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Abstract: Objective: To investigate the effects of visual plasticity training on binocular vision function in children 
with myopia. Methods: Children with myopia (n=80) were selected and randomly divided into the observation group 
and the control group. The observation group received a 90-day visual plasticity training while wearing corrective 
glasses, while the control group only wore corrective glasses. At the end of the intervention, visual inspections were 
performed on the two groups, including binocular vision, monocular visual function, stereoscopic acuity, and dynam-
ic and static stereoscopic visual inspection. Results: There was a significant difference in vision before and after 
training in the observation group (P<0.001), and the monocular vision function was significantly improved (P<0.05). 
Compared with the control group, the observation group after 90-day visual plasticity training showed the signifi-
cantly improvedbinocular vision function (P<0.05). After visual plasticity training, the proportion of patients with 
stereoscopic blindness, peripheral stereopsis, and central stereopsis changed from 20.00%, 57.50%, and 22.50% 
to 5.00%, 37.50%, and 57.50%, respectively. The number of patients with central stereopsis increased significantly 
(P<0.01). Conclusions: Visual plasticity training for children with myopia can significantly enhance patient’s stereo 
vision function, improve patient’s vision, and control the development of myopia. Therefore, visual training has far-
reaching significance for improving the myopia of adolescents.

Keywords: Visual plasticity training, myopia in children, visual function, stereoscopic acuity

Introduction

With the development of society, the higher 
standard of living and the popularization of 
electronic products, children at earlier age are 
exposed to electronic products [1]. They will 
face more and more vision problems with age 
[2]. Among them, myopia, as one of the most 
serious public health problems in the world, 
has attracted the attention of the world [3].

In addition to the normal development of the 
eye structure, the formation of binocular vision 
also includes the normal development of the 
central brain structure relating to visual percep-
tion [4]. Different eye movement functions (sac-
cade, following) also mature with age. Finally, if 
all the structures and functions are developed 
normally, good visual perception abilities such 
as visual acuity, color vision, contrast sensitivi-
ty, binocular vision and stereo vision will be 
formed with age [5].

The normal development of human vision is 
first characterized by morphological changes, 
including the growth of the eye axis, the 
increase of the corneal diameter, and the for-
mation of growing connections between the eye 
and the cerebral cortex with age. Meanwhile, 
the retina matures, especially the development 
of the macular fovea [6]. Neurons in the cortex 
and subcortex gradually acquire the functional 
characteristics of adults. Binocular vision forms 
during development, as neurons in the primary 
visual cortex (V1) gradually acquire the ability to 
be activated by a specific orientation, move-
ment direction, and stimulus intensity, as well 
as the ability to be activated by one eye and the 
other eye. Eye movements such as following 
and saccade will also grow with age, but will 
develop at different ages [7]. In short, these 
caused the development of visual perception, 
including vision, color perception, contrast sen-
sitivity, binocular vision and stereo vision. All 
these processes occur during the so-called 
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“critical period” of visual development, a period 
of high plasticity. This plasticity changes with 
age and children under 12 have higher plastic-
ity. If abnormal visual development occurs dur-
ing this period, such as strabismus, the devel-
opment of the visual system and visual percep-
tion may undergo great changes, especially 
myopia, amblyopia, and loss of binocular vision 
[8].

In the development of myopia, one eye usually 
gains myopia first. Whether it is optical defo-
cus, form deprivation, or accommodative dys-
function, the clarity of the incoming signal is 
limited. As a result, high imaging quality in one 
eye and low imaging quality in the other eye will 
lead to unequal signals in the incoming brain.

The optic nerves cause myopia in both eyes to 
balance this signal. Therefore, visual training 
may be able to improve vision or slow down the 
occurrence of myopia.

Visual training is a method for targeted eye 
training for patients with symptoms such as 
myopia, amblyopia, and strabismus at the ini-
tial stage, so that symptoms can be relieved or 
reduced to a certain extent. After targeted stra-
bismus surgery, early visual training would be 
carried out for patients to restore visual func-
tion as soon as possible. There are also studies 
on outdoor sports for children and eye training 
for myopic children to improve their vision, but 
related studies on the use of software and 
computer training methods are rare [9].

This study using computer software combined 
with VR glasses to conduct plasticity training 
for children with myopia at the peak of develop-
ment, to observe their vision changes, and to 
explore the impact of visual plasticity training 
on children’s myopia.

Materials and methods

Clinical data

Children with myopia (n=100) who matched 
lenses and were treated in Guiyang Maternal 
and Child Health Care Hospital were selected. 
Their basic data were collected, and compre-
hensive analysis of their vision status was car-
ried out. This study was approved by the 
Medical Ethics Committee of Guiyang Maternal 
and Child Health Care Hospital. Written in- 

formed consent form was obtained from all 
patients and their guardians.

Inclusion criteria: (1) Under normal adjustment, 
the distance vision was descended and the 
near vision was normal. Myopic refractive error 
was found. The use of negative spherical lens-
es can improve distance vision and nearsight-
edness. Binocular myopia was below 3.00D 
(according to the standards formulated by the 
Refractive Optics Group of the Ophthalmology 
Branch of the Chinese Medical Association in 
October 1985) [10]. (2) Patients aged 8-12 
years old. (3) Patients who were expected to 
complete this study.

Exclusion criteria: (1) Patients had family eye 
genetic diseases. (2) Patients had other eye 
diseases and related diseases. (3) Patients 
had other diseases that affect vision, such as 
diabetes, lupus erythematosus, heart disease, 
etc. (4) Patients had mixed astigmatism. (5) 
Patients were receiving other unfinished treat-
ments, including wearing myopia corrective 
glasses.

Process and methods

All 100 myopia patients were selected by ran-
dom number method, 40 patients were select-
ed as the observation group and 40 patients as 
the control group.

Basic research methods: The international 
standard eye chart light box was applied to 
check the naked vision before and after the 
binocular training [11]. All patients underwent 
retinoscopy after cycloplegia to determine diop-
ter [12].

Digital Synoptograph TSJ-IV (Shanghai Sanwei 
Medical Equipment Co., Ltd.) was applied to 
check monocular vision function and stereo-
scopic acuity. Patient wore polarized glasses 
for Titmus stereogram inspection. The recogni-
tion time of the stereogram was less than or 
equal to 10”, otherwise, it would be invalid out-
come. The smallest possible stereoscopic acu-
ity was recorded between 40”-800”. The fre-
quencies of seven sites (≤40”, 60”, 80”, 100”, 
200”, 400”, 800”) were recorded, respectively. 
Among them, the one that can pass 60” was 
regarded as the foveal stereoscopic vision, 
80”-800” as peripheral stereopsis and unable 
to distinguish between stereograms as stereo-
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scopic blindness [13]. Static 0-order and 
1-order stereoscopic inspections at random 
points were measured [14].

Research process: After a basic vision check 
and a comprehensive analysis both groups of 
patients wore corrective glasses and instilled 
with 1% atropine eye drops in both eyes every 
day [15]. The observation group received con-
tinuous binocular plasticity training. The control 
group only received conventional glasses and 
eye drops.

The plasticity training for binocular vision of the 
observation group was based on the visual 
plasticity training system (developed by the 
National Medical and Health Device Engineering 
Technology Research Center, and obtained the 
Guangdong Medicine Control and Equipment 
Standard in 2016). Patient wore VR glasses 
and watched a multi-dimensional stereoscopic 
energy map on the terminal to integrate the bal-
ance point of the eye on the virtual reality plat-
form. See Figure 1.

After the patient underwent a short period of 
plasticity training on the computer in the hospi-
tal, the relevant medical staff would guide them 
to use the software and their parents were 
informed to instruct and supervise them. After 
completely mastering the training method, 

patients were trained for 0.5 h each time, and 
after 2 h intervals they were trained again, with 
twice a day, 3 days a week for 3 months. During 
the training, the staff would supervise and con-
dut telephone interviews. After 3-month plas-
ticity training, a follow-up visit was conducted 
to collect comprehensive eye data from the 
patients in the observation group.

Statistical analyses

SPSS 22.0 statistical software was used for 
statistical processing. Binocular vision and 
diopter after training were measured. And the 
measurement data were expressed as mean ± 
standard deviation (

_
x  ± sd). Independent t-test 

was used for comparison between groups. Chi-
square test was used to compare the frequency 
of the patient’s monocular vision function at 
different levels. Besides, chi-square test was 
also used to compare the frequency of the 
patient’s stereoscopic acuity, and dynamic and 
static stereoscopic visual inspection. P<0.05 
was considered statistically significant.

Results

Patient data analysis

The data of all patient (n=100) who meet the 
criteria for inclusion and exclusion were collect-

Figure 1. Visual plasticity training. (A-C) were the three different training scenarios. (D) was the operating scenarios 
for patients.
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ed, and among them, 80 cases were randomly 
selected as the research objects. They were 
divided into the control group and the observa-
tion group based on the random number table 
applied.

There were no statistically significant differenc-
es in age, gender, diopter, and type of myopia 
between the two groups before training (P> 
0.05). Besides, there were no statistically sig-
nificant differences in binocular single vision 
function, stereoscopic acuity, dynamic and 
static stereoscopic vision function between the 

0-order stereoscopic anomaly at random point 
at 1.5 m. See Figure 2.

Analysis of vision outcome between the two 
groups after training

There was no statistically significant difference 
in vision between the left and right eyes of the 
two groups before training (P>0.05). After 
90-day visual plasticity training, the visual acu-
ity of the left and right eyes of the observation 
group was significantly improved (before train-
ing: left eye 4.63±0.16, right eye 4.65±0.11; 

Table 1. Comparison of basic clinical data (n, 
_
x  ± sd)

Item Observation group Control group t/χ2 P
Age (year) 8.6±2.8 8.3±3.2 0.446 0.657
Gender (n) 0.202 0.653
    Male 21 23
    Female 19 17
Diopter (D) -2.05±0.67 -2.04±0.62 0.027 0.978
Type of myopia (n) 0.673 0.714
    Pseudo myopia 9 10
    Mixed myopia 21 23
    True myopia 10 7
Binocular single vision function (n) 0.216 0.898
    0 15 16
    I~II 8 9
    III 17 15
Stereoscopic acuity (n) 1.317 0.251
    + 13 18
    - 27 22
Dynamic and static stereoscopic visual inspection (n) 0.081 0.960
    Stereoscopic blindness 8 9
    Peripheral stereopsis 23 22
    Central stereopsis 9 9

Figure 2. Classification of patient vision examination outcome.

two groups before training 
(P>0.05). See Table 1.

Analysis of patient pre-experi-
ment outcome

A pre-experiment was con-
ducted on 100 children with 
myopia. It was found that 
7.82% of children with myopia 
had intermittent foveal sup-
pression, 33.12% had fixation 
instability, 8.73% had a static 
0-order stereoscopic abnor-
mality at random point at 0.8 
m, and 50.33% had a static 
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after training: left eye 4.89±0.08, right eye 
4.85±0.07), (both P<0.001). Compared with 
the control group, the differences were also 
statistically significant (both P<0.001) See 
Table 2.

Comparison of monocular vision function after 
training

After 90-day visual training, the comparison 
outcome of monocular vision function is shown 
in Table 3. In the observation group, after plas-
ticity training, the visual function of grade 0 
patients decreased from 37.50% to 12.50%; 
meanwhile, grade III patients increased from 
42.50% to 62.50%. After training, it is statisti-
cally significant compared with the control 
group (χ2=6.239, P=0.044). When compared 
to before training, the observation group had 
significantly improved (P<0.05), while no signifi-

cant difference was found in the control group 
(P>0.05). See Tables 4 and 5.

Comparison of dynamic and static stereoscop-
ic vision function

Comparison of dynamic and static stereoscopic 
vision function are shown in Tables 6 and 7. 
The pass rate of dynamic and static stereo-
scopic vision function of observation group 
patients after training was increased signifi-
cantly (dynamic: 32.50% before training, 
57.50% after training, P<0.05; static: 27.50% 
before training, 72.50% after training, P< 
0.001). But there was no statistical significance 
in thecontrol group (P>0.05). After training, the 
observation group had better static stereo-
scopic vision function than the control group 
(P<0.05), but the two group had similar dynam-
ic stereoscopic vision function (P>0.05) See 
Table 8.

Comparison of short-distance stereoscopic 
acuity before and after training

From Tables 9 and 10, the obviously increas- 
ed number of patients with central stereopsis 
was found in the observation group from 
22.50% before training to 57.50% after training 
(χ2=11.409, P=0.003), while no significant dif-
ference was showed in the control group 
(χ2=0.111, P=0.946). Table 11 shows there 
was significance in short-distance stereoscopic 

Table 2. Comparison of the average visual acuity (
_
x  ± sd)

Group
Left eye Right eye

Before training After training t P Before training After training t P
Observation group 4.63±0.16 4.89±0.08 9.192 0.000 4.65±0.11 4.85±0.07 8.131 0.000
Control group 4.67±0.08 4.63±0.11 1.488 0.141 4.66±0.10 4.62±0.15 1.403 0.164
t 1.414 9.899 0.425 8.788
P 0.161 0.000 0.672 0.000

Table 3. Comparison of binocular single vi-
sion function between the two groups after 
training (n, %)
Visual function 
level

After training
Observation group Control group

0 5 (12.50%) 14 (35.00%)
I~II 10 (25.00%) 10 (25.00%)
III 25 (62.50%) 16 (40.00%)
χ2 6.239
P 0.044

Table 4. Comparison of the observation group 
before and after binocular monocular func-
tion training (n, %)
Visual function level Before training After training
0 15 (37.50%) 5 (12.50%)
I~II 8 (20.00%) 10 (25.00%)
III 17 (42.50%) 25 (62.50%)
χ2 6.746
P 0.034

Table 5. Comparison of the control group be-
fore and after binocular monocular function 
training (n, %)
Visual function level Before training After training
0 16 (40.00%) 14 (35.00%)
I~II 9 (22.50%) 10 (25.00%)
III 15 (37.50%) 16 (40.00%)
χ2 0.218
P 0.897
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acuity between the two groups after training 
(P<0.01).

down the development of myopia [21]. After 
training, the improvement of the patient’s bin-

Table 6. Comparison of dynamic and static stereoscopic visual 
inspection of the observation group before and after training (n, %)

Stage
Dynamic stereoscopic 

visual inspection
Static stereoscopic  
visual inspection

+ - + -
Before training 13 (32.50%) 27 (67.50%) 11 (27.50%) 29 (52.50%)
After training 23 (57.50%) 17 (42.50%) 29 (72.50%) 11 (27.50%)
χ2 5.051 16.200
P 0.043 0.000

Table 7. Comparison of dynamic and static stereoscopic visual 
inspection of the control group before and after training (n, %)

Stage
Dynamic stereoscopic 

visual inspection
Static stereoscopic  
visual inspection

+ - + -
Before training 18 (45.00%) 22 (55.00%) 15 (37.50%) 25 (62.50%)
After training 15 (37.50%) 25 (62.50%) 19 (47.50%) 21 (52.50%)
χ2 0.464 0.818
P 0.496 0.497

Table 8. Comparison of dynamic and static stereoscopic visual 
inspection between the two groups after training (n, %)

Stage
Dynamic stereoscopic 

visual inspection
Static stereoscopic  
visual inspection

+ - + -
Observation group 23 (57.50%) 17 (42.50%) 29 (72.50%) 11 (27.50%)
Control group 15 (37.50%) 25 (62.50%) 19 (47.50%) 21 (52.50%)
χ2 3.208 5.208
P 0.117 0.040

Table 9. Comparison of short-distance stereoscopic acuity of the 
observation group before and after training (n, %)

Group Stereoscopic 
blindness

Peripheral 
stereopsis

Central 
stereopsis χ2 P

Before training 8 (20.00%) 23 (57.50%) 9 (22.50%) 11.409 0.003
After training 2 (5.00%) 15 (37.50%) 23 (57.50%)

Table 10. Comparison of short-distance stereoscopic acuity of the 
control group before and after training (n, %)

Group Stereoscopic 
blindness

Peripheral 
stereopsis

Central 
stereopsis χ2 P

Before training 9 (22.50%) 22 (55.00%) 9 (22.50%) 0.111 0.946
After training 10 (25.00%) 22 (55.00%) 8 (20.00%)

Discussion

Recent years have witnes- 
sed that the myopia is char-
acterized by the increasing 
incidence the younger age of 
onset, the rapid progress, 
and the growing proportion 
of high myopia [16, 17]. In 
severe cases, it may cause 
irreversible damage to vi- 
sion. Myopia has become a 
public health problem world-
wide [18]. It not only affects 
the physical and mental 
health of young people, but 
also hinders their study and 
life [19]. Therefore, how to 
control the progression of 
myopia is essential to pre-
vent the increasing inciden- 
ce of myopia. More and more 
researches are concentrat-
ing on improving vision, in- 
cluding improving the grow- 
th of children’s eye axis  
via outdoor activities, whose 
mechanism still remains un- 
clear though [20].

Visual plasticity training was 
conducted for children with 
myopia in this paper, with a 
hope to find a way to reduce 
vision problems. Daily simu-
lation training lasted for 90 
days using advanced VR 
equipment and dedicated 
visual training software. The 
visual acuity of patients with 
plasticity training has been 
significantly improved, sug-
gesting that plasticity train-
ing can exercise and recover 
the ciliary body of myopic 
children, improve its ability 
to adjust, change the refrac-
tive power of the lens, and 
improve vision. Long-term 
training via outdoor sports 
can also change the vision of 
myopic children and slow 
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ocular single vision function showed that plas-
ticity training can change the visual acuity of 
the two eyes to be equal or close, reduce or 
eliminate the aberrations of the two eyes, and 
make the restoration of stereo vision possible. 
Stereo vision is closely related with eyesight. 
Low eyesight can cause damage to stereo 
vision, and reduced vision is positively corre-
lated with the impairment of stereo vision, 
especially the decrease in monocular vision. 
Therefore, as the training progresses, the visu-
al acuity and monocular vision function are 
enhanced, and the patients’ stereoscopic vi- 
sion acuity is also improved significantly. After 
plasticity training, the proportion of patients 
with stereoscopic blindness, peripheral stere-
opsis and central stereopsis changed from 
20.00%, 57.50% and 22.50% to 5.00%, 37.50% 
and 57.50%, respectively. There was a signifi-
cant increase in the number of patients with 
central stereopsis. Some study revealed that 
3D vision training combined with ciliary muscle 
exercise training was adopted to improve myo-
pia [22]. These two methods are similar; how-
ever, myopia did not get involved in 3D vision 
training. This study uses indoor simulation 
training for eye plasticity training, which can not 
only avoid the interference of external factors 
such as weather, but also allow the patients to 
persist in an easier way. It is also more realistic 
and effective to use VR technology for training.

This study is only an analysis of the visual per-
formance outcome of patients undergoing plas-
ticity training; however, it did not explore the 
specific details of how plasticity training can 
improve the eye nerves. Besides, plasticity 
training can only improve the early myopia at 
present. The improvement effect for young 
patients and adult patients still needs further 
exploration and research.

Therefore, visual plasticity training is an im- 
portant measure to improve the eyesight of 
young people and improve their visual function, 
which can slow down the development of myo-
pia to a certain extent and is worthy of clinical 
application.
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