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1. Introduction

T w1l deu gf n® d 4 T Te® symgms af 47 digy
a rfuiilrf wer, enssmg ofpo | ermaland ny ermdl

su ufts. Tlf ormalsm ufsof}f a-nu'gl rxmn & s
F TuRryand & end rx ses@ of nsery er*® x (SIa nd SII),

‘3némr m8 2° er x (ACC), fms%and ? frena |

i}g-onswyfas},sb or-alouotfnsof drm 4@ X
v-nllld}s,h Ewsau)gﬂﬁam‘lp Tea gus® . [12].
o= = s¥ mi rfu rens=n SI4 nd SIIF s end enly e nex-

e S Sml l-[3 S]and év-rt* 2 ﬂ‘ldsaf or@n-i dma
SOtk 0@ m 4 ‘rn(ar-u #rlymn 13 os- *nelg rys)[6].
NU rem@ gmg su ¢ sd Ise skovs‘ FL i 1 smp-
Ul menmm@ *dm Fagdd ‘uoduﬁw- fs ‘ong s Sland
S1I 7]or?sl‘ dm os-v-\? o‘avﬂﬂnb W n lfﬂ =y
-nSIando},rbii-nfg-ons £ ap pnewn ok mvelV dm

* Corf s endmgau pord D dr 1{ n ofPs; Lolegy, P -ng Un-\? ey, 5
Y-ppaan B'mmng 100871, P @ P s R gl .fCF-@
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dm Te® seng[8]. T § find=ngs 8 ggs £ SIandSII By
ﬂn-u oran ref = ey §nsor& &-sv-w-tﬂ-\? o of n of
im Te ss-ngl?énﬂ‘urc-;ag-ngsudﬁsskowg 7-1‘
133 ==y of ACCa nd lf-nuil ang’ ™ r'd § dyy nex=e s
s =[9,10],= sens® Vo‘,‘ dpy nen-nex=a s s m[11]a nd
Tps ',-on,ofohrs.-n dm [12 15]2 Isemn# *a =3 menmn
ACCH nd 2 s 3. Ind ddmmen, 2 4@ Zru ¢ of ACCA mv-
myms orf A5 dwm ‘sbf - 3-ni§¥;dln’?39nrfss[9]
TE¢ fulsméma® ACCa nd liv-nsa sesrvy |
aff = -pomd me | oy of n of &m ro sng.

Mes ofﬁ FTvessu Bsef dm Te° semg® LLTO‘

,nox—ﬁ sSSP 8 s kr;@lor;{ lan-als-w # =en. Hew-

*vr,et of i*n en’r a-nlﬁl-nfor;a-onv&lfnnox-us
Smgu Hi}ab§n Fol‘)ﬂuT werds er, ljgss s }'fv’
and. mpyd ar,ﬂfu§dmno\flsorﬂ’wsa :rs od‘svb&
ﬁlv-nﬁlsr-u?l mons. Te & vsl“,now}-fabd Wl‘ S r Sluf
bﬁ-n MU msu né rlymg dm Te° symg analsob a -ﬁ‘ d
"% Tm® valha men ¢ = ° dmn werds. In 4 rmu Br=mun Par
v-fbo §nsory hsv-w-rﬂ ~F a nd lfﬁff - -neord merd |
Lo orfnsof r T 4@ v-xﬂfv-nvol\? dm® wia v-onof amn
¢ =3 dm werds, nga‘ al.fend g ACCanb a mady
W},l’lﬂbf sv&*t‘as‘d eforyuntadn s nalmags
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ofa ff = dm erf s enémS eenesd o €4 werdss S s-
= ofne} ~ Tm Tén®da derly [16]. TF urfn
su d_y“ x* né dlf ?W s wer, lpy4 s$ ssng w}f s 1r‘é vl
ua men of dm & s vy’ ¢ werds er sper 'hﬂ §,§ F&nd
vd lly ma “sa =3 men of 13 3'.',-}1 18 rx. Of  “essipml-
mym @ Fddmg werds er | gs ¢ ;mg dmfi 12 mens
msourdr owd g dmili | mu P sm St R mg® . d ia
Psends o #* dpy lf Tm 4@ rx. AP 18 = ly, werds
or '},ﬂ§ s 4 nne ,"ro& * dmfi | sua mensd s Wda s ho§
i sz dm ;u £ sd nd, B s, annea - s fﬂ’u A1 -
umu nd rlyng® ud Ly for T, Wa ddf ¢ d > & =5 sy
# erémg }? onedyd 1 £ s ond s frem. P 1@ nd @ Isu sng
fin med ] @ gt = F sefn® (IMRI). BAma mmy S d e
A mg dmm® ns=y ef4 mens ¢ sy dm Clz-ﬂ’ ¢ werds er
'hli g s 'f§ n® & vea lly s eng s* d we h.?a #ng werds
or ‘hﬁ gséds pymgifu Ala mens sed s e~ nefy Wl? pr
}f sesd of nsery er® xand e lf rgdmafasp p4s ACC
andms 84 F mvel? dm® Wid menof dm ¢ = ° dm werds.
W a Ise ondtd If ds,sef @ nmg lf ulj,gbé r‘of‘CE-lf§
g Yrsm dmi 13 nd rfu #1werds ed s€ss oot sy
of B mga s, ma A reneof 1 dm s@ rx.

2. Method

2.1. Subjects

CPnfalyse) sGaRPsand7absag o wWin208nd27Pars
(Wan+SD.=21.6£2.01) Trmmd dm s su dydas dmd vei n** 1s. All
sbf spd n,,ri‘p releg=a ] or sy p s ery. A,l} w f‘,_t-g - ;}é LRl
nerséd l or erf * d-e-nersdl vesmen,dand W BV e }f ur ef ef i
su dy. Infor.pf, d on§, n w s,ﬁ'i,-rf,d froemall drmmdns rer e sa nrg.
T s S dy W s?} “Te? d.b:y' 13 lea ol XIR D) a2 frem. F D Erulf n ef
Psy jelegya P Bl U rsmy.

2.2. Stimuli and procedure

Tﬁ SN WP ? e n“, d L_rd,gha,nLCD 'r,of, oren ¢4 P r 'roj‘ men
s P° nloﬁlé da a ;bj‘ ’s }33 d.T}i s F¥ nva :vi Wy hil nd ngi‘ d ge=rror
'os-,,-‘-ori‘,ld. on lf }:fa d- ol Ve a l‘s,-uu = .gsTsé d of 40 Ch-[f ¢ werds er
'hii €s¢&s rgmge mens, B If of lfa mons W £ Ammnd g g,c P W
cpeyd r,l),lwhf f’a. s f, . grs W rfu ii,‘l ¢ L., e I» W TV‘,\).
T}f_§ = oauswW P firs®wla® dgy27mé nén 5] s oV iy A 1:}'
mé* d ¢ =3 d Tmfilanddu 12 mens ( ﬁ W40 8 mgs for dmifi 12 nd
fu R1= gusw P 647and048,Fs¥ = ly,end 9 en sat wif 8=V ry
dmii 1, 0=ne m, 1=33.11; p<0.001). B If of { werdser 1885w ¢
o1y 08 dof we C};-tf g e ®rsand }f ° }f rsWE emn o deof }r’“
Clnf e PR ‘ rs. B F PR : rubé né da ymala ngf of 1.5° x 1.5°a a
W wmg é=sdn® of 90 . | ) ) ) )
Apeox-4 [.é 9En WA su §,ld,-n P urfn s dy. B hﬂbf fr.-,-ﬁ',f d
m we fMRI ¢ ssens. B . 8 ssen, endrms ° wle &S of Ris g Apdd
s I nd as,: (e mg Tmn® nomy of dmnfi l’d,‘ mens; (2) @ nmg 1?
[V rofCl;-;ff PR S s dmnfi | werds er 'hﬁ ¢$sand (3) @ nmg lf
u .ubé rofCl;-ﬂR § £e *rsenrfu & lwordslor 'hﬁ e s,‘Tl.‘l‘,sl, lff Wi we
ble  sef ndls for*a pSm U s end=men. Thf enfsl winassland3
-o“ n;ﬂ‘ difu Inps# = s,-qvolx},‘dmwo,rdmd 2 im,wl‘f‘f‘a s lf eniés
» W na 5,522 nd 3% R gyt dwlﬂf I:r 13 #mgas, w sit ° s& ry fer werd-
mi *d T oo u rE hbl.. i sar® dw,-h }f F'¢ na men of.-qsu mens
for3s,w‘h— b & mf d lfa sk(v-.‘ LR mg fmm‘v‘nsv-‘ylor o n,v-ng,‘l: N o r
ofCh-l‘f g pe s r,s)fol‘il l‘,bl'.. ‘,Vl:f,‘vﬂ Is. Tl: fwe 20 :ﬁ,‘lsm‘ﬂ Hele "
of is B Ml & n W g lf £ ¢ nad men ofd i n s £° n for 500 us,
W EWs lé nedrk ¥ d.b}'a,‘ sl s o= R y wm @ d # men of 2500 gs.
Tg sl s dms By vd s fellew” dipy werds fer 2000 us SpeWmE we @ “mens
- aeldly I? x o ly dmné 1, for f, # mga S; Or * We £e Y LJN

ﬁii *rs,, for lf qnmgas(), wl;-li“ slbj‘,‘s f)d ”lar: ] dg.;fnsby

a2y en ?ssw—h,f g & X or lf weddF fin@r. A fiR men ress vA s

Pentdfer7sa P ndefa . ple . of Mis. T> erdref ° £* as.s

b b &, b | T

Ws enig@in® da ress 5] s Tﬁ = usm=a pele . of s w
T &n® dma A ndes erdr. b

2.3. fMRI data acquisition

Sanmng ws ’,rfor.;f, d ena 3T S ,;f ns Tre s,v,s‘a nu snga san-
ard 1;"2 - o @ 1?!-rng MRI d n*r fer B#m= R $a L Th-ry: we
ﬁns? 41 sk¥s of #n nr%lmeg s r’.l o\f,f d }f W e b2 w

a qu.-? du smg a giilolin—‘i hoé ho—'ﬁﬂlr u'l§l, duvn® (64 x 64 x 32
1 wmp 34aax 34 x 44 sTALF sel men, TR=2000us,
TE=30 us, FOV=220 um, fi="angt =90°), AR eurdl md &s W1
damt dusnga sandrd 3D TI-wrg* d du¥n® (256 x 256 x 176
18 rx we  0.938 g x 0.938 auan x 1.3 a5 @ 1 sei mon, TR = 1600 us.
TE=3.93 us). & bf s’ ﬁa IsW £ mude? & @ png F s4 nrmg ¢ sseens
usng A s ef fé a.

2.4. fMRI data analysis

SPM2(# Wil exf D @r4f n of Cegrmm? Nu relegy, UK)vA ui £ d for
aa w'ro“,§s-ngﬂ m‘ﬂﬁl lys=s. Tlfﬁ n,lﬂ,rl?‘lue g svs;f Fa }-grf de fé: firs
san e e fer lf Ea, dpev s, nl Wwensa ns.TI:a R oewrdlmas Ws
’ o—fg-s,éf 0‘.w-h }‘, uf,ﬂnﬁ n Htﬂ,lﬂl@é Ted Y d @ rng f, Wrol‘s,sof
l“,a }-gnu‘ n. Allme g swW P nery@ }-2 d 0 2 pum X2 X2 um Monfa 1
N?p releg=a | Insmi * (MNI) * 3% m BRr& | 53 [17]u smggmkid r
mEr ol men.Fn med Imd € swW F 53 A llysuee 13 dl sng Gu ssd nﬁl“,‘r
w18 6 ll-wmd (3 @ 1F g8 e o (FWHM) T8 48 *r8 @ 8um, Tj =@ €
da WP petf i smgdgex-arin men.Conssw alud*dy wen
# mgand @ nmg 4= lworﬂ‘.s,f wing mg dmnfi | werdsd nd @ nmng
fu 8 lwerdsa ndy® w*n & nmg dmié B ndifu 8 lwerds.Sa mma F ff s

) v@ # firsa s,§ s§, drmm dm=iia | g bj‘ U smga ag & a 1@ lys=s. R nden,
it amply$swi I:n ond “dp@ddensd mmal 8,8 148 S frem

a .-m.\-w,-d,alsbj* odllew oU & -.n-nf f n®.Aef -8 u.T s vas
a "Rl ed rymt re @ A men forta lf ff.SeSrefidnad =a menwi s
e nv-ff da }? veR lf\‘flofp<0.0001,(l n orf * d)a nda ﬁ o sérll‘{fl
forwu® s* x“,“ g p‘am“ o1 0.05 ( orf * dfor qu IFT ,o,uft-s,ons,).Tl;"
SPM  eerdmd * s fera sa nd rdgA=n freg MNI,“ B ;,Vv;? onv r“, d e
Ny b o,o,rd-r%“ 9 snga nonhfar,li nsforu,uf hod.Walso ond S da
f‘, g-on-of-.-n‘f £s (ROIR # lys=sy s=ng 1? ia ué 2 sm@,“ of =18 Imn® ng=y
asa 1,3 .-,ﬁ“, du s r, e o.u,ifbiima 4 mensmn Hf £n ,onkﬂns.Tlf
ROIsw a,n“f‘ da é ,’2 fV,vof 1 of*a ’a % d 0 s® rem lf eny n men
a8 lyss of lé eng ssbé Wwen Mg dmifi | s~y a nd @ nmMg ffu fl
s o ndba Xha,é n# mMgand & nmg dmnf | smm l-.Tff_ ia T 1i s-u,é,“
ofvof,}sms'}? £ swm PR @ sef 6 1? S fda lf Ya ‘,V ver Isw £
alu 2 dusng MrsB R, gy en# smg lf ¢ ss=ens ef # ,-ng\ or @& nmg
a swsa,nd, é nllg ssmons we | ﬁ t § na men ef enly }f 10" .-on.Tlf eniés
‘?lll‘é sf §,nmgBOLDs—gﬂ|l . ng sf 1%de }? £ g nd @ nmga Si.S
WP Snue}f *deaf Tatdfanfamiyssefwman’ (ANOVA).

3. Results
3.1. Behavioral performance

Tlf? W sne sgrmfia n o=ff £ n* bé win ‘ Frdnags
of imf | werds A ° da s gpeldly dmf 12 nd® x ; W 1y A |
(46.5+10.42% v 8 s 53.5+10.42%, t(9) =1.062; p>0.05)m

lf B mg a s, . Errer # “,ls,foryl Igmg ; n e’ ref Cp
fe R “rsm \E werds w  ig° low 1.0%.

3.2. fMRI results

Rird o as of @nmgrfu #lwerds, & mg i |
werds? vat degrmid nd =@ mensmn }f gL n® rerms 2,
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Put 1 ,
BAmna =@ mensmn lf
Jmfi 1orfu A 1werds

onis sb; wen# mg dmié | werdsd nd & nmg

Bém f gen BA X y z AT Vex 1ne.
Tn
Rmp 2 34 10 1 4.90 147
R MFG 9 46 23 25 4.39 444
L IFG 45/46  —38 33 8 4.27 151
L STG 22/42 —42 -32 20 5.13 1123
L SIT 4/3 —57 —12 26 4.57 363
L MOG 18 -28 —74 4 3.99 139
RRa,¢n 22 —7 6 3.58 146
.-
RmnB & 38 -9 8 4.67 456
R MFG 9 46 21 23 3.63 115
L STS 22/42 —46 —44 8 4.23 111
L SMA/MI 6 —16 21 42 4.46 345
L MI 4 -50 —14 32 3.89 97
R SII 2 48 —16 23 4.71 456
L SII 2 —-61 —15 17 4.25 110
L MOG 17/18 28 =73 9 4.89 247
"
Nea =4 men

TR mg dmi lwerds; : & nv-ng Tmf 1werds; n | n-ngrfu # lwerds;
BA: Breds@ nna £ ; R: gy Paes PP iLiPf §aes T s MOG: aemddt
e =] gwu s; MEG: uz-NF frena | gyu s; IFG it er trona 1gyu s; STG:
B ’mr " oﬂlg\u s; ML R Y ne or or® x; SMA: 8 “f u‘ na ry we er
apaandSI: ¢ onﬂr\ sesR o?morx or x. Voflss rv-\f damun e *d

pwi® of 0.0001,  s* r = >20; p<0.05 erf * d.

3

l;fr.nalgmsw ally, Hs*'p-.r weRlslus,
bl S NI ffw-ddfo--ﬂlgmsandkwgkuagfn

('be I)S-w-ilrl oniilsb wen dmf mg nd on-
g of %,l-nﬁ 1 werds §how* da =3 mensm ;13 a n,‘n-or
e R, § g =i dF frena 1 gyu s, }f ff B T rer ‘,:u;
oflnlus Sgk #lly, 2 Pf weerafaand 3 ti
,w,-d,d.f o mmalgyus, (Rl 1). Walse endt *da enfs
,b win e nmg of Amfi 1 werdsa nd fu &1 werds. Hew-
é\frnos-tgn-'ﬁil na A menwA s fe ndmnd nylpAmnd fa m fiad

ou 4 psen. .

Tem¢ nmfy bﬂ-na 3 men vﬂsi‘%l‘doa'-nﬁ-
gandm§ :m'}n of }f im en®ns ef h s b1 € dmm
5 onrolﬁlsr W end * @ onglnv-onﬂrillyswsofk‘ on-
f ssb W n# mg dmif Ismu M nd @ nmgtu & 1smm =

andy wen# v-ng?l nd & nmg 4 i 1smm = Tlrsf\faf d
4 =3 menm ;-gkan rer=ng & , ‘ ™S w-ddf frenad |
gus, P Ein Trerdaeklnlus, STk * #llyand 2
rfw-ddr.--algms(u?zfi-gl) ,

Tlf Ta o r° smid S s of =88 [m® nomy d.aﬂf dm If
ROId @ lyss WP 5] °d o ANOVAs w= |, end==en (# -
mg dmti | werds, @ nmg d=nd lwerdsa nd, & nmgidu 81

v&ords)asan-n? “nén ﬁnﬂbf T}, @m® T of end=men
W's sCrmiid n a 311? U s® rsmd nm? dmm o1} n men
arﬂlyss (F(2, 18)—1694 34.85; p<0.01). Pes . 1® A8 lyss

enfiryf ¢ P }, el 1 gngsvfi‘ 2rg rm }f fmgas,
lan-nkf o},rvuass(p<001F-gl)w gs-g:
®1 Angs éd ne wFfry wen }f 2 °r we end=mens

(p>0.05).

Pet 2 ,
Béma =@ mens s ewnmn lé ony n mend 1 lys=s
BA=nf gen  BA x y z Z-A1° VX Ine.
Ceny n men ef: r-n,and: 1- ,
Rms & 34 10 2 4.49 177
R MFG 9 46 23 23 4.49 131
L STS 22/42 —44 —44 10 4.50 91
LS 3 —50 —14 32 4.66 157
R SII 2 48 —16 23 5.15 143
L MOG 18 —28 —74 4 4.94 89

T8 mg dmifi lwerds; : @ n-ng dmfi 1 werds;n : & n-ngﬁ‘u £ lwerds;
BA: Breds@ nna #4; R: gy faes PP L P f lfw-s T £ MOG: wmddt
e =7 ]gyu s; MFG: w_-dd; frend | gyu s; IFG mnt rer frena | gyu s; STG:

¥ pmor Au,'oii 1gyu s; MI: i Iy e er or® Xx;SMA: B 't Lf nd ry we er

B
apaandSIL: ¢ ond ry sesd o§nsor¥ or® X.: 'r,- ,Ws-nllls-\?lxj,ﬂs

W Tn,a 3nunorf Np‘an‘ of 0.05, vex Is 8 rv= da mu n erf éd
pRU® of0.0001, U s° rs? >20;p<0.05 erf * 4.

4. Dicsussion

Tl,-ssudx ilu-[fd owl? }f ai-nlap-xanb
a2 A dpy® ﬁﬂlannof 3-11-11 ns=y efa -onsd‘sp-h d
™, werds or s or | s Pen*dwsally. In dymu dr, w
m&sr@éd.w'ﬁ lfr} fu ] orf‘i!“scf,ﬁ'méﬁllla-yn
of 3mifi 12 rmens & = ° dm werdsat =it £ n frem o§
i digy Tr¥ Tren of T 1 mufs[12 15 W funa
b\f .rhlgl,o&odxrim £ s eng su smg fMRI, g #mg
3-nv-néns-x ofd -ons? -‘d-nvmrdsorsl,or },ﬁ§svﬂs
assoﬁ;dw-l,-nfa§d3 A mens ™ 13 ermalsu ufs
M U $ng SII, P v-gl,ﬂn rer g ¥, l‘ p-gk w-ddf fronﬁll
gwu s, ‘l‘fs ¥ er® 1 e of |5 lu @ nd B Ffamddt @ =~
-ﬂlgmsgau§ F on?ssb Wen# mg dmifi | werds
and un-ng et | or fu 81 werds s},ov.*ds-m-i\ra A -
ens, | ff u nxorﬂu-}ﬂvnofh weordsd nd ﬁ§31§d
m s s dy onrg iRt o h fMRIF 5 1s.
O rfinéngs Tovmé ¥ ymt n® é S‘nsor‘ hn-w-[%-«f
oy of n of © b T 4 D-XC L., SII)vﬁs n@ & dm }f“ﬂl—
ua men of Amm® ns=y of d=ni 12 mons ¢ :‘d-nvurdsor
lﬁgsTk§fslsaf ons-sénw-},f n fMRI dg ¢ rv -
rens A A mg T n® ns=y ofbodx drs s ownmm amif |
=ufsmu 2 da ma mnmSIIWPn 13 Tmvas Trimt d
from, § ¢1-rs¥ ~¢ [1518]. R *n TMS m ¥ salse
fo nd 12 vﬁw-ngv-c"o = ss},ow-ng T [ smn }-fl-\?f d
oo “rsm fagdd ‘auT-u ¢ s of sesd of nsery® vor‘d
SnAls[19]@ & Pagd ﬁau%?sofuoor— vor*d
o nAls [20,21]. @rt}sls on b § findmgs lp ¥
showv-ngA ‘ A mg av-nv-n ns=y efd ﬂnso‘} -‘ dv-nvsords
and Jsetad d ¢m t‘ﬂs* dsesd of nseryd mmy. T § fuls
g },r-ml-a‘ £ }, sesd of nseryd mymy anb new -
2% dgyw -ngorlm mgef Amifi A mensw nnonox-us
s R menmsd W d @ P sbf s.SITP *m sv-nu from. B
Bl or-alsu ufss s gl!;usandbiiv-ns u[l]am‘ﬂs
mvelV dmn 'k‘ ° ns-\?Aand uapa mPasY  of dm Te" ss-
g [2]. Hew v r, > u n sudy,asne dmifi | & nsery
s—m%-onvﬂsa "R e fsbf fSIIa A men v s
unl-élx ok’ M Sdpvipe ouu av-nlﬁl§nsor\ sy & -
~en. Orf oss'bll‘a enrm A ses of nseryd mymy WA s
ned 33 dpy }:v-nu frouo},rb?-nafﬁs I-s}-‘h A
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R Insula [34,10,2

R SlI [48,-16,23] L SII [-50,-14,32]
o 2.0 T e T W et N — m 2.0~ ] =
5 —— g 15 — g 15 L2 % 1
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