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[ Abstract] Objective To assess the effectiveness of Vision Therapy System 4 ( VTS4) combined with
traditional comprehensive training for ametropic amblyopia. =~ Methods A non-randomized controlled clinical study
was performed. A total of 168 children aged 4-10 years with ametropic amblyopia were enrolled in The First Affiliated
Hospital of Zhengzhou University from January 2018 to March 2021. The children were assigned to conventional
comprehensive training combined with Vision Therapy System 4 group ( conventional+VTS4 group) and conventional

group according to the preference of their guardian. Patients in conventional + VIS4 group (84 children) received
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conventional comprehensive training combined VTS4 and patients in conventional group (84 children) were treated
with conventional comprehensive training only, and the intervention was continuously used for over a year. Best
corrected visual acuity ( BCVA) of the patients converted to the logarithm of the minimum angle of resolution
(LogMAR) units was examined by international standard visual acuity chart before and after therapy. Spherical
equivalent of the patients was detected by optometry under cycloplegic conditions and skiascopy. Binocular and fusion
vision was examined with a synoptiscope. The stereopsis was evaluated using Titmus Stereogram. The ocular axial
length (AL) and mean keratometry ( Km) were measured with the IOLMaster 500. The basic cure rate, BCVA,
reconstruction rate of stereopsis, ASE, AAL and AKm following training were compared to evaluate the effectiveness
and myopic shift between two groups. The patients in conventional+VTS4 group were divided into 4-5 years old group
and 6- 10 years old group, with 42 cases in each group, and the basic cure rate, BCVA, reconstruction rate of
stereopsis were compared to evaluate the therapeutic effect between the two groups. The basic cure was defined as
acuity improved to =0. 9, with reduced myopic diopter and stable therapy outcome over 6 months. This study adhered
to the Declaration of Helsinki. The study protocol was approved by an Ethics Committee of The First Affiliated
Hospital of Zhengzhou University ( No. 2021-KY-0891-002 ). Written informed consent was obtained from guardians
prior to any medical examination.  Results The basic cure rate of conventional+VTS4 group was 58.33% (49/
84) ,which was significantly higher than 40. 48% (34/84) of conventional group (X*=5.358,P=0.021).The BCVA
in the conventional + VIS4 group was better than that in conventional group, showing a statistically significant
difference (Z=-2.537,P=0.011). The recovery rates of binocular vision, fusion vision and stereo vision were
87.93% (51/58),78.33% (47/60) and 70.77% (46/65) in conventional + VTS4 group, which were higher than
65.57% (40/61),57.81% (37/64) and 52.86% (37/70) in conventional group, respectively, with significant
differences between them (X*=8.259,5.968,4.566;all at P<0.05). No significant difference was found in ASE,
AAL,and AKm between conventional group and conventional+VTS4 group (all at P>0.05). The basic cure rate was
69.05% (29/42) in the children aged 4-5 years group, which was higher than 47.62% (20/42) in 6-10 years
group , respectively, showing a significant difference (X* = 3.967, P = 0.046). Both BCVA and the stereo vision
recovery rate in the 4-5 years old group were better than those in the 6-10 years old group (Z=-2.046,P=0.041;
X*=4.624,P=0.032). Conclusions A combination therapy of VIS4 and conventional comprehensive training
can improve the visual acuity and reconstruct the fusion and stereopsis of children with ametropic amblyopia, without
causing additional myopic drift.

[ Key words] Amblyopia/therapy; Child; Ametropia; Video games; Visual acuity; Vision, binocular/
physiology; Stereo vision/physiology; Myopic drift
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Table 1 Comparison of demographic characteristics between two groups

g1 W%ﬂ'z/ [l B 40 5 »ﬁiﬁﬁ%‘)ﬁ#ﬁ AE}M\‘&‘)‘E#%‘ BCVA[M(Q,,0;), . Km AL : SE |.
W& His (%) ] BE(n(%)]" % n(%)]" LogMAR]" (xxs,D)" [M(Q,,Q5),mm] [M(Q,,Q5).D]

R 84/84  61(72.62) 64(76.19) 70(83.33)  0.52(0.40,0.70)  42.88+0.92  19.68(18.62,20.37)  6.06(4.28,7.13)

B +VISA FFEE] 84/84  58(69.05) 60(71.43) 65(77.38)  0.52(0.40,0.60)  42.77+0.85  19.82(19.08,20.27)  5.38(4.50,6.50)

X/2/0f 0.259 0.493 0.943 -1 171 -0.835 -0.809 -1.397

P 0.611 0.483 0.332 0.241 0.405 0.419 0.162

o ( bl:)(2 K56 ;b : Mann-Whitney U ;56 ;¢ M2 BEAR ¢ /556 )
WAL gk R4t 4

Note : ( a:x? test; b: Mann-Whitney U test; c: Independent samples ¢ test)

SE :spherical equivalent; VIS4 :vision therapy system 4

BCVA : e 57 1E A0 1 5 Km . - 27 Ff 5 ) 55 AL IRl I )8 5 SE - S8 20 BR B2 )8 5 VIS4

BCVA ' best corrected visual acuity; Km: mean keratometry; AL: axial length;
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Table 2 Comparison of basic cure rate and BCVA between two groups
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I BT VAENE RS, AR E VE: (a:X° 0B sh: Mann-Whitney U fh30) BCVA :ft L5 1E 8L A7 5 VIS4 L3 U1 4 R 4 4

= FAE WHIE BB < 100% , B A
R = (A A0 B+ 2E 5 80 /
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1.3 Gib20rik

K HI SPSS 21. 0 ik fF ik 1148

Note: (a: x? test; b: Mann-Whitney U test)
therapy system 4

BCVA : best corrected visual acuity; VIS4 vision
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Table 3 Comparison of visual function reconstruction rate between

two groups [n/N,( %) ]
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[F) B R o 2 4 A L R DAL £ S

0 B AT % . i R R R (LBl 40/61(65.57) 37/64(57.81) 37/70(52. 86)
_ 155 +VTSA 57 4 51/58(87.93) 47/60(78.33) 46/65(70.77)
Shapiro-Wilk #5 46 9 1 PO, & I
aplmjwl hﬁ‘ﬁtLﬁE N Jj%ﬁh}ﬁ X 8.259 5.968 4.566
H&MIE&»I}’%EE/‘J&%EJ{%*J'U xXxEs %‘zﬂ? ,2 P 0. 004 0.015 0.033
AL T BB 22 S BRI SERE T 00 ) n BLODRE TR R (1K N LI 5296 6 B2 VIS4 - BLIE VI 45 7 G 4

A v K B A 2> A B B dE BB DU
M(Q,,0;) %R, 2 AT TR 22 57
H 3 % | Mann-Whitney U 5 5 . 314X
VERHECH LUSUSOA 1 4 35, f /B
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Note: (X* test)

with abnormal visual function; VTS4 . vision therapy system 4

n:number of eyes with visual function reconstruction; N total number of eyes

F4 FHEZIRAEFINEZ 1 FASE AAL AKm L5
Table 4 Comparison of ASE,AAL jand AKm between two groups after

one-year training

ASE AAL AKm

*?‘Eﬁ,lsﬁ%/J\Eﬁi’effﬁﬁsS‘H?ﬁfiﬁcE 413 WA o 00D (M(Q,.00) mm]*  (Ses.D)"
X Ko P<0.05 ARG 1B 5857 1 41 84  -0.13(-0.36,-0.13)  0.15(0.07,0.22) -0.04=0. 68
T LG +VTS4 J7ikdl 84 —0.19(-0.38,-0.13)  0.12(0.07,0.22)  -0.140. 65
2/t -0.366 -0. 992 -1.008
2.1 HAHITHOTH A T) R P A 0.715 0.321 0.315

AFE SR 1 AF2 A HEA

1 : (a:Mann-Whitney U 56 ;b i S7 BEAR ¢« K5 56)

SE : % %0 BR 55 B 5 AL HR Bl K ; K

-3 £ 1l 5 VIS4 S I R R 4t 4

BRI 100% 5 4% 58 + VIS4 J7 15 241 2%
RIEERILT ARG T RA, ZRA 5T

Note: (a: Mann-Whitney U test; b: Independent samples ¢ test)

SE : spherical equivalent;

AL:axial length ; Km:mean keratometry ; VIS4 :vision therapy system 4
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Table 5 Comparison of basic cure rate and BCVA between
different age groups after conventional+VTS4 therapy

a1 e Ji@iiéﬁﬁ?% BCVA [M(Q,,0Q3),
[n(%)] LogMAR]"
4-5 B4 42/42 29(69. 05) 0.00(0.00,0.10)
6-10 %4 42/42 20(47.62) 0.07(0.00,0.22)
X*/Z {8 3.967 -2.046
P i 0. 046 0. 041
71 (a:X* K% ;b: Mann-Whitney U K 30)  VTS4: M58 I 4 R 4 4,

BCVA s £ IEL )
Note: ( a;)(2 test;b: Mann-Whitney U test) VTS4.vision therapy system 4;

BCVA :best corrected visual acuity
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Table 6 Comparison of visual function reconstruction
rate between different age groups after conventional+VTS4
therapy [n/N,( %) |

241591 WA TERR  @ARERR kR ERR
4-5 B4 29/31(93.55) 27/32(84.38) 28/34(82.35)
6-10 % 4 22/27(81.48) 20/28(71.43) 18/31(58.06)
X* 1. 006 1. 475 4.624
Pt 0.316 0.225 0. 032

T (aBREX #0505 b: X7 40 0) I RE T A 014G NV I e 57
HABIECG VTS AN AR 4 4

Note: ( a: adjusted X2 test; l);)(2 test ) n: number of eyes with visual
function reconstruction; N: total number of eyes with abnormal visual

function ; VTS4 ; vision therapy system 4
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Pax6: A\ [6) Y5 B %F & JE [H 6 (homeobox gene paired-box 6)

NADPH . 4 ok iz it 122 1% — 4% 7 2 ( nicotinamide adenine dinucleotide phosphate)

RPE ; ¥l R4 5 {4, 2 | J¢ (retinal pigment epithelium )
siRNA ;. /N T3 RNA (small interfering RNA)

KCNQ10T1:KCNQI FE &4 554 1(KCNQI overlapping transcript 1)

LECs: f} R | Bz 41 i1 (lens epithelial cells)
miR ; {7y RNA ( microRNA)
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