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1. 7o 2y

H WAty A7 HE), QIAAAE s el Fdo]l ¢17] Fefo €lE T
2t 7w AEdA FodE AEVF T o]FojX il QltHLyon, Shaywitz, &
Shaywitz, 2003; Vellutino, Fletcher, Snowling, & Scanlon, 2004). °]& A E9| 9l3d}
A, theFek dojet 5k [kl ¢17] el ofsEe] M AAA WAARJ Azl AUS
o] ®a¥ il ui(Katzir & Paré-Blagoev, 2006). & 917] o of5 59 ¥ Fx9 7]
59 54 (marker)o] Ae4 BHog ALgd 4 s v gdd] =od A
TH(Katzir & Paré-Blagoev, 2006), ¢17] ol ols52] ¢17] IAE Tt
¢} 75l Ayt olsE¥ tE dHy SAS Bt dHele oo dXE
1t} (Berninger & Richards, 2002; Horwitz, Rumsey, & Donohue, 1998; McCrory,
Mechelli, Frith, & Price, 2005, Price & Mechelli, 2005; Rumsey, Horwitz, Donohue,
Nace, Maisog, & Andreason, 1999). o]&jst 27 ¥}ate] WL Aypa oz o7 Aol
Aot x7] wd W x JgFS w3 QrHKatzir & Paré-Blagoev, 2006). & el
Lyon, Shaywitz¢} Shaywitz(2003)7} ¢17] Fel& A2 dAS 713 54 g5
oz Ao n(Katzir &  Paré-Blagoev, 2006), Hoeft, Reiss, Meyler,
Whitfield-Gabrieli, Glover, Keller, Kobayashi, Mazaika, Jo¢} Just(2007)+= ¢}7] Hol=
z27] s AAAEEA H G ARE &5t Aol sttt AbskAh
H oy A+ TEo wet vt A E ¢7] FelE A sty el ¢l7]7d el
Aol 97] FFol dFFs vAE e Ho 7x8 7w diste] ARHRJ] 2AE
Agstz] s f7lel #edsts ¥ Felek 15 A8 VAE Wele A d8ast
t}.

gy A= vas] obF] oA ol gk A7 s o] FolA| A gFil
Atk ShA AT npel o] thekgk dojof w3 FJuol A ¢7] Feof obsES o Al
A WAARN AES ®iasta gt} ol etE(Katzir & Paré-Blagoev, 2006; Lyon,
Shaywitz, & Shaywitz, 2003; Vellutino et al., 2004), 9}7] oo} & Fx}o] A=A
o g3 e oot AHE FAE o5 AT AB/E YU U2 A 8357
o= Aleko] Qith wepA] o= A AWE FE&2 sy fEve #Ae] A4S
gk AG7F o] Fojxo & Aolth 538 B ARl ttoRE golet At ¥

Holx

o

f
o il o

Ash ol A EAe] Uy FYH Gde] JGE viALsb B AT A
23hE AN e gtk 4e nddy 9% A 5

A%E kel
g owil AseAel



- N fMRI % St Atell A=
gk zlo] gl olafe} A2 FH5H7] e, 2Elal H7IEe] obs 5 ¥z}
7550l Ank obx 5 HWF S uwf ofBA thEA ] o3| 1 dakar Aol &&3t7] ¢
A St e 7] HAeh HEE we] g v digk A7 A ook
g Folth o]y g AFEo] o] Folxud ¢7] s 2 QIte] 1v]EA <A 3§
Y HEE ¥ s old ¢ S By oyt el ol g X7 W
Ao =2 & F A& Aotk

Sy E  hgolrl= SANE FHZo 7w A A7]EH 93 (functional
Magnetic Resonance Imaging: fTMRDS o] &3lo] 3= ¢17] A9} #H g ]ﬁ% Ll
dlEle A7 AJES SR o FAHAANHEE, 2005 o] FH, 1998; ol &F T,

2001; Yoon & Cho, 2005), &€ A+ A34E AN A= Xt 9)\1’4'. ]73?_(1998)

3 A=FS AA L FHelo] R AFS AAFE HHo R 3F3 3RF 7)o AT

Hagdst g AR A3 d25 45 e S2Agd #dvan AAAE ¢

&} 9 (inferior parietal region)oll #1238k ¥ ¢14o]®H(SMG: supra marginal gyrus)

AollA ¥ A3ty Astdon, dxE ¢S we AWt 83 (inferior frontal
o] | 2

O FL FIO

of N i ¢

ol
gyrus)¢t W43 (Fusiform gyrus) &o] 73HA

FE 5, 00104 AL, olol Wl o[ FE, o FA, oA, BRE, §4%, HETH )

S71FQ0DE ol FHe] AY Pun FUASA st F2I A4S A4S W M@y

doie 2ASAREY D, A9 19 AT AN PEs g2 @
A% AN, B AFE AN Fol FA7E AN
Agste B2 B4 9 W BYRHE ¥ G4 2AATHAY 2). o
(2008 AT AP 2004 o)

dstel Fold Aol gle 2

o,
o
2

e
ox,
=8
K-
=
_);1_11
o
~
o g
)

12 K
i1
fl
P‘L
2
)
AN
Ao !
N

P
B
e
ox
o
i
rlr
rlo
Ho
>,
p‘h
-
K
s
=
9|L

=)

2 oot go XN o
o>
ol
Aol 0_>V|.4
i =2
ojr
O
S
S
=
°
o I
! N
o S
) Y
N mlo E
=) =
Mo o
O
U
o i
2w
i tlo
x & °->':’ w2
 # o
LR ﬁ oo
:[)? >’§‘~ ﬁ oﬁ‘l
> 2
ol ﬂz Ne
T K o
=) N 2
o3
ob
Noxe
T2
2o

o=
)
I

3] (superior frontal

[e]

gyrus), JJrHP:rL =53] (left suprior tempoal gyrus), $HF FZ5F3|(right

midtemporal gyrus)2} -9 >4 3 (right insula)oll A &4 37F Yebstth 2354 v
O}Xli FHAT HolF AE ddoR Am F o] ¢7] HAA HEA st
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o Fods RARGE AR Guk obs g ¢7] Fel ofsES toE o] ¢7] FHAIA
GAstE = ] d9S 2AME AT olAZRA f-Elyetell A o] Foj XA gkt 9FA
A E AR duk ARle] A A o, dES HS W EAstEE HY B9t
tEod gyt obso] Aew Fxo 54| wgh who] 7] HAA] FHofst= W& 3}
Fdo]l & Aolgt= 7HAS AANE F ASs Aolth T JojHolA wo] 7] HA A
GAstE = WG At olsES % AP, 53 2 A IS #HHE e
2+ 453 (superior temporal gyrus)7t @ol &3ty = W, 7)o obeE 2
o AE5FI E @438 E 3 999 &4 o (inferior parietal region)e] B €4 shE =
Aoz wIsti e AS A shE(McCandliss & Noble, 2003; Price & Moore,

1997; Rumsey, Horwitz, Donohue, 1997) L@ ygete olEEn dF o] 917 TAA

97] gele] el weh M@ Gl wHHe AT £ AL o, g o
424 Aol A8 B ATl ol Dk Ak A4 LAY dol 9ol A4S
G Aw obEat ¢7) gofelEe] wolt ¥ BYE Jojo] tErh # vol

=
o171 A Lk ofs I $7] Fofolr ol MBSt Joo] BEAE AFHEE AT
L Fded oty aglal dojAe Aol dol §j7] HAA 7] A A= T
= Wrol AR1¥} obse] M@t Aol Aolrt vk A& AFE Ly gHrhd(Simos,
Breier, Fletcher, Foorman, Mouzaki, & Papanicolau, 2001), g+=+o]@ o}F 9] 7 %9
g2 wo] ¢7] HAAS] H dAdst o] A thE A
Aol ofE S R g HEAgdst At Hasith B wo] f3o] o
= MA= AE GotrRy] s A ATES o] dolE ¢S wé A
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AT EE YFo] A tH(Mechelli, Gorno-Tempini, & Price, 2003). Wa}A 3=
ojm] ol Hjgtolel 2 o] fFFo] HAAst Gl FFE A=
A7 Zosity 2 Ao wojeh Feojn dolE AF A=sow AT e o
& 9 Aol AAAoR Todsta e As AsHom e Al visto], o
g s gutEA ¢yl AdlAE dl5(decoding) 71Eol WEA ARy wlEoR
(Hoeft, Ueno, Reiss, Meyler, Whitfield-Gabrieli, Glover, Keller, Kobayashi, Mazaika,
Jo, Just, & Gabrieli, 2007) ©]& &3l $7] TAAE £AE Hi oo xgE ZA
e sEel dE TS B 4 Qe Zlolvh Ed doleh Fojul wof ¢jrje] gl
& ARES Holi U7l Wi (Mechelli Gorno-Tempini, &
ojn golg 25 7] Al E3FA7]= o] Fasit
g2 el7] ol obse ¢l IAet BEE ¥ 9
243t FI vaste] ¢j7] Aol obEe] &
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2ot Otsd et= &)1 FO0i Ots2l =0l 8101 WMAl 24 93 Hlw: 411
fMRIE &8¢t A

HAE gt FEsH oS 5 AEAE Loty fste] HAlol AAH AP 5L
EE5 HolFo g o ¢A At
4, A HdHA
APe ou] go, Hldo] FA719 &5 tARl(block design)s AE-3st o, ¢
) @] 10553 Hldo] 1055, I28lal FA7] 20558 W83 E59 &A=
to] &2 Hjdo] Z7o] 2¥7HA] W HUTE Aok 5‘}01] FAoRE AAEHAT A7
St 7] AlFe A= dol7b 15% EF AAE T, FAIF Ol 1524 AAE F 3
2 AFHAJATY E5 G F 10719 dol7t AAHo] AF7| A= 72t EE0] 30x §
F AEHAT 55 Folle 16323 AN AAEE FA717F AATh A8 F 920
=7} 2% ATh

5. 7|13 X7| 38 4 S

7158 A7l W GAS A7) 98] Siemens Magnetom Sonata 15T scanner
(Simens, Erlangen, Germany)E ©]-83t9th. 3 & A7} head coilol] 28 ALS 530
A E = AAA do] A=S B AAE HAolE A WA ¥3 AAE FaAseE
%ot EPI-BOLD(Echo Planner Imaging Blood Oxygen Level Dependent) 71 <& o]&
slo] AAS FET g2 fMRI 29 WS4 (parameter)olth: TR 2000ms; TE
40ms; flip-angle 90 degrees; filed—of-view 230mm; matrix size 64 x 64; number of
slices 20, voxel size 36 x 36 x 5 mm, Imm 7+4. & H™HL anterior commissure
-posterior commissure(AC-PC) A3} a5 st vt. 22 $AolA | 5Fe4 J4E
At T1-7x%973(Tl-weighted image)s 471 HdlAE 23 22 FAIHATFE A
33t TR 1900ms; TE 3.93ms; flip-angle 15 degrees; filed— of-view 230mm; matrix
size 256 x 180; number of slices 104, slice thickness 1.5mm.

6. Atz Xz

G4 A8 A= MATLABMathworks, Inc., Novi, USA) 744 S35 =
Statistical Parametric Mapping 2(SPM2;, Wellcome Department of Cognitive
Neurology, University College London, UK) AXEAE AL&35le] o|Fof A}t A4
2 AAF Fo FASE P g 9 JE BHAS ] 91 AA E(realignment)
HAS A EEHE A4 Azt A ®F 394 (Montreal Neurological
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2ot ot et= &1 FO0i Ots2 ol 2101 WAIAl LIRF 3 &9 gl 413
fMRIE &&8t Atell A+

<# I-1> THo] S5A| it otse gAMst dH: B > FX|7|
Cluster MNI coordinates
Areas ) Z-score
size X y z
L. Middle temporal pole 188 -36 16 -38 4.33
L. Postcentral 17 =70 -10 10 3.76
L. Middle temporal 28 -58 -4 -26 364

p=.001; ET, 10 uncorrected.

a9 M-12F % M-1014 2E vpe} o] vk ofso] A ofn] tho] H& A
FEA FHukre] FZFF(middle temporal pole), 5413 3] (postcentral gyrus), 1313’_
2% 3] (middle temporal gyrus)7} 2w &tA 24 3} e}

3
Tolg HET o A obEe M YR Py 19 M-2sh E M-29h 2ok

= N W s @

<3% M-2> B8|tto] S5A| Lt o529 2dst Fool of gt 3Ata A4k
l

<¥% Mm-2> HlCto] S Al B obF 9| &35t HH: B > FX|7|
Cluster MNI coordinates
Areas ) Z-score
size X y Z
L. Heschl 5658 -66 -10 8 6.49
L. Inferior temporal 1062 -58 -58 =20 574
L. Cerebellum crus 1 385 -26 -86 -26 471
R. Precentral 482 40 -16 58 4.70
L. Rolandic operculum 973 -38 =24 20 459
L. Middle frontal 236 42 46 20 453
R. Superior frontal 163 34 66 2 4.37
L. Middle cingulum 43 -14 -20 48 3.80

p=.001; ET, 10 uncorrected.



414 Exus M9 : o|2xnt AMHIA 23)

a9 29 3 2004 K= kel Zo] duk obgo] AHg H|do] HE A FIA=
& FFoM+=  Fwtel Heschl, &3] (inferior temporal gyrus), Rolandic
operculum, % A5 3](middle frontal gyrus), S /gt (middle cingulum)¥} -39
A4 3)( precentral oyrus), A5 3|(superior frontal gyrus)ollA &4 37F eyt al 1

Ha FFEdAE &3 A1tk (cerebellum crus 1) G Yo] F-on|&Al &3} =)
2. H7|&of otz2l 2lo| cto{e}f HIEho| 17| 1fA| Al HEMS Ay

dolE BEg o 971 Fe) obEel ¥ ByE e 1Y M-39 E M-3% 2ok

= N W s @

<3% M-3> o] S5A| H7(Zof otsol &ddat ol of gt 3xta A4k

chol > FX[7]

<¥ M-3> Cho] SSA| 47| &0 otZ2ol &M3et dH: thol > FX|7|
Areas Clu.ster MNI coordinates P
size X v z
R. Middle cingulum 140 10 28 36 451
R. Inferior occipital 65 48 -82 -4 4.34
R. Cerebellum crus 1 76 22 -86 -20 4.29
L. Inferior occipital 109 22 -98 -12 4.20
R. Superior motor area 11 10 0 70 3.53
L. Superior motor area 17 -10 -2 70 3.47
L. Fusiform 17 -26 -84 -18 3.45

p=.001; ET, 10 uncorrected.

a9 M-33 % M-304 B vhel o] ¢}7] el ofsEe] o] tols iﬂllﬂ
A g g7l A A e e S (middle cingulum), 3H-F3](

occipital), 3<% % 9 (superior motor area)oll A, Fdtto| A= & F3], H&TA9Y, W



2ot ots et= 01 FOi Ots2 =0l 8101 WMAl HEdae 9 Hluw: 415
fMRIE &% A

tefl &1

= N W s @

<38 -4> B|tto] S5A| §7| o ofs2l 2dat JHoll et 3xtal Fak

ulEto] > Fx|7|

<E M-4> H|tto] S5A| §7| o otz &dat JH: H|eto] > FX|7|

Cluster MNI coordinates
Areas . Z-score
s1ze X y Z
R. Lingual 231 20 -102 -14 5.68
R. Middle orbitofrontal 117 26 44 -14 4.62
R. Cerebellum crus 1 30 44 -58 -38 4.07
L. Lingual 58 -10 -102 -16 3.67

p=.001; ET, 10 uncorrected.

148 3 40l A B upek Eol ¢17] Aol ofbso] Midhe] A WA il ¢
A Aol A3 He ¥ 992 9d s SRk wi S Al AR E)
35 = lingual?} 5¢FeHA 53] (middle orbitofrontal gyrus) @ <ol A, Fargo s =
Azt A B EE lingualoll Al Felv|atAl &4gstElom Fdst FEodAs Rk
T &y Alvke] FHo] fojvlsiAl &3 3= Tk
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<Abstract>

The purpose of this study was to compare brain activation profiles of a 6th
grader boy with reading difficulties(RD) to those of an age-, gender-, and
IQ-matched normal control in 2 silent reading tasks using a functional magnetic
resonance imaging. In a word reading task, stimuli consisted of two syllable words
with high familiarity whereas in a pseudo—-word reading task, stimuli were made up
by changing the first or the second syllable of the same words that were used in a
word reading task. A child with RD showed increased activation of the right middle
cingulum, the left and right inferior occipital gyri and the left fusiform gyrus during
a word reading task, areas normally involved in visual processing. In contrast, a
normal control showed profiles featuring increased activation of the middle temporal
pole, the postcentral gyrus, and the middle temporal gyrus on the left hemisphere. In
a pseudo-word reading task, a child with RD showed increased activation of the left

and the right linguals and the right middle orbitofrontal gyrus whereas a normal
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control displayed increased activation of the heschl, the inferior temporal gyrus, the
Rolandic operculum, the middle frontal gyrus, the middle cingulum on the left
hemisphere and the precentral gyrus and the superior frontal gyrus on the right
hemisphere. These results suggest that a word reading in a child with RD might be
based on memories of visual properties of words and that a pseudo-word reading in

a normal child might be based on phonological information.

Key words: reading disability, brain activation, fMRI
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