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We introduced adaptive methods to find the optimal HRF for temporal analysis of NIRS
data. Application of the GLM with regression to a temporally optimized HRF on the
functional activation data during different language tasks revealed different temporal
structures for oxy-Hb and deoxy-Hb signals, with the latter having substantial temporal
delay. However, when the temporally optimized HRF was used, the two parameters yielded
reasonably compatible activation patterns including activation in classical
language-related areas of the left hemisphere. These results suggest the potential use of
the GLM with regression to an adaptive HRF to fully utilize temporal information of both
Hb parameters.

AR
(AL M)
LA [A] BERE 2L & it
AR ERR 2,700, 000 810, 000 3,510, 000

WEFEo B« Fe B Eb
PP 053 FE - ABH - IR R - Bl RN
¥—U— R :NIRS, MEG, vV FE—H)LA A=V 7 [ARFH, —BEET v

L. BREBMATIOFR W3 CRHMS IS AR B KOS 2 Tk
e B ks e A= = N > Gis AN DN
BERERIARECITIB IR (MR CAITARINIT | gvip) 0 NIRS CaFBIS L LB E S

HEOTHTER (NIRS) (3, SRREIG IO TR | oy mastmn 2 i 45 = b ABEZE
REDZALZFHAT DI &I Lo T, ARG B) e

B o . ‘j: E j:El L/f\_o
ERBENICHATIHETHD, 20D, MEG-NIRS [FFF&HHIIZ, MEG D ZE[H 5y i hE
MMRI S NIRS IZLOTHISHEA A= 70T (5mm feie) 2ty v, T BIO 12 B0+
AP RRRET D72DITIE, ARG B 23 & D & B L7 %, = 0 SR H e I L T T
MM IRENRE D ZALZ B I BT 2 B 5 DI % £ B2 B2 1. NIRS 0 22 [ 43 fie e
BN BD, 22T, MEG (ifiéat) <> EEG (fiX




(2cm FREE) X+ Thd, Fio, MrIEEIOX
A7 D7 (100 JUFSHAL) 3R B RE LS K
(ET REA MG 2126 NIRS DR Sy fifthe
(100 SR HAL) IX@Y TH D, Lol
MEG-NIRS [FIFEFHHNZIV T, MEG D AF
¥ F—DHIZNIRS 7 B—7 & HIAT LY
HAHRIN D DT80, ZIVE T, RPERR Y
(ZBET 20T D 1EI OWE Ldei-7-(0u et
al, 2009, Neuroimage 46: 624-32),

ZZ T, FHAIZ.NIRS 7o —T7%%&EL,
MEG-NIRS [FIIRFEHIAS FLB ) i 81247 2 D7
W2 2T DZBRFE LTz, ZL T, ZHETO T
BIRFTE D B | BETE R OFRREDS | HIPLIE ] <0
SREEDHIENCA R ThDHI LA RANELT,

2. WHEDHM

O — X% S FE L AR TIE, 20
MEG-NIRS [F]IRFFHANZ L2 B R AR E A
TEHL.

1. MEG CTRHUSI DA REIE B> 7T /L D
RERF /32— 725 NIRS CHHAIS LA M 1
TENRES 7T VDR R I SE—NZED
JOIT S D0,

2. MEG TSN DM R-IG S 27 F Lo
ZEFEI G B & —2 23 NIRS TrIHIS LD
WM BN RE S 27 L O ZE R BT B < —
ANZEDINT RS DD,

ENENDERFEEZ OGN T HT LA L7

DOHEIIELT,

LInLeinn, iFgezHE TIT7< BT, iR
BRCRAF7R IR EE Z BALICIER R O E
1245 MEG-NIRS [AIRFFHAIS %3 L 22 E /)
ICENE TEDLITRERNENIZEDHIH LT,
T BHEROBEIENME L o7,

MEG (233 CIEIE I AL [ L 7= 4 R ]
(RUFPHANL) ORI 92 F 5 BE S D&
HINA A THD, —J7. NIRS I, fikfse L7-Hi1i4
(B BAAL) (2t 32 i i B AE > 284k oo FHIIZ 3
LCW5, FHREERS OFHIZER T 5720

I, WO RRIE DAY — =2 T AT IR o129 R
T B2 ZBCREME T DR ENELD, —
05 kR LT- A VA4 MEG §HANC
B O & B A4 X (SAM: Synthetic aperture
magnetometry) % F > JE B ECH 8 R L2 R
FEO MR A B LENELD, ZOHE,
BoNDT =I5 ITLDOIE Rz D Llgo>TL
FH, WTHhOT 7 a—F L TEERMRA
AR EL, RREEHT — 2 &2 2 DO EFERBEIC
fENT D LT T o T,

ZZT, ET NIRS (230 T FE L i, i B
AL DRSS E A B Z L RETHY | 2
DfER, MEG [RIFFFHIIIZI T, SAM Z v
TfRATS AR A Rt 52 Lz LT,

— AT, BB B LA HIE D NIRS
MRl DEERITT 00 73T 5 A DA RPN
TEALTT FA L END, Ty I RTHEALT
XN — 2T A B L2 A7 B AR T, &
A7 WM TR A R ARk S AL, iR 2R LS
R D20 RERIEFHEOND, — T, A
NRUMSTGHALTIRT VA ARSINTEHEZD
2 — Bl DRI 6t 3 2 bin B 2 A E IE T E 5
Do Foxld, 22T, TRy I RTH AL BRI
FAXCDOER LG ENRHHIEITERL
72 WE, BEILToA XU ROER DB DT 1y
IERET D, ZOLE, REFBICHEFEL 722D
DEZNFERIWLNRDGE . T ay 71,
TR L IeA NP OE R L L TEH AL
%o LD L, FHOMNMENMRTES IR WA
Fel 2, FEOFBIZLN2 00D DFLRNR1D
DORRITHBELEZTHENSTGH, Ty
IANCPOEETIF L, Ty 7L TR H
MY LIpoTLD,

L2 T, 7 ay 7 7 AR TE, i
RED R RFEE B B LT RT 21 T2 MBS A
LB EEEESND, ZOFHEMNERFET BT
D AL TIE S REREE L T, 7 ry
7T WA 2D Verbal Fluency Task (VFT:REE



WERRE)E Naming Task (NMT : FFRRAR )% 5
fE 522Uz, NMT 1, #BRE ok L — &
O IRE R [T B C I & 4o 375 IREfHT L2 A e
IN—TEIRA AT ThD, —J7. VFT Tl #lh
IR BT DHFEE AR T D, FATDA
fif | X IR O FR I &L THIINL TV F A7 Th D,
ZO7z® NMT & VFT Tl it Bh e SOt E
LB RERIN A A R TIE T ThD, 202
OO E BT D NIRS {552k T, #A7
FERI « ~F 7 e R I A7 7 Fi 36 7 i 1. 37 78
BRISET VERD, ZOET VEH W
GLM (— AT 7 1) AT 247V Ik aE~
T ELT,

ZOFRHTIZBEL T, B2 1 LB 72 T ik
BRUI, T7bb | RS E L35
Adaptive GLM TH 25,

fMRI-GLM g4 T, @ UNZiE M2
LI\, BUANME F TR LET AR LY
AT DINHEFEHRF RTA— ST a—=2
TH5T7 e —F B o THAELNT
(Handwerker et al., 2004,
21:1639-1651), ZH\ o727 Fr—F 1%, BLR,
fMRI DFEHT CREA DD Z LD 7203, fMRI
IOE RIS Z D E D NIRS OfifHT I B2 5
T L rEeMEIEE W, 22T %, fMRI THL
LN TCE7Z HRF OF a—=2 777 a—F%
NIRS ([ZL-o CRHUESN DAL ~ET HE
(OxyHb) | BifE#{ttE2/ 1t (DeoxyHb) #
IWENICHEHAT 5L T, A ETHLIZSNT
TR TG 5 DI E R HEDE W EZ B BT
L. ZAUTEE DWW IMBERE ~ > 7 215 2 F 705 ]
BT&5, T2 C.20RMEEmKL .
MEG-NIRS [flIRHHI~D i &AM 52
ke,

Neuroimage

3. WD Ik
HRF O E
fMRI WF2E ClIAd iR B BE S S 257 Ak L

7= B8 ¥t & L T Hemodynamic Response

Function(HRF)2s iV B TE 7o, —i%A9ICIE,
BOLD E 5DET/NLELT, IEAD DD
gamma 4% i (double-gamma) & 1 > /< /L A
JRZELT box-car BAEEDEIIAHEAT ST
A % B9% (canonical HRF: cHRF)%Z HRF &9°%
LA D — e Th5H(Handwerker et al., 2004),
L7283 -> T, ABFZECIE double-gamma Bi%c:
box-car BI#& DB HIAHRIZIY RIS D
CHRF Z 4R L7z,

ARFZETHS double-gamma B AR A TE
E RN

_@®Pet @)t

ht) =T e )

EROFE I M REN R T D IED IR E
R IEDAT o~ B, % I3 undershoot %
RIAOT L~ THY, WFDOMIZL->T
double-gamma BE#FRBISND, /XTA—F A,
T4 1 EEFLE L ratio of response to undershoot &
delay of undershoot to response Th5, ZiLHD
IRTA=HIE A=6, 1=10 s LU, EEEL T,
INT A =B IFFEE L delay of response &
delay of onset Tid, /ST A—H1, IT—KAIIC
p=B[S]ZBEE DR E LT DHIENL D AAF
RTIEZORIA—Z OB EXR LEL, HEiT5
ZE TR LA B~ 72, Double-gamma B4k
ZMATENRE DA 7V ABIEREL T, AWFFET
Woid HRF BTk T H 2 s,
f(t,t) = h(t,t) *N(©) (2

N(t)IFL ARX R N(t)=0, Z A7 X [EH N(t)=1
&72% box-car BI¥THY | * 1 XEHIALHE T
ZERL TS,

EIRER R mBZBZOREICHEOE
FREAT o7, RRIT A ARFELREGFEL T Db
WARMERART T 47T 28 A



FEBRITL AR X 30 #, R X [H] 20 B 5A]
MRS DT ay 7T AL TiTbiv,
FBRTIT /2D Z O OFBEICH LT, &[S
DHEZEAT T, FBMGHRE(VFT)EL T A
T2 — PR EG R A e, SRR TR
FWATI) =% R U, BTV —ELL T,
B, B, B, AR —Y | RO ERINUIZ,
WBRE X2 D AT IV — 2R 5 Wik A RE
I CEDIT L LFZET DI RS i,
FEPRAREIZ IV T, BRI (ot
LI IRBE CRAFLA R SO R TR L7z,

a1

REHNCIZ, 2 F vy XAV NIRRT T 7 4 —
(ETG4000 H AT 4=1) W, EA S
BRI fHEF 2 M7 58012, 3x5D T r—T77K
N —Z EATRANCRE LT, S—F ¥y
A b — a3k (Tsuzuki et al., 2007,
Neurolmage 34: 1506-1518) %\ T, 44 F v
TRV DREF I AR IR | B e SAR R 722
Z MNI R BITRUT,

HEDT

ATALBES =B A DT —Z T3 LT, S8
PRIENE L7450 HRF % A\ CREZEY
IZGLM T2 T o7, (L) D/RTA—H 1y,
T HBEEEREL . D HRF ZERLT, 15 1%
6-56 s (1 s %I 7). 1013 0-15 (5 s LI A% EH
1Totz, T70b b, 4 204 HORYFET VEE
BL T ZAT T,

GLM FZHT T HRF IZ LD BRI AT O t 5%
BMHRIE DR EEL L CTHW =, t il #BRE T
FHL, ZOWBRE R t DR RO EFE
TNV, X OB TORBERET VELT,

AR TN T i 72 B T /L C O FRMTRE
BP7=AN)%HT, OxyHb, DeoxyHb Ziu
oz, BHIT, v v T T o7,

4. WFIEALE

Fig. 1 1282 A7 «Hb iR Oy Bk & pli
JE&RT, NMT & VFT THONZ R 2R
INED LD ED DD, VFT TIENMT &t
WL TRV BN RS EZ R T0D, Tz,
OxyHb & DeoxyHb TH BN HAR DR )G
BENRONDHZEN DY D, DeoxyHb X OxyHb
LI CRUEN RIS EEZ R TWD,
Deoxy {55 D/ d x4 A7 M &% TV Ak
HIficETBIA TV, £¥ A7 -Hb TR
TO fNIRS 15 5 OB HSE 1T RRDZEN, &
R TG DA L — ANS R TES,

NMT

006 -
004

OxyHb[mMmen]

Time{s]

DeoxyHb{mMmm]

1o 130 160 180 210 230

Time{s]

OsyHb{mMpm)

160 180 210 230

|
b
i
}
|

Deoxy HbmMs
N
H
’./
-~
_
S

160 180 210 230

Time[s]

Fig. 1 &2 - Hb FBRIIZH T HME Hb Kis &R
RENF-HFBE HRF BE%., EBRIC NMT, TFERIZ VFT
ZRY . F#R(E OxyHb, HF#RIE DeoxyHb DEF v
FLLBREEHEEERT . BRIIBHRE -
BAICBWTAFEICLYBREN-&EL HRF
E#THD,

NMT-Oxy . NMT-Deoxy . VFT-Oxy .
VFT-Deoxy CZNZILEIE L/ NTA—H(X 65,
175, 10s, 24 s T o7z, %4 A2 +Hb I TA
TP NIRS 7 —ZIZxLZ N L Ui 72 AT
BRESEET VERDI-FER, KililetT v
TBF AR BT e Rl TR
EDRT,



Fig.2 I[CAMENTIC L > TR HENZ HRF %
WM~ v 7 5T TR Fe A 7”3, Deoxy
IZBIL T NMT. VFT Ol 5 C, Oxy &3l
THEBERIEE PR EIN, RENTICE->T
Oxy-Deoxy D }i CEFEE COAHBERIGEE %
BT 2L TODZEDnDND,

NMT-Oxy (t,=6)

NMT-Deoxy (t,=17)

VFT-Deoxy (t,=24)
Fig. 2 &@E{tSth HRF #R UL Vvi= GLM fiZ#ric &k -
Ty TEn-&HEHK t v v 7 (p<0.05,

Bonferroni corrected) .

EN AN SID RN S M RE R PN Ul
T, [EFEZ A7 DRFH)ISE | [Deoxy D] i

BN T TICEFEMICHER T 5, £T. 5
FEA AT DOREE IS BT DV T, ARFFETIX
NMT @ OxyHb {23 LE—27F LA 6 s M &
L7ce ZHAUIRHER SR E L — BT %, XL T
VFT Tl OxyHb (ZxFL 10 s L7 T
SNTCZEDIRNREZRBNZ L TVD,

fMRI TITHA CE TR T R O L5 B
JENE RO BN 2 A D TR IS A D FEERTH DA
NUNTHIUIE =TT 4L A 6 s (THDFEE
GIpbEnian, L, 2o o ikl
TESIIAG S BIL IR R 3% B 1 3L
LY TIELRW AR S D, L3> T, il
DR - BB RIC L THEAT5ET 1T
REFREDVT D AREMED D, NMT & VFT
OV i 3 B R I A< B AR B B I
ZRTIETTHDH, NMT T, SR E 1oL —
TE O R R TR AR T2, T722bb, I
M ARI N — BRI AT ThD, — 7, VFT
Tl PR IR E BT D HEEE £ T D,
Z 27 DA IXRFR O & T HEINL T
AT THD, LR, VFT TEIWE—7 D2
IIZRERR A G Lo B 2 DD,

EN A SSNGNF N IS SE:I =S S e RAV/AN
Lt Ty RTGEALNICBITEARED
MSEEZ VT, SAM Ex V2 MEG-NIRS
[FEREFHANC LD . NIRS FHENC 351 A RE R 28
5, 5 S B O R AR DS B BT 72 D &
WIRFS D, F72. NIRS FHHICI 1T DR AR 22
B (3 5 M B A Nk L 72 BB o g it 15 %
TRRLIZEWD ST, ARWFIE I3 E B 5w Y
Hk%E, M REA A= 7T B ICh 726
FTHOLFI TELEAD,

e

5. FRIBEEIHILE

CdeRERm =) (FF 7 4F)

(B AR oeiham 3 ; & FH A im0I*)

+ Tsuzuki D, Cai D S, Haruka D, Kyutoku Y,
Fujita A, Watanabe E, *Dan |. Stable and



convenient spatial registration of stand-alone
NIRS data through anchor-based probabilistic
registration. Neuroscience Research. 2012; 72:
163-171

+ Moriai-lzawa A, Dan H, *Dan |, Sano T, Oguro
K, Yokota H, Tsuzuki D, Watanabe E.
Multichannel fNIRS assessment of overt and
covert confrontation naming. Brain and
Language. 2012; 121(3): 185-93

- Otsuka T, Dan H, *Dan I, Sase M, Sano T,
Tsuzuki D, Sasaguri K, Okada N, Kusama M,

Jinbu Y, Watanabe E. Effect of anesthesia on

trigeminal somatosensory evoked magnetic fields.

Journal of Dental Research. 2012; 91(12):
1196-201

« Okamoto M, *Dan 1. Extrinsic information
influences taste and flavor perception: a review
from psychological and neuroimaging
perspectives.  Seminars in  Cell and
Developmental Biology, 2013; 24(3): 247-55

- Monden Y, Dan H, Nagashima M, *Dan I,
Tsuzuki D, Kyutoku Y, Gunji Y, Yamagata T,
Watanabe E, Momoi M Y. Right prefrontal
activation as a neuro-functional biomarker for
monitoring acute effects of methylphenidate in
ADHD children: An fNIRS study.
Neurolmage:Clinical. 2012; 1(1): 131-140

- Cooper R J, Caffini M, Dubb J, Custo A,
Tsuzuki D, Fischl B, Wells W, Dan 1, Boas D A.
Validating atlas-guided DOT: a comparison of
diffuse optical tomography informed by atlas and
subject-specific anatomies. Neurolmage. 2012;
62(3): 1999-2006

+ Dan H, *Dan I, Sano T, Kyutoku Y, Oguro K,
Yokota H, Tsuzuki D, Watanabe E.
Language-specific cortical activation patterns for
verbal fluency tasks in Japanese as assessed by
near-infrared

multichannel functional

spectroscopy. Brain and Language, in press

(K] G 21F)

(FAF3RHTH)
Dan, I.  Spatial and temporal considerations
for achieving intermodal cross-referencing of
fNIRS data. “UK/JP Workshop for Multimodal
Imaging” by The UK Embassy of Tokyo, and The
Royal Society. 2012 4F 2 A 29 H, Kavli Center,
UK

(EHA EERFR)
Sano T, Tsuzuki D, *Dan |, Dan H, Yokota H,
Oguro K, Watanabe E. Adaptive Hemodynamic
Response Function to Optimize Differential
Temporal Information of Hemoglobin Signals in
Functional Near-Infrared Spectroscopy. Complex
Medical Engineering (CME), pp. 788-792

(PE U PEME)

O R GE1145)

AR - RREH IR RE AT /T 5

FE TR, AR, L
MERIZE Ak

R : 5T

F5 : FFlE 2012-95838
HIFEAEA H : 2012404 H 19 H

EWNSL ORI [EN

(Z DAt
R B U
http://www. brain—lab. jp/

6. WFITHELRER

(D #F7eiEE
L N (DAN IPPEITA)

BISER KT - EFE - HEHE
(B sk - BTSN - #0)
WF9es&5 : 20399380


http://www.brain-lab.jp/

