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Smart Wearable Vibrotactile Biofeedback Systems Could Enhance Balance and
Gait Control in Older Adults and Patients with Stroke
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Background: Falls and consequent injuries contribute to high mortality rate and significant society
burden. The second leading cause of falls is balance and gait disorder, which just comes after the accident.
Tactile sensation at plantar surface of the foot is crucial in maintaining balance and gait control, as it
continuously provides information about the foot-ground contact characteristics that related to body
motion. Declined plantar sensation could disturb balance and gait, and consequently, increase the risk of
falls in aged population and patients. Therefore, improving/supplementing plantar sensation could be one
potential effective approach to enhance balance and gait, which appears to not have been achieved enough
attention before.

Design of the device: A series of novel wearable and lightweight vibrotactile biofeedback systems,
integrated with thin-film force sensors at plantar surface of foot, have been developed to supplement
plantar sensation by measuring plantar force during standing and walking, and further providing instant
corresponding body motion cues to the user at other body parts, e.g. upper trunk & wrist.

Methods: Clinical trials have been conducted to systematically investigate if supplementing plantar
sensation could improve balance and gait performance in various populations, including: effect of
biofeedback system on standing postural balance in 30 healthy young and older adults (Study 1), & effect
of biofeedback system on gait performance in 8 patients with stroke (Study 2). Repeated measures design
has been adopted to compare participant’s balance and gait performance between with and without the
devices turning-on. Measurement of center-of-pressure parameters during static standing, plantar pressure
distribution during walking, and spatiotemporal gait parameters have been used to objectively assess
subject’s postural balance and gait control in different experimental conditions.

Results: Healthy young and older adults revealed significant less postural sway during standing upon
turning on the device, as compared to the condition of standing with device turning-off. Patients with
hemiplegic stroke revealed less foot inversion and more plantar pressure at the medial forefoot of the
affected side, and better gait symmetry during walking with the biofeedback system turned-on.



Discussion and Conclusion: The findings of the studies supported the effectiveness of biofeedback
system in enhancing balance and gait control, indicating that supplementing plantar sensation is one
effective approach in improving balance and gait control in aged population and patients, which inspires
future research in this field. Integrating plantar force sensors allows the device to detect motion of both
left and right legs. The wearable characteristic of vibrotactile biofeedback systems also allows them to be
used in both indoor and outdoor settings, which further makes them appropriate to be as balance aids in
daily life in the future. Future studies could consider investigating the effect of vibrotactile biofeedback
systems on more complicated tasks, such as ascending/descending stairs and running, in more diverse and
representative populations.
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