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ABSTRACT: Vestibular impairment (VI) and cognitive impairment (CI) are risk factors for senior falls. We tested the feasibility of a
self-directed 12-week vestibular rehabilitation (VR) program in Memory Clinic patients (65 years+) with a fall, CI and VI. We assessed
recruitment, exercise adherence and ability to complete questionnaires/assessments. Twelve patients with CI and falls were screened and
8/12 (75% – prevalence) had VI. All patients completed the screening tests/questionnaires (100% – completeness); 7/8 patients were
recruited (87.5% – recruitment); 1/7 (85.7% – attrition) patient attended follow-up. VI is prevalent in patients with CI experiencing falls
but traditional VR is not feasible, so a novel delivery of VR must be explored.

RÉSUMÉ: Les exercices de réadaptation vestibulaire comme stratégie de prévention des chutes chez des patients atteints de troubles cognitifs.
Les troubles vestibulaires (TV) et les troubles cognitifs (TC) sont des facteurs de risque de chute chez les personnes âgées. À cet égard, nous avons évalué
le caractère réalisable d’un programme autonome de réadaptation vestibulaire de 12 semaines offert, dans une clinique de la mémoire, à des patients âgés
de 65 ans et plus ayant chuté au moins une fois et qui sont atteints de TV et de TC. Nous nous sommes ainsi penchés sur leur recrutement, leur adhésion
aux exercices du programme et leur capacité à compléter des questionnaires d’évaluation. Douze patients aux prises avec des TC ont été examinés. De ce
nombre, huit d’entre eux (75 %) étaient aussi atteints de TV. Tous ces patients ont complété des tests de dépistage ainsi que des questionnaires, lesquels ont
été remplis dans 100 % des cas. Au total, sept patients sur huit ont été recrutés, soit 87,5 %, tandis qu’un seul, ce qui représente un taux d’attrition de 85,7 %,
s’est présenté lors d’un suivi. Même si les TV affectent les patients atteints de TC, un programme de réadaptation vestibulaire n’est pas réellement réalisable
dans ce contexte, de sorte qu’un nouveau programme devrait être exploré.

Keywords: Falls, Cognitive decline, Vestibular diseases, Rehabilitation research

Abbreviations: ABC – Activities-specific balance confidence scale; AD – Alzheimer’s dementia; BPPV – Benign paroxysmal positional
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Falls are a growing concern in seniors (≥65 years).1 Cognitive
decline1 and vestibular impairment (VI) increase with age and
are correlated with an increased risk of falling.2 Vestibular
rehabilitation (VR) is used to treat VI.3

We tested the feasibility of a VR program in Memory Clinic
patients with previous falls. The aim of this study was to assess
the feasibility of recruitment, ability to complete screening tests/
questionnaires, feasibility of the program and compliance to a VR
program in patients with mild cognitive decline and VI.

Patients who had attended the Memory Clinic and were ≥65
years of age, English speaking, had a diagnosis of MCI/AD/VaD/
mixed dementia,4–7 fell within the past year and able to provide
consent were contacted. Exclusion criteria consisted of additional
neurological disease (i.e. seizures or stroke), severe psychiatric

disease, current inner-ear infection, severe neck arthritis, Montreal
cognitive assessment (MoCA) score < 15 or > 26 (v7.1)8 or other
aetiology of dementia (i.e. Parkinson’s disease). Eligible patients
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were called (1 message/patient) and invited to a screen for VI. The
MoCA, dizziness-handicap inventory (DHI) and activities-specific
balance confidence scale (ABC) were administered for cognitive
state, levels of perceived dizziness and confidence in performing
daily activities without losing balance, respectively. VI was
assessed using the Dix–Hallpike test,9 both the bedside- and video
head impulse test (HIT and vHIT),10 the Headshake test (HST)11

and the modified clinical test of sensory interaction on balance
(mCTSIB).12

Definite vestibular impairment (DVI) was diagnosed if patient
failed Dix–Hallpike, HIT/vHIT or HST. Failure of mCTSIB alone
was diagnostic of probable VI (PVI), unless failed additional test,
in which the patient would be categorized as having a DVI.
Patients were diagnosed with unilateral vestibular hypofunction
(UVH) if there was an abnormal test result on one side or bilateral
vestibular hypofunction (BVH) if both sides were affected.

Those with VI went on to baseline assessment including the
dynamic gait index (DGI) for gait, geriatric depression scale (GDS)
for depression and both the WHOQOL-BREF and QOL-AD for
quality of life. Patients were then randomized to a VR or control-arm
(CON) via a coin toss.

Patients in the VR arm were assigned 12 weeks of exercises,
whereas patients in CON continued with standard care (no
exercise program). Twelve weeks later, patients returned and
retested for changes from baseline (ABC, DHI, DGI, WHOQOL-
BREF and QOL-AD). In addition, patients were given the
Problematic Experiences of Therapy Scale (PETS). The PETS
was used to gauge barriers to VR adherence.13 At 24 weeks,
patients were called to ask if any falls occurred.

Participants in the VR arm performed vestibular exercises 3
times daily, 3–10 minutes/session (see Supplementary Materials).

Exercises progressed every 2 weeks. Patients were called biweekly
to monitor compliance.

Feasibility metrics included: prevalence of DVI, recruitment
of patients screened to intervention, compliance to exercises,
attrition during the intervention period and ability of participants
to complete the questionnaires. Feasibility criteria were set at: a
recruitment rate of 45%,14 compliance rate as ability to carry out
60% of the exercises,15 attrition rate of 30% or less15 and 60% of
participants to complete a given questionnaire in its entirety.16

Flow of patients is shown in Figure 1. There were 424 patients
over the age of 65 with MCI/early dementia; 209/424 (49.3%)
had experienced a prior fall, 114/424 (26.9%) had no falls and in
101/424 (23.8%) fall history unknown (Supplementary Table 1).
Of 209, 48 participants experienced a fall within the past year and
met inclusion criteria (Supplementary Table 2). Of 48, 34
(70.8%) patients were contacted by phone; 14/34 (41.2%) agreed
to participate in the study. Of 14, 12 (85.5%) participants
attended screening. Screening results are given in Table 1. Mean
age of those screened was 77.3± 6.7 years old and 8/12 (66%)
were men. Of 12, 8 (75.0%) of screened participants were
diagnosed with a DVI. Of those with DVI, 4/8 (50.0%) had
UVH and 4/8 (50.0%) had BVH. Of 12, 1 participant had PVI due
to failure of the mCTSIB alone and 3/12 (25.0%) had no
vestibular impairment (NVI). Abnormal vestibular test results
are given in Table 2, and mCTSIB results are given in Supple-
mentary Table 1.

The mean MoCA score was 21.2± 2.9 for the DVI group,
23.0 for the one participant with PVI and 24.7± 1.5 for those
with NVI. One participant with DVI that had been randomized to
the intervention arm did not complete the MoCA due to time
constraint.

Figure 1: Patient flow throughout course of study.
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Those with DVI reported lower confidence scores on the ABC
(69.2± 29.6), compared to the participant with PVI (89.4) and to
those with NVI (89.8± 1.8). One quarter (2/8) of participants had
an ABC score lower than 67%, indicating fall risk.

There was greater reported dizziness on the DHI in those with
DVI (13.8± 16.1) compared with the participant with PVI who
scored a 4.0 and those with NVI (4.7± 5.0), respectively. Over-
all, for the participant with PVI and those with NVI, there was a
mild perceived handicap due to dizziness (score 0–30). Of those
with DVI, 2/8 (25%) had a moderate perceived handicap due to
dizziness (score 31–60) and 6/8 (75%) had a mild handicap due to
dizziness (0–30).

Of eight, seven (87.5%) participants with DVI continued onto
the baseline assessment (87.5% recruitment rate). Those with PVI
and NVI did not proceed to the next portion of the study. One
participant did not continue to baseline because of decreased
capacity to perform the exercises. All assessments and ques-
tionnaires in the baseline assessment were completed in their
entirety (Table 3).

Mean DGI (gait) score was 18.9± 3.0. The DGI score was
<19 in 5/7 (71.4%) participants, indicating that most participants
were at risk for falls. Mean GDS (depression) score was

8.3± 3.0, indicating no depressive symptoms. Only 2/7
(28.6%) of participants had a score of 10–19, indicating mild
depressive symptoms. Mean QOL-AD score was 40.3± 4.1 for
those with VI. Mean transformed WHO-QOL scores were 69 in
the physical domain, 69 in the psychological domain, 75 in the
environmental domain and 81 in the social domain, indicating
good QOL.

Seven participants with DVI were randomized to the VR [5/7
(71.4%)] or CON [2/7 (28.6%)] arm. During the 12-week
intervention period, 3/7 participants dropped out; one participant
(VR) dropped out due to a fall with hip fracture in week 1
(Supplementary Table 5). Two participants (1 VR and 1 CON)
dropped out at the 6-week mark because of disinterest. The
remaining four participants continued their respective arms for
12 weeks (3 VR and 1 CON). One participant (VR) fell at week 7.
Of those in the VR arm, bi-weekly phone calls indicated no
reported difficulties carrying out the exercises.

Four participants originally agreed to attend the 12-week
follow-up; however, only two attended: one participant from the
arm control attended follow-up on the set date, and one partici-
pant from the intervention arm attended follow-up at a later date
due to a flu. The remaining two participants could not attend
follow-up due to relocation into a retirement home. Overall, there
was a 71.4% attrition rate and retention in rehabilitation was not
feasible. Questionnaire/assessment completeness was 100% at
follow-up (Table 4).

The participant from CON (VS_04) was able to complete all
questionnaires upon return. This participant showed an increase
in dizziness (DHI-10 from 2), impaired gait (DGI-17 from 19)
and more depressive symptoms (GDS-12 from 8) compared to
baseline. Interestingly, she showed a higher level of perceived
confidence (ABC-87.8% from 80.0%) compared to baseline
assessment and showed no significant change in QOL. One
intervention participant (VS_01) attended follow-up 15 weeks
after baseline. Overall, levels of dizziness decreased (DHI-30
from 32) but were still high. There was a large increase in
confidence (ABC-85.3% from 53.4%) in ability to complete
activities without loss of balance, which was clinically significant
(>10% change).17 DGI was 21 (from 22) and was not considered

Table 2: Abnormal tests of vestibular functioning at a Memory
Clinic (N= 8)

Assessment Prevalence (%) Diagnosis

Dix–Hallpike test Positive 1/8 (12.5) BPPV

Video head
impulse test

Unilateral 3/8 (37.5) Unilateral VOR loss

Bilateral 3/8 (37.5) Bilateral VOR loss

Head impulse test Unilateral 3/8 (37.5) Unilateral VOR loss

Bilateral 4/8 (50.0) Bilateral VOR loss

mCTSIB Fail 8/8 (100) Probable vestibular
loss

Headshake test Positive 1/8 (12.5) Nystagmus

BPPV= benign paroxysmal positional vertigo; VOR= vestibulo-ocular
reflex.

Table 3: Results from baseline assessment for those with
definite vestibular impairment (N= 7)

Test DVI

Age (years) 79.1± 6.7

Sex (M:F) 3:4

DGI (/24) 18.9± 3.0

GDS (/30) 8.3± 3.0

QOL-AD (/52) 40.2± 4.1

WHOQOL BREF
(transformed scores)

Physical (/100) 69

Psychological (/100) 69

Environment (/100) 75

Social (/100) 81

QOL-AD =Alzheimer’s disease quality of life; DGI= dynamic gait
index; GDS= geriatric depression scale; WHOQOL-BREF=world
health organization quality of life BREF.

Table 1: Screening questionnaire results at a Memory Clinic
in those with and without vestibular impairment (N= 12)

Assessment DVI (N = 8) PVI (N= 1) NVI (N = 3)

Age (years) 79.8± 6.5 70 73± 4.6

Sex (M:F) 4:4 1:0 3:0

MoCA (/30) 21.2± 2.9 23.0 24.7± 1.5

DHI (/100) 13.8± 16.1 4.0 4.7± 5.0

ABC (%) 69.2± 29.6 89.4 89.8± 1.8

ABC= activities-specific balance confidence scale; DHI= dizziness hand-
icap inventory; DVI= definite vestibular impairment; MoCA=Montreal
cognitive assessment; NVI= no vestibular impairment; PVI= probable
vestibular impairment.
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at risk for falls. Likewise, there was an increase in some QOL
measures on the QOL-AD (44 from 38), WHOQOL-BREF
(Physical-69 was same, Psychological-69 was same, Environ-
mental-94 from 75, Social-94 from 100) and a slight decrease in
levels of depression (GDS-10 from 13).

The control patient improved on the mCTSIB from baseline.
At baseline, this participant was unable to complete condition
three or four but upon return, they were able to complete
condition three, but not four, suggesting a vestibular contribution
to imbalance. Participant VS_01 was able to complete all three
conditions, which was unchanged from baseline. VS_01 reported
on the PETS that the obstacles to therapy were that exercises
occasionally made symptoms worse and that it was difficult to
remember to perform exercises. Compliance could not be
recorded as VS_01 had forgotten to fill out the log, despite the
phone calls. At 24 weeks, both the control (VS_04) and VR
participant (VS_01) were contacted by telephone and neither had
experienced a fall since the 12-week follow-up.

The self-directed VR protocol used in this study was not
feasible for participants with both CI and VI. Few patients
attended the screen; however, once participants were aware of
a VI, they were easily recruited. Adherence to self-monitored VR
could not be assessed and better methods of monitoring must
be implemented into future trials. In addition, while not all
participants completed the entire 12 weeks of the program, a
majority remained in the study until the 6-week mark, suggesting
that 6-week programs may be more feasible to complete. All
assessments and questionnaires were completed at baseline and
follow-up.

Overall, our results suggest that VI is common in those with
CI and falls but that a modified VR program needs to be
developed for participants with both CI and VI. A VR program
that includes regular in-person monitoring or a group exercise
program may be more beneficial for this patient population. This
would allow for better compliance and assessment of technique in
performing the exercises. Other contributors to falls including
medication use and systemic illnesses need to be considered.
Falls are multifactorial in nature, and therefore, it is critical to
address all contributors to fall risk.
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Table 4: Follow-up assessment results for participant VS_01 (Intervention) and VS_04 (control)

Assessment VS_04 control baseline VS_04 control FU
VS_01 intervention

baseline*
VS_01 intervention FU*

DHI Total (/100) 2 10 32 30

ABC % Confidence 80.0 87.8 53.4 85.3

DGI (/24) 19 17 22 21

GDS (/30) 8 12 13 10

QOL-AD (/52) 34 39 38 44

WHOQOL-BREF
(transformed scores)

Physical (/100) 88 81 69 69

Psychological (/100) 69 69 69 69

Environmental (/100) 94 88 75 94

Social (/100) 31 44 100 94

ABC= activities-specific balance confidence scale; QOL-AD = quality of life Alzheimer’s disease; DGI= dynamic gait index; DHI= dizziness handicap
inventory; GDS= geriatric depression scale; WHOQOL=world health organization quality of life.
*The Intervention participant was unable to meet at the 12-week mark and was assessed 15 weeks post-baseline.
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