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Neuroimaging studies of the higher brain functions

G ER

Yoshiaki Kikuchi

E B EESIE, AMOS T E Rk EREO MBI T, MR LB
(fMRD) & itz t (MEG) 12 & BtgaEA A — 2 v VW92 B2 % > TWvhe MEG % [
72 I B 3 R RE O BB AR TR IR RS2 010 & o ¢, BN IR O B 5 I 123 % rputs
& L7 505 B O MR I B O RE AL 20 R 22 B 15 & msec 4 — &' — THEALT 5 2 & 12D
L7ze $72, BE, XF FoOAYFVu—F—3a B35 [HEEEHET=EBNT
WOHTEEAE ] OFFM R R EZHL NI Lz ZofMERy b7 —21, HEFH
BEOFIRERE A Y T — 2 L =T 5, E5I12, FOEREOHEBIESMETIZB
% IMRLEFZE2 &, RIS 59 2 I O ME RS % B & 202 L7ze & A FEETEE
W, EEONTET IV DAL &3 ARG ORME & b B3 2 WREMAVR Sz, Rt
T, Ao TR 2 [RHETE)] OMBEEEE T2 HOMIIT LT EICHIILT,
Ltcd, MEEA A=Y 2 710 X B EIRIEEEIT 21X X S 10K & RIEA R IT 2 2 &35k
VORWEZATHSI,

F—7— N mkhitiee, BRENEAIEE S MRD, BER (MEG), Mitgfes 4 —
Trr, W

MHTIE, FEPA ATV e &) 2 NHEA
DHKEEETHO N2 2 L IIRETH L,

ZEFESHEA SN, L OEERAAIHZLNT
EToo MUNEMIEIC X 28R MG L-ERAE
FEEIIRIC L o C, flx O= 2 —1 O
MHRAEE O EF DS S 22 &, 4 HOREFED
HBIREINTE . L L, 20L& BT
TlE, WMEEROMEEEZ R N—952 &
ETE %V, 615, B ERE L2

72, BERBIOWIZETIX, W< O DB 2 fE B
et s, AHOERINEERRICB T 2 HE LA
PRONTE/z, LL, FRRGITITEE AL
RIEEEND Z & RMEOMATHEROME R &)
&Y, FEGEAL L BRREE & DOREE R IS BEFR & B
LT AT EIE, —MRICHEL v,

NS OFFEIT LT, kg4 2 — 2 > /g,

HHRF R R AR 2R 7 a0 v 7 0 T AV RS A T 2 AR BE AT £ 4240 Laboratory of Cognitive
Neuroscience, Department of Frontier Health Science, Division of Human Health Science, Graduate School of Tokyo Metropolitan

University, Tokyo, Japan
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BB % R A X — 2 Y/ TE LFHETH
ZrEbIC, FEEHARMEETH D OREE
PO RIT 2 I EATEL LD, AR
DEWIHEREZ T S 22T 2 ) A TEbDTHL
BRFETEE VAL Y, F7, e 2 — V>
7N BWgE T, WRSEE AT & 2012 L 72D
1 & e & DBIRYE R R &+ 2 EBRTYA %
BHICEETEL 2 EbRERBHODEOTH
Zo ZOLHHRENS, 4H, AR
RERTFZEIE, TWBEREA A — 20 71D & o TR
WHERT 2 X )15 7,

II BiisEED A X —> > J—IMRI & MEG —

B DA A =Y v 7 HEOHRTL, HEHOD
M= THHL T oIF, 2, HiEmmLdt
N T {4 = (fMRI : functional magnetic resonance
imaging) & M % % (MEG : magnetoencephalo-
graphy) T® 5, fMRL L, WOMMEIGEIC & D
79 BOLD (Blood Oxygenation Level Dependent)
1§55 % W %1t 3 %5 & @ T, PET (positron
emission tomography) O X 9 (2SR TCHE %
ffido 7 < T b HBR & 22 43 R e TG Bl & A
A=J Y 7TEBOT, BHRIEHY 3w FTh
7 B SV 1BV TL XD THENTH b
MR 2EOEEIED HEBMWAES I > TETEY,
MR RE I 57— & DN b 2 VRS L TE
Twa Y, LaLadS, IMRITI, RTha
W W sec B &, BRI REEIZEV E W R
HbH b, THITK LT, MEG ZHREEEICHE
VGG E S 220D TH Y, WROIEETE
MO A+ — 5 —Tdh 5 msec & ) &\ EER 45
fREEHR H 5. L72H > T, —RIE (primary
response) &7 R LMD KIS (eventrelated
response) ¥ 0 X 9 2B ER OB S 1 sec
DA U 2 I D F i iG B D 8 A 05 & 3 e 5
LT ENTES, LrL, MEG % v THNEE
EFEAHEET L0 bW A REIE, BEARIZIER
B%EME (ll-posed problem) T#H 5 &\ K
HbdH D,

ZDEH1Z, IMRI & MEG W3 L7k
WEEA A =T Y TOFLETIED A5, ENENR
s MR ET Y, EEORETE, The

NORHERES X — Y v 702G, L, iige
TR Lo TINSEHFITF G LY
THIETAMOS T ST REmRNEREZ BTV
5o

I BIROEEOHBEE 2 Ol eF
s —

bitbiiu, 777V 8—T714—=DLHIZ, K
BONLDPREGFETERFLTWLHT, 728
ZERITNE S THHSDPHE 2 WHFOFE 21
Lo EREFITAZENTEL (BT TV
N=T 4 =%R). 2FH, bbbk, FAMO
Z L DFEHROWOTNS, HHFIZE > TE®RDOD
B M2 A EPICHE T 5 2 LS TE 5, &
Nz #INMITE (selective attention) & W9 25,
ZOBRRWEZEOFREEHICOVTE, F v F
R— Vi e V) ER M5 2 L CThfges
T&E7. ITNIL, BHE (72L& 2 TR
80%) |ZHER SN B I HEERNG & A (728 =2
EHERRESE 20%) (ZHR S B BRI O 2 fE
FHORBAFIR L, #BE I BRI LT
DRRY LB EORIL T SELHETH 5,
DL BEMT T, BRI 5 H R
WAL A A D L, FIEIERA 5 B X% 300 msec D
B CHEELRBEOY — 27 2R4, ZOREED
E— 713 P35\ T P300 & -, AR OFE51-
FEOENERIEEL 2 -ThY), ThIT,
LHE B2 8% OFEB TR SN TE 2,
L2 LA25S, ZORISORMANFEERIZO VTR
F72L L ORI E N TV A,

S35 8 13, MEG # v 7 [ R R 4
% (multi-dipole estimation) 75 % MtH |ZBH%E
%2 LT, P3 ORISR O R 7 R 22 f R
WEEHSPIZ Lz 2ONEEH LI & T,
P3 28 & B 285 + 9.71 ~ 402 + 29.9 msec
DOESMT T, F393.64 £ 254msec &\, T
F CIHIEZEARETH o 72 X b o TEHM 7 R EIE
THANTS R ZHEET 5 2 LI L7z, HEES
NS EROMENL, BB 0L ) B2 T
989 = 163 &L L TH o> 720 HEE S N7 R
frix, prSidey, BHIHEEE, MEEEE 2L
% L ORFEITH - 72hy, & AT o S 1]
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TR OTEEN LRI CLE R IEB &2 /R 3 2 & AT
Lo (R 1) S5 B2ITRT L)1,
T K 2 1] 12 0 0 ARk B oD A 7 IR R 25 ML % 5B B
FTHIEICHEI L2 25D MEG 12 X ATF
FEAERN D, FREEBM CTH—-OE -2 L LT
EFESIN TS P3IE, FiE, H—0FAEFIZ L -
THEBEND SO TIER L, WBEEREZ ol
L7288 F &F A O R FREATRY 2t G B
DEGHRENT=,

IV x> &)lO0—7—2 3 ORER
H2FORTIRITHEZ T 5, Wb b
Xy VO =T =33 IZOVWTOMEIR
Shepard & Metzler” 12 X - THROIHE S
MWoix, 22003 WIETH v 7 KB & b 123t
wL, NS CRIED SRR H 5 R
RS, FOL ZORMSHEZE L7, %
OFER, 2 DORIEOKFI B L OE S J D
IR L RUSEEH & OFICE B2 IEOHBE D& %

A
v
u
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280+
60 50 4030 20 10 O
Posterior Anterior
(mm)

1 5
Anterior Posterior

> left pHC

ZEERFER L, ZORRIE, bitbhdsf A —
VETHIEERR G S L XL, ENDA A —
PEOHNMBETH LI b BT, Hhd
WA FEAF  ip TR % AR 12 [lfR LT b
L9 BEOTO X AR H o PICHE B
(represent) SN TWALREMZRIET L L DT
Hbo Lk Ay na—5—3 3 ORI AN
ZALZODVWTEL OWMRP B END L) ITh

D, BHEEAHOMIGNHLMIZSNTE
7210712 - o2 T, BT S TE A

B & AT MVEICERE L TB Y, Bk O FE
DFOET) - BAEICHG T 52 e, EHHE
YAy Va—F— 3 YICHE5T AREMED S
ZrELOND, FE5LY 1 Ay ra—F—
Ta VBV CEERIEANEE T 57000 & M
WAET 5 BT, UFOEE B R -7,

3Ty yHEE WA 7 va—F —
YaryofEy, AFEMNICEBT S NEE (2 KT
H#5) 72U CHMRONDL O LEERZ &7

BEEOZEROEL -8 % BB
LD EBFAEATEY 4 A2 EE)

Ty FR—VEEZEITIC & b 7 ) P3AERRE
2B 5 & F S F B RNFEEL O FIREIEAT) 7
B, £ ToOMAMMIOE 1L, FheEnk
DFERMDO AT A AMLiEEH LT KR
Wr o WU T 1E MEG % v 72 2506 R 45
REDBEFE AN E N & 0 e S 72384k
Bxdbbd, 77 7ML (msec) T,
10 K55 055 [0 52 350 0D TR [ 19 A 2 22 58 7 AR T B8l L 2
7L C, BHTHSEIL, AUSHAESL, S A o i
RGBS A b A, STS © FMITEH  superior
temporal sulcus, STG : L fi] 58 [A]
temporal gyrus, pHC : # B & [ % %%
posterior parahippocampal gyrus

X1

LEFT RIGHT

right parietal
left parietal
right frontal
left frontal
right STS, STG
left

right superior

X2 EEICHT S EZESORBEZEL
F v FR— VEREZITIC & b 7% 5 P3 R
(2 BV % i B 5 [0 14 350 0 Ao T B o e [H] 28
fbo B ERHEO VNS IE MEG % Hw
7 T W 1 20 TR e O AR SE A DR S RS & ) 3
EENTFEREHSb . 75 7RI
TE S M7 A O L O % D7 1 O i i
(mm), HEFIZEEE (msec) ZdH 5 DT,
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IO (3 RICHER) %8B 2 &bl iuUdiF
PELNEVWL OO 2 BEY#HEL, b 2f
OB Z BT 2 BOBMIGENIZ O W THRET L
720 TOFER, 2 RITHE CIXFEICH Pk -BH
THAHIS AN 59 % 2%, 3 kI l#E CldAs FEHTHHA
BOWEENZ THEBRBEIAES (5352
ERbhrotz (B3)e 3WITHERTIE, BEBET
MO EEEREICN A T, 3KRTHIEO R Z 2 \WEb
GERIBALT 5 &) ML L B2 B, 20
&9 PR 23 Bk o E B T AN 5 B
ZERTEENS, S50, HFHL B Wz tn
5 O i B O R 09T &2 B 5 20123 5 72912,
FIRE 4 R % AT LTV B0 BGEB)IC L T
MEG % I\ CTHEIT L 720 Z ORGSR, 2 kT alfz
&3 WL g el L ¢, 8 bUBE TH AE IR
300 msec C— ML IZE 2 E £ 5 —F, £ LA
TH/NEISUE FRRE RIS B WIS B &2 7R S 7 & O RO
BHhHZEDNbhroT, 7, 3WITHEETIE 2 K
JCIAHR 2 I L CHER AT OF sk & { % b
73, & {12 400 msec ~ 700 msec D E;EH TH &
E B T EAVHIHL 72,

V [F] ORETRE (implicit) & X > &)L0—
F—rar
XFEXFRAEOTOMM ZBERE IR L
ZOFDVWEEOHFPEFT P2 SE5 L,
W BRE A\ WARAY (explicit) (2 A ¥ & )vH—F —
YavaHoR L T, HEE ORMNTIERR
B (implicit) 12A > #ZVva—F5F—3 3 > OULH

anterior

o

3D rotation

&

2D rotation

posterior

TOLAPHREND L EZOND, EH5 D
X, ToT7uL AL TMEG % HvCiEas L
720 ZOfER, 100 msec ~ 200 msec TIEFER S
N FTOMIEIEHMEL, 200 msec ~ 400 msec T
R ENTZFOA I Vu—T— 3 VIS
TG % 32072, EICBRBEDO TR AT
&, 200 msec ~ 300msec C HH JH # A B,
270 msec ~ 390 msec CiEHYFTEF DIHFEIHFRD &
i, [ BEET = B HE A T B Ei T | &
WO THHRLE O RN LT 5 2 LS TE 7
(B 4a), Z O TIEHF S OBERE % k5 &
L7225, 26 OMIEHENI VI LS 2R EAL
TH o720 LEFIROEHEFOTGHAFR NS Z
Ebd oA, FEARMICIZEBIHTE OEEIA T T
& 1), 270 msec ~ 300 msec THATHE G E & D
BEIGAT I 2 PR TG B 3B S 17z S ORRETIE,
PR SN2 TF-ORBIHLELE TR S 1, BHTEM
A CHEE IR E AREREE R E PSE S TE
B FEATICSE 2 2 IERAEB HTE 12535 5 1,
JEENRTE & BT A L OMEEHIZL > THD
DEFEA A=Y LTHESE, ZNUSEREN
ZFOBEIERT L) ERHEL Tn5b D
DEMEREEINL, 2O [HEEEHEESHEEA
BOEHHET ] oty b —21%, Rk
A FEE O FEES) - FIRIEORIEHETE A v b
7 — 2% (frontoparietal network) '® 12434 5.

VI XFOXAZ)O—-57— 3>
Ay va—5—3 3 yOWRTIE, [Ma o

K3 *x242A-F7—232ilHTB2R

JTElER & 3 RITEER IS § 2 BiEED
3D Ty ZHEDO A F va— T —
¥oa VIRER TR ORED), R, ACFEN
2B} % [HEE (2D rotation) 721F THEAE S
DA IEE T 2 s (BETHAEE) o
Fix, EEEF &0 XIEOEE (3D
rotation) * B I bR IFILLMSHES LR
WIGEITEB) T A M aEk (LBHTHAE, A5
BYHIE) o
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£ G CRIEES S 00T, oL S FE
FRAELLBL LN TE D, 5517 13,
PFHRDOT IV T 7 Xy bHDHWIITDHFEBGELTFE S
FEE LA CPERE 52T, ENPEROL
FOFEFO LT 2 HIM S 5 RE T 3E L7,
COBEEFTL TS E ZORIEEIZOWT
MEG % iV TGS L7245, XTFORRE2 5
100 msec ~ 200 msec T B HEHEF, 280 msec
~ 560 msec CHHTHE AT, 310 msec ~ 520 msec
THEB AT OEEH PR O 5 1, 310 msec ~
520 msec "C¥E TH A 0 & S B i o) [F] RE 64T 19
LGB A RO 7. (B 4b). IEARMIZI, ahioF
DAYFNVH—T—2 a YROFUEHEESA Y 7 —
W= BN, LFOAFVO— 3 D
AET RN ARG B 27RO S5 OB TH -
720 S HIZHEREVD X, 230 msec ~ 490 msec
ThED LGB SISO MEHGE)2SFRO b/ 2 &
THb, FHEAMIZVHW S Wernicke O FHEF |24
BLCHBY, HHELTERE LT L ET 5,
Thbh, ZOWUT, LFOA I VH—T—
Ta YOI T O v ANDE) X 5o % 280 msec &
D & 50 msec B CIHEIAFG L THBY, D2k
X, AVYFVu—T7—2a 070 ANGE S
DIHIS, #eBRE 139 Cloh 2 SN LTl <t d
LhbroTBY, WWIZEREILL T - TTReE
ERTLDTH D, ZIULFLH A S FBRIE N
FERTH DS, O XD NGB O FEE 72 R A
LICET 21EHIE, £ SIS BED &V
MEG # WA Z L TIELOTHOLNDLBDTH
%Y,

200 ~ 300 msec 280 ~ 560 msec

<

120 ~ 180 msec

character

230 ~ 490 méec g

110 ~ 200 msec

VII REFEHOES - B#4F
— [HELICH T 2HE] » 5 [BmER]
DIFBBAN—

WEFEMO TR B L ORI 51
BEICOWTIE, TNFEFTELLOIEL R EINT
& 720 & LAY IV ORI A B R E DR R S |
MEFEEOFEER IS HREHoh Ty, HIE
EOWM, PR OFEE (MIP, V6a, 7m, VIP) %3
51U, SISO FERIEES)ITETELE O/,
T abLHEEMEOFICH S AIP ¥, PF B & wn
I G L TWAZ ENHLENIZENTW
bo Thbb, BHTESE X BUEEZE O E B R HAEE &
OB DD Y, BHTHZE T S - R 22
BHILEB AT c %S 9, UL, %
BlobbhWE RSB35 21, ZAS
POYELD D 5 DHETH Do FH O HATER
PEIGENC B, BERIBSMELE 5 2 723, i
ED XD RIEHERT O, Tabb, SIS
TLWEOMBIEEZH S I35 2 L1, o
D EH AL EZ D2 ETEbLOTEETDH
D, UNCYF—3 g VEFIZBWTOEELE
HTH5b, 4% 5 (in preparation) (&, MR Z=iE
O CHERE DR IE ST TR 7SV
R ETL TV D L EORIEEIC O W THE L 72,
OB, HBEOLGTSEFE A SIIZAZ 2w
oL, 2oFwhkEmMaE CCD 1 X 7 THue
L, PCEML TR TOY 27 —TAZ ) —
VEIEETAZET, FIOBRRET 4 — KNy
7GR EWERE 272 2720 PC TlZ 100 msec ~
2,000 msec DEFREIENHZ B 2\, SFEF
RRURIBIE 7 £ — RN 7 S F CHBRE 12~
ISRV H BAT S, FOEORKIEE % MRI
Z B CEEHNC AT L 720 100 msec O 3 AE 41

F4 FEXFOXAHZNO-—FT—232k

i sEED
FoOAHVva—F— a2k b R0 Mg
POREHZEIL (@) &7V T 7Ny FLFOD
AVHNVA—F—a e b %) MiGEo
2L (b)o
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TClE, #BEBREIIEENIZOIIEALENEZED
A, ZORE, WO EA T, FHIEE AR,
EEIRTET B L O EROERE CF B2 8 2R
L7ze $2bb, TNEORERALIE, FiloFiEE
JHIEA v N7 =27 Th b, UL, RIS ZX)VE
AT AR LR BT 5SRO EB R
THDLZ LMD, ARIZLHEITHLHIZLH
O O3 OB RTE & BHTHE A TG E) Y
oo NTboLBbivs, BEREHD /S 1
B0 EERT DOICELRRIIHE T — F
Ny 7 OIRIEREH & AR IEOMB AR L, /XX
VEREOFATILEIERE B OIER & & b IS %
DI EDHERENz, SHICHIET 2 L1, 7
IERERIANE K 2 2o, ASHBETE A v N7 —
7 OWEENIINZ T, BISEM, FUSEATE, EB R
FHTEHEAE, MT B2 & OMBIEE 1700 5,
INLDOMEHEREL LI b7z (K
5b). LS OB OEENE, HEEL L WY
IRELEE T T, BB DS RIS AN E RS b 72
DI —BEOEET K - FiET 5720 D%
W e ZZ oAb, &I, HYERo THEIEMHE
3,0 BOLD 55 O ZAb3E LR IERE & O fIC X
HEAIEOHBE TS S (RE = 08239, p <
0.05) (X 5a),
EBONHEF LY OFZ KL DL, B
B oa¥—d3bbm.0Ma Y — (efference
copy) D AN % Z\FT, 7 47— FEF I (forward
model) TIXHCOEBIZL>TELLTHAH
JERIRER T E N L, 2L T, TOKEOT
THMEEBEOEE T 1 — FNy ZFHE A S
N, R—BOWEITITZFOREICE D TRMIDOE
707 T AMPMBIEEND Z & T, A FEEE
B - BEORE R Y SO — VSRR B B
OTHETEBEL, HEERPAEREERS 512

=V

Percent BOLD signal change
Right STG/TPL

| m :

N
S

5 2
=
L]

Delay time (msec)

IGEENE AR SN IETFTHL I L0

LREOEEINE T VISR ST EE LN
Bo BARAIZ, TOEMIE, MAERFER ETH
5L RER (passivity experience) 1) %o fi
HOE A BT B A #E B R B (out of body
experience) 20 %3 A BB R A (third-person
perspective) 2V & b M 2, BIEBET 1 —
RNy 7 5T TR L2 2L S O aE T,
PR FEMOEE) - BIEO LR - Mt D7z D
RO ATR L, HOEMME L OMIID7-0D
BRI DR BE T 2 M 2VRIB S NS (in

preparation)

VI [BH2] O#E#E—0L0B0 [#]
D R EiEe—

FEHATEI OB 2~ b a— Vo IC oW T
E, CRECEICEHWELGE L rs, +
FUPNYURTUT I F IR EDRVEVHRE
HiEEERTIERW LIS NTE P,
SIS LT, ABOBBORETENC BT 50
BRI OVWTRIZEACRNIDTETH D, &
¥, IMRI % V728 2 i % b Loiigess L
LB END Lo TELD, b, fF
BOT LTI —HoT &b 2 e 3500
%2 PHBEEHEOT LS EHHME LTdV 25
FOERIE 2 A S IHFIA 7 X T 2 W
% R EThb, T2 WTHOWEDL, Wi
LTOEHEOFRFEOGEYH WD THY,
BObHFIHT 2 BHREESERICHER S I
HEMFEIZIIEER N DTH 72

SRICH LT, BT #5050 1 BRIk
L CHIMe 2 BAETB 2R T TH 2 1 itk
(165 =38 7 A#) T &b %L O ENR
L, DO TFAREEICH L CORTROCEETE %

5 REELE A THEEEROMEES
F2ER o> FEETESES O BOLD 25 02 b &
SEIERERT & OAHR (R® = 0.8239, p < 0.05, a)
& 2,000 msec DHFERIESAE T IZBIT 545
ERiICBUF 2= RER (b)o
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BRI E L CHWSD 2 T, RS & REEATE)
OMFEIEAE A O T L LRI LIz, T &
LORMIF 2 S L, F L0 & EEHTilE
ATWBY (Play Situation) & FEEIA 5 D438k
XD FELPW TR L RD TV B L
(Separation Situation) ® 2 D DIRIIZBIT 5 b
HIT- & AN DT A Bl & Lfﬂﬂlﬂf:olﬂ
PERDWIFRINTF 072 o 7 EH OB
Y T%oto;@ﬁn@igﬁﬁ%iZO%
n, BMEomEERTHOMILI-Z L, BX
PO TON S THS LB ORENRE
- EE) - FTEATENCBES T A MER AL 2 B S 2
L7z2&ETho7z0

BisEh, EEIEEN S L O OB R
WIS, F55 Y 1, BUBIIHET 2
s % | AR ISEEZ A (orbitofrontal cortex) (]
6), EHiES (anterior insula), HRMZK & & FHIK F1
' (PAG : periaqueductal gray) (R 7), ##% (pu
tamen) WEERO DT H 4 D ORI L Z &
BT &7z RO HOWFHEIL L <12
BHO (B0 2 [¥d] OBFELAFERIEOM
ARy —F, G EROIREHEE oIz E:
Bo [WWE] EAERIEOMBEZRLIZZE DK
BHIREWIERCTH - 72 (K 6). IRERIEEL Y
EHOWD W MR OHRTH & LITEKROH
WP THHI NS, DHEFHPHSIELTY
L ERNEEAEITENC R L TRk O HEIMGEFT 0 72
DUFEE L Tnd, T4bL, BRI TOF
HTE DL TRERED ) ~FIET
Hebkbio, [BU [Fe] [LOE] Lwoi
BHZFIZBWTEbO TEHERKIEVSHFLINT
WD ERRTE D, 512, FRIN/KEE P

R=0.635
. p<008

012345

Joyful Happy

CEAFV NV L OSEEPEEICHY P
®%W®ﬁ% ;ofiﬁﬁ@iWﬂéﬂTLi
52, F7, BRSO X 0L L
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Abstract : Neuroimaging studies of the human higher functions by using fMRI and MEG
have been carried out in the author’s laboratory. Simultaneous multi-dipole estimation could
depict the detailed spatio-temporal structure of brain activities (frontal, parietal, temporal and
posterior parahippocampal regions) related to the auditory selective attention, with the
temporal resolution of msec-order. In addition, the studies of mental rotations using
3D-fugures, alphabetical characters and hands clearly showed the spatio-temporal structure
of brain activities, that is, visual-related area = premotor area < parietal area. This neural
network found in the imagery tasks corresponds with the fronto-parietal network activated
associated with visually-guided hand manipulation in the real world. Moreover, we
investigated the compensative neural mechanisms in the network, which would compensate
for the temporal disturbances caused by delayed visual feedback. Among the related brain
regions, the right inferior parietal region would be specifically related to not only the internal
forward model but also the self-other differentiation mechanism. Furthermore, the neural
basis of maternal love and maternal behaviors, little of which has ever been known in the
human mother’s brain, could be recently clarified by detailed analysis of the fMRI data. The
results showed that a limited number of mother s brain areas were specifically involved in
maternal love, namely orbitofrontal cortex, periaqueductal gray, anterior insula, and lateral
parts of putamen, and suggested that there would be the highly elaborate neuronal
mechanism for maternal behaviors for vigilant protectiveness.

Key words : higher brain function, fMRI (functional magnetic resonance imaging), MEG (ma

gnetoencephalography), brain imaging, maternal love
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Abstract : The purpose of this study is to clarify the characteristics of simulated patients in
nursing education by investigating domestic literature. The objects of study are research
reports with the keyword “simulated patient” in the journal of the Japan Medical Abstract
Society. Investigation of 30 items relating to the purposes of these research reports, the
descriptions of simulated patients, etc. was performed. Analysis of the title text was
performed. The result, achieved by the analysis of the number of reports regarding research
using simulated patients, the magazines listing these reports, the development of SP research
and the titles, clarified the characteristics of patient simulations involving SP. SP is a trained
person of simulated patient using simulation. Use in nursing education began in the 1990s
and SP is thought to have continued to gradually increase. However, because there are some
research reports that do not clearly describe the characteristics of simulated patients, it is
feared that some confusion may occur in future simulated patient research.

Key words : Simulated Patient - SP(Simulated Patient), Simulation Experience, Patient

Experience, Simulation, Paper Patient
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Abstract : The study aims at assessing the actual state of local citizen awareness toward
volunteer activities. A questionnaire survey was conducted on 94 persons, chiefly participants
in the volunteer activity lecture organized by the university. The survey subjects were 88.3%
women, whose average age was 44.8. Also, 40.9% had previous volunteer work experience,
with 16.7% still actively involved. Of these, most were involved in work for “disabled persons”
and “children,” both in the past and present. Among those who said they “do not have the
opportunity or motive (to work as volunteer),” there was a significant number of potential
volunteer workers. Two motives were found to attract the subjects to volunteer work for the
good of others and for oneself. In child care volunteer work that one can possibly do, “taking
care of babies” and “playing with older children” rated the highest. The issues for the future
are organization building and training people to become coordinators between prospective
volunteers and users who seek such help.

Key words : Local citizens, volunteer activity, child care volunteer
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Abstract : This study was conducted for the purpose of exploring the suffering and internal
struggle felt by recipients, and obtaining suggestions for nursing intervention to provide
support, while focusing on liver transplants from living donors among adults. The
participants in this study consisted of 11 adult recipients who had undergone a liver
transplant from a living donor at three university hospitals. The data collected by semi-
structured interviews were transcribed, and then analyzed by the use of content analysis.
Analysis of data identified 21 codes and 8 subcategories, and then 3 categories were
emerged :

Physical uncertainty (fear of dying, restrictions on daily life, sense of poor health),
Fluctuations in sense of self-worth (sense of indebtedness, sense of physical collapse,
apprehension), Loss resulting from undergoing transplant (economic burden, loss of roles).
The results suggest that roles for nurses to support the recipients include caring for physical
uncertainty, supporting their free decision-making regarding transplant option, and assisting
the informed consent process as a basis for the decision-making. In addition, the advocator
for the recipients, who continuously cares for the recipients from the time of transplant
surgery through discharge, was expected as a role of nurses.

Key words : Liver transplants from living donors, Recipient, Donor, Suffering, Internal

struggle

(2007 12 1 26 H A2 AE)

248

HER#EE Vol10 No.d4 2008




e

~

The Journal of Japan Academy of Health Sciences p.249~255

MERHIES, HMESERREEEH, —KRERD

Quality of life @ Itk

Comparing quality of life between schizophrenics, family members, and others
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Abstract : The purpose of this study was to examine the quality of life between persons with

schizophrenia, their families and the general population. The subjects were 124 persons with

schizophrenia living in the community and receiving day care, 315 families and 172 general

population working at a corporation. The investigation was carried out using the shortened
version of the World Health Organization (WHO)/QOL basic questionnaire (WHO/QOL-26).

First, a construct validity of samples (n=577) was examined. Second, the QOL scores of the

three groups were examined using ANOVA. Results showed that the QOL scores for

schizophrenics were significantly lower in the physical and social domains than those for the

other two groups. Persons with schizophrenia showed a significantly higher QOL for “Health

and Social Care : accessibility and quality,” and a significantly lower QOL for both

“Dependence on Medical Substances and Treatments” and for “Sexual Activity”. Discussion

of schizophrenia was held from the point of view of normalization.

Key words : persons with schizophrenia, QOL (Quality of Life), normalization
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Abstract : The present study aimed to clarify the processes involved with pre-discharge
guidance provided by occupational therapists (OTs) to patients with cerebrovascular diseases
and then to ascertain the core roles of OTs as healthcare professionals. Semi-structured
interviews were held with 9 OTs who provided pre-discharge guidance to patients with
cerebrovascular diseases. Data were analyzed using a modified grounded theory approach.
The results clarified that pre-discharge guidance comprised the following 3 processes:
dealing with recovery-related needs ; reconstructing activities of daily living and lifestyle ;
and making the transition to home living. These processes allow patients with
cerebrovascular diseases to “gain more confidence”, and the central role of OTs in pre-
discharge guidance appears to be guiding patients to gain confidence in the return home to
live.

Key words : Occupational Therapy, pre-discharge guidance, Role, Confidence, Grounded

Theory Approach
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Depiction of a knee joint of pig by means of synchrotron X-ray
diffraction enhanced imaging with a Laue-type analyzer

70 X7 F T A F =% FC 7St TR 5 2 & B IR B E O 15

Koichi Mori!, Norio Sekine?, Hitoshi Sato!
Masahiko Monmal, Hiroshi Oka®

#oow—l PR OREEL o !
MR EEL M %3

Abstract : The diffraction enhanced imaging (DEI) of Laue geometry using synchrotron
radiation with a 2-dimensional exposure field has been successfully preformed at an X-ray
energy of 30 keV. The sample used was the raw knee joint of a Landrace-Large White-Duroc
cross with a width of 7.5 cm. The depiction on the X-ray image was expected to appear
similar to a human-adult knee joint. Two kinds of incident X-ray with almost the same
intensity were acquired by the forward diffracted X-rays and the diffracted X-rays in the DEI
system. Both X-rays were recorded as 2-dimensional images on a mammography film
without an intensifying screen or by a high resolution imaging-plate. The DEI delineates
joint soft tissues such as a joint cartilage, the meniscus and the anterior cruciate ligament
that could not be detected by conventional X-ray method. The image of the anterior cruciate
ligament was delineated by a white-black line, whose full-width, defined as the length from
the outside of the black lines to that of the white, was from 0.08 to 0.10 mm in the forward
diffracted X-ray image when mammography film was used. The delimitation ability of DEI
would be better than that of a clinical MRI because of the high contrast of the contour image.
This novel method could be applicable to diagnosis of partial ruptures of the ligament and
meniscus, and diagnostic imaging to observe early stages of rheumatoid arthritis (RA) and
osteoarthritis (OA).

Key words : synchrotron, DEI, X-ray, ligament, cartilage
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I Introduction

Many experimental studies of medical imaging
using Synchrotron X-ray (SRX) have been
performed in the past 10 years in orthopedics by
means of X-ray refraction contrast imaging and
X-ray diffraction enhanced method' ™. The
author first suggested the application of SRX
imaging to an appropriate object such as a knee
joint6>. The X-ray DEI with a silicon (Si) analyzer
provided a high depiction image of soft tissues that
is rarely observed by conventional imaging based
on X-ray absorption contrast. One method with a
Laue-type Si analyzer employing a 2-dimensional
exposure field has been used in a medical
application to observe articular cartilage preserved
47 Another method with a
Bragg-type Si analyzer has been successfully used

in 10% formalin

in a medical application in orthopedics. This
method employs a narrow X-ray beam and
scanning of the sample synchronized with the
imaging device, used to visualize the articular
cartilage in disarticulated and intact human ankle
and/or knee joints?’>. If clinical imaging using DEI
can become practical, the application of X-ray
image diagnosis could be expanded drastically. In

asymmetric diffraction
crystal

this report, in order to investigate the depiction
performance of the DEI with a Laue-type Si
analyzer using a 2-dimensional exposure field, the
depiction of the cruciate ligament and the articular
cartilage in the raw knee joint of a Landrace Large
White Duroc (LWD-pig) cross is discussed.

II Experimental system for DEI using SRX

The experiment was performed at the High
Energy Accelerator Research Organization of
Photon Factory at Beam-Line 14C1. The top view
of the experimental arrangement for the DEI is
shown in Fig 1. The Si (220) asymmetrical
diffraction crystal extended the size of the
horizontal exposure field, simultaneously
improving the angular divergence of incident
X-rays to produce a high-depiction image without a
sample scanning. The Bragg angle of the Si crystal
was 6.18 degrees at an X-ray energy of 30 keV for
the knee joint imaging. The surface of the
asymmetrical diffraction crystal had a 5 degree
inclination to the Si (220) diffraction plane,
therefore the asymmetric factor of b was 0.11,
which is defined as b=sin (6B— ) /sin (6B+ ) ,
here 0B is the Bragg angle at the asymmetric

film (IP)
image of forward
diffracted X-ray

image of diffracted
X-ray

film (IP)

analyzer crystal
5°off from Si(220) Si(220)

Figure 1 Experimental arrangement of the DEI system at BL14C1 of KEK PF (top view)

KEK PF operates with an acceleration energy of 2.5 GeV and an initial stored current of 50 mA under single-bunch

operation. SR X-rays are produced by a 5 T superconducting wiggler with a horizontal magnetic field so as to produce

a vertically polarized SRX. The horizontal direction is within the Figure’s plane. The crystal devices were (220)

double-crystal monochromator out of the Figure, the asymmetric diffraction crystal and the analyzer crystal both had

Si (220) planes. The white SR beams from the wiggler are magnified in length by the factor 1/b at the diffraction

crystal, so the incident beam size of 3.7 mm was magnified to 34 mm.
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crystal and « is the angle between the crystal
surface and the diffraction plane8>. Since the
length of this crystal was 180 mm, the horizontal
size of the exposure field was about 34 mm. The
Laue-type Si analyzer with a symmetrical diffraction
plane of (220) was located behind the sample. The
wafer size was 90 mm horizontally and 40 mm
vertically, and with a thickness of 1 mm. The
vertical size of the exposure field was 40 mm, the
maximum of the current design of the analyzer. In
the imaging, the vertical size was restricted to
30 mm by the beam-line slit to limit image
deterioration around the analyzer.

The incident X-ray accepted some refraction in
the specimen, in other words, the direction of the
X-ray wave vector changed the initial direction of
the others by the refraction. The analyzer could
diffract the X-ray such that it satisfied the
diffraction condition of 2d sinfB =A, where d and A
are the lattice constant (220) of the diffraction

plane and the wave-length of the X-ray, respectively.
The analyzer was rotated on the vertical plane of
Fig. 1 in the micro-radian scale selected for specific
analysis of X-ray refractive behavior in the

specimens9>

. In this configuration, two kinds of
X-ray with almost the same intensity were acquired
by the forward diffracted X-rays and the diffracted
X-rays. The X-ray intensity variations measured, a
so-called rocking curve, in the change of the
incident angle of the analyzer are shown in Fig 2.
Both X-rays were detected as 2-dimensional images
by a mammography film (Kodak Min-R 2000)
without an intensifying screen or by a high-
resolution imaging-plate with 25 um pixel-size
(BAS-SR 2025 Fuji Medical Co.) that was located
0.2 m behind the analyzer. The film developing
solution used was prepared by diluting 1 volume of
stock solution with 2 volumes of water. The film
was processed at a developing temperature of 20T
for 120 sec. Estimated spatial resolution of the

1.2
—O— Forward diffracted X-ray
—&— Diffracted X-ray
1 ~
2 \
5; 0.8
) . OO0
X 06
9]
2
/
2 04
=
0.2
0 L
—4 —3 —2 —1 1 2 3 4

Analyzer angle (arc.sec)

Figure 2 The rocking curve of the analyzer crystal

The analyzer crystal was adjusted near the Si (220) diffraction condition in the Laue geometry. The imaging was
performed at the Bragg angle ( | ) , in which two kinds of X-ray with almost the same intensity were acquired. The
DE image contrast was fully enhanced when two kinds of X-ray intensity appear at almost the same intensity.
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mammography film and the imaging-plate were on
the order of 5 um and 40 um, respectively2>.

The sample used was the right side of a raw
knee joint from a LWD-pig. The size of the sample
was as large as a human fist. The length between
the lateral and medial femoral condyles was about
75 mm. The depiction on the X-ray image was
expected to appear similar to a human-adult knee
joint image. Although the skin and part of the
muscle were extracted, the fat and some soft tissue
around the joint adhered well, for example about
10 mm in thickness. The remaining main soft
tissues of this sample were the articular cartilage
at the distal end of femur and the proximal end
area of the leg, anterior and posterior cruciate
ligaments in the intercondylar fossa, and
meniscuses of both lateral and medial sides. The
sample was thawed from its frozen preservation
and soaked in water. Arrangement of the sample
to the incident beam is shown in Fig 3. The shaft
of the sample was tilted from the vertical
backwards at an angle of about 20 degrees for the
cruciate ligament imaging, like the Beclere method
in clinical knee joint imaging, giving a wide aspect
of the intercondylar fossa. The applied

1207,

incident X-ray

Figure 3 Side view of the knee joint sample to
the incident beam

The positioning was similar to the Beclere method, a
so-called tunnel-view. The central beam was inclined
to the long axis of the sample at about 20 degrees.

monochromatic X-ray energy of 30 keV was nearly
equal to the effective energy of clinical X-ray
imaging for a human knee joint. Typical exposure
time for the imaging using the high resolution
imaging-plate was 20 sec at a ring current of 50 mA
in the single-bunch operation. Typical exposure
time for the high resolution imaging using the
mammography film without the screen was 5 min
at the single-bunch operation. To compare the
depiction performance of the DEI with the
absorption contrast image obtained by the
conventional method, a radiography of the same
sample using a medical X-ray tube was also
performed at an X-ray tube voltage of 45 kVplO) .

IIT Results and discussions

X-ray images of the sample are shown in Figs. 4
(a) ~4 (e) .
distal end of the sample using the medical X-ray

Fig 4 (a) is the whole view of the

tube. This image was based on X-ray absorption
contrast, in which the anatomical structure cannot
be observed except the compact bone. Figs 4 (b)
and 4 (c) are the DEI by the forward diffracted
X-ray at the intercondylar fossa and medial side
using the SRX. Figs 4 (d) and 4 (e) are the DEI
using the diffracted X-ray at the same area. The
corresponding image areas boxed by white lines
are shown in Fig. 4 (a) . At the center of Figs. 4
(b) and 4 (d) , a beltlike structured organ whose
width was about 10 mm was clearly delineated.
This is the image of the anterior cruciate ligament.
The DEI is especially sensitive to the surface
structure of the ligament. At the medial side in
Figs. 4 (c) and 4 (e) , a wedge-shaped organ was
clearly delineated. This is the meniscus image. In
addition, clear images of the articular cartilage
with a width of about 2 mm were observed at the
distal end of the femur and the proximal end of the
leg. These image features on the shape agreed
well with the anatomical view at the coronal section
of this samplem. Two kinds of X-ray, one traveling
forward in the direction of forward diffracted X-ray
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Figures 4 X-ray images of the sample (by mammograp

@ O

hy film) .

Image (a) is the frontal view of the knee by the X-ray absorption contrast. Images (b) and (c) are the DEI of the
forward diffracted X-ray. Images (d) and (e) are DEI of the diffracted X-ray.

and the other traveling in the direction of diffracted
X-ray, interfered with each other in the Si wafer
and results in the image contrast.

Some other image features were described in
the following way. The surface of the articular
cartilage image was delineated by a white-black
line, and the sub-chondral bone which is the
interface between the compact bone and the
articular cartilage was clearly delineated by a
black-white line in (c) . These features of the
image agreed well with the experimental results
using a sliced specimen of human femur with a
thickness of 8 mm®. The contour image of the
articular cartilage appeared as a white or black line
and was the result of the small difference in the
density or the difference of the unit decrement of &
at the border. A calculation of the § at 30 keV
using the relationship is shown in ref. 12. The
value following in the associated bracket is the
density of the tissues. In the case of the ligament,
§=2.44%10"7(1.06) . In the case of the
interstitial fluid in the joint cavity, 6 =2.37 X 1077
(1.03) . In the cases of the articular cartilage and
meniscus, §=2.53x 107 (1.10) . In the case of
the compact bone, §=4.42x 10"’ (1.92) 13)

The difference of spatial resolution between the
forward diffracted X-ray image and the diffracted
X-ray image were examined on high resolution
mammography film. For example, the contour of
the anterior cruciate ligament image, whose full-
width was defined as the length from the out side
of the black area to that of the white area, was from
0.08 to 0.10 mm in the forward diffracted X-ray
image. The corresponding line in the diffracted
X-ray image, the full-width was blurred, was from
0.16 to 0.20 mm. These values were measured by
a microscope (50 X ) equipped with a precise scale
meter. The blurring phenomenon on the diffracted
X-ray image may be an X-ray diffraction at the
perfect Si crystal due to the Borrmann effect™ .
The results from these observations showed that
the spatial resolution of the forward diffracted
X-ray image was better than that of the diffracted
X-ray image. The discrepancies of details between
the two images on spatial resolution involved a
calculation and are discussed elsewhere.

The present exposure field size is restricted in
length to the order of dozens of mm on the vertical
and the horizontal directions by the size of the Si
crystals used. It is necessary to have a field of
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100 mm to 150 mm in length to develop practical
clinical imaging. One way to overcome this
limitation is to introduce a larger Si analyzer
especially for height and to introduce a larger
asymmetrical diffraction crystal for 1ength4>. The
present exposure dose measured by an ion-
chamber for high-resolution IP imaging with 25 um
pixel-size is about 7 mGy. This is too large a dose
compared with the conventional method. One way
to improve this limitation is to introduce a higher
sensitivity device (IP or flat-panel detector) and a
higher X-ray energy incident beam. Dose
reduction is roughly estimated when a pixel-size of
50 um IP and X-ray energy of 50 keV were
employed. The exposure would be reduced to less
than 0.5 mGy when the sample depth was 7.5 cm,
where the X-ray attenuation factors for soft tissue
used in this estimation were 3.790 E-01 cm?/ g at
30 KeV and 2.264 E-01 cm?/g at 50 keV'™ .

One standard problem of knee joint MRI is the
definition of the cartilage borders or height of the
cartilage towards the fluid-filled joint space. Early
experimental work using a specimen of a surgically
removed hip head indicated the above

1516) " Recent development of an MRI

problems
using T2* with the fat-suppression method has
improved some structural details in the joint
cartilage. The delimitation ability of DEI on the
cruciate ligaments and the articular cartilage is not
less than that of the clinical MRI because of the
high contrast of the contour image. The advantage
in cruciate ligament imaging, on signal intensities
and the degree of freedom in positioning is that the
DEI presents a better signal to noise ratio than that
of the MRI without restriction in flexion of the
knee joint. Introducing some tomographic
techniques will be helpful to develop dynamic
analysis of the cruciate ligament.

If clinical application of the DEI for a knee joint
is realized, earlier disease stages could be reveled
by the DEI since it is especially sensitive to surface
roughness of the object. This novel method could

be applicable to precise diagnosis of a partial
rupture of the ligament and meniscus, and early
stages of rheumatoid arthritis (RA) and
osteoarthritis (OA) .
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