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abstract
Objectives: To evaluate the effect of glasses on stereo acuity in patients present-
ing with refractive accommodative esotropia.
Methods: A cross-sectional study was conducted in the orthoptics department 
of a tertiary eye care hospital from October 2021 to January 2022. 45 patients 
diagnosed with refractive accommodative esotropia were included. Visual acui-
ty, angle of deviation, and stereo acuity using the Titmus Fly test were measured. 
Data were analyzed using (statistical package for the social sciences) version 26.
Results: Mean stereo acuity without refractive correction was 634.22 (±681.89) 
and with correction was 295.56 (±218.71). A statistically significant improve-
ment was seen in stereopsis with the spectacles (P = 0.001), and a significant as-
sociation between history of patching therapy (P = 0.00) and angle of deviation 
(P = 0.02) with stereopsis before the optical correction was found.
Conclusions: In refractive accomodative esotropia, stereopsis improved after 
wearing full optical correction. The decreased stereo acuity was associated with 
a history of patching therapy, as a result of the patients’ late presentation in 
seeking care. Improvement in stereopsis is dependent on suitable treatment, 
like full spectacle correction and patching therapy for amblyopia in refractive 
accomodative esotropia. The near angle of deviation also showed a significant 
association with stereopsis before optical correction.

Key words: depth perception, esotropia, esodeviation, refractive error, stereo-
scopic vision

H ighlights       
We sought to find out if 

stereopsis improved with the 
use of glasses in refractive 
accommodative esotropia 

patients. As the amount of 
esotropia reduces in this group, 

we wanted to know if the 
improvement in stereopsis was 

also relieved by straightening (or 
relatively less deviation) of eyes, 

or if it stayed the same. 

Effect of optical correction on the stereopsis of patients with 
refractive accommodative esotropia and factors affecting it
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INTRODUCTION
Binocular single vision (BSV) is the collective use of both 
eyes to merge and perceive 2 separate and slightly different 
images seen by each eye, as one single image using sensory 
or motor fusion. There are 3 grades of BSV, i.e. simultane-
ous perception, fusion (sensory and motor), and stereopsis 
(depth perception) [1]. Stereopsis is a  combination of two 
Greek words: stereo, meaning “solid”, and opsis, meaning 
“appearance, sight”. It is defined as the relative ordering of 
visual objects in depth, i.e. three-dimensional. It is often re-
ferred to as depth or in more general terms, three-dimen-
sional perception obtained based on visual information from 
each eye in individuals with normally developed BSV [2].
The principle for measuring the stereo acuity threshold is 
based on the minimum detectable disparity [3]. Clinically, 
evaluation and measurement of stereo acuity have become 
an important routine screening task along with visual acuity 
and color vision, both for adults and younger children [4]. 
The unit of measurement of stereopsis is the second of arc, 
where 60 sec = 1 min and 60 min of arc = 1°; the smaller this 
value is, the better the stereo acuity. The normal value for 
stereo acuity is 60 sec of arc [5]. Different tests are used to 
measure stereopsis which include the Frisby stereo test, Tit-
mus Fly stereo test, TNO stereo test, and Lang stereo test [6].
BSV can be normal if no manifest deviation is present or 
anomalous in the presence of manifest squint, when the im-
age of an object is not projected onto the retina of both eyes 
[1]. It is characterized by the abnormal alignment of one eye 
concerning the other eye which is accompanied by abnormal 
ocular mobility, double vision, poor binocular visual func-
tion, abnormal head position, etc., and is one of the most 
frequent ocular disorders among children and adolescents 
[7, 8]. Based on the direction of the deviation, strabismus is 
divided into horizontal and vertical deviation. The horizontal 
deviation is further divided into 2 types: esotropia (inward 
deviation of eyes) and exotropia (outward deflection of eyes). 
Vertical deviation comprises hypertropia (upward deviation 
of eyes) and hypotropia (downward deflection of eyes) [9].
Esotropia or crossed eyes is characterized by an inward 
movement of one or both eyes which may occur with fixa-
tion at near, at distance, or both. This inward deviation may 
involve one eye only (constant) or may alternate between the 
2 eyes (intermittent) [10]. Refractive accommodative esotro-
pia (RAE) is one of the most commonly presented types of 
childhood esotropia [11]. It is an acquired convergent squint 
which is associated with the activation of accommodation 
reflex and is corrected by prescribing full hypermetropic re-
fractive correction i.e. from +2.00 DS to +7.00 D [12].
In RAE, the uncorrected hypermetropia impels the patient 
to use more accommodation in order to clear the image on 
the retina which results an increase in convergence of both 
eyes [13]. Even if, the accommodative convergence to ac-
commodation ratio (AC/A) may be normal, esotropia results 

if amplitude of fusional divergence is not enough to compen-
sate for increased convergence [5]. RAE is divided into two 
types, fully accommodative esotropia in which eyes become 
fully straight for near and distance with the use of full hy-
permetropic correction, and the patient regains good fusion. 
In partially accommodative esotropia even after full correc-
tion, there is residual esotropia (usually 10Δ or more) [14].
The present study aims to measure the level of improvement 
of stereopsis in children having RAE after wearing their full 
optical correction and if prompt and suitable optical cor-
rection can reduce the adverse effects of RAE on binocular 
sensory function particularly stereopsis or not. The present 
study was also conducted to investigate the factors that affect 
stereo acuity in RAE patients so that their early management 
could be ensured and hence the reduction in stereo acuity 
associated with RAE can be minimized.

Objectives
1.	 To measure the degree of stereopsis in RAE.
2.	 To determine the factors that affect stereocuity.

Materials and methods
A cross-sectional study was done at the orthoptics depart-
ment of a  tertiary eye care hospital, after it was approved 
by the institutional review board. The sample size was 45, 
and a non-probability convenient sampling technique was 
used. Data was collected using a predesigned proforma and 
abided by the principles of the Helsinki Declaration. The age 
of subjects having RAE ranged from 4–15 years, and those 
who were using glasses for at least 6 months were included. 
Complete history, including demographic, systemic histo-
ry, ocular history, family ocular history, history of patch-
ing therapy, and birth history, was taken. Visual acuity was 
measured using ETDRS and Cardiff Acuity cards. Squint 
angle was measured with the use of Hirschberg test, Prism 
Cover Test (PCT) and Krimsky test. 
RAE is described as having less than 10 prism diopters of 
residual esotropia following complete hyperopic correc-
tion. Those individuals were excluded from the study who 
had a positive history of squint surgery, an ocular ailment 
(such as glaucoma, cataract or other opacity in media, optic 
nerve pathology), a systemic disease (such as a neurological 
or developmental problem), patients with mental disorders, 
or those who had experienced any kind of ocular trauma. 
The following additional factors were also examined: age, 
sex, duration of misalignment (i.e., the time between the re-
ported onset of esotropia and spectacle correction), patch-
ing hours for amblyopic patients, refractive error obtained 
after cycloplegic refraction, deviation at near and distance 
fixation with correction, extraocular muscle’s movement 
(EOM), and stereo acuity. All the subjects in the study 
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showed a decrease inisesotropia after hyperopic correction. 
The cover test was used in the orthoptic examination to 
determine the nature of the deviation, the objective angle 
by the Hirschberg test using an ophthalmoscope, and the 
alternative PCT was used to calculate the total angle of de-
viation in prism diopters. The deviation in younger children 
was measured using Krimsky. The Titmus Fly test was used 
to measure stereo acuity while wearing polaroid glasses at 
a distance of 40 cm. 
The participant was instructed to grasp the fly’s wing and 
name the animal that appeared to pop out the paper. The 
examiner confirmed the answers by flipping the book over 
so that stimulus was reversed. If a correct answer was re-
ceived for the target before it, the disparity of that target was 
measured and recorded. If the response was inaccurate, it 
was attempted to achieve the proper response by moving 
backward from the target sequence. The patient’s stereopsis 
was measured using the last accurate target found. If the pa-
tient didn’t respond to the highest discrepancy, stereo acuity 
was recorded as zero, and for statistical analysis, a score for 
zero stereopsis was 6000 sec of arc. The entire process was 
carried out under ambient light. For descriptive data, fre-
quencies and percentages were reported for categorical var-
iables, while mean and standard deviation were reported for 
continuous variables. Using SPSS version 26.0, the paired 
samples t-test and independent samples t-test were used for 
inferential analysis. The level of significance was set at a val-
ue of P <0.05, with confidence interval of 95%.

Results
A total of 45 patients meeting the inclusion criteria partici-
pated in the study during a period of 4 months from Octo-
ber 2021 to January 2022. Both genders were included in the 
study, in which 55.6% (n = 25) were males and 44.4% (n = 20) 
were females. The mean patient’s age was 8.56 (±3.327), rang-
ing from 4 to 18 years. The mean PCT was 15.31 (±16.39) 
prism diopter (∆) for near and 15.11 (±16.09) ∆ for distance. 
See table 1 for a detailed orthoptic assessment.
The average difference between paired samples, e.g. stere-
opsis before and after optical correction, was found using 
the paired sample t-test. To evaluate any changes in the de-
gree of stereopsis with optical correction in patients of RAE, 
the paired sample t-test showed a statistically significant dif-
ference in stereopsis before and after spectacle correction, 
t = 3.567, P <0.001 (tab. 2).
To find the influence of duration of onset of squint, histo-
ry of squint among family members, amblyopia, amblyopia 
therapy, refractive error, extraocular movement disorder, 
and the degree of squint present after optical correction of 
the refractive error on stereoacuity outcomes in RAE, an 
Independent sample t-test was applied. Results are summa-
rized in tables 3 and 4.
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TABLE 1

Orthoptics assessment.
Variables Min Max M (±SD)

Hirschberg (ob-
jective angle)

1° 35° 13.02 (±7.80)

PCT Aided

Near 0 70 ∆ 15.31 (±16.39)

Distance 0 70 ∆ 15.11 (±16.09)

Krimsky (aided) 0 55 ∆ 7.93 (±14.95)

TABLE 2

Comparison of stereopsis before and after glasses (n = 45).
Variable Mean (±SD) t (df) P-value

Stereopsis 
(unaided)

634.22 
(±681.89)

3.567 (44) 0.001

Stereopsis 
(aided)

295.56 
(±218.71)

*statistically significant P <0.05.

The results demonstrated that there was a statistically sig-
nificant correlation between the history of patching, PCT 
(near), and stereo acuity without refractive correction, with 
t = -3.63, P = 0.001, and t = 2.34, P = 0.02, respectively. But, 
no statistically significant association was present between 
the duration of misalignment, the family history of squint, 
relationship with the patient, duration of patching, hours of 

patching, refractive error, EOM, and stereo acuity without 
refractive correction, as P >0.05.
The results of the independent t-test showed that statisti-
cally no significant association was found between duration 
of misalignment, family history of squint, relationship with 
the patient, history of patching, duration of patching, hours 
of patching, range of PCT (near), refractive error, EOM, 
stereo acuity with refractive correction as P >0.05.

Discussion
The purpose of the current study was to determine the de-
gree of stereopsis and factors that influence stereopsis in 
patients with RAE. The Titmus Fly stereo test was used to 
measure stereopsis at a 40 cm distance. The Titmus Fly ste-
reo test was inducted as a basic test on condition of conten-
tion, only the readings of this test were taken into account. 
The Titmus stereo test was easy to understand for children 
as well as for adults. Moreover, it was feasible to conduct the 
study with this test.
Refractive adaptation capacity along esotropia is examined 
as the eye’s inward deflection, associated with accommoda-
tion reflex activation. By employing full cycloplegic refrac-



8
Co p y r i g h t  ©  M e d i c a l  E d u c a t i o n Vo l .  1 3 / N r  2 ( 5 0 ) / 2 0 2 6  (A 0 0 0 8 )

TERAPIE ZACHOWAWCZE	 CONSERVATIVE TREATMENT

TABLE 3

Factors affecting stereo acuity outcomes (without refractive correction).
Variable Mean (±SD) t (df) P-value

Duration of misalignment

<2.211 689.41 (±768.11) 1.50 (42.99) 0.14

≥2.11 463.64 (±237.79)

Family history

Yes 777.78 (±868.58) 0.58 (10.25) 0.57

No 598.33 (±636.76)

Relationship with patient

First degree relative 514.29 (±279.45) -1.19 (9) 0.26

Second degree relative 1100.0 (±1290.11)

History of patching

Yes 448.24 (±233.45) -3.63 (43.0) 0.00

No 1209.09 (±1176.8)

Duration of patching

<1.93 746.21 (±819.44) 1.50 (43.0) 0.14

≥1.93 431.25 (±205.64)

Hours of patching

<1.53 791.30 (±911.0) 2.34 (42.81) 0.11

≥1.53 470.0 (±222.51)

Refractive correction

<4.15 552.38 (±608.78) -0.76 (42.81) 0.45

≥4.15 705.83 (±5.50)

PCT (near)

<15.31 828.46 (±830.77) 2.34 (43.0) 0.02

≥15.31 368.42 (±221.24)

EOM

Full 700.0 (±788.22) 1.46 (41.43) 0.11

Partially restricted 472.31 (±244.88)

EOM – extraocular muscle’s movement; PCT – prism cover test.

tive adjustment, it can be eliminated with residual esodevia-
tion of less than 8–10 prism diopters [15, 16]. RAE typically 
starts at the age of 2–3 years, after the stereopsis has mark-
edly developed. Hence, according to some authors, the ma-
jority of children with RAE should have a good chance of 
developing binocular sensory functions if diagnosed early 
[15, 17]. In stereopsis, two different 2D images of the object 
combined to create a  3D representation of that image i.e. 
depth perception in the visual world around us [18].
The findings of this study suggested that the degree of ste-
reopsis improved after wearing full optical correction in 
RAE patients, as both the factors (stereo acuity and refrac-
tive correction) in RAE patients were significantly related 
to each other as (P = 0.001) which is statistically significant. 
These results were supported by a Japanese study that found 
that the patients who were using full refractive correction 
and had minimal residual esodeviation at near and distance 

could achieve a  higher level of stereo acuity [19]. Similar 
results were shared by another study, which showed that 
stereopsis becomes good (i.e. 85 sec of arc), after refractive 
correction in smaller deviations [12]. The study conducted 
in Karachi Pakistan also shared similar results stating that 
7 participants exhibited weak stereopsis i.e. (340 sec of arc) 
so far, following refractive correction, they acquired good 
stereopsis i.e. (85 sec of arc) whereas 3 of them showed mild 
stereopsis (170 sec of arc) which was improved after wearing 
spectacles correction with a p-value of 0.018 [20].
Considering the elements that influence stereo acuity out-
comes in RAE, results of the present study depicted that 
only the degree of misalignment and presence of amblyopia 
were significantly associated with stereo acuity without re-
fractive correction, with P <0.05 which means stereo acuity 
in RAE patients is influenced by amblyopia and magnitude 
of constant misalignment. Duration of misalignment, family 
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TABLE 4

Factors affecting stereo acuity outcomes (with refractive correction).
Variable Mean (±SD) t (df) P-value

Duration of misalignment

<2.211 282.94 (±223.44) -0.70 (18.04) 0.49

≥2.211 334.55 (±208.63)

Family history

Yes 217.78 (±140.87) -1.59 (20.34) 0.12

No 315.0 (±231.63)

Relationship with patient

First degree relative 208.57 (±136.06) -0.73 (5.83) 0.49

Second degree relative 275.00 (±150.00)

History of patching

Yes 298.24 (±199.84) 0.12 (13.44) 0.90

No 281.27 (±280.32)

Duration of patching

<1.93 302.07 (±212.76) 0.25 (28.43) 0.49

≥1.93 283.75 (±235.76)

Hours of patching

<5.13 259.13 (±212.76) -1.14 (41.94) 0.25

≥5.13 333.64 ±2 30.22)

Refractive correction

<4.14 287.62 (±214.8) -0.22 (43) 0.82

≥4.14 302.50 (±226.45)

PCT (near)

<15.31 333.85 (±261.42) 1.38 (43) 0.17

≥15.31 243.16 (±130.34)

EOM

Full 258.13 (±187.64) -1.59 (17.01) 0.12

Partially restricted 387.64 (±267.40)

EOM – extraocular muscle’s movement; PCT – prism cover test.

history of squint, relationship with the patient, refractive er-
ror, EOM, duration of patching, and hours of patching had 
no statistically significant relation with stereo acuity without 
refractive correction, as P >0.05. This study was somewhat 
similar to the one conducted in Turkey, which reported that 
poor stereo acuity was significantly related to the presence 
of amblyopia [21]. Uretmen et al. concluded that stereo acu-
ity was found to be impacted adversely by persistent mis-
alignment observed at any visit in patients with RAE [22].
A study conducted in Pakistan showed that stereopsis was 
significantly linked with the angle of deviation in patients of 
RAE [12]. Guclu et al. concluded that due to the late pres-
entation of patients for getting treatment, low stereo acuity 
was mostly associated with amblyopia. Adequate refractive 
correction and patching therapy during RAE were vital for 
the development of stereopsis. The deviation angle at near 
and the period of misalignment could also be inferred as 

a cause for poor stereoacuity [13]. According to Fawcett et 
al., the period of misalignment in RAE patients was correlat-
ed with fine random stereo acuity. However, in this study, no 
considerable association was observed between stereo acuity 
outcomes and duration of constant misalignment in RAE. 
Even though the duration of constant misalignment was as-
sessed using the same methodology as Fawcett et al. These 
results were interpreted tentatively because the history giv-
en by the parents was used as a basis for this methodology 
[23]. If the eyes were properly aligned before or soon after 
the commencement of constant deviation, many researchers 
claimed that binocular single function (BSF) would be excel-
lent [22]. Another study showed that the degree of deviation 
without correction harmed binocular vision and stereopsis 
in RAE. Some other factors, such as anisometropia, age of 
onset of deviation, period of deviation before treatment, high 
hypermetropia, and high AC/A, did not cause impaired bin-
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ocular function [24]. Iqbal et al. accomplished the results of 
their study as the children with RAE had good visual acuity, 
ocular alignment, and BSV with Spectacles correction but 
their study didn’t measure stereopsis in those patients [25].
Çakır et al. reported that there are certain risk factors for the 
development of stereopsis, such as inferior oblique overac-
tion, best corrected visual acuity in amblyopia, and alterna-
tion of fixation in patients with RAE and amblyopia [26]. 
Similar results were shared by Mulvihill et al.; however, they 
did not emphasize risk factors [11].

CONCLUSIONS
It was concluded from the study that stereo acuity in RAE 
was improved after wearing optical correction. To restore 
orthotropia at all fixation distances, early optical correction 

of underlying refractive error was essential. It was also im-
portant for the stability of stereopsis, and is crucial for the 
stability of stereopsis. It was determined that constant eye 
misalignment, even after wearing spectacles, posed a  risk 
factor for poor stereo acuity. Hence, to reduce the delete-
rious effects of ongoing ocular misalignment on stereopsis, 
it was important to ensure that ortho position was achieved 
and maintained by prescribing appropriate optical correc-
tion. It was also found that the presence of amblyopia was 
associated with poor stereo acuity, therefore, treatment of 
amblyopia was necessary for the progress of good stereop-
sis. To achieve better results, parents should be reminded of 
the significance of consulting an eye physician at the start 
of symptoms and encouragement of children to wear their 
glasses at all times, promptly to reduce the severe effects of 
constant deviation on stereopsis in RAE. 
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