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NRREREFERFAMEERZR. DRRBEFREARFEMISRBETOO IO DLBERERERIF
HER. VI EFERFHRBUFE. HABERZRZRIEMER. 0ILBEXRFXRFRLETFHARE

5 XEFG T RERTHORIZEE NIRSGEFNRARIFORIE—NEE~AD K EMFTDFE
SEEL 1.2, EBIEF 2). NEILF 2). 5HF£2 2, 88 3. LEX 1,2
NDRBERZXRFREGEEALE . QIBRERFZEZREBEFE —BE. IAMKEZEZIMELBEHRE

6 Z2F v )L NIRS [2&5 ‘BENTDRANES OE U EEREFE SHAID A
NAaxXs 1), KARE 2), KIE=ZE 1)
1) (¥R) ARV TYY ., RBREZEEBRMEHXE

7 {EHR1%E NIRS T—4 M ICA IZLBIES R B
B B#X 1) E-FEX ) BHER 2) /NERET 2), L0 2). ELEE 2)
NEAEMAFERHE ATHERRMEREEL2— SRR, 2BAEMKFESRS KaRaile
H=

8 BERAXETINERAWEIRENANET 570 —REICkS RN FEREOTE—
THIXEA 1), /MBRESE 1), IWTFEHA 1), BiLRMH 1), #BE£ET 2), #LEFE2), EBEHRE1)
1)  ATR INIEREEFTAZEAT. 2) (B B2 EERT ERMSE EIEMTE
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1-1 B MEFAE MR R O F Rk RE# SRR E R EB L DRER
RAFT. AHEZR. WREZ. EHEX. FATEZ. RAZLE. ZHA. BIBRZ., ILEESR HE%iE. H
EH K. EHED. AGILE ERESH. £ EE. Sk ER. DERM. EHEL. AXKMBEB. EHEZ. EH
EoES
RHRXFPESE FRBIFLILE—ARE UnEYT—arF
1-2 Prefrontal cortical hemodynamic change due to facial expression switching task in autism spectrum disorders
Hiroki Higuchi 1,2), Masaaki Narita 3), Mami Tazoe 4), Kaoru Sakatani 5) ,Naoko Narita 1),
1) Institute of Education, Bunkyo University. 2) Kansei Behavioral and Brain Sciences, Graduate School of
Comprehensive Human Sciences, University of Tsukuba. 3) Developmental and Regenerative Medicine, Mie
University. 4) Department of Clinical Psychology, Japan Lutheran College. 5) Department of Neurological Surgery,
Nihon University School of Medicine
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1-5 EFRSN 5% (NIRS) Z ALV - B R RIIE 57 DR ICRE 9 5 HF %
HHED
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Visual working memory task |28 T 5 5 EE O BIEERTEF Z SO

KREFXE DY FHFE 2. /\KEH D), FIRR3), MEHRE 4. ENRE 1)
NEMEMREATAAN IV ZAA R I—EREEEAREPIERER A A—DOTHARE. 22ERK
FFELDITADFHERE LU 2—. DRI R () B RIFAZFR. DERERKEATHILITAZHR
AR A—IERAAEERETMAD FREAA—DUTHEE

The relationship between brain activation and controlled voluntary force—-matching handgrip task — a NIRS study-
Furusawa Adriane A, Tsubaki Atsuhiro, Matsumoto Kayomi, Nakabayashi Miyoko. Onishi Hideaki
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HMMREDT V=YY NIRS

BT
FEAPEFER GO & P AMERET m Y =7

1. [ICHIC

NIRS (I, FEBEE S HELL TRMBFERRERER A R THOOIL TV, EFE~OS T 1977
1T J6bsis AT ARAMEE I CENM O DgSCIM O B AR BB A FER BRAIZ L 703 91D TT, LISk,
AR (T 381 D i - PR R E =2 VEL L TR - B N ED LI TE T2, £, 1990 FRIZ7R->T
NIRS 23R IS BN B L 7= M M 28 LI D ~F 7 ae s (Hb) 2 kA LB 2 DT ENTEXHENIZEDFHR N
TGS AREITFUOIMEBEA A— 7Y% (functional NIRS, fNIRS) SLThTE H &ND L0127~ 7, 3k
E O, FHURFOERF RS NIRS OFF O FICED | 2 OIS IR MME FIcEEEHT . L
LRRHE FR E R 2 AL EY oD, — 7. NIRS (ZITfRRIAN 7 RN 22380, NIRS #Hl

W E 52X TWDD, ZOZER+ SIS TEOLT, o AN LITLILAZIToND, 22T,
NIRS O R AT T, ZDORBEKIEIEZRRIN T2,

2.NIRS DORES
2.1 A Hb EHEIDIEEE

— RIS LW A EEE 1T, 3t (continuous wave light) % 1V T modified Beer Lambert Hif (1)
{ZHESWTHD R EEZA b A RO TEY, CW FHHIEEE LM E CD, CW EHHPEE B TR EZRDHZENT
RN 1FHIDIE BT Hb IREZ LIS R ENT G DI ST TH LM, EEIZE->THWLI TS
WECHFA AN R SHICHARIC L TSRS R L L THROHE > THDEHL0RHY V|
NIRS 15 S IWEL AL 2B 727200, 565 T, NIRS [E 51X [mMM-mm] GEE X EX) OHAL TREESNHZELH
DU, AL ES T2 0 BDWHMEE AL (au) L L TRESNDO MY ThHEE 2 5,

i X1 BEEBICISIT 2 5HEE modified Beer
HEE Lambert Hi

d: PRE — 2 RIREEE A, YelaE; 1, Bl

PL B S & Lo, BEDLE; ¢, TR EC C, B

. B L, MOEERE; S, BELARYICED

A=-loglll;==CL+S .
” 7 Ry
AA=ex ACx pL

Fibd ¥ B8

F72, BERTEEEO XTI FE AL AN IR AL TWOBEEAITIE, M ELDAET TODERD O E (56
/\ﬁ‘éﬁﬁﬁwma 7% (K1) . R RGNS 2708 2 VWD EIC Lo TR R AT 22 L3 TE DA,
SRR AFT D HIETES DLEZARN, Fi2, P32l —ar OfERIT, LB ENOI S K EL T
/E'Ja“é LIFTET, FEEE R DL RIS R OFHIERAIZ L DB RENIEZREL TEHY, CW
FHHEEE T Hb 2 ERICFHAIT 22813 CERV, EDIZ, NIRS FHAICIXR ST 27 7 A ST OALE IS

_4_
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FoT AR B DIRIEIT R 725728, NIRS {5 5 O IRIEOEALF 225 ONAEAR Fef i, G0 RK/ho b
g Nl O YA

2.2 isMEBOEE

FJE M Z AN AE Ul a. TR NIRS G5BT 52 LIINETH L0, HEMRE(LN L
DEIRBEITEL, FORERNEORETHLONZHOWTIIFHITE 2V, Zhi, K& LT
KIFIEEEAAE L, — RIS AR oD BULEE 13 B2 i ML 22 D) S 2 03, D O NI B R e 2 ¥4 &
D5 E, ER TR T A2BRNERFICAE LSO EBZX NS, £, NRT T 7 4 THDS
NDHEBIT, EHEFCMEROESOFELZ T 570, RN ERCHEMSEREO#KR 27
D OITIEE LTV Ry,

2.3 #EHRTY— LRy o 20 E R R

fMRI <> PET 5+l Cl, SPM (statistical parametric map) (Zf4FR S5 I 72 UER) 70 ik [ {5 4575 5 H AT 153
DHENLLTRY, TNOOMHNTY 7 e WD ZEIZE ST, KEDT —4 %X BEICENT T 2283 TE5,
— 77 NIRS GHIITIE, & &2 R EDDOSMERE D B2 21T HL) NIRSAE 5 OMEE) G, fMRI-PET T
AW TV HEZZDOFFICH T HILITTEAR, Fio, HERE (K> THEMO RES JRIRIZIRZR2 D08,
W7 7ARDBRNVE —DRESJBIRIT—ETHH-0 | FHUIS I I EAR ZE N A T D Z LIk T B,
1B NFBRAT 24T o TN O A DGR E D2 LT TERW, £72, NIRS 15 51X R ST — & Tl « D
T =B IISL TN | —[BID B O FH TR LR TRED T — &% paired t test THUE T 52 &1L T
e E | NIRS 15 B OMWE IR K~ 2 S d T IE I3~ 2 A HIR 2 B 5.

3. MIEKEEE

31 RBRTHAUDIR

311 RBRTHS

RO A AT 272 0121E, FRT AL 2 LRTHIENEELE X 5, NIRS FHIITISHWBILTHD
DIBRT A AL, BARITIE IMRI OFEERT AL LREU T, B R R TIEICE D EET — 2T 5 1k
SRS D, AL, Tyl T A RGBT VAL O2ME T, HE I TIIA ST AR
Vo7, 77 NIT VT AL L7 ERBBY, 7T ay 7 PALRLRREE T P A LA bETHOLNS, 71
VI T HA T, —EREFERHL L CGRESCHI 2R 2MT o, WIC—ER R T 2RI O E, Hll, H5
WL FRIRIED e & | M0 I L BRI RS H ISR E TROBND, FREGET VA Tl FipE I
AR Y 72 M IR TRDIRL 5 %, ISBh A SETTZ LOME L L TEH 2 5,

AT IVANT AL, 22D D OWRIE GREZEIT P ELHIRIE22 L) IS T D MG D 24 T~ 2571k
TEMEELMEND, "TAN 7 T A bid, OFEBRGEMEOZA GREEES E72L) BV NIOHERE I
BT DRI DOZEAL GRERMG L) ITRHEL TEb T 2IE Eh & R 35 515 Th DA, EAR R i AN B
2H@QD/NTAN 7T AL, NIRS FHUMO EERT A LU TUIRE T2 &M% 0,

T NIT VT AL, GBI AL SR DA A D N B BEREE A CL RFE ORISR B R 1T
T AMIEEICEE DAL BAEM 5 1ETHD, ZOFEBRT A 1E, HiIF NIRS FHUTHLIHIHESN
L3N > TETNDAN, NIRS 15 75 1 FENL AT FLER S TERN WD ZE 2 BB B W THW DB D DD,

3.1.2 T4
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NIRS {575 5 B OFEM L (7o & ZAIXBERELARLFHE) ISR R 72N EWNI T T REDERIR OS2
T AT/ TETM, AT IVINNT A% W RER LR IX FTRE CTh D, 7o x X, BB H REIC
BT, PRV (A " — )V H AT & T ANE A 72 8) DFEFANTENWERRO DEHINEND K2R I I T
HTEMTED. BIEL TR & Lt & R FIAE B 7Y, RTSHSEERE 2 R 5 S REIRIGIERRLE (VFT) & 72 —
TSR (CFT) L F VBN ORLEIC kT B hr— VLA 1T CUWA RO | 2 RTEERIZ 35175 NIRS 2
BZABIT D, K 2 1, A IR R B F AT D, v e — VL T AN CO oxy-Hb O
BAbERL TS, BERH T oo E TENEOas ha— /LI EEI TH IV AEIZ oxy-Hb A3EINL
TeD AEFFETIE VFT Tar b — LV BIC A~ TH BRI Z RO RN EWNIRE R T fE B A TIR<E
HILTWORTFIEMR R N AR 3201 L, ZOFHAID LT T,

15

R En E sEw

P <005
—t

2 ERELHE A
FRICB T2 53R
FREVET)ED 7TV — i
W51 (CFT), 725 N
s b — LT IR O
oxy-Hb D21k,

Biest task

Bcontral task

FTo, FREGET A NI DMHTIE B OMHEZ LT REF O EEEDS T <UD NIRS (2130
L7figtris s B, 72720, NIRS %5 (2R D DU Tl Bon i S 2R FHUE B2 AT 20 E R D
0. RG5Ol LN BRSO IEMESZ LA AT 2D T, NIRS EEDY TV T ZA NITELHENS
FSRETDONLEEL, N FIEEL T, MRl T, HO0UD1E 5D/ 2 — 2 % 4T ERE IS A B4

(hemodynamic response function, HRF) Tl L, —M#RET L OiHZ % HRF T convolution

(B ZH) LTI 24T > TIEBE 2 LTV A28, FEED HEA NIRS TH VWS TWVW 5,
—J5. HRF Z WAV G ATRECTH D, — Bl LT, PR« ANPRRAE A kIS BE U 7= Bt tH o 7250
2. 14 BB OLEFREF AL S AT, P AR - PEE A FHR T 25 E (FEE5HE 30 K-3>435H 90
¥o) %7 % LREERTe RHER L, g T ARFORTEERTE O Hb D48k NIRS THHI L 72

3 R4 R Tl
P e DD oxy-Hb DAL,
” — ADRIRE D A
R 1 T 7 T
e - (1ch) TAHBIL7= 30
BN HiT O

—e—28 —8—29 —&—30

relative changes in oxy-Hb (au)

time (s)
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(o7 U TR 70 ms) WEDfiETIE A R, B3 1%, AMESMURTEERTEF 4 78 5 5 TRl
72, 30 DO ARG 25 L CRERIFEZ O E LT 6D oxy-Hb O hL—AZRLTWND, ZOHA
0, 1. 2, 3, 4, 5, 6F® oxy-Hb DEIXZNENMLTH D LEL T, £ two-way ANOVA TH
REIC R D oxy-Hb O FEEIMEIZ N S D D ERE L IRIC 1B & oRERIZE T 5 oxy-Hb O F¥)fiE %
Dunnet ¥ THEHT L. Z D61 Tid 4 LRI E O oxy-Hb A B S hz 9,

3.2 TNFFYoRIVIRTLOMBRIGELA

NIRS DRI A TR 722912, NIRS 15 5 OHRME OFL ] Fige 2 LT ML S D RN D HLHRIZ 172572
WEVDZ &, MR T7 A EBITERD RN NI Z 2D, Lo, GBI E DHTZ0 THH DD L
A DAZ)—=2 7 IR AT T, ZORERED LB LR E E D TEV D72 T o Vil
FTHIENFBRICRD, £, ~ VT F X RV OHAIT, BTGB ORI - 222 L2 B350 L T
BY. SHITRNTIER: T 2L KO MTEIRE OMRE DB VAR T 5288 TED,

3.3:E R - EEMRA Hb REEFHRID ATEEME

IS AR DA B AR ET D HIELL T, FHNESNDHH R ED ORI IRST — 52 LR BBk IC > T2k
FTHIEEFIHL T, 5O R DS — MR TRl T 2~ LT T A AZ U AERLHWLN TS Y,
VLT T AL L AR IO ORI L ST 9 2 22 R g s HNE 2 A F LM oo i S A Fn
ZHEDDHITTE DR, ERD OV SLASY T P 7L E T systemic 2R Z by 2 R 25T 5 b kA
HIVTND, REFI A EFHINE TlE, Bt — & — O OV AN A A RIZHST L, BTN BH L T2
— AR AR TN BN I N A R UL 2 A — & — O /3 iR BE 2 R 2 8 i e ik tHas CllE T 5, 22°C
FFOIVTRERI 0 28 O TR EE 5341 A SEHEBERER IS EE D W TRET 752 81280 . JOBIRAYITNN Hb
IREEZEAb A E BRI CEDM, SERITITMMIMERR DR BATRE T HIENTERN V., IR - & BRI
W Hb REEFHINCIE, 2T v R AT L& FHWCEHRIL, FHIIT —2 0Dl A i\ N TR IR e & D
TEFRHEE DO AR AW g Eg L L Ch b3 ILHOENEZZ 7 ¢ (Diffuse Optical Tomography, DOT)
A L7 C L B LI BUERFH /iR HIE A V2 DOT BiF & DTS 17,

4. EbHYIc

NIRS I% 30 LA L5k A 20T CTRAFE S ED B, FHAIETIEE FITHEAL THDAN NIRS D EEARRYZ:
MRS FE T, MOMERR O B2 Z T TICmW R iREE IR B A R h 92283 T&% fMRI &
[FICVR T CHERE RITEZ i LA Z LT TEARNWEE 25, IMRI R° PET O S TIZZad, ZhbHo 7Tt
MEELOH RIS L T2, NIRS 25 lifE3 S5 L b s, BI%E 44150 NIRS X “useful tool”72d7»,
kb “expensive toy” 2O ERTHOIEET TEA, NIRS ORAEZE2 5L, RIEOF| S - EiTx
e dZEnTcENIE “useful tool” THHEE XD,

[Z% 3R]

1) Hoshi Y, et al. J. Appl. Physiol. 86: 1842-1848, 1997. 2) Delpy DT, et al. Phys. Med. Biol. 33:1433-1442, 1988. 3) Hoshi
Y, et al. J Neuroimaging, 21:e94-e101, 2011.4) Yamada T, et al. J Biomed Opt, 14: 064034, 2009. 5) Farell TJ, et al. Med.
Phys., 19:879-888, 1992. 6) Suzuki S, et al. Proc. SPIE, 3579:582-592, 1999. 7) Boas DA, et al. Opt. Lett., 29: 1506-1508,
2004. 8) Kohno S, et al. J. Biomed. Opt., 12: 062111, 2007. 9) Sato C, et al. Appl. Opt, 46, 2785-2792, 2007. 10) Zhao H,
et al. J. Biomed. Opt. 12: 062107, 2007.
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BB E fMRI QR Bt 3l -2 CRE R B ZE~DIE -
HANE L ZEZ Y, MNEEE Y, SRt 2
1 () MBS FsebkRs KRk ICT #F228 Wt CREST-Brain Imaging Group
2 T RAYFE LR PR A A B JE T (NTH/NIMH)

fMRI XD IEAR EIGHEREDFFEICE > TA P ROGHIEL RS> TNDAS, MDA Bl
L LD IR HI SV FUZBIL TR, JER TR WIS E g RGN T 5
ST A R AT D728, PET 2 NIRS IZHARTHEETH o7, UL4E, IMRI &R B2
RO IR HINE, SESFRT —F 777 R BEDB BRI, 2O R ESI T
%, AFEETIE, IMRI &k K QM fine 4 B R B[R] R Il S 27 AT DWW TE
Lz, ZOT AT L FHWT T2 /A1 5.
1 B3k-fMRI [FEERHEIS 2T A

11T MRI =7 3N Ttk 2L BRI Z R~ LUz, slikS il L BRIz
FIZ=EHD /AXDBRAL TS (ZE L 4).
(1) BiRHESIZ X 5EER (K 1-O)

BRI RGO NS T, I BRI ERRASHEIN, K 1-OITRLEL7RE
W72 /A ZDRA T B, TMRI T—RIZHVD LS one shot EPI T, 0.05~0.1 FMEIZ—HD
Wi i 357280, BRHEEHTESD /A X 10~ 20Hz DIEA B EE 4 A THY, KD o

O fatRHESHO KI5 FHE R ~B WAL ERO TV
MR [ ' L L O EEOREBRET A

TIEBRETERW. Ikb—f
A7 /A RBRBIRIZ, BRE
DIRERD B PTR VRV AL

i inte AAsy 'r"'."if«-' NN koo L.JU i.‘*. M/ \
(0z) [ f v L h s i | - “'f ol ] TR/ ARWIGIRIFECRDT,
of QNN 11T T T 11111 N 111] So8 it ko
R A g f e MWHMMWW Wt AR A 9B IR R
. @ . O : | AR MBESEBLT/IAR
0o S 6 0 @) pFUTL—MEfERL, T
(@ Ballistocardiogram @ar7rvy¥Ho 233 STV R
1 F “% / = v L& , -
B 1 <=7 3y Tad gk LN ik &0 B X AT L B THD.

(2) Ballistocardiogram (BCG, [X] 1-®)

X 1 Tld, LEM _EIZR FESHBILZERIT, IFEITBEERD /A X RALTHWS (@,
& XA . CMEDTIBNTLES ORI I XD K B ik ERAS wg Th TIRE 35
UL TIHETHHERBRPIRINTHELE LN TWAS, HRMHEY /A R L kR, #5RE

DVETE BB P UZIR AL TB /A XIRIBIXFEC RO T, LEXZFEFHZGHIIL, LB
D R o R DORN P2 R4 35 HI2ED, BCG DTV 7L —MefERkiL, jud BCG
PIRBALTENIEDPOT v 7L —Me AL B I[/FIZL > TR B RETHB.

() 7Ly Y DRIz AFEEER (X 1-Q)

Xl 1 Tl RZIZOD, IRz h O FERICD 17-18Hz D/ A AR EHL TWD., Tl s
<7 2D ANIT L mENT 12D 7L 3 OHEEA MR %£ED patient table 1214
DY, BEERF OVETRIZIE S LT ik B RRb I 7oy WA THREIL , miss N CRUEASEIKZE
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CIOBEERAFEEL, Wik R/ A RELTHIBLT S, 2D/ A X3—ED IR THEEN
IZIAELTNDI®D, HHEERE T AV Z TR E T D HG T REIENS, Mk HIIHCaY 7Ly Y%
Bk DRI,

@ MRIFEHTIH ' Ol=a
I a—& : IFH—

o ® Tl C T
HATRRE A ek

I 10 LT 101 LI 10

MRIT —NAREA— A
|® ﬂmnﬂ (@ nekdd R (@ amm;zﬂ

AN

N

IRTE
I = e

2 B - EMRI - 57 2 ] 5 D [a] 15 5l gk < 8 4 27 A

L EDOMBIZE ST/ A R %R B TEB0, WM OM/N2E & TH BCG LH UK
B T/AZXDBRATEED, 7 XYM Tl B LEM I L ANBLE /A X 4L, K
WK E DWW IO /N EALZ R LED, IREKIZED/NSWIR R E#
o E XN THS. bhbiudiit e MRl O REFHHNIZM 2T, #4857
AT TH IR H DA B o OMR BR JE PR o 18 14 Z g 5] A 12 W] 91 L TRl gk 3 5 3012 kD,
WNZRUE S OB XM EREFH 2 H H LTS,

2 ML fMRI OF BEEHHIZ W2

FROVATFAZH WL EL T, REM B Hi I oD 20 58 1R Bk 3 B 122k St 7% 8
1k 2 1 R %8 (2% ik 5)&, 5 K ¥E DL B IZPE 9 Default Mode Network
DEAL Z T NTWE T8 (S5 Lk 10) 2/ 4 7 5.

(1) REM e HEE I oD 2 ok R Bk 8 B 120 SR 7%

REM HERRIFICIZHEBEREDOY Y —REREORE IR EREFH LB BIL, 2D
B IC BB EERLEB oM EIERICTHEVE LS THELONS, REM HEIREDA
R BR 3 B 285 WL OB Iz oW TIiE REM BEHR 3 B % 225, BEIF DY v 7 —
REFEBRIZE DO TOMBELEZBIT-OIC B T2LS53 (GEAMRD)BIRIBE
NTVED, SLRAA—TEREZWIETO KT N TH a0 IR Bk #E &) 5 H Bl
THRZLEDPLR EMN MR ELDHU T E B .

REM [ R B oD 2 g R 2R E B o H BLRE 2 TR A TR Ik 2 M S SE ¥ 358, 1
FERLDH T A DT NTLI2DHT, BB IRRFOY Y7 —RiZE->TH BT
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BEN (FLEP)ITHE ML =ik

57 DA% BH OO L 5L B 48 A7 T H B
T5(K 3, 2% Mk 1,2,7). Z
DR 7 BEDH R 2O
BLTWaeZEEHE T5EDIC,
Lo 257 LB H WT REM
e MR B D i 9% & TMRI1 % [\] 1 51
MU, 2R EREZOH BLIT
PE SR 7% S Ik 2 W S L7z

Z DR R, IR Bk B B A
BizmzaT, ~ kR E2H
DT B B D)L 7R IR TG SRR
Hon(X 4, 2% LHEk5).

3 REM i IR B oD 20 3 IR BR 3 B
HY B I A5 Tl 2T B 8 U 72 i ok

AR LI
Yvr—R

" T gﬁh\-_
(é?ﬁ ;&f’ wﬁf-ﬂ

B\

ZaN

-

4 TR WY N Yy r—R0E), REBR R Ty r—F0h),
REM [ I - 205k IR B3R E B) (4 ) 2K DI E

(2) %K% DZEALITAES Default Mode Network (DMN) D%k
VAR, REBHBED IMRI F—&%Z2H W, #88 R O1E 5 0 B A58 68 1Y #s
& P (functional connectivity)Zat LT, &£ D A J& M6 8 25 H o xvb
T—JLUTHEAML, @ FLfk - IR R ERE TOMESCKRELOM %K
T AR HENTWA (resting-state TMRI) . H 2K IE B xvbT—2 D
I AEEELTE ZLN TSSO M Default Mode Network TH 3.
rACC_ dMPFC rACC  dMPFC rACC  dMPFC

ITG/MTG
ITGIMTG

| 5 U NREM HRIR (7). 4RihERR (), REM IR (£7) 0> DMN |
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bbbk tMRI OB 27 L% H T, il % #F DO - NREM
HE HE « REM BE R FF D MR 7 — 255 50 B K HE « 53X 5% Kk ¥ D £ B 2S5 DMN @
AL Lz (2% ik 8,9,10). ZD#E ¥, DMN O core fHI TH D% I+
R B (PCC) LR 8 A7 IR Bl (rACC), FHATA/NE (IPL)ITIRA BB S OE
bz HF, DMN D sub 61k THS N M AT GE A B (MPFC), F « v {1 B [5]
(ITG/MTG)DFE B HICTH EREILZR D (2% Lk 10). #E TIEEHRED
Bl 5 E R 2175,

3 K B

WP & FMR1 D[R B GHHNE, EMOESF R/ AXR KB ITLSTMEE 258,
JERE T HE1FE ZIZWA, TMRI Bl TIEEH I TSRV B K % D& L iT i
IR DZE AL 0L L M I oD 20 R 2R G B 22 &0 B 38 Pk 1 B ISR 5NN 1 B 2 4
ZBHEELTIIROA R THD., £, H K UE « 5% Ak 4 D2 F 12 4E: 50 B -
i - I R E DI R O B 2 KRG 5 ETHLEHEETHS.

% & Lk

1. Electrophysiological evidence for dreaming: human cerebral potentials associated with rapid
eye movement during REM sleep. Miyauchi S, Takino R, Fukuda H, Torii S,
Electroencephalogr clin. Neurophysiol 66(4): 383-390, 1987.

2. Evoked potentials during REM sleep reflect dreaming. Miyauchi S, Takino R, Azakami M,
Electroenceph. clin. Neurophysiol. 76(1): 19-28, 1990.

3. Watching fMRI through EEG windows -EEG & fMRI D [a]lfsHINIZE S NREM R H oD ffix
WE-. ENE. NIIEEEERFJETAEHE 3: 81-86, 2003.

4. functional MRI LB DIEIRERHAL. =N, =WpRRt, gk, LHZ, KRN
47(6): 362-371 A& JFE)NE 2005.

5. Human brain activity time-locked to rapid eye movements during REM sleep. Miyauchi S,
Misaki M, Kan S, Fukunaga T, Koike T. Experimental Brain Research. 192(4): 657-667,
2009.

6. AJEM: KIEGIZHES IMRIUE S LL LA EOBILR —EEG/MRI [l HlZ W
Bt —. EEZ, IR, SRR, BN, ERRARREBIY: 37(6): 423-431, 2009.

7. Temporal coupling of rapid eye movements and cerebral activities during REM sleep. Ogawa
K, Abe T, Nittono H, Yamazaki K, Hori T, Clinical Neurophysiology. 120(1): 18-23, 2009.

8. fMRI ZHWEREIR o B RMEBXOEFEEMEEI O ZE. EH.Z, /M, =ik
th, HHNE. BEIRERE 4(4): 505-510, 2010.
9. AIEMEMNTRENAS AT MGEBAL I DOBERERIRS & . /thphE, EHZz, =Rpfh, =N,

Clinical Neuroscience. 10(10): 1187-1190, 2010.
10. Connectivity pattern changes in default-mode network with deep non-REM and REM sleep.
Koike T, Kan S, Misaki M, Miyauchi S. Neuroscience Research. 69(4): 322-330, 2011.
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SPM 2k Atk REEI R T —Z 4T
P 1P i

FERT: EREOGET AE7veY=7 b
HA &4t ATR-Promotion MIEEIA A — v 7k ¥

AR TR RE B IE OHERRIZ LV & N & RIS RE OMEIII R & <HEA TS, EOHERITY
BT T 1875 (Positron Emission Tomography ; PET) . F¥HE i 5 3 e ) 45 15

(functional Magnetic Resonance Imaging ; fMRI) | T /R7MR A7 k1 &2 2 ¥ —1k (Near
Infra-Red Spectoroscopy ; NIRS) 72 & D H LML REEI{GIE DA RIC X 2 b T\ b,
LN LZRN D, Bkx 7205038 DRk LR 1S3 U CAMBERE IR IE A2 AV B 7= 12ik, 5HI
EOERIIMA TWbWws Y 7 by TRy : FHIEZ AT 2 & D TE L FHRETH
LRGN T — & O Z E G LT FiE OB b MEETh o 72, REERE TIE,
JIbi R RE 45 15 D SRBR G ENEC AT IS E B L, FrICBUERER e fiftir Y 7 h o =7 D 15
T¥» 5 SPM (Statistical Parametric Mapping) DWW COJFER L JSHIZOW T D 0F
T2,

SPM (Z2uC

Statistical Parametric Mapping %, 7Y F2 K% « M2t 5857 O Karl Friston % H1.0»
ELTE TNV —TPREBEERIT T MEREGEST O Y 7 b7 Th D

(www.fil.ion.ucl.ac.uk/spm/) , SPM 234} 9 Z & O TX G EIFHIT — %13, £ 5 < PET
R fMRI 2 EDOR 7 BV RIN T — % O Th oo, EFE, KK

(Electroencephalography ; EEG) - Ji4fé[X] (Magnetoncephalography ; MEG) « &4%E
7 — % (] 213 Local field potential ; LFP) MHr7- 2T rlge 25t FE & LTinb
o772, 72 KAIST etk 2 Y —nR v 7 A2, NIRST—Z 2V R—FT25H08HH
Do ETOWEPGMULINTND LW EEMEICIA T, BNz GUI L8 ER~=aT
NE, A=V 7« YA RERHLIZ2—F RN K DREEMH R L e Sickn
TH DRV RERIGARNT Y 7 F Th 5,

_1 2_



JOFBIS14 # & #/% 2

NI EERE IR VA & 7 5 T2 8O DB SR

[&FE]
© 1. Huettel SA, Song AW, McCarthy G, Functional Magnetic Resonance Imaging,
Sinauer Associates Inc; 2 edition, 2009 (fMRI OJFH « 24y « FEBRIEIZ DWW TDOKREE
B L~V OEER R BB ETH D)

O 2. Penny WD, Friston KJ, Ashburner JT, Kiebel SJ, Nichols TE, Statistical
Parametric Mapping: The Analysis of Functional Brain Images, Academic Press; 1
edition, 2006 (MH&REEIGT — 2 fiEtT>Y 7 F Th 2 SPM OFEIC OV TOMHETH
Do NAITD LEEL < R BRI 2 mik 2 LB E §5,)

3. dJezzard P, Matthews PM, Smith SM, Functional Mri: An Introduction to Methods,
Oxford University Press, USA; New Edition, 2003

4. Moonen CTW, Bandettini PA, Aguirre GK, Functional Mri (Medical Radiology),
Springer-Verlag; 1 edition, 1999

(G - #aii]

5. Poldrack RA, Region of interest analysis for fMRI, Soc Cogn Affect Neurosci,
2(1):67-70, 2007 (ékAEEIBILE T L < AW HD ROIFEHTIC DWW TOEE RN E &
BhTW5, 6 &DPfizaEn5,)

© 6 . Poldrack RA, Fletcher PC, Henson RN, Worsley KJ, Brett M, Nichols TE,
Guidelines for reporting an fMRI study, Neuroimage, 40(2):409-414, 2008 (J7{E=<Ch
REWFTT DEROEFA, TR TORBFHEIZOWTOHA T A RS T
5o RimXD Appendix A [ZFEH SN TWD Z ENBEME T H2RBREDOHFBNLEEND,)

7 . Ridgway GR, Henley SM, Rohrer JD, Scahill RI, Warren JD, Fox NC, Ten simple
rules for reporting voxel-based morphometry studies, Neuroimage, 40(4):1429-1435,
2008 (fixiEREMI {45 D H T 1 Voxel Based Morphometry (2351 A {EE S, ik - iR
DEEDHEINIERHN TN D,)

8. Carter CS, Heckers S, Nichols T, Pine DS, Strother S, Optimizing the design and
analysis of clinical functional magnetic resonance imaging research studies, Biol
Psychiatry, 15;64(10):842-849, 2008
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NIRS DFFEEENLF-HMEFiE ~NEJOEVREZRILEDLLERZAUV-EHTE~
NMKZEFA/NER BEEHEX

FFRERMIMNEREET R (IR R B FEAH SN, ZR D EEEICBNENT AZLHEIIL TS MR A
EEIMGEMMZEE EF TS, —AEFRIMEDIE (NIRS) (T, ER D ERREAMEIREEHRIA T
ERVNELSIRAAHY | TREF R T, I REETRI O RRMGF R EILEoTULEL, LL, BFE D7
REMHLEA B, REIDFIFIOEE N DILGENENI A YREENL., MRI TIEEHRIA R G F XD 0O
BREZRRETNIE MTREEOALBVHLWMRZREREEHEEAOND, FELED=HIC
(T, ABRABETET AT OEVIREHD)ELDEEILNTEGLEND NIRS BEIHDOMEICT
TO—FFHEN—DDREELD HARLET . RADEEREBOIEY—FREERMRELT
HRZRBL. 1 DDOFYRILAICEITS 2 DDEH(a, b)TEHRILT= Hb ZILEDLEERZRAV-1EF
[a/(a+b). b/(a+b)]E FALNTHEFZEITICET. COREZEY') 7 LTz (Sanefuji et al, 2007) , £f=. CDH
FEERAVDENIRS THONDET RN FBBETRET 2D ESDENDLELLGYIER AR
N, KYBRH S DELY parametric SEITZERATESELRHLE- (R, Sol2H L F RALAEZEZRAN
TONRBIZH TGN T—F T AT EBBBOELZ . BiEREETHAIEL THEH TRLT= (Sanefuii et al,
2011) . COPFETIL. REXTREL . event-related design T, RELESF#MEZFANTEY ., FnF
N, KBOFFN DR, BT EEARV, BEADLENEND NIRS DAY yrERKRIZFIEHT
CEMTEZNIRS ZRWVWTHRET 5I2H=>TIE. NIRS DIRFERHL D DLIMRI IZIEAELY NIRS
DHHEEENTITENEELEZEZOND,

[3CRR]

Sanefuji M, Nakashima T, Kira R, et al. The relationship between retrieval success and task performance
during the recognition of meaningless shapes: an event-related near—infrared spectroscopy study.
Neurosci Res. 2007 59(2):191-8.

Sanefuji M, Takada Y, Kimura N, et al. Strategy in short—term memory for pictures in childhood: a
near—infrared spectroscopy study. Neuroimage. 2011 54(3):2394-400.

[&7—%] p = 0.053 (Wilcoxon)

B 018 o

18 18

1 mz - "

* 0081 8

4 004 4
- g o

a1 bog s 0.000 a0t 008 015
005 oz ik EFul 42 42 005 m2 e
Hit Hit  CR CR

[feiE] p =0.020 (Wilcoxon)

p =0.016 (paired t-test)

k] 1
K]
2 . § 2
§ o 2 i
= 42 42
Hit CR

o0,
Eend NN

2

s
Hit
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fNIRS I3 fixtRE(E S ZETAIL TLNS M ?
- ZOMNELBABETIVIZEDUEE B D H-

PERBANAIERT ba—~rIA4T7 77/ my—hgeiM il &

1. [FLHIZ

fNIRS (L RETE B | 21> TN B B C AR U4 /T Ze it 28 a 20 BB 5 FIE T D,
[FIER OB G2 B35 fMRI X° PET 7228 O H it e bt U Ci - C22 kb M\ K . £ OFHAE M
IFZLDOREDNRSINTND |, EOH TRICEEAZRFEE L CRIBMAME CO MR E LB H T HD, &
B2l 23 R 2Rl 20 TR EED IR 1O, FEURIGRE T AR O e T KRBk O MR 2 ki
£% NIRS AR TITHE S TNDD, T DL OfEIAZ & AR B AT T
%o ZOLH 70 R B PEM T EI DR FIZdh > TN BRI Z LT LH HOR L2V ME 5B | #hfdiEE)
(ZRERE LT MR ARk COME B2 0BT 272012 Fk & DUTEFT - CETZRBRIT OV TLL FIZik R,

2. REMEREETIVICE DN R EABO S RINE/LDEFHE !

—OOfRPITEEL T, IR E LT MR 2 2 R A1 FHI-5 3 (Multidistance, MD 15)% %
R, TEED INIRS FHEICB T ABE - 7 o—7 1 O EICH L TR 1D 7o —7 2 %
BT D, B —# H 70— 7 P RRRE () 23 72D S OFHIITRINENS T, ZH B4
(D TR DN A IR CTD, ML 4L 5 BRRKSP) LM (gm) DR L, 22T
UL Aps ) EBELEAL( A % 2 %725 ITESTAWEE(A A IEBL T TRES,
Hetasior AAy, =15 A" +MEAL™ + 15" Apg” O

Ay, = 1500 +MGAL® + 135 A"
ZIT, vRalb—ar TOBENL gm J8 TCORELZE L
HIIER LT, ORISRk =17 /I =mP /m
Zii 7= IO ED DL LV E ORI LA

AA —kAAd

gm _ BAygy 2
X1 MD 2 L 55 Ay = [9m _ k|9m @)
d1 d2

Source Detector 2

white matter

ERDDZENTE D, ZOSFME LTd =30mm, d, =20mm O m—7 FlENMETHD,

AT EEB R O1E 5 A 2 16K D INIRS FHlll & MD 5% H W 72356 Chulig L7 R 4 X 2
(R, PERIETIRA A OEBVEFE _EIZE DI T v > 1 /V(Chl, Ch7) LIS C & FREZRAT & [ L
TEFEBNECTND Z EN0ND, ZOEFEMITAF o ~EZ v EUE{LAHDO)IZIB N T &
DDOITEHETH D, 7. MD ETITEA OFHEEI ST 2 4/ O E#EHE) #F(Ch7-8, Chl-2) TD
F, ARREE AL C AHDO IR & T4 F v ~E 7 B B UM AHDR) B AE LTV D Z ENynd,

IS RETEENICLE 9 NIRSE I LTI < OGN SN TE 72, #IHITIE AHDO #9 K A3 5l
T 5 L OWE S A LA R MGTOFEIAE L 72 F OWFSE Tk AHbO # KX & AHBR 84 73
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Left finger opposition Right finger opposition
., Single distance detection Proposed method Slngle distance detection Proposed method
2lcnt ' Cch2 ' [chi2 [cha ' [chi2 ~
I - L
) g) W aitiia
x
—_ _1 r r
;5 -2
3- 3 T T T T T T T T T
S 5fcns Cha [cha-a Chd Lcha-4
o 1 .
S go "
I 1 L
< 2
T 33— T T T T T T T T T
S 2 Ché LChs-6 chs ché [chs-6
Y1 L
Q 2ok i
2 X i
T '2 i
< 3 T T T T T T T T T
2jch7 Lch7-8 Ch7 Che [ch7-8
v L
= (1) g
><_1 HRA [
-2
0 20 40 0 20 40

Time [sec]
2 ¥ v vy JERITHEEONERE & MD IEIC L 2 EHARE R o ik, (JK: AHDO, & : AHbR)
FIRFIZAE U A & OFRERDBIM L TS 50 K2 ofERIT. 763D NIRS (£ B3 #H Bk S ko
AHbO ODEENKEEHELTEY, MDIENADICZM AR T2 2R LTV 5D,

3. MRBEETIVICEIINEEEESLESHETOIEE "

(2 uﬂj_>ﬁ%ﬁ%Am@JwﬁmmR&¢é WICHEREIZ 7 vy b LT b D &K 3ITRT,
FRRELGR SR 0 A B (ENFADBE 2 OB D N T V=7 MY Zfilix, M, REMERkS
KOMPENEE LTEZRNEIINE TR 2D N TV 27 N &R 2 ERmh5b, Fxld, 2o
Z &5 INIRSAE 5 121X AHbO, AHbR DFRBIN #7225 DD M RENRE D BB L T D & & % |

LTFO RS RDETVEHBELRE Y

(o) (o) (o)
(o) o )il )
(D) (k. o o )
o

ZHcfksJLoZJ

ZC. (O, D)id#H @ fNIRS FHHI THLND

Cht, Chi-2 Ch3, Ch3-4 Ch5, Ch5-6 Ch7, Ch7-8
T T T T T T T T

0.0 i ﬁ.‘*;ﬁ\ 'ﬁ@”"

®)

AHbR (a.u.)

e I RN

L L L L
Buiddey puey ybly  Buidde) puey ya

Il Il Il Il 1 Il Il 1 Il Il
1.0 00 1.0 10 00 1.0 .0 00 10 .0 00 10
x10" x10™* x10” x10*

AHBO (a.u.) FXy, TAXTOE L EEEW L., (O Dp)
EsAmo&AmR#ﬁ<%7/I7bU E(Os, DVEZE 1V FUF REE I 78 28 h & 42

(JK: fEkiE, B MD %) i .
HHEMREAENCRBIT ARy, T4

Thsd, ZO_OORELMRENEZRTKE)DE ke , ks Z 2 HIEEZH W TEDDIENTE
R, L NIz oo M A8 A%y ~D 55 B vl HEIZ 72D,

(o, ) ([ K Vo) (o) [k 1) o)
o il e o o) Lo el e Lo @

P 13, HBITIIT DR C O ML A B () DRSO HREDD ke DIEZED , ZOLEIZ -2 D1
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g BoTitng  BreathHolding . Finger Tappng TS BRI AR TS RSN 2B 51 ks
g gﬁ\i@v %/:.VWAM 7 - 5 DIEEEDHHLT, (O DOE(Os, D% — &
By S ——— CHEELTE,
8 | P K § e ROEBIE BN T R

, TE L2 R A AR, ST ke
. PR i g 3 =08&MUn, LR FHETRES ko TIE
g g‘} X-]]O; ; , % i O WAV 5 B S el N [ DT VA Y D
3 3133@" 88 ZDIREALIT0< ks <05 OFFITH 7=, Gt

_— — et N B G, R SR
3 S | 5 IR RS RIE B AR EEhE, W)
o} S 2 TABES N 2 MR e h LR
P8 Y e v d RS EBSRLE, T 4

Leftiap Right tap BES - IS RELS 5 CIEL IFEA LR B AH)
s Fadnot-. FAEEE T . ik
AHbR, Left/Right : 7 17— DR GEERALE) a .
AHbO D KIS X MR W IR H Ik T D~ —
ATA R T7 IBED LN, ZHUTx LT, o8t S IVIEIEERER 513/ DT & BOAHEl oo
FEDTF ¥ v FIALE THFEZ: AHbO DK (AHDR OB b=, &F5MEETTlX. £H
DRI 72 < FREE & R L 7= AHbO DI K(AHBR DR B LR —2F A4 > K 7 MR A BT,

Time (sec)

4. INGZDODFETHLONZHDES D LLE

LLIZ, FotK 8722 — O OFHIIET AT HESUE INIRS EHINC 3515 2735015 B D4 B DU
TR~ T, BT L, B — R B LTS ChHLRUEL T, M g CORINZE L D Z % Hh
M2 51ETHD, BEIT, IMHERERICR AR MR B BT RS O MIRB BB LI R D 2 EAREL T,
W& = gBET 55 ETHD, 22T 56N —DORE RO BRIZMGETHZ L1, Ik B LR TR RE

o homodoBn . Deowhemegiotin (BB MBS UEE K E 0
' ' ) b ] PEBSERCRIEN, ZoR R
517, 72720 Z oD RIEETIE
T BB % 5 ORISR DT i

o] P

_ _ _ SHE HEIFAT 2 72\, 272, D
o T TR TR R RTINS g s TR AR oM A B S T

b ILKERDIIIT—F Oftih o fs
R LT R m Ui,

Finger tapping Breath holding Body tilting

0 20 40 60 800 20 40 60 80 0 20 40 60 800 20 40 60 80

Time(sec) FRfER . BRI E | SRR ERN R E
K5 — 05 ET IS INIRS (2554 0 il DWTNOHETH, ~ODOFIETH

(JK: MD 1%, B BHSEE M Ak sy, Left/Right: 7' v — 7 (i @E)
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T24%y  TAXRYVOEFILIEDLO TEBTNDZEN D, 2O 81T, kBB R TP o f ik 1 XA E)
FOMD BTN E 2T AT LB R BNART- I TEY | S E O MBIEEN > T B R
T A D N RIFIZ AU AT S 2RI L TA,

5. BHYIC

fNIRS FHENX(ECLZETHY, WEFELCH RO AT LEZ AL TN —HF — L I CEHHE
NIZFHHITFIETH D, TP 2T E 2, IHIZH R U WWFE &« ORARUE 52 M RE(S B LR L TL O
BRMES O, A TRLIRE RO LD TXHI LT L TEUIAR VA, NIRS 12 5\ 3iMEEAE ik
DG E FNTRY, R TFEZHOVIULBECE LB X TLESZHTH D, KT, MiRBETT L
([ZHSUF B BRI, TR NIRS 2B T4 £ TITET — XIS L THOHEEMISEF TR Th D, =
NHOWFFEN AL INIRS FHUIOE MR _ EO—Bhl7eiuX, Fex lZlos>THWTHD,
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BIRENEARAOERMAIROEENAREFD NIRS [ZH(THZEL

SRR KLEKL KEEZ FHFH—AK
P JE SR B [ i AR S R

FEBIIE 70 3% B Ve, 72 FIK DB ) 58 % EFF 2 MBS R & 552 LIRS 7 12 4 SHEh R
BAEEEIR A2 SR ME & T 5 > v v D&MD WERBIEIR A 5 2380, ERRFIRAE L0
BEEARO WAL TV, FRHIIREBMEZER L, v b & HIAICHE L,
firar, —EBMR. B EINRICERIAEE (NIRS) % 30 B O F O FERIEH) 2
AT T CERE 2 O0Ic Ty, Bl aBEE L, IANCIESR)EF Tl total Hb B &
W oxy Hb DA & [FIKFIZ deoxy Hb HHIMNZFRD, &7 iEBNEEFHH O I1X R MG & B
NOPTRZRD T, —BH OFHITFARIE OFR sy FERE 21T - 7225 514 0> NIRS T3 i)
B BRAGTR AT 16 FPRICTEY deoxy Hb DFEM e EH LRI % oxy Hb DIKTF 2780,
HEE AR BVTIE Oxylb @ & deoxy Hb DK TR, totalllb & EF- #5807, 2 [
HOFM CIEEIRIAO > ¥ > M4 & 52 R2HE LB Fili 4O NIRS (2B W TiE Oxy
Hb, Total Hb @ EH- & & 12 deoxy Hb DX F 2GR, BHE O HRIERIT B B LIS
ETFROBIPERIZZ2 < 720 . ZEIEM#ZICIE FROME b UEL2 RO, NIRS OIG &
FTICR T 2 E MO EIZONTELET 5,

_‘] 9_



T SOSRE DOEE 78 ([T © M B RR

f&F]
2 *bBIV—r TV =ws

Hraolz 12, )il EHe,
D KB RFRZFGERE LI IER

[d’%ﬁi

EEFEIE, Ve Y T—va il
EOEG /R EICKEEZETHS. NIRS (&, PET %
fMRI & 8720, WFEMES, EEFRFOHIE N FEETH
5. B 5%, pursuit rotor task & VT, EB)EE I
Lo REEO MREIEA (LA HmE LT D V. Ee, BHF
DI, WEa B OSTUGEIC A O EE) BE IR o M iR E)
WEELZHLNILTWND 2. L Lans b, EEhigrE
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Prefrontal cortical hemodynamic change due to facial expression switching task
in autism spectrum disorders

Hiroki Higuchi 1%, Masaaki Narita 3, MamiTazoe*, Kaoru Sakatani®, Naoko Narita
(MInstitute of Education, Bunkyo University, 2Kansei, Behavioral and Brain Sciences, Graduate School of Comprehensive Human Sciences,
University of Tsukuba, *Developmental and Regenerative Medicine, Mie University, “Department of Clinical Psychology, Japan Lutheran
College, ° Department of Neurological Surgery, Nihon University School of Medicine)

I. Introduction

Impaired social interaction as early as first year of life is core symptom of Autism spectrum disorders (ASD). In addition, it is widely
known that ASD patient shows dysfunction of social brain composed by superior temporal sulcus (STS), fusiform face area (FFA), amygdala
and prefrontal cortex (PFC). However, recent studies have shown that the brain function related to the social brain is not necessarily deficit in
ASD patients. In our previous study using geometric switching task, hemodynamic change was instantly observed in response to the task
switch in the controls but not in ASD subjects, although task performance rate were almost equivalent. This result implies that ectopic or
alternative brain signal processing system might be one of the neurofunctional pathology of ASD. Based on this study, we conducted further
study using same reciprocal disposition of WM and non-WM tasks using facial expressions as stimuli to explore whether evoked
hemodynamic change is distinguishable from that of geometric shape stimuli.
11. Materials and Methods
Five ASD patients (1Q>70 by WISC Il1, aged of 14-46, 2 females) and 22 healthy controls (aged of 19-38, 12 females) participated in this
study. We measured relative concentration of [oxy-Hb] and [deoxy-Hb] using 2-cahnel NIRS machine (NIRO200, Hamamatsu Photonics
Inc). In activation paradigm, the tasks that required WM (WM task) and the tasks that did not require WM (NWM task) appeared
alternatively. For both WM and NWM tasks, the number of photographs used as stimuli was orderly increased from 1 to 6, and the tasks
were programmed and performed in WM-NWM order. For the WM task, the subjects were instructed to memorize photographs that appeared
one by one every 3 seconds on the PC screen (WM stimuli), and subsequently explore and touch the photographs in consecutive order as
memorized within next 15 seconds, from a multiple choice panel that appeared on the screen (WM exploration). For the NWM task, all test
photographs appeared at the same time in an inset together with multiple choices on the same screen. The measured brain region is mainly
matched to Bradman’s area (BA) 8/9. To further investigate atypical hemodynamic pattern in ASD patient, we conducted additional
experiment using multi-channel NIRS system (OMM-2001, Shimadzu Corporation). The participant was one ASD patient (diagnosed as
High Function Autism, 30 years old, female) who volunteered also for the experiment using 2-channnel NIRS.
111. Result

The behavioral and hemodynamic changes showed certain discrepancy between ASD and control group, which is different from our

precious data using geometric shapes as stimuli. The first key finding of this study is the lower task performance rate in ASD patients than in
control group. In particular, the accuracy rate of the task in ASD group tended to be lower when the memory loads getting higher. Second,
when the control group was divided into three groups according to their accuracy rate, prefrontal activation pattern seemed to be relevant
with task performance rate. In high and middle accuracy group, the oxy-Hb concentration was gradually increased as memory load increased,
whereas in the low accuracy group, the changes in oxy-Hb seems to follow an inverted U-shape. No relevance between task performance and
DLPFC activity was found in ASD subjects, although they show large individual differences. An experiment done with one ASD patient
using multi-channel NIRS system showed that hemodynamic change in channel-35, which is mainly matched to FG, was markedly increased
during geometric shapes switching task, but not in facial expression switching task.
IV. Discussion
In our present study, task performance was relatively correspondent with DLPFC activity in control group, which is suggesting that our result
might be affected by motivation and emotion which Cortico-basal ganglia-thalamus (CBT) loop is engaged in. Numerous studies
investigating anatomical/functional brain system and dopaminergic/serotonergic neurons in CBT loop imply ectopic brain function. Since
ASD patients who showed high accuracy in NWM task did not necessarily showed hemodynamic changes in DLPFC, there could be a
possibility that ASD patients deal with the task using ectopic or alternative brain circuit than in the controls. In summary, to our knowledge
this is the first study to find out correlation between DLPFC activation and task performance using NIRS and this function might be impaired
in ASD patients. Low accuracy in ASD patients might be derived from ectopic functional connectivity and neurofunctional characteristics
relevant to social brain and CBT loop.
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[1] C. E. Elwell, et al: “Influence of respiration and changes in expiratory pressure on cerebral
Haemoglobin Concentration Measured by Near Infrared Spectroscopy” , Journal of Cerabral Blood Flow
& Metabolism. Vol. 16, 353-357 (1996)
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NIRS Z W2 BERE R 7« — RN o 7 RT3 0T 2 MG E)
- S EHE LS A O -

ARED ABAE Y TERE Y
1) W EWE#EA, 2) BERFPHEEFE, 3) By Bilisig/ e

[ L By
FHZFETIL, REEEHICASOFE DT M7 (50~200ms FREE) I 68 TR 7 «
— RNy 7T 5 BIERER 7 4 — K> 7 (delayed auditory feedback : DAF) (2 &V, F&5E
DOFMGENTLENANTIZENEC D DITHRL, EEE TIIFICEEN S L RERET S &
WD DAF BIERN A NS Z LR TN D, FRIZEERILE B 2 xR L7 PET X fMRI %
N7 I REEHRI 2 &, TS Rloo LMEENE], 45 FRTZEEIAS DAF ZhRICEHE L TWnWD Z &
DIE SN TWD, KBFZECTIE, IR 15 Near—Infrared Spectroscopy : NIRS) % H
WCHEIE B L W2 & KIT DAF B3R & Z U B 2 IS BN DUV TG L7,
(k5 & J5iE]
Iz E 22 4 (B 3 44 - ik 19 4 5 X4 22. 05 Task a0 Tk Q3
3. 305% ; REAFIE), WZEHE 104 B4 - &tk 2 NAF DAF
4 ) AR 28, 82 BRHT. 96 5% ; REARIZX) ARG L L e
7=, NAF (normal auditory feedback) St & DAF 5/ (200ms
DIEIE) D 2 b w5k iE LTc, ZREN DM THID EHiik —

(N, B)Z 1B ORML, €ORIEICHREGO ) Z Lo pgay Rest60s Rest{30y)
72 Fig. 1), Hoiiblix 1Y v 7EaEE] (2002) 5 2
MRz iggE Lz (Ar B—TF 4294, B: E—T74292), NAF &%
& DAF SRFEDNEFIZHOWTIX, T2 —NT A% L o7, BRI, OMM -
3000 (ESEEEUERT) 2 vy, Zif oo BAEAE], /- NAEEE] 2 FRuC 2 FE 20ch (1 chl~ch10,
FEAR chl1~ch20) £V Z28k L7-, DHTICHOWTIE, 1TEHEE L L Cide— 7 B O e
BEE A, ML, BeFEfb~F 7 1 v (oxygenated-hemoglobin : oxy—Hb) Z¥5#E & L C,
AR AART 10 B 2 _X— R T A4 2 LT, NAF 55 & DAF S Chel L 7=,

[FE 5 & 552

FENZE L, NAF St FIZHL~ T DAF &tk FCE— BB A B L, FEFG S 2
AEITHIN U7z, BIFEIZ DUV CIE, DAF S FIZEB W CHBER S, 4 T algEE OTESh A3 &
FDHZEMWREINT, ZEEIL DAF &M Tz W g & M CITEEIEIc EZR A bz 7
W, FEFGHESEE AN NN U 7= DAF 20 F 72 LEE (6 44) & FEFGIESAE 23800 L 7= DAF Zh R &V
BE(440) D 2 BRIZH0 T CIRNZE L Lhik U7e, DAF W72 LBEIY, ARHIESALICI W TIEZ
T EHALLOMEM D BTz, DAF 2 d 0 BEIE, DAF Zh7e LRRIZ e~ CTAFHRT AL O —
ERIZ BV CIENL T B LB OME 23 2 B, NAF Sk RIS He~_ T DAF it F Tl ERE R B 1
WO E Y BAELNTZ, LLEDZ E0D, IEMEHRGEICIIATRRE, 4 FarsEmE 2Btk
L, VHGHEHICITAETERBENEMR L TWD Z LRI E N7,

Fig. 1 FHBRFV¥1
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NIRSIZ & BRI ZEL B (CHE DR D RE LI BT
Bl (B A REIISEE > 2 —)

(B8] 54, BMEZROFEZRY ANE=a—0 - ~—FTF 7 MR~—4rT 4 V¥
IO~ —2 7 4 7)) LR TWD . ~—F7T ¢ > ZITREERERHI O FIEZ B A
HZEICE T, HEEDHESITEIA X A VOISR Y, MEHOARELEEHR T O G
DI EHEDOTIE ARV EHFFESILTWD. AR B, BMOIMEFHIRZ 1 5 #5R
B DOREH-CEMEE 2 FEB RIS, MM b 2R & U O D EEE, SRRV E 5
ERHAETHZETHD. BUE, TOEBET—FOERMCBYMATEY, HTOmARIGELNTE
DTUTIZTHET 5.

[AiE] #espEit, 1> 7+ —L Rartry FOFREINE B, @ RLFE D 20~40 &
DEMETHY, D5 LA TIE 84 (FEIFE 33.6 %) DT —FIZOWTIHN 21T -72. #
BREIZIE, 17 A4 > F O CRT LicHix ofmig 2 4 1L LTERL, 102, Ebonn
—FEHOP TSR ST 7-%I1C, S 1EET QB ErL, TREnE X A7 L LT
15 M, IEHR ST, Z20%, BEHIZELLDEBEZRIRLT-ON (EEL LN 0N EETe),
WEEZRDT. ZOFRITE R ZEGORE 10 fHICx LTV IR LER LT, 10 oM OLER
BZRA LT, S ORIl 10 Micxt L CRRORIT 2 EhE L7, M2t &3t bR 7
7 7 4 —ETG-4000(H . A7 ¢ 22) Z MW= NIRSIZ XV, EARIEENICEIT S 3X3 (12ch) X
2 E— RTHIE L. 72T, b0 —HFOBERRINTEBREZ R TNHEEDH X
gL, O TIHAVWEBE R TS EEXDX A7 f1d Oxy-Hb 24k &%, IEF(VALFE [ Z-score

= ((Hg#E~% 5 ~15 W E TOE{LEDFYY) — (0 ~5 BE ToRHELE) / (08
~5 M DOEALEOFEHERZ) ) ] %I EEME D ZE DR E RIS L7z

[#8R] 1xUwlc, ThEhOWERE OREEEICELE L7-44 12¢h OFF 24ch @ Z-score % H]
WT, EHE0n—HOBHERINTEBE R TWD EEOX AL, Z 95 TRV %z i
TWD EEDH A7 T Oxy-Hb ZALEISEWRH D00 E ) a0 ch 12 t #E TR
LIz ZAH, #rE 84D H H 6 4T DN T, AR 5% CHEZDRD Hivd ch BIFTE LT,
LML 5, 24ch D95 Tch THEZDORD LNT-HBRENND—FT, AEENEO LT
DI 1ch DAL WS PERE S 3 AW T2, PEREF T L T, FED ch (F7213fEEk) 12X &
WITFRD 5T, EAZENKE o7, DEID, 24ch @ Z-score (ZxF L CHIBI oM 2w H L7- &
25, CHIBIT T OSSR IX 2R E T T 98.1% D EAR THEAERZE L B TE D 2 &
Nonrot=. LL7AMNE cross-validation (2 & BHBIET /VOFNTIX, EZERNEHEERAE L
BT 45.6%THY, HIEERDEOEIRE ThHoTH 66.7% 2L EE o7z, LLEOREEMNS,

ot T P U2 3 2 ML R R L 2 M - 3R R 0D 3\ 7S AT B AT B 18 AR 505 0D Jod of. 5 B L 2T 05 v oD 28
ERIFLTWD Z EDPRBE I N, ZIUER R HHERE M T EN 2R E S IXW 2 2o 7.
LI L7eMn, Fl—OBRENTHEEINIHBIET VA XX, & OWBRE 8 A ORELFCR:
A RANCHIH CE B WREMEN S 5. 72771, SOARLEEN EXLETHY, FEBIik
T — HRNTEDOSGER RO HILD . AFFRO—HITRIE (22500751) DBIRLZ 521 T FhE S
ni-.
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B B D R BRTTAR A 21T o 7= ABFZEIL. navkkRE
BRH 3 2 fHEF 2 R E L, AREOEES) [ & RIS IS
EDBHRIZOWTHRFITHZ L2 HIYE LTz,

2. Fik

BB W IXHIN U 72 20 B9 R RE (1Qtest.dk) - i) FR IRF
M@ NICRE T 278 % 5 2 7=, I1Qtest.dk 1%, 18
B O ORI B —EOBRAIMEZ VT T A
NCH D, BEREIEET ORMIEE 2 G LT,

C RIS EERANT (BT 34, kT 4R)
FALARSNFHAEERE : A2 1T 7 » 7 OEG-16
- fiffT Y 7 K @ BR A7 4 X fNIRS Data Viewer

T —HUNEERFRIL 180 M OFRBEBA TR (& A 7

) O FIT (2 20 FOH D2 ERERD 2 & 6 7= 220 FHH
LT AREIL. HESE ORI 2 EEOMBE(E 12

) CHERC L7z, BES IR 3 B & L. R 1213
LWENSIEICR R, B ERICEEE L.
o

¥, FREOBMFIZ NI T—FEEML .
L7-.

R MBI 070D KD I

1 FEns
A 1%. fNIRS Data Viewer & VN THiT - 7=, AT
(21X oxyHb O F — & % 7=, Bb &l L2 F IR %t
T DR 75 B H R L L CRIAE L.
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ERRE DN ig 27w
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T—F AT RBZRAVE-HEZNOHEEROER

LR, fE R, B —3k
HRURSE
a_yasumura@ardbeg.c.u-tokyo.ac.jp

Abstract
ARAFSED BRI TGRS O IEE 2 RERT D 2

ETHD. R LTI 2R R )RR O
R AR & m WAHBS & 7R 3% @t T Reading Span
Test (RST) T& 5. RST FEHti o o> Id 1% B & 3T AR 4453
ik (NIRS) Z 6 H L CHIE L7z, 16 4 D 2MFE D
T — 2 DMEATIT A S 40 RST D fAE & RST FE i o
O e T RTEE (1IFG) DIEEI 21k & DM A B 72 1E
OFBENFED bz, Z OF RS 1IFG fHIK T

TR ) DRI DFEERBTHZ LN TE .

reading comprehension, working
gyrus, Near-infrared

Keywords —
memory, Inferior frontal
spectroscopy(NIRS)

RST
2R EF

RESRRLOWMATEERSENTED.

FOMERRRIIBECUSEDEMELT IV,

X5 trials

FROEBIETTN?

1: 234 To RST O, LA MNERMIZ
158 C, 5TV IKIND.

2 : NIRS OHIESRAr. EE 10/20 > 2T AIZ
YEPLL 7= Fpz 2 DI EL, 1IFG 1% 14~16 F
Y UXNVDOEENC LV EH L.

read condition:L-IFG
=-02(NS)

RST condition:L-IFG
=068

o o

L-IFG{z-score)
a
]
lu]

o
L-IFG{z-score)
i}

1
/

o
[=]

20 25 30 35 40 20 25 30 35 40

RST score RST score

RST condition:R-IFG
r=048(NS)

R-IF G{z-score)
1]
1
(=]

o o [alal u) o

20 25 3.0 35 40

RST score

3 : /£ E78 RST & 1He D 1IFG OiE#EZL &
RST Ok & OHBBELR, A L2385 HEITR O
IIFG OiE#E 2k & RST Opffk & OHBIRMR, T
75 RST &ATHf O rIFG OiE#Z AL & RST O Al
& OB BELR.
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Visual working memory task (Z3517F % /& linsa O HifBH I E ) O FFE

KREAZE VA, RIIE 2, JUREE L4, 51K 3, FEERE 4, RARKRE 1

VEAMER R FAEMEREA A —V o ZWEE . 2@RKRFFELDZ ZADRENEE ¥ —
AR b =27 2 (BR) T RMFIEAT WEIRER R0 TEA A — T v 7 HH5EE

[HY]

FOHIBRRE (T ANER IZ FEV . RRAIALEE A B — ROIEREMEDME T L, RELOZEARIZI T 25850

TEOO YV EZNMAET 2 Z LT E<HmENTVND, ZOHRLIIEIE ORME LT
DM, @l E D Z O XD IRRIL T DEERETEENZ DWW TE L S Do TRV, £Z TS
], ITARIM 364 (near-infrared spectroscopy : NIRS) %5 % VT, attention <° switching
F%RE % 219- 5 visual working memory task (23T B RISHATE COMMMITEICEIR A5 Z &
(2 KV EnE OIS RETE B ORI DUV TRRET L 72,

[51k]

AR 60 4 (CEYJFS 21.7 %) & W Mg 60 44 CEX4FERS 710 55%) x4 e L
72, NIRS & T, 16 T > /L ® Spectratech 1:%! OEG-16 Al [ L. MMM EA({LDOFEIE &
Lf@%km%fufy(uF oxy-Hb) JEDZELE =, NIRS 7’ —71%, [EEM
I 10-20 {EIZYE UATEARTEFICAEAE L, MRI R CILEZ MR LTz, # A 27123, Fomii
% i Ffl L 7= visual working memory task %z /=, ¥ A7 i %& 14 322 DICXEIH . O
Z2ZVHIHE (T . @F A 7% (T2) | @F A7 Ti% 14 M (Post) &L, F¥ =3
VR, A REE D oxy-Hb 224k OS24 F % . SPSS 1T & 0 HEEHHIfEIT 217 > 72,

[ﬁ%&o%%l

A TEN I O Hige Tl %E%ﬁﬁfﬁjﬁ%%ﬁi‘i Db AEBEICKISRFRNELS , EE AT
WMo Tz, IR E BN L Y. ch9 - 10 - 12 (RTEEZENIIFER) (BT, K &
FEORNZZ HAEM (p<0.05 corrected) RSV, ZOEALICI T DM ORI L 54
RIZENH BN, BHEEHETIE, 20 3 F ¥ U FUTHBWT, T1 T oxy Hb #EEN2IKIZ
EH L. T2 T2k 1&??503 X L. Bl E TIELT1 TO_LERANEES L ik LKL .
T2 KO Post (23 TRERR e FREZ R LTz, £7-. @l EREN OG5, ch5-7-8-11 +
14 (ATEFEE M) CROSKH & T1 @ oxy-Hb OZ{LEDBIZA DN RSl K
RPN R 1 ERTEERES M O M MR 2 LS R E WD &R S 7,

SEIOFRERN G Sl ORTSERTE AR Tix, REEZTIZI T 2 9IS B O KSPED
B PRI R OB S U TV D AIRESER B 5, iﬁi) T W RIRTEERTE OIEEIAME T LT
WD R IE CRAITEIOZMN LV NEE L 705 Z LR RSN, EFERHET LD b S
DITRRIRIERN Z FHE & T 5 /3—F 0 YV VIFTIE S ISR TR S D 03, 5 %MK
AT ORENRDH D,
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The relationship between brain activation and controlled
voluntary force-matching handgrip task - a NIRS study-

Adriane A. Furusawa?, Atsuhiro Tsubaki’, Kayomi Matsumoto?, Miyoko
Nakabayashi?, Hideaki Onishi?
U Niigata University of Health and Welfare

2 Hamagumi Medical and Educational Center

Grip force control depends on the integrity of the sensorimotor system, when injury
to sensorimotor areas of the brain occurs there may be impairment in controlling
force. Several studies have shown the importance of sensorimotor cortical regions in
human motor control, however the relationship between force output control and
brain activation remain unclear. The purpose of this study was to investigate and to
characterize cortical responses by changes of hemoglobin oxygenation measured by
functional near-infrared spectroscopy (fNIRS) during control of two different
voluntary force matching handgrip task for five minutes.

Seven (2male and 5 female, aged 20.5+0.84 years) right-handed healthy volunteers
participated in this study. We used 43-channel (34 channels with 2.5-3.0 cm and 9
channels with 1.5cm of distance) NIRS system (OMM-3000/1, Shimadzu) with 12
light-incident and 12 detector fibers and it was place over the sensorimotor region of the
left hemisphere.

Participants sited on a chair with the elbow flexed at 90°and with the forearm rest
in a desk and then were asked to squeeze a hand dynamometer repetitively. Prior to
the experiment, the force level of maximal voluntary contraction (MVC, 24.77+9.54
Kg) during handgrip was measured for each participant, and all participants
trained to exert target forces at two different levels, 10% and 50% of the MVC. The
exerted force levels was continuously monitored by software (PowerLab; AD
Instruments) and displayed on a monitor as visual feedback. The electromyogram
(EMG) was measure from the extensor digitorum muscles. The handgrip task was
performance for 300 s. Rest period was given before (30s) and after (60s) of the
motor task. Each task was recorded twice.

The result demonstrated a stronger A oxyHb signal during higher force (50% MVC)
than 10%MVC task condition, indicating that more cortical output neurons and
Interneurons participate in generating descending commands and processing

additional sensory information.
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BRI T R0 D KM ETE B D24

REH BRE L2, (R 1BE2, RE {Ee 2, &K E 2
VR BEAFSHBLY ) T — a3 U, D8R KRR R R 2 7R

[HAY] 4, MHEEEA A —Vr Z7HEEIC LY b FoBRITERF, BITHEEA A=V F0
IMTEEN 2N FH 5 AL TV 5 (Miyai 2001, Fougere 2010)78, #{TiE ) % S8 L 72 BR D MiE 8h o 28
b L b0y, 20l E LT, MR TTICEEEINZEETHD &)
ZENRBD. MWVEBITIE, EFEST LTI RLNRF =R R TnND. 22T
AlEl, TEEBAT &R BT TH DRI TE WT, iR T A B L7 BS
DORTEBN D2, SF 0 BT EEREORISEI 2 JE LD THRET 5.

(L] W55 740 (B 54, &tk 24, FEHE 23.142.1) x5 & L, il VR TE)
FExIfToTbHV, TOBEOMIEB ZEEHERAS A A —D T
(NIRS,FOIRE-3000,Shimadzu) (Z CFHAl L7z, #iWATIZ 16m 2 E#E TV, 3
BTN D, 4 ZITEENPSIEVH L. ZhERIVWEL L & L. fiVE 1 % 3 [BIfETT
L, RICHEXFYHTREZWICL TTo72. ZhaEhiil 2 &L, 3EI%EM LZ. WHRED
FEIZHD (HT 7 EEAA v F A7 A(DKH) % NIRS &[S+, HE#OXY I 7%
NIRS EIZHUVIAATZ. FHINE, ZFF 20 RRICHABTIRE AT - 72, NIRS IX, B 5 Xt 6
TTZ 7 AN—%FHL, LAAREEANHEEAETe 49 F v o3V CHIE L. RIEHE B IR
Fb~E T m B RER(xy-Hb) & L7z, MATICH W DR IE, S TREER D 7
Bine 12 o 5 B, SATRRERED 16 5[], 56 10 /e L. 22k, 1
225 54, 5D 10 B0 T —ZHIHREE, EAEN 1 AH, 54 H OO X 1
YITMB AELYE, TIN0 5B ORRIEOT =2 2t L7z, 1026 54/, 505
10 D 2 SORFEIEICIBNT, F v > R T LT effect size ZEH L, oA EEHE
(SMCQ), i EEE(SMA), ZEAESRTE(PMC), ZAHEEFEKPCIZI TS ROI MR &
Fhi L. D%, Wilcoxon S NERFIMEE 2 VT, iV 1 &RV 2 DA TR L]
DRI A 2 D ORIV TIM L 7.

[RER] i 1 IZH A TRV 2 1%, 1006 5 BAHORRIHFICIB W T, 724 PMC THE
72 oxy-Hb OjFi/b %7~ L(P<0.05), 575 10 R OREFEHIZB VT, A4 PMC &4 SMC
THEZ oxy-Hb O/ %7~ L7-(P<0.05). £7=, MiERIHE & & SMA LISk oo Gt iy Y
TAZHA TR 2 C oxy-Hb OHIAME R &7~ L= D%t L, SMA O A Mg A % 7= L7z,
HATHEE L, fiv A 128 3.58£0.83km/h, i\ 2 23 3.04£0.86km/h TH - 7-.

[Z42] b osgrEs) R FREIC BT, B LWIEF O3 Tk PMC 28 X 0 &y EE)
R L, FEINTIEFEETE, SMA B LY &WEE %~ 7 (Jenkins 1994). i A 1
ORI 2 ~0, FE A PMC OIFBIOHY, SMA OIMEMIE, RWVFSITE W
D FH TR ORI LB 2 b5,
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KEGEB)EF £ ORFEFEMIANLIC L HETREANO ML)
HARRSE D, RALE D, FREE D, FE—D

1) HALSULZE AR P ERE AL 2) @5 ROZEMRFPEFZMEAR 3) HATURZEE F AR AR

[HAY] RREAZMXI (TMS) 1%, MRRAEFROMIZECEIK T4 HIRAISH I TS, TMS O HLE
IR, BRIRFIZ = A JVIEL R O BB NI & 2 AR ARG 2 L g VR CBLEE S %, IIRIMEL B S
7 7 4 — (NIRS) (I KIMEE OGBS IRENRED Z L & LTI X D HENTE 5, Al Fx
I% NIRS FHHIHIZBA%E S #17= double square coil & 25 ¢ > /L NIRS ¥ A7 A% v, B O B TMS
2K D RBEAOMEE A BIEE LT,

[HiE] g, M 84 (31—487%) TH D, NIRS (ETG-100, HIZAT 1 1) (&, FROMER
FHEMRBAD 6 o7 a—~ (17 F v % : Ch) b7y, ZOHHg (9ch) %/ OH—{lE
i S Be— YGEBNEF E (ML) (2@, ZOMEEIEREL L 5 SOBLLEZ % E L7=, Motor cortex fif
M1, Z3 X Y #Ei5IZ Premotor cortex ik (PM), & 5I(2% DI IZ Frontal cortex fiElk (FC), %
7= M1 83 X Y # 712 Anterior parietal cortex il (APC). & 5 (2% ? %% J51Z Posterior parietal cortex
etk (PPC) & UMRHT 2 M L7-, #8REDMT O MBI, A5 - UEHMOmERE  (Rel) KOFHRH
10%MVC (Act) & L7z, ZDHi, M1 _E(Ch9 7 10—~k /L& — E)IZE DI 7- double square coil 7> 5
B3 TMS % 5% 72, TMS ORISR T FDI @ Act FER 1T 5B (AMT), 120% &% 8 140%AMT @ 3
fi%H & L7-, NIRS FHlIZ, TMS £/R71 5 #BL) % & e 24 B T 72,

U] L C. Rel S TlEa T o R EFBKICH T, TMS OFIRKEREE LAV Oxy-Hb (3803 2 )
Lz, —F, Act FETILFC ZFrE . TMS ORIBTREEIZ LV Oxy-Hb 133 2@z R Lz, =
DOFf, W28 T Deoxy-Hb X M1, APC 35 X ONPPC T4 B2 R STz, RREFAGZ L DO fiF
HrofER, Rel & TlE, W OEIKIZIHB W TH Oxy-Hb (X BL (2L TMS % 3—6 B CHE R4
~LUTz (p<0.05), —77. Act F£HTIX, WTHOBEEIZIHE N TS, BLIZK L TMS#% 9—12 B THER
Wb &R LT (p<0.05),

[E22] Rel S:fFTid, TMS % 3—6 B O] THITRTREE I AF L T Oxy-Hb OS2 STz, Act S:fF
Tl Rel &fFITH L Oxy-Hb D B OHINTEAZE T <, ©LAZDHE (TMS % 9—12 #) D /381
%L polo, Rel RFETIE. TMS ORIIC K 2 BUEATRERS AR (PTN) o0 BUEE A3 M1 BEI oD s N
Z. F£72 TMS T X A 5UUAEIC X 5 sensory feedback 23 H BFREI O ML 2 BN S 7= L &2 7=, — .
Act SRIETIE, MlHE & Rt 92 728 PTN OBLEMER B £ - TRV | 2L S M nAREIZ A T
B HERAIIZ TMS I X 5 MR INTIEEE IC A bR Tz, L LR b £ OO Mg DA% PTN
T o DM EARRR O — @O BB IZ R 535 Silent period (SP) & KMk L7-fE R & & 7=,

NIRS (2 X B i DAL, TMS (2 L 5 —@EOMOBE M4 | Act S CTRONTZREDIE, FERN
D SP EHZENEIBS DB % T,
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b MEBEEBRZHWIEBOE N E 7 T 7 4 DI OXA-TERERIZE T S5
ANBRELSE * 1, RISERE *2, [ITREN %2, VERRHERT *2
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NIRS Channel Arrangement

Estimated 15NN : 13.0 mm, 27NN : 29.1 mm
Activity 39NN :39.0 mm
Fig.1 QP77 o—

F9°. MRI H&EHES 5 v NEEHET AL EZER L., T T e - v Ialb— 3 2]
IZ& Y DOT EET NV Th HEEATH G Z3HE T2, AL, EEREEAE L, EihE
L ORMIEEY 2 E L, TSI & il Gt 5 2 L1k b | NIRS O#HNHE 5 & £k
%5, LT, L7 NIRS BUER &, ROLIEET VD, HHEEZITO, KE LT
IS B 2N IERE L HEE S D M E D Rkl L7z,

[1] D. A. Boas and A. M. Dale, Applied Optics 44 (2005) 1957 — 1968.
[2] Qiangian Fang and D. A.Boas, Optics Express 17 (2009) 20178 - 20190

_43_



