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Digital technologies are increasingly available and are reducing in cost. There is an

opportunity to move to a digital health approach in vestibular rehabilitation (VR), but there

is a paucity of suitable systems available and a consequent lack of evidence to support

their use. This study aimed to investigate a novel digital platform developed specifically

for VR (comprising clinician software, a wearable sensor, and a patient-facing app).

Participants (n = 14, 9F:5M, mean age 59) with vestibular dysfunction and imbalance

used the app for treatment, and therapists (n = 4) used the platform to deliver VR in the

form of individualized exercise programmes over a mean of 17.4± 8.8 weeks. Outcomes

included the system usability scale, the patient enablement instrument (PEI), change

in subjective symptoms (numerical rating scales), percentage adherence to prescribed

exercise, and a semi-structured interview on utility. A significant reduction was found in

symptoms of vertigo/dizziness (p< 0.004), imbalance (p< 0.002), oscillopsia (p< 0.04),

and anxiety (p < 0.02) after use. System usability scores were high for both clinicians

(mean 85/100) and participants (mean 82.7/100) and high enablement was reported

(mean PEI 6.5/12). Overall percentage adherence to the exercise prescription was

highly variable and ranged from 4 to 78% when measured digitally. At semi-structured

interviews, participants reported a high level of acceptance and satisfaction with digital

delivery, and no adverse events were recorded. When COVID-19 restrictions eased, 2

participants trialed the head sensor with the application and found it highly usable. Further

research is required to investigate the efficacy and how the wearable sensor impacts the

delivery of care.
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INTRODUCTION

Across all fields in healthcare, digital health is on the rise,
but its role in vestibular rehabilitation (VR) remains to be
elucidated. The World Health Organization has defined digital
health as “a broad umbrella term encompassing eHealth (which
includes mHealth), as well as emerging areas, such as the use
of advanced computing sciences in “big data,” genomics and
artificial intelligence” (1). Within this definition, e-health is
further defined as “the use of information and communications
technology” and mHealth as “the use of mobile wireless
technologies” (1). Traditionally, VR has been delivered face to
face, with fewer than 5% reporting the use of telerehabilitation
before the COVID-19 pandemic (2). One of the obvious benefits
of digital health is to improve access, which is a challenge
in VR (3). It is estimated that between 53 and 95 million
adults have peripheral vestibular hypofunction across Europe
and the US (4), and VR is a first-line, evidence-based treatment
for these adults (5, 6). In a recent European Survey of VR
in 22 countries, almost 50% of therapists reported that VR
was difficult to access (2). Furthermore, the mainstay of VR
is the home exercise programme. Gaze stabilization exercises
are recommended at frequencies of 3–4 times per day (6),
and meta-analysis of studies in fall prevention estimate a
cut-off of at least 50 hours of targeted exercises to achieve
therapeutic effects (7). It is likely not necessary and probably
not feasible to have direct therapist supervision at these required
intensities. Physical therapy fundamentally aims to improve
movement and the ability to accurately track movement when
the patient is exercising provides major opportunities for a
better understanding of FITT (frequency, intensity, type, and
time) principles. In turn, this would provide a much-needed
evidence on the effectiveness of different components of exercise
regimes. To advance the science of exercise prescription in VR,
it is axiomatic that accurate data of exercise parameters are
collected. This data would provide rich information for clinical
and research purposes.

It is therefore anticipated that digital health will be embedded
in future care, will solve the problems of access, and allow a
greater understanding of exercise parameters. In a recent VR
specific survey, 80% of therapists agreed that telehealth was an
effective mode of delivering treatment but reported challenges
with providing the written exercise programme and concerns
about testing balance remotely with no caregiver present (8), and
in a large survey of US physical therapists, 40% reported using
telehealth software for the first time in 2020 (9). A benefit of
the pandemic has been the requirement to use technology for
daily human interactions beyond health care, and this has likely
increased acceptance and familiarity with remote interactions.
There are thus many opportunities for VR professionals to
harness technology to solve the problems of prescribing and
delivering exercise programmes remotely. However, therapists
face many considerations when transitioning to digital care, and
barriers are often cited as cost, IT infrastructure, data privacy
and security, and uncertainty around efficacy (10, 11). Also,
amongst therapists and patients, there remains a preference for
face-to-face care, in a profession that is known for its “hands-on”
approach (8).

Some studies are now appearing in the literature comparing
conventional face-to-face VR with internet-based rehabilitation
and have provided support for a digital approach and valuable
insights on patient behavior and outcomes using digital
technology. Geraghty et al. (12) and Pavlou et al. (13) both
reported high attrition rates of 21 and 55%, respectively, in the
groups allocated to unsupervised remote forms of VR, much
higher than those who received face-to-face care. More recently,
however, van Vugt et al. (14) reported similar attrition rates of
∼5% in groups receiving internet-only based VR or therapist-
supported home VR, perhaps heralding an increased acceptance
of remote VR amongst patients.

Considerable challenges remain in proving efficacy and
cost-effectiveness. The opportunity costs of a telerehabilitation
infrastructure and associated technology (wearables, hardware,
software, etc,) need to show a benefit for both the patient
(in terms of time and money saved by being treated in the
home, faster and better outcomes reducing loss of productivity,
and increasing quality of life) and the health care provider
(decreased consultation time, better outcomes, and more timely
and targeted care). Therefore, it is not an easy task to integrate
telerehab or technologies into rehabilitation. Major obstacles
such as reimbursement by insurers also exist, although these
are beginning to be addressed and will greatly assist with more
widespread adoption.

The aims of this study were, first, to investigate the usability
of a newly developed VR-specific digital platform and, second, to
investigate its safety, exercise adherence, and outcomes with use.

MATERIALS AND METHODS

This was a usability study using a pre-treatment–post-treatment
design to investigate the use of a novel digital VR platform
for the rehabilitation of vestibular dysfunction and imbalance.
The objectives of the study were to quantify patient and
therapist usability of the platform, patient outcomes after using
the platform, and to obtain, using a structured questionnaire,
patients’ views on the use of the app developed for the platform
in their rehabilitation.

The study endpoints were:

1. The system usability scale (SUS) score (15) (patient and
therapist) and the patient enablement instrument (PEI) score
(16, 17) at 6 weeks (patient).

2. Change in visual analogue scores of subjective symptoms
of dizziness/vertigo, imbalance, nausea, anxiety,
and oscillopsia (18).

3. Percentage adherence to exercise (digitally measured by
the application) and safety of the platform (number of
adverse events).

4. Patient’s views on the utility of the platform in their
rehabilitation using a semi-structured phone interview (see
Supplemental Material).

Data collection took place at the Neurotology Clinic and
Physiotherapy Department at a large University teaching
hospital. Ethical approval was obtained from the Hospital’s
Medical Research Ethics Committee. The study aimed to recruit
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12–15 participants to gather sufficient data on patient’s subjective
views on using the platform. A sample size of 12 participants is
deemed appropriate for usability studies (19).

Patients with vestibular dysfunction, confirmedwith a positive
video head impulse test (gain of <0.7 unilaterally) (https://www.
synapsys.fr/en/home/), caloric testing (Canal Paresis > 20%), or
in the absence of lab testing, a positive clinical head impulse
test and nystagmus with fixation removed, and reporting at
least one of the following subjective complaints: disequilibrium,
gait instability, vertigo/dizziness, or motion sensitivity (20) were
eligible for the study. They were excluded if they had previous
VR, fluctuating vestibular disease (active Meniere’s disease,
migrainous vertigo), active benign paroxysmal positional vertigo,
or other medical conditions in the acute phase (orthopedic
injury). They were also excluded if they were unwilling or
unable to use, or did not own a smartphone/tablet to use during
the study.

Eligible patients were identified at the neurotology clinic
by two of the researchers (RMW and DMu) who acted as
gatekeepers and informed eligible patients about the study.
Where there was a willingness to discuss the study, a third
researcher (DMe) contacted the patient with information and
obtained written informed consent after a cooling-off period of
up to 1 week.

Procedure
At baseline, participants underwent the following assessments.
A physical in-person assessment was often not fully possible
due to the COVID-19 second (October 2020) and third waves
(January 2021), when some or all of rehabilitation moved
to a telerehabilitation approach. Subjective assessments were
collected remotely by the platform or during phone interviews
and included the following:

1. The SUS (15) was designed as a subjective assessment of
the usability of interface technologies. Levels of agreement
with ten statements are scored using a five-point Likert scale
anchored with “strongly disagree” and “strongly agree.” The
SUS provides a point estimate of percentage usability. Scores
above 70 are acceptable, and highly usable products score
above 90. Scores below 50 indicate unacceptably low levels of
usability. The validity, reliability, and sensitivity of the SUS
have been extensively evaluated.

2. The PEI (16, 17) measures on a four-point Likert scale
how enabled a patient feels to cope with their disease based
on a consultation with their health care professional. Six
questions are included and they enquire about the patient’s
understanding of illness, ability to cope with their illness and
life, keep themselves healthy, and be confident about their
health. Amaximum score of 12 is attainable with higher scores
indicating greater enablement. A score of 6–7 is considered to
represent acceptable enablement (16, 17).

Intervention
Subsequent to completion of baseline measures and an
initial assessment, the treating physiotherapist prescribed an
individualized treatment programme on the platform which was

then sent to the patient’s smartphone and accessed via the App
(Figure 1). The platform consisted of a digital clinical portal
where the patient could be “on-boarded” and prescribed their
individualized exercise programme. The exercises were broadly
categorized into gaze stabilization, balance and gait, habituation,
strengthening, breathing exercises (for anxiety), and optokinetic
exercises. The FITT parameters could be individually adjusted by
the therapist ensuring a customized individualized programme,
which is considered the gold standard prescription approach
(6, 21). Once prescribed, the patient application was used by
the participant to perform their exercises; the app tracked the
programme and symptoms, and these metrics were sent back to
the portal in real-time. The participant was instructed on how to
access and download the app to their smartphone or electronic
tablet. Participants were pseudonymised on the clinical portal to
prevent their identification by the technical personnel who were
outside of the hospital setting. At each subsequent clinical visit
(usually every week or 2 weeks) and until discharge, prescriptions
were adjusted by the treating physiotherapist as appropriate.
These visits mostly took place with a teleconsultation platform
that was being used by the hospital during the pandemic.

The patient application on the smartphone provided the
following information and support to the patient:

1. A video of each exercise with aural and text instructions.
2. Automatic guidance through their exercise programme. The

app provided auditory feedback on head frequency during
any gaze stabilization exercises (with an adjustable built aural
metronome in the software).

3. Measurement of symptoms responses daily on a 10-
point numerical rating scale (vertigo/dizziness, nausea and
disequilibrium, anxiety, and oscillopsia). These were inputted
by the participant once a day via the app. The first time
a participant opened the app each day, the five scales
would appear and they would be prompted on the screen
to select the score that best described their symptoms
that day.

Finally, the therapist could also select specific educational
materials on the portal relating to balance and inner ear problems
that were considered beneficial for their particular presentation
and send them to the patient app. These included reading
materials about what to expect from VR, symptoms of dizziness,
vertigo and imbalance, and safety guidelines for exercising.

After using the application for 2–3 weeks, the participant was
contacted by a researcher to explore their view on its utility and
to collect the usability and enablement scores.

When COVID-19 restrictions were lifted, two participants
attended the clinic and trialed the head sensor (Figure 1) with
the app. The sensor (VG02; www.vertigenius.com) consists of an
inertial measurement unit (IMU) to measure inertial motion of
the head during gaze stabilization exercises. The IMU contains
a gyroscope to measure the angular velocity of head movement
(◦/s) with yaw and pitch axis orientation. This angular velocity
is used to estimate accurately the frequency in beats per minute
(BPM) of the head rotation on either axis.

The participants were provided with the head sensor which
connected via Bluetooth to the smartphone app. During gaze
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FIGURE 1 | Patient-facing application and wearable head sensor.

stabilization exercises, the sensor gave real-time feedback on the
prescribed vs. actual head frequency during their exercises. A
traffic light system was employed. For example, if the therapist
had prescribed a head frequency of 120 beats per minute, the
target displayed on the screen that the participant was fixating on
turned red if the head was moving at a higher frequency, yellow if
slower, and green if correct. Post-session, they were interviewed
on their views of head sensor use during rehabilitation and asked
to score the usability of the whole system on the SUS.

Data Analysis
Data relating to the participant’s interaction with the application
was processed by one of the researchers (DM). Descriptive
statistics were used for the analysis of SUS and PEI scores.
Data were examined for normality using histograms and QQ
plots. Paired t-tests and Mann–Whitney U-tests were used to
investigate pre- and post-treatment NRS scores in normally and
non-normally distributed outcomes respectively. Data from the
semi-structured questionnaire were analyzed descriptively.

RESULTS

The study took place from August 2020 to August 2021.
In total, 14 participants (9F:5M mean age 59 years, range
38–76 years) were recruited to the study. Baseline data and
demographics are shown in Table 1. All participants had
evidence of vestibular dysfunction and age-related abnormality
in at least one balance test at baseline. Due to the fluctuating
COVID-19 restrictions on face-to-face visits, testing was not
uniform. Participants used the application for 17.4 ± 8.8
weeks and were prescribed 5.3 ± 3.6 programmes during
this time. Three patients dropped out of the study, one
reporting they did “not like technology” and preferred to
use conventional methods of pen and paper for exercise
prescription. Another dropped out before starting to use the
application reporting that English was not her first language. One
more participant dropped out after 1.5 months without giving
a reason.

The average SUS was 82.7± 17 (range 32.5–92.5) (Figure 2A).
Only one participant scored below 80. This was a female
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FIGURE 2 | (A) System usability scale scores for each participant. The cut-off point of acceptable usability is shown on the y axis at 70/100 and (B) patient

enablement instrument scores for each participant. The acceptable cut-off score of 7 is depicted by the line on the y axis at 7/12.
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TABLE 1 | Participant baseline clinical data.

Participant Gender Age Clinical/laboratory assessment Baseline abnormality of balance Length of

time with

symptoms

Duration of

rehab in

weeks

1 F 58 Positive Right cHIT, Left Beating Horizontal

Nystagmus with fixation removed

SOFEC Abnormal: 6, 10, 10 Secs 14 months 11

2 F 53 25% Left Canal Paresis, Caloric Testing Condition 5 on SOT abnormal: Scores 0, 50, 50 4 Years 12

3 F 53 Abnormal Left vHIT Gain of 0.70 Condition 5 on SOT abnormal: Scores 59, 40, 64 2 years 20

4 F 45 28% Left Canal Paresis, Caloric Testing SOFEC denoted Abnormal 1 year 2

5 M 76 Positive Left cHIT, Right Beating Horizontal

Nystagmus with fixation removed

Condition 5 on SOT abnormal: Scores 0, 0, 26 1 year 30

6 M 38 32% Left Canal Paresis, Caloric Testing Conditon 5 on SOT abnormal: Scores 50, 57, 76 9 months 34

7 M 72 Positive R cHIT, Right Beating Horizontal

Nystagmus with fixation removed

SLS denoted abnormal 20 years 9

8 F 60 23% Right Canal Paresis, Caloric Testing SOFEC abnormal: Scores 2, 2, 2 Secs 6 years 16

9 F 62 Clinical Diagnosis of UVL in Notes, Lab

data not available

SLS abnormal: 10 Secs Eyes Open, 4 Secs Eyes

Closed

10 years **

10 F 66 Positive Right cHIT, Left Horizontal

Nystagmus with fixation removed

SLS denoted abnormal 2 years 17

11 M 74 Positive Right cHIT, Left Beating Horizontal

Nystagmus with fixation removed

SOFEC abnormal: 6 secs, SLS abnormal: 0 Secs 3 months 18

12 F 61 Abnormal Right vHIT Gain of 0.30 Condition 5 on SOT abnormal: scores 0, 0, 56 4 months 21

13 M 38 Abnormal Left vHIT gain of 0.77, Positive

Right cHIT

SLS abnormal: 4 Secs Eyes Closed 1 year 19*

14 F 73 Positive Right cHIT, Left Beating Horizontal

Nystagmus with fixation removed

SOFEC abnormal 9, 11, 15 Secs 9 months **

cHIT, clinical head impulse test; vHIT, video head impulse test; SOFEC, Stand on Foam Eyes Closed; Secs, seconds; SOT, Sensory Organization Test (Equitest); SLS, Single Leg Stance

Test. *Dropped out without giving a reason, **Dropped out of study.

participant who scored 32.5 and who had dropped out due to a
preference for conventional care.

Change in Numerical Rating Scale Scores
The numerical rating scales were completed for the five subjective
symptoms, namely, dizziness/vertigo, imbalance, nausea, anxiety,
and oscillopsia. Figure 3 shows the pre–post treatment scores,
and Table 2 shows the results of the paired t-tests for each
symptom. All symptoms were significantly reduced by at least
40% (p < 0.05) (indicating improvement) except for the nausea
NRS, which was reduced by only 9.1% (p = 1.0). No adverse
events were recorded during the study.

PEI Scores
The mean PEI score was 6.5 ± 3.7. One participant scored 0/12,
which is a very low score indicating little or no enablement
with treatment. On closer inspection of their numerical rating
scores, improvements were seen in all five except the complaint
of imbalance, which did not change. Another participant scored
2/12 but all numerical rating scores were improved. The
remainder had acceptable PEIs (Figure 2B).

SUS Scores: Health Care Practitioners
Four physical therapists used the platform during the study. Each
completed a SUS. The mean score was 85± 10.2 (range 70–92.5).
Two specifically reported needing time to become familiar with
the application to onboard the patients, but after that phase they
found it highly usable.

Adherence
Once an exercise was completed, i.e., the patient opened and
completed each exercise on the app, data on completion was
sent back to the portal immediately allowing the therapists to
easily view adherence in a graphical form. The average percentage
adherence in counts of prescribed exercises (the frequency per
day of each exercise multiplied by the duration of the programme
in weeks) was 30.3± 23.5% (range 4.4–77.8%).

Results From Semi-structure Interviews
Eleven participants completed a phone interview about using
the application for their phone. Ten (91%) reported they would
recommend the app to others for rehabilitation (reporting “yes
definitely,” “yes absolutely,” and “yes 100%,” amongst other
responses). One participant had macular degeneration and visual
impairment and was using the app on an iPad. She specifically
reported she liked accessing exercises on the iPad as “they were
there at a touch, didn’t have to fumble around with paper and if
it was on paper, I wouldn’t have been able to see it.”

A female participant who dropped out before using the app
reported she “maybe” would recommend it. This participant was
“afraid” to log in to the application, had needed help from a
family member to download the app, and reported being “just
lost” when trying to log in. This participant reported not “being
one for apps” and not “a phone person.” A lower PEI score (5/12)
and a lower SUS score (32.5) were recorded by this participant

Broad themes relating to the question of what participants
liked and disliked about the app are shown below in Table 3.
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FIGURE 3 | Pre- and post-treatment numerical rating scale scores for (A) Dizziness/vertigo, (B) Imbalance, (C) Anxiety, (D) Nausea, and (E) Oscillopsia. Participants

rated symptoms daily on a 0–10 scale with 0 anchored as “none” and 10 as “symptom as bad as it could be.” Each participant is represented on a graph with closed

squares showing the pre-treatment score and a line linking to the post-treatment score (open square).
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TABLE 2 | Mean change in numerical rating scale scores of subjective symptoms, where 0 is “no symptoms” and 10 is marked as “symptoms as bad as they can be.”

Symptom Pre-treatment

NRS (/10) Mean (SD)

Post treatment

NRS (/10) Mean (SD)

Change NRS (/10) P-Value 95% CI

Vertigo/dizziness 5.26 (2.2) 2.6 (2.6) 2.67 0.004 1.1–4.3

Imbalance 5 (1.8) 2.8 (2.5) 2.25 0.002 1.0–3.4

Nausea 1.9 (1.8) 1.9 (2.4) 0 1.0 −0.9–0.9

Anxiety 3.2 (2.8) 1.1 (1.8) 2.2 0.02 0.4–3.7

Oscillopsia 3.1 (3.2) 1.6 (2.1) 1.5 0.04 0.1–2.9

TABLE 3 | Results from the semi-structured interviews on the utility of the app in vestibular rehabilitation.

Likes

• High ease of use, even for those who self-declared they were not “big” app users and had not used them for treatment before.

• High perceived usefulness of videos to correct performance, ease of access to the treatment (a few reporting its in “your pocket,” easier to follow than a “sheet of

paper.”

• Benefits of the app over pen and paper adding structure and motivation to the exercise program. Comments on the “age we live in, it’s all about the phone.”

• High levels of satisfaction with color scheme, simplicity and clarity of layout- app was easy to navigate.

• Improved self-efficacy in exercise, reports that the app was tangible, accessible in the home, reduced the anxiety of not performing exercises correctly, helped them

remember to do exercises, stay “on-top” of the program.

• Educational materials were useful.

• Reduced the need for clinic visits (COVID-19 related concern).

• Information on progress in the app and symptom collection allowed me “to see some days are better than others” and “liked that it was telling me I was making

progress.”

Dislikes

• Occasionally technical problems (screen freezing).

• There was no audible prompt for timer when doing balance exercises with eyes closed.

• Sometimes it was not clear that they had completed exercises.

• Unable to use the app and have others working in the background (for example listening to music when doing their walking program).

• Symptoms only being recorded once a day was an issue for n = 2 who pointed out the exercises often increase the symptoms and they would like this to be

recorded.

• No specific information/feedback provided by the app as to whether they were performing the exercise correctly.

• Requests to see more information on progress and mindfulness or other strategies for anxiety.

Head Sensor Usability
For the two participants whowere observed using the head sensor
during their prescribed exercise programme, SUS scores were
97.5 and 100, respectively, indicating very high usability. Both
had been using the app only with the inbuilt metronome at home,
and both remarked that the head sensor made the system “much
better.” One participant likened the head sensor to a hearing aid
and remarked it might be easily lost due to its small size. It was
also observed that instructions were needed for participants to
place the head sensor correctly on the ear. Participants reported
that the visual feedback correcting their head frequency in real-
time was helpful and the traffic light visual feedback was easily
understood. They also stated that the head sensor could be
easily incorporated into treatment at home and that they were
in favor of the feedback on their performance and the additional
information on their progress that could be obtained from the
head sensor.

DISCUSSION

This study was performed to investigate both clinician and
patient usability and experiences when using a novel digital

health platform for the delivery of VR. During data collection,
Ireland experienced waves 2 and 3 of the COVID-19 pandemic,
which resulted in challenges to the recruitment process
(recruitment is usually done face to face with baseline outcome
measures performed in clinic). However, the platform easily
enabled remote treatment in the home, and whether the
participant had face-to-face or remote sessions with their
therapist, did not negatively impact its use. In agreement with
others, the study found that the benefits of digital delivery were
augmented during COVID-19, conferring a feeling of safety
and continuation of care when face-to-face visits were curtailed
(11, 22). In addition, positive outcomes on the distressing
subjective complaints of dizziness/vertigo, oscillopsia, imbalance,
and anxiety were evident.

For “naïve” patient users, the app had high system usability
scores. Generally, a score above 70 is deemed acceptable, and
the mean score in this study was 83 (19, 23). There were three
drop-outs, one did not speak English as a first language and one
declined to use the application after downloading it as she was
“just lost.” This was expected as technology is difficult for some.

High levels of enablement were also recorded by participants.
Enablement is a key feature for patients to feel they can cope
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with and understand their illness. Scores of 6–7 are considered
acceptable and the mean score was 6.5. Scores were higher than
reported in other studies who reported lower mean scores of
between 3 and 4 (24, 25).

All participants, except one, reported they would recommend
the app to other patients with dizziness and vertigo. A high level
of user acceptance was evident, and participants had little fault
to find with the ease of use, layout, and look and feel of the
application. The app can be considered to be usable.

For the 4 “naïve” Health Care Practitioners, the clinician
portal also had high SUS scores at 83.3. They reported that it was
easy, intuitive, and quick to use, and it streamlined and facilitated
care remotely, the latter being a key benefit during the pandemic.

There were no adverse events recorded during the study.
Participants used the application for an average of 17± 8.8 weeks,
and there was preliminary evidence that a reduction in subjective
symptoms of dizziness/vertigo, imbalance, nausea, anxiety, and
oscillopsia occurred with the usage of the application, indicating
the effectiveness of the treatment, in line with what is expected
with VR. Due to COVID-19, we were unable to systematically
collect physical outcome measures, and this must be evaluated in
future studies to determine efficacy.

Two participants were non-English speakers, one of these
dropped out due to difficulties with the English language and
comprehension, but the other was able to engage with the patient
app. It is thus a recommendation that when employing patient
apps they are translated into the local language.

One key benefit of the platform was the automated collection
of exercise adherence. Diaries are commonly used to this
end but are frequently criticized as being inaccurate and
time-consuming. This is the first study to report actual
adherence to exercise and found a low mean adherence to
exercise of 30%. This may be because the recommended
frequency for gaze stabilization exercises in VR programmes is
3–4 times per day (6). However, significant improvements
were seen in subjective symptoms, and future work is
planned to investigate the minimum exercise adherence
necessary to achieve benefits. Therapists personalized the
exercise prescription according to participants’ presenting
impairments, and whilst this meant participants completed
different exercises, this is the recommended practice (6, 21).
However, all participants were prescribed gaze stabilization
exercises, balance, and gait exercises. Further study of the effects
of individual exercises with controls is required to determine
optimal programmes.

Only two participants used the head sensor during the study
and in a face to face setting. Although reported usability was
high and the integration of the head sensor providing real-time
corrective feedback was easily understood, these findings can
only be considered preliminary.

STUDY LIMITATIONS

The study took place during the second (October 2020)
and third waves (January 2021) of the COVID-19 pandemic,
therefore the physical outcome measures that were planned

for the study were not feasible to collect as the face-to-
face contact with the researchers, which would be usual in
data collection, was not permitted. More complete data on
physical outcomes of balance and gait would have provided
a valuable addition to the findings. We were unable to
provide all the participants with this head sensor, but initial
trials with two participants were favorable, and a future
study is underway to investigate the effect of the head
sensor. Several participants who did not use the head sensor
reported they would like more feedback on their exercise
performance and personalized direction onwhat to do if exercises
increased symptoms. The wearable sensor was designed to
address this problem so it will be interesting to see how it
impacts treatment.

Finally, the sample size was small but considered adequate
for usability studies. Larger sample sizes will be required to
demonstrate efficacy and cost-effectiveness.

In conclusion, this usability study has provided initial
evidence that a novel digital platform incorporating a clinician
portal and a patient-facing app are highly usable and accepted
by health care practitioners and patients for VR. Significantly
reduced symptoms were recorded with use, suggesting benefit.
A “naïve” user of either can be easily onboarded and interact
with the platform relevant to them. Importantly over the
time frame of use, improvement in subjective symptoms
was significant, supporting its use in vestibular and balance
rehabilitation programmes. As with all applications, feature
improvements were suggested, but the current workflows
are usable and mirror the clinical pathway sufficiently to
integrate the system easily into healthcare settings. Future
studies planned include incorporating the platform’s wearable
sensor in a randomized controlled trial to investigate efficacy
and cost-effectiveness.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The study was reviewed by Beaumont Hospital Medical Research
Ethics Committee, Beaumont Hospital, Beaumont Road, Dublin
9. The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

DMe and DMu conceived the study. RM and OH were
gatekeepers, recruited patients, and assisted with preparations
for the Ethics Committee Submission. SM, SC, DMu, and
RV treated the participants. DMe interviewed the patients
and collected the outcomes, analyzed the data, and wrote
the paper. DMe and RV commented on the manuscript.
All authors contributed to the article and approved the
submitted version.

Frontiers in Neurology | www.frontiersin.org 9 March 2022 | Volume 13 | Article 836796

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Meldrum et al. Digital Health Intervention for Vestibular Rehabilitation

FUNDING

This work was supported by two Enterprise Ireland
Research Commercialisation Funds (CF-2018-0966 and
CF20201422-I).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2022.836796/full#supplementary-material

REFERENCES

1. Organization WH. WHO guideline: recommendations on digital interventions

for health system strengthening: World Health Organization (2019).

2. Meldrum D, Burrows L, Cakrt O, Kerkeni H, Lopez C, Tjernstrom F, et al.

Vestibular rehabilitation in Europe: a survey of clinical and research practice.

J Neurol. (2020) 267:24–35. doi: 10.1007/s00415-020-10228-4

3. van Vugt VA, van der Wouden JC, Bosmans JE, Smalbrugge M,

van Diest W, Essery R, et al. Guided and unguided internet-based

vestibular rehabilitation vs. usual care for dizzy adults of 50 years

and older: a protocol for a three-armed randomised trial. BMJ. (2017).

7:479. doi: 10.1136/bmjopen-2016-015479

4. Grill E, Heuberger M, Strobl R, Saglam M, Holle R, Linkohr B,

et al. Prevalence, determinants, and consequences of vestibular

hypofunction. results from the KORA-FF4 survey. Front Neurol. (2018)

9:1076. doi: 10.3389/fneur.2018.01076

5. Hillier SL, McDonnell M. Vestibular rehabilitation for unilateral

peripheral vestibular dysfunction. Cochrane Database Syst Rev. (2011)

2:CD005397. doi: 10.1002/14651858.CD005397.pub3

6. Hall CD, Herdman SJ, Whitney SL, Anson ER, Carender WJ, Hoppes CW,

et al. vestibular rehabilitation for peripheral vestibular hypofunction: an

updated clinical practice guideline from the academy of neurologic physical

therapy of the American physical therapy association. J Neurol Phys Ther.

(2021) 21:382. doi: 10.1097/NPT.0000000000000382

7. Sherrington C, Tiedemann A, Fairhall N, Close JC, Lord SR. Exercise to

prevent falls in older adults: an updated meta-analysis and best practice

recommendations. New South Wales Public Health Bull. (2011) 22:78–

83. doi: 10.1071/NB10056

8. Harrell RG, Schubert MC, Oxborough S, Whitney SL. Vestibular

rehabilitation telehealth during the SAEA-CoV-2 (COVID-19) Pandemic.

Front Neurol. (2021) 12:781482. doi: 10.3389/fneur.2021.781482

9. WEBPT. The State of Rehab Therapy. (2021). Available online at: https://www.

webpt.com/downloads/state-of-rehab-therapy-2021/. (acccessed December

10, 2021).

10. Sharma A, Harrington RA, McClellan MB, Turakhia MP, Eapen ZJ, Steinhubl

S, et al. Using digital health technology to better generate evidence

and deliver evidence-based care. J Am Coll Cardiol. (2018) 71:2680–

90. doi: 10.1016/j.jacc.2018.03.523

11. Cottrell MA, Russell TG. Telehealth for musculoskeletal physiotherapy.

Musculoskelet Sci Pract. (2020) 48:102193. doi: 10.1016/j.msksp.2020.102193

12. Geraghty AWA, Essery R, Kirby S, Stuart B, Turner D, Little P, et al. Internet-

based vestibular rehabilitation for older adults with chronic dizziness: a

randomized controlled trial in primary care. Ann Fam Med. (2017) 15:209–

16. doi: 10.1370/afm.2070

13. Pavlou M, Bronstein AM, Davies RA. Randomized trial of

supervised vs. unsupervised optokinetic exercise in persons with

peripheral vestibular disorders. Neurorehabil Neural Repair. (2013)

27:208–18. doi: 10.1177/1545968312461715

14. van Vugt VA, van der Wouden JC, Essery R, Yardley L, Twisk JWR, van

der Horst HE, et al. Internet based vestibular rehabilitation with and without

physiotherapy support for adults aged 50 and older with a chronic vestibular

syndrome in general practice: three armed randomised controlled trial. Bmj.

(2019) 367:l5922. doi: 10.1136/bmj.l5922

15. Brooke J. “SUS: a “quick and dirty” usability scale,” In: editor pWJordan BT, B

AWeerdmeester & A L McClelland Usability Evaluation in Industry. London:

Taylor and Francis (1996), p. 189–94.

16. Howie JG, Heaney DJ, Maxwell M, Walker JJ, Freeman GK, Rai H. Quality

at general practice consultations: cross sectional survey. Bmj. (1999) 319:738–

43. doi: 10.1136/bmj.319.7212.738

17. Howie J, Heaney D, Maxwell M. Measuring quality in general practice. pilot

study of a needs, process and outcome measure. Occasion Paper. (1997) 75:2.

18. Herdman SJ, Hall CD, Maloney B, Knight S, Ebert M, Lowe J. Variables

associated with outcome in patients with bilateral vestibular hypofunction:

preliminary study. J Vestibul Res. (2015) 25:185–94. doi: 10.3233/

VES-150556

19. Lewis J, Sauro J. “The factor structure of the system usability scale,” In:

editor KurosuM.Human Centered Design. Lecture Notes in Computer Science.

(Springer Berlin / Heidelberg). (2009) p. 94–103.

20. Bisdorff AR, et al. Overview of the international classification of vestibular

disorders. Neurol. Clin. (2015) 33:541–50.

21. Shepard NT, Telian SA. Programmatic vestibular rehabilitation. Otolaryngol.

Head Neck Surg. (1995) 112:173–82.

22. Imlach F, McKinlay E, Middleton L, Kennedy J, Pledger M, Russell L, et al.

Telehealth consultations in general practice during a pandemic lockdown:

survey and interviews on patient experiences and preferences. BMC Fam

Pract. (2020) 21:1–14. doi: 10.1186/s12875-020-01336-1

23. Bangor A, Kortum PT, Miller JT. An empirical evaluation of the

system usability scale. Int J Hum Comput Interact. (2008) 24:574 –

94. doi: 10.1080/10447310802205776

24. Rööst M, Zielinski A, Petersson C, Strandberg EL. Reliability and

applicability of the patient enablement instrument (PEI) in a Swedish general

practice setting. BMC Fam Pract. (2015) 16:1–6. doi: 10.1186/s12875-015-

0242-9

25. Tolvanen E, Koskela TH, Helminen M, Kosunen E. The validity

and reliability of the patient enablement instrument (PEI) after GP

appointments in finnish health care centres. J Pat Rep Outcomes. (2020)

4:1–12. doi: 10.1186/s41687-020-00243-4

Conflict of Interest: DMe is the inventor of the digital intervention that was

employed in the study. It is patent pending and she is named on the patent. This

research is being commercialized and she is a shareholder in a start-up company

formed before the end of the study.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Meldrum, Murray, Vance, Coleman, McConnell, Hardiman

and McConn Walsh. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s)

and the copyright owner(s) are credited and that the original publication in

this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 10 March 2022 | Volume 13 | Article 836796

https://www.frontiersin.org/articles/10.3389/fneur.2022.836796/full#supplementary-material
https://doi.org/10.1007/s00415-020-10228-4
https://doi.org/10.1136/bmjopen-2016-015479
https://doi.org/10.3389/fneur.2018.01076
https://doi.org/10.1002/14651858.CD005397.pub3
https://doi.org/10.1097/NPT.0000000000000382
https://doi.org/10.1071/NB10056
https://doi.org/10.3389/fneur.2021.781482
https://www.webpt.com/downloads/state-of-rehab-therapy-2021/
https://www.webpt.com/downloads/state-of-rehab-therapy-2021/
https://doi.org/10.1016/j.jacc.2018.03.523
https://doi.org/10.1016/j.msksp.2020.102193
https://doi.org/10.1370/afm.2070
https://doi.org/10.1177/1545968312461715
https://doi.org/10.1136/bmj.l5922
https://doi.org/10.1136/bmj.319.7212.738
https://doi.org/10.3233/VES-150556
https://doi.org/10.1186/s12875-020-01336-1
https://doi.org/10.1080/10447310802205776
https://doi.org/10.1186/s12875-015-0242-9
https://doi.org/10.1186/s41687-020-00243-4
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Toward a Digital Health Intervention for Vestibular Rehabilitation: Usability and Subjective Outcomes of a Novel Platform
	Introduction
	Materials and Methods
	Procedure
	Intervention
	Data Analysis

	Results
	Change in Numerical Rating Scale Scores
	PEI Scores
	SUS Scores: Health Care Practitioners
	Adherence
	Results From Semi-structure Interviews
	Head Sensor Usability

	Discussion
	Study Limitations
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


