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Abstract

Background: Asaglobal medical problem, tinnitus can seriously harm human health and is difficult to alleviate, ranking among
the top 3 complex diseasesin the otolaryngol ogy field. Traditional cognitive behavioral therapy and sound therapy require offline
face-to-face treatment with medical staff and have limited effectiveness. Mobile health (mHealth), which, in recent decades, has
been greatly applied in thefield of rehabilitation health care, improving accessto health care resources and the quality of services,
has potential research value in the adjunctive treatment of tinnitus.

Objective: This study aimed to understand the research trends, product characteristics, problems, and research transformation
of tinnitus treatment software by analyzing the research progress of mHealth for tinnitus treatment based on the literature and
related marketed apps.

Methods. Bibliometric methods were used to describe the characteristics of the relevant literature in terms of the number and
topics of publications, authors, and institutions. We further compared the features and limitations of the currently availabletinnitus
treatment software.

Results: Data published until February 28, 2022, were collected. Following the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) standardized screening process, 75 papers were included. The country with the highest
number of publications was Germany, followed by the United Kingdom and the United States, whereas China had only asingle
relevant study. The most frequently found journals were the American Journal of Audiology and the Journal of the American
Academy of Audiology (18/75, 24%). With regard to publication topics, cognitive behavioral therapy started to become ahot topic
in 2017, and research on mHealth apps has increased. In this study, 28 tinnitus treatment apps were obtained (n=24, 86% from
product data and n=4, 14% from literature data); these apps were developed mainly in the United States (10/28, 36%) or China
(9/28, 32%). The main treatment methods were sound therapy (10/28, 36%) and cognitive behavioral therapy (2/28, 7%). Of the
75 publications, 7 (9%) described apps in the market stage. Of the 28 apps, 22 (79%) lacked literature studies or evidence from
professional bodies.

Conclusions: We found that, as a whole, the use of mHealth for treatment and intervention in tinnitus was showing a rapid
development, in which good progress had been made in studies around sound therapy and cognitive behavioral therapy, although
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most of the studies (50/75, 67%) focused on treatment effects. However, the field is poorly accepted in top medical journals, and
the majority are in the research design phase, with a lack of translation of the literature results and clinical validation of the
marketed apps. Furthermore, in the future, novel artificial intelligence techniques should be used to address the issue of staged

monitoring of tinnitus.

(JMIR Mhealth Uhealth 2023;11:e47553) doi: 10.2196/47553
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Introduction

Background

The American Academy of Otolaryngology-Head and Neck
Surgery definestinnitus as“a sound perceived by the patient in
the absence of an external sound source” [1]. Severa studies
have shown that the worl dwide prevalence rate of tinnitusranges
from 5.1% to 42.7% [2]. Xu et a [3] showed that 9.6% of the
global adult population has experienced tinnitus in the past 12
months. Of these, 36% had persistent tinnitus, and 27% had
tinnitus for >15 years. Persistent tinnitus can lead to severe
psychological disorders, such as depression, anxiety, mania,
and other affective disorders. Suicide and persona injury rates
are significantly increased in patients with tinnitus [4]. As a
matter of concern, the decreased availability of effective
treatments for tinnitus greatly increases the socioeconomic
burden of this disease in medical care [5].

Tinnitus lacks effective standardized and individualized
treatments. Drugs, surgery, electrica stimulation, and
psychophysiological integrative therapy aretraditional treatment
modalities that have serious adverse effects. Moreover, their
long-term safety isunknown. Mobile health (mHealth) appsare
anovel tool expected to be effectivein alleviating tinnitus. The
popularity of smartphones and the inherent immediacy,
accuracy, and low costs of the mobile internet have contributed
to the unique advantages of mHealth apps in providing health
interventions and other outcomes. As of 2020, there were
>300,000 (this number is rapidly growing) mHealth apps
available in mobile app stores [6]. These apps help users to
monitor multiple physiological indicators and provide relevant
health knowledge and servicesto addressarange of health issues
[7], including tinnitus. Several studies have found that mHealth
apps can provide continuous and remote monitoring of tinnitus
aswell asdiagnostic and intervention servicesfor patientswith
the condition. This can, in turn, be effective in aleviating or
resolving thisdisorder. Most Chinese researchers provide sound
therapy for patients with tinnitus through software. There are
also attemptsto use herba medicine, acupuncture, and el ectrical
stimulation for the same purpose. He et a [8] used audition
softwarefor sound therapy. Cai et al [9] integrated personalized
music into tinnitus software, in combination with cognitive
behavioral therapy, toinnovate atinnitustreatment intervention
with substantial results.

Objectives
Nevertheless, most studies have focused only on

monotherapeutic interventions for tinnitus. As such, thereisa
lack of a systematic analysis of tinnitus treatment software

https://mhealth.jmir.org/2023/1/e47553

studies and marketed apps [10]. Therefore, using bibliometric
and comparative product analysis methods, this study provides
a complete and detailed description of the field of tinnitus
monitoring, diagnosis, and i ntervention with the help of mHealth
apps. Our work isthefirst bibliometric study to comprehensively
analyze trends in publication, national and institutional
distribution, core journals and highly productive authors, and
research topic hot spots in this area. This study aimed to
understand the research trends in tinnitus treatment software,
including the characteristics and limitations of the apps available
in the market. The outputs of our research can help patients to
choose the right tinnitus trestment software and provide
suggestions to manufacturers regarding potential ways to
improve the quality and use of tinnitus treatment software.

Methods

Data Retrieval and Filtering

Regarding the research literature, to ensure completeness, our
study followed the PRISMA (Preferred Reporting Items for
Systematic Reviewsand M eta-Analyses) principle and searched
databasesin 5 different fields[11,12]. In the medical field, the
PubMed and Embase databases were used. Inthe general science
field, the Web of Science core collection was chosen. In the
computer field, the|EEE and ACM databaseswere chosen. The
search queries and strategies used for the different databases
are listed in Multimedia Appendix 1. The inclusion and
exclusion criteria for this study are shown in Multimedia
Appendix 2.

A total of 4385 paperswereretrieved from 5 databases (n=1301,
29.67% from Embase; n=34, 0.78% from |EEE; n=1373, 31.31%
from PubMed; n=1591, 36.28% from Web of Science; and
n=86, 1.96% from ACM). After literature deduplication, of the
4385 papers, 3590 (81.87%) remained. Two trained postgraduate
students screened the retrieved papers according to the
established inclusion and exclusion criteria (Cohen k=0.91),
and, of the 3590 papers, 75 (2.09%) were included in the final
literature pool, asillustrated in Figure 1.

After a preliminary market survey, we identified 2 sources of
information in which to search for product data: the Android
platform and the Apple App Store (Chinaand the United States),
for atotal of 7 official mobile software marketplaces, with the
Android platform accounting for 5 (71%) mobile software
marketplaces (Google Play Store aswell asthe mobile software
marketplaces operated by Huawei, Vivo, Oppo, and Xiaomi).
To obtain relevant search resultsfor mHealth apps on the Qimai
app data analysis platform [13] (accessed in March 2021), we
used the following search terms: “tinnitus diagnosis,” “tinnitus
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intervention,” and “tinnitus treatment” A total of 2384 mHealth
appswereretrieved, with 1812 (76%) stand-alone mHealth apps
remaining after data deduplication.

In this study, mHealth apps related to tinnitus treatment were
screened from 75 literature reports and 1812 independent

Figure 1. Flowchart of literature data screening. WoS: Web of Science.
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software reports, using established inclusion and exclusion
criteria. A total of 28 tinnitus treatment apps were obtained
(n=24, 86% from product data and n=4, 14% from literature
data). The specific inclusion and exclusion criteria applied to
select the target apps are listed in Textbox 1. A screening
flowchart of the mHealth apps is shown in Figure 2.

no mention of software design or application aspects (n=1788)
5. The software studied does not directly target tinnitus (n=397)

Embase PubMed IEEE ACM Wos
- (n=1301) (n=1373) (n=34) (n=86) (n=1591)
! ' ' ! !
=
]
.
=
'-E Records identification through database searching
a (N=4385)
-]
Deduplicated articles
(n=795)
y

_;“ Articles assesed for eligiblity
] (n=3590)
5
]

Articles excluded (n=3515):

1. Reviews, letters, comments, and editorials (h=744)

2. Not in English (n=525)

3. Full text not published or unavailable (n=61)

4. Articles that only provide a description of the disorder;
]
s
3 y
g
== Studies included for review

(n=75)

Textbox 1. Inclusion and exclusion criteria applied to select the target apps.

Inclusion criteria

« |C2: appswith either a health purpose or amedical purpose

Exclusion criteria

(with or without cognitive behavioral therapy)

software (not related to tinnitus)

« EC4: insufficient software information

« Inclusion criterion (IC) 1: apps identified with the search terms “tinnitus,” “hearing test,” “sound therapy,” “cognitive behavioura therapy,”
“cht,” “perceptua mask,” “perceptual masking,” “retraining therapy,” and “sleep”

«  Exclusion criterion (EC) 1: Apps consisting only of sleep aid, relaxation, or meditation software; pure mood journals; or diary functionalities
«  EC2: apps consisting only of mobile hearing test, aid, or debugging software, pure mobile sound level meter software, or pure speech therapy

«  EC3: health management software for other diseases (not related to tinnitus)
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Figure 2. The screening flowchart of the mobile health apps. EC1: exclusion criterion 1; EC2: exclusion criterion 2; EC3: exclusion criterion 3; EC4:

exclusion criterion 4; IC1: inclusion criterion 1; IC2: inclusion criterion 2.

App search in 75 articles found with the search
formula in the previous description: (tinnitus)
AND (software OR application OR app OR
internet* OR platform OR programmer)

App search in Apple App Store

(China and the United States) and in Android
software marketplaces (Huawei, Xiaomi,
Oppo, Vive, and Google Play Store)

Search results for ICL

(product data: i0S: n=1467 and Android: n=345;
literature data: n=6; total: n=1818)

Deduplicated apps (product data; i0S: n=317
and Android: n=182; total: n=499)

Apps remaining after deduplication
(product data: i0S: n=1150 and Android:
n=163 literature data: n=6: total: n=1319)

Apps excluded

Y

Y

Did not meet [C2
(product data: i0S: n=1081 and Android: n=7; Total: n=1088)

Search results for [C2

(product data: i05: n=69 and Android: n=156;
literature data: n=6; Total n=

231)

Apps excluded

Did not meet ECL
(product data: i0S: n=20 and Android: n=55; Total: n=75)

Search results for ECL

(product data: i05: n=49 and Android: n=101;
literature data: n=6; total: n=156)

Apps excluded

Did not meet EC2
(product data: i05: n=29 and Android: n=11; total: n=40)

Search results for EC2

(product data: i0S: n=20 and Android: n=90;
literature data: n=6; total: n=116)

‘ Apps excluded

Did not meet EC3
‘ (product data: i0S: n=3 and Android: n=83; total: n=86)

Search results for EC3

(product data: i0S: n=17 and Android n=7;
literature data: n=#6; total n=30)

Apps excluded

Did not meet EC4
(product data: i0S: n=3 and Android: n=83; literature data: n=2; total n=86)

Search results for EC4

(product data: i0S: n=17 and Android: n=7;
literature data: n=4; total n=

28)

Apps included

(product data: iOS n=17 and Android: n=7;
literature data: n=4; total n=28)

Extraction of App I nformation

In this study, we extracted general and specific information
about 28 apps, using the Qimai app data analysis platform.
General information about the apps included their names,
reviews, and ratings. The specific information obtained on the
appswas analyzed from 3 perspectives: time, space, and content.
From a temporal perspective, the fields extracted from the
specific information included the dates of product release and
last update, as well as in-app, off-app, and unreleased stores.
With regard to the spatial perspective, the specific information
included the product’s country of origin and the name, location,
and size of the product manufacturer. From the content
perspective, the specific information included type, purpose,
input and output information, clinical role, main treatments
related to the software, their effectiveness, and software
scenario.

https://mhealthjmir.org/2023/1/e47553
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Data Analysis M ethods

To review and summarize the current status of, and research
trendsin, mHealth treatments and interventionsfor tinnitus, we
used ahibliometric and comparative product analysis approach,
based on a literature output-product outputliterature versus
product chain. We used the bibliometrix package in R for data
analysis and the ggplot2 package for mapping. First, a
bibliometric approach was used to analyze the literature data
and obtain the current publication outputs. Second, product data
were analyzed to obtain information about product outputs and
applications. Finally, we compared the devel opment of literature
and product components. The purpose was to obtain the
differences between the current state of research and its actual
use, aswell asto gain apreliminary insight into the trandation
of research in this field. The analysis chain and process are
shown in Figure 3.
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Figure 3. Analysischain and process.
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Results

Analysis of the Literature Output

Regarding the literature output, we analyzed the retrieved
articles using bibliometric methods concerning 5 aspects:
publication trends, journal s, authors, countries and institutions,
and themes.

Analysis of Publication Trends

As of February 2022, atotal of 162 authors had published 75
relevant articlesin 44 different journals. Among the 162 authors,
46 (28.4%) werelead authors. In addition, there were an average
of 0.11 (SD 0.98) relevant articles per journal per year and an
average of 0.46 (SD 1.27) articles per author. The evolution in
the annual number of relevant studies published over the years
is shown in Multimedia Appendix 3. With regard to the 75
articles included in this study, there was an overall increasing
trend in the annual number of literature publications. Therewas
an average annual increase rate of 24.46% (SD 0.69%), which
resultedin 16 articles published in 2021. Thistrend demonstrates
that an increasing amount of research is being carried out on
this topic, indicating the increasing need for research in this
field.

Therewas asubstantially increased number of articles published
in 2015 and 2021, in comparison with the previous and
subsequent years. The authors of the 9 articles published in
2015 were mainly from Sweden and the United Kingdom,
accounting for 3 (33%) and 2 (22%) articles, respectively. There
were 4 articles by Gerhard Andersson as the lead author, from
Linkdping University (Linkdping, Sweden), whose primary
research interests were psychopathology and psychotherapy
[14-17]. Of the 16 articles published in 2021, atotal of 9 (56%)
were from the United Kingdom, including 4 (44%) articles by
Eldre Beukes, from Anglia Ruskin University, whose main
research interest was audiol ogy.

https://mhealth.jmir.org/2023/1/e47553

of literature and products

Analysis of the Major Publishing Journals

According to the Bradford law of scattering [18], all publications
inaspecific field, released during agiven period, can be divided
into core, related, or peripheral zones, according to the number
of articles the zones include. The ratio of the number of

publicationsin the 3 zonesis 1:a:a%, with the approximate value
of abeing 5. Core publications account for approximately 1 of
31 of the total number of publications. The core publications
were calculated to correspond to the top 2 journals, which
accounted for 36% (18/75) of the published articles. the
American Journal of Audiology (12/75, 16%) and the Journal
of the American Academy of Audiology (6/75, 8%). In 2021,
the journal impact factors of these 2 journals were 1.636 and
1.249, respectively, and the journal citation reports divisions
were Q4 and Q3, respectively. The remaining publications
revealed minor differencesin terms of the number of published
articles.

Analysis of Article Authors

Therewere 162 authorsin the included literature. According to
the Lotkalaw [19], which states that authors with >0.749 times
the sgquare root of the number of papers published by the most
prolific scientists, this study defined authorswith >4 publications
as high-producing authors, accounting for 9.9% (16/162). As
can be seen in Table 1, Andersson G was the most prolific
author, with 22 publications.

Next, we performed an analysis of the posting trendsfrom highly
productive authors. A graph of the annual posting trends of
highly productive authors, based on their annual posting data
and yearly citation frequencies, is shown in Figure 4. Here, the
size of the circles indicates the annual posting volume, and the
color shade indicates the annual citation frequency. Of the 16
most productive authors, 15 (94%) were found to have started
focusing on mHealth-based treatments and interventions for
tinnitus only after 2015. Of these 15 authors, 9 (60%) started
publishing after 2018, and they have produced a steady annual
output since then.
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Table 1. Ranking of authorswith >4 publications.

Huetd

Rank by number of articles Author’s name Articles (n=153), n (%)
1 Andersson G 22 (14.4)
2 Beukes EW 14(9.2)
2 Manchaiah V 14(9.2)
3 Schiee W 13(8.5)
4 PryssR 12 (7.8)
5 Reichert M 10 (6.5)
6 Allen PM 9(5.9)

6 Baguley DM 9(5.9

7 Langguth B 8(5.2)

8 Probst T 7(4.6)

8 Spiliopoulou M 7 (4.6)

9 Greenwell K 6(3.9)

9 Hoare DJ 6(3.9)

9 Neff P 6(3.9)
10 Mehdi M 5(3.3)
10 SeredaM 5(3.3)

Figure 4. Productivity of the top authors over time.
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Analysis of the Publication Country of Origin

The 162 authorsin our literature pool were from 15 countries.
The top 10 countries (corresponding authors countries) are
shown in Figure 5. Germany has published the largest number
of articles in this field (19/75, 25%) and also has the largest

https://mhealth.jmir.org/2023/1/e47553

RenderX

2018 -
2020
2022

Year

number of international collaborations, followed by the United
Kingdom (16/75, 21%) and the United States (12/75, 16%). The
numbers of multicountry publications and single country
publications for the top 10 high-output countries are shown in
Figure 5.
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Figure5. Articles by country of corresponding author. MCP: multicountry publication; SCP: single country publication.
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Analysis of Posting Themes

VOSviewer Keyword Clustering Analysis

In this study, we analyzed the themes of the publicationsin the
field from 3 aspects. First, highly frequent keywords were
extracted from the abstracts. These keywords referred to
literature data, common aspects of highly frequent keywords,
and their co-occurrence network. The main research themes
were identified from the clustering results. Second, to explore
current research hot spots, the thematic map method, proposed
by Cobo et a [20], was used to cluster and map themes
according to their density and centrality. Finaly, trends in the
evolution of themes in the field were analyzed from a
time-course perspective.

Next, we conducted avisual analysisof highly frequent keyword
co-occurrence networks. To obtain all keywords from the
relevant studies, the abstracts of the included literature articles
were divided, deactivated, and lexically normalized using Python
(Python Software Foundation). As shown in Figure 6, a
high-frequency keyword co-occurrence network was produced

https://mhealth.jmir.org/2023/1/e47553
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using VOSviewer [21]. As shown in this figure, clustering has
divided all keywords into 4 main domains, which could be
further combined into 3 categories: red and yellow, green, and
blue. The red and yellow categories represent the main
treatments currently available for tinnitus (including cognitive
behavioral therapy and music therapy), aswell asclinical trials
and the main feelings experienced by patients with tinnitus.
Clinical trial methods include randomized controlled trials and
clinical trials. The subjective feelings of patients with tinnitus
include anxiety, depression, and insomnia. The green category
contains computer-rel ated keywords such as computer-assisted
therapy and procedure. By contrast, the blue category includes
keywords such as mobile app, smartphone, and telemedicine
for mHealth and mobile devices.

It was particularly interesting to note that cognitive behavioral
therapy was used as a link between the words disorder and
computer. The words linking mHealth and computer were
mainly basic concepts such as procedure. The words linking
mHealth and disease were mainly research methods such as
clinical study, which were dightly less connected than the other
2 groups.
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Figure 6. Keyword co-occurrence network diagram produced using VOSviewer [21].
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Thematic Map Analysis

Cobo et a [20] proposed the thematic map method, which uses
thedivision of themesinto quadrantsto analyze the hotnessand
importance of atopic. Topicslocated inthefirst quadrant (niche
themes) are well devel oped but relatively lessimportant. Those
in the second quadrant (motor themes) are well developed and
essential. Topics located in the third quadrant (emerging or
declining themes) are not well developed and relatively less
compelling. The topics found in the fourth quadrant (basic
themes) are not well developed but necessary and generally
refer to basic concepts.

https://mhealthjmir.org/2023/1/e47553

RenderX

musictherapy

By calculating the density and centrality of the already clustered
coword matrix, each of the 5 categories was visualized within
the 2D coordinates, as shown in Figure 7. We found that, in the
first quadrant, the vocabulary of research methods (terms such
asclinical and pilot study) was predominantly used, as well as
concepts that have developed well and are currently being
phased out. In the second quadrant, we observed that cognitive
behavioral therapy and treatment outcomes were essential and
well-studied topics. In the third quadrant, we observed that
computer-assisted therapy was a topic that has not been well
developed yet. In the fourth quadrant, as basic technologiesin
thefield, the concepts of tinnitus, smartphones, and mobile apps
were predominantly used.
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Figure 7. Thematic map with keywords divided into 4 domains.
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Sankey Diagram Analysis

A thematic evolution analysis was carried out using coword
network analysis and clustering. Thisanalysisincorporated the
time dimension to analyze the evolution of the research themes
from 1993 to 2021 and to create a Sankey diagram (Figure 8).

From this observation, it was clear that there were both changing
and unchanging themes. Researchers from as early as the

https://mhealth.jmir.org/2023/1/e47553

RenderX

1993-2010 period focused on tinnitus as a disorder, without
introducing further meaningful concepts. During the 2013-2016
period, thetraditional research themesdid not entirely dissipate,
but severa research methods were added to these clinical
studies. During the 2017-2021 period, research moved from
primary to applied, with emerging concepts such as cognitive
behavioral therapy. Since 2022, cognitive behavioral therapy
has remained the main research topic, whereas the concept of
mHealth has not received much attention.
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Figure 8. Sankey diagram of trends in the evolution of research themes.
1993-2010

Tinnitus

Analysis of the Software Development Stages Described
in the Literature

In terms of the software development stages described in the
literature, of the 75 papers, 49 (65%) referred to the design
stage, 19 (25%) pertained to the clinical validation stage, and
7 (9%) concerned the marketing stage. Thisdistribution reflects
the negligible development of software for tinnitus treatment.
Preliminary research found that the actual demand for such
software was notably high.

Analysis of the Core Treatment Techniques Described
in the Literature

Upon further analysis, it was found that 50 (67%) of the 75
papers primarily described treatments that used specific
software. Of the remaining 25 studies, 12 (48%) mentioned
only internet-based or web-based assessment toolsfor tinnitus,
without any specific treatment associated. Of these 12
publications, 6 (50%) described mobile transient tinnitus
assessment, and 4 (33%) used machine learning for predicting
tinnitus, whereas 1 (8%) described a repository of tinnitus
information, and 1 (8%) described amethod for characterizing
tinnitus heterogeneity. Of the 50 articles describing treatments,
the mentioned treatments were mainly in the categories of
cognitive behavioral therapy and sound therapy, with 30 (60%)
and 13 (26%) papers, respectively. Of the remaining 7 studies,
1 (14%) included usual service therapy using artificial
intelligence (Al) to expose the patient to the tinnitus
environment, 1 (14%) used a tinnitus e-plan (an intervention
coding method), 1 (14%) used Vvisudized mobile
electroencephalogram (EEG) for tinnitus detection, 1 (14%)
used meditation (to help patientsrelievetinnitus), 1 (14%) used
both cognitive behavioral therapy and sound therapy, and 2
(29%) used a game training method related to the localization
and perception of a sound source aswell as auditory attention.
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We compared the stage of software development reported in
the literature with the therapies related to the respective
software. We found that only a single software using cognitive
behavioral therapy and sound therapy was in the market stage.
With regard to softwarein the clinical validation stage, 9 (32%)
of the 28 apps used cognitive behavioral therapy tools, 3 (12%)
used sound therapy, and 2 (17%) used game training methods
related to sound source localization perception and auditory
attention. Of the 29 apps described in the literature that werein
the design phase, 18 (62%) used cognitive behavioral therapy,
7 (24%) used sound therapy, 1 (3%) used habituation therapy
(in which Al exposes the patient to the tinnitus environment),
1 (3%) used meditation, 1 (3%) used visualized mobile EEG,
and 1 (3%) used an intervention coding approach.

Analysisof theListed Apps

Analysis of the Number of Apps

Mobiletinnitustreatment softwareiscurrently in high demand.
Inthisstudy, 28 appswere identified from software data sources
(Figure 2), 4 of which were from software with specific names
inthe literature. These 28 apps consisted of 18 (64%) iOS apps
and 10 (36%) Android apps (Multimedia Appendix 4). Most of
these apps were developed by institutions (22/28, 79%); a few
were devel oped by individuals (2/28, 7%). Among the 24 apps
obtained from product data, 13 (54%) were medical apps, and
9 (38%) were health apps.

Regarding the software providers, of the 28 apps, 22 (79%)
were available on the Apple App Store (China), and 21 (75%)
were available on the Apple App Store (United States). In
addition, 5 (18%) were available on the Google Play Store, and
5 (18%) were available on the Huawei, Xiaomi, Oppo, and Vivo
marketplaces. Software activity can be reflected at the time of
listing and at the time of the latest update. After data collection,
wefound that in 23 (82%) of the 28 apps, time information was
complete.
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Analysis of the Distribution of Source Countries

Multimedia Appendix 5 depicts the origin of the software
developers. Of the 28 apps, 10 (36%) were developed in the
United States, 8 (29%) in China, and 9 (32%) in other countries
(n=1, 11% in the United Kingdom; n=3, 33% in Germany; n=3,
33% in Denmark; n=1, 11% in Poland; and n=1, 11% in New
Zealand). Of the 28 apps, there was 1 (4%) whose country of
origin could not be found. Regarding specific locations, the US
software developers hailed from 7 states (3/10, 30% from
Minnesota; 2/10, 20% from Texas; 1/10, 10% from Colorado;
1/10, 10% from Wisconsin; 1/10, 10% from California; 1/10,
10% from Florida; and 1/10, 10% from Oregon). Of the 8
software devel opers based in China, 7 (88%) were from regions
within mainland China (n=3, 43% from Beijing; n=2, 29% from
Jiangsu; n=1, 14% from Shanghai; and n=1, 14% from
Guangdong), and 1 (13%) was from Hong Kong, China.

Analysis of the Functional Division of the Apps

When analyzing the 28 tinnitus treatment—related apps, this
study divided them into three main categories: (1) screening
and evaluation, (2) intervention and rehabilitation, and (3)
education and information. Of the 28 software programs, 28
(100%) wererelated to intervention and rehabilitation, 11 (39%)
were related to screening and evaluation, and 5 (18%) were
related to education and information. Regarding the users of
the software, of the 28 apps, 26 (93%) wereintended to be used
by patients or their families, and 2 (7%) were intended to be
used by medical staff. In this study, we considered whether a
professional was required to assist patients with the software
and found that, in the case of 7 (25%) of the 28 apps, a
professional was needed to assist the patient. By contrast, the
remaining apps (21/28, 75%) could be used by patients without
assistance from a professional .

When analyzing the specific functions of the apps, this study
divided them into the following 6 areas: assessment, advice,
detection, counseling, treatment, and relief. Of the 28 apps, 6
(21%) were dedicated to patient assessment, 4 (16%) could
provide advice based on the actual patient situation, 5 (18%)
could perform a preliminary test of the patient’s tinnitus or
hearing condition, another 5 (18%) had aweb-based counseling
function, and 13 (46%) could provide the user with atreatment
plan for the different tinnitus conditions. The primary product
information is described in Multimedia Appendix 6.

Analysis of Treatments Provided by the Apps

After examining the treatments mentioned in the app
descriptions, we found that, of the 28 apps, 7 (25%) used
masking therapy, 2 (7%) used habituation therapy, and 2 (7%)
used cognitive behavioral therapy. Moreover, of the 28 apps, 1
(4%) used sound therapy, 1 (4%) used neuromusic therapy, 1
(4%) used play therapy and frequency discrimination therapy,
1 (4%) used transcall osal vagus nerve microcurrent stimulation,
and 1 (4%) used neuromodul ation therapy. The remaining apps
(12/28, 43%) did not specify the type of treatment used.

Analysis of App Validity

Regarding the validity and reliability of the apps, we found that
some of the apps (6/28, 21%) were created by developersin
collaboration with specific authorities. The 6 partner
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organizations are the American Tinnitus Association; the Eye,
Ear, Nose, and Throat Hospital affiliated to Fudan University
(Shanghai, China); ateam of doctorsfrom Tsinghua University
(Beijing, China); ateam of tinnitus specialistsfrom well-known
tertiary hospitals and first-line tinnitus experts; a Canadian team
with Food and Drug Administration (FDA)—approved tinnitus
rehabilitation core technology; and the University of California
(Los Angeles, California, United States).

Compar ative Analysis of Literature and Apps

Regarding the target audience, the software described in the
literature was mostly consistent with the marketed apps. Most
of the apps (26/28, 93%) focused on patients and their families,
whereas a few (2/28, 7%) targeted medical staff. Most of the
apps (20/28, 71%) provided different types of soundsto relieve
tinnitus. A few of the apps (5/28, 18%) required the use of
hearing aids, being aimed at medical staff use.

In the comparative analysis of the app scenarios, there was a
strong consistency between the 2 types of apps. Most of the
apps focused on the home scenario (22/28, 79%), whereas a
few of the apps (6/28, 21%) are meant to be used in hospitals
or other institutions dedicated to professiona audiology. The
tinnitus treatment apps currently available for download and
use are mostly rudimentary. Most of them (22/28, 79%) can
only provide initial relief to the patients or provide an
assessment of their condition

In a comparative analysis of the treatment techniques, the
software described in the literature was predominantly based
on sound therapy. This was a preferred approach, probably
because, on the one hand, it was easier to implement in
combination with mHealth software and, on the other hand, it
was effective in tinnitus treatment. Half of the apps (16/28,
57%) listed in the app stores were based on acoustic and
cognitive behavioral therapy, with significant user feedback
available. Taking advantage of the psychoemotional
characteristics of patients with tinnitus, a potential treatment
method for tinnitusthat involvestranscranial magnetic electrical
stimulation (containing 2 models: one for transcaudal vagus
nerve microcurrent stimulation technology and one for
neuromodulation therapy) needsto be devel oped. The other half
(12/28, 43%) of the available apps did not describe the treatment
method and |acked user evaluations. Thiswas probably because
of the relatively early stage of development of such apps and
their limited user results.

A comparative analysis from a clinical standpoint showed that
the apps mentioned in the literature were in the theoretical
design stage. Relevant studies involving the application to
human patients generally need ethics review committee
approval, have to meet high product quality requirements, and
have to sustain through long development and validation
pathways, aswell as overcomelow trand ation rates. Individual
appsare not marketed because they are not currently registered,
despite having been rigorously designed at thetheoretical level.
Among the marketed apps, the proportion of those in the
therapeutic intervention stage is high (5/7, 71%), with a
relatively strong practicality and a modest performance.

JMIR Mhealth Uhealth 2023 | vol. 11 | e47553 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Discussion

Current Status and Trendsin Research

Literature I nformation

Thenumber of studiesinthefield of tinnitus appshasincreased
yearly, with a rapid growth after 2015 and with the annual
publication volume peaking in 2021. The articleswere published
in journals of moderate quality. Nevertheless, the acceptance
rates of articles in the field by top medical journals were low.
Of the 75 research articlesin thisfield, 51 (68%) wereincluded
inthe Web of Science core collection and had an average journal
impact factor of 5.12 (spanning between 1.245 and 25.617 in
the field of psychotherapy and psychosomatics). The studies
were mainly published in the American Journal of Audiology
and in the Journal of the American Academy of Audiology, with
18 (n=12, 67% and n=6, 33%, respectively) articles published
as of February 2022, representing 24% (18/75) of the total
number of articles. Nevertheless, the acceptance rates of articles
inthisfield in top medical journals were poor, with no relevant
studies published in the New England Journal of Medicine, The
Lancet, the Journal of the American Medical Association, or
The BMJ. The annual output of the most productive authors
was the highest in 2021. In accordance with the L otka law, this
study identified 16 highly productive authorsin thefield, all of
whom have published consistently in the last 3 years. This
suggests that this area is steadily and rapidly growing. The
authors were mainly from Germany (19/75, 25%), the United
Kingdom (16/75, 21%), and the United States (12/75, 16%),
with fewer authorsfrom other countries (27/75, 36%), and only
a single author from China (1/75, 1%). Of the 75 articles, 47
(63%) were published by authors from Germany, the United
Kingdom, and the United States.

The current hot spot in this field is the research on sound and
cognitive behavioral therapy, focusing on the outcomes for the
treatment of patients with tinnitus. Thematic map analysis
showed that the terms in the second quadrant of the thematic
map included cognitive behavioral therapy, sound therapy, and
tinnitus treatment outcomes. This indicates that research on
cognitive behavioral therapy and sound therapy (with a focus
on tinnitus treatment outcomes) isacurrent hot spot in thefield
of mHealth-based softwareinterventionsfor tinnitus treatment.
This area of research is well developed, with a focus on the
assessment of tinnitus, but its importance is not sufficiently
recognized yet. Our results are in agreement with those of
relevant studies conducted in recent years [22].

App Information

Most of the apps (16/28, 57%) in this field have been newly
developed and provide functional support for therapeutic
interventions for tinnitus. Nevertheless, software development
inthisfield lacksaresearch basis. Such software often has high
requirements for ancillary apps [23], such as the sound quality
and calibration of headphones. Cognitive behaviora therapy
relies on professiona tinnitus specialists for guidance. By
contrast, it is difficult to achieve an accurate grasp of a user’'s
criteria for the use of such apps with mobile phone sensors or
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wearable apps alone [24]. As aresult, and in comparison with
other fields, the number of diagnostic appsisrelatively small.

The adoption of apps under development has been poor, with
the vast majority of the available apps used in very few or no
real-life scenarios. The results showed that only 28 designed
apps were available for download from app stores. This
limitation suggests that, athough many tinnitus
treatment—related apps have been developed by experts and
academicsin recent years, most of them still lack practical use.
It also suggests that these apps have a very homogeneous
collection of patient information and a single-center validation
of their effectiveness; in addition, they lack validity studiesfor
clinical retesting as well as user feedback [25]. The reasons
behind these aspects could be related to other attributes of the
apps, such as their effectiveness and ease of use. To develop
and validate apps that can be used in the clinical setting,
researchers should also focus on other attributes, such as the
ease of use of the apps.

Translation Status

For many years, there has been alack of trandation of theresults
of tinnitus treatment interventions using mHealth software and
apps. This lack of trangdlation is consistent with the results of
our study on the analysis of product applications in this area.
The vast mgjority of these apps (22/26, 85%) require both
research and development, with scientific validity and
effectiveness in a state of urgent need, and are far from truly
achieving their goal of an effective tinnitus treatment
intervention [26].

Problems and Potential

The Overall Picture of Tinnitus Treatment Apps|s
Unsatisfactory

Scoring Analysis of Tinnitus Treatment Apps

Regarding the ratings of the included 28 tinnitus
treatment—related apps (n=24, 86% from product data and n=4,
14% from literature data) on the Qima app data analysis
platform, 17 (61%) had ratings as high as 5.00 out of 5.00 and
as low as 1.00 out of 5.00 (with an average rating of 3.84 out
of 5.00). Of these 17 rated apps, China and the United States
accounted for 7 (41%) and 5 (29%), respectively. The 5 apps
developed in the United States had ratings of 4.40, 4.80, 4.80,
4.90, and 5.00 (average rating: 4.78), whereas the 7 apps
developed in China had ratings of 1.00, 1.80, 3.80, 4.00, 4.10,
4.30, and 4.70 (average rating: 3.39).

Evaluation Analysis of Tinnitus Treatment Apps

With regard to the information on the 28 tinnitus
treatment—rel ated apps provided on the Qimai app dataanalysis
platform, 10 good reviews were collected over 1 year. All these
reviewsreferred to 6 (21%) of the 28 apps and were about their
usefulness and usability. After analyzing the geographical
regionsof origin, our study found that the devel opers of 5 (83%)
of these 6 apps were from China, with 5 positive reviews and
3 negative reviews.
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Traditional Treatment Methods Are Far From Satisfactory

There is currently no international uniform treatment protocol
for tinnitus. Moreover, evidence-based medica research has
not found a single method with definitive efficacy for all types
of tinnitus. The available methods include medications,
repetitive transcranial  magnetic  stimulation,  electrical
stimulation of thetympanic capsule, cochlear implants, electrical
stimulation of the vagus nerve, and acupuncture [27]. The
treatment of tinnitus relies on obtaining an accurate hearing
profile of the patient as well as indicators of the central
frequency and intensity of the sound produced by tinnitus. After
excluding the etiologies associated with tinnitus, counseling,
cognitive behavioral therapy, and sound therapy have become
the main treatment approaches [28]. Other approaches include
relaxation and sequential therapy [29]. The lack of adjunctive
therapies to improve outcomes in complex conditions is a
common problem in tinnitus treatment, recognized both
domestically and internationally.

Clear Differencesin Tinnitus Treatment Appsat the
Research Level Versusthe App Level

Current research has uncovered the lack of connection between
mHealth apps and their applications. In recent years, national
and international research scholars have recognized the roles
of neural synchronization and remodeling the mechanisms of
actionintinnitus[30]. On the basis of these findings, adjunctive
sound therapy involves the administration of appropriate
acoustic stimulation (of a specific frequency and duration) to
break abnormal nerve synchronization and remodeling. This
procedure seeksto form anew auditory center, thereby reducing
or eliminating tinnitus[31]. The use of mHealth appsto provide
appropriate auditory training for patients with tinnitus has
proven effective at the research level. Nevertheless, important
aspects are lacking and need to be addressed. These include a
scientific basis for software function, the standardization and
calibration of the sounds emitted, real-time guidance from
experts during the use of the apps by patients, clinical validation
and feedback from patients on product effectiveness, and the
connection between research and appsin this field.

Significant Differencesin the Status of Relevant Research
and Apps Between China and Other Countries

Our study showed that, although most research and appsin this
area were developed outside China, there are still important
limitations. The sample size of research and apps in this field,
both domestically and abroad, was small. The final humber of
apps found to meet al inclusion criteriawas only 28, of which
only 4 (14%) were documented in the literature. Thislimitation
has a particular impact on the results of our study. Moreover,
it also reflects the decreased volume of research in this field,
which strengthens the innovation and value of our work.

Tinnitus I s Difficult to Treat and Requires Urgent
Assistance From Emerging Technologies

With theincreased stresslevelsin modern work and life, tinnitus
does not appear in isolation. Nevertheless, it is a combination
of symptoms closely related to the etiol ogical mechanisms and
aggravating factors of several systemic diseases. More than
50% of patientswith tinnitus experience sl eep disturbances[32].
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In the United Kingdom, the prevalence rate of tinnitus in the
adult population is 10.1%, with the disorder severely affecting
the quality of daily life[33]. Inthe United States, the prevalence
rate of tinnitus in adolescents is from 7% to 9%, and in older
people, it is approximately 25% [34]. In Japan, the prevalence
rate of tinnitus in the adult population is 11.9% [35]. Although
there are no large-scal e epidemiol ogical data on the prevalence
rates of tinnitus in China, available studies have reported its
prevalenceratein the adult popul ation to be approximately 10%.
Approximately 5% of the patients with tinnitus seek medical
treatment, and approximately 2% of the patients have tinnitus
that severely affects their life, sleep, the ability to concentrate
and work, and social activities [36]. The complex and
heterogeneous etiology of tinnitus as well as its unclear
pathogenesis have contributed to the poor treatment outcomes
for this disorder. Nevertheless, as industry and technology
continue to develop and society ages, the prevalence of tinnitus
is gradually increasing, making its early detection, diagnosis,
and effective treatment urgent.

The evidence-based guidelinesfor clinicians managing patients
with tinnitus [1] recommend an acoustic therapy approach, in
which any sound can be used to ater the perception of, and
response to, tinnitus, for the patient’s benefit. This therapy can
be performed with environmental optimization devices such as
hearing aids, sound generators, and tinnitus hybrid acoustic
therapy devices, aswell ascommonly used devices such asmp3
players, smartphones, and radios. Tinnitus rehabilitation
approaches must not disregard the integration of traditional
methods with innovative technologies[37]. With the expansion
and increased application of the mobile internet in various
industries, health care-focused mobile internet technology has
been receiving increased interest owing to itsrapid devel opment.
Therefore, the combination of sound therapy and cognitive
behavioral therapy for tinnitus has led to the development of
an mHealth app model with this purpose.

Future Developments and Outlook

The Theory of mHealth for Adjunctive Treatment and
Intervention in Tinnitus s Logically Clear and
Scientifically Solid

To address the ineffectiveness of traditional treatments for
tinnitus, one of the 3 most difficult conditions plaguing human
health in the otolaryngology field (the other 2 being deafness
and vertigo), researchers have been exploring interdisciplinary
avenues [38]. The evidence-based guidelines for clinicians
managing pati ents with tinnitus recommend cognitive behaviora
therapy for patientswith chronic compensatory tinnitus, aswell
as effective and feasible acoustic treatment options provided
by physicians or hearing aids for patients with tinnitus with
hearing loss [39]. mHeadlth is unique in providing behavioral
health interventions. One of its scientific theories is cognitive
behavioral therapy. The future integration of mHeath for
tinnitus treatment and intervention is in line with the
recommendations of professional guidelines and has a sound
scientific and theoretical basis.
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The Pathway for mHealth to Be Used as an Adjunctive
Treatment and Intervention in Tinnitus|s Clear and
Highly Feasible

One of the theoretical foundations of mHealth is cognitive
behavioral therapy. As of 2016, approximately 500 mHealth
apps based on cognitive behavioral theory were availableinthe
Apple App Store and Google Play Store. Current mobile apps
arerelatively well established in the use of cognitive behavioral
therapy interventionsin psychosocial health servicesto relieve
anxiety, depression, and stress as well as treat other physical
ailments and improve maladaptive behavioral problems (such
as eating disorders and substance abuse). Asaresult, the product
experience in mHealth is relatively mature. More than half of
all patientswith tinnitus have comorbid psychol ogical problems
such as anxiety, depression, and sleep disorders [40]. On the
basis of the existing experience with mHealth, there is a clear
and feasible pathway for adjunctive treatment and intervention
in tinnitus.

The Use of mHealth for Adjunctive Treatment and
Intervention in Tinnitus | s Effective and Has Good
Generalizability

Our findings regarding mHealth use in mental health, disease
management, and health behavior promotion indicate that
mHealth apps, combined with cognitive behaviora therapy,
were highly effective in reducing tinnitus pain, anxiety, and
depression as well asin improving the patients' quality of life.
In 2019, Aazh et a [41] found that the use of cognitive
behavioral therapy for tinnitus was more effective when used
8 to 24 times per week for 60 to 120 minutes each time. The
treatment could be remotely guided through an mHealth App
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to accommodate more patients and promote research progress
on effective tools for treating tinnitus [42].

Limitations

Our study has somelimitations. First, the dataused were mainly
from published literature (which included only scientific
literature). Second, this study performed a simplified analysis
of the product trandation. We only anayzed the overall
conversion rate and did not analyze specific apps and specific
application scenarios. Finaly, owing to the difficulty of
obtaining complete data on apps and scientific research funds,
we have only preliminarily explored the input-output
relationship of some of the apps.

Conclusions

The field of monitoring, diagnosing, and treating tinnitus
disorders using mHealth apps has shown rapid overall growth
during recent years. Accordingly, there has been anincreasein
the number of relevant publications per year. Progress has been
made in research on cognitive behavioral therapy, with afocus
on the improvement of tinnitus symptoms and on the
development of apps to support tinnitus monitoring and
interventions. Nevertheless, the number of studies in this area
is still low, international collaborations are lacking, the
acceptance rates of articles in this field in refereed medical
journals are poor, and most of the developed apps are not used
in real-world settings. Future research should address the need
for increasing tinnitus awareness and strengthening international
collaborations to achieve an improved monitoring of tinnitus,
using novel Al tools. In addition to the validation of tinnitus
treatment apps, future research should also focus on the app
properties that can promote the application of such appsin the
real world.
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