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Visuospatial memory of school-age children with exotropia/XU Xiaoyu ", SHEN Tao, YAN Jianhua, SUN Tao, HA Liang, WANG
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[Abstract] Objective To explore the visuospatial memory characteristics of school-age children with exotropia and to ana-
lyze associated factors. Methods Based on a case-control study, 45 exotropia children aged 8—12 years and 45 normal control chil-
dren were recruited from 2017-2019. The "tapping test" was used to evaluate the visuospatial short-term and working memory of
children. Results There was no significant differences in the scores of visuospatial short-term memory between the exotropia group
and the control group [ (7.64+1.69) (8.00+1.66),¢t=-1.00, P=0.32) ]. The scores of visuospatial working memory in the control
group were higher than those in the exotropia group [ (5.98+1.23) (6.80+1.53),¢=-2.81, P=0.01) |. In the reverse tapping test,
the better the near stereopsis was, the higher the score was (B=0.78, 95%CI=0.23-1.33, P=0.01), and the constant exotropia
children performed better than the intermittent exotropia children( B=1.25, 95%CI=0.16-2.24, P=0.03) . Conclusion Visuospa-
tial working memory is impaired in school-age children with exotropia, and the visuospatial working memory of exotropia children is
affected by the near stereopsis and exotropia constancy.

[Key words] Exotropia; Memory; Case-control studies; Regression analysis; Child

HNRHIL 2 LR BR 1) SM USRS RRAE R WL EE LB R S5 00 ) AR ST AR i e o A R 52

M e AR5 £ S S BRI T R s [l RE

=/

R PO E AR R R 1,29 E L
BTN 1.82% ~3.24% Y BT HOTE S, HAR
B G R 2 B AR W8 35 A i et AR 4 R 8

[(E2mE] EZRAARY A BB H (81673197)

[{EBE/T] RANF(1996- ), %, T8 N FEBM -, ERH5T 7
WA LE DAL (1987 ) B M A T
+, BB, GRS S IR I IR TAE SR
E20 S
TR/ G — 1R

[#EiR1EE]) L AN , E-mail ; lixh @ mail. sysu. edu.cn; T , E-mail ;

wangzhonghao@ gzzoc.com,,

DOI: 10.16835/j.cnki. 1000-9817.2020.09.005

P23 ) B 0 A2 RN 23 ) T AR T2 12 4B 2 R 2 i)
AE T ARG 43, A2 [B) A2 R e T A PB4
SRS R P RRR B R T, T A2 (8] TAE 42 48 2 it
g AF IR (5 B RE 11 Pas ] TAEICIZ X
ST R A2 2 AN A B AE D RE A7 095
HRE'T , BEARIR AN AT A A ) & R i S 00 , B 1
SR ,4~8 Z A e 1 & B B FE 10 5 /24738
PO 3 2 2 A S 5 RS [ 22 2 Gligor-
ovic ZEUOT I LB, KA R AY 2 i )L B A7 AR L2 8] Je
BEALTAEICAZBRBE . RHI A N ARHRITSNRE, A 58 &
M, AR5 SR AR LA D BE Y 25 5%, SRR
LRI AS [ T2 4 2 n] RS AP L EE R |0



1296 P E 2R T A 2020 4E 9 H 55 41 555 91 Chin J Sch Health, September 2020, Vol.41,No.9

AR TR [ 25 1 )L 28 R I 2R AR
FEETERAE SRS JLEE AL ZS (A AZ B2 ), TR
SMRHIL L I R -5 L 23 TREAZ B S &R, A A i
PR Bt it A S AR B S

1 W&5FHE

L1 % F2017 45 H—2019 45 1 A LIRS
H L R e O R 5 40 B 9 2 RH L T TR 1 AR
HIRSE 8~ 12 BRI AN RIILILE 45 £, 5
PRI A A (R E R4 25 £ KA (2015 42) ) 2
Wb i, 12 B Sy ] BR A S Al T i P AR 5 RUIR
HRAERFIEIL T 1.0 25— Ol R 47, Bl & 58 iy
KA Ak, HEBR AR UE : & IF 75 J6HR | 1o B 55 Al
MRABFE I ; A7 AR RS2 A s B TR s 5 A TV 2
PEB , QB IR 2 i DR A A 5 R RS A
PR, QRS P2 B40E | F PTESE . LA A BN, 5
M SR X e R AT IE R Y 8 ~ 12 % 2
WL 45 SAE X IR, X RAZH )L 28 A 2H /5 647
JeE G AR P A A, I 1] 2 1) Tm] HIR ¥4 95 9 o2 0K
o AHBRE . BUR SAER IEM T 1.0, TR ; 4= 5
— SO R A B S BT A R A A, HERR bR o
SNV AR R, PIAL L ZEME R AR ACRES Ty e
FHEH WG FEAAT DL 22 R R Ge 2 8 L (X /e fH 3
A 0.18,-0.33,3.15,1.19,5.92, P {H{1>0.05) , %
W LR N B IES IR % 1 A R4 %
FEA L 7P L HR B A8 B 2R 51 25 AR BT A (it
5 :2018KYPJ062) .

1.2 7k

121 AAELAE BERKEEAHwWANE, 6L
FARRE M P TR SRR T RKE A WA 2 T
e

122 shate s W2 AU ERERHE A 10 K
R JLEE P s FTIR AR TR s, A A AR L
HORMUA QIR R TS b, (1) AR SR S AR R
L MR A A 57 4 B O A %) B T B3 B PPAG H 0 Ay s
AT, (2) RMILEE . A FH =8 B8 5 45 3l 5 7 (prism
and alternative cover test, PACT) KA SMEHILLEE (1)
RHILEE | I 3 45 3 R0 IR A 40 I AR R 88 A kg UL i
bro (3) VT ESE S 5 VY U (accommodative con-
vergence/accommodation , AC/A) ; AC/A T ) 8t F54E
B VTR FL AR IR PR S S R LR S
THES S HBARIZECRY . mOAC/A HE
BRGS0 Ik AC/A EHERMES AL, AUFFEHH
B I AR L EE Y AC/A {H, (4) A}
A TR RIS A 1 9L iRe , BUXUIR (R R, A< BF
FORE — I PR | B AR AT ] | A 9 B 7 e 2 A0 52 S

N R I 5, (5) 3 SE AR . fd 5 i ST
PRI BE I 3L ( Vision Assessment Co, Illinois USA ) #f
ks . WA & 10 ZHRI SR ST AR B BE VS LN
20" ~400" , iR JLEARRE L 400" EG A TE R
TCATSEARA , SEAR LB <60 10 R 3 S R IE 8, 7
BHE M IRE A 0,1,2, SEAREEETE 60" ~400" il
ML ZE " (6) MESTARRL . fifi FHAZ I B Ran-
dot i ( Stereo Optical Co, Chicago IL USA) #E17Ki#r
STARKLBEE 43 514 400" ,200" 100" ,60" 4 4% | 4
MEERS A B MZHEISE 38 A, R L A RES
1 400" MR TE R T S AR, i i 60" SFGLIE
TN ARRIE R FE BE A AE R 0, 1,2, ST AR
JETE 60" ~400" i iz sy i "

1.2.3 A= RS K R B i 5 (ap-
ping test) ”i&ﬁ?ﬂz’fﬁo 2T H A Igarashi %[13]
T Corsi 7 Y iy i 5o 1) FE it L e A5 31, AR PR A 4
ZAvrETlEE, ALLEIETIER N IE R R, 2R
Fie R 0 AT e 5 A 6 TE D7 B 1Yy 0 )
L BR P B AE sO0y iEAT R . i A
A1 Henty s B wts O B8, b Rl 14 9K e R
S 12 W RS 2 WS I 1 M ETT B R 2 IRk
e Ak o T i DL A s ARG 48 o
1.3 it o4 B4R EpiData 3.1 %A, fii
SPSS 25.0 #ATGLHH 43 BT, (I X K50 o K50 LA
HILEREEAN A 2250 ¢ R e L B 4H L B 1Y
Pz (A e A2 5 TARIENZ . I PRFEAE 5 2
(A2 IR 0 R A TR E, LAAMRMILL ZE A g 1) R
ZE e R4y AR &, 1R 6 Tl PR¥8 AF LA S 9
o328 (MRlER P/ H E P ) B 722 & AR PR ACBESC
K DB 2 15 B 7 A Sy 4 ) 72 s iR 4T 22 e 4 Pk [l
AT, SNBSS AR RN, 73 5K A A A i
AR P o g AR T Ay A AR e R AR
H Stepwise JEFEATIH L, K%K a=0.05,

2 H#HR

2.1 AR FZAAEIL  SVRLA L E T B AR IR
9(10.01£1.32) %, Hh 54 27(60.00% ) 44 ;5 1F 5 XF
W )L 2 A AFE 2 (9.90 +1.85) %, Hirh 58 4F 25
(55.56%) %, ANEHI AL L A0 45 1] 8)CHE A0 AL 33
(73.33%) 24 2 AN RHIL 12(26.67%) 44, [AI B AR
1EH 16(35.56%) %5 , 7 H 29(64.44%) %, JoiL ik
13 (28.89%) 4, B 2 10 (22.22%) 44, 1E & 22
(48.89%) %4, Joim TR 31(68.89%) 44, # 2% 11
(24.44%) 2 , IEH 3(6.67%) %, FEIREF (5.04 =
2.68)4F, BHILEE (30.37+£8.95) %, AC/A {8 5 (3.02+
2.31),



R 2R T4 2020 4E 9 A4 41 %5 9] Chin J Sch Health, September 2020, Vol.41,No.9 1297

2.2 SMAHALLAILEWALE BT ICAE 5 AMVRHILLE
TEAR Y w4 55 T A I T X B [ (5.98+1.23)
(6.80£1.53) ,¢=-2.81,P=0.01], i 7E ¥ fig i A 55
oL ER S 25 G E X[ (7.64£1.69)
(8.00+1.66) ,:=-1.00,P=0.32],

2.3 ML E 69 16 R A8 AT 5 AL 18] TAEIT 1T 8 %
% RAMRMILLEE (23 (8] eI B AT B e B
R AT I PR F8 bR 5 02 8] TARICIZ R C R, B 5k
A RHI L 1) 25 TG PR 38 br 18— 5 81 i 1540

AT T A BN A8, 25 R B G # B L, £t
SR I R BRAE R ) T AR M AR MR RS ST
TR 55 9595 43 283 2480 7 w45 A i s e IR R (P A
¥1<0.05) , BEEHATY 1 B RIE SRR Goit22 2 L (F
=4.82,P=0.01) , BRI 2 (R REE L& ST 4 R
X (F=2.59,P=0.06) , B i S7 A0 5 500 43 2
W7 2R T3 <2, A R AN A e 2 E I 4,
W1,

® 1 SMRAIERERS IR BF S EES ST & EE TS (vxs)

. B 1 sl
4 1 A V1WA
45l B B — e i eswcn P i B{H(B {5 95%CI) Pl
Pk BTSN (n=33, X, =0) 5.91+1.36 1.20(0.15~2.25) 0.03 1.25(0.16~2.34) 0.03
THEMEIMEHL(n=12, X, =1) 6.17+0.84
SR GRS AR (n=13, X,=0) 5.771.17 0.80(0.26~1.33) 0.01 0.78(0.23~1.33) 0.01
VSR 2 (n=10, X,=1) 5.50+0.85
SR MIER (n=22, X,=2) 6.32+1.36
SESTARIL CImSAL(n=31, X;=0) 6.03+1.20 -0.29(-0.93~0.34) 0.35 -0.27(-0.96~0.41) 0.42
ST R (n=11, Xy=1) 5.91+1.51
TESTARRLIE# (n=3, X;=2) 5.67+0.58
[] Fsf 40 S (n=29, X,=0) 5.93+1.16 -0.57(-0.36~1.51) 0.22 -0.47(-1.47~0.52) 0.34
IEH (n=12, X,=1) 6.42+1.38
SR -0.05(-0.20~0.10) 0.52 -0.05(-0.12~0.10) 0.52
FHIL A 0.01(-0.04~0.05) 0.81 -0.01(~-0.04~0.06) 0.71
AC/A {8 0.01(-0.19~0.17) 0.92 -0.02(-0.21~0.17) 0.85
TSR SR PR SRR TR A B 1 R AR AR 2 rp i AR A AR AR R ACRE SCA K ST DA R R A B AR S M S5
AN AR HEA TP ], HAR AR B Stepwise I TH i
3 i GRSy AT 2 A A IE S s AN 511 =i R

AW EE R W, S RHILL T 0w o 3 rp
15353 S IR L3 22 F e g it 2 S e iy
MRR AP AR T X IR L3 $2 78 AR L 38 A 77
FERLZS [ B IC I BB, A AR 25 8] T AR e A2 i i
B, FAAEERZED BB, 2 0 A0 )L 2 A7 7 AR 25 ]
JERFICAC B AR LS (8] T ARSI BBE T RE
A FAF5E X G R 6], AR BIF 5% 10 X G 4 38 & A AL
B EIE SR 58 T AR X AN T IX 4y, BRAE
W HGE , AMRH ) LZEAE AL 1O A2 AT 55 v i R B A
ARULELD WRER B T A AL E, Sh R
L A IR 3K 1] S MU A}, 400 BT 1A 0517 1B 86 32 B 1) 5
M2/, LA, AN L BE 30 G B 1 AR e il | AR 2>
BRI | S5 058 6 R B DI s
[ 5 R EAZ 52 B /N

W23 (8] TAEICAC RRZS R, B 2 TAEICAZ
TREGZ— , f i Baddeley T 1974 442 Y, 1 5 Xt
R BRI A A7 A AR BT AR 5T rp AR 4 Y
S B R AR MR T R AL, Z R A G R L
AR AT N AN i JC A B) AR IS A2 i B 14 11 R 12
Widnif , (A BRAEF o & B, 5 B i g0 A5 2 Bk 1
4%, 2E i LB ERE F7 03t o A 5 18 4k B RE ) 15 40
W 4.05 40T AN, B A E] TR R A2 B B I T g

FEARTEXS AMRAL L ZE AT IR T I, W OG0 25 ] LA
ICIZHTBUARTT .

ABFTE AR B ST AR AT ) AR L 2
23 (Al TAE SRR AT 7 AR5 F N 258 2k BUIR mil 5
AFPIVRI = AT AARTEAR 0 2 W) 1A — 4 23 [B) for
BRI R IIREEN . Sawamura 251 R I A AR
PR AR A8 2 = 2 UG RN 45 e 0 W i B0 AR
PR R A 55 1E 8 X B2 22 A A Ak B A0 25 i)
TARICALAT: 55 Bk 3 5 R BRI 0 £ 2 5 im L 1Y) 5
W02 AN W R G O TR B BT M AR 1 A
1A 1T ELAR A SRR L 38 ST AR ST ST A T
ZWZ 525 0] TAE L2 m b 31, 5 AR 6F 58 25 2R
AHAT

ARWFFEIE K B, N8 PR AR L 2 8 40 25 ) A
[T vy S ol 151270 0\ ) <ol (BT 2/ € 0 N Y e
DA ] St 368 2ok il 5 A M AL A 42 1 MR (2 1E A6, 24 25 5 )
AR SR IA MR, i M SRR A
S DI REARIR L BRI R & . BRI AT iR
XUHR 2558 5 Pl B8 A7 ¢, B2 R T4 T 2
I BRI 2 S MR L ) Bt A
MLEEAER 25 8] T AR LA AT 55 vh Al B 7 240 A1 1 1
EHRA TR G 28 AT B4 55 A B 10T



1298 P E 2R T A 2020 4E 9 H 55 41 555 91 Chin J Sch Health, September 2020, Vol.41,No.9
D R e R S N, RS R [1].h#EIREL 24k, 2015,51(6) :408-410.

FEPE T IESCRUG A8 i e g il 12
W L2 R AR L (9025 1E] TAR G2 2% B g it
3 S AR R Xk 2 R AL L B i 02 1B T AR AL
LB 4 T

AHIFFE 9 J5 BR A 3 B4R . REAS B (/)N , 7T 5%
M 225 S B e 5 M 5 AR IR 5 o o 191 % BEBF 5, AR R AIE 1]
AL S TAEICIZ BB S E 5

25 LRIk SMRHIL 2  L R 9 23 ) T AR e 1217
FEGIA VT ST AR RURARHI G 18 58 M 5 9028 1] TAEICAZ
X, AEA IR IBRFE b BE 4 JORE A i | SR T AE 14 BA
FIBFFE , 3k— 2 B E AP AL B FG I PR A3 4 5 25 i) T
VEICAZ PRI C 2 O B AT R L

[13]

[15]

[16]

4 SEXH

(1] BEE RS IEIM] .2 AL AR B ik, 2018100~
107.

[2] HASHEMI H,PAKZAD R,HEYDARIAN S, et al. Global and region-

al prevalence of strabismus: a comprehensive systematic review and

mela-analysis[ J]. Strabismus,2019,27(2) :54-65.

PAN C W,ZHU H,YU ] J,et al. Epidemiology of intermittent exotro-

pia in preschool children in China[ J]. Optom Vis Sci,2016,93(1) :

57-62.

ZRpe KA, K. PURBUR G EEIR A IR M T 4R LB R 5

WA T2 TR A (1], EPRIRBIES ,2019,19(2) :302-306.

GLIGOROVIC M, VUCINIC V,ESKIROVIC B, et al. The influence of

[18]

(3]

20
manifest strabismus and stereoscopic vision on non-verbal abilities of .
visually impaired children[ J]. Res Dev Disabil ,2011,32(5) :1852—
1859.

JONIDES J, LEWIS R L,NEE D E,et al. The mind and brain of
short-term memory[ J]. Ann Rev Psychol ,2008,59( 1) :193-224.
BADDELEY A D. Is working memory still working? [J]. Am Psy-
chol ,2001,56( 11) :851-864.

WIMMER M C,MARAS K L,ROBINSON E J,et al. How visuo-spa-

[21]

[22]

[23]

tial mental imagery develops:image generation and maintenance[ J].
PLoS One,2015,10(11) :e142566.

JAELS RIS PR, 45, 22U 0RO L RSO BE 7 140 f91) X B
BHFELT]. AT EE R, 2008, 17(10) :891-892.
BIRNBAUM M H. Esotropia, exotropia and cognitive/perceptual style
[J1.J Am Optom Assoc,1981,52(8) :635-639.

R, E A, TTEm, 4. 3 R 26 % R (2015 4F)

[9] [24]
[10]

[11]

XILL AW, AN TR AR 2 ST A B (A 5 43 A7 [0 ). op AR
M5/ JLIRARLZR35 ,2004,12(4) :153-155.
IGARASHI K,KATO M,MIYAO M. A developmental study of execu-
tive function and working memory with ADHD high function autism
and Asperger’ s disorder[ J]. Ann Bull Clin Dev Dis,2007(7) ;12—
16.
WALLACE D K,CHRISTIANSEN S P,SPRUNGER D T,et al. Eso-
tropia and exotropia preferred practice pattern( R) [ J]. Ophthalmolo-
2y,2018,125(1) :P143-P183.
OWENS M,STEVENSON J,NORGATE R, et al. Processing efficiency
theory in children; working memory as a mediator between trait anxiety
and academic performance[ J]. Anx Stress Cop,2008,21(4):417-
430.
MAMMARELLA I C,GIOFRE D,FERRARA R, et al. Intuitive geom-
etry and visuospatial working memory in children showing symptoms of
nonverbal learning disabilities[ J]. Child Neuropsychol ,2013,19(3) .
235-249.
YE C,XU Q,LIU Q,et al. The impact of visual working memory ca-
pacity on the filtering efficiency of emotional face distractors[ J]. Biol
Psychol ,2018,138(1) :63-72.
FUJITA 1, DOI T. Weighted parallel contributions of binocular corre-
lation and match signa to conscious perception of depth[ J]. Philos
Trans R Soc Lond B Bid Sei,2016,371(1697) :20150257.
SAWAMURA H,GILLEBERT C R,TODD J T,et al.Binocular stereo
acuity affects monocular three-dimensional shape perception in pa-
tients with strabismus[ J]. Br J Ophthalmo,2018,102(10) ;1413 -
1418.
SAIKT J. Feature integration in visual working memory [ J]. Brain
Nerv,2018,70(7) :733-743.
QIAN J,LI J,WANG K, et al. Evidence for the effect of depth on vis-
ual working memory[ J]. Sci Rep,2017,7(1) ;6408.
DANIEL F, KAPOULA Z. Binocular vision and the stroop test[ J].
Optom Vis Sci,2016,93(2) :194-208.
ALVAREZ T L, JASWAL R, GOHEL S, et al. Functional activity
within the frontal eye fields, posterior parietal cortex, and cerebellar
vermis significantly correlates to symmetrical vergence peak velocity
an ROI-based ,fMRI study of vergence training[ J]. Front Integr Neu-
rosci,2014,8(1) :50.
SOUZA A S,OBERAUER K.The contributions of visual and central
attention to visual working memory[ J]. Atten Percept Psychophys,
2017,79(7) :1897-1916.

5 H H#7:2020-07-27; & B H #A:2020-08-12

(B3% 1294 )

[23] £&#, B, 2016—2017 4F FZ AL AT /e AR L J5 A ROBUIR
[J]. B#AILTIAE 2018,12(6) :292-293.

IISM, LISY, LIU L R, et al. Full correction and undercorrection

[26]

[24]
of myopia evaluation trial: design and baseline data of a randomized,
controlled, double-blind trial [ J ]. Clin Exper Ophthalmol, 2013, 41
(4):329-338.

R, W HEZ 2y 55,2014 A E A | HIA X LR TTDUR
M RBLOL M [ I ] LR R 22 4l (B2 i) |, 2017, 49
(3):433-438.

[27]

[28]
[25]

WANG J,YING G, FU X, et al.Prevalence of myopia and vision im-
pairment in school students in Eastern China[J].BMC Ophthalmol
2020,20(2) :335-344.
SRR, A, K, SR RRIRIETIT /N AR I A0 RO DG R R
A1) PEALTAEH, 2020,36(1) :70-73.
AR, ARUERS, AITIED, 45 #1117 2005—2009 4F 5752 A
4 R[] P E AR T4 | 2012,33(10) :1256-1257.

Yris B #1:2020-04-01; f& 2 B #8:2020-05- 10



