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The application of functional near-infrared spectroscopy (fNIRS)
in the process of rehabilitation practice

HIRANO Daisuke, FUJTIOKA Takashi, and TANIGUCHI Takamichi
Abstract

Functional near-infrared spectroscopy (fNIRS) is a non-invasive functional brain mapping method using
near-infrared light and can measure changes in regional cerebral blood flow induced by neural activity in the
cerebral cortex. This technique is generally identified as not so much advanced in terms of temporal and
spatial resolution compared with other neuroimaging technologies. However, fNIRS is advantageous in that
it represents a safer method, while it does not require strict motion restriction, and as a result it can be used
in natural environments. These advantages specifically allow fNIRS to measure cerebral activities and
stimuli in various subjects carrying out tasks similar to those experienced in daily life. During rehabilitation,
which is widely practiced in a great variety of environments, the findings obtained by this technique have
been utilized to evaluate and examine intervention plans and means, judging intervention outcomes, and
have been of significant benefit. Since a common optimized method for measurement and analysis using
fNIRS has not yet been established, users of this technique must be well acquainted with the technology
involved in order to accurately be able to analyze the data produced. In the present article, through literature
we outline its history, basic principles, and the specific way of fNIRS data analysis, describe applications for
this method in the rehabilitation process, and offer future prospects.
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bt b a7 igRe s HANE O Bl AR 1T,
NS D RFRIRY, 22 MR ZE AL & R EREIC AL
T5HZ L aARRIC LT E L, FIRERMNERE
FHANEICIE, MO REIR, 15 1 S e 1

(positron emission tomography ; PET), H¥REIRLS

il

Jens %% (functional magnetic resonance imaging ;
fMRI), #RERYIT RS 530L1% (functional near-infrared
spectroscopy ; INIRS) 72 ERH Y, X 1ITRIND
IOl ENETNRLR DKM Z > (Okamoto and
Dan 2007; Shibasaki 2008) ,

AR TR~ 2 INIRS (%, ooFHUEARIZH A,
IRF T 43 R RE S0 22 ] 3 MR BE SRS BRI T W S oS
TRV (1D, UL, ZOHEMRIERERRN
BREFHINED — 2D FIEL LTHEL TV D K&
BRI, EARAOCO RS - B HER & B o Bl
REES, BMOME 282 —FIZhb I 2 THIT

(FH D 2008), A COFLIE (B S 2010) <
Y v aDRETeE (Okamoto et al. 2004b) , 21T (Miyai
et al. 2001), MEHR (B3EH 1998) LW o7z HFAE
ETITON TV OEERZZ O F FFHARREICT S
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IENTELRTHDEERDOND, £z, FHI
AEE DS L/ N T, RIS E W D, FL
WIRIZ & > TITB OB O I (Minagawa-Kawai et al.
2007), it BB TIIR I 5 7R RE (Suto
etal. 2004), FEAEOHEER - FITBWTIE A EE
AL TV ENIRFFEERE | (Hirano et al. 2009) 72
&, HEBZRBRED T CIMIEYE I fF 5 MR &
RABND, ZHDORHHN D, INIRS (TR NE
JE EREBREN LI b2 U e T — g v
(28T 2 IHHERERHIIC @ L TV D,
EFHDOERICLNIE, EBFE (Leff et al.
2011) °HHIE (Lloyd-Fox et al. 2010) (ZR89°5
fNIRS #FZEIZ DN T L B 2 — A ThiL T 5w
IAFET D08, AHIE - FOFME, St A, St A%
ROHWE VNo72 U B Y T —v 3 VOEERER
(American Occupational Therapy Association Com-
mission on Practice 2008) |24\ T, fNIRS 2315
NI XE L Ea—L, 45 OlREIZEIT 5 INIRS
DFRAMEE RO ER S kv, 22T,
ARZHE VT INIRS ([2OWTHERL, U b
T— 3 VEBBREIZBWT INIRS ZHNnHZ L

K1 = ERRHERE R HIE O FF K
Fi& RHIS BRI MREE ZE[RSfREE A AT
) TN o S e
EEG ) 1 ms 10-15 mm SO0 5 T {22 ] 53 i E
MEG RO I ms 5 mm T 13 R AR R O 1 1
CEEREy )
B, I HaA R,
PET e 10-45 s 4 mm FE BRI i
S s . - oA R,
fMRI M B 0.5-5's 1-5 mm g7 — 2 B S I S
P ) _ fE= 2k, R DIMU |
fNIRS IS 0.1-1s 10-30 mm Sl 5 65 L7

EEG : i} (electroencephalography), MEG : [éf#[X| (magnetoencephalography), PET : 5 T K Wik

(positron emission tomography), fMRI : #EERIRE S

Feng w4y (functional magnetic resonance imaging) ,

fNIRS : BERERIUT RSN 53 K75 (functional near-infrared spectroscopy)
fibdi, B4, PET, IMRI, INIRS (Z354) 2 GRS, Bl o figee, 22 srfitee, =, 8574 39 (Okamoto

and Dan 2007),
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DA, ZOEWNBHWLRTHRER, Zh
LEBEZCREEZRARD

IO. fNIRS
1. fEsk

AR EE iz e b OIRN O i 216 % FHA
T HEAMOHFRIL, 1977 HD Jobsis DMWEIZH D
(Jobsis 1977), T DI TIE, 47 AMEDELZ
DNBENENE NN ORISR & AR 23R E L
(FEHfE - 13.3 cm), 815 nm DITARIME % FHild S 7
BRIC, RSN DR SIFIRBIC L - T T
D NG SNz, EO®%, ZOHEMNICKET
VEEEARFFF O RIALIC & o THIE A R D et £ 72
Moty HARIZEBW TIFEARRFTF AR S 172
Mofolod, EWNORZEIC LD ERRENEAIC
fThoiuiz (6 2009), ZhAs, BIIEDOFE D NIRS
(2 B 2 i SO RIS D BRJE 722 &S ENC
NEFAEISTND EWVWHBLREFS & o0 T2 »
7o &Bx Bivd, Jobsis 3R LIZHAIE, FITH4E
RO RGBSR FLIRIE ORI VB D K 9
12729 (Brazy et al. 1985 ; Edwards et al. 1988),
WO IZIT 1987 IS Tl s (F
X 1987) o AEARPIC AST S 7B ARADGETRVVEEL
EFRWIRIN AT D728 (ILUH & &G 1995), M
I AR O FERED BN 2R, BRHARICEIET S
BEIEH< 2D, ZDOD, ZOUREOE x5
DFEFRO/NS 7 AR STz EHERIE LD,
1992 £E Haglund et al. (Z/SPTHRRERIC X 2 BREE AT
PO ERE A DL 2 RS L, EEE R SITfES
Jibd BRAE 1 HBOR L 7z Mt b o FHRNIC T L
T L - T b DMIRTEZ
KELTEEE LA TE 2 Z L AMEINT,
B 1993 4F, SEARAEE VY, RBE - MR E e
UCHLE L, FRESCHIBITARAT U 72 IR TS s o
1545 OFHFI A EHFEFE S 47z (Chance et al.
1993 ; Hoshi and Tamura 1993a ; Kato et al. 1993 ;

(Haglund et al. 1992),

Villringer et al. 1993), 235 D CIE 1 F v %L
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FIRFEAC 5 F v L FE

72> 7= (Hoshi and Tamura

WL DFHIITH - 7278,
T ORI FHI 28 ATRE I
1993b), FeENTI T 2 A DOW|EIL, 5 F v 2
NDRFEFHIIZ DWW T Th o7z (B & BT 1994),
FIREIZ G T Ze T % o RV R DAL T 7= B
A, Yo R AREET S 2L TRB T LA
272, MR - AR OM AT L CRIE CTE
W Th o7,
HDFWDEELEZ T I NET ¥ R LRI
W OJFHL (ZEFIRRE « K 2-3 ecm) 2% 1995 1T HE
&I (Maki et al. 1995), BUEHIRS LTV 5%
F v o RVEHAEEE (R L 2009 5 K &K H
2009 ; $5K 2009 ; U5 2009) DFEREMNGEI LT,
Z OEATIE AR SIS A S 4L (Strangman et al
2002 ; Hoshi 2003 ; Koizumi et al. 2003 ; Obrig and
Villringer 2003), ##ICEEFHE (Leffet al. 2011) X°
ALVL (Lloyd-Fox et al. 2010) (28 L TixAEA D
B AIED LTI Z < OMERA T TETWn5
EOREICBW T, R B OfE (Watanabe et
R o L
LT200244 H1HXY [SEREERE (15
WEREIESE) SULIEHIRZ BT 2 SRR IC Y
SIEEMYEREFRET 2HLER DL HE] &
THERYE CADADAR TR Y 720 TADA
RGN E BCAThb 6 oK FIEns 1

al. 1998a ; Watanabe et al. 1998b) |

HDOHBBENRD S (D236-2 e v RT T 74—
670 %), 20094E4 A1 XY RIS T 74—

WAL 2 Tz 5 SREROERIZ IS & LTk
MPEME (Suto et al. 2004 ; Kameyama et al. 2006)
XD EEERICBOONTND

2. JEt

INIRS TiZ, RO RS E & s 2 B L
(CERET D, MBS - BHERA 3 om FRERE L CRLE
L7l ARG - SR O PR OK 2 em
WHERLL T2 =BARE LIERKEETZLED
(McCormick et al. 1992), Bi /25 .5 & gk



IR I i Rl R S 2

434 Z7~¥ (Okada and Delpy 2003), WA} - #Hi%S
OREZ LT 2 &, FEEIE KM K D IRV 8
Ik K OVRERIC /A3 281 Z2 7323 (Fukui et al.
2003), MHINDEFREIIK TS5, RO X
INCHEE O/N S I B OBF TR TIE, B -
FRHERORIFRITAEZ 2 cm 2318 & IS4 D (Tagaet
al. 2007),

NIRS (21 3#EE IR (Delpy et al. 1988) CRER] />
#4593 (Chance et al. 1988 ; Delpy et al. 1988), J&
Wk fRSy Y6k (Lakowicz and Berndt 1990) 72 &
BEOTERD D, R ThbRbAHESh TS
FETEBOETH D, ZOFIETIE, RBIOLE
Iy & B E I O B3R A modified Beer-Lambert law
IZE->TFR (1) X HIZRBLEND (Delpy et al.
1988 ; [l H1 2010),

=In(yL) = u<L>+G (1)

ZZT, OD [IMFHEE I, LR 1 otko
WA & ol b O THILE & MR, w, 1RO
W AR R (WU ET O LW AR K & L D FE)
<L> IR RN 2 58 L7 ERHEEEC B D
WEIFNNE R, G IEHELC L R0 E R T, K
(D) BN THELIC L 206 G 2520 5 Z &1
RATRETH Y, AEMEBENICITZ < ORINYE
BEATND®, MRTOBREI~NET e
(oxygenated hemoglobin ; oxy-Hb) & fitEes b ~T
Z7'a & (deoxygenated hemoglobin ; deoxy-Hb) @
TR 2 BRI E RFHT 2 Z L IIWNEETH 5,
ZIT, ZOEAMTIHT S ORI & F
% 2 & CMERE A IS S, BRIE AT & BRI % DI
JEDEAEFHT 5, T O, JRIE DR TH

W2 KAWL RBENEET, WU Ln
oxy-Hb & deoxy-Hb DIRELLDOHTHEL LD &
DAEMTOI, (1) 2HRA (2) A& D,
AOD = In(I}/1y) = Apty<L o> = (Aoxy-tipEoxy-tip+
ACeoxy-tvEieoxy-1b) <Lac> (2)

Z 2T, AOD [FEOLEEAAL, I (ZRRIERTOM H
ek, LITRTERF O E, A, (TR O WINAR

EALE-BIE
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BOEAE, <L, FBRINOZEAY U 72 fEl A 457 O
PRHE LT EHBERHECh D KR,
Aomyett & Aeory-tin B & Pgetty & Eueony-tin 1, 0xy-Hb
& deoxy-Hb DIREZ(LI T OENMESAREE CTH D,
FWRITRT D' NRIAREN, STk S5 T
B EMEHETH D (Matcher et al. 1995), #HE D
PR TRDIZWOLEZ(LAOD 5, K (2) 12D
WS FRERAZMS 2 21885 T oxy-Hb &
deoxy-Hb DIREZAL &R FENNREDOETH D
A€oy ti5<Lac™ & Aieory-rir<Lac™ NN EI Do Aoy
L Ageonyary %Mo & UCRHAIT 2 7201 13 H04Y
EPHBEENLETH DN, HoEDEREDOE
X CE RV, 2070, EEEEICBWV T
ACory-ttr<Lac> & Aueony-ti<Lac73, 0xy-Hb & deoxy-Hb
O AL O FHRE (2 L2 4L Aloxy-Hb] &
A[deoxy-Hb]) & &5 (Strangman et al. 2002; Hoshi
2003 ; Koizumi et al. 2003 ; Obrig and Villringer 2003).
Aloxy-Hb]¥# X U'A[deoxy-Hb]i%, Be{b~E/ ot
VIRERELB L OBERI~TE S m eV RER
A& bR S ([ H 2008)

TEIFERE R, WoEDERERITL BICHD
BRALIZ &> TR 5728, Aloxy-Hb] & Aldeoxy-Hb]
DA Z ERAL I <PME AR EIZ 35y T oxy-Hb & deoxy-Hb
DR & L CEBERT 5 2 LixTEin
7, IR —fE R o B SISO
FEA SRR DAL 0 2 SIS 351 2 3 T4 e
FEOETVIWNEOHENRSH S (Katagiri et al. 2010)
ZORERAE VAU, BRI KRN E

% REI I 35 1T % Aloxy-Hb] & A[deoxy-Hb] D &

%, RBEOFELSZTT oxy-Hb & deoxy-Hb D
BEZCORIZE > TEBNELTVDI D EE
AHZEWTED, ZNICE-T, BhEEEECA
XD NLE I & D HHIEI 31T D Aloxy-Hb] &
Aldeoxy-Hb]|DEIZE N ENEFIEEIZ 72 D, £
BB O WL OO F v XA TH LT
Aloxy-Hb] & A[deoxy-Hb] % = L Z L& L EHE
THZEREBHFSND, Lnl, BoEDE

(Hoshi et al. 2005)
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ERARRATHLI RO OREE T LIRS
MEVSTRITHRFEINDIRETH D,
Aloxy-Hb] & A[deoxy-Hb]iE, Fh#&AmNa D kIE (2 LE
9 oxy-Hb & deoxy-Hb DREZE L D b, JRIMER
DU L BERUC K » THREEZZ T 20 TiE v
LWV o T ENH % (Tomita et al. 2006; F H 2010),
TN TR, MR Tz S B—1i s o
TALTYIalb—var&iTolB{AIEzn L)
IRAERIZ R D0, MAE & Z OB P ORI TR S
I A RKERE T T /L TIE IS oxy-Hb & deoxy-Hb
D 8 FE ALK AFE L T Aloxy-Hb] & A[deoxy-Hb] 73
ZALT D78, ZAL D ITARRGHIIE OBRIE & SOk L
TWaH0EBLXLNTWD (MHE 2010), F7-
FHINCEE A S5 &9 iz v, AR
DIRIE EH (Tto et al. 2000) <°H# M O Y
(Kiguchi et al. 2007) OREFIAG, ZEMEDHER
SNTND,

3. G fRAT

i B OFECHIIC L - T, KIMEEDH D
TR DR 23 BRYE L 72 B, 2 ORI O A
BEIML, MEWNERLE N —AWEROBEMANEZ
% (Jueptner and Weiller 1995), Z DF%, £kx 721t
HPER D MLAE OIEIRIZ B LR T o MLk % #3n S
2% (Girouard and Tadecola 2006) , IT4F Z D& IC
TAbMaY A MOBEGRRBINTETNDIEN
(Haydon and Carmignoto 2006 ; Filosa and Blanco
THUCEET DA 1T
FHCHKT 282 bE<EEnT\5 (FEE
g 2009), 7272, AERHIEOMRIE IS - TEYL
T DM OFIEIREREIL, D72 L b 50 % T A
fat A MEEFEHETH D Lo loBE L H D
(Koehler et al. 2009 ; Fi#f 2008)

PRI D BRYE 12 %h U C L piE SO X Tl &
v, Fv NOBKEEBESRELIZSE RN S
#0.5 BRRICIRMEREE S MM G E 25 &\
ST-HENRH S (Matsuura et al. 1999) , FHEEHIIL O

2007 ; Koehler et al. 2009),
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BV IC X 2 MR O L, UHCHREE O
#4N% LA % 7-% (Fox and Raichle 1986 ; Fox et al.
1988), B 7> 5 FIRN O IMLAE 12V TII L
D oxy-Hb % &TeBIRMA3EA L deoxy-Hb D&
NI N D, INIRS DIE51E, FITEMME R
95728 (Liu et al. 1995 ; Yamamoto and Kato 2002 ;
Rasmussen et al. 2007), #H#REARIR SRS L 72 fHIIC
B TiXAloxy-Hb] D #E1 & Aldeoxy-Hb] D g b %
OB EMB, 1272, ZOELEIR S RO
R (Sakatani et al. 1998 ; Toichi et al. 2004)
OMdE B BEF (Sakatani et al. 2007) AHE S
TV 72w, BECHIEMIC X 2 Aloxy-Hb] &
Aldeoxy-Hb] D HLE AN DRl —F ¥ o R
WTATON D DOMPELEE LU, I b i HAL R
T O BMIMAE KRS MEEEOHETH Y,
Aloxy-Hb] o H§ 111 =6 i A2 R 1 FE 6 J OV L e 32
FEDEMDOWNFHIZB DTS R 54, Aldeoxy-Hb]
DA T M IEEE OWINE KT 5 & Shd (K
H 2002), 7 v b & HW 0582 L 5 &, Aloxy-Hb]
DOEGWIT IR D ZE AL & W7 ST 223,
Aldeoxy-Hb]IZ:L 3" L b 2D X 5 B b &R S 720
72, Aloxy-Hb]DMiM MLk D2 & fie b BB L Ty
HEEZ BN TS (Hoshietal. 2001),

£ F ¥ FVITEBT D Aloxy-Hb] & Aldeoxy-Hb]
DRI K o THE R A = Liznico
W, BEFOZNENDOIES XX LT, &
WlmAZHE UAEKEE T2H5E R LIk
2008) <> Bonferroni 152 & % A B /KU % £ 8
IEL72H ® (Takeda et al. 2007 ; Ai5#H 5 2009), false
discovery rate i IE¥5 % V=84 (Singh and Dan
2006 ; Shimoda et al. 2008) 72 ¥ 7234 %, £7-, general
linear model (Z & S #E7E (Plichta et al. 2007 ; Mihara
et al. 2008) X fMRI DFFHT T B2 statistical
parametric mapping DOF|H (Ye et al. 2009) & & S
nNTns,
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4. ZERfRAT

PRS- MBS R Tl <R ICEI N D T2
W, Aloxy-Hb] & A[deoxy-Hb]IZ M O FEREIE 1% —1)
BENR, IO EMOREIZHE S I,
WS ka7 (magnetic resonance imaging ; MRI)
RV, B - BRHHER & kIR T 2 MR O AL E T
EHRRTIUEZR 570, MRI Z WD Z &N TE
U, RS IC A DS RS - RS OBLE S,
% F v 2 FVFIE OB T v RV DFRIR A
el 725 (Minagawa-Kawai et al. 2005)

LML, MRRREAZRERICE > T MRI %
WHNRWEELH D, TORIICEWNTE, BH
F EONLE D OO NLE 2 #E TS D Bl A &
2%, Okamoto etal. |%, Ml DEMELE L LT
JAN BTV S EEE 10-20 15 (Jasper 1958) D FEHE
MEMFEOXIG % Talairach FEYERMEIE R & MNI
(Montreal Neurological Institute) 2 Y& EEAZ 4 |2 JiE
A & U CRER/AH Cor L7z (Okamoto et al. 2004a) ,
Z OFERIE, INIRS (1281 5% T v R AFHANCE
WL A RO HBRICEZ S BIHER TV
(Takeda et al. 2007 ; [ & 2010) , 7=, EE 10-20
1% (Jasper 1958) D FEHESIZPRET « M H#5 DR % B
HBAIZBLE L7 & & 2 (Schroeter et al. 2002)
Z D%, BRI KD ZWOTEERER 2 VWD
Z LT, WA - BREEZROELE D D KON E & HEE
THRERML A ML —3 g U (Singh et al.
2005) X, ZWRICHEEEENEFH A R WA IRV T
bEZHETELINN—F ¥ LTV R L—T 3
> (Tsuzuki et al. 2007) 2SPHFE SNz, TN HD
HETEREEE 1IN 10 mm BLFCTH Y, HEIDIEZ 5
BLTHLEAMNTHLEEZOND, ZHDH
il & - T, INIRS T b7k 4 PET X° fMRI
RETHONTT —F EHIBETHZENTEX S,
7272, THOIEERARRGRLE STV AHT2,
LR BB 72 LTkt L CII BN E T
H%,
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M IAvY 75—y a rERRRIZEITS INIRS
DA itk
UNEUTF—a rOERRIE, xtgE - FoRF
i, St AN, STAZDR DY & o T2 A% D
(American Occupational Therapy Association Com-
mission on Practice 2008), “E# 51X, ZiLTNOiHH
FRIZEBWWT INIRS W5 Z L oF Atz T
UFDOEIICEZTND,
CRFBRIE - FHOFHEOMARITIB VUL, FREORH]
Wt MM A b a2 5 Z ERTE, T A
(LB A B D A
CAAOBIRIZIBNTIE, MAREFOXGIE - HD
I b & m s Z N T, T AFEEZRE
T DB R EG SN D AR
< S AZR O OIS DT, ST ARIZ O
I b &5 2 L R TE, ST AOBRHE
DIREE L 2 D 1EHEEON DR
IO RIBERENTWVACERIZOWNT, EH D
DERTESDNE 2 1T, iz, K4 OiliE
{ZFBWVT INIRS SN BTV D HERIZ DT
ARSI %,

1. FHlBARIZIV T INIRS 2 W5 2 & oF itk
el F— g CUERBRIZET 2FbICE
WG, INIRS (T ESE DS EEIR - FOIEEEZMD
TOIZHNLNTE TS (£ 2), HELHEE
W« HOISEME, BRIC K DRHI0 A TSy
R LT, HHILIC WD E Vo RS E R
CEEF & 2011), ZALE THRILFH I BALCHENER
Bt LIl k- C, FEELHEER - FOREN
EHA D LT HRBEMTONTE I (AL 2005),
Kogure etal. 1%, HEJELHFEEN - FITK L THIDH
T NIRS Z vy, JEAEB O RGRERBEC K 0 IRE72
KOG 2T 72 1 IR ORI 2 )6
BRI S LT (Kogure et al. 1997), $7z,
EF DL HF OAESE TIT TV 5 HIE R
DU EFHARRE L LT INIRS IZ L 53HIETT> 7
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#£2 U AU TFT—v g UEEERIZEBV T INIRS 28V S A7 30k

EH FEFRAR TG F2 22 AR R

<FF >
Kogure et al. 1997  ESE O REER 77 v a il

B 2008  HESEOLHBEERE - FEE I A D T B2 Y
A5 2009  ESELHEER - FH HLIREGTE

<S>
Miyai et al. 2002 JMZEH T RRHL Ly RV EOHAT

B eEIt 2008 WMEET R RRELERE JFBE T 0> [ B)ES)
A & 2009 fHEE A HWATHEB DA A —
N N>} 2009 AN BRI AR FAREE

K¥E5 2009 fEE KA IR OFEB DA A —
BH B 2009 fEEFEAA L hel& A —A
TR & 2010 fEEHE A JBRAIR A D A 5 O SR g
Holper et al. 2010  fEFARA FEGEB OB, £ A—, Bk
{FTEF 5 2010 fEEHE A PSRN0 =ik =

I NEhF ¥ >
Miyai et al. 2003 AMZEER AR B Pl FIL LSBT
Park et al. 2004 JiMZEHR TR R Key-turning 3R
EE S 2008 IHEFEHLHUME 5 oNE B BRI R R S
Hirano et al. 2009  ESEOHEEH EFEHIa I a=r—va g ROEME
Honda et al. 2010  FrAAIEAMIE B Jit B i D . 1l )
JIEs 2010 TV oA ~ —RIERISE B Hoe, HUMEHE
Lietal. 2010 f@HERA B oD AR i R SR )

UL T g L ERT

BT HEAM, N, AR & o 7 BEFRIZ IV T INIRS SV S

T SCHRO R, FBFE, Eloxtd, FRREEZ/RT, I HOSCRIE, 2011 4F 5 B 22 BIZESHJeit
(MUY TF—va v BRI HEE, NIRS, o hART T 74, KT FTT7 41— LOF—TU—F%

ETRERI) 5N
DF—TU—R)
HIELTWEHDOTH S,

CFEF & 2008), Z DX TIE, 2 F4 4t RICHF
Bl 1 TSR T D I A T L 72RO E
EREICT B0 TR TV A FRETR L
7elE] & TEXER TORWERE TR LR,
Bl 2 TIXIRBEEEH OBR AW 5NN T D 72O TR
BRHEARHORE RN H 2GR & THRIRR
WCEBENH ZBDEM) (2B 5 M2k
WZoWTHE SN, ZO/E, HFFIZENT
FRER OB M FEZEEISGEVA RS, A2 OBlE
DO TIXHW CE Ao xR IR - HoIRENE

PubMed ([rehabilitation & near-infrared spectroscopy, NIRS, optical topography| &
ICE o TRBRIN, KD DHNIREREORARNGIIHINZb D L, ZOMIZER LN

DI ENTE, ZORE, F6l 1 CTHEKE
FANTZA ARCER] 2 TIIMkeAICIREE 2 AT 2
&V o T2 BRI 729 A5 8 OMEHI &R SL T bz,

INHLOHED L HIT, MOBEED 2\ T
DFERITITTRICEL L ONEL EEN (NG
2005 ; 3£ 5 2006), ST AITKMETE D HF@AZ
EEZEZ BB, INIRS X, EFRRICH72 X 9 A dEfE
DEEER - HE 448 LI HW 5 1E000
TIE722 <, FHEME PRI SRAELIE B 7 & Ok
PIRRAE L Vo T B ERR P HE L < SEB)ER H I
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RAFFOMGEOFTM R LB THEHWD Z LR
T&EHLEZLND,

2. S NBERRICTIBWT INIRS 2 VW5 2 & oF
MABFRIZB VT INIRS 1E, FHl=e/ AR R D
HWFOBREIZHARE L AbhTE W5 (%2),

AU, 2 BEA R D Lo dz X O et T Y
AVERELROT WO TRV b HEHl S5,
Z OWBBITIB W THRANTHE L7 Miyai et al. 13,
Jbizs R IR BB ISR LT R by RV ETo
ITERAT OB, HADICHIB) L7oaa b, BLyRis
T K o THBHEIR A R L FIOIRE Y L &1
BE AR T 2 MMt D& % g L7z
(Miyai et al. 2002), Z D#EH, HZEEELAMA
U 72 05 3 B 3 O H§ NG 23 IR 7~ o T2 & S LT
W5, Fiz, EELIIMARFIEEFICRLOND

ATEE AT P AR OO A T O R 7rdkEZ BIE L,

VEERIEICEB T 2 T LEO FIEO #d% kI3 B
L7ciige a7 o7 (5 2010), Z 0@ Cit
TR Rl N DS RAERR 2 22 1T 5 B, FERCRLAR D B3
RSN L, WA ST O TN BHR S T= RO
Fr 77 R Wy oD T SR i B B Bk oD i R 28K C DU T EE
BT, %E DI HSAFLFH 72 6 M5k O H#E N %
BODL LR ENTZ, MERMEREITK LT
EERREIR EDN AN E T2 LT, BERE

i & RTERMSE BRI O MR IR N IcdeER" 2 5 2
EDIREN TS T2 (Wolfet al. 2007), FEl & D
AIEERIELIC R D2 FLEOFIEO s Gk
ZLRTDILITED, ZRMICMMRIRT O
Eblb T et E s, A%, BREOHEY
RIRFER IR & & EDETRFNI TS Z LI
LoT, ZOHMRETENE D EBE ORI 72
ERBA LN BEEZLND,

TS ORSCE, BRI LR LI &
LUNEYTF—a VI ADFESFEDENWIC
L oT, MREDRATRIMMEELR R D 2
LEIRLE, ZOEVRERNAOHFEICEE K

EALE-BIE

25 (2011)

FEFboLHllsng,

I NGHR O HIWHEFRIZ N T INIRS 2 V5 2
L OF M
UNEYF—3a YO ABRIE, ARHITEO
FERCHERRO (LN DR & D, £ 2 IIREN
5 EHIZ, ZOWMRRIZIBWT NIRS [Tk~ 7255
WWHWHA TS, KRR TRIICHRELTWD
Miyai et al. 1%, BEEH T RELEE 255122 7 A
WD U AEYTF—a U ADRITRIZIS T
A& FHI L 72 (Miyai et al. 2003), = DfE R,
UNEVT—va AL > T, HITHBIED K
— YRR SE B B TEB) AR A &M 2L
DA U7, M@ axtge s Lz INIRS & Hwv
TeWFZEI R TS, KERE (D B 2005) <0 kA%
OIEBFIE DA (Takeda et al. 2007) (ZFE S FRERH]
(4 732 i L 98 0D ZE AL R B RE D PR (Kato et al.
2002) BHIHNTWD, £DI2H, ZHALDHAE
IZEDLETLIANE YT —arras T AN
END &, PIRANCERE OIEROMRE 2 i S B
LNHOTIERONEHEIIEN D,
fth )7, & O IXHEMEOH FEVMZ O AFTE (23
RRACE) TRt LSO A L BB bR
LC\W% (Hirano etal. 2009), ARHEHIL, HH~D I
OB X1 IHo7-n3, MoxtG~0 FREIGEIT R
LNRNoTz, £ ITC, FEHITEEH O _LBIE
& B OHELSNCINT TR EH LW EE %,
RELORPERT SNEFFE I 2= —
YarIA RTHIAAL v T EWELLIIThD
5, KBEHINTA ALR—RATBITHIZAA v
FEHEICEEBE L, MBINICAL v F2HTRE
I Nz 12 A HICAT - 72, 28D DI Al
TEREFIELIC Lo TRt S h, MimikL7e L
FVEAK 4 BT OTbNTL, T ORE, AF
BIIAAL v FERFTZENTEH LSRRy, L
i DB A DR MME O MAEE I D K
W27 o7z,



IR I i Rl R S 2

IO OWMBEITRB N TE, BITHREC e
Lo BERTRE R A b L, MR Db O E
EMAHZENTE, BICAX De0Eba 8l
HTERVWEAICBW TS, MMiEE ko FHlC
FoTHABRAZHMTE D L 512725 TREME %
RLTW5S,

V. BE

NIRS X, HHAEE TN TV AIEEEZ ZDE
FHBFREICT A2 N TE, HENRERERETT
FRBRTE L2 PE S MM A b A 2 S D & o T2 fF
War>, INHLORMEALTNDZIET, K
HTEER 2 IREhsd L9512
DFHM, A, AR OHW & v o 7 TR
CBOWTHWLNTETND, Z O I
EROFHAIZ TE 222 LR, oxy-Hb & deoxy-Hb D
IREE O EAFTE RN &7 EARA
ELTHIFTH45 (Strangman et al. 2002 ; Hoshi

Inelr—var

2003 ; Koizumi et al. 2003 ; Obrig and Villringer 2003),

7o, FHCERWTE, ERASEOMRE - R
LU OBEMIREE, B OME 2 L e —EIlko

VENRSH S (BB 2008), 245 ORACHIFIL
HLHDOD, INIRS [Ty KA FRUAE Y T —
va v, file OATFREICE W TIMIRTE M D
R ECEEZ D Z ENTE DD, UneY
T—va VEBIIRLSOEZL ORBRELND &
Bz b, Ak, INIRS 132 E O /NS
BIZEk>T, Vel r—varzEE L Tn5s
HEICEAINLT K RY, BHE OBKSE T
PRTVD LI RFEio—>2& LTHWOLND X
WD Z L3z b EHEI SN D,

FEAR R B RE SN T E B D T IENR B Y
(F 1), 2 SONGERERHIE Z [RIRFIZ A 72
PMTHATE TS (Shibasaki 2008)
PEPHITRIMEE ORHEIZR BN D72, PET <
fMRI & G THERT 5 Z & T, MEHOFHRS
Bohd, Z0O&9 RERGHHZTHRVEEIC

fNIRS Dt

EALE-BIE

25 (2011)

BOTH, T 2RECRIM A2 O E O R
BERHIIIE D IC & » TSI - HOMEEL 2
HRCEHE S 2 2 &R0, SefT3CH & O FEM 7 b
MET 21T 5 2 L1E, Bonom RO S & MGk
TLHIDICLETHLEEZBID,

fit )5, INIIRS (FRRBESCHIBI o3 2 MM i 281 b
ZAHET20HTIE RS, HonlETIcLo
TAA v F D ON/OFF D#{E (Coyle et al. 2007) <°
2 A R LE R E OB RUREE OO D
Yes/No | (Naito et al. 2007) 72, 7LA > <
S —> +A % —7 = —Z (brain machine interface ;
BMD 2BV THHANHN TS, BMI IZHBWNT
fNIRS Z V5 2 & OF R, HRO#E & e LD
Baziicd <, ERARBICHIFIA DN &g
ERFEFOND, o, KEREZBESHBIES
TREA I BT BB SRR E 72 EI2 ko T, MikRE R
i, BE ST 2 ENFREICZRY, U YT
—va ry~OEABHR I TN D
Cohen 2006) , BMI <°S G R BH BRI TE, R
Y TELITS B SR 0 ELAR B 70508 5 = 1] R0
g EORGFHILEIZ 2 203, INIRS 1Z 24 H 0
NHERHRHEICHND Z N TEDL LS XD
N,

fNIRS DZERIFRNTIZ OVTiE, MRI Offi <o
LA N — a3 ik (Singh et al. 2005), ~

(Hummel and

—F XYLV PR L— g ik (Tsuzuki et al.
—EDOKEIETDLEEZLN

—7J7, Aloxy-Hb] & A[deoxy-Hb]D1E Si#HTIZ->
WL, BRI BITER ED TNz
(FH 2008), HBbieT —F OfftT7e &3 M
FIZERONTCEFIChD LMD, FDT
W, ZoHEEM AT 2E T REEIEL S BFL,
FHSCMEAT I B W TR 2 48 2 D\ J7 &3k 72
FHIUTZZR 2008, FHElO BRJRORTS, AR, #
W72 EIE Ul fitr 2 fE 2 ICRBIC& 2 & v ol
b £,

AFEIZB VT INIRS ([ZOWTHRL L, U e

2007) 2L~ T,



IR I i Rl R S 2

V7 —va VERIBRIZKIT S INIRS OF Atz
W72 INIRS (2 U B Y T —3 3 EERRRIC
WTHER LT WHEIN T 22, Z oHdfiidsk«
RAGEDIE T Y > TWH T, [ H I3RE
RMEHTIZ O W T IEFEICERE L TR LERH D,
DI AT, 5%, BRGHEHIZEONTHRIE - &
DT % PR REA I LY F—varTas
TLEAOBRFI R EICL OV ENLTH D
THOLNTEMADOBTI ALY T—v a3 v OEE
ZREAL TV OTIERL, ZiLE TOMERE
RFHIHRE, HHEOMAKSGHE CTH O TWD R
{2 INIRS T HAVZ R Z I 2 T < BEDRD

LD,

Zi%, fNIRS

Eif3

REGOPEICHIZ0, MSATBUEN A ARZNHR
B2 BEFe a4 RE (B) BEE S
22330260 DBk &= T 7,

BN

American Occupational Therapy Association Commission on
Practice., 2008, Occupational therapy practice
framework: domain and practice, 2nd edition, American
Journal of Occupational Therapy, 62, 625-683

ERFE S, 1998, ITARIMIIEHEIC K 2 REIRN o i A i
ITERED RN, ERARIMIE, 40, 440-446

JRERE D, 2006, [EFEITHT &BE L BRI
DI — N OROTEEE & HERE O FHA K OV
HIMAE —, [ENZRFBRECE R A DIJEATIIJERI S, 33,
27-37

Brazy JE., etal., 1985, Noninvasive monitoring of cerebral
oxygenation in preterm infants: preliminary observations,
Pediatrics, 75, 217-225

Chance B., etal., 1988, Comparison of time-resolved and
-unresolved measurements of deoxyhemoglobin in brain,
Proceedings of the National Academy of Sciences of the
United States of America, 85, 4971-4975

Chance B., etal., 1993, Cognition-activated low-frequency
modulation of light absorption in human brain,
Proceedings of the National Academy of Sciences of the
United States of America, 90, 3770-3774

Coyle SM., Ward TE., Markham CM., 2007, Brain-computer
interface using a simplified functional near-infrared
spectroscopy system, Journal of Neural Engineering, 4,
219-226

FE—FK, 2009, NIRS IZ X % BRIRTEAFTE D HENE A5 22,
Aroma Research, 10, 110—1 17

Delpy DT., etal., 1988, Estimation of optical pathlength
through tissue from direct time of flight measurement,
Physics in Medicine and Biology, 33, 1433-1442

Edwards AD., etal., 1988, Cotside measurement of cerebral

16K 125 (2011)

blood flow in ill newborn infants by near infrared
spectroscopy, Lancet, 2, 770-771

Filosa JA., Blanco VM., 2007, Neurovascular coupling in the
mammalian brain, Experimental Physiology, 92, 641-646

Fox PT., Raichle ME., 1986, Focal physiological uncoupling
of cerebral blood flow and oxidative metabolism during
somatosensory stimulation in human subjects,
Proceedings of the National Academy of Sciences of the
United States of America, 83, 1140-1144

Fox PT., etal.,, 1988, Nonoxidative glucose consumption
during focal physiologic neural activity, Science, 241,
462-464

FEARB YD, 2009, L bV v 7 SEESSTIERA A —
R IE T B —INIRS (2 & D —, BSERE,
24, 493-498

RIS S, 2010, FLXTHEENCHT DEETIEOE NI
& 2% HiT SH AT U I O BE O BRAH — AR SN 3 Ot ik

(NIRS) ZHWWI-atfll—, (RIS, 29, 20-28

Fukui Y., AjichiY., OkadaE., 2003, Monte Carlo prediction
of near-infrared light propagation in realistic adult and
neonatal head models, Applied Optics, 42, 2881-2887

Girouard H., Iadecola C., 2006, Neurovascular coupling in the
normal brain and in hypertension, stroke, and Alzheimer
disease, Journal of Applied Physiology, 100, 328-335

Haglund MM., Ojemann GA., Hochman DW., 1992, Optical
imaging of epileptiform and functional activity in human
cerebral cortex, Nature, 358, 668-671

JK 5% , 2002, MMBEREFHINC TZD% }\T777’f1n
SOFER, AT 4 v A, 36, 17-21

B A, EHRR, 2008, BRI D 43 A RRE
FTUANEYTF—va A%I%Lt%*#@l
B, EV ANEYTF— 3, 36, 904-907

Haydon PG., Carmignoto G., 2006, Astrocyte control of
synaptic transmission and neurovascular coupling,
Physiological Reviews, 86, 1009-1031

FEFREE S, 2008, UTARSMEIE (NIRS) (2 K 2 WikkRE
FH A W R DB R R - B ORISR O B
b, FEEFREEFEDE, 30, 388-398

Hirano D., etal., 2009, Physiological changes observed in a
woman with sever motor and intellectual disabilities as a
result of care staff intervention: a near-infrared spectroscopy
case study, Proceedings of 18th International Congress on
Brain Electromagnetic Topography (ISBET2009 in Kyoto),
249-252

EFRHE, A a0E, REWIAES, 2011, %AMLf%
s (INIRS) 12 & 2 B D REEE - B O,
IR, 51, 241-246

Holper L., etal., 2010, Testing the potential of a virtual reality
neurorehabilitation system during performance of
observation, imagery and imitation of motor actions
recorded by wireless functional near-infrared
spectroscopy (fNIRS), Journal of Neuroengineering and
Rehabilitation, 7, 57

Honda N., etal., 2010, Reorganization of sensorimotor
function after functional hemispherectomy studied using
near-infrared spectroscopy, Pediatric Neurosurgery, 46,
313-317

Hoshi Y., Tamura M., 1993a, Detection of dynamic changes
in cerebral oxygenation coupled to neuronal function
during mental work in man, Neuroscience Letters, 150,
5-8

Hoshi Y., Tamura M., 1993b, Dynamic multichannel
near-infrared optical imaging of human brain activity,
Journal of Applied Physiology, 75, 1842-1846

EFEF, AT, 1994, JTARAMRIC & 2 ikEE A A —
v7, WRE=4—, 5, 69-76



IR I i Rl R S 2

Hoshi Y., Kobayashi N., Tamura M., 2001, Interpretation of
near-infrared spectroscopy signals: a study with a newly
developed perfused rat brain model, Journal of Applied
Physiology, 90, 1657-1662

Hoshi Y., 2003, Functional near-infrared optical imaging:
utility and limitations in human brain mapping,
Psychophysiology, 40, 511-520

Hoshi Y., etal., 2005, Reevaluation of near-infrared light
propagation in the adult human head: implications for
functional near-infrared spectroscopy, Journal of
Biomedical Optics, 10, 064032

Hummel FC., Cohen LG, 2006, Non-invasive brain stimulation:
a new strategy to improve neurorehabilitation after
stroke? Lancet Neurology, 5, 708-712

F LI, 2009, EARAMEA A= JELE OMM-3000
V=R, BBIERAT 4 JL, 41, 921-924

FEnTE, EHEIRES, A& O8GE, 2009, B AGEREAERLE
ZATRHCF 1 B A ARGE LB H OMIEE — IR Hh o3k

Ea AW TR —, EERE R AR R, 14,
17-24

7 E%%%%}, $AHIZ, 2009, Neurovascular Unit O
B& LT, Angiotensin Research, 6, 98-103

ItoY., etal, 2000, Assessment of heating effects in skin
during continuous wave near infrared spectroscopy,
Journal of Biomedical Optics, 5, 383-390

Jasper HH., 1958, The ten-twenty electrode system of the
international federation, Electroencephalography and
Clinical Neurophysiology, 10, 371-375

Jobsis FE., 1977, Noninvasive, infrared monitoring of cerebral
and myocardial oxygen sufficiency and circulatory
parameters, Science, 198, 1264-1267

Jueptner M., Weiller C., 1995, Review: does measurement of
regional cerebral blood flow reflect synaptic activity?
Implications for PET and fMRI, Neurolmage, 2, 148-156

Kameyama M., etal., 2006, Frontal lobe function in bipolar
disorder: a multichannel near-infrared spectroscopy study,
Neurolmage, 29, 172-184

Katagiri A., etal., 2010, Mapping of optical pathlength of
human adult head at multi-wavelengths in near infrared
spectroscopy, Advances in Experimental Medicine and
Biology, 662, 205-212

Kato H., etal., 2002, Near-infrared spectroscopic topography
as a tool to monitor motor reorganization after
hemiparetic stroke: a comparison with functional MRI,
Stroke, 33, 2032-2036

Kato T., etal., 1993, Human visual cortical function during
photic stimulation monitoring by means of near-infrared
spectroscopy, Journal of Cerebral Blood Flow and
Metabolism, 13, 516-520

INfRERTE, 2005, FE A SCRMIMERRMAIEIC & 2 FIER (F)
DR, ALY RE SR, 30, 57-63

JEFER, mw WzEmy, Maesry, Medt—2Y
FEIC X DMED T — %ﬁﬁ;ﬁr*hﬁ%é‘uh
15, 106—107

Kiguchi M., etal., 2007, Comparison of light intensity on the
brain surface due to laser exposure during optical
topography and solar irradiation, Journal of Biomedical
Optics, 12, 062108

bR, 2005, APLOERSERIFRAT & VO T ERE O B
ﬁﬂ%@@ﬁ&%ﬂ ﬁ%ﬁ*” 78, 43, 225-231

ANFRIAZE &, 2009, MM RS O HABERER M
F 1B AR~ mms%%wt@%#kw
FEER OMMTOEZ B L T—, ARG
RS B, 39, 364-366

Koehler RC., Roman RJ., Harder DR., 2009, Astrocytes and

16K 125 (2011)

the regulation of cerebral blood flow, Trends in
Neurosciences, 32, 160-169

Kogure K., etal., 1997, Functional near-infrared spectrography
(fNIR) in the neurology ward, Journal of Cerebral Blood
Flow and Metabolism, 17, S555

Koizumi H., et al., 2003, Optical topography: practical problems
and new applications, Applied Optics, 42, 3054-3062

TP IERS 5, 2010, 38 BBIERED LR oA A K M &

D7 )+ 'EE’JJ_T% TZERE (INIRS) BF5E

—, AAREEFEATE A RMEES, 13, 15-19

Lakowicz JR., Bemdt K., 1990, Frequency-domain measurements
of photon migration in tissues, Chemical Physics Letters,
166, 246-252

Leff DR., etal.,, 2011, Assessment of the cerebral cortex
during motor task behaviours in adults: a systematic
review of functional near infrared spectroscopy ({NIRS)
studies, Neurolmage, 54, 2922-2936

LiC., etal., 2010, Evaluation of a bimanual-coordinated
upper-limbs training system based on the near infrared
spectroscopic signals on brain, Engineering in Medicine
and Biology Society (EMBC), 2010 Annual International
Conference of the IEEE, 6625-6628

Liu H., etal., 1995, Influence of blood vessels on the
measurement of hemoglobin oxygenation as determined
by time-resolved reflectance spectroscopy, Medical
Physics, 22, 1209-1217

Lloyd-Fox S., Blasi A., Elwell CE., 2010, Illuminating the
developing brain: the past, present and future of
functional near infrared spectroscopy, Neuroscience and
Biobehavioral Reviews, 34, 269-284

Maki A., etal., 1995, Spatial and temporal analysis of human
motor activity using noninvasive NIR topography,
Medical Physics, 22, 1997-2005

Matcher SJ., etal., 1995, Performance comparison of several
published tissue near-infrared spectroscopy algorithms,
Analytical Biochemistry, 227, 54-68

Matsuura T., etal., 1999, CBF change evoked by
somatosensory activation measured by laser-Doppler
flowmetry: independent evaluation of RBC velocity and
RBC concentration, Japanese Journal of Physiology, 49,
289-296

McCormick PW., etal.,, 1992, Intracerebral penetration of
infrared light, Technical note, Journal of Neurosurgery,
76, 315-318

Mihara M., et al., 2008, Role of the prefrontal cortex in human
balance control, Neurolmage, 43, 329-336

Minagawa-Kawai Y., Mori K., Sato Y., 2005, Different brain
strategies underlie the categorical perception of foreign
and native phonemes, Journal of Cognitive Neuroscience,
17, 1376-1385

Minagawa-Kawai Y., et al., 2007, Neural attunement processes
in infants during the acquisition of a language-specific
phonemic contrast, Journal of Neuroscience, 27, 315-321

Miyai I., etal., 2001, Cortical mapping of gait in humans: a
near-infrared spectroscopic topography study,
Neurolmage, 14, 1186-1192

Miyai I., etal., 2002, Premotor cortex is involved in
restoration of gait in stroke, Annals of Neurology, 52,
188-194

Miyai I., etal.,, 2003, Longitudinal optical imaging study for
locomotor recovery after stroke, Stroke, 34, 2866-2870

Naito M., etal., 2007, A communication means for totally
locked-in ALS patients based on changes in cerebral
blood volume measured with near-infrared light, IEICE
Transactions on Information and Systems, E90-D,
1028-1037



IR I i Rl R S 2

PRI 5, 2009, T v RTINS LR IV
o EAELEBEFEI () (k3 2 BB RE AL O Ak
7, BAREELHIEERE, 34, 421-427

Obrig H., Villringer A., 2003, Beyond the visible-imaging the
human brain with light, Journal of Cerebral Blood Flow
and Metabolism, 23, 1-18

Okada E., Delpy DT., 2003, Near-infrared light propagation
in an adult head model. II. Effect of superficial tissue
thickness on the sensitivity of the near-infrared
spectroscopy signal, Applied Optics, 42, 2915-2922

it £ 50, 2008, NIRS (231 2L EELL v I = L—
= 2, 55 10 Bl AADCAEREA A — 2 > T HIgER, 1-4

WS, 2010, HAsfEs I 2 b—v 3 VI kD NIRS
1E5 ORPUC BT 2 MET, BAMRERE, 12, 44-51

Okamoto M., etal.,, 2004a, Three-dimensional probabilistic
anatomical cranio-cerebral correlation via the
international 10-20 system oriented for transcranial
functional brain mapping, Neurolmage, 21, 99-111

Okamoto M., et al., 2004b, Multimodal assessment of cortical
activation during apple peeling by NIRS and fMRI,
Neurolmage, 21, 1275-1288

Okamoto M., Danl., 2007, Functional near-infrared
spectroscopy for human brain mapping of taste-related
cognitive functions, Journal of Bioscience and
Bioengineering, 103, 207-215

KIE=5, IKHEZFEZE, 2009, KAl - mPLRg - 6% A
REIIE 2 Spectratech OEG-16 12D T, B IFH
AT 41V, 41, 929-933

KREMAEDS, 2009, FEEA A — T HIEOEN D MIEENC
FAFE S5 — /A oo (NIRS) (2 & D s —,
UneVT—va rBEdy—JIr, 4, 11-18

Park SW., etal.,, 2004, Changes in serial optical topography
and TMS during task performance after constraint-induced
movement therapy in stroke: a case study,
Neurorehabilitation and Neural Repair, 18, 95-105

Plichta MM., etal.,, 2007, Model-based analysis of rapid
event-related functional near-infrared spectroscopy
(NIRS) data: a parametric validation study, Neurolmage,
35, 625-634

Rasmussen P., etal.,, 2007, Capillary-oxygenation-level-
dependent near-infrared spectrometry in frontal lobe of
humans, Journal of Cerebral Blood Flow and Metabolism,
27, 1082-1093

Sakatani K., etal., 1998, Language-activated cerebral blood
oxygenation and hemodynamic changes of the left
prefrontal cortex in poststroke aphasic patients: a
near-infrared spectroscopy study, Stroke, 29, 1299-1304

Sakatani K., etal., 2007, Comparison of blood-oxygen-
level-dependent functional magnetic resonance imaging
and near-infrared spectroscopy recording during
functional brain activation in patients with stroke and
brain tumors, Journal of Biomedical Optics, 12, 062110

BHRES, 2009, FRODH 2 EHEPATEHTTICKIES
WA, (E3RIE, 28, 367-375

Schroeter ML., etal., 2002, Near-infrared spectroscopy can
detect brain activity during a color-word matching Stroop
task in an event-related design, Human Brain Mapping,
17, 61-71

Shibasaki H., 2008, Human brain mapping: hemodynamic
response and electrophysiology, Clinical Neurophysiology,
119, 731-743

Shimoda N., etal., 2008, Cerebral laterality differences in
handedness: a mental rotation study with NIRS,
Neuroscience Letters, 430, 43-47

Singh AK., etal., 2005, Spatial registration of multichannel
multi-subject fNIRS data to MNI space without MRI,

16K 125 (2011)

Neurolmage, 27, 842-851

Singh AK., Dan 1., 2006, Exploring the false discovery rate in
multichannel NIRS, Neurolmage, 33, 542-549

Strangman G., Boas DA., Sutton JP., 2002, Non-invasive
neuroimaging using near-infrared light, Biological
Psychiatry, 52, 679-693

Suto T., etal., 2004, Multichannel near-infrared spectroscopy
in depression and schizophrenia: cognitive brain
activation study, Biological Psychiatry, 55, 501-511

AR, 2009, MHAkINESR £ =7 & MEREIER T 2 7 %,
WGBTS A T« 1L, 41, 925928

Taga G, Homae F., Watanabe H., 2007, Effects of
source-detector distance of near infrared spectroscopy on
the measurement of the cortical hemodynamic response
in infants, Neurolmage, 38, 452-460

EIEIE—, 2008, 7 A frYA b LMIEERFEES, Annual
Review #i#%, 2008, 25-34

Takeda K., etal., 2007, Shift of motor activation areas during
recovery from hemiparesis after cerebral infarction: a
longitudinal study with near-infrared spectroscopy,
Neuroscience Research, 59, 136-144

I HHIRER, 2008, JTARSMIMEERERH O U NEY T —
a VHIBA OISR D B, [EERERmEAL
KA, 12, 72-78

KRR, ANAEZZZ, 2008, Near-infrared spectroscopy
T—HRNTY 7 b = T OB%, MEFEE Ve
T—Yarv, 8, 15-20

IR RR 5, 2008, SEFER)Y Near-infrared spectroscopy
A5 2 258, B U e ) T —ia 0,8,
21-24

FIRIAL 1987, KL OIRERIMNMKEE=2 ) > 7,
EFDH DI, 142, 907-909

Toichi M., etal., 2004, Hemodynamic differences in the
activation of the prefrontal cortex: attention vs. higher
cognitive processing, Neuropsychologia, 42, 698-706

Tomita M., Ohtomo M., Suzuki N., 2006, Contribution of the
flow effect caused by shear-dependent RBC aggregation
to NIR spectroscopic signals, Neurolmage, 33, 1-10

@ MEe, 2010, NIRS 7 Uik KIFd 36K, @k
FERHE, 12, 36-43

Tsuzuki D., etal., 2007, Virtual spatial registration of
stand-alone fNIRS data to MNI space, Neurolmage, 34,
1506-1518

Villringer A., et al., 1993, Near infrared spectroscopy (NIRS):
a new tool to study hemodynamic changes during
activation of brain function in human adults,
Neuroscience Letters, 154, 101-104

Watanabe E., etal., 1998a, Non-invasive assessment of
language dominance with near-infrared spectroscopic
mapping, Neuroscience Letters, 256, 49-52

Watanabe E., etal., 1998b, Noninvasive cerebral blood
volume measurement during seizures using multichannel
near infrared spectroscopic topography, Journal of
Epilepsy, 11, 335-340

WIDISE, EEBES, TEHTE, 2005 EHRAMOCH
WTT 7 4 — MO RFHERBEBRROFHH, @k
fEREDTSE, 25, 215-223

5 E S, 2008, Olanzapine OUFH & 9 O BTk
BT A o7 CORBATEFRIEIC & +HH2IR Lcia
FRESHNE 5 S0 2 B, BRAHEPREEEE, 11, 1719-1727

Wolf RC., etal., 2007, Changes over time in frontotemporal
activation during a working memory task in patients with
schizophrenia, Schizophrenia Research, 91, 141-150

IWHEEE, @AY, 1995, E5 - AWFAICB T 5k
EARHBOHEERB L ORIC L 24 A=V 7,
PR BRI ZERT T, 49, 1-31



| B AR R e 16K 125 (2011)

Yamamoto T., Kato T., 2002, Paradoxical correlation between IWTFEE—5, 2009, 6 N7 Z 7 ¢ Hifff o Key Points, B
signal in functional magnetic resonance imaging and BIEHRAT 4 TV, 41, 917-920
deoxygenated haemoglobin content in capillaries: a new Ye JC., etal.,, 2009, NIRS-SPM: statistical parametric
theoretical explanation, Physics in Medicine and Biology, mapping for near-infrared spectroscopy, Neurolmage,
47, 1121-1141 44, 428-447



