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In this edition of “Striking the Right Balance,” Maxime Maheu and his colleagues at the
University of Montreal and the Montreal Geriatric University Institute summarize the current
knowledge and offer important insight on the role of hearing in postural control.

Michael Vekasi, MClSc, R.Aud, Aud(C) and Erica Zaia, MSc, RAUD are coordinating the
“Striking the Right Balance,” feature which will cover the latest information on ‘all things
vestibular.’

If you would like to be more involved in all things vestibular, please sign-up for the Vestibular
Special Interest Group. Sign-up by simply emailing CAAvestibular@gmail.com to let us know
you want to be a part. Also, check out our Facebook page for a free list of online vestibular
resources at the CAA National Vestibular Special Interest Group page.

Winter is already at our door and you are probably dreaming of your last vacation where you were
standing on a beach staring at the ocean. While standing on the warm sand, you probably did not
notice all the sensory information necessary to prevent you from falling. Indeed, upright posture
requires integration of somatosensory/proprioceptive, visual and vestibular information. Depending

on the environment, a different weight could be attributed to different sensory information.1,2 Over
the past few years, research has proposed new evidence revealing the possible contribution of other
senses, such as hearing, in postural control. Ultimately, research aims at understanding how
hearing could help us maintain balance. However, so far, there is no consensus on the subject.
Understanding how auditory information may help improve balance could lead to new targeted
interventions in vestibular rehabilitation and falls prevention programs. This is specially of interest
for audiologists who encounter patients with hearing loss and balance issues in their daily practice.
Therefore, the objective of this article is to discuss recent evidence suggesting how hearing may
influence postural control.

Influence of Auditory Input on Balance in Normal Hearing
Listeners
There is evidence that the presence of sound in the environment may affect (positively or

negatively) one’s ability to maintain balance.3–8 However, very few studies have investigated the
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influence of reduced auditory cues on balance in normal hearing listeners, which is fundamental to
the understanding of the role of hearing on posture.

One of the first investigations on the effect of the reduced auditory cues in normal hearing

individuals and its influence on balance was reported by Kanegaonkar et al.9 They assessed
postural control in normal hearing participants in different auditory conditions (soundproof room;
regular room; with and without hearing protectors). They found significantly greater sway when
participants were standing with eyes open in a soundproof room rather than in a regular room.
They also found significantly greater sway with participants standing with their eyes open with
hearing protectors as opposed to when no hearing protectors were used. This observation was

supported later by the observations by Vitkovic et al.10 This group reported a significant decrease in
balance in the absence of auditory cues in healthy controls. These studies indicated that auditory
cues may contribute to balance in normal listeners, but the methodology did not allow to assess the
underlying sensory weighting strategies. More recently, a study from our group aimed at
understanding how auditory cues in normal hearing participants may influence sensory weighting

strategies.11 We recruited 14 normal hearing healthy participants with normal vestibular function as
confirmed by the results of video head impulse (vHIT), cervical vestibular evoked myogenic
potential (cVEMP) and ocular vestibular evoked myogenic potential (oVEMP). Participants had to
complete the modified clinical test sensory integration in balance (mCTSIB), which consists of 4
postural conditions: (A) eyes open on firm surface, (B) eyes closed on firm surface, (C) eyes open
on foam, and (D) eyes closed on foam (Figure 1). Our results suggest that auditory input plays a
significant role in postural control, supporting previous literature. Our study goes further by
suggesting that reduction of auditory cues in healthy adults increases reliance on visual cues
(Figure 2). Therefore, it is possible to hypothesize that, when auditory cues are disrupted in normal
listeners, the weight accorded to auditory input during postural control tasks is redistributed and
used to increase the dependence on visual cues.
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Figure 1. Representation of the 4 different postural conditions (A–D) and CoP displacement of
a participant without hearing protection (light grey lines) and with hearing protection (black

lines). Reused with permission from Elsevier. Maheu et al.11

Congenital Hearing Impairment and Consequences on
Balance
Considering the evidence that a temporary reduction in auditory cues in normal hearing individuals
may influence balance, one can wonder how congenital sensorineural hearing loss would influence
balance. Previous evidence suggests that postural control is significantly reduced in hearing-
impaired individuals, more specifically for conditions where somatosensory or visual cues were
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reduced or absent.12–14 This may suggest a sensory reweighting in hearing-impaired individuals,
which could be detrimental to postural control. However, one major issue with most of the
previous studies is the absence of vestibular function tests. It has been previously demonstrated

that up to 70% of the participants with congenital hearing loss may have a vestibular impairment,13

which could become an important confounding factor. Therefore, it is still not possible to isolate
the influence of hearing loss on postural control.

A study from our group aimed at evaluating the influence of congenital hearing impairment on

sensory weighting during postural control tasks.15 We recruited 14 normal healthy controls and 14
congenitally hearing-impaired participants. All controls had normal vestibular function. However,
10 out of 14 hearing-impaired participants had at least one abnormal vestibular test. Cervical
VEMP (cVEMP) was bilaterally absent in 54% and unilaterally in 7%; oVEMP was bilaterally
absent in 64%, and vHIT gain was bilaterally reduced in 43% of the individuals. All participants
were assessed using the mCTSIB protocol without auditory input (hearing impaired without
hearing aids, controls with double hearing protection). The results confirmed poorer postural
stability in hearing-impaired group (with and without vestibular loss). More importantly, data
suggested that congenitally hearing-impaired individuals rely more on somatosensory information
for postural control than normal hearing controls (Figure 3). This increased somatosensory reliance
may increase postural sway when it comes to more challenging postural conditions. When looking
more closely at the results, we can see a trend towards higher somatosensory dependence in
hearing-impaired individuals with vestibular loss. However, the small number of hearing-impaired
participants without vestibular loss does not allow us to draw definitive conclusions. It is, however,
possible that the effect observed in hearing-impaired individuals may be enhanced by the large
proportion of participants with vestibular impairment.

Hearing Aid and Balance: Importance of Assessing the
Vestibular System
Considering that a strong relationship exists between an increased risk of falls and decreased
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auditory ability,16,17 auditory amplification through hearing aids may be an effective falls
preventative tool. Previous studies have investigated the relationship between hearing aids and

postural control. In a study by Rumalla et al,18 postural control abilities of 14 hearing-impaired
participants were assessed with and without hearing aids. Their results suggested that hearing aids
were useful to improve postural control. Rumalla’s et al. study was recently supported by

Negahban et al,19 study. On the other hand, McDaniel et al,20 failed to demonstrate a significant
benefit of hearing aids on posture. This discrepancy between the studies may be explained by the
absence of prior vestibular testing. Unfortunately, none of these studies tested for vestibular
function, which limits the results interpretation. Thus far, only one study attempted to classify

hearing-impaired participants based on their vestibular function. Vitkovic et al,10 suggested that
patients with greater vestibular deficits derived greater postural benefits from their hearing aids.
However, the authors did not match hearing thresholds between the groups (hearing impaired and
vestibular impaired). Their results suggested a significantly greater influence of hearing aids in the
vestibular impaired group, which was the group with better hearing thresholds. Therefore, the
specific influence of vestibular loss in postural stability in hearing-impaired individuals wearing
hearing aids remains unknown.

Based on that, our group recently studied postural control in 14 normal healthy controls and 18
hearing-impaired individuals, 10 of which with hearing and vestibular loss (HIVL) and 8 with
matched hearing loss only (HI). These participants performed the mCTSIB in 2 different auditory
conditions (with and without hearing aids) in random order. The results support previous findings
suggesting greater postural sway in the hearing-impaired group. However, our results add to the
previous studies by suggesting that the benefit of hearing aids may be linked to vestibular function.
In fact, only those with both hearing and vestibular impairment demonstrated a significantly
greater benefit from auditory cues as opposed to controls and hearing-impaired only group.
Interestingly, no significant difference was observed between the hearing-impaired only group and

control group.21 It is possible that the reduction of somatosensory dependence observed in HIVL
group when standing with hearing aids may explain the improved stability within this group.

Conclusion and Future Directions
The studies discussed above provide evidence that auditory input plays a role in postural control.
Several hypotheses have been suggested to understand how auditory cues may influence balance.

One mainstream hypothesis is that it provides auditory landmarks.5,6,22 This hypothesis proposes
that one could position themselves by the spatial representation provided by auditory input.
Moreover, the studies from our group highlight that auditory cues may modulate the weight
accorded to other sensory information and this could help decrease maladaptive sensory
reweighting in case of vestibular loss. This opens new possibilities when it comes to fall prevention
and rehabilitation. A few studies have investigated the use of auditory cues in vestibular

rehabilitation23 and in elderly.24 However, several questions still remain, and further research is
needed to better understand and optimize the role of hearing aids in balance. As audiologists, this is
of major importance in falls prevention. It becomes more important to identify patients with
concomitant HIVL and discuss the potential benefit of hearing aids use not only for
communication, but also for patient safety.
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