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Abstract 

Background Children with visual impairment often exhibit poor postural control. However, the effects of strabismus 
on oculomotor system components and its impact on balance in children are not yet fully understood. This study 
aims to determine the potential effects of oculomotor functions on balance skills in children with strabismus.

Methods A total of 30 children aged between 6 and 10 years participated in this study. Fifteen children diagnosed 
with strabismus were included in the strabismus group (8.07 ± 1.33 years), and 15 healthy children without any vision 
problems were included in the control group (8.03 ± 1.49 years). All children underwent a comprehensive hearing 
evaluation, bedside neurological and balance examinations, the Pediatric Balance Scale (PBS) assessment to assess 
balance function, and Videonystagmography (VNG) tests to measure oculomotor function.

Results In the saccade test, no significant differences were found between the groups in terms of latency, accuracy, 
and speed (p > 0.05). The strabismus group showed significantly lower pursuit test gains (except the left eye at 0.4 Hz) 
(p < 0.05) and significantly higher asymmetries (except the right eye at 0.4 Hz) (p < 0.05). No significant difference 
was observed between the groups in optokinetic test gains (p > 0.05). The strabismus group had significantly lower 
scores on the 360-degree rotation task (10th item) (p = 0.027) and total PBS scores (p = 0.029). Correlation analysis 
revealed statistically significant negative correlations between strabismus angle and optokinetic test gains, pursuit 
test gains, and PBS total scores, with varying correlation strengths (p < 0.05 and − 0.639 < r <  − 0.338).

Conclusions Strabismus adversely affects the optokinetic and pursuit systems, as well as balance in children. Fur-
thermore, an increase in the strabismus angle is associated with greater adverse effects on these functions. The lower 
scores obtained in the PBS scores of the strabismus group indicate that strabismus may negatively affect balance skills 
in activities of daily living. Early intervention and targeted therapies should be considered to mitigate these effects 
and support the development of balance skills in children with strabismus.
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Background
Balance is the adaptation of body position to changing 
situations and ensuring postural stability. Three systems, 
namely the visual system, proprioceptive system, and ves-
tibular system, are involved in maintaining balance [1]. A 
disorder in any of these systems can affect the other two 
systems and negatively impact balance [2, 3]. Abnormal 
balance affects the harmony in gross and fine motor 
movements in children and leads to poor academic per-
formance, delayed social development, and impaired 
general health [4].
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Visual impairments affect balance skills and cause sen-
sory reweighting of the balance inputs in the acute period 
[5]. The importance of visual information for balance 
control is evident in two phenomena: postural stabil-
ity decreases significantly when the eyes are closed, and 
postural sway increases when a large portion of the visual 
environment moves [6–8].

Strabismus is a common visual disorder in infancy and 
is observed in approximately 2.5% of children under the 
age of 7 [9]. Strabismus is defined as the misalignment of 
the visual axes of the eyes, where both eyes are unable to 
simultaneously direct their fovea at the same object [10]. 
The etiology of childhood strabismus is not fully known, 
but both genetic and environmental factors are thought 
to contribute [11].

Children with strabismus are reported to have lower 
postural control compared to their peers without stra-
bismus [12]. Studies focusing on postural control after 
oculomotor surgical realignment of the eyes have 
reported improvements in postural stability after sur-
gery in children with strabismus [13–16]. Although sur-
gical approaches to the oculomotor system have shown 
improvements in postural stability, the effects of stra-
bismus on the components of the oculomotor system 
and its contribution to balance skills are not yet fully 
understood.

Videonystagmography (VNG) is currently the most 
widely used method for recording eye movements and 
allows the evaluation of oculomotor functions with ocu-
lomotor tests (including saccade, pursuit, optokinetic, 
gaze, spontaneous nystagmus tests) [17]. VNG can also 
be used as an auxiliary tool in the clinical examination of 
children with strabismus [18].

We hypothesize that changes in visual system inputs 
resulting from strabismus may affect oculomotor func-
tion. Knowledge of these effects may improve the reha-
bilitative approach to patients with balance impairment 
and additional visual impairment. Accordingly, our study 
aims to evaluate oculomotor functions in children with 
strabismus and to determine the possible consequences 
of strabismus on balance skills.

Methods
Participants
The sample size for the study was determined using a pre-
hoc power analysis conducted with GPower 3.1.9.7 soft-
ware. The analysis was based on the average effect size 
values recommended by Cohen [19]. It was determined 
that a total of 30 participants, comprising 15 children 
in the normal group and 15 children in the strabismus 
group, would be required to perform the statistical analy-
ses with a 95% confidence interval and a power of 0.8.

A total of 30 children aged between 6 and 10 years were 
included in the study. The children were divided into two 
groups, the strabismus group and the control group. Fif-
teen children (8 females, 7 males) diagnosed with strabis-
mus constituted the study group (8.07 ± 1.33 years) and 15 
healthy children (8 females, 7 males) without vision prob-
lems constituted the control group (8.03 ± 1.49 years).

Children in the study group were included based on the 
following criteria: no vestibular disorders, normal hear-
ing findings, and visual acuity sufficient to see the visual 
target used in the VNG test for both eyes. Children were 
excluded from the study group if they had any ophthal-
mologic disease other than strabismus, history of surgery, 
or neurological, psychiatric, systemic, and/or orthopedic 
disorders. All children in the study group had esotropia. 
The control group consisted of typically developing chil-
dren without any vision problems.

Hearing evaluation
Hearing evaluations of all participants were performed in 
a soundproof test chamber using a GSI AudioStar Pro™ 
(Grason Stadler Inc., Eden Prairie, MN, USA) clinical 
audiometer. TDH 39 over-the-ear headphones were used 
for air-conduction stimulation, and the Radioear B-71 
bone vibrator was used for bone conduction stimula-
tion. Pure tone audiometry and speech audiometry were 
administered to all participants. The pure tone average 
was calculated as the arithmetic mean of the hearing 
thresholds obtained at 500, 1000, 2000, and 4000  Hz in 
both ears. Children with air-conduction hearing thresh-
olds within normal limits and an air–bone gap of no 
more than 10 dB were included in the study.

GSI TympStar Pro™ (Grason Stadler Inc., Eden Prai-
rie, MN, USA) was used to evaluate middle ear function 
and acoustic reflex. In the evaluation, tympanograms 
obtained by using 85  dB SPL (Sound Pressure Level) 
stimulus at 226  Hz in the pressure range of + 200 to 
–  400  daPa. Tympanograms were evaluated using the 
classification of Jerger [20]. Children with type A tym-
panogram were included in the study. 95  dB HL (Hear-
ing Level) and above stimuli were used to examine the 
presence of ipsilateral and contralateral acoustic reflexes 
at 500, 1000, 2000, and 4000 Hz. Children with bilateral 
ipsilateral and contralateral acoustic reflex responses 
were included in the study.

Bedside examination methods
In order to exclude participants with peripheral and cen-
tral vestibular pathology from the study, Fukuda Stepping 
Test [21, 22], Tandem Gait Test [23], Dysdiadokinesia 
Test [24], Finger-Nose Test [25] and Past-Pointing Test 
[22] were applied to all children. The results of these tests 
were normal for all participants in the study.
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Videonystagmography (VNG)
Micromedical Technologies INC. VisualEyes™ 4-chan-
nel VNG (Chatham, US) and Spectrum 9 software were 
used to record a separate VNG recording for each child. 
The following tests of the VNG instrument were admin-
istered to all children.

Saccade test
The participants were asked to look simultaneously at 
a visual stimulus illuminated consecutively at different 
locations on the horizontal axis on a light board without 
moving their heads. Stimuli were presented randomly in 
varying directions, time, and distance. The test was ter-
minated after a total of 30 jumps were presented. Speed, 
accuracy, and latency were evaluated for both eyes.

Pursuit test
The participants were instructed to simultaneously fol-
low a visual stimulus of different frequencies (0.1, 0.2, 
and 0.4 Hz) moving left and right on a light board with 
their eyes without moving their heads. The visual stimu-
lus was presented for 40 s at 0.1 Hz, 20 s at 0.2 Hz, and 
15 s at 0.4 Hz. Gain and asymmetry values were assessed 
separately for both eyes at all frequencies.

Optokinetic test
Visual stimuli flowing from right to left and left to right 
were presented to each participant. Each direction was 
recorded for 15  s with a visual stimuli speed of 30°/s. 
Gain values were evaluated separately for both eyes.

Gaze test
The patient was instructed to look at a target 20° to the 
right and left, 15° above and below the midline without 
moving their head. Each direction was recorded for 20 s 
and the presence of nystagmus was examined. None of 
the participants had gaze-evoked nystagmus.

Spontaneous nystagmus test
A 30-s recording was taken for both fixation and non-
fixation conditions separately and the presence of spon-
taneous nystagmus was examined. Children without 
spontaneous nystagmus were included in the study.

Dix-Hallpike and Roll Tests: Participants were exam-
ined for the presence of vestibular pathology by applying 
positional tests. Children whose eye movements were 
recorded and who were free of dizziness, nausea, and 
nystagmus were included in the study.

Pediatric balance scale (PBS)
The PBS assesses children’s functional balance in activi-
ties of daily living. The scale consists of 14 items and each 
item is scored between 0–4. A higher total score indicates 

a better balance function [26]. In order to compare the 
balance skills between the strabismus and control groups, 
the PBS was applied to all children in the study, each item 
was scored between 0 and 4, and the total score obtained 
by the children was calculated.

Ethical considerations
This study was approved by a local ethics committee 
(number: B.30.2.ODM.0.20.08/1774–1790). The study 
was conducted in accordance with the ethical principles 
stated in the Declaration of Helsinki. Voluntary con-
sent forms were obtained from all participants and their 
caregivers.

Data analysis
The statistical analysis of the data set was performed 
using IBM SPSS Statistics version 29 (IBM, NY, USA). 
The Shapiro–Wilk test was employed to assess the nor-
mality of the data. The internal consistency of the PBS 
items was evaluated through Cronbach’s alpha. Descrip-
tive statistics, including mean, standard deviation, and 
percentages, were utilized to visually inspect the data. 
Pearson correlation analysis was applied to parametric 
data, while Spearman correlation analysis was used for 
nonparametric data to identify potential correlations. For 
comparing the means of independent samples, the Inde-
pendent Samples t-test was used for parametric data, and 
the Mann–Whitney U test was applied for nonparamet-
ric data. Results with a p-value of less than 0.05 were con-
sidered statistically significant.

Results
This study included a total of 30 children aged 6 to 10, 
divided into two groups: a study group (strabismus 
group) of 15 children (8 females, 7 males) diagnosed with 
strabismus (8.07 ± 1.33 years), and a control group of 15 
healthy children (8 females, 7 males) without any vision 
problems (8.03 ± 1.49  years). Demographic findings of 
both groups are listed in Table 1.

Videonystagmography test
Saccade test
The average latencies of saccadic eye movements for the 
left eye leftward, left eye rightward, right eye leftward, 
and right eye rightward saccadic movement in both the 
study and control groups are shown in Table 2. No statis-
tically significant differences were found in the latencies 
of saccadic eye movements between the study and con-
trol groups (p > 0.05). However, the study group exhib-
ited higher average latencies for saccadic eye movements 
compared to the control group.

The mean accuracy (%) of saccadic eye movements of 
all children in the study and control groups was within 
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normal limits. Hypermetric saccades were not observed 
in saccadic eye movements in all children in the study 
and control groups. Hypometric saccades were observed 
in saccadic eye movements in some children in both 
groups. The frequency of hypometric saccades in sac-
cadic eye movements in the strabismus and control 
groups is shown in Table 3. There was no statistically sig-
nificant difference between the study and control groups 

in terms of the frequency of hypometric saccades in sac-
cadic eye movements (p > 0.05).

In all children in the strabismus and control groups, 
the speed and accuracy of saccadic eye movements were 
within normal limits. There was no significant difference 
between the groups regarding the speed and accuracy of 
saccadic eye movements (p > 0.05).

Pursuit test
The mean gain values for the right and left eyes of the 
strabismus and control groups in the pursuit test at fre-
quencies of 0.1, 0.2, and 0.4 Hz are shown in Table 4. A 
statistically significant difference in pursuit gain was 
found between the study and control groups at all fre-
quencies (p < 0.05) except for the left eye at 0.4  Hz 
(p > 0.05), with the study group showing lower gain aver-
ages for both eyes at 0.1, 0.2, and 0.4 Hz.

The mean right and left eye asymmetry (%) in the 
pursuit test at frequencies of 0.1, 0.2, and 0.4 Hz for the 
strabismus and control groups are shown in Table  5. A 
statistically significant difference in asymmetry was 
found between the strabismus and control groups at all 
frequencies except for the right eye at 0.4 Hz. The stra-
bismus group exhibited higher mean asymmetry for both 
eyes in the pursuit test at 0.1, 0.2, and 0.4 Hz compared to 
the control group.

Optokinetic test
The mean right and left eye gains of the strabismus and 
control groups in response to leftward and rightward 
flowing stimuli at a speed of 30°/s in the optokinetic test 
are shown in Table 6. There was no statistically significant 

Table 1 Demographics of the sample

M mean, SD standard deviation, VA visual acuity, SA strabismus angle, ∆D prism 
diopter

Strabismus Control p
(M ± SD)   (M ± SD)

Sample size 15 15 –

Age (years) 8.07 ± 1.33 8.03 ± 1.49 0.853

Age at strabismus diagnosis (years) 3.45 ± 2.16 – –

VA with right eyeglass 0.93 ± 0.11 – –

VA with left eyeglass 0.87 ± 0.18 – –

VA without the right eyeglasses 0.79 ± 0.22 – –

VA without left eyeglass 0.80 ± 0.24 – –

SA with glasses(∆D) 17.40 ± 12.93 – –

SA without glasses (∆D) 40.43 ± 17.02 – –

Table 2 Descriptive data for saccadic eye movements of each 
group

Saccade test

Latency (ms) Group Mean ± SD p

Left eye leftward saccade Strabismus group
Control group

247.60 ± 39.22
229.00 ± 31.77

p > 0.05

Left eye rightward saccade Strabismus group
Control group

246.53 ± 38.42
230.20 ± 28.55

Right eye leftward saccade Strabismus group
Control group

243.40 ± 38.48
228.87 ± 31.80

Right eye rightward sac-
cade

Strabismus group
Control group

251.13 ± 40.36
228.13 ± 28.92

Table 3 Frequency of hypometric saccades in saccadic eye 
movements and their statistical comparisons for both groups

Hypometric saccade Groups n % p

Left eye leftward saccade Strabismus group
Control group

6–40%
5–33%

p > 0.05

Left eye rightward saccade Strabismus group
Control group

8–53%
5–33%

Right eye leftward saccade Strabismus group
Control group

6–40%
6–40%

Right eye rightward saccade Strabismus group
Control group

8–53%
6–40%

Table 4 The right and left eye pursuit gain values at each 
frequency for both groups

* : statistically significant (p < 0.05)

Pursuit test

Gain Groups Mean ± SD p

0.1 Hz Left eye Strabismus group
Control group

0.81 ± 0.15
0.91 ± 0.11

p = 0.036*

Right eye Strabismus group
Control group

0.68 ± 0.22
0.90 ± 0.10

p = 0.002*

0.2 Hz Left eye Strabismus group
Control group

0.85 ± 0.13
0.98 ± 0.07

p = 0.002*

Right eye Strabismus group
Control group

0.77 ± 0.23
0.96 ± 0.07

p = 0.042*

0.4 Hz Left eye Strabismus Group
Control group

0.88 ± 0.15
0.94 ± 0.06

p > 0.05

Right eye Strabismus group
Control group

0.76 ± 0.19
0.93 ± 0.06

p = 0.002*
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difference in optokinetic test gains between the two 
groups (p > 0.05).

Gaze test
None of the children in the strabismus or control group 
showed nystagmus in the gaze test when looking to the 
right, left, up, and down.

Pediatric balance scale (PBS)
In the study and control groups, the scores of the PBS 
items and the PBS total score were evaluated. First, it was 
determined that the PBS had high internal consistency 
(α = 0.851). All children in both groups scored the same 
and achieved the highest score (4 points) on items 1, 2, 
4, 5, 6, 7, 8, and 12 of the PBS. Consequently, these items 
were excluded from further statistical comparisons, and 

their descriptive statistics are not presented in the table 
below (Table 7). The mean scores for PBS items 3, 9, 10, 
11, 13, and 14, and the PBS total scores obtained from the 
study and control groups are shown in Table 7. A statis-
tically significant difference was found between the stra-
bismus and control groups with the strabismus group 
scoring lower on PBS item 10 (turning 360°) (p = 0.027) 
and the total score (p = 0.029).

Correlation analysis revealed statistically significant 
negative correlations between the strabismus angle and 
optokinetic test gains, pursuit test gains, and PBS total 
scores, with correlation coefficients ranging from − 0.639 
to − 0.338 (p < 0.05). The detailed results of the correla-
tion analysis are presented in Fig. 1.

Discussion
The formation of saccadic eye movements involves the 
visual cortex, parietal cortex, frontal cortex, superior col-
liculus, and brainstem. Motor impulses generated and 
mediated by these structures reach the extraocular mus-
cles to initiate saccadic movements. Saccadic eye move-
ments, which can be voluntary or reflexive, are rapid 
shifts from one target to another [27]. Bucci, Seassau 
[28] stated that saccade latency decreases with age, and 
saccade maturation is completed by the age of 12. Many 
studies have reported that the mean saccade latency 
in children is longer compared to adults [29, 30]. It has 
been reported that saccade latency tends to be longer in 
children with strabismus compared to typically devel-
oping children, but this difference is significant only on 
an individual basis [31]. In our study, no significant dif-
ference was found between the strabismus and control 
groups regarding saccade latency (p > 0.05). Based on 
these latency findings, the saccadic system functions of 
the strabismus group appear to be similar to those of the 
control group, suggesting that the effects of strabismus 
on the saccadic system are well compensated. However, 

Table 5 Mean right and left eye asymmetry by frequency in the 
pursuit test for both groups

* : statistically significant (p < 0.05)

Pursuit test

Asymmetry (%) Groups Mean ± SD p

0.1 Hz Left eye Strabismus 
group
Control group

12.80 ± 12.89
5.20 ± 5.45

p = 0.032*

Right eye Strabismus 
group
Control group

12.07 ± 9.59
4.40 ± 4.70

p = 0.009*

0.2 Hz Left eye Strabismus 
group
Control group

10.67 ± 9.25
3.13 ± 2.88

p = 0.008*

Right eye Strabismus 
group
Control group

11.13 ± 13.55
3.47 ± 3.16

p = 0.027*

0.4 Hz Left eye Strabismus 
group
Control group

8.67 ± 9.52
4.33 ± 4.81

p = 0.041*

Right eye Strabismus 
group
Control group

10.93 ± 11.34
4.53 ± 4.88

p > 0.05

Table 6 Mean right and left eye gains by stimulus direction in 
the optokinetic test for both groups
Optokinetic test

Gain Groups Mean ± SD p

Leftward 
flowing 
stimuli (L 
30°/sn)

Left eye Strabismus group
Control group

0.73 ± 0.23
0.80 ± 0.11

p > 0.05

Right eye Strabismus Group
Control group

0.73 ± 0.23
0.79 ± 0.11

Rightward 
flowing 
stimuli (R 
30°/sn)

Left eye Strabismus group
Control group

0.69 ± 0.23
0.72 ± 0.12

Right eye Strabismus group
Control group

0.70 ± 0.25
0.73 ± 0.13

Table 7 Item scores (for items 3, 9, 10, 11, 13, and 14) and total 
score averages of the PBS for both groups

* : statistically significant (p < 0.05)

PBS Strabismus Group Control Group
Mean ± SD  Mean ± SD   p

3rd item 3.93 ± 0.26 4 p > 0.05

9th item 3.80 ± 0.41 3.93 ± 0.26 p > 0.05

10th item 3.33 ± 0.90 3.93 ± 0.26 p = 0.027*
11th item 3.80 ± 0.41 4 p > 0.05

13th item 3.80 ± 0.41 4 p > 0.05

14th item 3.58 ± 0.54 3.69 ± 0.49 p > 0.05

Total 54.25 ± 1.74 55.56 ± 0.53 p = 0.029*
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the high standard deviations in the strabismus group 
imply a more individualistic phenomenon underlying this 
finding. We believe that the underlying factor affecting 
this standard deviation is the strabismus angle, which we 
will discuss later in this section.

Hypermetric saccades are mostly associated with cer-
ebellar pathologies [32]. In our study, hypermetric sac-
cades were not observed in any child. Kapoula, Bucci 
[33], reported that hypometric saccades were observed in 
eccentrically located targets in both typically developing 
and strabismic children. Similarly, in our study, hypomet-
ric saccades were observed in some children in both the 
strabismus and control groups, with no statistically sig-
nificant difference in their frequency between the groups 
(p > 0.05). These findings suggest that the hypometric 
saccades observed in both groups are likely not related 
to pathology but rather to the natural functioning of the 
saccadic system.

Studies have suggested that the brainstem connections 
controlling the peak velocity of saccades are well devel-
oped by the age of 6 years [28, 30, 34]. In our study, no 

significant difference was found between the saccadic 
peak velocities of children in the strabismus and control 
groups (p > 0.05). This suggests that the development of 
the saccadic firing generator in the brainstem is compara-
ble in both groups.

The pursuit mechanism stabilizes moving objects on 
the fovea by providing retinal shift through open-loop 
and closed-loop systems [35]. Studies have reported that 
pursuit gains are lower in children with strabismus com-
pared to typically developing children [18]. In our study, 
pursuit test gains in the strabismus group (except for 
the left eye gain at 0.4 Hz) were statistically significantly 
lower than those in the control group (p < 0.05).

The pursuit system relies on binocular coordination to 
stabilize images on the fovea. Failure to achieve this coor-
dination results in asymmetries [36]. Lions et  al. [37], 
reported that binocular pursuit coordination is impaired 
in children with strabismus. In our study, pursuit asym-
metries (except for right eye asymmetry at 0.4 Hz) were 
significantly higher in the strabismus group compared 
to the control group (p < 0.05). Furthermore, since there 

Fig. 1 Correlation analysis results between strabismus angle and VNG subtest results and PBS total scores
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were no central lesions in the strabismus group, it is sug-
gested that the observed pursuit asymmetries are likely 
attributable to strabismus itself.

The pursuit system is crucial for maintaining dynamic 
balance. However, pursuit stimuli not associated with 
dynamic balance activities cause retinal flow unrelated 
to movement, increasing postural oscillation and limit-
ing balance skills [38]. In our study, the lower pursuit 
gains and higher asymmetries in the strabismus group 
compared to the control group (p < 0.05) suggest that 
the pursuit mechanism struggles to stabilize images on 
the fovea in children with strabismus. Consequently, 
the retinal shift following movements involving the pur-
suit mechanism may not adapt to peripheral motion, 
causing the target image to remain outside the fovea. 
Given that pursuit stimuli negatively impact dynamic 
balance even in typically developing individuals [38], it 
is suggested that strabismus-related impairments in the 
pursuit system may adversely affect dynamic balance.

Optokinetic eye movements stabilize gaze when the 
visual scene is variable and the viewer’s body move-
ments are constant [32]. In our study, no statistically 
significant difference was found between the stra-
bismus and control groups in optokinetic nystagmus 
gains (p > 0.05). However, the strabismus group exhib-
ited much higher standard deviations compared to the 
control group. Due to the high standard deviations in 
strabismus angles within the strabismus group, this 
variability may have masked any statistically significant 
differences in optokinetic nystagmus scores between 
the two groups. This suggests that strabismus may have 
varying individual effects on optokinetic nystagmus 
gains depending on the strabismus angle.

We found that an increase in strabismus angle nega-
tively affects pursuit system gains, optokinetic system 
gains, and the total scores of the PBS, with varying cor-
relation strengths (p < 0.05 and − 0.639 < r <  − 0.338) 
(Fig. 1). Specifically, the correlations indicate that larger 
strabismus angles are associated with lower gains in 
both the pursuit and optokinetic systems, as well as 
lower overall balance performance as measured by the 
PBS. These findings suggest that the severity of strabis-
mus can have a significant impact on multiple aspects 
of visual and balance function, highlighting the impor-
tance of considering individual variability in clinical 
assessments and interventions.

Some studies have reported worse balance and opto-
kinetic function in children diagnosed with strabismus 
compared to their typically developing peers [12, 18]. 
However, to our knowledge, there is no study in the 
literature that analyzes the correlation between stra-
bismus angle and oculomotor or balance function. Our 
study contributes to the literature by providing this 

analysis, which suggests a negative correlation between 
strabismus angle and oculomotor and balance func-
tions. Nevertheless, more studies are needed to further 
substantiate this claim.

The Pediatric Balance Scale (PBS) has been used in the 
literature to assess functional balance skills in daily activ-
ities across various pathologies, including visual impair-
ment, and in typically developing pediatric populations 
[39–42]. In one study, the balance skills of children with 
strabismus were evaluated using PBS, and a statistically 
significant difference in the total PBS score was found 
between the strabismus group and an age-matched con-
trol group [12]. In our study, consistent with the litera-
ture, the strabismus group had a statistically significantly 
lower total PBS score compared to the control group 
(p = 0.029). Specifically, in the 360° rotation activity of 
the 10th item on the PBS, the strabismus group scored 
significantly lower than the control group (p = 0.027). 
This may be associated with dysfunctions in the pursuit 
mechanism. Rotation around oneself primarily involves 
the optokinetic nystagmus (OKN) mechanism. However, 
optokinetic stimulation is known to coordinate not only 
the OKN system but also the pursuit system [32]. Con-
sequently, it is suggested that children with strabismus 
may struggle to stabilize their balance under conditions 
where target objects or the individual move excessively or 
rapidly.

Conclusions
The results of our study evaluating oculomotor functions 
in children with strabismus showed that gaze, spontane-
ous nystagmus, saccade, and optokinetic functions were 
similar between typically developing children and those 
with strabismus. However, children with strabismus 
exhibited lower gains and higher asymmetry in the pur-
suit system compared to their typically developing peers. 
These disturbances in oculomotor functions due to stra-
bismus may adversely affect balance skills in daily living 
activities.

Further studies with larger sample sizes are needed to 
establish clinical evaluation standards for children with 
strabismus. Additionally, the effects of possible oculo-
motor dysfunctions on the balance system in preschool 
children with strabismus should be investigated in detail. 
Rehabilitation programs that can strengthen the balance 
system should be developed and implemented.
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