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Extended Abstract

Background and Purpose

Fatigue is a significant factor that can impair stability and increase the risk of injury, while also
reducing an individual's functional capacity (1). Studies have demonstrated that muscle fatigue
negatively affects dynamic balance. Maintaining balance and postural control is particularly critical
for the elderly, relying on the integrated function of sensory systems such as vision, vestibular, and
proprioception (2). Utilizing diverse sensory feedback mechanisms is essential for improving balance.
Auditory biofeedback, or sonification, conveys physiological information through sound and has
emerged as an effective tool for balance enhancement (3). Despite its importance, the auditory system
has been underutilized compared to vision. Auditory feedback offers advantages such as improved
concentration, reduced cognitive load relative to vision, and more precise timing, which better
conveys biomechanical data (4). Given the role of auditory feedback and changes in muscle activity
during fatigue, this study investigates the effects of muscle pattern sonification versus visual feedback
on balance in elderly individuals under fatigue conditions.

Materials and Methods

Twenty healthy elderly participants (mean age 66.20 £ 5.72 years) were randomly assigned to two
groups (visual feedback and auditory sonification), each consisting of 10 individuals (3 males, 7
females). Following baseline assessments, participants completed eight sessions of postural stability
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training on the Biodex balance system. Prior to each session, participants underwent a fatigue protocol
using a Bike Ergometer. Post-fatigue, they performed balance training with either visual feedback or
muscle pattern sonification, completing 15 repetitions of 20 seconds each with 10 seconds rest
between attempts at the Biodex’s 8th unstable level. Balance indices—including overall, medial-
lateral, and anterior-posterior—were recorded pre- and post-intervention with three repetitions per
test. Data were analyzed using SPSS-22, employing descriptive statistics and one-way ANCOVA
with significance set at p < 0.05.

Results

Significant differences were observed between groups in overall balance and anterior-posterior
balance indices (p < 0.05), with the sonification group demonstrating superior performance. No
significant difference was found in the medial-lateral balance index (p > 0.05). The sonification group
exhibited reduced sway compared to the visual feedback group, indicating better balance control. The
absence of feedback revealed that sonification training led to improved overall and anterior-posterior
balance post-intervention. This may be attributed to over-reliance on visual feedback in the visual
group, whereas auditory feedback encourages more autonomous balance control (6,7). Additionally,
greater sway was noted in the anterior-posterior direction under fatigue, consistent with prior findings
that anterior-posterior muscles are more sensitive and affected earlier by fatigue than medial-lateral
muscles (8). These results suggest that auditory feedback targeting muscle electrical activity can
effectively enhance balance in elderly individuals.
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Figure 1- Mean of Overall Stability, Anterior-posterior and Medial Lateral Indexes in different stages

Conclusion

Auditory biofeedback through muscle pattern sonification is an effective method to improve balance
in elderly individuals, particularly under fatigue conditions. Training programs incorporating auditory
feedback focused on muscle activity may offer superior benefits over traditional visual feedback,
potentially reducing fall risk and enhancing functional independence in the aging population.
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Table 3- The results of the covariance test in the two vision and Sonification groups in postural
stability Index
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