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% d/¢(volume image)& © 3xrith g5t on rheet
o oA 2FE RS 245500 EPI oé]}b]' el e
AAA T1 429 (TR/TE 417/9, matrix 256 X 256,
AH 57 5 mm, no slice gap, FOV 24 X 24 cm)<S 4]
oA o m ARgstal

94 A5 AP A= 2] HRE ASE B
ARG AR GARNN GAINE AHGe] AfH R
A A uh AT FAFE 5L ool 3

AN E = el sPHS 1Al zp=ro] A

]5]1_ 0.5%% i%‘o}oi s Aol AAIE7] A7bA] s
S HFORE o] Fo% E} A= A= = G ATellA] 7t
2 71EA el Al B2 AA (block design: box-car
design) 24 5¥1¢] EA| i?ﬂﬂr 4] &3t x7io] Mo}
AN E =S P, 7t dojol wpe} ghmo] 271, ¢fo
Z71, Bo] 7102 F 3] Al AT 7F 21 A
ZFAbell w93t st (counter-balancing) AlZATE 7o)
A7 9 G710 dEd 103]¢] FAE Aen 7t
F 5472 309tk EPI 94o] H3 7] (equilibrium
state) & ©]F7] d9] & "UL# wAs) flsl 1230 =
%2974 (dummy scan)S A4
xom, Y= ]7}% REANS E3Fse] 28237}
25 AH(Fig. 1).

A8 S Aol o]y S Whegstk o F ey
decision task, LDT)¢} 1o} A=34d S vk sl
IHA| (picture naming task, PNT)Z #4433 o Oix%a]

olele] UnkAel = SA8E 7] (subtraction) 3] ZHzte]
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Table 1. Self Assessment Fluency, Age of Acquisition, and Age of Fluency for Each Individual Participant

Sub A Korean English French

ub- e

ot Sex ( § | Self Assessment Fluency =~ AA  AF  Self Assessment Fluency =~ AA  AF  Self Assessment Fluency
ec ear

! TR W s L R W S L R W S L
1 F 44 10 10 10 10 14 20 9 7 4 6 19 22 10 9 9 9
2 M 43 10 10 10 10 13 30 9 5 6 6 17 33 10 9 9 9
3 F 32 10 9 10 10 13 18 9 6 6 4 17 25 9 8 8 7
4 M 40 10 10 10 10 13 22 6 4 4 4 19 34 8 8 8 8
5 M 45 10 10 10 10 13 21 9 8 8 7 16 26 9 9 9 9
6 M 35 10 10 9 10 12 18 8 7 8 9 19 26 9 9 9 9
7 F 52 10 10 10 10 13 25 10 10 6 6 16 20 10 10 10 10
8 F 44 10 10 10 10 12 23 10 6 5 8 16 26 10 8 8 10
9 F 35 10 10 10 10 13 19 5 5 6 5 22 26 7 7 9 8

R=reading, W=writing, S=speaking, L=listening, AA =age of acquisition (year), AF =age of fluency (year)
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Yu=AE|
dolzl @Al Aol 9T (postprocessing) &=
fMRIFA A~XE ]9l statistical parametric mapping

Control task Activation task
LDT

(Arabic words size decision) (Lexical decision task)

Control task Activation task

PNT

(Meaningless picture gaze) (Picture naming task)

Fig. 1. Block design for subtraction.
D=dummy scan, C=control task, A=activation task,
LDT =lexical decision task, PNT = picture naming task
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2 o

o] gl A A o A= Broadmann area (BA) 44, 4501 &l
It s odo] Al or 47 Broca o3} tEo]
242843 (supramarginal gyrus), W53 (fusiform
gyrus) 59 @9olA &As7t Yebsth(Fig. 3). 1HHH

Control tasks Activation tasks

Lt

| =]
U

Control tasks Activation tasks

A

B

Fig. 2. Examples of control and activation task stimuli of the lexical decision task (A} and the picture naming task (B).
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A M= Broca G ool 2533 waE A543
(left precentral gyrus, BA 6), 2¥9] &As7} velte
g w2 9k d329)9 (right extrastriate
cortex, BA 19)¢] @437t F=2 5ok (Fig. 3).
o] A IpA | A Brof e} )=o) E Bl uws S W ANkA
o7 o 43} o] mofo A EokthH(Fig. 3). E=o
AEAR Ao elr B3 BelaL, $=zoldse o
030319] He7b oS A lsklon] sy TG
(right prefrontal area)®] @43} FFo] =Tt Eo] 2 <
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A3 (left inferior frontal gyrus, BA 44)¢] 4347} B
(Fig. 4). 184 3A | A= of 3| abd Aol vl3)] 2=
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prefrontal gyrus, BA 45)0l|A] 9]=roje] &AJ3l7} o7t &%
tH(Fig. 4).
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AoA FAD-FF AAF-2 (parieto-occipital junction

Lexical Decision Task (LDT)

French-

Korean

English-

Korean

Picture Naming Task (PNT)

ZME! QI CIESAOISIAIR| JISH AR ISESAL

area) | 37t BE dojxoA Freixlon 1 9 t
2 999 @43} A7t 7+ Aojzzdnbe} YAARE TEEH A
= FUTHFig. 5). IRPHEIA A= BE-ED G (SMA,
supplementary motor area), 93 439 A5V} BE A
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e ol s wet ZokA sk dAlE sk sT Bl o}
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oz FAMYA IHA (verb generation task)E o] &3

Fig. 3. Cortical activation areas during
lexical decision task and picture nam-
ing task.

Fig. 4. Subtraction of cortical activation
areas between languages.
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FiQ. 5. Subtraction of cortical activation
areas between tasks.
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(phonological representation processing)¥ ¥AHtiL
HiEE g9oln (24, 25), % -erq BA 19, 37l sjdst=
goor B A4 H A2 el =22 (face cognition) ¥}
FAAo] Y= Ao HIHGY (26 27), EARIA A=
A2 1A ] (orthographic processing) ¢t v ete:
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Purpose: To evaluate brain activation areas during the processing of languages in multilingual volunteers by
functional MRI and to examine the differences between the mother and foreign languages.

Materials and Methods: Nine multilingual (Korean, French, and English speaking) Korean individuals were en-
rolled in this study. Functional images were acquired during a lexical decision task (LDT) and picture naming
task (PNT) in each of the Korean, French and English languages. The areas activated were analyzed topograph-
ically in each language and task, and compared between languages.

Results: Activation was noted in Broca's area, supramarginal gyrus, fusiform gyrus during the LDT. During
the PNT, activation was noted in Broca's area, left prefrontal area, cerebellum, right extrastriated cortex.
While Broca's area activation was observed for all languages during LDT, there was more activation in Broca's
area and additional activation in the right prefrontal area with foreign languages. During the PNT, there was
more activation in the left prefrontal area with foreign languages.

Conclusion: Broca's area, which is known as a major language region, was activated by all languages and
tasks. The brain activation areas were largely overlapping with the mother and foreign languages. However,
there were wider areas of activation and additional different activation areas with foreign languages. These re-
sults suggest more cerebral effort during foreign language processing.

Index words :  Brain
Magnetic resonance (MR), Functional
Multilingualism

Address reprint requests to : Jae Wook Ryoo, M.D., Department of Radiology, Gyeongsang National University Hospital
90 Chilam-dong, Jinju 660-702, Korea.
Tel. 82-55-750-8818 Fax. 82-55-758-1568 E-mail: ryoojw@gnu.ac.kr

— 358 —



