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Introduction

Falls are serious events that have lead to 2.5 million
nonfatal outcomes and 21,700 fatal outcomes per year in
the United States'. Balance has long been considered the
result of inputs provided through visual, vestibular, and
proprioceptive systems?. Recent research has suggested a
relationship between hearing loss and increased risk of
falls in the elderly?3. The role of hearing loss in falls is
complicated by coexisting reduction in cognitive capacity,
secondary vestibular dysfunction, and a loss of spatial
perception leading to decrease three-dimensional
awareness.

This study examined the ability of an external sound
source to improve walking by correcting for veering. In a
population continually affected by hearing loss, bilateral
hearing aid (BLHA) users were examined to give insights
as to whether the benefits of hearing aids extend to
improving locomotion and three-dimensional awareness.

Methods

Young, healthy adults (n=11) with no reported co-
morbidities, vestibular impairments, or clinical hearing loss
were selected as control population. Bilateral hearing aid
users (n=6) were screened to have 3 or more months of
hearing aids, aided thresholds of 25dB or worse in each ear,
and could ambulate without assistance.

Participants were blindfolded and instructed to walk 8m
towards a speaker to the best of their abilities at their
preferred paces, see Figure 1. The gait patterns included a
normal walk and tandem walk. Subjects subjectively rated
their abilities to balance before and after the experiment.

Sound conditions included a broadband white-noise (1-4
kHz, 65dB) speaker located 9.6m from the start location.

Over-ear headphones emitted broadband white-noise from a

subjective dB level related to standing 1.2m from the

Figure 2: Individual Results from Healthy Participants
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Figure 3:Average of distance from final speaker in control subjects
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Figure 4: Individual Results from Bilateral Hearing Aid Users
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Figure 5: Average of distance from final speaker in BLHA subjects
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Conclusion

Healthy individuals subjectively reported an
increase in ability to retain balance while sound cues are
available. The objective data shows a significant decrease
(p<.005) 1n veering from no sound to the a loud-speaker
condition. As predicted, headphones lack of spatial cues
led to a similar result to no sound conditions. Healthy
subjects are able to utilize sound to navigate during
transient low-light conditions under several gait
conditions.

BLHA subjects reported no difference in their
ability to balance between unaided and aided conditions
with one subject reporting improvement in balance
without sound. Objective measurements showed no
significant difference in normal walking conditions which
are ultimately attributed to a small sample size, higher gait
velocity lending to automated control, and more
experience walking without sound*”. Additionally, co-
morbidities in this population may be masking the
potential benefits of sound alone. Longer longitudinal
studies are needed to examine the role of audition in
improving balance and navigation in the BLHA
population.

Different walking conditions resulted in large
differences in ability to maintain a straight line path. Both
populations veered greater distances during heel-to-toe
tandem walking conditions throughout all sound
conditions. This error is widely attributed to increased
number of gait cycles, slower walking speeds, and natural
path integration deficits®.

In this study, spatial awareness using sound 1s
responsible for the reduction in veering associated with
imbalance. Veering 1s a sign of imbalance and increases
the risk of falling as seen in those with vestibular loss’.
This study suggests that an elderly bilateral hearing aid
population may not benefit from hearing aid use during
transient low-light conditions, such as getting up to use the
restroom, yet more evidence 1s needed to support this.
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Table 1: Subjective Reports of Balance
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11 young, healthy adults, ages 20-30 (mean 25.8) and 6
bilateral hearing aid users, ages 33-69 (mean: 55.6) were
selected based on criteria in methods.

The healthy population benefited from silence to sound
conditions by decreasing veering from 0.96m to 0.28m,
respectively, ANOVA analysis F(2,63)=7.507, p=0.0012
between groups. A decrease in path detour from 2.35m to 0.45m
was observed during tandem walking exercises in healthy
subjects, ANOVA analysis [F(2,63)=5.449, p=0.0066] between
groups.

BLHA users showed no significant difference for
localization accuracy while walking normally during aided,
0.85m, and unaided, 0.64m, ANOVA analysis [F(2,16)=0.16,
p=0.85]. The tandem walking showed a reduction in veering
from unaided, 2.8m, to aided, 0.97m, with an ANOVA Analysis
[F(2,27)=3.12, p=0.06].
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