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ARWFFED BRI, V—F 7 ATV IRERITRIC I T DAEE AN UL RAZ T RTSEATE O S
Bk L OTEBAOEES L VIR R OB Z A G0N T 5 2 & TH D, RIGE IR EE 22
HThHoTo, T—F2 7 A% )T n-back FEE A VY, 2-back 33 X O 3-back A TIFDOIT ARSI 5>
JEUE(NIRS) A FIVN 7= BITEERTEF 3 Sk (/A7 B MUATEARTEF, RSB OREFR (L ~E 7 1 B (oxy-Hb)E
JE, EBIEES FE(NRS), fBEREIMEPPT), SREIEES AL, 2 >OMER Tk Lz, Zof
M 3-back I3 2-back (2 EE~ERSSMUIBTEERTEF © oxy-Hb #2E, NRS, PPT 3 EICE <, FARITIK
B EWRENT, £, 2 2OFBBEOEbEAZHH L TAoxy-Hb, ANRS, APPT, AIEZEH
LU, APPTZED LS RN T OREAEZT TOD A &M L7z, Spearman OFHBIREL & ERIF 5y
HrofES:, APPT I A oxy-Hb(ZE S AMURTEANTER) & A &2 IEOFHBIBFEZ 7R L, ANRS L FELEAD
FIBRIRAZ R Lz, 26D 0D, 2-back & 3-back DR TIEEAM L~ULE EIFAZ L2k Y
FEAFAMUFTEERTE OTE BN < 72 0, Z ORIE B OIGHEAL S IR I RIS B 5972 2 & 3R &
i, E7z, EBINEESEICOWCIE, (FEARMPEL 2D EH LW SR U 51T L, RGO zh5

WRNDZ &R STz,

F—J—F :
1. IZLwiz

U —X 7 A% Y (working memory) & 1ZITENCFRIN D 7
T U EBEZIATT HMBICEDAEEEL ST, B hOT—
XU AEVICIEEERIBRN D D728, I ERIIH
HT 272 DIZIXEROMEERCTEH 21T O EE OB E A
REIRD D, ZOEREOREIFT SMAIRTEERTEF(dorsolateral
prefrontal cortex: DLPFC) & /I 44 1] fij 58 Aif B (ventrolateral
prefrontal cortex: VLPFC) DG PEAL, & 7= i &6 47 IR ] f &
(anterior cingulate cortex: ACC) & DLPFC OAffE R v kT —7
DEETHDLZ ENMESNTND I, —FT, IF, 18
EIFRE TR ESRRBOEER L LND Z &3> T
B Y, EIRIEHEEE DA A — e &I 3B MR B O

PRI 20, oxy-Hb JEE, TBUATIEES) T

DLPFC DOJFEIAME T L TW5D Z ERHEGE I Tn5E 99,
U —X 7 AE Y OFRMBYHIZ K E < B> 5 DLPFC D%
BRI & ERE R BR R S D Z LD, DLPFC A EICIE
P TE DT —F 07 A8 Y A O COEW &2 0l %
E Vo TR ENEONL DD O, UL, IR
BAEL DD DRGERIFEAMD LSMTONT, ZhvE
TR RSN TV, £7-, IRENREOHES
FEIZOWNT ED K DI L TV A0S AR A O FEHETH
2 B 72 R & IR I R O BT DWW T B B &
IZE TR,

T TR, V=% 7 A VICET HIF%ET
DLPFC % IEMALT 5 & s ST 5 n-back AR D 2-back
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L 3-back ZFHWT, ZOODOEEARICT I VAU ARIEE
IR OIEELR L OB EES) BE & A i 2 5 oo B &
HOMNZTHZEEHBE LT,

2. Fik

2.1 xt#

BERE L, AT OBRE R X OHMICK L CRIEN S D
e, SRR 22 4 (FH 19.8+0.8 1%, B 12 44, &k
10 )T, Edinburgh FIl& 7 2 b & HW\ T8 3 EF
ETHD I EaMR LI, MEFITIT 19 MORMES 4 4
NEENTWER, {7 —2bFarty MIxT5H
iR K OVKGHEEE N RIER 2 2 & iR Uiz, ABFSEIE,
KBRAT ] £ 98 R P2 B 2 DK FR(27-0001) D &R 2 15 C
1Thii,

2.2 HIELRZ

AR OPERE D LT, RICHEH T b I IR O
FHEEALE L, W2z JHMEIZE &, n-back BREE T2 L

RE U ENT OS2, BT IIIRETIIE L
NLLEREZHES /N2 L, BIOETZH NS RNWI L a
HEECHR L7z,

2.3 n-back FRFE

WBREDD 1.14m ORIy Y a—H—F 4 27 LA
EX, T4 AT LA PUHIRRE R A R Uiz, BRI
X, ¥ =%y MNP IR SN D TEL7ETEL RIS
Ffo o & %9 2 9 IZH7R L7, n-back T 0-back, 2-back,
3-back @ 3 FIEOMEAHEA L, ZTHENOO LR E
M7z 20 Feoiitg 2 HE L, IEEICH R L2, 0-back I,
AT S » THRIE SN2 SCFWIZIE D )R Sz 6 OGS
T 5, 2-back 1% 2 DENIHER SN EE L [F U H O R
N HRIET D, 3-back 1% 3 DOFNZEER SAUVZEE & [H
CCTHNITROGET D Z & & LK 1), SO REERIE
500ms, E7ZROBERIZEIY D £ TOMMFEE 2500ms &
L, FEETHHOROMERAE T 5 HHOREE 52
77. AEBRTIE, 0-back, 2-back, 3-back DJIE CHEREZ FEHi L

0-back | x Vil ¥
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2.4 WIEETE ORIEEIORIE &

n-back FHIZA T H IZ NIRS: near infrared spectroscopy(Jt:-1
A= TR E OEG-16, A7 v T T v 7 )& H
WCRIBERTI ORI DR b~E 7 m vy, BifgRl~t
rary, BIORA~T s o e roBEEZFHEL 7,
B0 L, RETME BEA RO E SN DMENE S
1 B2 (oxy-Hb) D i B 25 (b 2 fBHT D5t G2 & L 7=, NIRS D
1 —7VEEEE 1020 28T 5 Fpz % WIS RITSERTE 2 5%
E L, Fpl-Fp2 7 A4 N FATICEE L7z, 77— 7 [l 3em
MECTH, At 10 Fuo—7, 16 Fv¥ o RAEMAL,
7Y TR 0.66s Thoto, BIOLMERE 254
DLPFC % 1~3 F v > r/b, BiSHMIL 7~10 F v > )b, /2
DLPFC 1L 14~16 F % RV ONLE & L, MIEEIOFEEIC
XA FEIR T & @ oxy-Hb EDOFEHMEAEH L, 7ok, B
i 30 FPRTD oxy-Hb EHIE % base i & L, 4 n-back i
B 1 23D oxy-Hb EEMEDD base % 75 L5\ CTHIED
AL 24T o 72,

2.5 f5FJEREME (Pressure Pain Thresholds: PPT)

YR DML 7 v & = 74— (RZ-100, AIKOH
& W, AR B PPT 20 L7, #5REI12I3H
LML ONRR L DFEM KL, FHUNE T H D KR
Hrp g AT L L7z, 0-back, 2-back, 3-back % E i Z i3
Wi L=, BTy 2V —DICiEE Ll
£ l4ecm OT H v F A2 b (012B) % A7 KR H e |2 T B
BT, ZOMNENDLPERE DAL DHE TEEE
Mz 7z, GHANZA n-back #& THEZIZ 1 M OREE &
T3 EMEL, MREOLEHHFHNRES )7y 7 ALT
Al cEEEx N5 3 BIHOEA PPT OfRFEICMH A
L7,

2.6 n-back DEEAMITX§ 5 EHRIEES K
n-back O FEAVEES FE1E, 0-back, 2-back, 3-back % # L
FIVFESE L 7= %2 NRS(Numerical Rating Scale) % F\ » THE
B L7,
2.7 E&R
TR I IHEBRE 0O n-back FEhi H OOt G O IEEH A TR
LI, YRE DR Z CEAED P X HALEICER LT, IEA

RIIFAEREAM TR SND 20 8D A — RO CIEME L 72
= ROBEZ E 3R TRLIZ,

2.8 fEMTHIE

AW CTlE, n-back FEhEFEDO L T2 TR &4 H
AIAEH(0-back) 12 737> D KRN R B BEE R ~ D528 4 BV B <
723, 2-back, 3-back ® PPT, NRS, oxy-Hb fE(4+ DLPFC,
AEEME, /= DLPFC), 38X NEAROKIEHA OEHNE 0-
back DEEL % 7% L5172 (2-0)back, (3-0)back D/3#T %417 -
77 STEA IS 5 (2-0)back, (3-0)back O 2 FEDOFKIAH % b
T D7z, BENERSM L T DHEEERIEOH D t-
test Z1TVY, EHOARIZHED 720 EE 1L Wilcoxon DOFF A
NRE ZAT 272,

WIZATEH O 3-back 735 2-back 72 LBIWTE L2 D
DOYEEARTOZ{LEIX APPT, ANRS, Aoxy-Hb(4 DLPFC,
ATSAMR, 72 DLPFC), ATEZ& L L, 26 OBfR% Spearman
DOFBRENC L 0 3T Lz, S HITAPPT # HIOAES, A
PPT LHHBAN A LN B AWML AEBIC AN LT AT v
T A RE (EEIERE) (LD ERIRGTETo72, Wih
ORE A EAREL 5%E Uiz, REICITHEHENT Y 7 &
(=7 & /VHEEF 3.00, Japan) & VT,

3. WR

(2-O)back & (3-O)back D 2 HEfA R L7 & 2 A, PPT
L NRS DOZE¥E (3-0)back DHFNAEICEVMEE TR L,
IEERITAEEITRVMEZ R Lz, £72, n-back ifEIE kG
DORTFERTE O MIFEN SV TIE, (3-0)back DZE DLPFC O
oxy-Hb N A EIZHIIN L 7=28, 45 DLPEC, RiEEMRICIZA
BRZEZARON o T(F 1),

3-back & 2-back DIEFEAMOELEERT APPT XA
NRS B XA/ DLPFC & HERMBBEMAENA LN
(p<0.05)(5% 2),

APPT % H IR LI ERR O OfEER, BER
RE#ZE[K & L C A /£ DLPFC oxy-Hb fif & ANRS 23t &+
7= (B 1E# R?=0.4, p<0.05)(F 3),
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(2-0) back (3-0) back M E piE
PPT(N) -0.06+4.78 2.39+538 2.9 p<0.01
NRS 473+1.72 7.64+1.94 2.5 p<0.01
EEE%) -11.4+10.8 -35.8+16.5 4 p<0.01
Oxy-Hb(mM - mm)
&DLPFC -0.1+0.21 -0.02+0.17 1.6 ns
AUSHEE -0.05+£0.21 0.01+£0.19 1.3 ns
ZDLPFC -0.12+0.22 -0.01+0.21 47 p<0.05
ns: not significant
£ 1 2-back & 3-back MLEE (n=22)
Aoxy-Hb Aoxy-Hb Aoxy-Hb
e
APPT ANRS AIEI:lg (EDLPFC) (Aﬁfjﬁﬁ) (EDLPFC)
APPT 1.00
ANRS -0.46* 1.00
AEESR 0.05 -0.61* 1.00
Aoxy-Hb .
(#DLPFC) 0.37 0.02 -0.01 1.00
Aoxy-Hb . .
(A §iER) 0.37 -0.23 -0.18 0.76 1.00
AOXY'Hb EE S e
" p<0.05, *:p<0.01
#2 APPT & UbDRFDOHEERZRE (n=22)
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| E o 3
EmEE  muEm P mems ﬁﬁ"fﬁ o WHIE  VIF
APPT ANRS -1.01 0.41 043 <0.05 0.5 1.05
é%xg;;g) 6.94 2.85 0.43 <0.05 0.5 1.05
R2 0.46 1BIEFR? 0.4
=3 EMNRSTOHEE (n=22)
FEFA REEMUEREREMSES 0 XnTnb, =
4 EE @ DLPFC DIEBNC & 0 FATHEE i oo Bl 229 & e

AAFFELE, n-back FED 2-back & 3-back DHTH U 2 Hil
SHATEF OIGE 3 X OB EES & 0@ &R sl 3 o
B (2 DWW TR L 72,

FT, ZOOEEAMIC X D IMIEEOEWEZ I 5 2T
L7128, HEANTEF O 3 SO AFIMARTERTE - A4
DLPFC, HigEM)ZF5 1T % 2-back & 3-back /M &) % HLi
L7z ft e, 3-back FATHFICIE 2-back BATHFICHE: L CHE
|2/ DLPFC % {GMAL &H7=2%, 45 DLPFC 35 X OVRiTgE)#
P DRI NN LZE M Fr B 72 Ao 72, DLPFC O RiSERATEF IZ
B L&EENL, BEICR L CEREE=X— L CHEr LS
WIAVER AT H Z L ThH Y, RIEEATEO@ & 1Chk b EE L
SNAMREBEYWED R—"IE, V—F T AEYD
ZATREIZ B\ CHIZARATEF O H ¢ DLPFC DA CZ DEY %
KT DHIEDBMHERINTND Y, KT DLPFC IZHB W TIE
ST —F v 7 A E U IEOEEREE, BB, oA
iy ETIRMAET S L &N TnWD 9, Z® DLPFC & +4y
WIEMHALT 2 72 DITIFEEART O LAV ITENETEC, b
LYEEARMMBREIZ 2 ET =% AV 34— =7
O— LIEBEOERSNNT VAOTHENNE L 25 7-0,
DLPFC OIFEIHIR T2 LB oD, Tivh DOx LA
FA2DE, BT, EV U= 2722 ) 28REND
3-back DYEEAM TR R EREAMITIZR 5T, £72 2-back
DOYEEART LY b BRI DLPFC OiFMAL 2R L= 2 &
PRI ST,

3-back & 2-back @ PPT % [h#k L7-fE5E, 3-back BT D
PPT I% 2-back EITHICIHEE L THBEICKERME TH -7,
%72, APPTIZIZ A %2 DLPEC ® oxy-HbE723 B 5 L CU /=,
DLPFC {3V —% > 7 A F U 72 EOPGEEAT TIEMEL T 5 &
RIREIZ, TATHIEIREANEIR O top-down controller & L TR
BRI CTdH D ACC(RIES AR E) DB 2K <&
S BT ZIEMEALT 5 2 & TR NS B3 A N R M

LT, U—F%2 7 A% 8 & gm0 3 oo B 4 Mk
T 5 721 n-back #EN L < HWH LD, B 21X Buhle®iX
24 4 ORERELAER % R51T n-back F#RH(3-back) % FEHE L 7=
LA, AREOMEEATTA IR & H T Bl o J&
A L7e Z & D, 3-back SR FENEIIIR A0 DIER %
EOTTOOFRREEAMTHD I & 2REL TV,
fDRFFETIE 2-back & FVYD 2 & THEIR ARG 0 L 73k
L7z 2HE DHH Y, n-back LD E D L ~UL 2N R
HIDOB RN A 5.2 20O TR E THLMICE
TV -T2, ABFZETIE, LYV U =% 7 2AE ) 23R
&5 3-back DYEZEATTS 2-back DIEH AR L Y & DLPFC
DIFE A @D L & & BITEMBEICEEEL 52 T2 b
NE, EEATTOE 3-back & AV 5 &M R
WEEz Bz,

TS B & P Bl O B I DWW TIZ APPT 12 A
NRS WEDEHA G2 TV, —H TERBINEETH S
ATEZHILAPPT & IEBEMEN ) 0Tz, U—F 7 A E
U RRE D VEZEART O L~k D EEAHES T &
HIEDRAC DN TUE Z N E CTHRATIFR TR N T I 205
oo HH O, FRESCER & W o RIS < R
ISR Y, BRI 2 B I R O E W SR O
FEEICHE L 52 A LR T WA, DF Y, BREO SN
SGHENRELTH THAWV] SECUEX THAL 20y &L
B R0 AT E D) EARb v, BLWERT
HIVTHELWETE REE 720 E WS FEEIOZ LR ET
HEBEZOND, AMETE, EEERACIT VL D #
VEZ T 57 DICITHICEE SRR T RIS B H &1
F A2 T, REOHEEICK L TREE N REE &
DEINTE B X DDDERMENCEEL 5 2 2 FTREVER R
ST, ARBFECIGREICH T2 TH AWy LW 72
EDBEBOELIZ OV TITREZ TR0 > 720, Bl 2R
FRREOMEL FE N K 72D 2 L ATKR LR IF N E U
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D, WICEELWVEEATmAWVWE RS T 4 TR L 5 L1
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U —F% 7 A% ) IREOEEAN LU K D IRIEE D%
b & IR R O BIHAE 2 B 52T D E R B D,

AWFGENNIUA T ORA N D 5, F T ARMFIE TG SE D
R EFE CThHoT2Z L Th D, FBAFREIC X 2 M OIRIE
FE8 /X HARLD (Hemiepheric asymmetry reduction in old adults)
LFHTIND £ 5 RNl S D Bl5 WAtk S rIserEn d
Lo FlEBMEWEBEIIRESCRIEEEORELZ R T HE
ML, TSR O RRAR T 23 RAERE I3 2 W]
HMERH D Z &b, RIFFEIZIHE W T ElnE 2 MR &
BT ORI TE R, A&, WADYNEY T =3
N E# 7¢ n-back FREEDVESEART L~V E NS 72011,
R R ME TR B ARG L LTEREER L ETH D, £
Tz, ABFFRIZIB N TIEAT OB T 0-back, 2-back, 3-back
VI EFRTHRELZEM L7z, V—F 7 AT DIFEEHA
WA 212241, —FDOHERE D oxy-Hb AT 5
EWVOREREGTD, THUIMEEATT A~ O OW T 5
B T-ATReMEN B D, oxy-Hb [HOWA N Y —F 2 7 AE Y
DIEEATTORBRIC L 5 b D ThH L0 EHRT H71-HI,
LHt, EEANE T VX DITRIET D E V- 2iF5ET A
UIIETHD EBZ HILD,

5. £&®

KIFFEIZBNTT =% 7 AE Y TH D n-back adIFD
HSEATE OIS B O W E & FEAEES E OBERZITV, n-
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Abstract

The aim of this study was to investigate the effect of pain inhibition on prefrontal activation and subjects’
difficulties with workload values during working memory tasks. Twenty-two participants performed the n-

back tasks. We measured the concentration of oxygenated hemoglobin (oxy-Hb) in three areas of the

prefrontal cortex (PFC) (right and left dorsolateral PFC and frontal pole) using near-infrared spectroscopy
(NIRS) during task performance, and measured the subject’s difficulties (NRS), pressure pain thresholds
(PPT), and the number of correct answers after task performance, and compared them between 2-back and

3-back tasks. We found that oxy-Hb in the left dorsolateral PFC, NRS, PPT, and the number of correct
answers on the 3-back task differed significantly from those in the 2-back task. Furthermore, we calculated

the changes in oxy-Hb as A oxy-Hb, NRS as ANRS, PPT as A PPT, and the number of correct answers as

A number of correct answers between 2-back and 3-back tasks. Spearman’s correlation coefficient and
multiple regression analysis showed that A PPT was significantly positively correlated with A oxy-Hb in

the left dorsolateral prefrontal cortex and negatively correlated with A NRS. We suggest that left
dorsolateral PFC activation may enhance pain inhibition, but subjects’ difficulties may decrease pain

inhibition by increasing the workload values of the working memory task.

Key Word : pain inhibition, prefrontal activation, subjects’ difficulties
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