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Purpose: This study evaluated the clinical effectiveness of combining smartphone-based digital vision therapy with
analog therapy for intermittent exotropia. Methods: Thirty-four patients (mean age: 10.47+4.10 years) were assigned to an
analog (n=17) or a combined analog—digital training group (n=17). Pre- and post-training assessments included visual acuity,
distance and near deviation angles, break point of positive and negative fusional vergence, accommodative amplitude, and
stereoacuity. Data were analyzed using SPSS 26.0 for within- and between-group comparisons and correlation analysis.
Results: Both groups significantly improved in best-corrected visual acuity, near fusional vergence, accommodative
amplitude, and stereoacuity (p<0.05). However, significant reductions in distance and near exodeviation were observed only
in the combined group (p<0.05). Between-group comparisons revealed a significantly greater improvement in positive
fusional vergence at near in the combined analog—digital training group (p<0.05). Correlation analysis showed that, except
in accommodative amplitude, poorer baseline function strongly correlated with greater post-training improvement in the
combined group. Conclusions: Integrating smartphone-based digital content with analog therapy proved clinically more
effective than analog training alone, particularly in reducing exodeviation and strengthening vergence. These results provide
foundational evidence supporting digital vision-training programs as efficient digital therapeutics in ophthalmic practice.
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Fig. 1. Types of digital-based visual function training developed.
(A): Eye movement initial screen setting
(B): Ocular exercise training content screen
(C): Visual response and eye—hand coordination vision therapy content screen
(D): Visual memory and visual perception training content screen
(E): Peripheral vision therapy content screen
(F): Stereoscopic vision and convergence vision therapy content screen
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Fig. 2. Step-by-step items and procedures for combined analog and digital vision therapy.

Vol. 30, No. 4, December 2025

J Korean Ophthalmic Opt Soc.



374  Myeong-Hyeon Park, Jae Hyeok Choi, Byeong-Yeon Moon, Hyun Gug Cho, Dong-Sik Yu, Jae Hyeon Noh, and Sang-Yeob Kim

fé_E‘r(Flg 10). Hlazﬂ A]ﬂ 719 2
Hel] A &xof I3 JIAHS FAI7IM(Fig. 1D), Wl
A, FHA FHS F <
ChFig. 1E). PEAIO. 2 AAA] Bl A2 FdS
At HFEES B ZHol S AL I HEE 7T
SHh(Fig. 1F). A 6] dx}
= Fig. 29} Zo] ol gz ?—Ezu 7UP741 PES Tke g

2 13T T 50 0= At o,
o] F 20~30%-% TIAE FHof ?ﬂOH Sa1 zke] A7} ot
ofdE I FAS FPdte WA o dqsTE. FHL
Aol 78 s wEl do|eE HRIF o R Ak =
L R C S =

2NN AS BEE

23. A7|s Bt ZAF 2

2 E A= AFXEFE(Essilor APH 550, Essilor
Instrument, France)®} ¥ LCD A& & (Essilor LCD Pola,
Essilor Instrument, France)E ©|-83}] =& 7ALE AA|8}H

o™, MPMVAR O 2 A% dwA o)A 7t
£ APttt AMA S Prism barsS ©|-8-3F ntl 7H
Zagos 946 m)sh 2A2)@0 el A 27} 33
HHE 245 Hoaks ARSIt 3 ZEES o

32 =439 tHarc/sec). =43-S Push-up =
&3t 33] HHE S Fa kS AR AL, YA

&
2 Aiﬁ‘rﬁ} | HBH =4 8%
&
] b
= Stereo fly test(SO001, Stereo Optical Co., USA)S A&

3] 40 cm Aol A H7sct

2.4. EAIXzE

g 5A B4 SPSS ZZ 1 (IBM SPSS statistics
ver. 26 for Window, IBM, USA)S ©]-&35}o] AA|sIH T
OP)’EZL A7 FdT of g2 H HAY A5 &
@ ATl T8 AF A7l P kel wske vl
295312} Wilcoxon signed rank testS AHE-3FH L, F
$d 0gus AVl Ak AolE EAsas
Mann-Whitney U testS 833t} A7)
5 ANDEEY AN Audl e AR B
230 Spearman’s correlation coefficient' S
RE 4439 FAH F94s
p<0.052 273}t

4

[ 24

EEDZ]T: Table 1
= A2 w3

_llﬂn:

)

Table 1. Comparison of visual function changes pre- and post-vision therapy within and between groups

Variable Group Pre-test (mean+SD) Post-test (mean+SD) p-value (within)"
VA AVT 0.86+0.24 1.02+0.22 .
(Decimal) DVT 0.81+0.21 0.94+0.13 <005
EA at distance AVT 16.29+11.92 15.27+11.64 >0.05
(D) DVT 22.82+10.35 11.33+6.60 <0.05"
EA at near AVT 22.82+12.33 17.94+8.49 >0.05
D) DVT 24.35£11.25 12.47+7.20 <0.05"
PEV at near AVT 15.12+9.78 25.35+10.44 <0.05°
(D) DVT 18.65+8.42 40.47+5.03
NFV at near AVT 11.12+7.46 20.94+8.30 005"
(D) DVT 12.47+7.60 22.35+7.38
AA AVT 13.06+4.04 17.70+2.72 .
(D) DVT 11.28+4.00 15.74+3.58 005
Stereopsis AVT 282.94+688.69 117.65+190.34 <0.05°
(arc sec) DVT 516.47+935.63 48.00+19.17

VA: visual acuity, EA: exotropia angle, PFV: positive fusional vergence, NFV: negative fusional vergence, AA: accommodative amplitude,
AVT: analog vision therapy group, DVT: combined analog and digital vision therapy group

Data are expressed as means+SDs, t: derived from Wilcoxon signed rank test.

*: p-value <0.05; Significant differences before and after vision therapy according to Wilcoxon signed rank test
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