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Abstract

Objective—To evaluate whether wearing auditory assistive devices can improve gait and 

dynamic balance.

Patients—Three adult users of bilateral hearing assistive devices: one with cytomegalovirus 

exposure wearing cochlear implants, one with Meniere’s disease wearing hearing aids, and one 

with presbystasis wearing hearing aids.

Intervention—Rehabilitative intervention involved participants performing gait and dynamic 

posture tasks with and without their hearing assistive devices.

Main Outcome Measures—Gait velocity and Mini-BESTest score.

Results—The participant with Meniere’s disease showed a clinically significant improvement in 

gait in the aided versus the unaided condition (20.5 cm/sec higher velocity and 5 point better Mini-

BESTest score). The other two participants also improved with augmented audition, but to a lesser 

degree.

Conclusions—Bilateral hearing augmentation may promote clinically significant improvements 

in gait, although the effects are not uniform among patients. Hearing aids or cochlear implants 

may be important interventions for improving stability during ambulation in some people with 

hearing loss.

Introduction

Vestibular, visual, and proprioceptive inputs are critical for maintaining balance. Spatial 

audition is an additional input that can affect stability during quiet standing (1-4). The ability 

of external auditory inputs to stabilize gait has not been examined and is particularly 

important as falls are particularly likely to occur during ambulation (5). Here, we compared 

gait performance in three people with hearing loss with and without the addition of their 

hearing assistive devices.
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Methods

All participants were experienced users of hearing assistive devices. Participant M was a 38-

year old woman with a history of Meniere’s disease. She had a flat symmetric sensorineural 

hearing loss of about 50 dB HL and was aided with bilateral hearing aids. No laboratory 

vestibular testing was completed, but she had normal bedside head impulse testing. 

Participant C was a 21-year old man with a history of congenital cytomegalovirus (CMV) 

infection who wore bilateral cochlear implants. He had bilateral vestibular areflexia 

confirmed with calorics, cervical vestibular evoked myogenic potentials (cVEMPs), and 

rotational chair testing. Participant W was an 82-year old woman with symmetric 

presbycusis declining to 80 dB at 8 kHz, aided with bilateral hearing aids. She had a distant 

history of benign positional vertigo but normal calorics. All participants achieved normal or 

near-normal hearing levels with their devices on.

Each participant completed an ambulation task on a 90 cm wide by 700 cm long strip 

instrumented with pressure sensors to measure gait speed and step length (GAITRite, CIR 

Systems, Sparta, NJ). People with gait speeds below 70 cm/sec have been shown to be at a 

1.5 times higher risk of falling (6). The minimal detectable change (MDC) for gait speed has 

been measured as 10.8 cm/sec in community-dwelling older adults (7) and 10–17 cm/sec in 

adults with pathology (8). The minimal clinically important difference (MCID) has been 

calculated to be 16 cm/sec in stroke patients (9).

Each participant also completed the mini-BESTest, which evaluates gait and balance and is 

analogous to other tests such as the Berg Balance Scale, the Tinetti Balance Test, and the 

Timed Up and Go Test (10,11). The test includes sitting to standing, rising onto tiptoe, 

stepping to avoid a fall when leaning forward, backward, or laterally, changing gait speed, 

turning head while walking, reversing direction while walking, stepping over a box while 

walking, and a sequence of rising from a chair, walking 3 meters, turning, and returning to 

sit. The static components of the test include standing with eyes open on a firm flat surface, 

standing with eyes open on a firm inclined surface, standing on one leg, and standing with 

eyes closed on a foam pad. A Mini-BESTest score below 17 identifies older adults with high 

fall risks (12). The MDC and MCID for the Mini-BESTest have been reported to be 3.5 and 

4 points respectively in patients with balance disorders (13).

We also measured other variables, although consider them secondarily here because their 

MDC and MCID are unknown. The Functional Ambulation Performance (FAP) is a 

comprehensive measure of gait including velocity, step length, dynamic base of support, and 

step symmetry ratio (14) with lower scores corresponding to higher fall risk (15). Romberg 

testing was performed on a foam block (Airex, Sins, Switzerland) with feet together and 

hands crossed on the chest.

There were two sound conditions: aided by assistive devices and unaided. Auditory 

conditions were pseudorandomized. Background noise (56 dB A-weighted) for the 

GAITRite strip experiment was provided by a line of three treadmill machines oriented 

parallel to the strip at a distance of about 3 meters, and for the mini-BESTest was produced 

by an interstate highway approximately 50 meters distant (≈59-62 dB A-weighted). Each 
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sound source provided a diffuse, but directional, auditory cue. Participants walked the length 

of the strip five times in each sound condition with their eyes closed and the results were 

averaged. All testing was performed in accordance with the Institutional Review Board at 

Washington University in St. Louis and the Helsinki Declaration.

Results

Gait velocity improved for each participant when wearing assistive devices. For the 

participant M with Meniere’s, gait velocity went from 51.0 to 71.5 cm/s with hearing 

assistive devices. For participants W and C, gait velocity increased from 46.0 to 49.9 cm/s 

and 85.1 to 92.5 cm/s, respectively. Results on the mini-BESTest for participants M, W, and 

C went from 21 to 26, 17 to 20, and 26 to 27, points respectively (Figure 1).

Secondary outcome variables are shown in Figure 2. The FAP score improved from the 

unaided to aided auditory condition in all participants (participant M: 75-87; participant W: 

60-69; participant C: 88 to 95). Step length, defined as the distance from heel strike of one 

foot to subsequent heel strike of the other foot and measured in centimeters, showed similar 

changes (participant M: 34.5 to 44.2; participant W: 27.1 to 29.2; participant C: 48.7 to 53.7) 

as did the Romberg test results, measured in seconds (participant M: 0 to 11; participant W: 

0 to 3; participant C: 11 to 30).

Discussion

Our results show for the first time that hearing assistive devices may improve gait 

performance. This extends results of previous reports suggesting that spatial auditory cues 

can improve static balance (1,16), and that hearing instruments may function as balance aids 

(3,4). Participant M demonstrated consistent, clinically significant improvement while aided, 

increasing gait velocity by 20.5cm/sec and mini-BESTest by 5 points. These changes in 

primary outcome cross thresholds for MDC (gait velocity: 10.8 cm/sec; mini-BESTest: 3.5 

points) and MCID (gait velocity: 16 cm/sec as seen in stroke patients and 10-17 cm/sec in 

various pathologic populations; mini-BESTest: 4 points). Participants W and C showed 

consistent improvement but did not cross MDC and MCID thresholds. All participants 

demonstrated improvements on all secondary variables, but the significance of this is 

difficult to assess as MDC and MCID are not known for these variables.

Fall risk is indirectly correlated with gait speed among the elderly (6). All of our participants 

sped up with better audition, with participant W improving so much that she was no longer 

in the range of gait speeds considered indicative of increased fall risk (6,17). With hearing 

aids, participant W also crossed a mini-BESTest threshold score of 19 points, a value that 

has been used to differentiate between fallers and nonfallers in Parkinson patients (18). All 

of our participants improved their FAP scores when wearing their hearing assistive devices. 

The FAP scores and stride lengths also demonstrated improvement, although no numerical 

thresholds have been reported for fall risk (14). Improvements in Romberg score in 

participant C correspond to an improvement in odds ratio for falling of 3.4 (19). The change 

of less than 10 seconds seen in other participants fell within the same fall risk range reported 

by Agrawal et al. making change in odds ratio impossible to quantify.
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The youngest participant performed best in all conditions, and the older participant with 

presbystasis performed the worst. This might be an age-related effect due to either peripheral 

causes such as poor proprioception or central changes such as diminished ability to combine 

balance-related information efficiently, but this is impossible to conclude with certainty from 

the limited data presented here.

The importance of auditory input likely increases when visual, proprioceptive, or vestibular 

inputs are not available due to environmental conditions (such as walking in the dark), and 

patient-related conditions (such as visual and proprioceptive loss in people with diabetes). 

We conducted our experiments in the dark to eliminate vision and accentuate the effect of 

audition, but principles of sensory integration suggest that even when vision is available the 

brain will use all accessible sensory cues, including audition, to maintain balance (20).

Given that all three participants were regular users of their hearing aids or cochlear implants, 

an alternative explanation for the performance differences seen between the aided and 

unaided conditions is that the participants were simply not used to perceiving their world 

without hearing assistive devices. While this explanation cannot be entirely dismissed, a 

recent study examining static balance with normal hearing listeners included non-spatial 

sound via headphones and found no improvement in balance (21), suggesting that the effects 

here are likely a result of spatial hearing.

Our results suggest that optimizing auditory inputs may be an effective tool to improve gait, 

as previously shown in static conditions (3,4), but may be of clinical utility only in some 

people. Optimization of benefit could include wearing assistive devices such as hearing aids 

or cochlear implants, or the thoughtful design of interior spaces to maximize the 

effectiveness of the acoustic environment.
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Figure 1. 
Primary outcome variables for three participants with and without their hearing assistive 

devices. Left: Gait speed (cm/sec). Right: Mini-BESTest Overall Score (maximum score = 

28 points). Participant C had cytomegalovirus exposure, participant M had Meniere’s 

disease, and participant W had presbystasis.
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Figure 2. 
Secondary outcome variables for three participants with and without their hearing assistive 

devices. From left to right: Functional Ambulation Performance (FAP) score (maximum 

score = 100 points), step length (cm), and Romberg test on foam score (maximum time = 30 

seconds). Participant key is the same as in Figure 1.
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