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[ Abstract] Objective To compare cortial activation areas and intensity in comi-
tant strabismus patients and normal subjects in response to the stereogram stimuli using
blood oxygen level dependent functional magnetic resonance imaging technology.
Metheoeds Twelve subjects with comitant strabismus and 10 normal volunteers were
enrolled in the study. The experiment was a block design. Functional MRI data were
¢ processed with the statistical parametric mapping 5 software. Resullts The difference
in cortex activation intensity between two groups was statistically significant (P <
5 0.05). During the disparity of 1200” RDS stimulus, the significantly lower cortex activa-

. tion intensity in the strabismus group was observed in bilateral middle occipital gyruses

(BA18) , bialateral inferior frontal gyruses (BA45/47), right inferior temporal gyrus
(BA37) ,left inferior parietal lobule ( BA40) ,left postcentral gyrus (BA2) and left insu-
lar lobe (BA13). During the disparity of 2400” RDS stimulus, the significantly lower cor-

° tex activation intensity in the strabismus group was observed in left middle occipital gy-

rus (BA18) ,right inferior frontal gyrus ( BA18) ,right inferior temporal gyrus (BA37),

¢ bilateral parahippocampal gyruses ( BA28) and left superior temporal gyrus( BA20) ; The
s significantly higher cortex activation intensity in the strabismus group was observed in

right lingual gyrus (BA18). During the disparity of 3600” RDS stimulus, the significantly
lower cortex activation intensity in the strabismus group was observed in right inferior

* frontal gyrus (BA9/47) ,left middle frontal gyrus ( BA18) ,right inferior occipital gyrus

(BAI18) and left insular lobe ( BA13) ; The significantly higher cortex activation intensity
in the strabismus group was observed in right middle frontal gyrus (BA8/10). Conelu-

: sion The cortex activation intensity in right lingual gyrus and middle frontal gyrus of
. comitant strabismus patients are higher than those of healthy subjects, cortex activation

intensity of bilateral occipital lobes, temporal lobes, frontal lobes, left insular lobe and
parietal lobe are lower than normal.
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’\*ﬁ‘o SR HABEREWREFALITFEL(P<0.05), EHE 120074 % T, %
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Table 1 Clinical data of two groups

Prism diopter
Group Gender Stereopis/ ~
33 em (¢/%) 6 m(g/%)
Comitant strabismus SF/7M  65.8 £25.2 61.7+23.8  None or 100 *
Normal 5F/5M - - 40

Note: " Eleven patients had no stereopsis and one patient’ s stereopsis was 100 ~
1.2 iR R E-Prime 2.0 BfF4 5 fil ke
e, RIS S BE ML s SR, 18 B B B 3 4 9
CEOFALS PRS2 ) 55 2 Wi, R 3 SCR 2 5333
1200”2400 3600" (14 1-&3) o # IIRZS N R
B+ 75 (B 4) AR RS A5 &
i3 W RAABRBEITRE, K53 3 A48k, by #)
AT I SR AT, RBCIR S A 1 AR A 4% 15 22 20
so MU0 T 2 IO A R R L, i PO A
E2IE 72 N O o W S8 5 e 2T o 5 1 50115, o AT L
S IS R E M LD IR B . 521l
Wb T RS IRAG AT PR A, Sk [ 8 A 1B 5SSk 2k el L, i it
CEALART 7 8 %€ 19 SOGF- 1 WLEEBO Bf L 103
KG . $OEh NIETTIE KN 50 em, 57 1Y 4
HIETTIE , KLY 40 em, 7 5 BE 2 ROGF B
25150 em, FEAESHIRSZATHEAA 10 s, Hi& N,
PR AR WU e, SR . — IR IR AR
FAIS ]9 6 min 10 s, 3% 185 ANINfAH

Figure 1 Disparity 1200” random dot stereogram. Figure 2  Disparity 2400” random dot stereogram. Figure 3  Disparity 3600” random dot stereo-

gram. Figure 4 Resting state 1 224 1200" B BEBL S 7RI
. B4 kR

1.3 fMRI & X GE fy Signa HDx 3. 0T f7 1t
PRARIBCEE . g R AR AR Bl - (1) =4E 2K
itk 1 PR A R ] = B Rl A T A DR UAE B2 (138 (three dli-
mensional magnetization prepared rapid gradient echo,
3D MPRAGE) #4794 ; AKX S8~ « & & 1 [A]
(time repetition, TR) 5. 6 ms, [0} B} [6] ( time echo,
TE)1.7 ms, B 15°, LB (field of view, FOV)
24 cm x24 cm, 4 320 x256,)2/E 1.2 mm, ZIE K
0,24 128 2, 434#i1f 8] 4y 3 min 40 s, K45 & 5 248
iF o (2) BOLD % >R 4 foff FHIAK B2 [n] 35 - 0] 39 ~F 1T g

o B2 B2 2400" M BEL SR . B3 HL2ES 3600”7 BEAL A L

1% ( gradient-echo echo plannar imaging, GE-EPI) 33|
A, TR 2000 ms, TE 40 ms, & ¥ f1 90°, FOV
24 ¢cm x24 cm, 128 x 128, )ZJE 4 mm, ZHE KO0,
JRHC25 JE, HEE R 6 min 10 s, KT BB
4625 Mg .
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B, % 36 R 1y 180 A~ oy AH #E 47 &b B e o3 #r . 7
MATLAB7. 14 (R2012a) H g% ik £h B8 15 40 BE #r
Bff4L SPMS5 (http ://www. fil. ion. ucl. ac. uk/spm/
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£ (http ;. //www. alivelearn. net/xjview8/) #1 MRlcron
( http://www. Mccauslandcenter. sc. edu/mricro/mri
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P Xjview B, 15 B AR I A HOE DI R 4K
T BT 15 D BEAZ B 5 A MRIcron {4, 15 2 AH Wi
)4 fii BOLD-fMRI [E4% .

2 HR

2.1 #£EHRAEBSETHEZRE 1200"RF)E
HIERE LR JLE PRI PO o B IR T AR R A
AR B it DX 3 B4 A A ) BALS, LA Al
[l d5 Ry 5 B Ty Ah ik 3 B Ry XU 45 1] ( BA45/
A7) AeMEEH E(BALS) AU (=] (BA3T7) (el
TR/ (BA40) e b g )i (o] (BA2) | ZE 4l & i
(BAI3) o P 2H i o 58 R DL AT 5, a3 2
(P<0.05,K%IE) o

Figure 5 Lower cortex activation intensity in strabismus group were observed in bilateral middle occipital gyruses ( BA18) ,bialateral inferior frontal
gyruses (BA45/47) ,right inferior temporal gyrus ( BA37) ,left inferior parietal lobule ( BA40) ,left postcentral gyrus ( BA2) and left insular lobe
(BAI3) L[l PR A 2 oo BEAR T 1E % 21 19 DS AE UM I v (8] ( BATS ) (XU T [ ( BA4S/47 ) (A 3T 8] (BA37 ) (ZE T /il

(BA40) ZEf e 3] ( BA2) el 1 (BAL3)
R2 MAREIWE 1200"RHEHERELE

Table 2 Comparison of cortex activation intensity between two groups under disparity of 1200” stimulus

Cluster Cluster size Brain regions

MNI coordinate

Brodmann area T score

X Y A
1 121 Right middle occipital gyrus 18 -21.36 33 -96 -3
2 71 Right inferior frontal gyrus 45 -4.75 63 9 21
3 68 Left middle occipital gyrus 18 -7.22 -30 -93 0
4 51 Right inferior temporal gyrus 37 -3.17 48 -51 -15
5 33 Left inferior frontal gyrus 45 -5.29 -45 33 6
Left postcentral gyrus 2
6 29 -3.44 -51 =27 48
Left inferior parietal lobule 40
7 23 Left inferior frontal gyruse 47 -4.11 -36 30 -9
8 20 Left insular lobe 13 -5.68 -42 -9 9

Note ; Activation intensity in concomitant strabismus group is lower than in normal group when T value is negative

2.2 HEMRNASEEHEZTE 2400”755
AESRA LR LRIV RIL A P 5 A T IR 2
ARG B Jot IX a3 AR v A XU BALS , DL ZE M
IR IAL T [0l 5 s 2 73 Ahik B A MR T
5] (BA37) XU 5 (BA28 ) | 2= 30 F [6] (BA20)
S [RIPARRL 2 P 2 38 1 T X L ) DR B Joi DX

FI A 0] (BAL8) o P 2H L A 2 5 P15 L &

6, B WA 3(P <0.05, REZIE) o
2.3 HEMHRAESETHEZRE 3600"R#H /5

HIERELL R JLE PRI PO o B T IR R 4
R RN R Jo DX 3 T B B A 1 1] (BA4T ) (A2
ke ol (BAL8) (A5 MIAL T 1] (BAL8) 7=l [ i
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(BA13) o SL[R] 4 AR 0 2 8005 56 2 e T 1B W 4L R
I B Jo X 358 2 B A A 450+ (] (BAS/10) o WAL L
x3 FWHEBEZWE 2400"RHEHEREE LR

B 2= e BRI 7, s WA 4 (P <0.05, R AL
).

Table 3 Comparison of cortex activation intensity between two groups under disparity of 2400” stimulus

MNI coordinate

Cluster Cluster size Brain regions Brodmann area T score

X Y A
1 181 Left middle occipital gyruse 18 -6.04 -30 -90 0
2 123 Right inferior frontal gyrus 18 -11.64 33 -96 -3
3 40 Right inferior temporal gyrus 37 -3.21 51 -60 -12
4 32 Right parahippocampal gyruse 28 -6.47 27 -36 0
5 26 Left parahippocampal gyruse 28 -4.82 -27 18 -9
6 20 Left superior temporal gyrus 20 -4.33 -39 -24 9
7 43 Right lingual gyrus 18 4.14 9 -75 -3

Note ; Activation intensity in concomitant strabismus group is lower than in normal group when T value is negative. Activation intensity in concomitant strabis-

mus group is higher than in normal group when T value is positive

Figure 6 Lower cortex activation intensity in the strabismus group were observed in left middle occipital gyrus ( BA18) ,right inferior frontal gyrus
(BA18) ,right inferior temporal gyrus ( BA37) ,bilateral parahippocampal gyruses ( BA28) and left superior temporal gyrus( BA20). The significantly
higher cortex activation intensity in the strabismus group was observed in right lingual gyrus ( BA18)  FH:[A]H: A0 2H 3G ot I T 1 7 2H B [X 48,
FEAAALH W] (BAIS) AR T Ml (BAIS) A M T [l (BA37) (XU T (BA28) (A3 1l (BA20) o FLIRERMA L B0 385 T 1IE %

HLIY R B X 2B 4 5 ol ( BALS)
x4 FARZIE 300 RIHEHERELLR

Table 4 Comparison of cortex activation intensity between two groups under disparity of 3600” stimulus

MNI coordinate

Cluster Cluster size Brain regions Brodmann area T score
X Y A

1 120 Right inferior frontal gyrus 47 -4.21 42 30 -3
2 107 Left middle frontal gyrus 18 -3.50 -42 -87 0
3 102 Right inferior occipital gyrus 18 -6.66 15 -102 -6
4 79 Left insular lobe 13 -4.75 -42 -6 6
5 74 Right inferior frontal gyrus 9 -4.51 45 12 18
6 119 Right middle frontal gyrus 8 6.34 48 18 51
7 104 Right middle frontal gyrus 10 13.17 33 57 33

Note ; Activation intensity in concomitant strabismus group is lower than in normal group when T value is negative. Activation intensity in concomitant strabis-

mus group is higher than in normal group when T value is positive
) \A
3 g

L R] PRI RHIL) — B i WL H A 32 2
PAFARIGTY N, BAMNAH R B B R 8B 3 5 & hid
W BT SOEES it 2 5 SR T ARG . BB
SERAEIC ] P R AR L OBUHIR v I D RE TE 5+ 5, -1
TR IEF AR697, IR I8 B 1AL J5 vl 3R 15 K4
FBEBREHR O U157 R, Mets 2557 [a] JBPE 434 1 72
1 R £8 B A R AR S5 SR A 58 T BE 1 O, At
{1127 F Titmus SEARK AT Worth4 f5 kT K6 25 AR #09¢

BT 6 = 79 N H (K 16.5 ) Ja, B S51%
14 8 SRS DO REA BT s o 3 i) PR AR J5 X
IRMLIHREMIIK S S Z TN KA H Y KR A HRIEFR
RHIUET IEAR B Z 1Y 8, Rl G S ARl RE A 3
W, FARMH AR5 5L, 58 Z A 2 1 1)
SEARMINRERY Y . {H Fawcett 255 A i 45
PRI B IR 2 55 15 5, 75% FB B SR R RE 3R A%
TEH WAL S, AT B8 5 i I 19 PE AR B/ 5 (high
accommodative convergence to accommodation, AC/A)

A R MBI R A R & T AC/A [R5 E
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Figure 7 Lower cortex activation intensity in the strabismus group were observed in right inferior frontal gyrus ( BA47) ,left middle frontal gyrus
(BA18) ,right inferior occipital gyrus (BA18) and left insular lobe ( BA13). The significantly higher cortex activation intensity in the strabismus group
was observed in right middle frontal gyrus (BA8/10) [} PRI AL LT ot BEAR T 15 2L 1) DXSRAEAS DU (1 ( BA4T ) (ZE g v (8] ( BALS) |
AUFET [ (BALS) (Ze 0 & i (BA13) o &[] Pk 2 850G 5 85 3 T 2L 9 R e J3 DX 4 32 B A A WU 4 v 11 ( BA8/10)

A S H R DL R R, BIF AR JG S7 AR 5 e 2 A
ST AR TN REI IR 2% o [ S R F SR e U 1 W5
SEHARBIFFY A RPU I SOIR X912 J2 A0 3k
R BBCIR XA B JZAEAE 58 A TG sl =X, AR
W B2 52 FIHI ], DI XUIR 5 00 B2 )2 A i 4%
5| SR 5 S 7 o R B J2 A AE — ol SR R
AL, X ST AR BT SR % T AR . AT
K BRI S 1 N7 A B R B SO IX T 3k
%@ﬁ%ﬂ%ﬁ%ﬁ%&%%mﬁ%ﬁ%mﬁw
HRES,

A2 5 8% R A 4 O SR 5 T OE
2 D3R 2R B A A [B] ( BALS) | A5 il &5 v [
(BA8/10) , 1y AW #, M ( BA18) | & it ( BA20/28/
37) JH(BA9/45/4T) Ze M M ( BA13) K 42 M T3
- ( BA2/40) B30T 58 B2 R T 1E % A HETIA N
B BAS [X IR BRIE S p X, 45 0 97 AR R (5] ) i)
SHBERL . AR b W 4 57 0 2% 3600”8
FEJR) AR ZH AE A 350 (5] ( BA8/10)) 383 53k JiE vy
TR, T RE iy Tk R A e 5 75 1R i A
NRERIZ 3 Ho IF % 4R ZU 8. Yang 257 SR H] (MRI
WFFE 340 LT P ARG B 2 T e, A AT & BLAE 3 A
IBE F S DX AR 57 T XU 45 1] A A 5 [
VRS SRR ROVE o TSR 40 JL TR PR A0 2 Dl
AP ] OIS R I R 22 0 £ 11 49 BOLD {3 5% FIE
HON, XL R 2 T RE M L 40y LA A AR B
DIRESEH o AN AL W] MR AL 0 9 B v 1 I
B0 XA g A O [ A A A [, LR S 4
SEAR—F, ATRE SRR % S R B R
A X,

BOLD-MRI 4 A H A5 To 0I5 M A 75 28 1 it
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Je R S ()0 H R, B N Rk S G R A A 4 1
T MBI T, M RAR B RS A T IR
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