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Introduction

Symptoms arising from vestibular system dysfunction are 
common in people with multiple sclerosis (MS). Dizziness, 
that can include feelings of being off balance, lightheaded, 
or spinning movements of the person or the environment 
(vertigo) affects 37% to 59% of people with MS.1,2 Further, 
abnormalities in vestibular evoked ocular and spinal 
reflexes, that are important for the stabilization of gaze and 
balance, are seen in 71% of people with MS.2 Dysfunction 
to the peripheral or central vestibular pathways (vestibu-
lopathy) causes perceptual deficits (eg, vertigo or dizziness 

and poor perception of vertical) and abnormalities in the 
control of eye movements and balance. Signs of vestibular 
dysfunction are associated with greater symptoms of fatigue 
and walking deficits MS.3-5 Although MS affects the central 
nervous system (CNS), people with MS can present with 
peripheral symptoms if the lesion affects the vestibular 
nerve in isolation as it enters the CNS.2,6

Given the high prevalence of vestibular dysfunction in 
MS and its potential impact on function and quality of life 
targeted treatments to address these signs may be benefi-
cial. Vestibular rehabilitation (VR) is the recommended 
treatment for persons with vestibulopathy.7 VR involves 
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progressive exercises including eye, head, and body move-
ments in sitting, standing, and walking. VR has been 
assessed in people with MS.8-16 Meta-analyses and system-
atic reviews highlight that compared to no intervention, VR 
is more effective for improving balance and symptoms of 
dizziness in people with MS. However, no statistical differ-
ences have been observed when VR is compared to other 
exercise interventions.17,18 This may reflect the fact that a 
baseline vestibulopathy was not diagnosed using standard-
ized neuro-otological tests.

In people with an isolated peripheral vestibulopathy not 
caused by MS, a customized, individualized VR program that 
targets patient-specific problems has been demonstrated to be 
more effective than a standard format, generic exercise pro-
gram.19 However, in MS, given the multiple factors other 
than vestibulopathy that could affect balance and mobility, it 
may be that a booklet-based generic exercise program is as 
clinically effective as a customized approach. The primary 
aim of this trial was therefore to compare the clinical and cost 
effectiveness of a 12-week customized VR program (12 face-
to-face sessions and a tailored home-based program) to a 
12-week booklet-based home program with telephone sup-
port in ambulant people with MS and associated peripheral 
and/or central vestibulopathy. The hypothesis is that the cus-
tomized VR program would be clinically more effective and 
cost effective compared to the booklet-based program with 
telephone support.

Methods

Trial Design

The study was a multi-centre parallel group, superiority ran-
domized controlled trial (RCT) with blinded outcome 
assessment. It was conducted at 2 sites in England, UK. 
Ethics approval was granted by the South West-Cornwall & 
Plymouth Research Ethics Committee (18/SW/0145) in 

2018. The trial was registered with the International Standard 
Randomized Controlled Trial registry, ISRCTN27374299. 
The study protocol has been published.20

Participants

Participants were adults (>18 years) diagnosed with MS 
according to McDonald’s revised criteria.21 Inclusion cri-
teria were (i) a score 1 to 6 on Patient Determined Disease 
Steps,22 (ii) reporting one of the following at least 4 times/
month (questions 4, 6, and 10 of the vertigo symptom 
scale23): feeling that things are spinning or moving around; 
a feeling of being light-headed, “swimmy” or giddy or 
feeling unsteady, and about to lose balance, (iii) willing 
and able to travel to and participate in 12 face-to-face ses-
sions should they be allocated to the customized VR pro-
gram (intervention) and to commit to undertaking their 
individualized home-based program, and (iv) willing and 
able to travel to local assessment centers for blinded out-
comes assessment. People were excluded if they (i) had 
neurological conditions other than MS as determined from 
clinical notes, (ii) had relapsed or received steroid treat-
ment within the last month, (iii) currently or recently 
(within past 6 months) participated in a VR program, (iv) 
had an orthopedic deficit which may impact on postural 
and gait testing or significant pain or weakness (>4/10 on 
a numerical rating scale) associated with osteo- or rheu-
matoid arthritis, (v) had dizziness solely explained by 
other causes (eg, postural hypotension), (vi) had a head-
ache or migraine associated with a subjective report of 
either nausea or vomiting at least 4 times/month, and (viii) 
had been taking vestibular sedatives specifically for the 
treatment of vertigo for more than 4 weeks. In the latter 
case, with approval of their neurologist and/or GP, they 
could stop vestibular sedatives and be eligible after a 
6 weeks wash out period following re-screening.
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Recruitment and Screening

Identification and recruitment occurred through screening 
regional MS databases, via neurology and physiotherapy 
clinics, and advertising in local MS support group newslet-
ters. Potential participants were screened by telephone for 
subjective symptoms of vertigo and dizziness and poor bal-
ance (questions 4, 6, and 10 of the Vertigo Symptom Scale 
short version24). During the first face-to-face visit, individu-
als were screened for posterior canal Benign Paroxysmal 
Positional Vertigo (BPPV) using the Dix-Hallpike maneu-
ver and horizontal canal BPPV using a roll test. Those with 
a positive BPPV test were excluded from the RCT and 
treated with the appropriate re-positioning maneuver.

People who screened negative for BPPV were screened 
for signs of peripheral and central vestibulopathy using a 
clinical and videonystagmography (VNG)-based neuro-
otological assessment including rotary chair testing as out-
lined in the protocol publication.20 Individuals with no signs 
of vestibular pathology were excluded from the study. The 
remaining participants were classified according to the fol-
lowing criteria:

○ � Peripheral Unilateral vestibular impairment-based 
on a past history of sudden vertigo resolving within 
days-to-weeks and/or i-VNG unidirectional sponta-
neous nystagmus (>4°/second) on gaze testing with 
response enhancement on removal of optic fixation 
ii right-left asymmetry of slow-phase velocity >15% 
on rotation testing (calculated with Jongkees’ for-
mula25 and based on departmental normative data).

○ � Peripheral Bilateral vestibular hypofunction. Based 
on a Vestibulo Ocular Reflex (VOR) mean slow 
component velocity (SCV) and/or time constant at 
<2 standard deviation (SD) of the mean for healthy 
controls (SCV = 32°/second, SD = 8°/second; time 
constant = 13.35 second, SD = 4.45 second) for clock-
wise/counter-clockwise step rotation testing26

○ � Central vestibular impairment will be based on 
smooth pursuit, saccades, Optokinetic Nystagmus 
(OKN), and VOR suppression abnormalities.

○ � Combined—a combination of central and peripheral 
vestibulopathy

Randomization

Participants were randomly allocated to the intervention 
group (customized VR program) or control (booklet-based 
VR program) group (1:1 ratio), using an online web-based 
system (REDCap projectredcap.org). Allocation used a 
minimization procedure, incorporating a random element, 
with minimization factors (i) Diagnosis: Peripheral (unilat-
eral or bilateral) versus central/combined vestibulopathy. 
(ii) Severity of dizziness: Dizziness Handicap Inventory 

(DHI) ≥59 or DHI<59. (iii) Fampridine: Prescribed or not 
prescribed. (iv) Region: South West England or London.

Participants were not blinded to group allocation as the 
intervention arm involved weekly one-to-one sessions with 
the Treating Therapist. The Treating Therapists were not 
blinded due to the nature of the programs. The Research 
Therapists undertaking outcome assessments were blinded 
to allocation. The initial baseline assessment was under-
taken prior to randomization ensuring these assessments 
were blinded.

Procedures

Face-to-face interventions took place in a university-based 
therapy gym.

Booklet-Based VR Program (Control Group).  The control group 
undertook a 1-hour face-to-face individualized physiother-
apy session during which they received a self-management 
“Balance Rehabilitation” booklet providing comprehensive 
advice on VR exercises.27 Participants were asked to prac-
tice the exercises unsupervised at home, twice daily each 
for 6 to 10 minutes, over 12 weeks and to fill out a daily 
diary sheet indicating practice duration and content. Tele-
phone support from the Treating Therapist in the form of 
two 15-minute phone calls, 1 in week 1 and 1 in week 4, 
was scheduled with a focus on adherence, barriers to adher-
ence, and discussion of any concerns and queries regarding 
the exercise program.

Customized VR Program (Intervention Group).  The custom-
ized VR group was scheduled to receive 12 individualized, 
1 hour, supervised, face-to-face VR sessions over a 12-week 
period, typically on a weekly basis. Each participant prac-
ticed a selection from the following type of exercises (i) 
Eye, head, and postural exercises that provoked symptoms. 
(ii) Gaze stabilization exercises. (iii) Exercises to re-train 
postural alignment and movement strategies. (iv) Re-train-
ing sensory strategies including using optokinetic or mov-
ing visual scenes. (v) Learning to adapt postural strategies 
to changing contexts. (vi) Dual task training while walking. 
(vii) Postural orientation exercises. (vii) Neuromuscular 
(ankle–hip-stepping motor strategies) postural strategies.

The exercises were chosen by the Treating Therapist in 
collaboration with the participant following an assessment 
(see Marsden et al20 for more detail). Each participant was 
provided with an individualized home exercise program of 
3 to 5 exercises to practice each for 1-minute, twice daily on 
days they did not have a session with the Therapist. This 
included video links to a demonstration of the exercise and 
progression rules. Progress in specific areas was objectively 
assessed at each supervised session, any concerns dis-
cussed, exercises not yet included in the home program 
practiced, and exercises modified to gradually increase task 
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difficulty. Prior to the trial, Treating Therapists undertook a 
2-day training session regarding the theory and practice of 
VR and trial methods. In summary, both interventions pro-
vided VR with similarities being an emphasis on head 
movements and gaze stabilization exercises.

Both groups completed daily diaries to record the dura-
tion of home exercise practice. In addition, adherence in the 
customized group was reported as number of face-to-face 
sessions attended. Exercise compliance for home-based 
exercises was defined as reporting, via the diary, at least 
6 minutes of exercises a day, for at least 4 days a week, for 
at least 8 weeks of the 12-week treatment period. Session 
compliance was defined as attending ≥9 out of the planned 
12 face-to-face sessions for the intervention group or both 
planned telephone follow-up calls for the control group.

Impact of Coronavirus Disease 2019 
(COVID-19)

Some participants were recruited into the intervention group 
and, due to COVID-19 lockdown restrictions, had to be 
moved from face-to-face to on-line weekly interventions.

Data Collection and Outcomes

Participant characteristics (demographics, type of MS, 
medication, and co-morbidities) were collected at baseline 
alongside potential factors affecting balance and mobil-
ity23: isometric knee extensor strength, distal leg sensa-
tion, reaction time, and neck range of motion (see Marsden 
et al20).

Outcomes were measured at baseline prior to random-
ization using scales whose validity and reliability in MS 
have been summarized previously.20 Baseline measure-
ments and randomization (T0) occurred ~2 weeks prior to 
the onset of either intervention or control program. 
Outcomes collected post-intervention at 14 weeks 
(±2 weeks) post-randomization (T14) and at 26 weeks 
(±2 weeks) post-randomization (T26). During the 
COVID-19 lockdown period, primary and secondary out-
comes at week 14 and week 26 to be assessed remotely. 
This precluded an assessment of items that required face-
to-face contact.

The primary outcome measure was the impact of dizzi-
ness on daily function assessed using the DHI at 26 weeks.28 
The DHI is a 25-item self-report validated questionnaire 
that assesses 3 domains: functional, emotional, and physi-
cal resulting in a 0 to 100 score with greater values indi-
cating greater perceived disability. It was chosen based on 
its measurement properties and consultation with patient 
representatives.20

Secondary outcome measures were the Vertigo Symptom 
Scale-Short Form (VSS)24,29; Dynamic Gait Index (DGI)8,28; 

Situational Characteristic Questionnaire30; dynamic visual 
acuity31,32; Rod and Disc test33,34; Symbol Digit Modalities 
Test35; self-report MS Walking Scale (MSWS-12 Version 
2.0)36; MSWS-12Vs2.0, Activities-Specific Balance 
Confidence Scale (ABC)37; Fatigue Scale for Motor and 
Cognitive functions38; and Hospital Anxiety and Depression 
Scale (HADS).39 Health-related quality of life was mea-
sured using the EuroQol 5-Dimension 5-Level question-
naire (EQ-5D-5L)40 and the Multiple Sclerosis Impact 
Scale41 (MSIS-29Vs2.0). A retrospective diary of falls over 
the past month prior to the baseline measure and a prospec-
tive daily falls diary over 12 weeks for assessment 2 (T14) 
and follow up (T26) were also collected. Falls were defined 
within the diary as “an unexpected event in which you come 
to rest on the ground, floor, or lower level.”

Participants were monitored for adverse events (AEs) as 
defined in the protocol20 via completion of AEs forms, dur-
ing telephone or face-to-face contacts as part of the VR pro-
gram phase and during follow-up assessments.

Statistical Analysis

The target sample size was calculated to detect a standard 
effect size of 0.94 in DHI, with 90% power at the 2-sided 
5% significance level. Calculations were based on data 
from a MS vestibular waitlist control study8 as outlined in 
the protocol paper.20 To account for participant dropout of 
up to 10%, the aim was to recruit at least 70 participants 
(35 per allocated group).

The statistical analysis plan was prespecified prior to 
database lock. It included sensitivity analyses to explore the 
impact of recruitment during the COVID-19 pandemic. By 
categorizing participants into either “pre-COVID-19” or 
“during COVID-19,” with participants providing week 26 
data after 23/03/20 classified as the latter.

The analysis of the primary outcome was undertaken in 
line with a modified Intention-to-Treat (ITT) principle 
amongst participants with complete data at baseline and 
26 weeks. The per-protocol population included partici-
pants who had completed their 26 weeks assessment within 
the ±2 weeks window and the safety analysis included all 
randomized participants. The primary analysis used analy-
sis of covariance (ANCOVA) comparing DHI at 26 weeks 
between the 2 allocated groups, and adjusting for baseline 
DHI scores, recruitment site, fampridine, and vestibular 
diagnosis. Further analysis of the primary outcome included 
a mixed-effects repeated measures model for DHI at 14 and 
26 weeks using all available data, adjusting for baseline 
score and recruitment site, fampridine, vestibular diagnosis, 
and the interaction between time point and allocated group. 
Secondary outcomes were analyzed in a similar manner, 
using ANCOVA. The analysis was conducted using STATA 
version 17 (StataCorp. 2021).
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Exploratory statistical analyses included an assessment 
of the impact of the following covariates on changes in 
DHI with treatment by adding an interaction term of the 
following variables and treatment allocation into the 
ANCOVA model (variables with small group numbers 
were explored visually) (i) diagnosis (central vs peripheral 
vs combined vestibulopathy), (ii) visual dependency as 
determined by the rod and disc test, (iii) psychological 
state as determined by the HADS, and (iv) associated 
symptoms (knee extensor strength, reaction time, leg sen-
sation, and neck range of motion).

Health Economic Evaluation

A full cost-effectiveness analysis was undertaken, using 
individual patient-level data over 26 weeks, to estimate the 
cost per quality-adjusted-life-year (QALY) of customized 
versus booklet-based generic VR, from a primary perspec-
tive of the National Health Service, UK (NHS) and social 
care. QALY weights were derived from the EQ-5D-5L 
using the “cross-walk”42 to the EQ-5D-3L UK tariff,43 as 
recommended by NICE at the time of analysis.44

Intervention resource requirements and costs were col-
lected via case report forms and discussion with interven-
tion providers. Self-reported resource use data were 
collected at baseline, 14 weeks, and 26 weeks using a 
bespoke resource use questionnaire informed by previous 
resource use instruments, core items for resource use mea-
sures45,46 and input from patient experts. This included pri-
mary, secondary, and social care, and participant and 
carer-related resource use. Unit costs were obtained from 
nationally recognized sources47 and applied to the resource 
use data.

Sensitivity analyses explored (i) the cost-effectiveness 
of the intervention from a societal perspective, including 
participant out-of-pocket costs, informal care and time off 
work, and (ii) the impact on results of using the Multiple 
Sclerosis Impact Scale-8D (MSIS-8D) as a condition-spe-
cific alternative to the EQ-5D-5L. QALY weights for the 
MSIS-8D were estimated from participant responses to the 
MSIS-29 using a published algorithm.48

Study Monitoring.  The conduct of the trial was overseen by 
an independent Trial Steering Committee and Ethics Com-
mittee. The funder of the study had no role in study design, 
data collection, data analysis, data interpretation, or writing 
of the report.

Results

Recruitment

Recruitment ran from 01/19 to 04/21 and was stopped when 
the recruitment target was reached. Recruitment and 

retention is summarized in the CONSORT diagram (Figure 1). 
BPPV was diagnosed in 1 out of 73 people screened. This 
was successfully managed over 2 treatment sessions using 
the Epley maneuvers. Seventy participants were deemed 
eligible for the RCT after further screening and were 
assessed at baseline and randomized. There were 35 people 
allocated to each group, with 3 in the control group and 1 in 
the intervention group fully withdrawing from the trial. 
Twenty-nine participants (82.9%) in the control group and 
32 (91.4%) participants in the intervention group undertook 
assessments at week 14 and week 26 participants (74.3%) 
in the control group and 32 (91.4%) participants in the inter-
vention group at week 26. The primary outcome measure 
(DHI) was recorded at week 14 and week 26 in 59 and 58 
people respectively (28 (80.0%) control, 31 (88.6%) inter-
vention at 14 weeks, 28 (80.0%) control, 30 (85.7%) inter-
vention at 26 weeks). The sensitivity analysis assessing the 
difference pre and during COVID-19 included 57 partici-
pants (26 control and 31 intervention). In total per-protocol 
assessment occurred in 41/70 participants (20 control and 
21 intervention).

Baseline Demographics and Outcomes

Baseline demographics are summarized in Table 1. Groups 
were similar in terms of their age, gender, MS type, severity 
on the DHI, fampridine use, and vestibular diagnosis (cen-
tral or a combined central and peripheral presentation). The 
groups were similar in terms of the primary and secondary 
outcome measures at baseline (Table 1). The mean baseline 
DHI score was 42.5 (SD = 18.7) in the control group and 
39.8 (20.6) in the intervention group; 7 people (20%) in 
each group were defined as having severe dizziness on the 
DHI (≥59).49

Primary Outcome Measure

There was no evidence of a statistically significant differ-
ence between groups in terms of the primary outcome 
measure change score in DHI between week 26 (primary 
endpoint) and baseline. The primary analysis found a 
mean between-group difference of −1.76 (95% confi-
dence interval [CI] −10.02, 6.50) at week 26 (P = .670) 
and −4.53 (−12.99, 3.93) at week 14 (P = .288), in favor 
of the intervention group (Table 2, Figure 1 in the 
Supplemental Material).

A pre-specified sensitivity analysis investigated differ-
ences in the DHI according to when the data was collected 
during the COVID-19 pandemic (Supplemental Material). 
This showed no between-group differences for those 
assessed per-protocol and those assessed prior to or during 
the pandemic (−1.73, 95% CI −19.98, 16.52, P = .845). A 
pre-specified per-protocol analysis included participants 
who had completed their 26-week assessment within the 
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±2 weeks window (41 participants) and found no between-
group difference (−0.58, 95% CI −9.32, 8.16, P = 0.892). 
The mixed-effects repeated measures analysis found no 
between-group difference at both 14 and 26 weeks (−4.73, 
95% CI = −12.89 to 3.43 and −1.90, 95% CI = −9.84 to 6.03, 
respectively) and there was no statistically significant inter-
action between time and allocation (interaction term = 2.83, 
95% CI = −6.37 to 12.03).

The interactions between allocation and diagnosis and 
recruitment site were assessed visually due to small group 
sizes, however no indications of interactions were observed. 
There was no evidence of interactions between allocation and 
MS type (progressive vs relapsing-remitting) (interaction 
term = −16.5 95% CI = −34.1 to 1.2); psychological state 
(determined via the HADS) (interaction term = 0.1 95% 
CI = −1.3 to 1.4); visual dependence (determined via the 

Figure 1.  CONSORT diagram.
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Table 1.  Baseline Demographics and Outcome Measures by Allocated Group.

Demographic/outcome Control (n = 35) Intervention (n = 35)

Age, mean (SD) [range] 58.9 (11.4) [33.4, 74.6] 56.4 (10.0) [41.0, 77.0]
Years since MS diagnosis
Mean (SD) 14.9 (11.1) 14.8 (7.9)
Median (IQR) 12.0 (16.0) 14.0 (11.0)
[Range] [1.0, 50.0] [1.0, 32.0]
Gender, N % Male 9 (25.7) 9 (25.7)

Female 26 (74.3) 26 (74.3)
Region, N % Plymouth 33 (94.3) 32 (91.4)

London 2 (5.7) 3 (8.6)
Dizziness Severity, N (%) DHI ≥ 59 7 (20.0) 7 (20.0)

DHI < 59 28 (80.0) 28 (80.0)
Fampridine use, N (%) 0 (0.0) 1 (2.9)
Vestibular diagnosis, N (%) Peripheral 2 (5.7) 2 (5.7)

Central/combined 33 (94.3) 33 (94.3)
Type of MS, N (%) Primary progressive MS 3 (8.6) 5 (14.3)

Relapsing remitting MS 23 (65.7) 25 (71.4)
Secondary progressive MS 9 (25.7) 5 (14.3)

Dizziness Handicap Inventory (0-100, decrease)
  Mean (SD) 42.5 (18.7) 39.8 (20.6)
  Median (IQR) 44 (26) 40 (34)
  [Range] [0, 88] [6, 80]
Multiple Sclerosis Walking scale-12a (12-60, decrease)
  Mean (SD) 51.4 (22.4) 54.2 (24.1)
  Median (IQR) 50.0 (33.3) 60.4 (41.7)
  [Range] [6.25, 87.5]a [8.3, 87.5]
Activities Balance Confidence Scale (0-100, increase)
  Mean (SD) 58.1 (22.1) 57.6 (24.7)
  Median (IQR) 63.1 (35.6) 63.1 (41.3)
  [Range] [13.8, 90.6]a [13.1, 100.0]
Vertigo Symptom Scale (0-60, decrease)
  Mean (SD) 17.5 (9.2) 19.6 (11.4)
  Median (IQR) 17.5 (14) 17 (18)
  [Range] [2, 39]a [3, 46]
Situational Characteristic Questionnaire (0-4, decrease)
  Mean (SD) 1.2 (0.8) 1.3 (1.0)
  Median (IQR) 1.01 (1.2) 1.05 (1.9)
  [Range] [0.0, 3.0]a [0.0, 3.2]
Hospital Anxiety and Depression Scale (0-42, decrease)
  Mean (SD) 13.2 (6.1) 11.5 (7.3)
  Median (IQR) 14.5 (8) 9 (13)
  [Range] [0, 26]a [1, 27]
Fatigue scale for motor and cognitive function scale
  Mean (SD) 66.9 (18.5) 70.9 (18.3)
  Median (IQR) 71.5 (24.0) 75.9 (22.0)
  [Range] [20.4, 99.0]a [25.0, 96.0]
Multiple Sclerosis Impact Scale-29 Physical (0-100, decrease)
  Mean (SD) 35.7 (16.5) 35.5 (18.7)
  Median (IQR) 39.4 (22.5) 32.5 (27.5)
  [Range] [6.3, 62.5]a [3.8, 72.5]

(continued)
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Table 2.  Analysis of the Primary Outcome, the Dizziness Handicap Inventory (DHI).

Time

Change score Adjusted analysisa Partially adjusted analysisb

Control Intervention
Mean between 

difference (95% CI) P-value
Mean between 

difference (95% CI) P-value

Primary analysis (week 26-baseline)
  N 28 30 −1.76 (−10.02, 6.50) .670 −2.04 (−10.02, 5.95) .601
  Mean (SD) −7.71 (17.2) −9.60 (13.2)
  [Range] [−66.0, 36.0] [−38.0, 18.0]
Secondary analysis (week 14-baseline)
  N 28 31 −4.53 (−12.99, 3.93) .288 −4.74 (−12.91, 3.43) .250
  Mean (SD) −4.14 (13.2) −8.77 (18.5)
  [Range] [−48.0, 24.0] [−48.0, 28.0]

Mean between group differences are intervention—control. Negative change scores denote improvement in DHI.
aAdjusted for recruitment site, fampridine, vestibular diagnosis, and baseline DHI score.
bAdjusted for baseline DHI score only.

Demographic/outcome Control (n = 35) Intervention (n = 35)

Multiple Sclerosis Impact Scale-29 Psychological (0-100, decrease)
  Mean (SD) 33.0 (18.5) 27.5 (18.5)
  Median (IQR) 31.9 (30.6) 27.8 (25.0)
  [Range] [0.0, 69.4]a [0.0, 72.2]
Dynamic Gait Index (0-24, increase)
  Mean (SD) 15.3 (5.1) 15.5 (5.0)
  Median (IQR) 16 (3) 16.5 (7)
  [Range] [0, 23] [2, 23]
Dynamic visual acuity
  Mean (SD) 0.48 (0.3) 0.43 (0.3)
  Median (IQR) 0.50 (0.4) 0.40 (0.3)
  [Range] [0.06, 0.98] [−0.08, 1.00]
Rod and disc static
  Mean (SD) 0.003 (0.9) −0.313 (1.0)
  Median (IQR) −0.1 (1.1) 0 (1.2)
  [Range] [−2.20, 2.15] [−3.20, 1.00)
Rod and disc dynamic deviation
  Mean (SD) 3.9 (2.4) 5.1 (7.4)
  Median (IQR) 3.0 (3.0) 2.5 (4.9)
  [Range] [0.8, 10.0]] [0.6, 41.1]
Symbol digit modality test (0-110, increase)
  Mean (SD) 46.8 (11.5) 46.5 (12.3)
  Median (IQR) 47 (17) 49 (20)
  [Range] [26, 71] [18, 70]
Fallen in past 6 months (yes) N (%) 22 (64.7) 14 (41.2)

aIndicates 1 participant missing response (n = 34).

Table 1. (continued)

maximal rod and disc deviation; interaction term = 0.7 95% 
CI = −2.1 to 3.6), or the associated symptoms of leg sensation 
(interaction term = −0.14 95% CI = −6.47 to 6.20), isometric 

leg strength (interaction term = −0.05 95% CI = −0.55 to 0.45), 
or reaction time (interaction term = −0.03 95% CI = −0.17 to 
0.12) on the change in DHI from baseline (Table 3).
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Secondary Outcome Measures

The secondary outcomes and the change in secondary out-
come measures from baseline to week 14 and week 26 are 
summarized in Table 3. At week 14 and week 26 the DGI 
showed a significant difference in favor of the intervention 
group. The adjusted between mean group difference at 
week 14 was +2.21 (95% CI = 0.30, 4.13; P = .024) and at 

week 26 was +2.19 (95% CI = 0.21, 4.18, P = .031). Due to 
the impact of COVID-19 on collecting data face-to-face the 
DGI was collected in 49 people (74%) at week 14 and 37 
people (56%) at week 26.

Significant improvements in favor of the intervention 
group at week 26 were seen for some patient-reported out-
come measures. Here, as the data could be gathered remotely 

Table 3.  Change Scores for the Secondary Outcome Measures.

Outcome measure

Adjusted analysisa Partially adjusted analysisb

Mean between-group 
difference (95% CI) P-value

Mean between-group 
difference (95% CI) P-value

Multiple Sclerosis Walking scale-12a
  26 weeks-baseline −5.45 (−13.5, 2.61) .180 −5.68 (−13.45, 2.10) .149
  14 weeks-baseline −5.01 (−12.48, 2.45) .183 −4.80 (−11.91, 2.31) .181
Activities Balance Confidence Scale
  26 weeks-baseline 10.45 (2.78, 18.12) .009 11.60 (3.23, 19.97) .007
  14 weeks-baseline 6.63 (−0.94, 14.19) .085 7.15 (−0.59, 14.89) .070
Vertigo Symptom Scale
  26 weeks-baseline −5.13 (−9.54, −0.73) .023 −6.01 (−10.60, −1.43) .011
  14 weeks-baseline −2.12 (−5.65, 1.41) .233 −2.35 (−5.93, 1.24) .195
Situational Characteristic Questionnaire
  26 weeks-baseline −0.22 (−0.62, 0.18) .285 −0.26 (−0.66, 0.13) .189
  14 weeks-baseline −0.18 (−0.52, 0.16) .304 −0.18 (−0.55, 0.18) .318
Multiple Sclerosis Impact Scale-29 Physical
  26 weeks-baseline −5.05 (−9.90, −0.21) .041 −5.19 (−10.18, −0.21) .041
  14 weeks-baseline −4.56 (−9.38, 0.26) .063 −4.34 (−9.08, 0.40) .072
Multiple Sclerosis Impact Scale-29 Psychological
  26 weeks-baseline −3.99 (−8.88, 0.90) .108 −3.57 (−8.67, 1.54) .167
  14 weeks-baseline −2.98 (−8.12, 2.16) .250 −2.33 (−7.41, 2.75) .362
Fatigue scale for motor and cognitive function scale
  26 weeks-baseline −0.12 (−6.27, 6.04) .970 −0.21 (−6.49, 6.08) .948
  14 weeks-baseline −2.02 (−7.57, 3.52) .467 −1.27 (−6.71, 4.16) .641
Hospital anxiety and depression
  26 weeks-baseline −0.92 (−3.87, 2.02) .532 −0.81 (−3.85, 2.22) .592
  14 weeks-baseline 0.51 (−1.55, 2.56) .623 0.68 (−1.33, 2.69) .500
Dynamic Gait Index
  26 weeks-baseline 2.19 (0.21, 4.18) .031 1.48 (−0.84, 3.81) .204
  14 weeks-baseline 2.21 (0.30, 4.13) .024 1.68 (−0.21, 3.57) .080
Dynamic visual acuity
  26 weeks-baseline −0.03 (−0.15, 0.08) .562 −0.04 (−0.15, 0.08) .500
  14 weeks-baseline −0.07 (−0.18, 0.04) .222 −0.04 (−0.15, 0.06) .420
Rod and disc, static
  26 weeks-baseline 0.33 (−1.01, 1.66) .626 0.32 (−0.93, 1.57) .605
  14 weeks-baseline 0.63 (−4.24, 5.50) .794 0.59 (−4.00, 5.18) .795
Rod and disc, dynamic
  26 weeks-baseline 1.30 (−2.56, 5.16) .500 1.27 (−2.38, 4.92) .488
  14 weeks-baseline 0.33 (−1.01, 1.66) .626 0.32 (−0.93, 1.57) .605
Symbol digit modality test
  26 weeks-baseline 0.63 (−4.24, 5.50) .794 0.59 (−4.00, 5.18) .795
  14 weeks-baseline 1.30 (−2.56, 5.16) .500 1.27 (−2.38, 4.92) .488

aAdjusted for recruitment site, fampridine, vestibular diagnosis, baseline DHI score, and baseline outcome score.
bAdjusted for baseline outcome score only.



10	 Neurorehabilitation and Neural Repair 00(0)

there was a more complete data set (>86% at week 26). 
There was a significant additional improvement in the VSS 
with a mean between-group difference of −5.13 (−9.54, 
−0.73; P = .023). There was a significant improvement in 
the ABC with a mean between-group difference of +10.45% 
(2.78, 18.12; P = .009). There was a significant improve-
ment in the physical subscale of the MSIS-29 with a mean 
between-group difference of −5.05 (−9.90, −0.21; P = .041). 
There were no other between-group differences observed in 
the secondary outcomes (Table 3).

Compliance

Diaries were returned every month over the 3-month trial 
period up to week 14. In total 72.9% of participants returned 
all 3 diaries (62.9% control; 82.9% intervention). 
Compliance was 48.6% (n = 17) in the control group and 
71.4% (n = 25) in the intervention group. Session compli-
ance was 88.6% for the intervention and 65.7% for the con-
trol group.

Health Economic Evaluation

The estimated mean cost per participant for delivery of the 
customized VR program was £1021, compared to £168 for 
the delivery of generic VR. The resources used to provide 
the intervention and their quantities are detailed in 
Supplemental Materials. Table 4 reports EQ-5D QALY 
weights at baseline and follow-up, and QALYs based on the 
EQ-5D. The customized VR group accrued more mean 
(95% CI) QALYs over the 26 weeks of follow-up than the 
generic VR group; 0.016 (−0.004, 0.039). NHS and social 
care resource use by participants across the 26-week fol-
low-up period, and associated costs, are presented in 
Supplemental Materials. The estimated mean (95% CI) cost 
to the NHS and social care (including the cost of the VR 
programs) was −££1145 (−£3846, £730) less for the 

customized VR group than for the generic VR group (Table 
4). The cost-effectiveness analysis conducted from the pri-
mary perspective of the NHS and social care, using the 
EQ-5D to estimate QALYs, showed the customized VR 
intervention to be dominant, that is it was less costly 
(−£1145) and more effective (0.016) than the generic VR 
approach.

The 2 planned sensitivity analyses also showed the cus-
tomized VR intervention to be dominant over generic VR. 
Use of the MSIS-8D resulted in a similar mean (95% CI) 
adjusted difference of 0.014 (−0.004, 0.033) QALYs in 
favor of the customized VR group, compared to the results 
obtained from the EQ-5D. The estimated mean (95% CI) 
cost for broader societal resources was −££2061.02 
(−££5178, £1056) less for the customized VR group than 
the generic group (Table 4).

A further sensitivity analysis was undertaken to explore 
the impact of specific cost outliers on the overall findings of 
the cost effectiveness analysis. Two participants had sub-
stantially greater costs to the NHS and social care during 
the follow-up period than all other individuals in the study 
(£12 925 and £21 569, whilst the mean cost was £2000). 
One participant stayed in hospital for 31 nights, and the 
other had personal care for 4 hours daily. Both individuals 
were in the comparator group. When these costs were 
excluded from the analysis, the mean NHS/social care costs 
shifted from −££1145 less in the customized VR group to 
£490 more in this group. Exclusion of these high costs 
resulted in the mean (95% CI) cost-per-QALY of the cus-
tomized VR intervention being £30 147 (−££112617, 
£270 957). This had an associated probability that the inter-
vention was cost-effective compared to generic VR of 0.34 
at a willingness to pay threshold of £20 000 per QALY and 
0.45 at a willingness to pay of £30 000 per QALY. With 
these 2 outliers excluded, customized VR was still domi-
nant from a societal perspective (−££336 less cost and 0.016 
more QALYs than generic VR).

Table 4.  Cost and QALY Regression Analyses.

Cost/QALY

Intervention Control Difference adjusted for covariates

n Mean (SD) n Mean (SD) Mean [Bootstrap 95% CI]

Total NHS and social care costs (£) 25 1601.07 (577.58) 23 2434.57 (4910.43) −1144.81a (−3845.53, 730.16))
Total NHS and social care costs 

with 2 outliers removed (£)
25 1601.07 (577.58) 21 1023.87 (790.83) 490.00a (61.26, 950.45)

Total costs (NHS, social care, 
societal) (£)

22 5140.36 (7643.61) 23 5766.30 (8167.77) −2061.02a (−5177.66, 1055.62)

EQ-5D QALYs 29 0.335 (0.102) 27 0.314 (0.102) 0.016b (−0.004, 0.039)
MSIS-8D QALYs 26 0.343 (0.071) 26 0.321 (0.081) 0.014c (−0.004, 0.033)

aBaseline costs, Dizziness Handicap Inventory, Diagnosis, Severity, Site.
bBaseline EQ-5D, Dizziness Handicap Inventory, Diagnosis, Severity, Site.
cBaseline MSIS-8D, Dizziness Handicap Inventory, Diagnosis, Severity, Site.
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Adverse Events

There were 6 reported Serious AEs in 5 people, all deemed 
unrelated to the trial. There were 120 AEs reported in 33 
participants during the program delivery phase and 185 AEs 
reported in total by week 26. Of these, n = 2 (non-injurious 
falls) were considered to be related to the intervention. 
Non-injurious falls were additionally monitored via the dia-
ries. There were 726 falls in 29 people over the 26-week 
trial period; the vast majority of which were reported by 3 
people (2 control 41 [5.6%] and 390 [53.7%] falls) and 1 
intervention (178 [24.5%) falls]). Thirty-eight injurious 
falls were reported, by 18 people (n = 9 control and n = 9 
intervention). None of these were considered to be related 
to the intervention.

Discussion

This study found that in people with MS with a defined ves-
tibulopathy a customized VR exercise group was more 
effective at improving measures of walking, balance confi-
dence, and the perceived severity of dizziness and vertigo. 
The customized intervention was cost effective when both 
healthcare and societal costs were included. The study 
however did not find evidence of a statistically significant 
difference in the primary outcome of the DHI. Overall, the 
current cohort had baseline DHI scores of 41.5/100 similar 
to that in other studies of VR in people with MS.8,50 The 
change in DHI between baseline and week 26 was 
−7.71(17.2) in the control and −9.60 (13.2) in the inter-
vention group. In comparison, a previous meta-analysis of 
the reduction in DHI score with VR compared to no inter-
vention showed reductions of −17.43 (−29.99, −4.87).17 In 
patients with vestibular dysfunction the smallest detect-
able group difference for the DHI is 3.78 points and indi-
vidual difference is 18 to 20 with a minimal important 
change of 11 points.28,51

The current study used an active control, that is, control 
participants also undertook a form of VR; which is not 
standard practice in people with MS. This suggests that 
the customized and booklet-based approaches have simi-
lar efficacy in improving function/participation and seem 
comparable to other exercise training.52 This may reflect 
that there are potentially multiple impairments in people 
with MS that may impact on function and participation.53 
As a result it may be difficult for people to determine the 
contribution to function and participation caused by dizzi-
ness as requested in the DHI.54 It may be that greater 
improvements may be seen in the DHI if vestibulopathy is 
the sole or predominant condition.

There was, however, evidence of statistically significant 
between-group changes in some secondary outcomes, in 
favor of the intervention group. The VSS showed a signifi-
cantly greater decrease (improvement) in the customized 

intervention group. This scale focuses more on the severity 
of vertigo and dizziness symptoms compared to the DHI 
that focuses on the resultant impact of dizziness. In the cus-
tomized intervention group there was also a significantly 
greater reduction in the DGI at both week 14 and week 26. 
Further, there was a significantly greater improvement in 
both the ABC and the MSIS-29 physical component. This 
may reflect the greater emphasis on functional balance and 
walking training in the customized group compared to the 
generic group where exercises were mainly conducted in 
either sitting or standing depending on symptoms and their 
severity. Self-reported compliance was higher in the cus-
tomized intervention group. This may reflect the goal-set-
ting approach and support provided by face-to-face (or 
virtual during the pandemic) contact.55 Other secondary 
outcomes such as DVA and tests of vertical perception and 
visual dependence did not change with the intervention. 
This suggests that vestibular function may not improve with 
rehabilitation. Re-measuring vestibular function using 
VNG and rotary testing as occurred at screening could fur-
ther explore this. Other factors such as fatigue also did not 
improve highlighting that although fatigue can be higher in 
people with MS and vestibuopathy3-5 this is a complex mul-
tifactorial phenomenon.

The primary health economics analysis suggests that, 
taking an NHS and social care perspective, the customized 
VR intervention is less costly and more effective than the 
generic VR program. However, following the removal of 
2 outliers it is unlikely that the customized VR interven-
tion was cost-effective at the £30 000 cost-per-QALY 
threshold set by NICE for recommending interventions for 
funding on the NHS.56 Analysis from a broader societal 
perspective, incorporating participants own costs, infor-
mal care, and time off work, indicated that customized VR 
was less costly and more effective than generic VR. 
Further, all findings appear to hold when the MS-specific 
MSIS-8D is used in the health economics analyses in place 
of the generic EQ-5D. Adopting such a societal perspec-
tive seems key in capturing the often undocumented shift 
in economic load to people with MS and their family and 
friends when resources or services are not offered via the 
NHS/social care.57 The wide confidence intervals found, 
and the sensitivity of the health economic analysis to par-
ticular participants’ resource use, raises some uncertainty 
as to whether a similar pattern of findings would be repli-
cated in larger samples of people with MS.

Study Limitations: The screening identified people with 
MS who had a defined vestibulopathy. However, we were 
unable to determine whether this was caused directly by MS 
or whether in some cases there could have been additional 
pathology (eg, a peripheral vestibular neuritis). The study 
was powered to show a change in the primary outcome, the 
DHI. It was not powered to show a change in the EQ-5D-5L, 
the measure used to calculate cost effectiveness. The 



12	 Neurorehabilitation and Neural Repair 00(0)

majority of recruitment came from 1 study site meaning that 
biases caused by regional variations in intervention deliv-
ery could not be determined. As highlighted in the Methods 
section due to COVID-19 restrictions some alterations 
were made to the planned intervention and study design 
and some face to face measures were not taken. The inter-
vention was conducted in a university setting within the 
UK meaning that it may not be generalizable to UK health-
care systems.

Overall, the results suggest that customized VR is ben-
eficial in improving impairments if vestibulopathy is the 
predominant condition. However, to improve function and 
participation, more generic approaches incorporating VR 
may be required in people with MS with additional 
impairments.

Conclusion

Compared to a generic VR booklet-based home exercise 
plan, there was no additional benefit of customized VR 
intervention on the primary outcome the DHI. The second-
ary outcomes of the VSS; measures of balance confidence; 
walking; and the impact of physical symptoms in MS 
improved significantly more in the customized intervention 
group. The primary health economics analysis suggests 
that, taking an NHS and social care perspective, the custom-
ized VR intervention is less costly and more effective than 
the generic VR program but this was affected by high NHS/
social costs in 2 control group participants. When broader 
health and social costs to people with MS, their carers, and 
society are also considered, the customized VR intervention 
is less costly and more effective than generic VR.
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