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IMPORTANCE Individuals with persistent unilateral vestibular deficits experience loss of
quality of life and increased risk of falling, and they have few well-supported options for
effective treatment.

OBJECTIVES To evaluate whether vestibular retraining using computerized dynamic
posturography is associated with reduced participant-reported disability for patients with an
objectively assessed unilateral peripheral vestibular deficit and to assess the feasibility of
conducting a randomized clinical trial of vestibular retraining using computerized dynamic
posturography.

DESIGN, SETTING, AND PARTICIPANTS This single-group cohort study was conducted from
April 29 to July 23, 2021, in a tertiary neurotology clinic among 13 individuals with a stable
unilateral vestibular deficit present for more than 6 months, confirmed with
videonystagmography and vestibular evoked myogenic potential testing. Statistical analysis
was performed from July 7, 2021, to January 25, 2022.

INTERVENTIONS Twelve twice-weekly sessions of posturography-assisted vestibular
retraining with prescribed weight shifting tasks guided by an interactive display.

MAIN OUTCOMES AND MEASURES Change in scores on the Dizziness Handicap Inventory
(DHI), the Activities-Specific Balance Confidence (ABC) Scale, and the Falls Efficacy
Scale–International (FES-I), which participants completed before and after retraining to
measure their perception of their disability. They also completed posturography
measurements. Secondary outcomes included tolerability of the intervention and rate of
completion of the full protocol.

RESULTS A total of 13 participants (8 men [62%]; median age, 51 years [range, 18-67 years])
were enrolled. All 13 participants completed the intervention and all follow-up. After
treatment, the median changes in scores were −16 points (95% CI, −20 to 2) for the DHI, −9
(95% CI, −14 to 1) for the FES-I, and 11.9 (95% CI, 0-17.3) for the ABC Scale. Eight participants
(62%) improved by greater than the minimum clinically important difference (MCID) for the
DHI, whereas 4 (31%) exceeded the MCID for the ABC Scale, and 3 (23%) exceeded the MCID
for the FES-I. Participants with moderate to severe disability at baseline (n = 7) had a larger
magnitude of improvement in DHI scores than those with mild disability (n = 6) (−18 [95% CI,
−78 to 2] vs −1 [95% CI, −8 to 16]). Six of the 7 patients (86%) with moderate to severe
disability improved by greater than the MCID for DHI, wherease 4 of 7 patients (57%)
improved by greater than the MCID for the ABC Scale, and 3 of 7 patients (43%) improved by
greater than the MCID for the FES-I.

CONCLUSIONS AND RELEVANCE This cohort study suggests that computerized, dynamic
posturography-assisted retraining was associated with clinically meaningful improvements in
participant-reported disability among those with stable unilateral vestibular deficit and
moderate to severe disability. Further studies should compare posturography-assisted
vestibular retraining with conventional physical therapy rehabilitation techniques.
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B alance disorders are common, with a lifetime preva-
lence of 17% to 30%,1 and are associated with an el-
evated risk of falling.2 They can lead to anxiety, re-

duced independence, and withdrawal from normal activities.3,4

Vestibular rehabilitation exercises, which involve pre-
scribed movement of the head and eyes intended to promote
compensation for vestibular deficits, were first described in
1946.5 Similar exercises are still commonly prescribed for pa-
tients with vestibular symptoms of diverse causes and have
consistently been shown to be better than no treatment6,7; how-
ever, studies of vestibular rehabilitation exercises have had
variable results. Some studies have found effectiveness as high
as 92%,8 whereas in several other studies, 33% to 63% of pa-
tients reported no benefit associated with vestibular rehabili-
tation exercises.9-11

Most studies of rehabilitation interventions for vestibu-
lar deficits have looked at patient groups with diverse causes
of vestibular symptoms, including Ménière disease and be-
nign paroxysmal positional vertigo (BPPV), which are charac-
terized by distinct natural histories and fluctuating symp-
toms. Studies that have included patients with fluctuating
symptoms of vertigo caused by ongoing vestibular irritative
pathologic characteristic may not be generalizable to pa-
tients with stable peripheral vestibular deficits.

Most patients with dizziness due to a peripheral vestibu-
lar deficit experience improvement in their symptoms, either
spontaneously or with physical therapy or vestibular
rehabilitation12; however, some experience persistent
impairment.4 Patients with persistent symptoms of imbal-
ance and evidence of a nonfluctuating unilateral vestibular
deficit are left with few options to improve their vestibular ca-
pacity and quality of life.

Computerized dynamic posturography (CDP) was first de-
scribed more 30 years ago,8,13 but it is still not commonly used
clinically. Computerized dynamic posturography has been
demonstrated to be effective at distingushing patients with diz-
ziness from individuals without symptoms,14 and many cli-
nicians recognize that CDP test protocols can provide useful
objective measures of global balance function; however, there
is a lack of consensus concerning the utility of CDP as a ves-
tibular-specific assessment tool.15-17 Rehabilitation interven-
tions using CDP are uncommon, although this modality has
shown promise in a small number of studies for indications
such as central vestibulopathy18 and Parkinson disease19,20 as
well as for reducing fall risk in elderly individuals.19,21-23

The present study recruited patients who reported imbal-
ance that affected their day-to-day activities and whose symp-
toms were present for greater than 6 months. Objective de-
termination of a peripheral vestibular deficit was a requirement
for eligibility. Patients were excluded if they demonstrated
clinical or audiometric evidence of a fluctuating peripheral ves-
tibulopathy such as a perilymphatic fistula, active Ménière dis-
ease, or otosyphilis. Participants consented to take part in 12
twice-weekly sessions of CDP-assisted vestibular retraining
using real-time visual feedback responsive to the partici-
pant’s postural sway and center of gravity.

The objectives of this study were to investigate the asso-
ciation of CDP-assisted vestibular retraining with subjective

assessments of balance disability. The primary outcome mea-
sures were change in scores on 3 validated questionnaires af-
ter CDP-assisted vestibular retraining. Secondary outcomes in-
cluded tolerability of the intervention and rate of completion
of the full protocol. We plan to use these latter outcomes in the
design of a subsequent randomized clinical trial.

Our hypothesis is that CDP-assisted vestibular retraining
therapy will improve participant-reported measures of dis-
ability and objective sensory organization test and limits of sta-
bility measurements. The participant-reported question-
naires form the basis of the current study.

Methods
Participants
In this cohort study, candidate participants were screened from
April 29 to July 23, 2021, in a tertiary neurotology clinic based
on their medical records: eligible patients were aged between
18 and 80 years and reported feelings of imbalance character-
ized by symptoms of imbalance present for more than 6 months
that negatively affected their day-to-day activities. To be in-
cluded in the study, the symptoms of imbalance were clini-
cally assessed to be caused by a stable vestibular deficit rather
than an active or irritative vestibulopathy based on the crite-
ria of the Bárány Society International Classification of Ves-
tibular Disorders consensus classification of vestibular
symptoms.24 Objective determination of unilateral periph-
eral vestibular deficit required at least 1 of the following: (1)
unilateral weakness during videonystagmography, as de-
fined by a 25% or greater difference between ears using a vid-
eonystagmogram; (2) significant cervical or ocular vestibular
evoked myogenic potential (VEMP) interaural asymmetry, or
absent cervical or ocular VEMP responses in one ear with in-
tact responses in the other ear.25 This study was approved by
the Clinical Research Ethics Board at the University of British
Columbia. All participants provided written consent. This study
followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.

We excluded individuals who exhibited fluctuating symp-
toms of an active vestibulopathic cause within the last 6
months, such as active Ménière disease (characterized by fluc-
tuating hearing loss, tinnitus, and vertiginous exacerbations

Key Points
Question Is computerized, dynamic, posturography-assisted
vestibular retraining associated with reduced disability in patients
with stable unilateral vestibular deficits?

Findings In a cohort study of 13 participants with stable unilateral
vestibular deficits, participant-reported measures of disability
improved after posturography-assisted vestibular retraining,
especially for those with moderate to severe disability at baseline.

Meaning This study suggests that posturography-assisted
retraining shows promise as a treatment for patients with stable
unilateral vestibular deficits, a group that frequently does not
respond satisfactorily to other treatments.
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lasting ≥20 minutes according to American Academy of Oto-
laryngology–Head and Neck Surgery criteria26); patients with
concurrent diagnosis of BPPV; or patients with clinical and au-
diometric evidence of a perilymphatic fistula or otosyphilis.
We also excluded those with a deficit that precluded provid-
ing informed consent or completing the rehabilitation exer-
cises, such as orthopedic or neurologic deficits. Those meet-
ing the eligibility criteria were contacted by telephone and
invited to enroll in the study.

Intervention and Assessments
Consenting participants were invited to the clinic for their base-
line assessment, where they completed the following 3 ques-
tionnaires: the Dizziness Handicap Inventory (DHI),27 the Ac-
tivities-Specific Balance Confidence (ABC) Scale,28 and the Falls
Efficacy Scale–International (FES-I).29 During this visit, par-
ticipants also completed a sensory organization test and a lim-
its of stability test.

Participants completed 12 biweekly sessions of CDP-
guided vestibular retraining exercises in the clinic. These ex-
ercises were designed in accordance with the accepted prin-
ciples of vestibular rehabilitation to promote compensation (or
habituation) and substitution.6,30 Participants were chal-
lenged to shift their weight forward and backward and right
to left as directed by an interactive display or to maintain their
balance while the support surface moved. The display also pro-
vided a visual representation of the center of gravity as a bio-
feedback aid for their postural control. The exercises grew pro-
gressively more difficult over the course of the treatment
protocol. The exercise programs were predetermined, and each
participant received the same protocol except to account for
the laterality of their deficit. On completion of all 12 sessions
of retraining exercises, the participants again completed the
DHI, ABC Scale, and FES-I and performed the sensory organi-
zation test and limits of stability tests.

Statistical Analysis
Statistical analysis was performed from July 7, 2021, to Janu-
ary 25, 2022. The questionnaires were scored according to pub-
lished instructions29 and reported as the median change and

95% CI. Participants were stratified into those with moderate
to severe disability (DHI scores >30) and those with mild dis-
ability (DHI scores ≤30),31 as well as those with or without pre-
vious vestibular rehabilitation. Estimates of the minimum clini-
cally important difference (MCID) were adopted from published
psychometric studies. We used an MCID of 3 for the DHI,32 10
for the ABC Scale,33 and 8.2 for the FES-I.34 Spearman rank-
order correlation was used to estimate the correlation be-
tween the 3 instruments. Analysis was performed using Prism
9, version 9.2.0 (GraphPad Software).

Results
Participants
We enrolled 13 participants (8 men [62%]; median age, 51 years
[range, 18-67 years]) with stable unilateral vestibular deficits
(Table 1). Five participants had a deficit on the left side and 9
had a deficit on the right (1 had an abnormal ocular VEMP on
one side and an abnormal videonystagmogram on the other
side). Seven participants showed a vestibular deficit by re-
sults of videonystagmogram with normal VEMPs, 1 had ab-
normal cervical VEMP and ocular VEMP but normal videonys-
tagmography response, and 5 had abnormal VEMPS and
videonystagmography results. All 13 completed the full course
of retraining sessions and follow-up.

Before treatment, the median DHI score was 40 (range, 12-
80), the median ABC scale score was 74.4 (range, 39.4-96.3),
and the median FES-I score was 31 (range, 16-54). Six of 13 par-
ticipants had DHI scores at baseline of less than 30, indicat-
ing mild disability, whereas 4 had DHI scores indicating mod-
erate disability and 3 had DHI scores indicating severe disability.
Using Spearman rank-order correlation, Dizziness Handicap In-
ventory scores correlated with ABC Scale scores (r = −0.8375
[95% CI, −0.9518 to −0.5187]) and FES-I scores (r = 0.8008
[95% CI, 0.4324-0.9401]).

Participant-Reported Change After Retraining
After treatment, DHI, FES-I, and ABC Scale scores improved,
with median changes in scores of −16 points (95% CI, −20 to
2) for the DHI, −9 (95% CI, −14 to 1) for the FES-I, and 11.9 (95%
CI, 0-17.3) for the ABC Scale (Table 2 and Figure, A). Eight par-
ticipants (62%) had improvements greater than the MCID for
the DHI, whereas 4 participants (31%) exceeded the MCID
for the ABC Scale and 3 participants (23%) exceeded the
MCID for the FES-I.

Given that some participants had mild symptoms and, as
measured by the 3 instruments in this study, had little room
for improvement, we performed post hoc analysis of only those
who reported moderate to severe disability according to the
DHI (Table 2). Six participants (3 women and 3 men, with a me-
dian age of 60 years [range, 22-67 years]) had mild disability
and 7 participants (2 women and 5 men, with a median age of
41 years [range, 18-65 years]) had moderate to severe disabil-
ity. Among those with moderate to severe disability at base-
line, the median magnitude of improvement in all scores was
greater than for those with mild disability (Figure, B). Partici-
pants with moderate to severe disability at baseline had a larger

Table 1. Participant Demographic Characteristics
and Vestibular Test Results

Characteristic No./total No. (%)
Age, median (range), y 51 (18-67)

Sex

Female 5/13 (38)

Male 8/13 (62)

Previous vestibular rehabilitation 9/13 (69)

Abnormal vestibular test results

Videonystagmography 12/13 (92)

vHIT 1/11 (9)

oVEMP 6/13 (46)

cVEMP 3/12 (25)

Abbreviations: cVEMP, cervical vestibular evoked myogenic potential; oVEMP,
ocular vestibular evoked myogenic potential; vHIT, video head impulse test.
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magnitude of improvement in DHI scores than those with mild
disability (−18 [95% CI, −78 to 2] vs −1 [95% CI, −8 to 16]). For
the subgroup with moderate to severe disability, 6 of 7 (86%)
had improvement exceeding the MCID for the DHI. The DHI
measures self-perceived disability in 3 domains: physical, emo-
tional, and functional. For those with baseline DHI scores
greater than 30, there was improvement of −14 points (95% CI,
−36 to −2) in the functional domain, whereas improvement in
the physical domain was −4 (95% CI, −24 to 2) and improve-
ment in the emotional domain was −10 (95% CI, −18 to 6)
(Table 3).

Six of 7 participants (86%) with moderate to severe dis-
ability had improvement that exceeded the MCID for the DHI,
and 3 of 7 participants (43%) had improvement that exceeded
the MCID for the FES-I. It was important to ensure that treat-
ment was not associated with worsening of self-reported dis-
ability for those who entered the study with mild disability as
measured by the DHI. Those with a DHI score of 30 or less at
baseline showed negligible change in scores for the DHI (−1
[95% CI, −8 to 16]), the FES-I (0 [95% CI, −6 to 2]), and the ABC
Scale (0.3 [95% CI, −3.8 to 6.3]) after treatment (Table 3 and
Figure, B).

Nine participants had undergone previous vestibular phys-
iotherapy, but there was no association between previous phys-
iotherapy and response to treatment (Figure, C). Individuals
who had received previous vestibular physiotherapy had
changes in scores of −6 (95% CI, −20 to 6) for the DHI, −5 (95%
CI, −14 to 1) for the FES-I, and 5.6 (95% CI, −3.1 to 13.8) for the
ABC Scale, whereas those without previous physiotherapy had
changes of −5 (95% CI, −78 to 0) for the DHI, 0 (95% CI, −17 to
5) for the FES-I, and 3.8 (95% CI, 0.63-43.8) for the ABC Scale.
Six of the 9 participants (67%) who had previously received
vestibular physiotherapy had improvements exceeding the
MCID for the DHI, whereas 2 of 9 participants (22%) had mean-
ingful improvement on the FES-I and 3 of 9 participants (33%)
had meaningful improvement on the ABC Scale.

Discussion
In this study, we report the change in participant-reported ves-
tibular disability after vestibular therapy using a CDP-
assisted retraining protocol. We enrolled only patients with
symptoms associated with a persistent, stable unilateral ves-
tibular deficit lasting longer than 6 months. This protocol was
chosen to limit confounding by pathologic conditions whose

natural histories are associated with variable symptoms or by
spontaneous resolution of symptoms common in acute phases
of vestibular deficit, which are likely to cause overestimation
of the improvement associated with an intervention.

Modern physical therapy rehabilitation techniques seek to
promote vestibular compensation, adaptation, and substitu-
tion, with the aim of improving postural stability and reduc-
ing the sensation of dizziness.6,35 Rehabilitation programs of
various methods have been shown to be effective for improv-
ing patient-reported measures of imbalance.6,12,36-40 How-
ever, there is little evidence showing the relative effective-
ness of different rehabilitation modalities, nor is there evidence
suggesting which vestibular pathologic conditions are ame-
nable to which treatment.6

Patients with dizziness are a diverse group with varying
underlying pathologic conditions, which makes them a chal-
lenging population to study. Dizziness can arise due to disrup-
tion of the central vestibular system by tumors or infection or
by damage or dysfunction of the peripheral vestibular or-
gans. Proprioceptive defects, psychological distress, neuro-
logic disease, orthopedic deficits, and age are associated with
dizziness symptoms. Accurate diagnosis of the underlying
pathologic condition can be time consuming and requires ac-
cess to specialist health care professionals, so studies of ves-
tibular rehabilitation with larger cohorts frequently enroll
highly heterogeneous patient groups.

Enrollment Criteria in the Literature
Yardley et al9,10,12 recruited a diverse group of patients to study
exercise-based therapy in a series of publications. These ran-
domized clinical trials enrolled large cohorts and robustly dem-
onstrated that rehabilitation exercises are beneficial for pa-
tients with dizziness. However, these studies did not obtain
precise clinical diagnoses and, thus, could not assess whether
patients with some causes of dizziness experienced more of a
benefit associated with rehabilitation than others. In fact, ex-
cept for 1 study,10 the distribution of pathologic conditions
within the cohort was not described.

In studies that reported diagnoses, many studies en-
rolled participants with pathologic conditions that could con-
found analysis.10,38,41 One of these conditions is Ménière dis-
ease, which is characterized by variable episodes of vertigo and
periods of remission. Thus, if enrollment criteria required par-
ticipants to be symptomatic on entry to the study, the natural
progression of Ménière disease would be associated with some
of these participants experiencing less severe symptoms at a

Table 2. Participant-Reported Measures Before and After Treatment

Instrument

Score, median (range)
Difference in score, median
(95% CI)

Achieved MCID,
No. (%)

Before treatment
(N = 13)

After treatment
(N = 13)

DHI total 40 (12 to 80) 24 (10 to 62) −16 (−20 to 2) 8 (62)

DHI-p 12 (0 to 26) 10 (2 to 20) −2 (−10 to 2) NA

DHI-e 12 (0 to 22) 8 (2 to 18) −4 (−12 to 2) NA

DHI-f 14 (0 to 36) 10 (0 to 24) −4 (−6 to 2) NA

ABC Scale 74.4 (39.4 to 76.3) 86.3 (56.3 to 98.8) 11.9 (0 to 17.3) 4 (31)

FES-I 31 (16 to 54) 22 (16 to 32) −9 (−14 to 1) 3 (23)

Abbreviations: ABC Scale,
Activities-Specific Balance
Confidence Scale; DHI, Dizziness
Handicap Inventory; DHI-e,
emotional component of DHI; DHI-f,
functional component of DHI; DHI-p,
physical component of DHI; FES-I,
Falls Efficacy Scale–International;
MCID, minimum clinically important
difference; NA, not applicable.
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later time regardless of treatment. Another frequently in-
cluded diagnosis in the vestibular rehabilitation literature is
BPPV, which is typically self-limiting and can be treated suc-
cessfully. Benign paroxysmal positional vertigo is unlikely to
cause persistent symptoms of imbalance as it is not associ-
ated with unilateral vestibular weakness during videonystag-
mogram testing, although some studies have described per-
sistent VEMP abnormalities in patients with a history of BPPV.42

Our study excluded patients with a diagnosis of Ménière dis-
ease or BPPV.

Another important variable is the interval since the onset
of symptoms. Symptoms of imbalance often resolve or im-
prove spontaneously. In one study, 33% of those in the con-
trol group showed significant improvement without any spe-
cialized care.10 In another study, nearly three-quarters of
respondents who declined to enroll reported they were no lon-
ger dizzy.12 Studies of compensation in the acute phase of ves-
tibular impairment saw improvement regardless of the mo-
dality of treatment40,43 or even without treatment.37

In addition to variability in patient characteristics, the
rehabilitation interventions that are described in the
literature are similarly variable. Some studies prescribed
simple exercises involving nodding and shaking of the
head,10,12,38,39,44 whereas others added exercises including
standing on one leg on firm or soft surfaces and bending
and/or reaching tasks.40,41 Some of these rehabilitation
interventions were performed at home with minimal
supervision,10,12,38 whereas others were performed under
the supervision of a trained physiotherapist who adjusted
the exercises to meet the needs of patients.36 For home
studies, it is difficult to assess adherence, and, in the stud-
ies with supervised protocols, the details of the customized
programs were often not reported.36,41

Because of these limitations in much of the published lit-
erature on vestibular rehabilitation—namely, heterogeneity of
participants, inclusion of patients in the acute phase of their
illness, inclusion of patients with diagnoses of pathologic con-
ditions that are associated with naturally variable symptoms,
lack of adequate controls, failure to identify and control for the
severity of cogent comorbid ailments, lack of reporting or strati-
fication by diagnosis, and variability in treatment protocols—
the literature does not provide adequate guidance on how to
manage patients with stable, persistent peripheral unilateral
vestibular deficits.

One study by Giray et al36 does address this patient group.
Their study enrolled 42 individuals with a diagnosis of a
chronic, decompensated unilateral vestibular deficit and ran-
domized them to either a customized exercise program or no
treatment. In that study, the untreated group showed no im-
provement in participant-reported outcomes, whereas the ex-
ercise group showed significant improvement after treat-
ment for all 3 questionnaires used. The lack of improvement
among untreated controls is in contrast with the studies men-
tioned previously, which showed significant amelioration of
symptoms without treatment.10,37,45 This finding is consis-
tent with the authors’ clinical experience that achieving sat-
isfactory outcomes in patients with stable, persistent unilat-
eral vestibular deficits is difficult. Giray et al36 enrolled patients
at a minimum of 30 days after onset of symptoms; our study
had even more stringent criteria for persistent disorder—a mini-
mum of 6 months.

CDP-Assisted Vestibular Retraining
Given the limitations of conventional rehabilitation exercises
in treating patients with a stable unilateral vestibular deficit,
we sought to evaluate CDP-assisted vestibular retraining for
this group. We included only those with a deficit confirmed
by either videonystagmogram or VEMP, and we excluded those

Figure. Median Improvement in Scores for the Dizziness Handicap
Inventory (DHI), Falls Efficacy Scale–International (FES-I),
and Activities-Specific Balance Confidence (ABC) Scale

Improvement in score

All participantsA

3020100–10

ABC Scale

FES-I

DHI

Improvement in score

Participants with mild vs moderate to severe disabilityB

6040200–20

ABC Scale

FES-I

DHI

DHI >30
DHI ≤30

Improvement in score

 Participants by previous vestibular physiotherapyC

100500–50

ABC Scale

FES-I

DHI

Previous 
physiotherapy
No previous 
physiotherapy

A, Magnitude of improvement for all participants. B, Participants with mild
disability (DHI score �30) at baseline compared with those with moderate to
severe disability (DHI score >30) at baseline. C, Participants with previous
vestibular physiotherapy compared with those with no previous physiotherapy.
Horizontal bars indicate 95% CIs.
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with diagnoses known to be associated with variable symp-
toms or that are readily resolved spontaneously. Vestibular re-
habilitation using CDP has been reported to improve balance
and reduce falls among elderly individuals without a diag-
nosed vestibular impairment,46-48 among patients after sur-
gical removal of vestibular schwannoma,49 among patients
with central vestibulopathy,18 and among those wth Parkin-
son disease.19 Computerized dynamic posturography–
assisted rehabilitation, in conjunction with home-based ex-
ercises, was superior to no treatment for patients with an acute
peripheral vestibular disorder.18 To our knowledge, CDP-
assisted vestibular retraining has not been evaluated for indi-
viduals with stable unilateral vestibular deficit.

In our present single-group pilot study, patients with per-
sistent unilateral vestibular deficit received 12 sessions of CDP-
assisted vestibular retraining. The exercises they performed
were designed to facilitate compensation via the plasticity of
the nervous system and promote sensory substitution,
whereby the individual would integrate sensory cues from vi-
sion, proprioception, and intact contralateral vestibular or-
gans to substitute for lost vestibular function.50 The partici-
pants achieved this outcome through repetitive and
provocative movements according to visual prompts and by
maintaining postural control during dynamic movements of
the platform. Participants were provided with visual biofeed-
back of their center of pressure during all exercises, which is
thought to facilitate reweighting of sensory inputs from de-
fective sources and increase weighting to sensory inputs that
are intact.51,52

We found that, for individuals with moderate to severe dis-
ability, 12 twice-weekly sessions of CDP-assisted vestibular re-
training was associated with changes in DHI, ABC Scale, and
FES-I scores, indicating improvement. Many participants dem-
onstrated improvements that were clinically meaningful based
on MCID estimates derived from the literature. We adopted the
DHI as our primary end point for this study because it is widely

used to measure the association of a therapeutic intervention
with vestibular deficits, and it has been shown to be respon-
sive to changes in self-reported dizziness.32 Marchetti et al33

found that an improvement of 11 or 13 points on the DHI was
associated with an improvement exceeding the minimal de-
tectable change in 2 measurements of gait among those with
balance and vestibular disorders. Our present study did not
measure gait performance as an outcome; rather, we are in-
terested in whether CDP-assisted vestibular retraining is as-
sociated with self-reported improvement in dizziness. Fris-
cia et al32 found that an improvement of 3 points on the DHI
was the optimal cutoff for significant change. Because the out-
comes used in the study by Friscia et al32 were more closely
associated with those in our present study, we used the cut-
off assessed in this study. An improvement of greater than 3
points on the DHI corresponds to the participant changing their
answer on at least 2 questions from “yes” to “sometimes” or
from “sometimes” to “no.” Alternatively, such an improve-
ment could be achieved by changing a response on 1 question
from yes to no.

Eight of 13 participants, and 6 of 7 participants with mod-
erate to severe disability, experienced improvement greater
than the MCID on the DHI after CDP-assisted retraining ac-
cording to this threshold. The DHI measures self-perceived dis-
ability in 3 domains: physical, emotional, and functional. For
those with baseline DHI scores greater than 30, there was im-
provement of −14 points (95% CI, −36 to −2) in the functional
domain, whereas improvement in the physical domain was −4
(95% CI, −24 to 2) and improvement in the emotional domain
was −10 (95% CI, −18 to 6). The functional domain is indica-
tive of the participant’s ability to engage in activities of daily
life, such as work, social activities, and travel.27 Fewer partici-
pants met the MCID threshold for the FES-I or the ABC Scale;
however, it has been reported that the DHI is more respon-
sive than the ABC Scale32 and, in turn, the ABC Scale is more
responsive than the FES-I.28

Table 3. Participant-Reported Measures Stratified by Baseline Severity of Disability

Instrument

Score, median (range)
Difference in score, median
(95% CI)

Achieved MCID,
No. (%)Before treatment After treatment

DHI ≤30 before treatment
(n = 6)

DHI total 17 (12 to 24) 16 (6 to 40) −1 (−8 to 16) 2 (33)

DHI-p 7 (0 to 12) 7 (0 to 12) 0 (0 to 0) NA

DHI-e 6 (0 to 12) 6 (0 to 12) 0 (0 to 12) NA

DHI-f 4 (0 to 8) 4 (4 to 16) −1 (−4 to 10) NA

ABC Scale 91.9 (84.4 to
96.3)

94.4 (81.3 to
96.9)

0.3 (−3.8 to 6.3) 0

FES-I 18 (16 to 32) 18 (16 to 32) 0 (−6 to 2) 0

DHI >30 before treatment
(n = 7)

DHI total 52 (40 to 80) 34 (2 to 62) −18 (−78 to 2) 6 (86)

DHI-p 16 (6 to 26) 12 (6 to 20) −4 (−24 to 2) NA

DHI-e 18 (6 to 22) 8 (0 to 18) −10 (−18 to 6) NA

DHI-f 24 (14 to 36) 10 (0 to 24) −14 (−36 to −2) NA

ABC Scale 55.0 (39.4 to
74.4)

75.6 (56.3 to
98.8)

20.6 (1.3 to 43.8) 4 (57)

FES-I 34 (23 to 54) 26 (17 to 36) −8 (−23 to 5) 3 (43)

Abbreviations: ABC Scale,
Activities-Specific Balance
Confidence Scale; DHI, Dizziness
Handicap Inventory; DHI-e,
emotional component of DHI; DHI-f,
functional component of DHI; DHI-p,
physical component of DHI; FES-I,
Falls Efficacy Scale–International;
MCID, minimum clinically important
difference; NA, not applicable.
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Delbaere et al53 performed a longitudinal study of the FES-I
for validity in predicting falls and found that those with mul-
tiple falls had a starting mean FES-I score of 26, whereas those
who did not fall during the study had a mean score of less than
21. In that study, they used a receiver operator characteristic
curve to propose a score cutoff of 23 for high concern of fall-
ing, while scores of 16 to 22 indicated low concern. In our pre-
sent study, 9 participants’ scores prior to retraining were above
the cutoff for high concern, which decreased to 6 partici-
pants after retraining; 2 of these participants improved by
greater than the MCID of 8.2 points. These changes are con-
sistent with a meaningful decrease in fall risk for these
individuals.

Nine of the 13 participants in our present study had re-
ceived some form of previous vestibular rehabilitation or phys-
iotherapy without satisfactory resolution of their symptoms,
whereas 4 had received no prior treatment. Of these 4 partici-
pants, 2 had mild disease according to the DHI, so it was not
possible to estimate whether previous rehabilitation status was
associated with outcomes. However, we are encouraged that
the intervention described here is associated with improve-
ment in self-reported vestibular disability—even for those
who had previously received some rehabilitation or
physiotherapy that had failed to resolve their symptoms
adequately.

Limitations
This study has some limitations. The study design did not in-
clude a waiting list, sham treatment, or alternative treatment
control, so we cannot estimate how much change in partici-
pant-reported disability was owing to factors other than the

CDP intervention or how it compares with other treatment mo-
dalities. We enrolled only 13 participants, and only 7 had mild
to moderate symptom severity. Individuals with mild impair-
ment showed no benefit associated with the intervention, but
we cannot assess whether this outcome was because of a floor
or ceiling effect of the questionnaires53,54 or whether those with
mild impairment do not respond to this intervention. Subse-
quent studies would benefit from enrolling more partici-
pants and from limiting eligibility to those with moderate to
severe impairment.

Conclusions
This cohort study found that CDP-assisted vestibular retrain-
ing delivered by a supervised and standardized protocol, such
that each participant received the same intervention except for
adjusting for laterality of the vestibular deficit, was associ-
ated with improvement in participant-reported outcomes. This
intervention requires specialized equipment, which is a bar-
rier to access; however, if such equipment is available, repli-
cable computer-guided vestibular retraining treatments could
be offered without the need for a physical therapist to de-
velop a customized exercise program.

Our findings suggest the use of CDP-assisted vestibular re-
training as an adjunct treatment for patients with dizziness who
have persistent symptoms with or without previous physical
therapy. These findings support the need for, and will inform
the design of, a randomized clinical trial of CDP-assisted ves-
tibular retraining for patients with a stable unilateral vestibu-
lar deficit.
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