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Abstract: Dizziness can be a debilitating condition with various causes, with at least one episode
reported in 17% to 30% of the international adult population. Given the effectiveness of rehabilitation
in treating dizziness and the recent advancements in telerehabilitation, this systematic review aims
to investigate the effectiveness of telerehabilitation in the treatment of this disorder. The search,
conducted across Medline, Cochrane Central Register of Controlled Trials, and PEDro databases,
included randomized controlled trials assessing the efficacy of telerehabilitation interventions, de-
livered synchronously, asynchronously, or via tele-support/monitoring. Primary outcomes focused
on dizziness frequency/severity and disability, with secondary outcomes assessing anxiety and
depression measures. Seven articles met the eligibility criteria, whereas five articles contributed to the
meta-analysis. Significant findings were observed regarding the frequency and severity of dizziness
(mean difference of 3.01, p < 0.001), disability (mean difference of —4.25, p < 0.001), and anxiety
(standardized mean difference of —0.16, p = 0.02), favoring telerehabilitation. Telerehabilitation
shows promise as a treatment for dizziness, aligning with the positive outcomes seen in traditional
rehabilitation studies. However, the effectiveness of different telerehabilitation approaches requires
further investigation, given the moderate methodological quality and the varied nature of existing
methods and programs.

Keywords: vertigo; remote support; physiotherapy; vestibular disorder; balance; depression; anxiety;
telehealth

1. Introduction

To date, estimates indicate that between 17% and 30% of the global adult population
has experienced at least one significant episode of dizziness, with an annual incidence of
1.4% and increasing healthcare expenditure due to the rising average age of the popula-
tion [1]. The “SHARE” survey, conducted on over 69,000 individuals aged over 50 in twenty
different European countries, has provided recent data on the prevalence among different
states (with a total figure of 12.4% in 2017), as well as additional information on risk fac-
tors [2]. Furthermore, in order to facilitate access and exchange of available data, improve
diagnostic and therapeutic standards, and foster multidisciplinary collaboration between
countries, data collection registries for patients with dizziness are gradually emerging [1-5].

The term dizziness, which is the sensation of disturbed or impaired spatial orientation
without a false or distorted sense of motion [6], has been chosen as an umbrella term
encompassing all conditions that present with clinical manifestations of vertigo. In fact,
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vertigo should be considered as a more or less common symptom of various etiologies
rather than stand-alone pathologies [7,8]. Historically, clinical presentations of patients
with dizziness were commonly distinguished as follows: vertigo, the illusion of rotary
movements or other false movements; pre syncope the sensation of imminent fainting or
loss of consciousness; disequilibrium, or loss of balance without other altered sensations
related to the head; undefined, i.e., other manifestations such as dizziness, lightheadedness,
etc. [9].

However, over time, such differentiation proved to be limiting for a proper patient
assessment [10]. With the advancement of technologies and research, more precise clas-
sifications in terms of diagnostic, epidemiological, and therapeutic criteria, as well as
new patient management strategies, are now available and help us in the assessment
and management of patients with dizziness [6]. Characteristic patterns of dizziness can
arise from dysfunction of the vestibular system, both peripheral (benign paroxysmal po-
sitional vertigo, unilateral or bilateral vestibulopathy, Meniere’s syndrome, fistulas, etc.)
and central (central vertigo due to cerebrovascular disorders, migraines, demyelination,
etc.), sometimes classified as “non-specific dizziness” [11]. Functional dizziness includes
psychogenic vertigo and “persistent postural-perception dizziness” (PPPD). Other forms in-
clude pharmacologically induced dizziness (as a side effect of anti-epileptic drugs), arterial
hypotension, and cervicogenic vertigo [12,13]. Vestibular rehabilitation plays an impor-
tant role in the treatment and management of dizziness in various etiological conditions.
Studies demonstrate its effectiveness in cases of peripheral vestibular dysfunction [14],
central vertigo [15], cervicogenic vertigo [16], and neurological disorders [17], as well as in
adulthood [18], either as a stand-alone therapy or in combination with other therapeutic ap-
proaches [19]. The initial proposed exercises were those of Cawthorne—Cooksey, developed
to treat patients with labyrinthine injuries from surgery or head trauma [20].

The evolution of research has progressively led to more effective interventions. Cur-
rently, vestibular rehabilitation utilizes exercises involving the visual system, head, and
trunk, with the aim of stimulating the three subsystems responsible for maintaining bal-
ance: the visual, proprioceptive, and vestibular systems. Vestibular rehabilitation triggers
responses in our organism through compensation, thanks to the plasticity of our central
nervous system, in which, through movement, it habituates and reduces susceptibility to
repetitive stimuli from vestibular nuclei response (a process often referred to as “habitua-
tion”); adaptation for vestibulo-visual interaction (gaze stabilization) and potentially also
for eye-hand coordination, using provocative and repetitive head or eye movements to
reduce error possibility and restore the vestibulo-ocular reflex (VOR); substitution, which
promotes the use of individual combinations of sensory inputs (such as visual or sensorimo-
tor) to compensate for dysfunctional vestibular inputs or reinforce relative compensation;
and reconditioning of postural control and functional activities, based on the principles
of motor learning to modify movement characteristics [21]. These exercises need to be
adjusted and balanced according to the characteristics of the patient: it is necessary to
structure a proper progression of the exercise in line with the patient’s capabilities and
potential along the rehabilitation path, establishing an appropriate and challenging level of
difficulty for motor learning [22].

In patients with dizziness, an important role is played by psychological factors. High
levels of depression and anxiety were found in these patients with significant worsening of
the quality of life and management of the pathology [11]. For this reason, psychological
factors play a significant role in the recovery process in vestibular syndromes: some articles
demonstrate the effectiveness of Cognitive Behavior Therapy (CBT) in directly or indirectly
improving levels of anxiety and depression in specific populations with dizziness [23,24],
but studies on how to improve treatment proposals are still ongoing [25].

In recent years, telerehabilitation (TR) has emerged as an innovative approach for
delivering rehabilitation services remotely through communication technologies. Since
the COVID-19 pandemic, the proportion of studies about this service [26] and its delivery
showed an increase [27,28]. This growth is due to its potential in terms of accessibility,
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simplifying care delivery in unconventional healthcare frameworks [29,30] and, as in any
other telemedicine service, cost and time savings [25]. TR services have been delivered
in various areas of rehabilitation, such as musculoskeletal and neurological [31-33]. They
encompass a wide range of activities, including assessment, monitoring, intervention,
education, and more [34]. Telerehabilitation is defined as “the provision of rehabilitation
services through information and communication technologies,” offering not only syn-
chronous video conferencing but also asynchronous data sharing, enhancing its reach and
effectiveness in rehabilitation [35]. In this review, both synchronous and asynchronous
interventions delivered through various modalities (videoconferencing, use of platforms or
websites, tele-support) were investigated. We choose to include tele-support among telere-
habilitation interventions in line with the studies of Baroni et al. [31] and Cottrell et al. [35],
who assert that the term “Telerehabilitation” is an overarching term encompassing all forms
of remote rehabilitation that use information and communication technologies including
tele-support. Telerehabilitation presents a series of characteristics that determine the modal-
ity of treatment delivery [34]. Specifically, it involves synchronous video conferencing,
where telerehabilitation is delivered using audio-video technologies; asynchronous storage
and sharing, where data on visits and diagnostic imaging are collected and shared; eCon-
sult, which allows for the exchange of information on patient clinical questions through
telecommunication; remote patient monitoring by healthcare personnel based on collected
and transmitted data; and mobile health (mHealth), which includes interventions delivered
through mobile devices such as laptops or tablets, phone, or mobile phone.

While there is an increasing number of available studies on the evaluation [36,37]
and management of dizziness through telemedicine [38,39], systematic reviews investigat-
ing the effectiveness of telerehabilitation in dizziness are still lacking, despite promising
prospects [40,41] and the spread of TR services [27,28]. Therefore, this systematic review
had two primary objectives: firstly, to provide an up-to-date overview of the topic, and
secondly, to conduct a quantitative assessment of the effectiveness of telerehabilitation in
treating dizziness. In this context, the primary outcomes under consideration were the
frequency and severity of dizziness and disability, while the secondary outcomes focused
on measures of anxiety and depression.

2. Materials and Methods
2.1. Protocol and Registration

The study design was set as a systematic review and meta-analysis and was conducted
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
2020 (PRISMA) guidelines [42]. The protocol was registered a priori in the PROSPERO
database under the following registration number: CRD42023451416.

2.2. Literature Search and Study Selection

The literature search was carried out up to 31 August 2023 in the following databases:
MEDLINE (via PubMed), Cochrane Central Register of Controlled Trials, and PEDro.
Specific search strategies for each database were employed (Supplementary Appendix SA).
Furthermore, the references of relevant articles were also examined in order to find the
greatest amount of useful and valid information.

Designed with the PICOs model [42], the structured questioning framework aimed
at facilitating and strengthening search strategies [43]; the study focused on individu-
als experiencing dizziness (with or without other symptoms) as a clinical manifestation.
The intervention investigated was telerehabilitation, and it was compared with conven-
tional rehabilitation treatment as usual (TAU). Telerehabilitation was found to encompass
various remote treatments, including remote rehabilitation sessions with a therapist, tele-
consultation sessions with a therapist and individual treatment by the patient, alternating
sessions of tele-consultation/rehabilitation and in-person sessions, monitoring through
tele-consultation and in-person rehabilitative treatment, tele-consultation/rehabilitation
sessions combined with other forms of treatment (face to face, internet-based interven-
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tions, digital platforms, or software), and asynchronous tele-consultation/rehabilitation
sessions (internet-based). The primary outcome of interest in the study was the reduction
in dizziness symptoms. Specifically, the primary outcomes focused on the reduction in both
the frequency and severity of dizziness symptoms, measured using the Vertigo Symptom
Scale—short form (VSS-SF) and the Vertigo Symptom Scale (VSS) [44,45]. The secondary
outcomes included improvement of quality of life measured with the Dizziness Handi-
cap Inventory (DHI) [46] and psychological impairments such as anxiety and depression
measured with the Patient Health Questionnaire (PHQ) subscale [47], Hospital Anxiety
and Depression Scale (HADS) [48-50], Generalized Anxiety Disorder assessment (GAD-
7) [51] and Beck Depression Inventory Scale (BDI-II) [52,53]. More in detail, the Dizziness
Handicap Inventory (DHI) and Vertigo Symptom Scale—short form (VSS-SF) are among
the most commonly cited PRO instruments in clinical vestibular research [54], with the
former one widely used even in the clinical context [41]. Whilst DHI explores each of the
three ICF domains (activity, participation, body function and structures), VSS-SF focuses
only on “body functions and structures” [54]. The remaining HADS, PHQ-9, GAD-7 and
BDI-II have been frequently utilized in clinical vestibular research [24,55,56], considering
the emotional, cognitive and psychological impacts of dizziness [57,58], which can result in
a deterioration of the quality of life [59-61].

We included randomized controlled trials (RCTs) written in English or Italian. Ex-
cluded from our analysis were other study types, such as case reports or case studies,
as well as studies involving children and adolescents (see Supplementary Appendix SB
Table S1). The selection of studies was performed by two independent reviewers (DG)(MZ)
according to the eligibility criteria (see Supplementary Appendix SB Table S1). The re-
viewers independently screened records that were identified, based on title and abstract,
using an inclusion/exclusion criteria template. A third reviewer was selected to resolve
any disagreements (SV). At the end of this process, the full text of the articles was obtained,
and the same procedure was used for full text screening and for the assessment of the
methodological quality of the studies.

2.3. Data Extraction

A data extraction form was filled with all the relevant data, i.e., authors and year
of publication, number of participants and their characteristics (etiology, age, timing of
symptoms), type of interventions and training, outcome measures assessed by authors
(primary and secondary) according to our eligibility criteria (see Supplementary Appendix
SB Table S1), effects of intervention and conclusions drawn by authors. Data were ex-
tracted independently by two authors (DG and MZ) and any divergences were resolved
through a third author (SV). Furthermore, the studies were divided into synchronous and
asynchronous telerehabilitation.

2.4. Quality Assessment

The included studies were assessed for their quality using the Revised Cochrane risk
of bias tool for Randomized Trials (RoB2) [62] by two authors (DG and BC). Five domains
were assessed: (a) selection bias, (b) performance bias, (c) detection bias, (d) attrition bias,
and (e) reporting bias. For each domain, the risk of bias was coded into one of the three
following possibilities: low, low risk of bias; high, high risk of bias; some concerns, when
the reporting was insufficient and some concerns were raised. Finally, potential publication
bias was explored through visual inspection of funnel plots.

2.5. Data Analysis

Statistical analysis and meta-analysis calculations were carried by two authors (MZ
and BC) by utilizing RevMan 5.4, the Cochrane software review manager for writing and
carrying reviews (currently available via subscription) [63]. In the conducted meta-analysis,
attempts were made to categorize the interventions into four outcome groups: frequency
and severity of dizziness assessed with VSS-SF [44,45] (primary outcome); improvement of
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quality of life measured with DHI [46] (secondary outcome); psychological impairments
(secondary outcomes) categorized into anxiety measured with HADS-A [48-50], BDI-
II[52,53], and GAD-7 [51,64]; and depression measured with HADS-D [48-50] and PHQ-
9 [47]. The data point for the processing outcome meta-analysis data was considered to
be three months. Mean difference (MD) outcome measures were used for the analysis
where the study used the same tools. Standard mean difference (SMD) outcome measures
were used for the analysis since the selected studies used different tools. When possible
and when not reported, the MD and standard deviation (SD) were estimated from the
standard error (SE) of the mean or median and interquartile range. Forest plot graphics
were generated to demonstrate the pooled effect. Heterogeneity was assessed using the I?
statistic and was categorized as low if I? < 25%, moderate if 12 was between 25 and 50%,
and high if I> > 50% [65]. In the case of no data being available for synthesis, an email was
sent to the corresponding author. We assumed a 2-week waiting period for a response. We
planned a subgroup analysis in relation to synchronous and asynchronous treatment. In
the depression outcome group, it was not possible to perform subgroup analysis. We used
a fixed-effects model in our meta-analysis because we assumed that all included studies
were estimating the same underlying true effect size. This approach is appropriate when
there is minimal heterogeneity among studies, and we aimed to provide a precise estimate
of the common effect size [65]. In cases where significant heterogeneity exists among
studies, we opted for a random-effects model. This model accounts for both within-study
and between-study variability, allowing for a more conservative estimate of the overall
effect size that can accommodate differences in study populations, methodologies, or other
factors contributing to heterogeneity.

3. Results
3.1. Article Selection Process

The search strategy yielded a total of 1414 articles, including 331 from PubMed, 356
from the Cochrane Central Register of Controlled Trials, and 703 from PEDro. Additionally,
24 records were identified through cross-reference sources. Of the 1390 articles initially
identified in the databases, 263 were removed due to duplication, and 77 were excluded as
they were in a different language, leaving 1050 articles for screening. Of these, 1023 were
excluded because they were either not relevant to the topic of interest or had an inadequate
study design, leaving 27 abstracts for further evaluation. After reviewing these abstracts,
14 articles were excluded as they did not pertain to the clinical question. Subsequent full-
text review led to the exclusion of eight more articles. Regarding the 24 articles identified
through other methods, such as cross-referencing, 15 were excluded after abstract review
due to irrelevance or inadequate study design. Out of the nine remaining, seven were
further excluded after full-text review. Ultimately, at the end of the selection process, seven
eligible articles remained: five from the database screening and two identified through
other methods. The selection process is detailed in the PRISMA 2020 flowchart [42],
presented in Figure 1. The two authors demonstrated a remarkable level of consensus
(K'=0.93, 95% CI 0.80-1.00). At the end of the full text reading stage, a disagreement on
one study [66] initially included was solved, and it was finally excluded because of its
unsuitable study design. The list of excluded studies is provided in the Supplementary
Section (Supplementary Appendix SB Table S2). This compilation, represented in Table S2,
encompasses 15 studies that were initially considered for inclusion but were subsequently
excluded after a comprehensive full-text examination.



Sensors 2024, 24, 3028

6 of 20

Identification of studies via other methods

Racords identified from
Databasas {n = 1390)

Records removed bafore
ST
Duplicate racords remaved (n
= 263)
Records removed for other
reasons (n=77)

Records identified from
Citabon searching (n = 24)

.

Records screened

Records excluded
(n=1023)

{n = 1050)

Reports sought for retneval
in=2T)

Repons not retneved
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Reports sought for retrieval

hJ

(n=24)

Reports not ratreved
(n=15

Rapons assessed for aligibility
n=12)

Raports excluded Reports assessed for eligibity Reports excluded (n 7)

- E:If;aanatr In psychotherspy (n=8) Not telerahab reatment
. avails = (n=5)
Full tezet mot available (n =3)
Mot telerehab treatment Not consider ﬁ_t_'"d'es
(n =3) populabon (n =2)

Studies included in review

(n=T)

Figure 1. Flow diagram for the study selection process.

3.2. Results of Selected Articles

The seven included studies were published between 2004 and 2023 and are summa-
rized in the table below (Table 1). All articles are RCTs, three of which are pragmatic [67-69],
investigating different modes of telerehabilitation, both as an intervention (synchronous or
asynchronous) and as tele-consultation and /or monitoring, proposed as a single interven-
tion or combined with other interventions. In the studies, the intervention is compared to
usual care, mainly in the pragmatic trials (reassurance plus medication for symptom reduc-
tion), or to an exercise program. The study population includes patients with BPPV [70],
stable vestibular disorders, both peripheral and central or mixed [71,72] and chronic vestibu-
lar disorders/vertigo [67-69,73].

Four of the included studies used asynchronous telerehabilitation, through the use of
websites that deliver the intervention without requiring real-time presence of the therapist:
Van Vugt et al. [68] and Geratghy et al. [67] used the “Balance Retraining” program in
their pragmatic RCTs, while Smaerup et al. [71,72] used the exercise platform “Move it to
improve it” after installing the corresponding hardware and software at the patient’s home.
The “Balance retraining” program is based on the content of a booklet used in previous
trials [69,73] downloadable from the Supplementary Data of the original article or from the
dedicated page of the Meniere’s Society website. The program includes the administration
of exercises of different difficulty, from cervical spine mobility to gaze stability with open
and closed eyes to exercises related to provocative daily movements. Sessions on symptom
control techniques are provided. Based on the scores of various performances, the online
program will increase the difficulty level of subsequent sessions [74]. The Mitii program
involves playing games (drag and drop and follow the leader) with the goal of training
endurance, VOR, and cervico-ocular reflex (COR) for gaze stability, smooth-pursuit eye
movements, and postural control. The therapist contacts the patient once a month to adjust
the exercise variables based on progress [75].
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Table 1. Characteristics of included studies.

Author and

Year Population Interventions Outcome Measures Effects (Experimental vs. Control Comparison) Conclusion
Experimental group:
Vestibular rehabilitation adaptation .
exercises performed at home, and Primary Outcome: Primary Outcome (6 weeks):
vestibular rehabilitation balance - Romberg test.
exercises in telerehabilitation. - Tandem posture test (open and Romberg: p = 0.593 (z = —0.535)
44 individuals with diagnosis of Telerehabilitation with therapist via closed eyes). %anjem 8ll:’enidp = 0~07 %;Z(Z( = —202%0;))
“positional vertigo”. WhatsApp video call, 25-30 min - Semi Tandem Posture Test andem L losed: p = 0. Z= 2 L. .
Haciabbasoglu ~ Age = 18-65 years. 2 times a day for 6 weeks. Exercises in (open and closed eyes). Semi Tandem open: p = 0.973 (z = —0.034) TR applications are effective and

etal., 2023 [70]

Experimental group:
22 individuals.
Control group: 22 individuals.

frequency autonomy not specified.
Control group:

Vestibular rehabilitation adaptation
exercises performed at home

2-3 times/day for 6 weeks. The
exercises were shown in person, and
sent via WhatsApp together with
other material additional

- DHL

- Dizziness rating.
- VSS-SE.

- BAL

- VDL

Semi Tandem closed: p = 0.054(z = —1.928)
DHI: p = 0.0001(t = 4.298)

VSS-SF: p = 0.06 (z = —1.878)

BAL p = 0.669 (t = 0.431)

VDI p = 0.004 (t = 3.071)

clinically applicable in patients
with BPPV.

Van Vugt
etal., 2019 [68]

322 individuals aged visited by
the GP in the previous 2 years for
vestibular symptoms.

Age > 50 years.

Experimental group:

98 individuals.

Control group: 120 individuals.

Experimental group:

“Stand alone internet-based VR” 6
weeks of: daily sessions of 6 online VR
exercises independently provided by
the “Balance Retraining” site (10 min
x 2 times a day) without support
from the therapist. Different weekly
sessions of online VR without
therapist support. Information and
advice on anxiety control strategies.
Weekly email to remind you to access
the site.

Control group:

“Usual care”: standard level of care
provided by their doctor, with access
to every available treatment between
primary and secondary care after
referral.

Primary Outcome:

- VSS-SE.

Secondary Outcomes:

- DHIL

- SINGLE ITEM on perception
of being improved or not.

- PHQ.

- (GAD-7) subscales.

- (PHQ-9 subscale).

- PETS (only on intervention).

Primary Outcome (3 months):
Stand-Alone VR vs. usual care

. VSS -SF: —4.3 points (95% CI —5.9 to —2.6)
Blended VR vs. Usual care
. VSS-SF: —3.9 points (95% CI —5.5 to —2.3)

Secondary Outcome (3 months)
Stand-Alone VR vs. usual care

. DHI: —4.6 points (95% CI —8.2 to —1.1)
. SINGLE ITEM: 2.2% (95% CI 1.2 to 4.1)

. PHQ-9: —0.5 points (95% CI —1.4 to 0.4)
. GAD-7: —1.1 points(95% CI—1.9 to —0.3)
Blended VR vs. usual care

. DHI: —3.9 points (95% CI —7.4 to —0.4)
. SINGLE ITEM: 2.1% (95% CI 1.2 to 3.8)

. PHQ-9: —0.9 points (95% CI —1.8 to 0.0)
. GAD-7: —1.4 points(95% CI—2.2 to —0.6)

Stand-alone and blended
internet-based VR are clinically
effective and safe interventions to
treat adults aged 50 and older
with a chronic vestibular
syndrome.

Geraghty
etal.,, 2017 [67]

296 individuals visited the GP for
vertigo in the last 2 years, and
with still present vertigo which
worsens with movement of

the head.

Age > 50 years.

Experimental

group:160 individuals.

Control group: 136 individuals.

Experimental group:

6 weeks of online VR provided by the
site “Balance Retraining” without
therapist support.—information and
advice on anxiety control strategies.
Control group:

“Usual Care”: subjects receive usual
UK primary care, i.e., reassurance,
symptom relief (e.g., medication for
nausea) and sometimes education.

Primary Outcome:
- VSS-SE
Secondary Outcomes:

- VSS-SF vertigo sub scale score

- VSS-SF autonomic sub scale
score.

- DHI.

- HADS anxiety score.

- HADS depression score.

- SINGLE ITEM on perception
of being improved or not.

Primary Outcome (3 months):

. VSS-SF total: —2.75 points (95% CI —1.39 to —4.12, p < 0.001)
Secondary Outcome (3 months)

. VSS-SF vertigo subscale: —1.49 points (95% CI —0.54 to —2.43;

p=0.002)
. VSS-SF autonomic subscale: —1.03 points (95% CI - 0.12 to —1.94;
p=0.03)

DHI: —6.15 points (95% CI —2.81 to —9.49; p < 0.001)

HADS anxiety: —0.82 points (95% CI —0.03 to —1.61; p = 0.04)
HADS depression: —0.55 points (95% CI 0.18 to —1.28; p = 0.18)
SINGLE ITEM: 0.27% (95% CI 0.17 to 0.44; p < 0.001)

Internet-based vestibular
rehabilitation reduces dizziness
and dizziness-related disability
in older primary care patients
without requiring clinical
support.
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Table 1. Cont.

Author and
Year

Population

Interventions

Outcome Measures

Effects (Experimental vs. Control Comparison)

Conclusion

Smaerup et al.,
2016 [72]

63 individuals who completed
the inpatient rehabilitation
program. Individuals with
peripheral, central or mixed
stable vestibular disorder.

>65 years.

Experimental group:

32 individuals

Control group: 31 individuals

Experimental group:

Intervention provided by the “Mitii”

website through a PC connected to the
Internet and a webcam. Daily exercise
program of 20/30’, at least once a day,

with sequences of games. The site

sends information on the duration of
the treatment to the hospital therapist,
who contacts the patient in the event
of a 7-day absence from the program.
The therapist prompts participants to
continue with exercise sessions even

after they finish. Twelve-week
follow-up.

Control group:

Standard care: after hospital
discharge, printed instructions are

given for continuing the exercises at

home. Exercise program of 20/30’.
Twelve-week follow-up.

Primary outcome:

- One leg stand test.
Secondary outcome:

- Dynamic Gait Index.

- DHL

- Short Form 12.

- Motion Sensitivity test.
- VAS.

- Chair Stand Test.

Primary outcome (12 weeks):
. One leg stand test: —1.26 s (95% CI —4.07 to 1.56, p = 0.38)
Secondary outcome (12 weeks):

Dynamic Gait Index: —0.35 p (95% CI —1.48 to 0.78, p = 0.54)
DHI: —0.67 points (95% CI —6.43 to 5.07, p = 0.81)

SF-12: —1.46 points (95% CI —4.07 to 1.16, p = 0.58)

Motion Sensitivity test: —0.26 points (95%CI —4.20 to 3.68,
p=0.12)

VAS = 0.53 mm (95%CI —9.51 to 10.56, p = 0.92)

. Chair Stand Test: 0.50 rep (95% CI —0.71 to 1.72, p = 0.41)

Elderly vestibular dysfunction
patients exercising at home seem
to maintain their functional level,
level of dizziness, and quality of
life three months following
discharge from hospital. In this
specific setup, no greater effect
was found by introducing a
computer-assisted training
program, when compared to
standard home training guided
by printed instruction.

Smaerup et al.,
2015 [71]

63 individuals underwent
in-hospital rehabilitation 2 times
a week for 16 weeks, with
diagnosis peripheral, central or
mixed stable vestibular disorder.
Age > 65 years.

Experimental group:

32 individuals.

Control gropu:31 individuals.

Experimental group:

Intervention provided by the “Mitii”
website through a PC connected to the
Internet and a webcam. Daily exercise
program of 20/30’ with sequences of

games for 16 weeks. The site sends
information on the duration of the
treatment to the hospital therapist,

who contacts the patient in the event
of a 7-day absence from the program.

The therapist calls once a month to
adjust the duration, speed, and
difficulty of the exercises based on
progress. The patient is also

undergoing rehabilitation in hospital

2 times/week for 16 weeks.
Control group:
Delivered a paper program of the

exercises to be performed, of 20/30" at

least once a day, for 16 weeks.

Primary Outcome:

- One leg stand test.

- Dynamic Gait Index.

- DHIL

- SF 12 physical functioning.
- SF 12 mental functioning.
- Motion Sensitivity test

- VAS

- Chair Stand Test.

Primary outcome (16 weeks):
. One leg stand test: —0.55 s (95% CI —4.06 to 2.96, p = 0.755)
Secondary outcome (16 weeks):

Dynamic Gait Index: —0.17 p (95% CI —1.74 to 1.41, p = 0.833)
DHI: —4.73 points (95% CI —12.23 to 2.77, p = 0.212)

SF-12 pf: —0.48 points (95% CI —5.60 to 4.64, p = 0.851)

SF-12 mf: —2.24 points (95% CI —3.16 to 7.64, p = 0.410)
Motion Sensitivity test: —3.33 points (95%CI —13.71 to 7.04,
p=0.523)

VAS = 0.37 mm (95%CI —11.08 to 11.82, p = 0.949)

. Chair Stand Test: 0.00 rep (95% CI —1.31 to 1.31, p = 1.000)

A computer-assisted program to
support the home training of
elderly patients with vestibular
dysfunction did not improve
rehabilitation more than printed
instructions did.
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Table 1. Cont.

Author and

Year Population Interventions Outcome Measures Effects (Experimental vs. Control Comparison) Conclusion
Primary outcome (12 weeks):
Book self-management and telephone support vs. routine care
. VSS-SF: —1.79 points (95% CI —3.69 to 0.11, p = 0.064)
Booklet self management only vs. routine care
Experimental group: . VSS-SE: —0.59 points (95% CI —2.45 to 1.27, p = 0.532)
“Book self—manage}:n entand . Primary outcome: Secondary Outcome (12 weeks):
telephone support %routpéi‘l:}llth N VSS-SE Book self-management and telephone support vs. routine care
exercise sessions conducted througha - -ok.
validated booklet, of 5-10' twice agday - Cost/utility through cost per . Subj.ective improvement: 2.25 OR (?5% CI 1.28 to 3.94, p = 0.005)
for 12 weeks, plus 3 telephone QALY. Vert(;gz(z1 Ig)alance subscale: —0.74 points (95% CI —1.98 to 0.51,
337 individuals with dizziness in ~ support sessions at baseline, first and Secondary outcome p=0. . . . .
the last 2 years. third week. Follow up at 12 weeks o . Autonomic Anxiety subscale: —1.11 points (95% CI —2.03 to Booklet-based vestibular
Age > 18 years. and 1 year. . Sublectlve improvement of —020,p = 0'017) rehabilitation for chronic
Yardley et al. Experimental group Experimental group: vertigo. ® DHL —~2.25 points (95% C1 —5.98 to 147, p = 0.234) dizziness is a simple and
2012 [69] ’ 112 individuals. “Book self-management” group with - Xertigo bglagce §ubsca1§ . HADS (anxiety): —0.46 points (95% COI —1.21t00.29, p = 0.228) cost-effective means of
Experimental group: exercise sessions carried out througha ~ ~ Dutonormc niaety an ® HADS (depression): —0.02 points (95% CI —0.66 to 0.62, improving patient-reported
113 individuals. validated booklet, of 5-10" twice a day Dg}resswn scale p=0.954) . . outcomes in primary care.
Control group: 112 individuals. for 12 weeks. Follow up at 12 weeks ) HADS ° EQ-5D: 0.04 points (95% CI ~0.02 to 0.10, p = 0.156)
and 1 year. ) EuroQol-EQ-5D Booklet self-management only vs. routine care
,,CRO nt:.Ol group: treated with - Problematic experiences of L Subjective improvement: 2.41 OR (95% CI 1.39 to 4.20, p = 0.002)
outne care  group, treated wit: therapy scale. . Vertigo balance subscale: —0.46 points (95% CI—1.67 to 0.75,
reassurance and symptom reduction p = 0.454)
ger.\g'afliu}%:e)x.r Follow up at 12 weeks . Autonomic Anxiety subscale: —0.08 points (95% CI —1.00 to
’ —0.82, p = 0.869)
. DHI: —2.06 points (95% CI —5.74 to 1.61, p = 0.269)
. HADS (anxiety): —0.12 points (95% CI —0.88 to 0.65, p = 0.763)
. HADS (depression): —0.28 points (95% CI —0.93 to 0.37,
p =0.396)
° EQ-5D: 0.04 points (95% CI —0.02 to 0.09, p = 0.179)
. Primary Outcome (3 months):
Experimental group: Primary Outcome: e VSS-SF: —3.48 points (95CI —5.59 to —1.38, p = 0.001)
“Vestibular rehabilitation group” with - 1\\//ISS_Sf red Movement provoked dizziness: —6.15 points (95% CI —9.40 to
e . .. exercise sessions carried out through a - ovement provoke —2.90, p = 0.001) .
1}ZO 11nd1v1duals with vertigo in booklet, plus two telephone support dizziness. . Postural stability (open): —65.00 mm (95% CI —119.01 to —11.00, Bc}\fl;l.e; ba_s ed fvest}ll) ula.r
Yardl 1 the a>5t two years. sessions in the first and third week. - Postural Stability, eyes open. p=0.019) rde abilitation for Cl romé
ardley etal,  Age > 60 years. Follow up at 12 weeks and 6 months. - Postural stability, eyes closed. o Postural stability (closed): —122.29 mm (95% CI —209.85 to 122INESS 15 @ Simp e an
2004 [73] Experimental group: - DHIL cost-effective means of

83 individuals.
Control group: 87 individuals.

Control group:

“Usual medical care group” treated
with reassurance and symptom
reduction (e.g., drugs). Follow up at
12 weeks and at 6 months.

Secondary outcomes:

- SF 36 physical functioning.
- HADS.

—34.74, p = 0.006)
DHI: —4.78 points (95% CI —8.98 to —0.59, p = 0.026)

Secondary Outcome (3 months):

SF-36: 1.18 points (95% CI —0.09 to 2.46, p = 0.069)
HADS (anxiety): —0.70 points (95% CI —1.48 to 0.08, p = 0.079)
HADS (depression): 0.01 points (95% CI —0.19 to 0.21, p > 0.2)

improving patient reported
outcomes in primary care.

BPPV: Benign Paroxysmal Positional Vertigo, DHI: Dizziness Handicap Inventory, VSS-SF: Vertigo Symptom Scale—Short Form, VSS: Vertigo Symptom Scale, PHQ: Patient Health
Questionnaire, HADS: Hospital Anxiety and Depression Scale, GAD: Generalized Anxiety Disorder Assessment, BAI: Beck Inventory Scale, PETS: Patient Experience with Treatment

and Self-management, VAS: Visual Analogue Scale, SF: Short Form, VR: Virtual Reality, GP: General Practitioner, QALY: Quality-Adjusted Life Years.
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Geraghty et al. [67], in a population with chronic vestibular disorders, compares
the online vestibular rehabilitation program to usual care. In his study, the intervention
group showed improvement in VSS-SF values compared to usual care at 3 (p < 0.001)
and 6 months (p = 0.02). Van Vugt et al. [68], using three distinct arms, compares online
vestibular rehabilitation with or without physiotherapy support to usual care. In this study,
when compared to usual care at 3 months, the group that only performed telerehabilitation
showed a greater difference in VSS-SF (Intention to Treat analysis —4.3 points, CI —5.9;
—2.6) as well as the group that performed telerehabilitation and had two in-person sessions
with the physiotherapist (ITT —3.9 points, CI-5.5; —2.3). Smaerup et al. [71,72] compare
their online rehabilitation program to a paper-based program delivered to patients for
independent sessions, in a total population with stable vestibular disorders (peripheral,
central, or mixed) who are already receiving face-to-face rehabilitation in clinic twice a
week. At the end of this, the authors set up another trial [72] to compare any changes at
3 months between those who continued with online rehabilitation and those following the
paper instructions.

In a population of patients with stable vestibular disorders, its application did not
show any statistically significant differences in DHI (p = 0.212) and other proposed balance
tests, i.e., one-leg stand test (p = 0.755), compared to independently performing exercises
through a paper program [71]. This difference was not achieved during a 16-week pe-
riod in which both groups underwent two additional in-person therapy sessions, or in
the following 12 weeks (during which the patients continued with the same exercise pro-
gram) [72]. Haciabbasoglu et al. [70] investigate the effectiveness of balance and adaptation
exercises performed through synchronous telerehabilitation, plus independently performed
vestibular rehabilitation adaptation exercises, compared to only vestibular rehabilitation
adaptation exercises performed at home. The intervention group’s program includes ex-
ercises for gaze stability, imagery pursuit eye movement, and static and dynamic balance
(Romberg, Tandem, Semi-tandem, walking), delivered by the therapist through WhatsApp
video calls and also performed independently without therapist support. Intervention
group participants show a statistically significant difference from control in Tandem closed
eyes (p = 0.022) and DHI (p < 0.0001).

Yardley et al. investigate, in two studies [69,73], the effectiveness of a self-managed
exercise program based on a booklet, with or without tele-support sessions (respectively,
two and three sessions in the two trials), compared to usual care, in a population of patients
with chronic vertigo. The booklet contains information about one’s condition, instructions
for performing exercises, symptom management and progression, and a schedule/diary
for planning weekly exercise sessions. In a 2012 study, Yardley et al. [69] use three distinct
arms: “Book self-management and telephone support”, “Book self-management”, and
“Routine care. The study shows that an exercise program based on a booklet, with telephone
support, shows a greater reduction in VSS-SF (p = 0.014), HANDS depression (p = 0.016),
and HANDS anxiety (p = 0.014) at one year compared to usual care, while no statistically
significant difference between “Booklet self-management with telephone support” and
“Routine care” at VSS-SFE, HANDS depression and HANDS anxiety at 12 weeks is reported.
The “Book self-management and telephone support” group had the best cost-effectiveness
curve in the author’s analysis. In 2004, Yardley et al. [73] compared two groups, one with
“Book self-management and telephone support” and one with “Usual medical care group”.
The group that performed “Book self-management and telephone support” showed a
greater difference in VSS-SF score at 3 (p < 0.001) and 6 months (p = 0.004) compared to the
other group.

3.3. Methodological Evaluation of Studies

Figure 2 shows the risk of bias in the included studies. Of the seven included articles,
the overall risk of bias was found to be moderate for three articles [68,69,73] and high for
the remaining four articles [67,70-72]. The “risk of bias in the randomization process” was
low in four articles [67-69,73]. It was moderate in two articles [71,72] where no signifi-
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cant differences were noted between the two groups despite the absence of information
regarding adequate allocation sequence masking. It was high in one article [70] where
significant differences in initial characteristics between the two groups were present. The
risk of bias due to deviations from intended interventions was low in two studies [68,69]
because the interventions delivered were consistent with the planned and protocol-reported
interventions. Geraghty et al. [67] employed “Intention to Treat” analyses (considered an
appropriate analysis tool to assess intervention effects), but no additional information was
available for its management, resulting in a moderate risk in this domain. The remaining
three studies declared themselves as single-blind: only Haciabbassoglu et al. [70] used
participant blinding (although no strategy was explained), while two studies by Smaerup
et al. [71,72] used assessor blinding. Therefore, they were considered to be at high risk. The
risk of bias due to missing data was low in three studies [47-49]. Some concern arose in
three studies [68,72,73] where authors decided to alter the analysis strategies outlined in
the protocol in response to missing data. High risk was noted in one study [67] where a
significant dropout imbalance in favor of the intervention group occurred at 3 and 6 months,
without a clear explanation from the author for the lost participants. Outcome measure-
ment bias was low risk in one study [70] where the outcome assessor was blinded (i.e., the
patient). It was moderate risk in four studies [67-69,73] where the outcome assessor was
not blinded. It was considered high risk in the two RCTs of Smaerup et al. [71,72] where
no useful information was reported to determine the psychometric extent to which the
assessor’s knowledge of the intervention influenced the final outcome. Outcome reporting
bias was at low risk in two studies [67,69]. In van Vugt et al. [68], it had a moderate risk
due to the choice of using a different type of statistical analysis for managing missing data
than what was specified in the protocol. The same moderate risk was present in three
articles where the type of statistical analysis was not described in advance in the study
protocol [70-72], and one article [73] where the protocol was missing entirely.

StudyID D1 D2 D3 D4 D5 Owerdl

Haciabbasoglu etal. (2023) @ @ & & -
vanVugtetal. (2019) @ & = 2 2

Geraghty et al
Smaerup et al
Smaerup et al
Yardley et al
Yardley et al

.(2004) @ 2 ? ? ?

+ Low risk

? Some concerns

.(2017) @ 2 . : @ . High risk

. (2016) 2 . ? . D1 Randomisation process

. (2015) 2 . -!- ’ ? D2 Deviations from the intended interventions
. (2012) + + + ? /+ D3 Missing outcome data

OO X X JOX

D4 Measurement of the outcome
D5 Selection of the reported result
Figure 2. Risk of bias in the included studies.

3.4. Effects of Intervention
3.4.1. Frequency and Severity of Dizziness

We included five studies with a total of 841 participants. Given the use of same
assessment tool, VSS-SF, we used mean difference with a fixed effect model. A subgroup
analysis was performed by dividing the five studies into synchronous (one study) and
asynchronous (four studies). The total result showed a significant difference in favor of
the telerehabilitation group (MD of —3.01; CI —3.37; —2.64; I? = 0%, p < 0.001) as well
as for all the subgroups, i.e., synchronous (MD of —3.57; CI —9.23; —2.09; p = 0.22) and
asynchronous (MD of —3.01; CI —3.37; —2.64; 12 = 0%; p < 0.001) (Figure 3).
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Syncronous
Haciabbasoglu 2023 929 9.24 21 12.86 9.48 21 04% -3.57 [-9.23, 2.09]
Subtotal (95% CI) 21 21 0.4% -3.57[-9.23,2.09] i
Heterogeneity: Not applicable
Test for overall effect: Z = 1.24 (P = 0.22)

1.1.2 Asyncronous

Geraghty 2017 6 15 123 9 16 127 916% -3.00[-3.38,-2.62] .
Van Vugt 2019 81 74 89 115 99 107 23% -3.40[-5.83,-0.97] T
Yardley 2004 988 6.71 83 133 6.7 87  3.3% -3.42[-5.44,-1.40) =
Yardley 2012 83 79 85 105 87 98 23% -2.20[-4.61,0.21] ]
Subtotal (95% Cl) 380 419  99.6% -3.00 [-3.37, -2.64] ()

Heterogeneity: Chi? = 0.70, df = 3 (P = 0.87); 1 = 0%
Test for overall effect: Z = 15.97 (P < 0.00001)

Total (95% CI) 401 440 100.0% -3.01 [-3.37, -2.64] []
. Chi? = =4 (P=095) I = 0° ; } } }
?e‘frfogenelwlll crhr| [»(;.7_3.1?024;2 0%38311 o -20 i 0 a0 20
est for overall effect: Z = 16.02 ( : ) Favours [Telerehab] Favours [Usual care]
Test for subgroup differences: Chi? = 0.04, df = 1 (P = 0.85), I = 0%

Figure 3. Telerehabilitation versus usual care treatment for frequency and severity of dizziness. A
green block indicates the weight assigned to the study, and the horizontal line depicts the confidence
interval. Black rhombi show the overall results.

3.4.2. Disability

We included five studies with a total of 839 participants. Given the use of the same
assessment tool, DHI, we used mean difference with a random effect model. A subgroup
analysis was performed by dividing the five studies into synchronous (one study) and
asynchronous (four studies). The total result showed a significant difference in favor of
the telerehabilitation group (MD of —4.25; CI —5.42; —3.09; 12 = 70%, p <0.001) as well as
for all the subgroups, i.e., synchronous (MD of —23.24; CI —33.84; —12.64; p = 0.0001) and
asynchronous (MD of —4.02; CI —5.19; —2.85; 12 = 0%; p <0.001) (Figure 4).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Syncronous
Haciabbasoglu 2023 16.71 10.53 21 3995 2243 2 8.7% -23.24[-33.84,-12.64] —_—
Subtotal (95% CI) 21 21 8.7% -23.24[-33.84,-12.64] e
Heterogeneity: Not applicable
Test for overall effect Z= 4.30 (P < 0.0001)

1.2.2 Asyncronous

Geraghty 2017 24 425 123 28 6 127 31.9% -4.00 [-5.29,-2.71) L
VanVugt 2019 244 208 89 292 211 107 17.8% -4.80 [[10.69,1.09] T
Yardley 2004 31.09 1342 83 3588 1323 87 237% -4.79[-8.80,-0.78) -
Yardley 2012 262 213 85 282 187 96 17.9% -2.00[-7.87,3.87) i
Subtotal (95% ClI) 380 417 91.3% -4.02[-5.19, -2.85] ]

Heterogeneity: Tau*= 0.00; Chi*= 0.66, df= 3 (P=0.88), F=0%
Test for overall effect Z=6.71 (P < 0.00001)

Total (95% ClI) 401 438 100.0% -5.66 [-9.31, -2.00] &
Heterogeneity: Tau®*= 10.46; Chi*=13.15, df= 4 (P=0.01); F=70%

Test for overall effect: Z= 3.04 (P =0.002)

Test for subgroup differences: Chi*=12.48, df=1 (P = 0.0004), F=92.0%

-50 -25 0 25 5
Favours [telerehab] Favours [usual care]

o+

Figure 4. Telerehabilitation versus usual care treatment for disability treatment. A green block
indicates the weight assigned to the study, and the horizontal line depicts the confidence interval.
Black rhombi show the overall results.

3.4.3. Anxiety

We included 5 studies with a total of 840 participants. Due to the different anxiety
assessment tools used in the included studies: HADS anxiety, BAL, and GAD-7, the analysis
was performed using SMD with a fixed effect model. A subgroup analysis was performed
by dividing the five studies into synchronous (one study) and asynchronous (four studies).
The total result showed a significant difference in favor of the telerehabilitation group
(SMD of —0.16; CI —0.30; —0.03; I? = 0%, p = 0.02). In the subgroup analysis, synchronous
treatment shows no significant difference with respect to usual care (SMD of —0.13; CI
—0.74; —0.48; p = 0.42) while asynchronous treatment shows a significant different with
respect to usual care (SMD of —0.16; CI —0.30; —0.02; 2 =11%; p = 0.02) (Figure 5).
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.3.1 Syncronous
Haciabbasoglu 2023  15.19 8.79 21 16.57 11.77 21 5.0% -0.13 [-0.74, 0.48] [
Subtotal (95% CI) 21 21 50%  -0.13[-0.74,0.48] —~i—
Heterogeneity: Not applicable
Test for overall effect: Z = 0.42 (P = 0.67)
1.3.2 Asyncronous
Geraghty 2017 6 1 123 6 1 127 30.0% 0.00 [-0.25, 0.25) =N
Van Vugt 2019 31 38 89 45 5 107 231% -0.31[-0.59, -0.03] —
Yardley 2004 6.22 247 83 692 25 87 20.2% -0.28 [-0.58, 0.02] —a
Yardley 2012 579 427 85 6.3 413 97 21.7% -0.12[-0.41,0.17] —
Subtotal (95% Cl) 380 418  95.0% -0.16 [-0.30, -0.02] ‘
Heterogeneity: Chi* = 3.36, df = 3 (P = 0.34); P = 11%
Test for overall effect: Z = 2.29 (P = 0.02)
Total (95% Cl) 401 439 100.0%  -0.16 [-0.30, -0.03] L 2
Heterogeneity: Chi? = 3.37, df = 4 (P = 0.50); I’ = 0% t + t

Test for overall effect: Z = 2.32 (P = 0.02)
Test for subgroup differences: Chiz = 0.01, df = 1 (P =0.92), I = 0%

-2

Favours [telerehab] Favours [u:

@ at

2
ual care]

Figure 5. Telerehabilitation versus usual care treatment for anxiety treatment. A green block indicates
the weight assigned to the study, and the horizontal line depicts the confidence interval. Black rhombi
show the overall results.

3.4.4. Depression

We included 4 studies with a total of 798 participants. Due to the different depression
assessment tools, HADS depression and PHQ-9, used in the included studies, the analysis
was performed using SMD with a fixed effect model. The result showed a non-significant
difference between the treatment groups (Figure 6). Only one study [67] showed to be
more effective than the control group. Due to the high heterogeneity of the data, it was
impossible to assess the pulled results.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Geraghty 2017 3 066 123 4 1 127 -1.17 [-1.44,-090) —F—
Van Vugt 2019 42 42 89 53 5 107 -0.24 [-0.52, 0.05] —
Yardley 2004 442 061 83 441 062 87 0.02 [-0.28, 0.32) -
Yardley 2012 403 344 85 3.92 3.56 97 0.03 [-0.26, 0.32] S
' ' L '
1 05 0 05 1

Favours [telerehab] Favours [usual care]

Figure 6. Telerehabilitation versus usual care treatment for depression treatment. A green block
indicates the weight assigned to the study, and the horizontal line depicts the confidence interval.
Black rhombi show the overall results.

4. Discussion

Considering the recent advancements in telerehabilitation across various fields, this re-
view aimed to investigate the efficacy of telerehabilitation in treating dizziness. The results
from the review indicate evidence supporting its effectiveness in reducing the frequency
and severity of dizziness, as well as associated disability and anxiety levels. To the best of
our knowledge, this is the first review conducted on this specific topic. While there are simi-
lar reviews in the literature, none have examined the use of telerehabilitation in the specific
population of patients with dizziness. Beukes et al. [76] focused solely on internet-based
interventions for a broader population, including adults with hearing loss, tinnitus, and
vestibular disorders. Two other reviews [77,78] did not include telerehabilitation among
their interventions, and two others [79,80] examined different populations. Additionally,
the review by Gaikwad et al. [81] did not investigate the efficacy of telerehabilitation for
dizziness but rather focused on the best adherence strategies for home exercises.

This review of the articles identified two telerehabilitation treatment modalities: syn-
chronous and asynchronous. In developing the meta-analysis, we decided to include the
two studies of Yardley et al. [69,73] among the interventions performed asynchronously.
The results of the meta-analysis highlight, for the primary outcome: frequency and sever-
ity of dizziness (measured with VVS-SF), a statistically significant difference in the tele-
rehabilitation group compared to the control group. The secondary outcomes considered
were disability, levels of anxiety and depression. Concerning the disability outcome, mea-
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suring with DHI also showed a statistically significant difference in the telerehabilitation
group compared to the control group, but this result must be considered in light of the high
heterogeneity found for anxiety outcomes assessed with different tools: HADS anxiety in
three studies [67,69,73] and BDI [70] and GAD-7 [68] in one study each. The studies showed
a statistically significant difference in the telerehabilitation group compared to the control
group. Depression outcomes were assessed with different methods: HADS depression
in three studies [67,69,73] and PHQ-9 in one study [68]. This showed a non-statistically
significant difference in the telerehabilitation group compared to the control group, as
indicated by the meta-analysis; however, this result must also be considered in light of the
high heterogeneity found. From the subgroup analyses, it was seen that the asynchronous
mode was considered more effective in reducing the frequency and severity of dizziness
and anxiety compared to the synchronous modality. Furthermore, these results need to be
considered carefully due to the presence of only study [70] in synchronous compared to
four in asynchronous [67-69,73].

In addition, all the results should be interpreted in light of the medium-low method-
ological quality of the studies. Four studies [67,70-72] had a high overall risk of bias due
to serious doubts arising, respectively: randomization and deviation from the planned
intervention in Haciabbasoglu et al. [70], data management in Geraghty et al. [67], and
deviation from the planned intervention and outcome measurement in the two Smaerup
et al. trials [71,72]. Three studies [68,69,73] had a medium risk of bias due to concerns
regarding data management, outcome measurement, and selection of reported results in
Van Vugt [68]; outcome measurement in Yardley et al.’s 2012 study [69]; and deviation
from the planned intervention, data management, outcome measurement, and selection of
results in Yardley et al.’s (2004) study [73]. This could explain high heterogeneity in the
meta-analysis that can be found in disability and depression outcomes.

The proposed interventions analyzed in the studies have various differences among
them. Firstly, the modes of telerehabilitation usage vary, with four studies [67,68,71,72]
using asynchronous mode, one study using synchronous mode [70] and two studies [69,73]
using tele-support. Among the asynchronous studies, out of the two studies [67,68] that
use the balance retraining program, only Van Vugt et al. [68] provides more detailed
information on the dosage (6 weeks of daily sessions with 6 online VR exercises for 10 min,
twice a day, plus different weekly sessions of online VR). Geraghty et al. [67], on the other
hand, only report 6 weeks of online VR provided by the website. On the other hand, the
type of intervention delivered by the online program is similar not only between the two
mentioned studies but also to the intervention proposal in Yardley’s two trials [69,73], as the
online program is based on the validated booklet from Yardley et al.’s (2004) study [73]. The
exercise dosage proposed by Yardley et al. (2012) [69] based on the booklet is considered
similar to that of Van Vugt et al. [68] (daily VR exercise sessions of 5-10 min in Yardley et al.
(2012) [47] and 10 min in Van Vugt et al. [68], both for 6 weeks), although the two programs
differ in the addition of different exercises.

Regarding the usability and acceptance of these tools, qualitative studies in the litera-
ture have investigated the perspective of physiotherapists engaged in vestibular physio-
therapy through telerehabilitation platforms. Harrell et al. [40] collected the experiences
of 159 therapists in the United States who treated central or peripheral vestibular syn-
dromes using online questionnaires. Eighty-six percent of respondents (“strongly agree”
and “somewhat agree”) considered “telehealth” an effective means of delivering vestibular
physiotherapy, 56% (“strongly agree” and “somewhat agree”) believed they had a sim-
ilar participation compared to in-person rehabilitation, and 68% (“strongly agree” and
“somewhat agree”) reported achieving similar results to face-to-face sessions.

Another survey by Meldrum et al. [82], including responses from 471 physiotherapists
from 20 different European countries, indicated general difficulty in accessing knowledge
and resources for vestibular rehabilitation. Only 4.5% reported using telerehabilitation in
this context. A study by Muller et al. [83] explored the experiences of patients undergoing
vestibular rehabilitation with telephone support in Yardley et al.’s research [69,73]. Through
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a questionnaire, 33 patients were asked about “living with dizziness, the experience of reha-
bilitation, and barriers and outcomes of treatment.” In the “treatment experience” section,
the impact of telephone support on these patients was investigated. A large proportion
reported that they would have benefited from additional telephone support, as it made
them feel more motivated and adherent to exercise and helped build a therapeutic rela-
tionship with their therapist. To date, further platforms for the rehabilitation of vestibular
disorders are emerging: information on tools still in the initial stage of experimentation can
be retrieved from gray literature, such as WeBaVer and RehaMetrics®, a [83] Norwegian
platform created by Molde Hospital [84] and VestAid [85].

4.1. Study Limitations

This literature review has several limitations. Firstly, there is a certain heterogeneity
in the type of intervention, both in terms of telerehabilitation methods and types and
dosage of vestibular rehabilitation exercises. On the one hand, this makes it difficult to
generalize the effectiveness of telerehabilitation in vestibular syndromes due to the lack of
consistency in the interventions performed. On the other hand, this variety of programs
could potentially represent an opportunity for personalized proposals based on the clinical
characteristics of our patient and context. However, it is important to note that while
some of these treatments have shown effectiveness in reducing dizziness symptoms in
certain population groups (such as BPPV or chronic vestibular disorders), it is not possible
to establish whether they would be equally effective with other population groups not
examined in this study (e.g., cervicogenic vertigo). Lastly, the medium-low methodological
quality of the included studies affects the possibility of transferring and generalizing these
treatment modalities in a clinical practice setting.

4.2. Clinical Implication and Future Study Directions

Dizziness is a highly debilitating symptom. Individuals who suffer from it may expe-
rience a reduction in quality of life [59-61] and sleep, cognitive impairments, fear of move-
ment, and increased risk of developing anxiety, depression, and panic attacks [57-59,86].
Physiotherapeutic intervention is safe, effective, and free from serious adverse effects,
reduces the need for medication, and reduces the occurrence of dizziness in the medium to
long term [21]. Therefore, it is recommended for various types of dizziness [87]. Similarly,
a rehabilitation intervention performed through telerehabilitation could have the same
clinical benefits with the addition of increased long-term patient compliance and remote
patient monitoring by a physiotherapist. The value of the analysis conducted is particularly
evident in the era of the COVID-19 pandemic, where telerehabilitation has been seen to
have great importance. Nevertheless, in normal situations, it could increase the patient’s
compliance with long-term treatment, thus helping them reduce the symptoms that, in
these pathologies, are often recurring. Furthermore, it could be useful for those people
who cannot reach the clinics and live in hard-to-reach places. It would also allow the
clinic to monitor the patient over time and modulate the treatment according to its needs.
Taking into account the study limitations, clinicians could benefit from our work, since a
variety of effective rehabilitation program and platform references, suitable for TR purpose,
are reported.

For future clinical studies, it is recommended to investigate the effects of telerehabili-
tation on a population with dizziness with greater methodological rigor. Any new studies
should analyze the different modes of telerehabilitation (synchronous, asynchronous, re-
mote support, and monitoring), for each of which it would be necessary to standardize the
use of platforms, exercise programs, and related dosages as much as possible. Considering
the varied etiology of the condition under examination, it might be useful to evaluate the
treatment effects on different subgroups of the population to detect any differences in terms
of effectiveness.
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5. Conclusions

The results of this review regarding the effect of telerehabilitation in dizziness are
potentially in line with what has already been observed in other studies [17,88,89] on
vestibular rehabilitation in the presence of BPPV or chronic vestibular disorders. In fact,
this digital delivery method is shown to be effective in treating dizziness in a population
of patients with BPPV, particularly with a synchronous model and self-adaptation exer-
cises. Asynchronous models [67,68,71,72] or telephone support [69,73] are also effective in
reducing dizziness symptoms in a population with chronic vestibular disorders. Due to
the medium-low methodological quality of the included articles and the heterogeneity of
telerehabilitation methods, dosages, and exercise programs within them, further studies
will be necessary to define the real effectiveness of the individual modes using standardized
platforms and programs for different patient populations characterized by these clinical
manifestations.
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