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VISUAL TRAINING IN VIRTUAL REALITY IN ADULT 
PATIENTS WITH ANISOMETRIC AMBLYOPIA

SUMMARY
Purpose: Amblyopia is one of the most common childhood disease. The average prevalence of amblyopia in children is estimated at 2-5 %. It arises 
during the child development until the age of six, if not treated then, it persist throught adulthood. The aim of our work is to retrospectively analyze the 
results of treatment of anisometropic amblyopia using dichoptical training in virtual reality in adult amblyopic patients.
Materials and Methods: Our group consisted of 84 amblyopic patients with anisometropic amblyopia with an average age of 33.8 ± 9.4 years.  
Patients played a video game twice a week in the Oculus Rift 3D virtual reality. Together they completed 8 visual trainings, with one training lasting 60 
minutes. Before and after the training we evaluated the best corrected visual acuity (BCVA).
Discussion: Throughout the group, we observed an improvement of 0.1 BCVA from 0.48 to 0.58 Sloan table (p <0.05). 17% of patients before training 
and 31% after visual training reached BCVA better or equal to 0.9. The overall response rate was 56% in adult patients (n = 47).
Conclusion: Our results suggest that a  certain degree of residual neuro-plasticity in the visual cortex can be revealed in the adult brain, thereby 
improve visual acuity in adult amblyopic patients.
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INTRODUCTION

Amblyopia, also known as “lazy eye”, belong to the most 
common childhood diseases. It is a functional disorder 
defined as: “a developmental defect of spatial-visual pro-
cessing, which appears in the central visual pathway” [1]. 
The most pronounced effect is loss of central visual acuity 
in one or, in rare cases, both eyes. Colour sense, adaptati-
on to darkness and acuity of peripheral vision is generally 
within the norm [2]. The disorder occurs during the child’s 
development, in the critical period up to the age of 6 years. 
Morphologically and functionally both eyes are mostly in 
order, but there is generally a problem in the central inter-
pretation of the image in the brain, because the eye was not 
sufficiently stimulated during development in early child-
hood age. The reason for reduced stimulation is most often 
different refraction of the eyes, strabismus and deprivation 

of stimulus [3].
The average prevalence of amblyopia in children is esti-

mated at 2-5 % [4]. The prevalence of amblyopia in adul-
thood depends on the geographical location and on the 
degree of prevalence of the disease. Elflein et al. state the 
prevalence of amblyopia at 5.6 % in the German population 
aged 35 – 74 years [5]. There are no current studies in either 
Slovakia or the Czech Republic on the prevalence of am-
blyopia in adult patients. A French school asserts that am-
blyopia in adult age is merely the result of poor treatment 
at a young age. Early treatment of amblyopia in childhood 
age is of decisive importance.

Reduced central visual acuity does not reach the level of 
the dominant eye even after complete correction of refracti-
ve error or surgery for cataract or strabismus. For a further 
improvement of visual acuity we most frequently use penali-
sation of the dominant eye and pleoptic exercises. The “plas-
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tic period”, or the borderline of maximum neuroplasticity of 
the visual cortex, is between the ages of 6 and 8 years. Sub-
sequent training of the amblyopic eye proceeds more slowly.

As in child patients, the first step in the treatment of am-
blyopia in adult patients is precise correction of the refractive 
error. Many of them wore correction in childhood age, and 
subsequently ceased to wear it during the course of puberty. 
If the patients wear correction, they rarely wear full aniso-
metric correction. Precise correction leads to an improve-
ment of visual acuity also in adult patients [6]. In children the 
gold standard in the treatment of amblyopia is penalisation, 
aimed at forcing the use of the amblyopic eye [7]. Penalisa-
tion works not only in childhood, but also in adult patients. 
The problem of occlusion therapy is non-compliance in the 
part of the patients, or their inability to wear occlusion [8]. 
Playing video games for adult patients is a further advance 
in the treatment of amblyopia, evidence of which is provi-
ded by positive results of both monocular and binocular tra-
ining [9,10]. Motivation in the form of playing video games 
is of key importance in the “compliance” of patients [11]. 
The most recent advance in the development of new pleop-
tic methods is the use of virtual reality, which enables full 
dichoptic imaging – both eyes in part have a different image, 
concerning especially small details which are necessary in 
order to manage the game in question – and fundamentally 
better 3D imaging. To date this method has not been suffici-
ently described in adult patients.

Current research on animals and humans who demonstra-
te residual plasticity, in which patients have lost their vision 
in the dominant eye also at a more advanced age, provide 
examples of this [12,13]. This may be a consequence of 
demasking or determination of higher regions of the brain, 
which learn to analyse previously inhibited signals from 
the amblyopic eye [14]. On the basis of current knowledge, 
we therefore consider the “plastic period” to refer only to 
the time of maximal neurological plasticity, and with re-
gard to regular cases of patients whose central visual acui-
ty in the blunt-sighted eye has improved after the loss of 
the dominant eye, we consider neurological plasticity to be 

perhaps unlimited [15]. In a post-mortem analysis of the 
visual cortex in adult patients, this region appears to be 
plastic up to the age of 40 years on the basis of the presence 
of activation transmitters. At the same time, the authors do-
cument a discrepancy between the structural and functional 
properties of this part of the visual cortex [16].

	
The purpose of the submitted study is to present a retro-

spective analysis of the results of treatment of amblyopia 
with the aid of dichoptic training in virtual reality in adults 
with anisometric amblyopia.

METHOD OF STUDY

The cohort comprised 84 amblyopic patients with aniso-
metric amblyopia, with an average age of 33.8 ± 9.4 years, 
of whom 60 were men and 24 were women. The youngest 
patients were aged 18 years and the oldest patients were 
aged 53 years. The average spherical equivalent in the am-
blyopic eye was +3.04 ± 0.3 DSph and in the non-amblyo-
pic eye +1.37 ± 0.23 DSph (p < 0.05, Student t-test). The 
patients played a video game (Vivid Vision, USA) twice 
per week for a period of 60 minutes in 3D virtual reality 
Oculus Rift DK2 and HD (Oculus VR, USA).

We included in the study patients with anisometropic 
amblyopia aged 18 years and over, who were willing to 
undergo visual training. All the patients financed the trai-
ning themselves. The exclusion criteria were strabismus, 
previous eye operation, corneal irregularities, opacifica-
tion of ocular media including cataract, and active ocular 
pathology. All the patients were informed of the course of 
the clinical trial, and provided their informed consent in 
writing in accordance with the principles of the Helsinki 
declaration. The research study was approved by the Ethi-
cal Commission of the Jessenius Faculty of Medicine in 
Martin, Comenius University in Bratislava. 

	 All the patients underwent a basic ophthalmologi-
cal examination, covering manifest and cycloplegic refrac-
tion, cover test, Worth test, examination of the anterior 

Fig. 1. Virtual reality system (Oculus Rift, USA)
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segment with a slit lamp, topographic examination of the 
cornea in patients with high astigmatism, and examination 
of the ocular fundus. We measured best corrected visual 
acuity (BCVA) with the aid of a calibrated optotype with a 
liquid crystal display (LCD CC-X10, Topcon, Japan). We 
measured BCVA both before and after the end of training in 
virtual reality.

We conducted dichoptic visual training with the use of 
the computer game Diplopia Game (Vivid Vision, USA), 
which was run in a virtual reality helmet Oculus Rift DK2 
(Oculus VR, USA). Oculus Rift DK2 was equipped with 
an AMOLED display (5.7” in diagonal, resolution 960 x 
1080 pixels per eye) with a visual field of 100°, with an 
added accelerometer, gyroscope and magnetometer for the 
system of monitoring head position (Fig. 1). The VR Ocu-
lus Rift helmet was attached to a computer system (Intel i5 
3-4 GHz, 8 GB RAM, Nvidia GeForce 970GT 4 GB; MSi, 
USA). We had four games at our disposal – basketball (Fig. 
2A), a block game (Fig. 2B), vegetable picking (Fig. 2C) 
and cosmic flight (Fig. 2D). All the games had a dichoptic 
setting, in which the part of the displayed image was diffe-
rent in both eyes.

One cycle of the exercise contained 8 hours of training, 
performed twice per week. Each session covered 60 mi-
nutes of training with different games (15-20 minutes per 
game). BCVA was tested before the first session and after 
the last training session. Pleoptic exercises in the home en-
vironment were not limited.

An analysis of the data was performed with the aid of 
SPSS software version 19.0 for Windows (IBM, Armonk, 
USA). The normality of distribution of the selection data 

was evaluated with the use of a Shapiro-Wilk test. The data 
was not normally distributed, and for this reason a Wilco-
xon test was used for evaluating the difference in BCVA 
before and after the training. For correlation of the change 
of visual acuity to the calculated BCVA, we used a Spe-
arman’s rank correlation coefficient. A p-value lower than 
0.05 was considered statistically significant for all tests.  

RESULTS

In the entire group we observed an improvement of 
BCVA by 0.1, from a value of 0.48 to a value of 0.58 on 
a Sloan table (p < 0.05, graph 1). We did not record a sta-
tistically significant difference upon a comparison of the 
change of BCVA in comparison with the age of the patients. 
In total, before training 17 % and after training 31 % of 
amblyopic eyes attained BCVA of equal to or more than 0.9 
(Graph 2), in which 56 % (n = 47) of adult patients respon-
ded to treatment by increase of BCVA. In 37 cases we did 
not record any change of BCVA after training. We did not 
find any correlation between change of BCVA and initial 
BCVA, the Spearman’s rank correlation coefficient rho = 
-0.015, P = 0.892. In patients who responded to treatment, 
the average improvement of BCVA was by 0.16.  

DISCUSSION

Amblyopia is a disease with a prevalence of approxima-
tely 4 % in children and 2 % in adults. It is mostly unila-
teral, both legislatively and formally people with one eye 
function normally. Only a few professions exist for which 

Fig. 2. What does the patient see in virtual reality? The left and right eyes have their own display. The principle of di-
choptic vision consists in the division of the image or part of the image between the eyes. In the above examples of 
games – basketball (fig. 2A), block game (fig. 2B), vegetable picking (fig. 2C) and cosmic flight (fig. 2D) – we see what 
is seen by the the dominant eye on the right, amblyopic eye on the left.
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individuals require two healthy eyes. However, in the case 
of trauma there is an up to three times higher risk of loss 
of the good eye if the other eye is amblyopic [17]. Why, 
therefore, should we treat amblyopia? The main advantage 
is an improvement of best corrected visual acuity and stere-
oscopic vision. Also interesting is incidental realignment of 
the strabismal eye, attaining better visual acuity. For adult 
patients who are accustomed to functioning with one eye, 

all we can promise is to create a kind of “spare tyre”, with 
better capacity of vision in the case of trauma or disease of 
the healthy eye.

In the case of small children with anisometropic amblyo-
pia, a period of 16 to 22 weeks of treatment by optic co-
rrection alone is sufficient in most cases to overcome the 
suppression of the amblyopic eye and lead to an improve-
ment of visual acuity by 2 or more rows. In almost one third 

Graph 1. Improvement of best corrected visual acuity in entire cohort before and 
after 8 hours of training (p < 0.05)

Graph 2. Representation of vision in individual groups according to best correc-
ted visual acuity (n = 84)
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of child patients, optical correction alone is sufficient for 
the complete resolution of amblyopia [18]. The gold stan-
dard in treatment is penalisation of the dominant eye. Older 
children require approximately 120 hours of treatment for 
an improvement by 1 row. The disadvantage of this tre-
atment is its limitation by the critical period, which means 
that it is effective maximally up to the age of 8 years. Adult 
patients with amblyopia also show an interest in the solu-
tion or at least an improvement of their existing condition. 
This interest is also confirmed by the number of patients 
participating in our study.

In adults, scientific evidence of effective treatment of am-
blyopia is insufficient. In the practical part we processed data 
on 84 amblyopic patients, who underwent 8 dichoptic trai-
ning sessions with the aid of Oculus Rift. In the entire cohort 
of patients we recorded an improvement of BCVA by one 
row. In similar studies with young patients, it is stated that 10 
hours of binocular playing of a dichoptic video game leads 
to an improvement by 1.6 rows [19]. The use of anti-suppre-
ssive binocular pleoptic training may be more effective than 
monocular pleoptic training of amblyopia, because suppre-
ssion is physiologically manifested only under binocular 
conditions [20]. It is necessary to take into consideration the 
fact that our study presents the results after 8 dichoptic trai-
ning sessions, and some patients require a longer duration of 
treatment before attaining an improvement of vision.

In a contemporary retrospective study we encountered 

inconsistent use of various tests for the comparison of 3D 
vision (RanDot, Lang, Titmus), which cannot be compared 
mutually. As a result, we present the results of our previous 
study, in which the average capacity of 3D vision was im-
proved following visual training from 263.3 ± 135.1 before 
training to 176.7 ± 152.4 angular seconds after 8 hours of 
training. This change was statistically significant (p < 0.01) 
[21].

The results of our study point to the possibility of using 
visual virtual reality training in the treatment of amblyo-
pia in adulthood. Our results indicate that it is possible to 
“detect” a certain degree of neural plasticity in the visu-
al cortex of the adult brain. From the results we obtained, 
the most effective exercise appears to be in the case of a 
medium-severe decrease of BCVA (Graph 2), although the 
correlation analysis did not demonstrate a significant relati-
onship. From clinical experiences to date with patients with 
anisometric amblyopia who have not improved after trai-
ning, we assume the effect of microstrabismus as a negative 
prognostic factor. Pleoptic training in a certain proportion 
of adult patients with amblyopia represents a possibility for 
improving quality of life. In future it shall be necessary to 
conduct a controlled clinical trial and compare pleoptic tra-
ining virtual reality with conventional pleoptic exercises.

A limitation of the presented study is the lack of long-
-term observation which could demonstrate the stability of 
the obtained result.
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