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BACKGROUND/AIMS

Balance is constituted through the integration of vestibular, proprioceptive, and visual and motor neurophysiology systems. Any dis-
crepancies in any one of these systems may negatively influence the overall balance and postural stability. This study aimed to evaluate
balance in children with poor vision.

MATERIAL and METHODS

The subjects of the present study were children with poor vision. The mean age of the children in the study group (n=20) was 7.35:1.92
years, while that of the children in the control group with healthy vision was 8.2+1.10 years. All subjects were assessed with the Functional
Reach Test, Romberg Test, Single Leg Stance Test (eyes open and closed), Pediatric Berg Balance Scale (PBBS), Modified Clinical Test of
Sensory Interaction on Balance (mCTSIB), and The Timed Up & Go (TUG) Test.

RESULTS

The results showed that children with poor vision performed relatively poorer than healthy children in the Functional Reach Test, Rom-
berg Test, Single Leg Stance Test (eyes open and closed), PBBS, mCSTIB, and TUG tests (p=0.00). We noted that children with poor vision
had to strain more to preserve their postural stability in the Single Leg Stance Tests and the mCSTIB Test with closed eyes relative to that
with opened eyes (p=0.00).

CONCLUSION
Our findings indicate that children with poor vision have weaker balance relative to their healthy peers. Thus, inadequate level of visual
input negatively influences the body balance in children.
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INTRODUCTION

Balance is constituted through the integration of the vestibular, proprioceptive, and visual system. Since children’s first
interactions with their environment occur through a sense of touching and vision, it is crucial for children to develop and
maintenance their balance skills. Any discrepancies in any one of these systems may negatively impact the overall bal-
ance and postural stability in an individual (1).

Past studies have reported that vision is pivotal in terms of the preservation of postural stability (2-4). It has been pro-
posed that the decrease in the postural stability increases the risk of fall in individuals with poor vision (5, 6).

According to the World Health Organization (WHO) (), poor vision is defined as visual acuity of <6/18 but 23/60 or a cor-
responding visual field loss of <20°, in the better eye with the best possible correction (ICD-10 visual impairment catego-
ries | and 2) (4, 7). Poor vision may be congenital or hereditary and reflect the situation in which vision cannot be repaired
with the help of glasses, contact lenses, and medical or surgical freatments. Individuals with poor vision utilize from the
vestibular and proprioceptive systems more in order to compensate for their visual dysfunctions (6).

It is already known that vision plays a dominant role in the process of coding and maintenance of other sensory infor-
mation. It has been discovered that, when healthy and visually impaired subjects are evaluated in accordance with eyes-
closed experiments, the stability is decreased and other sensory inputs cannot completely compensate for the visual
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inputs (3, 8). Whether poor vision is congenital or hereditary is
also crucial for determining the balance (9).

Some past studies have compared the balance scores of visual-
ly impaired and healthy individuals (5, 9), and only a limited num-
ber of studies compared the balance scores between healthy
individuals and individuals with low vision (3, 5, 10). These stud-
ies especially indicate that single-leg stance on a foam surface
with eyes opened and closed increases the postural instability
and body sway (5, I1).

The aim of the present study was to evaluate balance in chil-
dren with poor vision.

MATERIAL and METHODS

The study was approved by Ankara Yildirim Beyazit University
ethics committee with the date / decision no of 25.10.2017 / 02.
The data collection process was initiated after ethical consent.
Verbal and written information was given fo the children and
parents about the purpose and scope of the study, and their
written consent was obtained.

Participants

We first ensured that the inclusion of 20 children each in the
study and control groups was suitable for statistical evalua-
tion. The study included 20 children with congenital poor vision
of mean age 7.35:1.92 years (study group) and 20 children with
healthy vision of mean age 8.20+1.10 years. The ethical commit-
tee approval was received for this study. Written permissions
from the subjects’ families were received. The inclusion crite-
ria for the participants were determined as follows: having no
hearing loss, being able to receive commands, being able to
walk without help for 10 m, having no additional impairment,
and having no neurological or vestibular system issues. In ad-
dition, for the study group, an intensive visual evaluation was
conducted by ophthalmologists (e.g, vision loss screen tests, op-
timal visual acuity test, and ophthalmological examination), and
the criteria for poor vision was established in accordance with
the WHO specifications for participation. In the control group,
children with no history of vision loss and with 20/20 rations in
the Snellen eye chart (who could answer correctly for E's in 40
- 20 feet line).

Methods

All children were evaluated with the Functional Reach Test,
Romberg Test, Single Leg Stance Test (eyes open and closed),
Pediatric Berg Balance Scale (PBBS), Modified Clinical Test of
Sensory Interaction on Balance (mCTSIB), and The Timed Up
& Go (TUG) Test. Although the evaluation of each child varied
with respect to their physical traits, the evaluations lasted for |
and half hours, which included the resting breaks. There were

Main Points:

e Visual inputs are important for balance.

e  Children with low vision may fail to maintain postural
control in difficult conditions.

e Early detection of imbalance with balance assessment in
children with low vision is important in preventing possi-
ble falls.
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resting sessions of 10-15 min between each tests considering the
children’s needs. All tests were applied on the same day with
adequate breaks between them. The necessary safety precau-
tions against falling hazard throughout the evaluation process
were practiced. In order to maximize the performance of chil-
dren with poor vision, the necessary adjustments (e.g, walking
path with contrasting colors, lightings on the finish lines) were
already done for the fests. All tests were performed by the
same specialist audiologist at the special education and reha-
bilitation center.

Functional Reach Test

The Functional Reach Test is used fo evaluate both balance and
the dynamic reach value. Initially, the children were asked to
point their arms in front of them in a straight line, and the reach
value was recorded. Then, they were asked to lean forward
without lifting their heels and the maximum distance, to which
the children could lean forward and back without losing their
balance, was recorded (12).

Romberg test

Romberg Test is a neurological function test that evaluates the
integrity among different sensory organs and neuronal conduc-
tion pathways utilized in the maintenance of balance. The test
offers information about the central and peripheral vestibular
system function and peripheral proprioception. Children were
asked to stand upwards for 30 s with their eyes closed in this
test (13, 14).

Single Leg Stance Test

In this test, the vestibular function and proprioception sense
were evaluated. The participants were asked to lift their one
leg without touching the other and wait for 30 s in that posture,
initially with their eyes opened and then with eyes closed. The
test was terminated in cases in which the liffed leg touched the
ground or the other leg or skipping, hopping, or grabbing of the
surrounding objects in order fo maintain balance was noted (I5).

Modified Clinical Test of Sensory Interaction on Balance
(mCTSIB)

This test was used to evaluate the sensory system dysfunction
on a firm and foam surface, with both eyes opened and closed.
In tests on the foam surface with eyes closed, the effects of vi-
sual and somatosensory inputs were eliminated and the effects
of vestibular inputs on postural stability were evaluated more
efficiently. In the test, the children were asked to preserve their
balance in 4 different conditions: I. Eyes opened, on a firm sur-
face, 2. Eyes closed, on a firm surface, 3. Eyes opened, on the
foam surface, and 4. Eyes closed, on the foam surface, and the
maximum time values for which the children could manage to
stand in balance were recorded (16).

The Timed Up and Go Test [TUG]

This test is a conveniently applicable and reliable test used to
evaluate the functional mobility and balance. Different vari-
ables such as the walking speed, postural control, functional
mobility, and balance were evaluated in this test (17). In this test,
the participants were first seated on a chair and then asked to
stand up without handling the grip, walk for 3 m, and then sit
again. During this task, the observers recorded the time with a
chronometer.

285



286

Bas et al. Balance with Low Vision

Pediatric Berg Balance Scale [PBBS]

PBBS is a highly valid and reliable test used to evaluate the func-
tional balance in routine life activities. It is the pediatric version
of the Berg Balance Scale developed by Franjoine et al.(18). The
highest point was 56 on the scale, which consisted of |4 sections
and it was evaluated between 0 and 4. These sections were de-
signed fo have increasing functional difficulty levels. In the PBBS,
the overall scores were recorded. On the PBBS scale, the overall
score of 0-20 was considered as a balance disorder, while the
score of 21-40 was considered as an acceptable balance per-
formance and 41-56 corresponded to a good performance (18).

Statistical Analysis

Statistical analyses were performed using the Statistical Pack-
age for Social Sciences software version 18 (IBM SPSS Corp,
Armonk, NY, USA). The compatibility of the data with respect
to the normal distribution was evaluated with histograms, prob-
ability plots, and Kolmogorov Smirnov/ Shapiro-Wilk’s test. For
every balance test and age variant between the groups, the val-
ves of meantstandard deviation were used. In a comparison of
all test results between the groups and independent #test were
used. The paired #test was used to compare the test scores of
single-leg stance test and mCTSIB between the eyes open and
eyes closed test conditions. p<0.05 was considered to be statis-
tically significant.

RESULTS

The results of the Single Leg Stance Test, Romberg Test, mCTSIB,
and Functional Reach Test are depicted in Table I. In all these
tests, children with poor vision could only maintain their balance
for a relatively short duration (p=0.00).

In the Romberg test, the mean duration for which the children
with poor vision managed to maintain their balance was deter-
mined to be 27.65+5.82 s. In the control group, all children with
healthy vision managed to complete the task in 30 s. Between
the two groups, no statistically significant difference in terms of
the Romberg Test scores were noted (p=0.08; Table I).

In the TUG test, children with poor vision completed the walking
task in a greater amount of time relative to that by the control
children (p=0.00; Table 2).

The overall PBBS score was relatively lower for the children with
poor vision than for the control children (p=0.00; Table 2).

In both the children with poor and healthy visions, the perfor-
mance in the Single Leg Stance test was found to be better
when the test was conducted in ‘eyes opened’ position (p=0.00).
In the mCTSIB test on children with poor vision, it was deter-
mined that children performed better in ‘eyes opened’ position
with respect to ‘eyes closed position on firm and foam surfaces
(p=0.00). The children in the control group managed to reach the
maximum fime interval of 30 s on both firm and foam surfaces in
the mCTSIB test (Table 3).

DISCUSSION

In the present study, children with poor vision performed poorly
in the vestibulospinal tests. External stimuli and motor develop-
ment played a significant role in terms of the development of
postural control among the children. The fact that there was not
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TABLE I. The Results of Romberg Test, Single Leg Stance Test, Mod-

ified Clinical Test of Sensory Interaction on Balance and Functional
Reach Test

Study Group  Control Group
Test Mean+SD Mean+SD P
Romberg Test-EC (sec) 27.65:5.82 30.00£0.00  0.08
Single Leg Stance-EO (sec) 5.64+2.66 20.88<1.33  0.00*
Single Leg Stance-EC (sec) 216+0.77 972+113 0.00*
mCSTIB (firm surface-EO) (sec) 26.45+5.39 30.00+0.00  0.00*
mCSTIB (firm surface-EC) (sec) 20.456.15 30.00+000  0.00*
mCSTIB (foam surface-EO) (sec)  24.30:4.49 30.00£000 0.00*
mCSTIB (foam surface-EC) (sec)  15.50+6.6l 30.00+0.00  0.00*
Functional Reach Test (cm) 24.65+7.30 3315198  0.00*
*p<0.05, independent t-test. mCTSIB: Modified Clinical Test of Sensory Interac-
tion on Balance

TABLE 2. The Results of Time Up & Go Test and Pediatric Berg Bal-
ance Scale

Study Group  Control Group

Test Mean+SD Mean+SD P
TUG (sec) 22.43+7.80 9.82+1.00 0.00*
PBBS (score) 4290+990 56.00+0.00 0.00*

*p<0.05, independent t-test. TUG: Time Up & Go test, PBBS: Pediatric Berg
Balance Scale

TABLE 3. Comparison of Eyes Opened and Eyes Closed Scores of

Single Leg Stance Test and Modified Clinical Test of Sensory Inter-
action on Balance

STUDY GROUP

EOMeaniSD ECMeanzSD p
Single Leg Stance (sec) 5.64+2.66 216+077  0.00*
mCSTIB (firm surface) (sec) 26.45£5.39 2045615  0.00*
mCSTIB (foam surface) (sec) 24.30:4.49 [5.50£6.61  0.00*

CONTROL GROUP

EOMean+SD ECMeaniSD p
Single Leg Stance (sec) 20.88+1.33 9724113 0.00*
mCSTIB (firm surface) (sec) 30.00+0.00 30.00+0.00 -
mCSTIB (foam surface) (sec) 30.00+0.00 30.00+£0.00 =
*p<0.05, paired t-test. mCTSIB: Modified Clinical Test of Sensory Interaction on
Balance, EO: Eyes Opened, EC: Eyes Closed

adequate visual input for the children with poor vision negative-
ly affected the extent of external stimuli and motor development

(6).

Balance was maintained with respect o the visual, propriocep-
tive, vestibular, and motor development systems. The fact that
there was no or insufficient amount of visual stimuli for children
with poor vision negatively affected the ability to control the
postural stability.

Several past studies have emphasized that vision impairment
decreases postural stability (3, 5, 7 1). In our study, we deter-
mined that children with poor vision showed decreased postur-
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al stability in the Single Leg Stance, mCTSIB, Functional Reach
Test, PBBS, and TUG tests, which conforms to the findings of
previous studies.

The fact that it is relatively harder to maintain balance with-
out vision indicates that the balance control mechanisms are
mostly dependent on vision (7 1I, 19). Kayihan et al. (20) ana-
lyzed the balance and touch perception. In their study, 29 visu-
ally impaired children and 4l children with low vision of ages
[1-20 years were compared to 40 children with healthy vision
of ages 16,1718. The cumulative results of this study indicated
that children with healthy vision had longer Single Leg Stance
time. In addition, researches determined that the inefficiency of
a vision-balance mechanism negatively affected the coordina-
tion activities (20, 21). In children with poor vision in our study,
the duration of postural stability was determined to be short-
er relative to those of children with healthy vision; this finding
coincides with that of previous studies. Moreover, our study re-
vealed a significant difference between the results with “eyes
opened” position and “eyes closed” position for children with
poor vision. Furthermore, in mCTSIB tests, in the “eyes closed”
position on both firm and foam surfaces, this time interval was
relatively shorter in children with poor vision. The balance con-
trol on a single-leg stance was mostly dependent on the visual
information. In challenging positions, the proprioceptive input
decreased and, in this case, the visual and vestibular inputs
became more significant. Considering that children with poor
vision received lesser amount of visual input, only vestibular in-
put was utilized to maintain the postural control, and the overall
performance of the children in terms of postural stability was
negatively affected (I). This finding illustrates whether the tests
were conducted with opened or closed eyes and whether the
surface texture had a meaningful impact on the balance scores
of the study group. This conclusion can be explained by the fact
that visual proprioceptive information was relatively more sen-
sitive than mechanic proprioceptive information, which was re-
ceived from the vestibular and somatosensory systems (5, 9). In
children with hereditary poor vision, all stages of motor devel-
opment were improved through exploration of the environment.
Since significant motor skills were already established in cases
with congenital poor vision, it is possible to plan and manipulate
actions accordingly (6). We believe that disruptions in the bal-
ance scores in challenging positions can be explained in com-
parison to the fact that the participants in our study group had
hereditary poor vision; thus, they were unable to adapt to these
positions. In our study, the finding that children with hereditary
poor vision performed relatively poorer in the balance action on
foam surface and in “eyes closed” position may indicate the ne-
cessity of familiarity and adaptation in terms of postural control
in the proprioceptive and vestibular systems (5, 9).

Kayihan (22) emphasized that visually impaired children re-
quired more experience in their routine life due fo the delay in
the development of motor skills. Bauchard et al. (23) compared
30 visually impaired children with 30 healthy-vision children of
ages 8-13 years and concluded that visually impaired children
had relatively poorer motor skill development. Murphy and
O'driscoll (24) evaluated the factors of speed, agility, balance,
and coordination skills in 6 visually impaired children of ages
5-6 years for over 2 years. At the end of their study, they noted
issues in the visually impaired children in terms of these skills.
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Piereira (21) indicated that when individuals with healthy vision
and visually impaired individuals of the same age were com-
pared with respect to their overall performance in balance con-
trol, the latter group performed relatively poorly. In our study, the
overall completion time of the TUG test was determined to be
longer for children with poor vision when compared with those
in the control group, which conforms to the findings of previous
studies (8, 21, 22). The poorer performance of the study group in
the TUG test with respect to the control group can be explained
based the delay in the development of their motor skills (18),
weaknesses in their motor skills (6), and disruptions in the speed,
agility, balance, and coordination skills (24).

Inthe past studies, PBBS was often used to evaluate the balance
performance in sitting and standing stance and the functional
balance. In our study, a meaningful difference was noted be-
tween the study and control group in terms of the PBBS scores.
Despite this difference, the average overall scores of both the
study and control groups correspond to a “good balance” score.
This result indicated that the study children in our study could
perform independently in their routine activities with respect to
their current visual condition. Together with this idea, we deter-
mined that the balance control in children with poor vision was
negatively affected by challenging conditions such as the foam
surface or “eyes closed” position in the Single Leg Stance Test,
mCSTIB, and Functional Reach Test owing to the inefficient visu-
al input. This finding implies that children with poor vision were
more susceptible to the falling hazard in the challenges present-
ed in everyday situations (soft ground, inclined ground, and dark
or dimmed environment). We believe that this conclusion can be
applied as a policy-determining factor in terms of the fall-pre-
vention strategies against falling hazard among children with
poor vision and in rehabilitation programs that aim to increase
the vestibular adaptation.
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