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gEgtolgnh 1.5T 2A % 27| 343 (GE medical
system, Milwaukee, USA) ¢4 echo planar image(¢]3}
EPIZ <3 BOLD (Blood Oxygen Level Dependent)

71 & o] &-3le] 204 o] &5 S P dct(Interleaved
gradient echo single shot EPI, TR/TE 3000/60 msec,
%97+ flip angle 90", matrix 64 x64, AH 57 5mm, no
slice gap, FOV 24x24cm). AC-PC A& 7|$2.2 3o 3

o odAkg ddglon JH5E & RE Yt 2EEESE 245
k. EPI 994 Aol 22 $1A oM T1-724 2 (TR/TE
417/9 msec , matrix 256 x 256, A HFA5mm, no slice
gap. FOV 24X24cm)& 9o a4ty A o2 A48ttt

d
(¢) also shows activated signals in the left supplementary motor area (thin arrow) and left intraparietal sulcus (thick
arrow). Small activated signals are also seen in the right frontoparietal lobe.

d-e. Activation map images obtained during noun generation task (d) and decision task {€) shows small activated sig-
nals in the language areas corresponding to those in verb generation task.

7)Ao Ao owe] A7) ¢} 3] F417] S Wt} 7hd
A st 3 47ke) FA17) 4 &A7)e AAE 1039 e
dgjon 7t oJAFEA L 3029 EPI oJAabo] & 7| (e-
quilibrium state) & o] 7] A9 £ A 3& BA37] 930
122719 3z AH(dummy scan)< A3} GAFE 7] Aol
Z712 dglen & A AR 2GS Tl 16227}
28890 FA7 e 2289 7hed AT AARGE
AL A Este] R uwt gl w7 e o2 Az A SR E 5}
gk, BA 7)ol = b3} 2 dejo) A FHAF 2ad S
£ Fapakgl o S Alatetr| Aol Zhzke] Ao A
& 33 shdct, WAMEE Y] Hal 22w RS SHE

_&L

Fig. 1. Functional MR images of a
right handed volunteer

a-c. Activation map images ob-
tained during verb generation task
Map images show strong left domi-
nant lateralization of activated sig-
nals. Map image of lower level of
the brain (@) demonstrates activated
signals in the left inferior frontal
gyrus (Broca’ s area) (thin arrows)
and left mid temporal gyrus (thick
arrow). Map image of mid level (b)
shows activated signals in the left
precentral gyrus, left angular gyrus
(thin arrow} and small activated sig-
nal in the left supramarginal gyrus
(thick arrow). Image of upper level
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vojr 2§42 ek BAE Hoka go) A7) el
o2 s shelehel: 7] ) 713 Z1R ). BARET)
Sl 2-3&0hch A2 B8 HAF T Foi 7 wois) B
o) Sl FAHE He wo] $.0.2 abAl sholrh(el: Abst )

me}, bk aesr) stAle 47)7F AJAE ) A A
DS 2AFE, fEG E $AFE) S 227 B

FRI 2z&vit) el FF2| o] F& Mol o] fr|Ee I
gk 79 Ak ( squeeze ball)& ¢ A28 =2 s, 7+
zhe] thoje} &AL v T 12 Fokut HoFgl v ] 1-2%
vl Zelo]mE HolFgr)

0401;( %}A—]i} o:u}_,] 03/\1-‘0‘z]a] PCE 9_7;] fMRI_lﬁ_}g]
z e o2l Statistical Parametric Mapping (SPM96,
MRC Cyclotron Unit, London, UK)#4] T2 13& °]
ste] AlgPsldct. &2l o)t A H (misalignment) &
A317] 918 Automated Image Reconstructlon(AIR) A
ZEY](22)F AH43lgth ANCOVAZE o] 43fo] AAH %
%3}(global normalization) & Al&stl 2, 3h4 92 t-
testE Al sl 843 A xel SPMtE e Fo5&
p<0.001(Z score » 3.1))% 7I1F 2.2 dojAl A3 A& & v
2] 42 T194kel %‘idffw HE 7158 d4s A Az o
A5uE EolX, AR AAR] Hato] A E Fdel g
gaussian filtering® high pass filterings Al 33}sic}. &
e FoFEp(0.001S 7|Fo2 AL G S Ve
Aol wbe} FAsbEl A& Kot g A A ur-E A
A7) Hall T4, 2, 7| 5o G4 3HE A3 g4 E)
g gasE SAc i sa s AR F oY 5

d

oiHAe| 7153 xp7|12EEY

Alo g "3} 2| (lateralization index) & T3tod AW
2wl 2sglct,

A3 A 4= (lateralization Index) = (F& &A1 3} 549
- 55 A5 sthe] ) / (F5 A4 Y v+ 5 8
A3} 3149 )

A&Fte] 14-& Al 2lg 99

o gedslr] A2 A B AFES 86% At 5‘—4}
o] 1%¢] Ae ZE FAdM AAFY A (prefrontal
cortex)®] FAsnte] vheht R4 o4 Al etgiet. FHAE
< SAPE7] TMV 74 e B4 5 E Byl BA giates
g oelA mF A or &5 JAE 2 Udeh 3
AptE7] 4*“9} Hwsl7] A& 247 193 39 el 2wl
A= A3 i

n2

7 sAlolx) S5 se) Faodelel i $2bd 24 A3
L FAIH= table 1] Helaisleh. A5, 354, $A)
of2) H5]ol4] A4 ¥5lo] 4} A5} etizn] 4eEd

a8

2 $%49(Brodmann s area 6,4)¢ #4137} 712 W
Hetglx &A45E stae sx /b4 sty A F 3
(Brodmann' s area 44,45.46), 4% (Brodmann’ s area
39.40), 22EF99, 5553 (Brodmann' s area 21.22)
ol 4] alAgt °"°”‘4 ) 5] A o 24871 sislch(Fig. 1), 74
o A st F2 A AR 2 FFel YA G A
3 (supramargmal gyrus, Brodmann' s area 40) X%t} 5

Table 1. Summary of activation sites and lateralization in nine volunteers

Activation area
Noun

Lateralization

Verb Decision

L>R L=R R>L

L>R L=R R>L L>R L=R R>L

Rt. Handedness({n=7)

M/PM(BA 6, M1)
INF(BA 44,45 ,46)
Parietal
Angular(BA39)
SMG(BA 40)
MT|(BA 21,22}
SMA

Lt. Handedness(n =2}

M/PM(BA 6, M1)
INF(BA 44,45 46)
Parietal(BA 39, 40)
Angular(BA39)
SMG(BA 40) MT(BA 21,22) 1
SMA 1 1

gr o N Ot g1 gt O

— e
—

N wse o NN
—
AN S NN

= NN DN
—

1

L >R : dominant activation in the left hemisphere, L=R : similar activation in both hemispheres, R>L : dominant activation in the right
activation, M/PM : motor and premotor areas, BA : Brodmann' s area, INF: inferior frontal area, SMG : supramarginal gyrus, MT : mid-

temporal area, SMA : supplementary motor area
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Table 2. Summary of Lateralization index* for language domi-
nance in each task

Task
Noun Verb

Decision Total (average)

Rt. Handedness

1 0.58 0.85 0.72+0.19
2 0.78 0.90 0.49 0.72+0.21
3 0.44 0.81 0.23 0.49+0.29
4 0.58 0.71 0.74 0.68+0.08
5 1.00 0.42 1.00 0.81£0.33
6 0.47 0.86 0.66+0.27
7 0.16 0.47 0.31+0.22

Total 0.57+0.29 0.68+0.19 0.66+0.30 0.64+0.25
Lt. Handedness

1 0.55 0.82 0.69£0.19
2 0.07 0.47 059  -0.01+0.54
Total 0.31+0.34 0.65+0.25 -0.59 0.27+0.55

*Lateralization index = [(activated pixel number in the left - acti-
vated pixel number in the right)/(activated pixel number in the
left + activated pixel number in the right)]

Zo 9238 23] (Brodmann' s area 39) 2 W54 d-+(in-
traparietal sulcus)& @& #4317} Wo] viebydr}. o] 9]
Hoddo & F 202 A3t Qe FAFTET] HA
A 99 & hAF3) A (anterior cingulate) ¥$17} 5% (56%),
AR wme AT 59 (56%), 71A W 5% (56%), 45T
3] 29(22%), A (thalamus) 19 (11%)9lA 244371 #3
=951, 8ol £l &8} RAF A o] F 92 &
A3 AE e GAE7] Al o g A o A= FAREE 3
Aol B} HA el FAREE7] FAjel| A A o] 45}
= E8EFte] THE 69l A, $-F0] $-AF A7} 59,
of&Ao] 17 o]l o, s1&Ate] 21 $-A %k 2433}
& Vel

A 3le 310 5 YA 07 ZAshe] AR HA| g} A
59 e 2 2&t0]9] A% (.16904 12 BF #H& 02 Haj
3} 5 lch(table 2). 93019 74 142 #3(0.69+0.19)
o2 AN = o E & e A9 AAEE HA s} de

Ao it gL 0ol 77AAe(-0.01£0.54). A == 2
E2&3bol 9| A9 FAbE 7] A o] HA spA| 5 HFgho] WA
57| A edstr] Ao AR A o) vl Fghen o
2 A ol B3t} FhH o2 v seet Ao L EE e
(table 2).

1o 950

n #

fMRIZ BOLD 7198 W3 &34 44 & &

PET$ @7 5715 A mske] vl 5AQd i o2 ) 443
o] 453 glrh. dofd el 715 el Bk A7 of3
AT 4 FFAG el doloh dR4 o)v) gl Bk u

g on}glor 7]12 o uh ¢l A7|AF ol WadaFiAkehe] v)
FAME & dAEE Bo| 3 9Jrh(17,18,20).

B odtel st o] oz = AFo] /MY Wk,
SAPE Y] HA A S48 (precentral sulcus) & WE A
4359 9 £%99(Brodmann s area 6, 4)3 %54 <
o] %32 422l Broca®dd & £33t 81473 (Brodmann' s
area 44,45,46)% 2437} 97 B4 ehron o] 5 &
A3 3o FE = B A AAE o] &3] HHHAE FA
i}fﬁu}_ A9 Ao} AAskgcH(11,19,23). AFH] &
7159 dAkgelA A g BAE Hol= o]
v o] H” 2 AS $g FY) 5 FE oY FH)sH
o] gtz o] 5o A Hk o] F 7]go] Al ¥ ALHAF o]
43 A7 (8-10) M = A7 437} 2o 2o o] &9}

O

J
b
J

(o

€ AT dgto] Q= A0Z A7 T ek o] ek 4F,
71719, A g wole] 7)ol 4 AL 913 AL 5 AT
S0l Ba ofe] 750l AT GATE FEakE Ao

A= gleh(9, 23-27). Paulesue$(12) Broca%9 94
Z3g Al BAs] doj G At A 7 w35 A
B9l HHo|r A7+ (planum temporale)] v A A
B} odej o] W3 o Zsted Ego) Tty BT
Desmond 5(17)2 844538 &431 & 7| E22 A&
Alx3te] WadaZdAte) & X EE 19l& B3
Z5A el e o aut Qx| 9} WA g Awho] ke A
A g# Al Ao tH(28) . b A} she] A A E o] £8) 7
SR el AT o] doj7) 53 3" SFsiov}
A9 G437 RaE e 9 HF-E Wernicke ¥H o2
otel Al AFS T3 ide 1 T F5573v T 843
£ Husbar 9oh(8-11,23.29). Binders(10)2 o] & 9 90]
qlofe] ol e} F ] AR E At FL2AM AA 43l
Wernicke 98t} 2 3] S5 qd0] qlo]o ofsfjef &
23 94ES g 70 AHy R, £ AT E
A o] whe} 2f7ke Aol QUAIRF - FFA AT F5F3
of oA gk H A Ao ol A AL veltar o] = o] 97} ol
o} ol A o] WA E] A G Y& AAsle v AF B
(8-10,23) 9 A 3}= A2 A4
ofd Fa| 7} de17] 59 dAkgtel 7H A g A Atel 3
slol &= o271 AR o] oA Wk Foi7] AT o whe} A
g 4012 zrohfj &= tre] 4 A 34l = Petersens(30)e] PET
& 0] 43 AFolA A& A|%E o] F PETY MRE o] 43 <
o}7] 52| datgte 714 de] o] §5 = wholt), £ AFoA =
FAHEY] AA ) WAPEEY] AAE FA Ak =l A
W E7] A S o] 83 7|5 A o Afo] HubA o g 843} wet
t}. o]& Warburton$(23)8] 9} dA|ste L2702 o]l F
2 PETS o]4-38le] HAEEY] FA ¢} SAMHEY] A1 & A A
vl wate] YAbE Y] A o FAbE7] A7} $A5E B
g9 B Foll= 2pe] 7} YA FAETY] HA7} FE5 A F
o, 549, FAA, 22359950 HAREE] o v)s) 7t
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Functional MRI of Language Area

Jae Wook Ryoo!, Dong Gyu Na', Hong Sik Byun', Duk Woo Ro’, Jae Min Cho’,
Chan Hong Moon?, Duk Lyul Na*, Kee-Hyun Chang*

'Department of Radiology, Samsung Medical Center, College of Medicine, Sung Kyun Kwan University
*Korea Advanced Institute of Science and Technology,
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Purpose : To evaluate the usefulness of functional MR imaging {{MRI} for language mapping and determi-
nation of language lateralization. 1
Materials and Methods : Functional maps of the language area were obtained during word generation tasks
and decision task in ten volunteers (7 right handed, 3 left-handed). MR examinations were performed at
1.5T scanner with EPI BOLD technique. Each task consisted of three resting periods and two activation
periods with each period of 30 seconds. Total acquisition time was 162 sec. SPM program was used for
the postprocessing of images. Statistical comparisons were performed by using t-statistics on a pixel-by-
pixel basis after global normalization by ANCOVA. Activation areas were topographically analyzed (p <
0.001) and activated pixels in each hemisphere were compared quantitatively by lateralization index.
Results : Significant activation signals were demonstrated in 9 of 10 volunteers. Activation signals were
found in the premotor and motor cortices, the inferior frontal, inferior parietal, and mid-temporal lobes
during stimulation tasks. In the right handed seven volunteers, activation of language areas was lateral-
ized to the left side. Verb generation task produced stronger activation in the language areas and higher
value of lateralization index than noun generation task or decision task.

Conclusion : {MRI could be a useful non-invasive method for language mapping and determination of lan-
guage dominance !
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