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ggoz duk 4% 3]H 24 (general linear

regressmn)a S8, foE p0.001(uncorrected)

T AR S SRRt 7 D8 Gae gl

car pattern)&

E .

35 FEHoE Foi B8 49E Es] e AR
Mg AgEt AR i gt A= 244 g
2445 (contrast images)S 9 AEE sh= o FFEA

effect analysis)& o83t on, FIFFE p
0.00001(uncorrected) ol X &3t J4e WEUT. AT &
438t QS SPM99el Wi EFEsd 2D % A
3l MRI 944 °éii‘3‘r. fMRI %g¢#A-& 2l
g JlFo M3z, SPMI9E o] &% AddA y
Talairach &% 4% 7%30}9&‘3}.
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Fig. 1. Activated regions in experiment I.

Serial axial (a) and 3D images (b) show bilateral symmetrical acti-
vated signals in the inferior frontal gyrus and prefrontal, premo-
tor, and supplementary motor areas of both frontal lobes, the in-
traparietal sulcus including superior parietal lobule of both pari-
etal lobes, and the primary and secondary visual cortices of both
occipital lobes.
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Fig. 2. Activated regions in experiment II.

Serial axial (@) and 3D images (b} reveal bilateral activated signals
in both frontal, parietal, and occipital lobes, which are the same
areas shown on the experiment I. Compared with those of the ex-
periment I, the activated signals of the right cerebral hemisphere
are decreased.
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Fig. 3. Greater activated regions in experiment I than in experi-
ment II.

Serial axial (a) and 3D images (b) show multiple activated signals
in the right frontal lobe, right superior parietal cortex, and bilater-
al occipital cortices.

- 20 -



o o 9ol A AHoZ YEyT (Fig. 1). AFLEY
%= A %ﬂ(BA 44), AAE99(BA 9, 10, 46), A

o
H
[e]
T %
&
q

(3

39(BA 6, 8) 2 HXETHEY(BA 6)dA HFHoz
445t NE7 et FHYY By 45
(intraparietal sulcus)& TAo=2 A
(superior parietal lobule)& X383t AA 74at &4
A3E BRI, TFFANE 1, 24 AAFFEGd] A H
2435t A7t et

AY 2048 AE 13 YT FHlAM &4 Aert
Wt &ukrel @45t Ad 13 Aolrt e, fukt A
FEI FHYY 24sE AF 1o vl Agken, 1 AEE

AT Bt FalshA Aot (Fig. 2).

A 13 A7 204 debd 843 999 Aols |
71 S8 AE 19 A3 FgdM 4F 29 243 o
ABtas | 5 AFEH FHY € 45 FFHAA

NE7F et (Fig. 3).

g Fo o o

'“L
N o

o

3
=
oo
=

l'UO

o
j?Lu

4

oo

XL
rl
a=]
=
;%
sz
I
='§
T
=
oot
o
2
_—
nN'
n:1>
Bl
°O,
o
i
o
od Mt

3 Jlﬂ ]71:—"* ﬂqo}t HEFFE
3= ’Wﬂ% o2 & A7t 7t H Ak PETO Hg
of MRS &3t E3lsol ¢t Al BAMY 94y
294 Y FYol Z8skA don, vl AATL 7bEdt
fMRI®) ¥2]= BOLD(blood oxygen level dependent)
e 719g 71 3ith 5% AAE s8ste 5 o8 @
e ud e E457F FEEL, A B T4 14 g
ZFo| 71 Hd, 9 AAF= FUksHA g 8€R/ F
°ﬂ E}E 3 A e S7ke g48d o 24 l”‘ex]
e AtaEg F71E7| Wid Ax Hxde fEAY
1414 S AF ZZF2Y (oxyhemoglobin) ¢ HE+& %7}6}1 "
Aoz d2xgEZ24 (deoxyhemoglobin}e] F=& 7
&4 "o tﬂ%/\] HrIzue ’“Z}”(paramagnetw) g
AEN o]y Zie T2%AxYdolv Aol Z(gradient
echo) 719 €] T2*7J§_°§ A A ‘ AT FE JhAH et
gy olel g AleZ e Frbe oS vjvEy) wiEo] A=y
A& ozl ¥ wg3te} Fasteiof 3k EA17F At
PETY fMRIZ O]%ﬂ 71&8 Aol st A7AEvit
g2 g zolE glov AFAH FAGAA FHdMG Bud
on 9le 487 Bu % vk Jlow, & AFAE o]F¢
Aol dXFE A7E 2t E48E v AT F FS
FHTIE doj7)eH BEE FHR ole Fdilto] dojet
2H BAE 7TE A& AAEE adelt, dojg g4
olo} & A Algsle o]F A (bilingual) & Ao 2 &
Dehaene 59 97(6)0l JO}E‘ g Aoz QA g w&
B AFE AZ F GRS | dE Aol AlAE QA 4

D

olate] x| gHiisiol BHEH 17

< ddste 5Hol e dol2 d REo wostA i 2
T’]’% E‘_‘ﬂ —’FE]OH/LO] ?1_019}' ‘:w'?].;\(j ‘?\1}7:"2 E_O]lil——— ﬁ"’}'a
gelslglth, ey WAl BAE AAST Agol obd A o
£ 5 W SGEHE 490 248 5, dE s 493
Fol Woly &) 7hEdl ZAME AddetA ste oA

(approximate calculation) ¢ 7
ZHol7t it ol FEdLte] oY)
THE Bl &S AALEtE Ao
7] $13ted fMRIE o] &3 43S

Alg F Ay g2 oy A vsd F A 2AE
AN AgE n2E HFAi(exact calculation) HAE

HE —1. ToT1
FHA e W AorIed BHE #HF AT FF
2437t rEHEAIL, ARl obd MZ BE F VM ¢ 7
A

d AR & AH8HA afe= ol gdat FA9] Apolle 45
Agol &4 HYut ol ol AFANE HEORE &
At #4 L AZ e 58HY F 7HA Ed Y o] Foix
g o]5 987 (dual format hypothesis)& #7181t}
I % shue dojdl #33 33 (language-based format) 2
2 RAGANE TP b AHHE Ao, & shte AlET
E (visuo-spatial representation)dl 7] #F o2 F=9]
%A Md¥ st 2718 BlastAy ol g At Ao &85
Relth, FAES Yo E 3 JAATFAAME ol M4
Azlslhe AREe] B1 HYiY. #& TP &4E ¢
BAEAAN et Z7)d B¢ g FRSFEAT(IE
a°1 29} 4/\}"]01] A= 7t -‘?91‘111] o

>%n

>

4

Irt rlo o rir
ﬂ

O{N
>
2
ir
PO
i)
SEEATURE
_}L
$L
3
0
r{r
fing
o
ol
rir
olr
o It
o
fin
s
it

¢

°4°1°ﬂ e F FUEE 94%% 58e o
alaiv} <7—9>. W, T Ao el
]

[1bf
I e

e olN i
o
2 vo
5 7 5
i

< K
of
flo rle

2 ¢
N
N
0,
?:2
v S
2#5
¥>
E?m“
oo
%rm
=
g
o
T a
A‘Zri
2
g
flo 2
o IF
T
[e]
=
ins
2o

ofN 13
r%. re
:-—,; M
R
)
+
o

7} 301%] 4914 AAdA] BHAHE 97} 35\:} age N4
A AL Za le Atz 2 H3d (10). of2d &8
A A ES w2F AE] AL F 7 **Olfa 22 7AH

9e2 AAH F1 et

MRIZ ol $8 X715 @7 ol 2% 433t o
A A8 e Fasit), WASLA sk FUE 4
oz AZ3= AAS HL3E Ao A 7§_\,]-,]
Yool w Ao E4Y Ae] BAbsE 3
HAE A ool AHA R LATS EHHOE
E et & Aol ASHAE didds B
=R EYeXE fdsA st AAd AAE
AR = e Ao BAE ZET ohg o

)

)

ok l’ﬂ
L= T

O
_‘
X
(o IR S =S o [ ST O SN - . A BN

)

23
<0

-

|

o
£
s T
o5 AFtal date] A3t geA S ¥
dh= o] 2d ASHA = & dv AE 194
FAZ ARG R ES siglvt webM 29 19 243

i
oft
i

[

o

P

it
rr

rl
=

[ex

-21 =



ARl Al #AE 243 B of ST
I Aol x3d Afolnf, ol thE dvAe 44
g e dojrles #AE T e EAst A5os A

2004 th24A)

ﬂ(laterahzatlon) =2 FuTh AR A3
2 F XY 28S AN G 2] tEXE ddd e,
A3 FAlA FoTolu Hat HEd

Ak e Bk & 7 , A
H goolAM Ak ?L Ardd FAHEY 43 Axe Wt
AP AT

‘:7} FeletAl Fastg J-, F

olN
o 7
o ¢
=
e
o2
J[N'
—irl
ox

J\‘
o
—
4]
=3
oQ
E
©
—
joje]
<
—~
=
7]

43 (supramarginal gyrus)& ¥
3hat S B4 Holx| ¥ Aot} FAPL %
%ﬁii THAMNT HHE FYZ LA glon (13)
RIS o] &8¢ o9 ¢lFoML i &gstE Bl ¥
1‘4 (4, 6, 14, 15). o]9] 9oz Ao At&d A=A 9
Apol2 Azte) 2 < glvh. Stanescu-Cosson 54 fMRI 4+
(16)ol A AFHAAR 194 57449] 2 5 A4 d¢ o
AArs St=E sl W 45 739 T3 437} WE}
gou 6914 971219 2 $5 AR B} of g gAldat e
FEE 3RS o F5 739 ﬂ"éﬁ}ﬂ Falo] fastdla, &
J—O}‘Riﬂr 2 01?01
olde &
o] A&-g A B]J’J’-‘C‘?}O% H-Or o & TJrZﬂi 2 fr A

o &
N 5 4 oo
x

b

o=
)

re Y

3 ZFLJ *1]*17} /\1 24l
=l 3101] 7]3& ZAoR Hlth A 1A A5
g =, EO%%%?’L EES
< BoFQ7] el

o 40
rr o o rob ot -

2
w\'ﬂli&

rE
1%
=
i
r—{o

>
> oo
e
10t
4
3l
o2
lo
3
4B
:O{ZI“
R
offt
ne
r&'ﬂ
N

>
i
S
o f
_&
o,
N
pac
ha's
=
o
£ o
o

Sl
9,
> AN
oL o
ot
off
2
=
>
k)
o)
“oir
N
N
2

=2
o

TR e R U

fo N
RY)
2
]
ki
of
i
wlo
N
M
K
2!
2 own
offt
e
et
S
N
N

3 ono o

>
ol
-

il

3

N

B>

o3 o
i o

LR o mz o 2> H R oE o
b £
o
ot
n
fiacs
o
]
ox
- ot
ﬁ&
us»?
E
=
E
15

z =
A% 104 et Bad gue) B} ATl
AATALS ¥ $E ATAD F4Fe FAGY ¥ 7o

of NZHH A3

=
LT x%%osﬂr FAqe) g 4
B AT Bt FastA 2
2l lecl e Fe s};‘q%-
= ol o]F AT ST = 9
Holo|n] Ag 2o A5} 7haH L AR
E AHAE SR 4 FARF R B

1.Lennox WG. The cerebral circulation: XV. The effect of men-
tal work. Arch Neurol Psychiat 1931;26:725-730
2.Roland PE, Friberg L. Localization of cortical areas activated
by thinking. ] Neurophysiol 1985;53:1219-1243
3.Burbaud P, Degreze P, Lafon P, et al. Lateralization of pre-
frontal activation during internal mental calculation: a func-
tional magnetic resonance imaging study. ] Neurophysiol
1995;75:2194-2200
4.Rueckert L, Lange N, Partiot A, et al. Visualizing cortical acti-
vation during mental calculation with functional MRI.
Neuroimage 1996;3:97-103
5.0ldfield RC. The assessment and analysis of handedness: the
Edinburgh inventory. Neuropsychologia 1971;9:97-113
6.Dehaene S, Spelke E, Pinel P, Stanescu R, Tsivkin S. Sources of
mathematical thinking: behavioral and brain-imaging evi-
dence. Science 1999;284:970-974
7.Dehaene S, Cohen L. Cerebral pathways for calculation: dou-
ble dissociation between rote verbal and quantitative knowl-
edge of arithmetic. Cortex 1997;33:219-250
8.Delazer M, Benke T. Arithmetic facts without meaning. Cortex
1997;33:697-710
9.Takayama Y, Sugishita M, Akiguchi I, Kimura J. Isolated acal-
culia due to left parietal lesion. Arch Neurol 1994;51:286-291
10.Cohen L, Dehaene S, Chochon F, Lehericy S, Naccache L.
Language and calculation within the parietal lobe: a combined
cognitive, anatomical and fMRI study. Neuropsychologia
2000;38:1426-1440
11.Corbetta M, Miezin FM, Dobmeyer S, Shulman GL, Petersen
SE. Attentional modulation of neural processing of shape, col-
or, and velocity in humans. Science 1990;248:1556-1559
12.Sarter M, Givens B, Bruno JP. The cognitive neuroscience of
" sustained attention: where top-down meet botton-up. Brain
Res Brain Res Rev 2001:35:146-160
13.Gerstmann J. Syndrome of finger agnosia, disorientation for
right and left agraphia and acalculia. Arch Neurol Psychiat
1940;44:398-408
14. Delazer M, Domahs F, Bartha L, et al. Learning complex arith-
metic-an fMRI study. Brain Res Cogn Brain Res 2003;18:76-88
15.Kong ], Wang C, Kwong K, Vangel M, Chua E, Gollub R. The
neural substrate of arithmetic operations and procedure com-
plexity. Brain Res Cogn Brain Res 2005;22:397-405



=

7I15H 7P |SHL LS 0|85t salgise] oy Eidsto ZEt o1
16.Stanescu-Cosson R, Pinel P, van de Moortele P-F, Bihan DL, cerebral networks for exact and approximate calculation. Brain

Cohen L, Dehaene S. Understanding dissociations in dyscalcu- 2000;123:2240-2255
lia: a brain imaging study of the impact of number size on the

J. Korean Soc. Magn. Reson. Med. 9:16-23(2005)

A Functional MRI Study on the Brain Activation
Associated with Mental Calculation

Dae Seob Choi', Jaec Wook Ryoo?!, Dong Gyu Na?, Sam Soo Kim?,
Jae Min Cho', Eui Dong Park?, Sung Hoon Chung'

'Department of Diagnostic Radiology, Gyeongsang National University College of Medicine and
Gyeongsang Institute of Health Science
?Department of Radiology, Seoul National University College of Medicine
*Department of Radiology, Kwangwon National University College of Medicine

Purpose : In order to investigate the functional brain anatomy associated with mental calculation, func-
tional magnetic resonance imaging was performed.

Materials and Methods : In six normal right handed subjects, functional MR images were obtained using a
1.5T MR scanner and the EPI BOLD technique. The study included experiment I and experiment II.
Each experiment consisted of five resting and four activation periods with each period of 30 seconds.
During the activation period of both experiment I and II, calculation equations[an example: (4 + 5} X
8 ="72] were presented and the subjects were instructed to decide true or false of them. During the resting
period of experiment I, the subjects were instructed to visually fixate on a crosshair. During the resting
period of experiment II, two diagrams (an example: ® , m} were presented and the subjects were instruct-
ed to decide they are same or not. For the post-processing of images, the SPM program was used, with the
threshold of significance set at p <0.00001. The activated areas during the tasks were assessed.

Results : In experiment I, the inferior frontal gyrus, prefrontal cortex, premotor area, supplementary mo-
tor area, and intraparietal sulcus including superior parietal cortex were activated bilaterally. Although
these areas were also activated in experiment II, the activated signals in the right frontal and parietal
lobes were lessened.

Conclusion : The left inferior frontal gyrus and prefrontal cortex and bilateral intraparietal sulci were acti-
vated during mental calculation. The right frontal and parietal lobes might be related to attention and de-
cision making.

Index words : Magnetic resonance (MR]
Brain function
Mental calculation
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