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Cerebrum Lateralization by Area based on the Intensity of BOLD Signal
during Cognitive Performance

Soon Cheol Chung#, Jin Hun Shon”, Ik Hyeon Kim™ and Soo Yeol Lee

ABSTRACT

This study compared cerebral lateralization index based on the area of neural activation with that based on
the intensity of neural activation. For this purpose, 8 right-handed male college students (the mean age - 23.5
years) and 10 right-handed male college students (the mean age - 25.1 years) participated respectively in
researches on visuospatial and verbal task brain function. Functional brain images were taken from 3T MRI using
the single-shot EPI method. The result of measuring cerebral lateralization index based on the area of neural
activation suggested that the right hemisphere is dominant in visuospatial tasks and the left one is in verbal
tasks. However, the dominance is not sufficient to locate the exact part of the brain for these tasks. When
cerebral lateralization index was computed based on the intensity of neural activation, it was derived that the area
of cerebral lateralization closely related to visuospatial tasks is the superior parietal lobe, and the area of cerebral
lateralization closely related to verbal tasks is the inferior and middle frontal lobes. Thus, cerebral lateralization
index by area based on the intensity of neural activation as proposed by this study can determine the dominance
of the cerebrum by area, so is helpful for accurate and quantitative determination of cerebral lateralization.

Key Words : Cerebrum lateralization by area (398 tid HZ3}), MRI (H7]5 %4, BOLD (354X
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Fig. 1 Problem type for visuospatial and verbal tasks
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Fig. 2 Test procedure

34 Xo|s g4 Hs

H71% 94 5L KAIST HH}8 A7 Ao
21 3T ISOL Technology FORTEE A}-&811.0H,
single-shot Echo Planar Imaging (EPI) W% (TR/TE:
3000/35msec, FOV 240mm, matrix 64x64, slices
thickness 4mm)2.2 7} £§ % 357 ¥ dA 4
e d5sidd. 11 Z294H 3-D FLARR ¥
¥ (TR/TE: 280/14msec, FOV 240mm, matrix
256x256, slice thickness 4mm)2.Z 35813 = o
¢ As8gn,

35 Xo7ls 4 &4

H7)s ¥4 HolHE SPM-99  (Statistical
Parametric Mapping-99, Wellcome Department of
Cognitive Neurology, Oxford, 1999) S/WE A}-&3}4
BA3151th Auld (realignment) HF o2 9
FAYE wA L, 7153 4T A I
S AAAY (coregister)dte] &5 FEZ A
FAS 7 AR H FHA zolE A 9
3t EEshd ¥ Frol template image (Montreal
Neurologic Institute)E A}-8-3+4 normalization &+
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P4 ARE aFoz A3t &4l HFA
E T332 T scoredl Wzt MA #3333 (color
coding)3te] 71 2 IR ¥ AT E IATh
ojuf Ztakd] (Cogmtlon tasks - Control tasks)& A&
st} Zh 1R RAE E uf ALY &S ¢
qus ¥ 99& -%%‘}3‘1‘3}.

3.6 WS} voxel +25E o HE35 AL

AdolA F2d ¥ AZE wRe=E I3}
g voxel (843 € BYE AWRAT B
HE3 A4 L) AL ok (1) FA& T3
THHAS.

LI = (LV - RV) / (LV + RV) )

olwf LV# RvE Zt7Zt 3}, ¢k %mﬁ}g
voxel Fojc}. Zt wi9] #4438} voxel & SPM
HA 5 2 Qmall volume correction (SVC)& ©]-&
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A38}7) B AlE 7 g9 BOLD 2&9 AV|E #
Z3t7] Ysted, 7h AR A 53 Al A7) g
A 99 F giEzA] 4958 AL 9]
qg FH, 92 FEENYG AA JEd 4 949

2 B4y EAA o457 A 2 voxelE 5
¢19.i 5x5x5 GH o8 Hesqrt

of

< il

4.1 H7|ls do 24

Fig. 39 (a)= 3 Az A& FhHA &
gA5EE o g9oltd &3 (Cerebellum) <
& Z 53 (Bilateral occipital lobes) B¢, ¥Z 4
A4 (Bilateral superior parictal lobes), Y% 35
A< (Bilateral inferior parietal lobes), 45 #7| <4
4 (Bilateral precuneus), ¥ T’Q?‘ﬂa" (Bilateral
postcentral gyri) 5& ¥&3lE FAHY (Parietal
lobe) B, 28]l U*FH FAFo|F (Bilateral
middle frontal gyri), & 5l A5 ol%  (Bilateral
o|# (Bilateral

inferior frontal gyri), ¥& WS AT

medial frontal gyri), ¥& FA5e]F (Bilateral
superior  frontal gyri) 45 uiAdE  (Bilateral
cmgulate gyri) 5& E83= IFY (Frontal lobe)

B¥ol &4t (corrected p<.05).

Fig. 39} () o] FAE FPse o 84
35 e X dYolt). 4 (Cerebellum) 9, 3ol
& (Lingual gyrus), 9153 F°|% (Lateral occipital
gyrus) 52 EFF T5 YD (Occipital lobe) BY, ¢
& FUE5F0|F (Left middle temporal gyrus) 5&
¥ &3 5% (Temporal lobe) FE, ¥&5 FFH
& (Bilateral superior parietal lobe), 9% s+

xsate 734
A Fo)% (Bilateral

’

=
=

=
=

(Left inferior parietal lobe) &

(Parietal lobe) 83 ¥ T

middle frontal gyr), %5 3tHFo]# (Bilateral
inferior frontal gyri), %% WZ A Fol# (Bilateral
medial frontal gyri), ¥& ™3] (Bilateral cingulate
gyr) 5& EF3I AT (Frontal lobe) G GfA
A3} =AY (corrected p<.05).

(@) (b)

Activation areas while performing (2)

visuospatial and (b) verbal  tasks
respectively (corrected p<.05) (: Occipital,
parietal and cerebellum areas (): Frontal

arca

4.2 A5 voxel Fooff 7[9t Bt Oy HHE3}

I 2 Aol A F3 Al 243 H voxelF
€ & $HTE FEAAL, 74 ()& E5
g diE BE3) A5 (LDE Table 13} 29 e}
itk F3F HA 3 A Fubol vjE fuky
oA BA3t d voxel F7F BAHLE Fv]sA
Ao (t=9.057, df=7, p=0.001), LI &°] ¢} ¢
HP?7} SA 7L Ao AME 4 F Utk B
& Adof Al F3 Al kol nlE] koA
43 d voxel 7F BAHCE Fov]dtA o
B (t=6.498, df=9, p=0.001), LI= %¥o] 1}o} w3
7b $-A w7 9o ARLE 4§ dTh

4.3 M3} voxel A3 AJlol J)gk Bt
k| &3}
Fig. 37 Zo] Zt oAl =7 4, 549, ¥4
g 49 (@OW FAF)E°] EF FH(cluster) S ¥
At 3z, AFYE 99 (4 SHAF)IME J
&g FAL gl7] Wi d9EE gy H53
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Table 1 Number of activated voxel at the left and
right hemisphere and lateralization index in
visuospatial task

Left Right LI
#1 5513 9869 -0.28
#2 2047 11604 -0.12
#3 4974 8596 -0.27
#4 5973 7939 -0.14
#5 7346 9479 -0.13
#6 10042 12490 -0.11
#7 751 10287 -0.16
#8 8301 10264 -0.11
Avg8.D 7338 £ 1771 10066 + 1483 -0.16 £ 0.07

Table 2 Number of activated voxel at the left and
right hemisphere and lateralization index in
verbal task

Left Right 1]
#1 2450 1128 0.37
#2 3254 2508 0.13
#3 5893 3079 0.31
#4 4357 1285 0.54
#5 3550 247 0.87
#6 6557 780 0.78
#7 3534 901 0.59
#8 3645 930 0.59
#9 2898 361 0.78
#10 2932 610 0.66
Avg1S.0 390711334 1183 + 915 0.53 £ 0.23

°3°—""§ voxel®] AZHE
(848 9 azhel 719 @ o= BE3 A (L)
g F4 ) o839 AR old F3t A
7t A E dERez F7 AFY Middle
frontal lobe: MF), ¢ 53 < (Superior parietal lobe:
SP), 59 (Occipital lobe: 0)2) Al 4498 &, &
2 FEI A 4GS AAAT Ao A4
Ae dEdez $ AFY Middle frontal lobe:
MF), 3t A%< (Inferior frontal lobe: IF), & FAHY

2 dFeA Atd
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(Superior parietal lobe: SP), 5% (Occipital lobe:
0)d v 49L& A, $2 FES oy 949& A
ettt 2 AN FHEE ALE voxeld] Al
% 3719 ILIE Table 33 4] JeEhRATH

Table 3049} 2o] 3t A 8 Al A 94
EF L7 &o] Ut $5¢] BT SASAA T,
Fig. 49} Zo] 4 FAHYG ©plAT FZo v]s)
$Zo A voxeld AZ FE7) SAXHLZ Fon
A AT} (t=-2.345, df=7, p=0.05). Table 4o~}
Zol Qo] #AA I Al FFYH (0)2 ALY A
B A L7} ol et RFol AU, F
b AFY (4559, df=7, p=0.003)%} 3 HFY
(t=4.689, df=7, p=0.002) X B+ -Zo u]3] FHZo|
A voxeld] NE ZAxrt BFAHoE fFovlsA
t}. Fig. 5% 3F AFHoAA &, 59 voxeld] A
3 ZEE v ud Fijolr}

intensity

102 |
j [ *
i
‘
}
‘

101

100

Left Right

Fig. 4 Intensity of activated voxel at the left and

right superior parietal lobes (SP) in
visuospatial task (*p<.05)

Intensity
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100 *
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Fig. 5 Intensity of activated voxel at the left and

right inferior frontal lobes (IF) in verbal task
(**p<.0D)
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Table 3 Intensity of activated voxel and intensity lateralization index at the middle frontal lobe (MF), superior
parietal lobe (SP), and occipital lobe (O) in visuospatial task (Talairach coordinates)

Left Right |1}
MF SpP O MF sP o} MF P o
(-16.1824) | (-24,-6856) | (28.-94.6) | (46.18.20) | (24,-6856) | (32,-94.8)
1 100,85 100,78 10051 100.99 101.04 10058 -0,0007 -0.0013 -0.0004
#?2 101.08 100.61 100,62 101,65 100.69 101.25 -0.0028 -0.0004 -0.0031
i3 100,60 .100.31 100,70 100.33 100,73 10107 00014 -0.0021 -0.0018
4 100.73 10057 100,59 100.75 101.11 101.41 -0,0001 -0.0027 -0.0041
H 99.93 160.44 100.68 100.40 100.61 100.71 -0,0023 -0.0009 -0,0001
0 101,12 100.46 100.85 100.20 100,68 100.78 0.0046 -0,0011 0.0004
L) 100.16 101.05 100.84 100.59 100,72 101.08 -0.0021 0.0016 -0.0012
8 100.18 100.48 100,68 99.89 100,93 100 55 00015 -0.0022 0.0007
Avg 100,58 100,59 100.69 100,60 10081 100,93 -Q.0001 -0.0011 -0.0312
5D +044 +023 +0.12 +054 +0.19 +0.32 +0.0020 +0,0010 +0,0020

Table 4 Intensity of activated voxel and intensity lateralization index at the middle frontal lobe (MF), inferior
frontal lobe (IF), superior parietal lobe (SP), and occipital lobe (O) in verbal task (Talairach
coordinates)

SP(28 | O(30, | MF(46 | F(32, | SP8, | OG0, | MFigs, | F(3
-12,58) | -86,-18) | 14.26) | 30,710} | —72,58) | -86,-18) | 14,20) | 30,-10)

# 10168 100,81 10086 | 10088 o 10156 100.81 100,50 0.0029 -0.0032 | 00002 0.0019

10050 100.30 10078 | 10036 100.00 100.26 99,86 100.01 0.0025 0.0002 0.0040 0.0017

100.81 99.83 10084 | 10064 - 100,12 99,97 100.15 - -0,0015 | 00033 0.0024

" 100,82 10053 10097 | 100.42 99.89 93.93 100.34 99.88 0.0052 0.0030 00031 0.0027

10020 100.11 100.28 - - - - - - - - -

101.08 10091 10084 | 10067 - 100,08 10037 10037 - 0.0041 0.0023 0.0015
1 101.06 9981 100,99 100.46 - 100,82 100,01 100.19 - -00045 | 0.0049 0.0013
8 - 100,10 101,86 100.40 - 101.18 100.30 100.37 - -0.0054 | 0.0077 0.0001
9 100.22 98.94 10150 - 10047 100.12 93.93 - -00012 | -00008 | 00078 -
#10 101.00 99,57 100.85 100,61 100.45 100.21 - 99.74 0,0027 -0.0032 - 0.0043

Avg | 10082 | 10021 | 10096 | 10056 | 10038 | 10048 | 10021 1005 | 0004 | -00013 | oood2 | 0.0020
D +o47 | +045 | t04s | 017 | +048 | to57 | t030 | +026 | +00023 | +00032 | +00026 | £00012
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