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ABSTRACT

Background: Hearing impairment, defined as partial or complete loss of hearing ability, affects not only auditory function but
also balance and motor coordination, particularly in children. The disruption of vestibular input linked with hearing loss can
compromise postural control and lower extremity function. Rehabilitation strategies such as Pilates and balance proprioception
exercises have gained attention for their role in enhancing neuromuscular control and improving functional outcomes in
pediatric populations with sensory deficits.

Objective: To examine and compare the effects of Pilates training and balance proprioception exercises on lower extremity
function in children with hearing impairment.

Methods: This randomized clinical trial included 30 children aged 6 to 12 years diagnosed with hearing impairment.
Participants were randomly assigned into two equal groups (n=15 each). Group 1 underwent Pilates training, while Group 2
received balance proprioception exercises. Both interventions were delivered over a six-week period, with three sessions per
week. Outcome measures included the Pediatric Balance Scale (PBS) and the Lower Extremity Functional Scale (LEFS),
recorded pre- and post-intervention. Data were analyzed using SPSS version 25, applying paired and independent sample t-
tests. Statistical significance was set at p < 0.05.

Results: Group 1 (Pilates) showed significant improvement in PBS from 28.466 + 7.347 to 39.933 + 10.257 (p = 0.000), and
LEFS from 37.533 +2.445 to 47.733 + 5.063 (p = 0.000). Group 2 (Balance Proprioception) also improved in PBS from 26.933
+5.344t029.800 +4.813 (p=0.001), and LEFS from 38.200 £ 2.210 to 47.333 + 4.546 (p = 0.001). Between-group comparison
showed Pilates was significantly more effective (p < 0.001).

Conclusion: Both interventions improved lower extremity function and balance in children with hearing impairment; however,
Pilates training demonstrated superior outcomes, supporting its use as an effective rehabilitation approach in pediatric care.

Keywords: Balance training, Hearing loss, Lower extremity function, Pediatric rehabilitation, Pilates, Proprioception,
Randomized controlled trial.
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INTRODUCTION

Hearing impairment, whether partial or complete, presents a significant challenge in early childhood development, particularly when it
results from sensorineural causes. Approximately 1 in 8 newborns are affected by permanent sensorineural hearing loss, with increased
prevalence among premature and special care infants (1). Many of these cases are attributed to hereditary factors or congenital infections,
most notably cytomegalovirus (CMV), which is often misdiagnosed due to its symptomatic resemblance to the common cold. CMV is
widespread, with around 60% of the population estimated to be exposed to it during their lifetime (2). Among children with early-onset
irreversible hearing loss, neural hearing impairment constitutes about 10% of cases, often associated with prematurity and other perinatal
complications rather than inherited disorders (3). As children grow, the prevalence of persistent hearing loss doubles, rising from about
3% at birth to 6% in later childhood (4). A substantial number of children with sensorineural hearing loss (SNHL)—around 70%—
experience disturbances in their vestibular system, and 20-40% suffer from severe bilateral vestibular loss (5). Such vestibular
dysfunction can interfere with postural control, motor coordination, and cognitive development if left unaddressed. Balance, a crucial
component of physical function, depends on the integration of multiple sensory systems including vision, somatosensory input,
vestibular function, and hearing (6). Disruptions in these systems may lead to balance problems characterized by postural instability,
increased risk of falling, or vestibular deficits (7). Vestibular reflexes such as the vestibulo-spinal and vestibulo-collic reflexes are
essential for postural maintenance, while the vestibulo-ocular reflex (VOR) stabilizes vision during movement (5,7). Moreover, hearing
loss has been associated with decreased gait speed, which may be further compromised by cognitive strain, physical dysfunction, and
social isolation.

Physiotherapeutic interventions targeting balance impairments have shown promise in managing these deficits. Exercise-based
rehabilitation—including Pilates and proprioceptive training—has been widely recommended for improving motor function, balance,
and emotional well-being in children with disabilities. Participation in structured physical activity encourages long-term healthy
lifestyles and positively affects mental health outcomes, particularly in populations vulnerable to sedentary behavior due to technological
engagement or physical limitations (8). Among various rehabilitation strategies, Pilates has gained attention for its capacity to enhance
core strength, joint mobility, postural control, and balance. Originating from Joseph Pilates’ rehabilitation work during World War I, the
method emphasizes control, precision, flow, and breath, and has evolved into both mat-based and equipment-supported formats (9). The
technique is now increasingly integrated into therapeutic protocols for musculoskeletal conditions and neurodevelopmental impairments,
including those associated with hearing loss (9,10). Proprioception, the body’s ability to sense movement, position, and resistance, is a
fundamental component of balance and motor control. It relies on input from joint receptors, muscle spindles, and Golgi tendon organs
to generate sensory feedback for dynamic stabilization (11). In young children—particularly those under the age of six—proprioceptive
development is rapid, and deficiencies can severely hinder motor skill acquisition (12). Proprioceptive training has demonstrated
significant benefits in enhancing joint stability, postural alignment, and response timing, with some studies reporting marked
improvements in as little as five weeks (13). These findings underscore the relevance of targeted interventions to support neuromuscular
development and overall function in children with hearing impairment.

Given the documented interdependence of auditory, vestibular, and proprioceptive systems, there is a compelling rationale to explore
integrated therapeutic approaches for children with hearing loss. This study aims to evaluate the effects of Pilates and balance
proprioception exercises on postural control, motor coordination, and functional health outcomes in this population. The objective is to
contribute to evidence-based practice by determining whether these interventions can enhance physical and cognitive development in
children with hearing impairments, ultimately supporting more effective, holistic rehabilitation strategies.

METHODS

This study utilized a randomized comparative experimental design to investigate the effects of Pilates training and balance
proprioception exercises on balance and lower extremity function in children with hearing impairment. A total of 34 pediatric participants
were initially screened for eligibility based on clearly defined inclusion and exclusion criteria. The inclusion criteria encompassed
children aged 6 to 12 years with a confirmed diagnosis of hearing impairment, the ability to follow simple instructions, and medical
clearance to participate in physical activity. Exclusion criteria included the presence of additional neurological or orthopedic conditions,
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uncorrected visual impairments, or any contraindications to exercise. Following the screening process, four participants were excluded
for not meeting the inclusion criteria, resulting in a final sample of 30 children. Participants were randomly assigned into two intervention
groups using simple randomization. Group 1 received Pilates training (PT), and Group 2 received balance proprioception exercises
(BPE). The intervention was delivered over a structured program lasting six weeks, with sessions conducted three times per week. Each
session lasted approximately 45 minutes and was supervised by a qualified pediatric physiotherapist. The Pilates training program
focused on core stability, postural alignment, controlled breathing, and muscle flexibility, whereas the balance proprioception program
emphasized neuromuscular coordination, joint stabilization, and dynamic balance tasks appropriate for the age group.

Ethical approval for the study was granted by the institutional ethical review board, and informed written consent was obtained from
the parents or legal guardians of all participants. Assent was also taken from the children when appropriate, in accordance with ethical
standards outlined in the Declaration of Helsinki. Standardized outcome measures were used for pre- and post-intervention assessment.
These included the Pediatric Balance Scale (PBS) and the Lower Extremity Functional Scale (LEFS), both of which are validated tools
for assessing balance and functional mobility in pediatric populations. Data collection was conducted at baseline and immediately
following the completion of the six-week intervention period. Data were analyzed using IBM SPSS Statistics version 25. Descriptive
statistics were used to report demographic variables including age and gender. The Shapiro-Wilk test was applied to assess the normality
of continuous variables. For variables found to be normally distributed, paired sample t-tests were used to compare pre- and post-
intervention scores within each group, while independent sample t-tests were applied to evaluate post-intervention differences between
the two groups. Statistical significance was set at p < 0.05 for all analyses.

RESULTS

The results revealed that each intervention group comprised 15 participants. Group 1, which underwent Pilates training, included eight
males (53.33%) and seven females (46.66%). Group 2, which received balance proprioception exercises, included nine males (60%)
and six females (40%). To assess the distribution of the data, the Shapiro-Wilk test for normality was conducted. The p-values for all
variables—Pre-PBS (p = 0.448), Post-PBS (p = 0.059), Pre-LEFS (p = 0.148), and Post-LEFS (p = 0.078)—were greater than 0.05,
indicating that the data were normally distributed. As a result, parametric tests were deemed appropriate for further statistical analysis.
In the within-group analysis for the Pilates training group, the mean score on the Pediatric Balance Scale (PBS) increased from 28.466
+ 7.347 pre-intervention to 39.933 + 10.257 post-intervention, demonstrating a statistically significant improvement (p = 0.000).
Similarly, the Lower Extremity Functional Scale (LEFS) improved from a pre-intervention mean of 37.533 + 2.445 to a post-intervention
mean of 47.733 £ 5.063, also yielding a statistically significant result (p = 0.000).

In the balance proprioception exercise group, PBS scores increased from 26.933 + 5.344 at baseline to 29.800 + 4.813 post-intervention,
with a significant p-value of 0.001. LEFS scores in this group improved from 38.200 + 2.210 to 47.333 + 4.546, with statistical
significance achieved (p =0.001). Between-group comparisons post-intervention showed that the Pilates group outperformed the balance
proprioception group. The mean post-intervention PBS score was 39.933 + 10.257 in the Pilates group versus 29.800 + 4.813 in the
balance proprioception group (p = 0.001). Similarly, the post-intervention LEFS score was slightly higher in the Pilates group (47.733
+ 5.063) compared to the balance proprioception group (47.333 + 4.546), with a p-value of 0.001, indicating statistically significant
differences. The gender-specific analysis revealed consistent improvements in both balance and lower extremity function across all
subgroups, with notable variations in the magnitude of change. In the Pilates training group, male participants exhibited a greater increase
in Pediatric Balance Scale (PBS) scores, improving from a mean of 28.36 to 39.83, while females improved from 27.94 to 38.91.
Similarly, in the Lower Extremity Functional Scale (LEFS), males progressed from 37.51 to 47.75, compared to females who improved
from 37.29 to 47.29. In the balance proprioception exercise group, male participants' PBS scores increased from 26.80 to 29.80 and
LEFS from 38.16 to 47.33. Female participants in this group showed a comparable trend, with PBS improving from 26.52 to 29.30 and
LEFS from 38.10 to 47.22. These findings suggest that while both genders benefitted from their respective interventions, male
participants, particularly in the Pilates group, demonstrated slightly greater functional gains in both balance and lower limb performance.
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Table 1 Demographic Characteristics by Group and Gender

Group Gender Frequency Percentage (%) Age Mean Age SD
Pilates (PT) Male 8 53.33 1.6 0.507
Pilates (PT) Female 7 46.66 1.6 0.507
BPE Male 9 60 1.4 0.507
BPE Female 6 40 1.4 0.507
Total Male 15 50

Total Female 15 50

Table 2 Test of Normality

Shapiro-Wilk

Statistic Df Sig.
Pre PBS 0.966 30 0.448
Post PBS 0.921 30 0.059
Pre LEFS 0.834 30 0.148
Post LEFS 0.875 30 .0.078

Table 3 PBS and LEFS within group Comparison (Paired Sample t-test)

Pre-Post of Paired Sample t-test Values of Scales

Group 1- PT

Mean + SD P-Value
Pre-PBS 28.466 £7.347 0.021
Post-PBS 39.933 +£10.257 0.000
Pre-LEFS 37.533 £2.445 0.031
Post-LEFS 47.733 £5.063 0.000

Table 4 PBS and LEFS within group Comparison (Paired Sample t-test)

Pre-Post of Paired Sample T-Test Values of Scales

Group 2- BPE

Mean + SD P-Value
Pre-PBS 26.933 +5.344 0.002
Post-PBS 29.800 +4.813 0.001
Pre-LEFS 38.200 £2.210 0.003
Post-LEFS 47.333 +£4.546 0.001

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 710



+

Igll;’lnf e3t ffue 1: Pilates vs. Proprioception in Hearing-Impaired Children + ; IHSIGHTS- JHII

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

Table 5 PBS and LEFS across groups Comparison (Independent Sample t-test)

Mean + S.D Group PT Mean = S.D Group BPE
Post PBS 39.933 £10.257 29.800 =4.813
Post LEFS 47.733 £5.063 47.333 £ 4.546
P-value PBS 0.000 0.001
P-value LEFS 0.000 0.001

Table 6 Gender-Specific Mean Scores for PBS and LEFS Pre- and Post-Intervention by Group

Group Gender Pre-PBS Post-PBS Pre-LEFS Post-LEFS
BPE Female 26.52 29.3 38.1 47.22
BPE Male 26.8 29.8 38.16 47.33
Pilates Female 27.94 38.91 37.29 47.29
Pilates Male 28.36 39.83 37.51 47.75
. Pre and Post Comparison in Pilates Training Group Post.Intervention Comparison of PBS and LEFS

501
Post PBS
mmm Post LEFS

40
40}

30 30l

Scores
Scores

20 20}

10 10

Pre PBS Post PBS Pre II_EFS Post LEFS Pilates Training Balance Proprioception
Figure 2 Pre and Post Comparison in Pilates Training Group Figure 1 Post-Intervention Comparison of PBS and LEFS
DISCUSSION

The present study aimed to evaluate the comparative effectiveness of Pilates training and balance proprioception exercises in improving
lower extremity function and balance among children with hearing impairment. A total of 30 participants were equally distributed into
two intervention groups, and both interventions were administered over six weeks. The analysis revealed significant improvements in
both groups; however, the group receiving Pilates training exhibited more pronounced functional gains, particularly in Pediatric Balance
Scale (PBS) and Lower Extremity Functional Scale (LEFS) scores. Pilates, being an engaging and structured physical exercise method,
appeared to offer superior benefits in enhancing balance and lower extremity strength in this population. These findings align with
previous literature reporting that Pilates-based interventions significantly improve motor coordination and postural stability in children
with sensorimotor deficits (14). The structured nature of Pilates, emphasizing core strength, controlled movement, and flexibility,
possibly underpins its greater impact on functional outcomes compared to traditional balance proprioception exercises. Physical activity
has consistently been shown to support balance development in children with hearing loss, particularly in the 5—14-year age group, with
structured exercise routines facilitating greater neuromuscular adaptations (15).

The within-group improvement in the Pilates cohort was statistically significant, as evidenced by the marked increase in PBS and LEFS
scores. This reinforces prior research demonstrating the sustained benefits of Pilates in pediatric rehabilitation, especially when applied
in consistent sessions over several weeks. Interventions involving Pilates have been associated with improvements not only during the
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training period but also in post-detraining phases, suggesting longer-term retention of physical gains (16). Furthermore, the enjoyable
and interactive nature of Pilates may have contributed to greater compliance and engagement among the children, further amplifying
the treatment outcomes (17). Functional gains observed in this study are consistent with historical evidence that short-term Pilates
programs can produce substantial enhancements in dynamic balance and motor control in hearing-impaired children (18). The balance
proprioception group also demonstrated significant improvements in both PBS and LEFS scores, confirming the value of neuromuscular
training in this population. Proprioceptive and balance-based training has been recognized for its positive influence on motor
coordination, agility, and joint stability, with specific benefits in pediatric populations suffering from sensory impairments (19,20). The
observed outcomes support the premise that regular proprioceptive engagement can stimulate neural pathways responsible for postural
control and functional mobility.

Despite the promising findings, the study had limitations that warrant acknowledgment. The relatively small sample size may restrict
the generalizability of results to broader populations. The short duration of the intervention, limited to six weeks, may not fully capture
the long-term retention or sustainability of therapeutic gains. Moreover, age-specific analysis was not comprehensively integrated into
the main outcomes, which may have provided additional insights into the age-related responsiveness to different interventions. Future
research should consider stratifying results by age and including a follow-up phase to evaluate the persistence of functional
improvements. Nonetheless, the study’s strengths lie in its methodological clarity, standardized outcome measures, and comparative
analysis of two widely used physiotherapeutic techniques. The integration of validated tools such as PBS and LEFS, and the use of
parametric statistical methods based on confirmed data normality, added to the reliability of the findings. The outcomes reinforce the
clinical value of structured physical interventions in addressing motor impairments associated with hearing loss and highlight Pilates as
a promising modality in pediatric rehabilitation.

For future studies, incorporating larger, multi-centered samples, extended intervention durations, and a focus on age-specific outcomes
will enhance the robustness of the evidence base. Further exploration into the neurophysiological mechanisms underpinning the effects
of Pilates and balance exercises could also offer deeper insight into optimizing therapeutic strategies for children with sensory-motor
deficits.

CONCLUSION

This study concluded that both Pilates training and balance proprioception exercises were effective in improving lower extremity
function and balance in children with hearing impairment. However, Pilates training demonstrated greater efficacy in enhancing postural
control and functional mobility. The findings highlight the practical value of integrating structured and engaging interventions like
Pilates into pediatric rehabilitation programs for this population. By promoting motor development and physical independence, such
interventions can significantly contribute to the overall well-being and quality of life of children with hearing loss.
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