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Purpose: The aim of this study is to evaluate the effect of active vision therapy in adults 
with anisometropic amblyopia.
Methods: In this study, 20 adults with anisometropic amblyopia aged from 17–35 years old 
were treated for five sessions (one session per week) with vision therapy techniques which 
include accommodative rock, vergence rock, and saccadic training. Moreover, computerized 
vision therapy was performed by Optosys® software. Also, patients had been given a daily 
program for home training, including accommodative and vergence rock, and Optosys® 

software. Best corrected visual acuity (BCVA) was measured before and after treatment.
Results: Comparison of data using t-test showed that BCVA significantly improved after the 
vision therapy period. Initial BCVA (Log MAR) was 0.37±0.04 (mean±standard deviation) 
which improved to 0.14±0.03 after treatment. The correlation between initial BCVA and the 
amount of improvement showed that the worse the pre-treatment visual acuity was, the 
greater improvement that occurred.
Conclusion: The improvement of visual acuity in adult anisometropic amblyopes showed 
that there are some degrees of plasticity in the visual system of amblyopic patients even in 
adulthood. Thus, therapists should give the chance of treatment to adult amblyopes.
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Introduction
Amblyopia is the most common form of unilateral or sometimes bilateral decrease in 
best corrected visual acuity (BCVA) that is not related to any structural or pathological 
disorder in the visual system. However, it is due to abnormal visual experiences such as 
strabismus, anisometropia, and visual deprivation in early childhood.1 Clinically, 
amblyopia is referred to a decrease in BCVA for at least two lines of visual acuity 
charts (monocularly or binocularly). This disorder is the most common cause of 
worldwide unilateral blindness which has affected 3–5% of the world population.1

In the past it was thought that adult amblyopia could not be treated, possibly due to 
the reduced cortical plasticity. According to this view, treatment was not suggested to 
adult patients. However, more recent studies revealed that cortical plasticity continues 
in adulthood, although it is not as plastic as in childhood.2 There is some plasticity at the 
stages of synapses and cortical cells, that results in the ability to repair the defected 
areas in the visual cortex. So, adults are able to improve sensory activities by perceptual 
learning and practice. This kind of learning may have an effect on the cortex.2

Levi2 reported a significant improvement in visual acuity of adult amblyopic 
patients. Khan’s3 experiment showed significant improvement after vision training 
for amblyopic patients with a mean age of 17.
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Generally, treatments of amblyopia include optical cor-
rection of refractive error, occlusion therapy, and active 
amblyopia therapy.4 The success rate of occlusion therapy 
varies between 60–80%.5,6 However, passive treatment 
methods such as occlusion and medical or optical penali-
zation are still be a major part of treatment, although they 
are not always successful and sometimes have non- 
persistent results specially for strabismic amblyopia.7,8 

Most of the patients do not have normal binocularity 
after treatment in spite of good visual acuity.9 Lack of 
development of binocular vision results in a lack of visual 
skills in adulthood. Nowadays this disorder is treated by 
a vision specialist, because amblyopia is a neural disorder 
that is caused by abnormal brain stimulation in a sensitive 
period of vision development.9 So, it is necessary to know 
the neural mechanism of amblyopia to find out more 
effective treatment strategies. More recent amblyopia 
treatment methods, using some stimuli as an active ther-
apy, may activate some special areas of the visual cortex.10 

There are a lot of active amblyopia treatment methods.11 

However, their effectiveness has not been fully tested.12,13 

Since there is a considerable population of adult 
amblyopes who did not receive proper treatment in child-
hood and considering the importance of adult amblyopia 
therapy for education and occupation, we decided to eval-
uate the effect of active therapy on adult anisometropic 
amblyopia patients.

Method
This study was performed on 20 patients with anisome-
tropic amblyopia aged from 17–35, who had been referred 
to the orthoptic clinic at Noor eye hospital. They had never 
previously had eye surgery or vision therapy. Also they 
were pathologically and neurologically healthy and did not 
use any medicine. Visual acuity (Log MAR) of the patients 
was measured with the best refractive correction by Nidek 
system Chart SC-1600 (Nidek Co., Aichi, Japan). The 
improvement of best corrected visual acuity (BCVA) was 
compared before and after the therapy period. Each patient 
had five successive sessions for training in a one session 
per week schedule. At the end of this period, their best 
corrected visual acuity was measured. The treatment pro-
gram in each session included 5 minutes of each of these 
trainings: accommodative rock with ±2.00 flipper lenses, 
vergence rock with 4Δ base in/12Δ base out flipper prisms, 
training for improving fixation with Haidinger’s brushes 
and intermittent photic stimulation (3 Hz frequency flash-
ing of a small and colorful picture) by Synoptophore 

(Haag-Streit Clement Clark 2001 model, Essex, UK), and 
computerized training of eye–hand coordination and 
Dynamic Meridional Visual Stimulation (DMVS) by 
Optosys® software (Farakavosh inc. Tehran, Iran). 
Moreover, a daily home vision training program was 
given to patients including: 2 hours per day occlusion of 
the non-amblyopic eye, 5 minutes of accommodative rock 
with far and near Accommodative Rock Cards and com-
puterized eye-hand coordination and DMVS by Optosys® 

software as explained for office training. The patient 
should do this training three times a day. Neurologic 
experiments showed that neurons in the visual cortex can 
be activated by grating stimuli. Color-opponent high con-
trast grating that change their orientation, spatial fre-
quency, and colors continuously is the basis of DMVS 
training. In office accommodative and vergence rock we 
used a target that is one line better than the patient’s BCVA 
at 40cm. After the 5 week period of therapy, the improve-
ment in BCVA of the patients was evaluated by paired 
t-test analysis. SPSS software (IBM SPSS, Armonk, NY, 
USA) version 22.0 was used for statistical analysis and 
a P-value<0.05 was considered as significant.

Ethical Approval
All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of 
the Iran University of Medical Sciences research commit-
tee and with the 1964 Declaration of Helsinki and its later 
amendments or comparable ethical standards. All patients 
signed a written informed consent form.

Results
From 27 patients who participated in this study, seven did 
not accomplished the treatment, and thus were excluded 
from the study. The study continued with the remaining 20 
patients (eight females and 12 males). The age range of 
participants was 17–35 years old with mean±standard 
deviation (SD) (22.65±6.31). Best corrected visual acuity 
of all patients but one increased after treatment (Figure 1). 
T-test showed that post-treatment BCVA (0.14±0.03) was 
significantly better than pre-treatment BCVA (0.37±0.04) 
(P<0.001).

To examine the relationship between pre-treatment 
visual acuity and the amount of improvement, we used 
Spearmen correlation test. The result showed that the 
worse pre-treatment visual acuity was the greater improve-
ment that occurred (P<0.001) (Figure 2).
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Discussion
This study shows that vision therapy has successful results 
on adults with anisometropic amblyopia. Based on the 
results, visual acuity improved significantly in adults 
after vision training (Figure 1). This result has been 
approved in similar studies.2 The correlation test was 
used to evaluate the relationship between the initial visual 
acuity and the amount of improvement. As shown in 
Figure 2, the initial visual acuity was negatively correlated 
to the amount of improvement. Since our participants did 
not suffer from disorders such as eccentric fixation or 
binocular disruptions, we could also see significant 
improvement in severe amblyopia cases, which approves 
the presence of cortical plasticity in adults.

Many visual skills such as accommodation, vergence, 
and contrast sensitivity are affected in amblyopic patients. 
Studies showed that amplitude and facility of accommoda-
tion is diminished in amblyopic patients.14 The diminished 
accommodative response in amblyopia can be improved 
after vision therapy.15 The sensation of vergence disparity 
is also defected in strabismic amblyopes.16

A decrease in amplitude of saccades in amblyopic 
patients has been reported in the study of Niechwiej- 
Szwedo et al,17 where the visual processing in a sensory 
system operates slowly for amblyopic eyes. Accurate eye– 
hand coordination needs normal binocular vision. Thus, 
decreased stereopsis perception in monocular amblyopia is 
one of the most important reasons of diminished eye–hand 
coordination.18 Optosys® software is beneficial for sacca-
dic eye movements, eye–hand coordination, and improve-
ment of the function of magno- and parvo-cellular 
systems. Dynamic Meridional Visual Stimulation 
(DMVS) is one of the Optosys® training options specially 
designed to improve contrast sensitivity by affecting 
magno and parvo systems. The chance for achieving 20/ 
20 visual acuity (VA) is considerably more for the amblyo-
pic eyes with 20/40 or better pre-treatment VA.19–21 The 
prognosis is weaker for strabismic amblyopia than ani-
sometropic amblyopia.

Duration of treatment directly relates to age. Thus, 
older patients may need longer treatment periods. 
However, strabismic amblyopes with eccentric fixation 
may need prolonged treatment duration even if the patient 
is a preschool aged child.22 Kupfer reported that seven 
adults with strabismic amblyopia aged 18–22 improved 
significantly while their normal eye had been occluded 
during fixation training. Based on this result we can con-
clude that there is no age limitation for visual acuity 
improvement.23 There are two mechanisms of amblyopia 
therapy in adults, 1) activation of the suppressed neural 
synapses that are normal but suppressed, and 2) learning to 
pay more attention and training for accomplishing 
a difficult visual task.8

According to previous studies, there are two major 
pathways in the human visual system to process visual 
information that may be affected in amblyopia.24–26 The 
parvocellular (P) pathway includes smaller cells which 
are specialized in fine and color information. 
The magnocellular (M) pathway includes larger cells 
which are more sensitive to motion and changes in 
stimuli. Moreover, M cells are responsive to high con-
trast, while P cells are sensitive to low contrast.27 The 

Figure 1 Comparison of pre- and post-treatment visual acuity.

Figure 2 The correlation between the initial visual acuity and the amount of 
improvement.
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P pathway will be affected in mild amblyopia, and the 
M pathway will be involved too if the amblyopia is 
deep.28 Contrast sensitivity is normal in low spatial 
frequency stimuli in amblyopic eyes. However, 
decreased contrast sensitivity in higher spatial frequency, 
reflects a defect in the P system. Recent studies showed 
that most of the amblyopic eyes have decreased contrast 
sensitivity just in high spatial frequencies, and some of 
them with more severe amblyopias show decreased con-
trast sensitivity in all spatial frequencies which is due to 
the malfunction of both P and M systems.28–33 Thus, 
activation of the P and M cells may improve the chance 
of success in amblyopia therapy. Using high spatial 
frequency and colored stimuli in DMVS training acti-
vates the P system, while lower spatial frequencies and 
changing the orientation of the grating activates the 
M system.

Obviously the traditional treatment of amblyopia is 
patching the non-amblyopic eye in order to improve the 
visual acuity in the amblyopic eye. However this method 
could not selectively stimulate either of the visual path-
ways. Furthermore, with occluding one eye during the 
treatment, binocular vision would be disrupted. Thus, 
active amblyopia therapy will be a more complete treat-
ment method. In conclusion, the results of this study 
showed improvement of visual acuity in adult anisometro-
pic amblyopia patients, which reflects the visual neural 
system plasticity in adults. We can conclude that active 
amblyopia therapy would be advantageous for adult 
amblyopes. We suggest that further research should be 
done to find out the age limits of active therapy for adults 
in older age groups and other types of amblyopia.

Disclosure
The authors report no potential conflicts of interest for this 
work. The authors alone are responsible for the content 
and writing of the paper.
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