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Abstract

Background: Dizziness and vertigo can be caused by various factors, such as peripheral vestibular and central disorders.
Although consultations with specialists are advisable when necessary, patients with severe vertigo symptoms may have limited
mobility, which may interfere with hospital visits. The spread of COVID-19 has further limited the number of hospital visits for
patients with dizziness; therefore, a method of medical care that enables more accurate treatment under time and geographical
constraints is needed. Telemedicine has become widespread, owing to the popularity of smartphone and tablet devicesin recent
years, and the use of devices and systems has made it possible to provide efficient medical care. However, no previous scoping
review has mapped existing studies on telemedicinefor vertigo and dizziness, and no recommendati ons have been made regarding
which devices and systems should be used for specific diseases.

Objective: Theaim of thisreview wasto map and assess previous studies on the use of information communications technol ogy,
smartphones, and apps for treating patients with vertigo and discuss the added value of introducing telemedicine to improve the
quality of medical care and create an environment that builds security and trust among patients.

Methods: A scoping review was conducted with the methodological framework of Arksey and O'Malley and in accordance
with the of the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analysis extension for Scoping
Reviews) guidelines. The PubMed, MEDLINE, and Cochrane Library databases were searched to retrieve previous reports on
smartphone-assi sted tel emedicine treatment for vertigo published between January 2000 and May 2023. Two authors independently
assessed dligibility and extracted data.

Results: Thisreview included 20 papers that reported devices or systems for telemedicine for vestibular dysfunction. Among
studiesthat reported the use of adevice or app, 2 were related to anamnesis and subj ective symptoms, 12 were rel ated to objective
examination, 7 were related to remote diagnosis, and 7 were related to treatment and rehabilitation.

Conclusions:  With the advancement of technology, the use of telemedicine in patients with dizziness may be feasible. In the
future, it will be necessary to consider how telemedicine can be used in dizziness treatment and develop an effective treatment
system combining in-person medical care and the effective use of devices for the management of severe vertigo and related
diseases. The smooth introduction of telemedicine in vertigo treatment is expected to improve the quality of treatment, increase
opportunities for patientsto receive medical care, and reduce time and travel costs, leading to a sense of security and trust among
patients.

https://mhealth.jmir.org/2023/1/e48638 JMIR Mhealth Uhealth 2023 | vol. 11 | e48638 | p. 1
(page number not for citation purposes)


mailto:fushiki@mejiro.ac.jp
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

(JMIR Mhealth Uhealth 2023;11:e48638) doi: 10.2196/48638

Nodaet d

KEYWORDS

dizziness; vertigo; telemedicine; smartphone; digital therapy; telehealth; COVID-19; information technology; scoping review;

health device; remote diagnosis; medical care

Introduction

Dizziness and vertigo are common symptoms experienced by
people of all ages, with lifetime prevalence estimates of
17%-30% for dizziness and 3%-10% for vertigo [1]. Dizziness
and vertigo can be caused by various factors, including
peripheral vestibular disorders, central disorders, circulatory
dysfunction, headache-related vertigo, and psychogenic vertigo,
which transcend the framework of medical departments. Among
various cases of dizziness, differentiating between periphera
vertigo and strokeisclinically important for the early detection
of alife-threatening condition. However, patients with severe
vertigo symptoms may have limited mobility, which may
interfere with hospital visits. In addition, the diagnosis may be
delayed or prevented as the dizziness symptoms and significant
clinical findings have subsided or are no longer available at the
time of the hospital visit. Thus, a system to inform patients of
their symptoms and findings outsi de the premises of the hospital
is necessary to improve the accuracy of medical care and make
an early diagnosis.

In recent years, telemedicine has become widespread owing to
the popularity of smartphone and tablet devices. Moreover, the
development of data communication technologies and the use
of devices and systems for medical care has made it possible
to provide efficient medical care [2-5]. Establishing a way to
acquire observations remotely in cases of medical emergencies,
such as stroke or arrhythmia during the acute phase, will lead
to effective medical trestment methods in the future. The
COVID-19 pandemic has significantly impacted the diagnosis
and treatment of dizziness or vertigo. The spread of COVID-19
has limited the number of hospital visits for patients with
dizziness, and many physicians are searching for newer methods
to treat dizziness during the pandemic. Interestingly, Barreto et
al [5] have set a new direction for vestibular evaluation using
smartphones for the diagnosis of vestibular hypofunction and
mentioned technical conditions and limitations for patient
privacy. However, no guidelines have been established for
treatment strategies for vertigo and dizziness, and no
recommendati ons have been made regarding which devicesand
systems should be used for which diseases. Furthermore, a
strategy for treating vertigo that worksin acombined approach
must be developed, rather than just an isolated examination or
consultation method using smartphones.

With the rapid spread of telemedicine, thereisaneed to conduct
an updated and broader literature review to develop an overview
of the body of knowledge within this field. To our knowledge,
no scoping review has mapped existing studies on telemedicine
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for vertigo and dizziness, and no recommendations have been
made regarding specific devices and systems that should be
used for various diseases.

Herein, we aim to map and assess previous studies on the use
of information communication technology (ICT), smartphones,
and apps for treating vertigo patients by reviewing previous
reports on telemedicine for treating patients with vertigo using
smartphones or apps.

Methods

Overall Study Design

A scoping review was performed using PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for scoping review) guidelines[6].

The review subsequently proceeded with the stages using the
framework given by Arksey and O’ Malley [7]: identifying the
research question and rel evant studies; selecting studies; charting
the data; and collating, summarizing, and reporting the results.
The protocol for this scoping review has not been registered or
published.

Search Strategy

We conducted a search of medical literature databases
(MEDLINE viaPubMed, Cochrane Library) to identify relevant
reportsfor this scoping review on smartphone-assisted treatment
for vertigo telemedicine. The search was conducted between
January 1, 2000, and May 30, 2023.

The search strategy was developed by 3 authors (TK, MN, and
HF) and applied to each database. A set of controlled variables
(“dizziness’ or “vertigo” and “telemedicine” or “ teletreatment”
or “Internet” or “diagnosis’ and “smartphone” or “cellphone’
or “application” or “Digital Therapeutics’) were used to identify
relevant studies. In addition, amanual search was performed to
screen the reference lists of the included papers.

All identified studies were reviewed to determine whether they
answered the following questions: “How can a smartphone be
used in dizziness telemedicine?’ and “What types of devices
and applications have been reported to be related to dizziness,
especialy for monitoring, testing, teleconsultation, and
therapy?’ We applied specific inclusion and exclusion criteria
based on study type, period, type of materials, target population,
and type of medical act (Textbox 1). The authorsindependently
screened titles, abstracts, and full-text papers for inclusion in
the study.
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Textbox 1. Inclusion and exclusion criteria.
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Inclusion criteria

e  From January 1, 2000, to May 30, 2023
« All languages
«  Useof web apps, smartphones, and devices for participants

«  Useof materiasrelated to dizziness and vertigo for patients

Exclusion criteria

«  Conference abstracts, doctoral theses, and reviews

.  Before January 1, 2000

«  Nouseof devices or smartphones or the internet

o Useof materials for diseases not related to dizziness

B Introduction of devices and functional test of devices

. Qualitative, quantitative, and mixed methods studies published in peer-reviewed journals

« Useof materiasfor participants at the stages of anamnesis, symptoms, objectives, diagnosis, and treatments

Charting Data

Two investigators (MN and HF) independently extracted
study-specific data using a standardized collection form with
the following information: authors, year of publication, title,
aim, telehealth device or app, design and methods, timing of
material use, and summary.

Summarizing and Reporting Results

We used an inductive approach to address the research question,
focusing on themes identified from the included papers. The
results were summarized accordingly. Thetypes of medical acts
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were divided into 4 thematic groups. anamnesis and subjective
symptoms, objective tests, diagnosis, and treatment.

Results

Overview

The database and manual searches yielded 356 publications.
After the removal of duplicates, the titles and abstracts of 289
publications were screened. Based on the inclusion and
exclusion criteria, the full texts of 38 publications were read,
18 publications were excluded, and 20 publications were
included in this review (Figure 1, Multimedia Appendix 1
[3,8-26]).
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Figurel. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the systematic search strategy.
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Among the 20 studies that reported the use of adevice or app, remote diagnosis [9,11,15,16,18,20], and 7 were related to
2 were related to anamnesis and subjective symptoms [3,8], 12  treatment and rehabilitation [20-26] (Table 1).
were related to objective examination [8-19], 7 were related to
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Table 1. Articlesincluded in thematic groupings.
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Theme Study

Articles, n

Used for anamnesis and subjective symptoms .

Used for objective tests

Gold et al [11]

van Bonn et a

Riera-Tur et al
Shah et al [18]

Used for diagnosis
Gold et a [11]

van Bonn et a

Shah et al [18]

Used for treatment

Lubetzky et a

Jaensson et al [3]
« Martinetd [8]

Martin et a [8]
Kiroglu et a [9]
Jacob et al [10]

Kiroglu et a [9]

Bamiou et a [20]
Tabanfar et a [21]
van Vugt et a [22]
Kanyllmaz et a [23]
Guerrero et a [24]
Soto-Varelaet a [25]

2

12

Phillipset a [12]
Parker et a [13]
Ippisch et a [14]

[15]

Wagle et d [16]

[17]

Wengier et a [19]

Phillips et al [12]

[15]

Wagle et a [16]

Bamiou et al [20]

[26]

All papers included adult patients. Seven papers were
randomized controlled trials [3,9,20-23,25]. Ten papers used a
mobile phone, among which 5 included an app for the subjective
visual vertical (SVV) test [10,17,19], head impulse test (HIT)
[13], and hearing test [8]. Three papers used virtual reality (VR)
for treatment with the Epley maneuver [21] and vestibular
rehabilitation [23,26]. Eight papers included apps or devices
with more than one category of medical act performed; al
papers were about sequential acts[8,9,11,12,15,16,18,20].

To answer the research question, “What types of devices and
applications have been reported to be related to dizziness,
especialy for monitoring, testing, teleconsultation, and
therapy?’ the results of thisreview are presented in 4 thematic
groupings. anamnesis and subjective symptoms, objective test,
diagnosis, and treatment.

Anamnesis and Subjective Symptoms

Two papersreported the use of mobile phone appsfor assessing
anamnesis and subjective symptoms. Both systems involved
the input of daily symptoms by patients, which were then
reviewed by amedical provider who monitored the postoperative
symptoms and severity of symptoms related to dizziness[3,8].
Postoperative patient follow-up led to reassurance and positive
feedback, and postoperative dizziness symptoms improved
significantly [3]. Subjective symptoms and self-hearing tests
were recorded in combination with a hearing test [8].

https://mhealthjmir.org/2023/1/e48638

The severity of self-reported tinnitus increased significantly
with the increase in the severity of self-reported hearing lossin
the affected (P=.01) and unaffected ears (P<.001) and was useful
in determining the severity of Méniére disease.

Objective Test

Twelve papers reported the use of mobile phone apps for
objective tests. Seven of the reports used examination data to
diagnose various diseases, including acute and chronic vertigo,
inthe emergency department [9,11,18]. In contrast, only 1 study
combined these with subjective symptoms (Martin et a [8])
and used Dizzy Quest and an iPad-based hearing test.

Various types of tests are conducted in vertigo treatment,
including balance function, nystagmus, and visual stimulation
tests, such as SVV. Thetypes of testsin thereport included HIT
[13], SVV [10,17,19], nystagmus [9,11,12,15,16,18], gait
analysis [14], and hearing tests [§].

For nystagmus, some researchers used the camerafunctionality
of smart devices and directly shared their videos, while others
used deep learning to classify the video data[16].

Inareport comparing remote and existing examinations, Parker
et a [13] reported a video HIT app (iPhone) that uses the
iPhone’'s Augmented Redlity Kit system. Shah et al [18] reported
that the remote screening of benign paroxysmal positional
vertigo (BPPV) is possible with high specificity. The sensitivity
for diagnosing BPPV via a smartphone recording of eye
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movements of the Dix Hallpike test was 92.86%, with a
specificity of 100% and a negative predictive value of 97.87%.

Diagnosis

Among theincluded papers, 7 reported the use of mobile phone
apps for the diagnosis of dizziness. These apps were used after
conducting objective tests, and they focused on identifying
central vertigo, BPPV, and Méniére disease [9,11,18]. All of
these studies used smartphone apps as diagnostic tools.

Another paper reported the EM Bal ance decision support system
(DSS), a multilanguage platform, for diagnosing vestibular
disordersin primary care settings [20]. The EMBalance DSS
servesasasupportive tool by providing astructured and detailed
diagnostic and management plan for various vestibular disorders.
In terms of diagnostic accuracy, the study found that
nonspecialist physicians using the EMBalance DSS had ahigher
percentage of correct diagnoses compared with those without
the DSS (54% vs 41.5% correct diagnoses, respectively). Asa
standalone tool, the DSS demonstrated better sensitivity for
first- and second-line diagnostic decisions compared with the
nonspecialist group without the DSS (odds ratio 3). However,
it is important to note that the specificity of the DSS was
somewhat weakened.

Treatment

Seven papers reported the use of mobile phone apps or the
internet for the treatment of dizziness. Physical therapy, such
as head position therapy and rehabilitation, was identified as
an effective treatment for vertigo. Among these 6 papers, 2 used
VR technology, the Epley maneuver [21], and vestibular
rehabilitation [23,26]. Both studies reported long-term
therapeutic effects over a6-month period. In addition, van Vugt
et al [22] reported more effective results when the mobile phone
app was incorporated into regular rehabilitation. Guerrero et al
[24] examined the effects of a virtual exercise program on
balancein adultswith Down syndrome and reported asignificant
improvement compared with the pretesting level.

Discussion

Principal Findings

This scoping review mapped and assessed previous studies on
the use of ICT, smartphones, and appsfor treating patientswith
vertigo. The results demonstrated that smartphones and apps
were feasible for use in dizziness telemedicine and enabled
high-quality dizziness care at home and other remotelocations,
resulting in a practice that benefits both physicians and patients.
Dizziness is a symptom perceived by people of various ages.
Approximately 30% of adults aged >65 years report
experiencing dizziness that interferes with their daily life [27].
Patientswith dizziness are at an increased risk of falling, which
interferes with daily life and limits their participation in social
activities [27,28]. In addition, the time available for in-person
medical care is limited in the clinic, and there are many
geographical  constraints. To use telemedicine and
teleconsultation for patientswith dizziness, considering avariety
of symptoms and tests that feature in dizziness treatment and
an effective combination of individualized interviews,
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examination, and treatment methods could lead to the
development of an effective treatment strategy.

In this review of articles published since 2000, most were
published after 2015, indicating an increasing trend in the need
for telemedicine over the years.

Many reports on telemedicine for vertigo were published around
1990. Wolf e a [29] reported “telemetric”
electronystagmography, which involved conducting nystagmus
testing outside of the clinic setting. Viirre et a [30,31] reported
on efforts to use a head mount device for nystagmus evaluation
and VR technologies in rehabilitation. As many mechanical
tests, such as nystagmus, balance function, and hearing tests,
are used in clinical practice for vertigo, the medical care
approach isinfluenced by the evolution of telecommunications
and devices. Furthermore, the demand for telemedicine has been
increasing since the late 2010s due to the widespread use of
smartphones, internet connectivity, and the global COVID-19
pandemic. With the advent of innovative methods, there is a
need to discuss the effectiveness and challenges associated with
devices in vertigo management and the optimal use of these
tools.

Regarding the current theoretical and practical research gaps,
the use of smartphones and apps allowsfor avariety of medical
treatments equivalent to existing dizziness treatments. Studies
have been conducted on several diseases, their usein acute and
chronic phases, and their application to examination, aswell as
diagnosis, symptoms, and rehabilitation. However, there is a
lack of comprehensive use of each app and device in
combination and a lack of examples of use for diagnosis and
interviewing. These limitations may be attributed to the
following reasons: multiple systemsare not yet well coordinated,
which makes medical treatment time consuming; the T literacy
of users; the development of an environment in which the
systems can be used; and the medical care system, including
insurance coverage.

Regarding the use of devices in the papers reviewed, most of
the cases used the device for objective examination rather than
other medical acts. There were a few cases of device use for
multiple medical acts; however, there were no reports of device
use for multiple acts, such as anamnesis-to-diagnosis or
examination-to-treatment.

Dizziness is caused by various pathological conditions in the
inner ear, nervous system, and musculoskeletal system.
Consequently, a combination of tests, including nystagmus
eva uation, balance function assessment, and imaging techniques
(such as computed tomography and magnetic resonance
imaging), is required for thorough examination and diagnosis.
Therefore, smartphones and other devicesare being increasingly
used as substitutes for conventional testing methods, facilitating
the diagnostic process for patients with vertigo. By combining
various devicesand apps, it isfeasibleto build acomprehensive
system for vertigo treatment, and the future holds great promise.

VestAid is an innovative tablet-based system for
vestibulo-ocular reflex exercises [32]. VestAid validated
eye-gaze accuracy as part of the study and detected eye
movement abnormalitiesin the participantswith directed energy
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exposure, concussion, and vestibular neuritis [33]. Although
not included in thereview asthis paper isintheinitia evaluation
stage of the system, this system is capabl e of recognizing facial
movements and providing rehabilitation for vertigo through
games. VestAid can also perform objective and subjective data
collection and is expected to be used for multiple medical acts
in various appsin the clinical practice of vertigo.

In the management of dizziness, subjective symptoms and
objective findings are used for diagnosis, and in some cases,
the final diagnosis depends on the response after treatment.
Thus, comprehensive dizziness care leads to improvement in
the quality of care. For chronic dizziness, diagnosis may be
confirmed by excluding other diseases, depending on the
accompanying symptoms and their severity. Among individuals
under the age of 20 years, migraine-associated dizziness,
including vestibular migraine and benign paroxysmal vertigo
of childhood or orthostatic dysregulation, are the most common
types of vertigo; however, there are cases in which the two
overlap, and the diagnosis is unclear. There have been several
reports of anxiety and fear, anemia, menstruation, hypotension,
insomnia, headache, stiff shoulders, and neck, with coexisting
or overlapping menopausal symptomsinwomen with dizziness.
It isessential to monitor dizziness and lightheadedness during
daily activitiesin such cases.

For diagnosis using a smart device, diseases related to the
diagnosisor exclusion were central vertigo identification, BPPV,
and Méniére disease [9,11,18]. The dizziness experienced by
the patient is mild in many cases of recurrent dizziness, such
asMéniere disease, delayed endolymphatic hydrops, vestibular
migraine, and BPPV, and there are no significant findings at
thetime of presentation, making adefinitive diagnosisdifficult.
Therefore, eye movement findings during a vertigo attack are
crucia for adefinitive diagnosis. Kiroglu et a [9] reported the
use of a cell phone camera for diagnosing Méniere disease.
Compared with the conventional method of diagnosis, no
significant differences were observed in the rate of diagnosis
of Méniere disease when recording eye movement during a
vertigo attack [9].

There have also been several instances of artificial intelligence
implementation in nystagmus and vestibular rehabilitation using
VR. The accuracy of video-oculography using a smartphone
has shown steady improvement. Parker et al [34] and Friedrich
et a [35] reported, respectively, that ARkit-based apps and
ConV NG are devel oping methods ranging from pupil detection
to nystagmus analysis, which are expected to further improve
the accuracy of diagnosisin smartphone vertigo practice[34,35].

Examination findings in vertigo treatment are often judged by
referring to waveforms and images, which are also quantified,
making it asuitablefield for machinelearning and deep learning.
In addition, medical devicesthat monitor eye movements, such
as Frenzel glasses, are similar to VR goggles and could be
introduced to both physicians and patients without any
significant modifications. With technological advancements,
the quality and accuracy of vertigo medical care are expected
to improve further.

Concerning the target users of the system, most apps were used
by patients, and the data were confirmed by the medical staff.
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The current style of medical care mainly involves interaction
between physicians and patients. There is an effort to change
this style, as enhancing collaboration between patients and
physicians aswell as between physiciansis expected to further
expand the range of medical care that can be provided.
Physician-to-patient telemedicine has many advantages, such
asthereduction of timeand travel costs, reduction in thewaiting
period for medical care, increased opportunitiesto see patients,
avoidance of risk of spread of infection during pandemics, and
complementary medical carein the event of a patient becoming
ahigh-risk contact.

The EMBalance DSS devel oped by Bamiou et al [20] describes
a system in which primary care physicians consult with
specialists. EMBalance is effective both as a supporting tool
and a standalone tool, creating an opportunity for appropriate
medical care in the absence of specialists. Balance disorders
can occur due to various causes, including peripheral vertigo
caused by the inner ear and vestibular nerves, problemsin the
cerebellum and brainstem, circulatory dysregulation (ie,
arrhythmia), and dizziness related to migraines, anxiety, and
depression. Although circumstances may vary by region, this
type of consultation between general physiciansand specialists
may be necessary. Nevertheless, specialists in dizziness are
unevenly distributed, and there is a possibility of disparitiesin
the medical care they can provide. Telemedicine enables
collaboration between physiciansand patients, aswell asamong
physical therapists, pharmacists, and patients families.
Regarding the execution of rehabilitation and sharing of medical
conditions, the geographical limitations of conventional
in-person consultations will be eliminated.

There are challenges and limitations in the dissemination of
dizziness telemedicine, such as privacy, communication
environment, information leakage, and ICT literacy. Although
it istechnically possible to provide medical care equivalent to
in-person consultation, it is necessary to clarify the safety and
legal issues related to apps and devices. Another challenge is
differentiating between acute and emergency dizziness.

Serious conditions must be ruled out in the emergency
department as telemedicine is not aways able to respond to
emergencies for which contact is required. It is important to
differentiate between BPPV, Méniére disease, first attacks (ie,
vestibular migraine), and peripheral dizziness (ie, vestibular
neuritis and stroke) in cases of acute dizziness. Currently, the
Head Impulse, Nystagmus, and Test of Skew are recommended
to differentiate vertigo from stroke [36]. Some studies have
used telemedicine in emergency settings for medica care
coordination of acute vertigo [37,38]. Thisstudy will contribute
to organizing the existing practice and clarifying the possibilities
and challenges of combining the two in considering a system
of telemedicine using smartphones and devices in vertigo
practice.

No previous study has reviewed the use of smartphones for
vertigo telemedicine. We believe that the expansion of vertigo
telemedicine based on this study will lead to increased
opportunitiesto see patients, reduced treatment and travel time,
reduced risk of infection, and improved quality of care. It also
clarifies issues such as limitations in the acute setting and app
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combinations, which are crucial for achieving an appropriate
comprehensive vertigo treatment system. A strength of this
review was that we used an acknowledged framework for
conducting scoping reviews, in addition to the PRISMA-ScR
for guiding the reporting of the review. In addition, a broad,
comprehensive, and systematic search was performed to identify
published studies. To our knowledge, this review is the first to
examine the characteristics of smartphones and smart devices
to support dizzinesstelemedicineinclusively. Nevertheless, this
review has some limitations. Searching the literature for
“smartphone-assisted dizziness therapy” was difficult due to

Nodaet d

and interventions. Second, some articles may have been missed.
Although multiple reviewers extracted data from included
articles, unclear descriptions may have arisen.

Conclusions

This review evaluated the use and benefits of digital
technologies, such as smartphones and apps, in the treatment
of vertigo, highlighting the potentia of telemedicine in
enhancing care quality and building patient trust. Despite the
increased adoption of these technol ogies, further improvements
in individua and combined systems are needed for better

the diversity in the language used to describe such materials ~ accuracy.
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