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Abstract

Introduction. This study aimed to examine the relationship between the type of visual impairment (TOVI) and balance in indi-
viduals with visual impairment, using the Berg Balance Scale (BBS).

Methods. This cross-sectional study included 63 participants. Participants completed a questionnaire to collect demograph-
ic information and determine the type of visual impairment (TOVI). Inclusion criteria were individuals diagnosed with low vision
or blindness, having no neuromuscular disorders, and willing to participate. Participants completed a questionnaire to collect
demographic data and determine TOVI (low vision or blindness), followed by a balance assessment using the Berg Balance Scale
(BBS). Statistical comparisons were conducted to examine the relationship between TOVI and BBS scores, including other vari-
ables such as sex, age, onset of VI, and history of falls (HOF).

Results. Significant associations were found between TOVI and age (p = 0.017), HOF (p < 0.001), and injury due to falls (p = 0.003).
Individuals with blindness had significantly lower BBS scores than those with low vision (p < 0.001). Among the 34 participants
with HOF, 23 were blind, indicating a notably higher incidence of falls. Regression analysis showed a moderate correlation be-
tween TOVI and BBS scores (r = 0.503, p < 0.001), suggesting that a greater severity of VI was associated with reduced balance.
Conclusions. These findings suggest a moderate correlation between visual impairment and balance. Therefore, individuals with
visual impairment should be mindful of their balance abilities during daily activities to minimise the risk of falls.
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Introduction

Maintaining postural control and balance is essential for
performing daily activities, as it helps ensure that the body’s
centre of gravity remains within its base of support, thereby
minimising the risk of both intentional and unintentional falls
[1]. The process of maintaining balance is multifaceted and
relies on components such as vision, vestibular function, and
somatosensory perception, including proprioception, as well
as muscle and joint perception [2]. Postural control is the nat-
ural ability of the body to achieve and sustain balance during
physical activities. Improving balance is essential as it greatly
reduces the risk of falls, significantly lowering the chances of
disability and mortality.

The visual system plays a crucial role in interpreting spa-
tial positioning and coordinating movements. When visual
function is impaired, it disrupts these processes and leads to
challenges in maintaining both static and dynamic postural
stability [3,4]. Individuals with VI may face challenges in pos-
ture regulation, spatial navigation, and reaction timing [5,6].
These issues may not be fully compensated by the remaining
sensory modalities, particularly in those with severe or com-
plete vision loss.

Numerous studies have investigated balance in adults
with Vs, consistently showing that these individuals have
lower dynamic balance scores [7]. Maintaining good balance
in adulthood is crucial for daily activities; poor balance can
affect various aspects of life, such as the risk of falls and the
ability to socialise during daily activities. Reduced information
processing in the central nervous system and delayed mus-
cular responses can lead to balance loss in various scenarios

[8]. Falls caused by a loss of balance are not only a common
issue but are also significantly associated with higher death
rates and increased hospitalisation needs [9].

The complex interaction between the visual and soma-
tosensory systems is crucial for maintaining body stability and
spatial orientation. Visual input provides essential information
for accurate body positioning, movement precision, motor
response timing, and balance control [10]. Addressing defi-
cits in these sensory systems is vital not only for improving
balance and reducing fall risk but also for enhancing quality
of life in individuals with VI. However, the loss of vision can-
not be fully compensated by experiential learning alone. Con-
sequently, individuals with VI face a higher risk of injuries, in-
cluding falls and accidents. Older adults with self-reported VI
have a >25% higher prevalence of recurrent falls compared
to those with normal vision. Moreover, poor vision is asso-
ciated with a fear of falling, which often results in activity re-
striction [11]. People with VI often struggle to maintain static
and dynamic balance without sufficient visual cues and may
require compensatory strategies to improve their stability.

Therefore, VI is not merely a medical condition but also
a pressing social and public health issue. It can impair one’s
ability to recognise hazards, leading to decreased confidence
and independence, lower subjective well-being, and restricted
social interactions. Furthermore, VI is associated with an in-
creased history and incidence of falls. Despite global evidence,
limited research has addressed how specific severities of VI,
such as low vision versus blindness, affect balance outcomes
in adult populations, especially within the Indonesian context.
A study by Rif’Ati et al. [12] revealed that approximately 72%
of the Indonesian population experienced some form of VI,
with a 3.0% prevalence of blindness, which is the highest in
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the Southeast Asia region. VI refers to various visual condi-
tions, generally categorised as low vision or blindness [13].

Low vision is defined as visual acuity of < 6/12 but > 3/60
in the better eye, even with the best correction. In this con-
text, 6/12 signifies that an individual can perceive at 6 m what
a person with standard vision can discern at 12 m, suggesting
a modest impairment in visual acuity. Visual acuity of 3/60
indicates that an individual can perceive at 3 m what a person
with normal vision can perceive at 60 m, signifying a consid-
erably worse impairment. Therefore, blindness is defined as
a visual acuity < 3/60 or corresponding visual field loss in the
eye despite the best possible correction [14]. This study aimed
to assess the association between the type of VI (low vision
and blindness) and balance performance in Indonesian adults
with VI, as well as the link between VI severity and history
of falls.

Subjects and methods
Study population

This was a cross-sectional study conducted in Jakarta,
Indonesia, focused on adults with VI. The inclusion criteria
for this study were individuals with VI (low vision and blind-
ness) based on responses to a structured questionnaire,
aged between 17 and 59 years, possessing a healthy neuro-
muscular system, and willing to participate. Exclusion criteria
encompassed individuals with musculoskeletal problems,
mental disorders, or communication disorders.

In this study, VI was classified based on functional visual
acuity, in accordance with the World Health Organization’s
definition: low vision (visual acuity < 6/12 but = 3/60) and
blindness (visual acuity < 3/60 or severe visual field loss)
[15], regardless of the underlying clinical etiology. Specific
causes such as refractive errors, diabetic retinopathy, or cor-
neal opacities were not used as classification criteria. This
approach allowed the study to focus on the severity of visual
limitations as a determinant of balance function, rather than
the specific medical diagnoses.

The study targeted an age range of 17-59 years for spe-
cific reasons. First, the Indonesian Ministry of Health defined
productive age as 15-59 years. Second, while the existing
literature on falls primarily focuses on older populations, this
study aims to expand the current knowledge by investigating
the correlation between VI and the risk of falls in adults. The
Mitra Netra Foundation (MNF) provided data on 134 potential
participants, and purposive sampling was used to recruit
63 participants who met the inclusion criteria and agreed to
participate.

The study sample accurately represented the target pop-
ulation. To minimise the sample size, the G*power software
package was utilised with specific parameters: statistical pow-
er (1-p) = 0.90, significance level (o) = 0.05, and a medium
effect size = 0.3 [16]. This study used cross-sectional analy-
sis to assess the correlation between balance and postural
control, the TOVI, and the HOF among adult individuals with
VI in Jakarta, Indonesia.

Data collection

The study employed a quantitative survey design to as-
sess balance and postural control in a specific population.
Before data collection, the survey was tested for face and
content validity. The survey comprised two parts. The first part
involved a questionnaire that collected information on the
TOVI and personal demographic factors such as age, sex,

onset of VI, challenges with daily activities, independence in
daily tasks, HOF, and injuries resulting from falls. The second
part involved assessing static and dynamic balance using the
Berg Balance Scale (BBS). The BBS is a widely used assess-
ment tool that measures both static and dynamic balance
across all age groups. It comprises 14 tasks that evaluate
functional activities related to balance and postural control.
The BBS has demonstrated high inter-rater and intra-rater
reliability and has proven particularly effective in assessing
balance among individuals with VI [17-21]. HOF was defined
by incidents of falling within the past year experienced by
individuals who are visually impaired.

Procedure

A detailed letter containing comprehensive information
about the study was sent to 63 participants who met specific
requirements. They actively completed formal documenta-
tion to indicate their voluntary informed consent. A physio-
therapist administered a questionnaire, which included ques-
tions assessing TOVI details (low vision and blindness),
personal information, and the risk of falls, such as HOF in the
past year, and challenges with daily activities. Subsequently,
the participants underwent a balanced assessment using
a physiotherapist-administered BBS.

To assess balance using the BBS, the physiotherapist
requested the participants to perform specific movements
as part of the test. The BBS (Berg Balance Scale) assesses
functional activities related to balance and postural control.
It includes tasks such as transitioning from sitting to stand-
ing, standing independently, sitting without support, moving
from standing to sitting, maintaining a standing position with
both feet unsupported, reaching forward with outstretched
arms, picking up objects from the floor, executing a full 360°
turn, counting the number of steps that contact a measuring
tool, standing independently, and balancing on one leg. Each
activity was scored on a scale of 0—4, with the highest achiev-
able total score being 56. Blinding procedures were not im-
plemented during the BBS assessments, as the physiother-
apist administering the tests was also involved in the data
collection.

Statistical analysis

The study employed the SPSS 28 statistical software for
comprehensive data analysis. Initially, normality was assessed
using the Shapiro-Wilk test, and homogeneity of variances
was tested using Levene’s test. Data met the assumptions
for parametric testing (Shapiro-Wilk p > 0.05; Levene’s p =
0.076). Second, the demographic characteristics (sex and
age) were used to summarise the participants’ characteris-
tics. Age was categorised into three groups: 18-28, 29-39,
and 40-59 years, to facilitate age-related comparisons and
allow for categorical analyses. Visual conditions (TOVI, onset
of VI, and activity challenges due to VI) and fall experiences
(HOF and injuries due to falls) of the respondents were ex-
amined. This study also used an independent f-test to ana-
lyse BBS scores between groups, while the chi-square test
was used to analyse the relationship between two categori-
cal groups such as those based on the TOVI (1 = low vision,
2 = blindness), with sex, age, onset of VI, activity challenges,
HOF, and injury due to fall.

Finally, a linear regression analysis was used to analyse
the influence of the TOVI on balance. In the regression model,
the BBS score was treated as the dependent variable, while
the TOVI was the independent variable, as follows:
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Y=0+pX+e

where Yis a dependent variable; the BBS score, X, is an in-
dependent variable; the TOVI, o, is a constant;  is a coefficient
regression of X; and e is an error.

Results

The results were organised into three sections: (A) iden-
tifying the characteristics of the TOVI and individual factors,
(B) exploring balance and postural control in persons with VI,
and (C) relationship between BBS and TOVI.

Overall characteristics of participants

This study examined the characteristics of adults with VI
in Indonesia. Table 1 presents the sex distribution, age group,
onset of VI, difficulties faced in daily activities, HOF, and in-
jury due to falls. The study included 63 participants, with 33
(52.4%) individuals with low vision and 30 (47.6%) with blind-
ness. Moreover, 71% of the participants encountered diffi-
culties in daily activities due to VI, and 54% reported a his-
tory of falls (HOF) in the past year, of whom 68% sustained
fall-related injuries.

Table 1 provides information about the relationship be-
tween participant characteristics and the TOVI (blindness

40-59 were classified as blind, suggesting a possible age-re-
lated trend in VI severity. The proportion of individuals with
HOF was higher in the blind group (23 people) than in the
low-vision group (11). Furthermore, 26 participants with blind-
ness experienced injuries due to falls.

BBS scores and other factors in individuals with
visual impairment

Table 2 illustrates the balance ability of individuals with VI.
The average BBS score across all participants was 50.4 + 3
out of a maximum score of 56, showing a significant differ-
ence in mean values based on the TOVI (p < 0.001). Further-
more, significant differences in balance scores were found
according to the difficulty with activities of daily living (p =
0.001). Those experiencing difficulty with daily activities had
a much lower balance score (mean = 49.7). Moreover, indi-
viduals with a history of at least one fall in the past year showed
a significant difference score in balance (p = 0.027). Partici-
pants who experienced injuries from falls had significantly
lower balance scores than those without injuries (o = 0.007),
highlighting the functional consequences of impaired balance.

Table 2. BBS scores, demographics, and other participant

and low vision). Significant differences were observed in age characteristics
(p<0.017), HOF (p < 0.001), and injury due to falls (p < 0.003), ch o BBS score |
based on the TOVI. Notably, 80% of the participants aged aracteristics n (mean = Sp) | Pvalue
All individuals 63 50.4 +3
Table 1. Overall characteristics of participants and types Sex
of visual impairment
male 39 50.8 + 3.1
o All Low vision | Blindness 0.235
Characteristics n (%)] ) ") p-value female o4 49.9+29
Sex Age (years)
male 39 (62) 20 19 18-28 27 51.0 + 3.1
0.824
female 24 (38) 13 11 29-39 26 50.1 + 3.0 0.809
Age (years) 40-59 10 49.9 + 2.64
18-28 27 (43) 19 8 Type of Visual Impairment (TOVI)
29-39 26 (41) 12 14 0.017* blindness 33 48.8 + 3.1
< 0.001*
40-59 10 (16) 2 8 low vision 30 51.9+2.1
Onset Onset
since birth 41 (65) 21 20 since birth 41 50.4 +2.9
0.081 0.74
not since birth 22 (35) 12 10 not since birth 22 50.6 + 3.2
Difficulty with activities Difficulty with activities
yes 45 (71) 21 24 yes 45 49.7 + 3.1
0.151 < 0.001*
no 18 (29) 12 6 no 18 52.2+1.8
History of falls (HOF) in 1 year History of falls in 1 year (HOF)
yes 34 (54) 11 23 yes 34 49.7+£3.5
< 0.001* 0.027*
no 29 (46) 22 7 no 29 51.3+2.1
Injury due to fall Injury due to fall
yes 43 (68) 17 26 yes 43 49.8+29
0.003* 0.007*
no 20 (32) 16 4 no 20 51.9+27

* statistically significant at p-value < 0.05

* statistically significant at p-value < 0.05
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Table 3. Results of the relationship between BBS and TOVI

Coefficients
Model unstandard- | coefficients | standardised . 95% confidence interval for B
R R squared ised B id fficients bet t sig.
ise std. error | coefficients beta ferer eurs) |spersaurd
Constant 54.952 1.044 52.636 < 0.001 52.864 57.039
Typeofvisual | 505 | 253 ~3.042 0.67 ~0.503 4542 | <0.001 4382 -1.703
impairment

Relationship between BBS and TOVI

In this sub-analysis, a regression analysis was conducted
to examine the relationship between the BBS balance score
(dependent variable) and the TOVI (1 = low vision, 2 = blind-
ness). The analysis revealed a moderate negative correlation
of 0.503 (R squared of 25.3%) between the TOVI and balance,
indicating that 25.3% of the variation in balance scores could
be explained by the type of VI (p < 0.001). The regression
equation was: BBS score = 54.95 — 3.04 x TOVI (Table 3).
Descriptive analysis showed that the mean BBS score for
the low vision group was 51.9 + 2.1, while the blindness group
had a lower mean score of 48.8 + 3.1. This difference aligns
with the regression result, indicating that individuals with
blindness tend to score approximately 3 points lower on bal-
ance compared to those with low vision.

Discussion

This study aimed to assess the association between the
type of VI (low vision vs blindness) and balance performance
in Indonesian adults with VI, as well as the link between VI
severity and fall history. The findings indicate that the se-
verity of VI significantly impacts balance, with individuals who
are blind demonstrating lower BBS scores compared to those
with low vision. The regression analysis confirmed a moder-
ate correlation (r = 0.503) between the type of VI and the bal-
ance score, which is consistent with previous research indi-
cating that individuals with VI experience greater challenges
in both static and dynamic postural control [22]. Although this
3.04-point difference in BBS scores was statistically signif-
icant, its clinical relevance must be interpreted cautiously,
considering that the BBS has a maximum score of 56. This
implies a relatively small difference in functional terms, and
further studies should explore whether such variations mean-
ingfully impact the fall risk in daily life.

Individuals with low vision tend to perform better in bal-
ance assessments than those who are blind, suggesting that
lower visual acuity is associated with greater difficulty in main-
taining functional balance [23]. This may be attributed to
physiological and behavioural mechanisms: the absence of
visual cues disrupts anticipatory and reactive postural ad-
justments, forcing greater reliance on the somatosensory and
vestibular systems [10]. The absence of visual input can also
contribute to spatial disorientation and reduced confidence,
often resulting in a more cautious gait and diminished physi-
cal activity levels, which may further compromise balance
over time. These patterns are consistent with previous stud-
ies, which indicate that the severity of VI is directly linked to
impairments in both static and dynamic balance [24, 25].
The visual system, alongside the somatosensory and vestib-
ular systems, plays a central role in maintaining postural con-
trol [26, 27]. In individuals with profound visual loss, especially
those who are blind, the absence of visual feedback neces-

sitates a greater reliance on compensatory mechanisms,
such as tactile and vestibular cues, to maintain equilibrium.

Age also emerged as a relevant factor. Participants in the
40-59 age group were disproportionately represented in the
blindness category and had lower balance scores compared
to younger participants. This pattern aligns with age-related
declines in sensory integration and postural reflexes [28, 29],
as well as with findings by Lee [17], who reported a strong
link between reduced visual acuity and impaired balance.
In Indonesia, the high prevalence of untreated or late-treated
causes of blindness such as cataracts, glaucoma, and dia-
betic retinopathy among the working-age population may ex-
plain the higher rate of blindness in older adults [12].

A key finding of this study is the strong relationship be-
tween the type of VI and history of falls (HOF). Participants
with blindness experienced significantly more falls (23) than
those with low vision (11), which is consistent with studies
highlighting the increased fall risk in individuals with greater
VI severity [17]. Moreover, those who sustained fall-related
injuries had significantly lower balance scores than those
who did not (p = 0.007), underscoring the functional conse-
quences of impaired postural control.

This elevated fall risk is supported by earlier research
showing that individuals with VI are 1.7 times more likely to
suffer falls and injuries compared to those with normal vision
[30, 31], and that VI is associated with increased mortality risk
[32-33]. The implications are profound, especially in settings
where access to rehabilitation or fall-prevention services may
be limited.

Individuals with Vs often face challenges with daily activi-
ties, which can substantially affect their overall well-being. For
example, they may experience a loss of autonomy and free-
dom as a result of reduced visual input. In this study, 24 par-
ticipants from the group with blindness experienced activi-
ty-related difficulties, whereas only six participants from the
low vision group reported similar issues. A significant relation-
ship was observed between difficulties in daily activities and
balance performance. Although the study by Ramrattan et al.
[34] focused on older adults, their findings support the idea
that visual field loss is associated with limitations in daily func-
tioning and autonomy, which may also extend to younger
adult populations with VI. These findings have practical impli-
cations. From a clinical perspective, physiotherapists should
incorporate balance training programs that utilise sensory
substitution strategies (e.g., tactile or auditory feedback) tai-
lored to individuals with different types of VI. Future research
should investigate intervention efficacy in diverse cultural and
healthcare contexts and consider longitudinal designs to as-
sess changes over time.

Limitations

This study has certain limitations. First, the number of par-
ticipants in the 40-59 age group was limited, with only 10 par-
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ticipants, which is notably fewer than in the other age groups.
Second, further studies, such as longitudinal studies, are nec-
essary since cross-sectional studies cannot definitively estab-
lish causality in comparison to longitudinal studies. Moreover,
a more in-depth analysis of the risk factors contributing to
balance scores and fall risk among individuals with VI is es-
sential. Third, the classification of visual participant status re-
lies solely on questionnaires completed by the participants,
without any additional objective visual tests conducted dur-
ing the assessment study. Fourth, participants were recruited
from a single foundation (Mitra Netra Foundation), which may
introduce selection bias and limit the generalisability of the
findings to the broader population with VI in Indonesia. Finally,
researchers should evaluate muscle ability, particularly in the
lower limbs, to assess its correlation with balance in individ-
uals with VL.

Conclusions

This study examined the impact of different TOVIs (low
vision and blindness) on balance and the risk of falls in indi-
viduals with VI. Our findings indicate that the severity of VI
significantly influences balance, with individuals who are
blind scoring substantially lower compared to those with low
vision. Based on the existing literature, individuals with a BBS
score ranging between 41 and 56 can walk independently
[19], suggesting that the participants in this study could still
perform activities on their own.

Besides balance impairments, individuals with visual im-
pairment (V1) are also at an increased risk of falls [35]. In this
study, the incidence of falls was significantly higher among
those with blindness (23 cases) compared to individuals with
low vision (11 cases). Repeated falls can elevate the likelihood
of injuries ranging from mild to severe. Reduced visual ca-
pacity may also limit individuals’ engagement in daily activi-
ties and diminish their confidence, resulting in decreased
physical activity levels [36]. These findings highlight the ur-
gent need for targeted research and interventions to prevent
or mitigate the adverse effects of VI on balance and fall risk
at both the individual and societal levels.

These findings highlight the urgent need for targeted in-
terventions to prevent and manage balance deficits and fall
risk in people with VI. Future research should investigate the
longitudinal effects of visual deterioration on mobility, as well
as the efficacy of balance interventions tailored to varying
degrees of VI. Finally, examining the influence of environmen-
tal and psychosocial factors on fall risk could help inform
more holistic prevention strategies.

In summary, individuals with VI face considerable chal-
lenges related to balance and fall risk, which in turn affect their
independence and quality of life. It is essential that health-
care professionals, particularly physiotherapists, develop and
implement evidence-based interventions to enhance balance
and reduce fall-related injuries in this vulnerable population.
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