%F v I LR LI GRK L OB
FRAAZIELEBLELEEILND.

AR LY, BEHIHERNBVEAT B RHERR
BV TIE, — A REDAENT2bon, EH

BMEPICEEFRBESEL T L L, BEHPIED
EEHEZEEEDZLicL Y, BEABBEH M
THZERALME R, VT AE A AERHZIT
ROMEEEDHOFHRELL LD Z L HTE BNIRS
i3, EOERSIIOTABEREOFREELTS
ODIZAHRFETHY, MHEEBICER L2l
BREOZRIZEAL T &V,
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