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ABSTRACT

To evaluate the effectiveness and usability of the Oto smartphone app in reducing tinnitus
severity and distress. A prospective, unblinded randomized controlled trial (ANZCTR
registration number: ACTRN12623001138673) with two arms: (i) intervention, and (ii) wait
list control. Intervention arm received subscription to Oto. Ninety-six Australian adults
experiencing chronic tinnitus (>6 months). The overall TFl score in the intervention group
showed statistically significant improvement compared to the control group from baseline
to 6 months (mean decrease =9 points, p=.006, 95% Cl [2, 16]). A significantly higher
proportion of intervention group (32%) reported clinically meaningful reduction in overall
TFI score (>13 points) than control group (12%) at 6 months, z=2.20, p =.030. Significant
interaction effects (time x treatment group) in overall TFI score were observed at 6 months,
p <.001, Cohen’s d=0.62, and 9 months, p =.002, Cohen’s d = 0.54. App usability was rated
high on the mHealth App Usability Questionnaire (MAUQ) at 5.1 out of 7. Overall dropout
rate was 21%. Use of Oto was effective in reducing tinnitus severity and distress. Future
evaluation should consider including a wider range of tinnitus-related outcome measures
and collection of qualitative data on user experience.
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Introduction

Tinnitus is an auditory condition where a phantom
sound is perceived when a corresponding external
stimulus is absent (Baguley et al., 2013; Langguth
et al, 2013). These auditory percepts of tinnitus can
manifest as ringing, buzzing, clicking, or other sound
types (De Ridder et al., 2021). Tinnitus is a widespread
condition, affecting an estimated 14.4% of adults and
13.6% of children and adolescents globally (Jarach
et al,, 2022). Its prevalence increases with age, poten-
tially due to a higher incidence of cochlear pathology
(e.g., presbycusis) and cumulative noise exposure in
the elderly population (Jarach et al.,, 2022; Lockwood
et al, 2002; Nondahl et al., 2011). Besides hearing
loss, tinnitus can also emerge from otologic, cardiovas-
cular, neurologic, infectious, and medication-related
origins (Baguley et al., 2013; Lockwood et al., 2002).
The pathophysiology of tinnitus remains incompletely

understood, though it is generally hypothesized to
result from abnormal plasticity at various relays along
the auditory pathway, and potentially in brain areas
beyond the auditory cortex (Elgoyhen et al., 2015).
Approximately 16% of individuals with tinnitus
(2.3% of global adult population) experience a trouble-
some form that can significantly impair quality of life
(Jarach et al.,, 2022). Tinnitus has been associated
with numerous comorbidities, such as depression,
anxiety, heightened stress, reduced concentration,
and sleep disturbances (Cronlein et al., 2016; De
Ridder et al., 2021; Jay et al, 2017; Langguth et al,,
2011). Furthermore, tinnitus can impose substantial
financial burden to patients and society in terms of
treatment costs and loss of productivity. The annual
costs for tinnitus care were estimated to be about
EUR 2000-6000 per patient (Trochidis et al., 2021).
The heterogeneous nature of tinnitus in terms of
symptoms, aetiologies, and pathophysiology, has led
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to the development of various treatments. These
include pharmacological interventions, psychotherapy,
sound-based treatments, magnetic or electrical stimu-
lation, hearing aids, auditory training, and complemen-
tary and alternative medicine therapies, all of which
have been evaluated in randomized controlled trials
(RCTs) (Langguth et al, 2023). Cognitive behavioural
therapy (CBT) has emerged as the most effective treat-
ment for improving quality of life and reducing tinni-
tus-related psychological distress, although a cure
remains elusive (McFerran et al., 2019).

Despite its high prevalence, only a small percentage
of individuals with tinnitus seek professional help, and
many are left dissatisfied due to insufficient specialist
referrals (Carmody et al, 2023). An international
survey revealed that over 70% of individuals with tinni-
tus found care services insufficient (Mui et al., 2023).
Moreover, in-person tinnitus treatments such as CBT
can be costly and time-consuming, limiting their acces-
sibility for many individuals with tinnitus (Demoen
et al., 2023). Hence, a need for alternative tinnitus
treatment options which are readily accessible and
require lower in-person contact arises.

To improve treatment access, there has been a surge
in the development of smartphone - and Internet-based
applications (apps) for tinnitus management (Deshpande
& Shimunova, 2019; Kleinjung & Langguth, 2020; Mehdi
et al., 2020c). These apps offer various modalities, includ-
ing CBT, tinnitus retraining therapy (TRT), and sound
therapies (Demoen et al,, 2023; Mehdi et al., 2020b;
Nagaraj & Prabhu, 2020). However, of 250 commercially
available tinnitus management apps, only seven have
undergone clinical validation (Mehdi et al, 2020a).
Similar to some of these seven validated apps, the Oto
smartphone app delivers CBT-based tinnitus therapy,
but it also contains multiple modalities including sound
therapy, relaxation, and mindfulness. To address the
paucity of tinnitus smartphone app validation studies
in the literature, our study aimed to evaluate the effec-
tiveness and usability of the Oto smartphone app in
reducing tinnitus severity and distress.

Materials and methods

This study adhered to the Consolidated Standards of
Reporting Trials (CONSORT) 2010 statement (Moher
et al, 2012) (see Supplementary Material 1 for checklist).
Ethical approval was obtained from Flinders University
Human Research Ethics Committee (Project ID: 5612),
and the trial was registered in the Australian New
Zealand Clinical Trials Registry (ANZCTR) (registration
number: ACTRN12623001138673) on 3rd November 2023.

Intervention — Oto app features

Developed by Oto Health Ltd and released in 2021, the
Oto app was utilized as the intervention for tinnitus in

this study. This was the first RCT to evaluate Oto in an
Australian population. Oto is an app-delivered
approach to tinnitus comprising multiple modalities,
including CBT, sound therapy, relaxation, mindfulness,
and patient education. This app is available on both
iOS and Android operating systems. Different com-
ponents of Oto are detailed below, with screenshots
shown in Figure 1.

Tinnitus habituation assessment

Upon registration to Oto, users are asked to answer
10 questions about their tinnitus experiences so
that their current stage of habituation can be esti-
mated. This information will be used for customizing
the therapy programme in Oto. Each question rates
the users’ experiences with tinnitus, such as their
awareness of tinnitus and the impacts of tinnitus
on sleep, on a 4-point Likert scale (rarely, sometimes,
often, most of the time). Descriptions of all four stages
of habituation will be provided once all questions are
answered, with an indication of the user’s current
stage. Stage one represents the lowest level of
habituation, whereas stage four represents the
highest level of habituation. Recommendations such
as spending 10 min per day on the therapy pro-
gramme, the topics of focus in the programme,
and additional support from a tinnitus expert via
the app are displayed. Users can also select specific
goals (calm, focus, and sleep) to customize their
therapy programme, and this can be modified at
any time in the app. The overall goal of using Oto
is to progress through the stages and achieve
habituation where acceptance of tinnitus is devel-
oped and the user does not find it bothersome
anymore.

Home screen

There are four main screens in Oto. On the Home
screen, the first feature is the tinnitus therapy pro-
gramme. This programme includes six chapters,
namely introductory course, progress, strength,
control, onwards, and momentum. Each chapter is rec-
ommended to be completed in one week. The pro-
gramme offers 60 therapy session recordings (2-13
min each) covering various topics, including CBT,
acceptance and commitment therapy (ACT), mindful-
ness, relaxation, visualization, etc. Therapy sessions
which have been added to favourites and listened to
recently are shown on this screen as well.

Another feature on the Home screen is the help
desk. It provides a collection of articles explaining
how to navigate the app, what the therapy
sessions entail, and where to seek help beside
using Oto.

In addition, under the profile settings, users can
manage their goals (calm, focus, and sleep) to custo-
mize their therapy programme, use a built-in sound
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Figure 1. Screenshots of the Oto app.

metre function to measure ambient noise level and
learn about the relationship between noise and tinni-
tus, access a personal journal where thoughts can be
recorded and revisited after listening to a therapy
session, and enable captions and set up daily remin-
ders for the therapy sessions.

Events screen

The Events screen lists all recorded and upcoming free
webinars on topics revolving around tinnitus, such as
discussion of available tinnitus treatments, tinnitus

L 4 &
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Ocean
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Multi freq @

Cicada

High freq @

Brown Noise
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research updates, sleep strategies, breathing exercises,
and TRT.

Explore screen

Users can find the complete collection of therapy ses-
sions (116 sessions) here on the Explore screen. These
sessions include those from the tinnitus therapy pro-
gramme on the Home screen, together with additional
sessions from which the users may find helpful in mana-
ging their tinnitus. Most of the therapy sessions are
categorized into three groups: calm, focus, and sleep,
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. TR endpoint; T3):
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intervention
\ group only)

Figure 2. Data collection at different timepoints. MAUQ = mHealth App Usability Questionnaire; TFI = Tinnitus Functional Index;

TSCHQ = Tinnitus Sample Case History Questionnaire.

which correspond to the goals the users can set in the
app. Other than the sessions shown in each group,
there are a few suggested sounds from the Sounds
screen which may in particular help achieve the goal.
Under Browse All, all therapy sessions are displayed
according to their topics, including physical therapy,
mindfulness for sleep, breathing control, CBT, visualize
control, success stories, etc. The duration of each
session ranges from one to 41 min, depending on the
topic. For example, stretching exercises are generally
shorter and sleep stories are usually longer.

Sounds screen

Oto contains a library of 78 sounds which can be found
on the Sounds screen. These sounds can be played as
background sounds while listening to therapy ses-
sions, or as standalone sounds for masking and
calming purposes. There are eight groups of sounds
to cater to the needs of users with different tinnitus
characteristics, namely coloured, layered, urban,
binaural, nature, household, transport, and experimen-
tal. Additionally, a timer can be set in five-minute inter-
vals to stop the sound at destined time.

Trial design

This study adopted a two-arm, parallel-group, RCT
design with data collection at baseline (TO) and at 1
month (T1), 3 months (T2), 6 months (T3), and 9
months (T4) post-baseline (Figure 2). The primary end-
point was set at 6 months after baseline (T3).

Pre-baseline screening

Participants were provided with an online participant
information sheet and consent form before being
enrolled into this study. Upon provision of informed
consent and registration to participate, interested indi-
viduals were required to complete a screening survey
on Qualtrics (https://www.qualtrics.com/), which con-
sisted of selected questions from the Tinnitus Sample
Case History Questionnaire (TSCHQ) (Langguth et al.,

2007) regarding the duration, pulsatile nature, and
laterality of tinnitus, and Tinnitus Functional Index
(TFI) (Meikle et al., 2012), to determine eligibility (see
Eligibility criteria below).

Baseline session (T0)
Participants who resided in South Australia attended
an in-person baseline session with the principal
investigator (BM) at Flinders University. During this
session, participants first undertook an audiometric
testing (otoscopy, tympanometry, and pure tone
audiometry) and tinnitus pitch and loudness match-
ing in a soundproof room. After that, they completed
the full version of TSCHQ to garner detailed infor-
mation on their tinnitus characteristics, and the TFI
to record baseline tinnitus severity. Participants
were then informed of their allocation to either the
intervention or control group. Those assigned to
the intervention group were instructed to install
the Oto app on their smartphones, given a nine-
month free subscription to Oto, and provided with
an overview of the app features. They were reminded
the self-paced nature of Oto, meaning there was no
minimum requirement of daily app usage, although
they were suggested to listen to one therapy
session each or every other day. The intervention
group participants were also reminded that they
could revisit the materials in Oto as many times as
needed, even after therapy programme completion.
As for those assigned to the control group, they
were informed that they would not be receiving
any treatment for tinnitus during the study period.
However, as an incentive and remuneration, the
control group participants would be eligible for a
nine-month free subscription to Oto once they
have completed all follow-up surveys. All participants
were also noted that the research team could be
contacted via email to answer any questions they
might have about this study.

For those who resided outside South Australia and
were unable to attend the baseline session in person,
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they were required to provide an electronic copy of
their most recent hearing assessment results signed
off by a qualified audiologist to determine group
allocation.

Follow-up surveys (T1-T4)

All participants completed the TFl again at 1, 3,6, and 9
months. Intervention group participants also com-
pleted the mHealth App Usability Questionnaire
(MAUQ) (Zhou et al., 2019) at 6 months to rate Oto’s
usability.

Outcomes

Primary outcome measure

The Tinnitus Functional Index (TFl) was employed to
assess tinnitus severity and distress (Meikle et al.,
2012) due to its higher sensitivity to intervention-
related changes (Gos et al., 2021). The 25-item TFI
consists of eight subscales: intrusive, sense of
control, cognitive, sleep, auditory, relaxation, quality
of life, and emotional. Scores range from 0 to 100,
with higher score indicating greater severity. A 13-
point reduction is considered clinically meaningful
(Meikle et al., 2012). TFI scores below 18, from 18
to 42, from 42 to 65, and above 65 indicate low,
lower moderate, upper moderate, and high tinnitus
severity, respectively (Gos et al, 2021). The TFI has
a high internal consistency of Cronbach’s alpha
0.97 and test-retest reliability of 0.78 (Meikle et al.,
2012).

Secondary outcome measures

The mHealth App Usability Questionnaire (MAUQ) was
selected as the secondary outcome measure to evalu-
ate the usability of the Oto app (Zhou et al, 2019).
Selection of the MAUQ was based on the limitations
of frequently utilized usability questionnaires e.g., the
System Usability Scale (SUS) (Brooke, 1996), which
were not designed specifically for mHealth apps
(Zhou et al., 2019). The standalone app version of
MAUQ for patients was employed and it is an 18-
item tool evaluating three aspects of app usability:
ease of use, interface and satisfaction, and usefulness.
Each item is a 7-point Likert scale from strongly dis-
agree (1 point) to strongly agree (7 points). A total
MAUQ score ranges from 1 to 7 can be calculated by
averaging the scores of all items. A higher score indi-
cates higher usability. The MAUQ was reported to
have a high internal consistency (Cronbach’s alpha
0.91) and strong construct validity and criterion validity
(0.72-0.86) (Zhou et al., 2019).

App usage data including the number and length of
therapy sessions listened were recorded on Oto's
backend and collected with participants’ informed
consent.
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Participants

Eligibility criteria

Individuals were eligible for this study if they: (1) were
18 years old or above; (2) were experiencing chronic
(>6 months), bilateral, non-pulsatile tinnitus (based
on selected screening TSCHQ questions); (3) had
access to a smartphone device capable of running
the Oto app; (4) were willing to use Oto during the
study period; and (5) had at least lower moderate tin-
nitus severity (determined by scoring 18 points or
above in the screening TFI) (Gos et al., 2021). Exclusion
criteria were if the individuals: (1) had known impair-
ment likely to impact on their ability to participate in
research activities; (2) were enrolled in another tinnitus
study; (3) were undertaking another tinnitus interven-
tion; or (4) were awaiting surgical intervention for
hearing/tinnitus.

Recruitment

Individuals from all states and territories of Australia
were recruited from Facebook advertisements and
research team’s database. Recruitment started on
13th June 2023 and ended on 21st September 2023.

Sample size

Sample size calculation was performed using Stata
software (version 17.0) based on a superiority paral-
lel-group trial design. The a was set at 0.025 and
power was set at 0.90. The mean difference was set
at 13 points since this was indicated as a clinically
meaningful reduction in tinnitus severity on the TFI
(Meikle et al., 2012). The SD was set at 18 points
based on previous trials employing CBT as tinnitus
intervention (Beukes et al., 2017; Rademaker et al.,
2020). The minimal sample size for each group was
48 participants. To account for a potential dropout
rate of 15% (Beukes et al., 2017), an additional seven
participants were added to each group. Hence, a
total of 110 participants would be recruited, with 55
participants in each group.

Randomization

Eligible participants were randomly allocated to either
the intervention or control group in a ratio of 1:1. Allo-
cation sequence was generated using Sealed Envelope
(https://www.sealedenvelope.com/simple-
randomiser/v1/lists). The first author (BM) was respon-
sible for generating the random allocation sequence,
enrolling participants, and assigning participants to
the two groups. The following stratification factors
were applied for even distribution of participants to
the two groups: (1) age (<65 or >65 years); (2)
gender (male or female); (3) hearing sensitivity level
(determined by baseline audiometric testing) (within
normal limits or mild hearing loss and above); and (4)
screening TFl score (<50 or >50 points). Block
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Enrolment

(N = 207)

Assessed for eligibility

Excluded (n = 111):
* Not meeting inclusion criteria (n = 80)

* Declined to participate (n = 11)
* Did not provide hearing assessment results (n = 18)
* No response to arrange baseline session (n = 2)

Randomised (N = 96)

Intervention group (n = 50):
* Received free subscription to Oto
for 9 months

Lost to follow-up (n = 6):

* Did not complete surveys at 6
months (T3) (n = 6)

Discontinued intervention (n = 10):

* Personal reasons (n = 10)

I

Analysed (n = 34)

Allocation

Follow-up

Analysis

Figure 3. The CONSORT participant flow diagram.

randomization using block sizes of four and six was
performed. A list length of 110 was generated.
However, as the number of recruited participants (N
= 96) did not meet the target due to difficulties in pro-
moting this study, the allocation list was not fully uti-
lized, resulting in a nearly 1:1 allocation ratio among
groups (50 in the intervention group vs 46 in the
control group). Participants were informed that they
would have a 50% chance of being allocated to
either group, with the control group being put on
wait list for access to Oto after trial completion. Allo-
cation was determined once the participants’ hearing
sensitivity levels were obtained from the baseline
audiometric testing. Due to the trial design, the partici-
pants and the principal investigator (BM) were not
blinded to group allocation.

Data analysis

Statistical analysis was performed using IBM SPSS Stat-
istics (version 28). Descriptive analysis was performed
to obtain mean and standard deviation values.
Shapiro-Wilk tests and Mauchly’s test were conducted
to examine data normality and sphericity, respectively,
and Greenhouse-Geisser correction was applied when
there was violation of sphericity. Only the participants
who completed the TFI at 6 months (T3) were con-
sidered as reaching the primary endpoint and those
who did not were excluded from the analysis.
Missing data at earlier timepoints (i.e, 1 month (T1)
and 3 months (T2)) were missing at random and
accounted for using multiple imputation with 10

Control group (n = 46):

* Did not receive free subscription
to Oto or other tinnitus
interventions

!

Lost to follow-up (n = 4):
* Did not complete survey at 6
months (T3) (n = 4)

I

Analysed (n = 42)

imputed datasets. Mixed ANOVA with time (TO, T1,
T2, T3, T4) as the within-subjects factor and treatment
group (intervention, control) as the between-subjects
factor was conducted to compare the TFI scores
across all timepoints and determine the interaction
of the above two factors on the TFI scores. Effect
sizes and the 95% confidence intervals at the primary
endpoint (6 months; T3) were calculated by Cohen’s
d. A Cohen’s d of 0.2 indicates small effect size, 0.5 indi-
cates medium effect size, and 0.8 indicates large effect
size (Cohen, 1992). Pairwise comparisons were per-
formed to determine statistically significant differences
in the TFI overall and subscale scores between the
intervention group and control group at each time-
point and within each group across various timepoints.
Two-sample z-tests were performed to compare the
proportions of participants reporting a clinically mean-
ingful reduction (i.e., at least 13 points) in the TFl score
between the two groups. Statistical significance is
defined by a p-value lower than .05.

Deviation from pre-trial registration

No changes were made to trial methods after trial
commencement.

Results
Participant characteristics

Of 207 registered individuals, 96 met the inclusion cri-
teria and were randomized into the intervention (n =



SPEECH, LANGUAGE AND HEARING (&) 7

Table 1. Baseline demographic information and tinnitus characteristics of participants.

Characteristic Overall (N=96) Intervention group (n = 50) Control group (n = 46)
Gender: n(%)

Female 41 (43) 21 (42) 20 (43)
Male 55 (57) 29 (58) 26 (57)

Age (mean £ SD, range; in years) 62.4 + 8.6, 36-78 62.1 +8.0, 38-77 62.8 +9.2, 36-78
State/Territory of residence: n (%)

South Australia 67 (70) 41 (82) 26 (57)
Victoria 8(3) 0(0) 8 (17)

New South Wales 7(7) 2 (4) 5(11)
Western Australia 7(7) 3(6) 4(9)
Queensland 4 (4) 3 (6) 1(2)
Australian Capital Territory 1(1) 0 (0) 1(2)
Northern Territory 1(1) 1(2) 0 (0)
Tasmania 1(1) 0 (0) 1(2)
Tinnitus duration (mean + SD, range; in years) 174 +14.8, 0.8-61 19.3+14.3, 1-61 15.4+15.2, 0.8-55
Tinnitus sound type: n (%)

Tone 44 (46) 24 (48) 20 (43)
Noise 39 (41) 21 (42) 18 (39)
Crickets 13 (14) 5(10) 8 (17)
Tinnitus frequency (mean + SD, range; in Hz) 3728 + 2073, 200-7813 3218 £ 1910, 200-6133 4536 + 2103, 872-7813
Tinnitus loudness (mean = SD, range; in dB HL) 43 +15, 12-71 40 + 15, 12-66 47 £ 15, 25-71
Hearing aid user: n (%) 21 (22) 11 (22) 10 (22)

50) and control (n =46) groups (Figure 3). Participants intervention group. For the control group, four partici-
were 43% female and 57% male, with a mean age of  pants did not complete the TFI at T3, resulting in a
624 years (SD=8.6; range: 36-78) (Table 1). The retention rate of 91% (n=42/46) and dropout rate of
majority (70%) resided in South Australia. Regarding 9% (n =4/46). Overall, the retention rate and dropout
their tinnitus characteristics, the participants had rate of this trial were 79% (n=76/96) and 21% (n=
been experiencing tinnitus for a mean duration of  20/96), respectively.

17.4 years (SD=14.8; range: 0.8-61) and most of
them perceived their tinnitus sounds as tone (46%)
and noise (41%). Tinnitus matching revealed a mean
tinnitus frequency of 3728 Hz (SD = 2073; range: 200-
7813) and a mean tinnitus loudness of 43 dB HL (SD Mixed ANOVA results for TFl overall and subscale
=15; range: 12-71). Of all participants, 22% were scores at T3 and T4 are summarized in Table 2. Signifi-
hearing aid users. The average hearing profiles of  cant interaction effects (time x treatment group) were
both groups are visualized in Figure 4. observed in the overall TFl score at T3 (primary end-
point), F(2.177, 161.092) =7.196, p <.001, Cohen’s d=
0.62, 95% Cl [0.27, 0.91], and in subscale scores includ-
ing intrusive, F(2.419, 178.976)=6.956, p<.001,
Sixteen participants from the intervention group did Cohen’s d=0.61, 95% CI [0.27, 0.88], sense of control,
not reach the primary endpoint (6 months; T3), in F(2.650, 196.103)=5.314, p=.002, Cohen's d=0.54,
which six did not complete the TFI and MAUQ at T3 95% Cl [0.20, 0.79], sleep, F(2.678, 198.154) =4.859, p
and another 10 withdrew from the trial due to personal =.004, Cohen’s d=0.51, 95% CI [0.17, 0.76], relaxation,
reasons. This resulted in a retention rate of 68% (n= F(2.397, 177.372)=7.423, p<.001, Cohen’s d=0.63,
34/50) and dropout rate of 32% (n=16/50) in the 95% Cl [0.29, 0.91], and quality of life, F(2.291,

Changes in tinnitus severity

Trial retention and dropout rates

Intervention group Control group
0 0
10 10
20 20
30 30
z z
= 40 = 40
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50 50
60 60
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80 80
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Figure 4 .#Audiograms of the intervention group (n=50) and control group (n = 46).



8 (&) B.MUIETAL

Table 2. Interaction effects between time and treatment group from mixed ANOVA in TFl overall and subscale scores at 6 months

(T3) and 9 months (T4).

6 months (T3) 9 months (T4)

TFI subscale F p Cohen’s d (95% Cl) F p Cohen’s d (95% Cl)
Overall 7.196 < .001* 0.62 (0.27-0.91) 5.343 .002* 0.54 (0.21-0.77)
Intrusive 6.956 < .001* 0.61 (0.27-0.88) 6.583 < .001* 0.60 (0.29-0.82)
Sense of control 5314 .002* 0.54 (0.20-0.79) 4,192 .003* 0.48 (0.17-0.67)
Cognitive 1.870 15 0.32 (0-0.56) 1.266 .29 0.26 (0-0.46)
Sleep 4.859 .004* 0.51 (0.17-0.76) 3.736 .010* 0.45 (0.11-0.66)
Auditory 1.921 15 0.32 (0-0.60) 1.441 23 0.28 (0-0.49)
Relaxation 7.423 <.001* 0.63 (0.29-0.91) 5.903 <.001* 0.56 (0.26-0.79)
Quality of life 4.255 .012* 0.48 (0.11-0.75) 3.203 .025* 0.42 (0-0.64)
Emotional 2.448 .074 0.36 (0-0.61) 1.940 12 0.32 (0-0.52)

Note. Asterisk indicates statistically significant result. Cl = Confidence interval.

169.519) =4.255, p=.012, Cohen’s d=0.48, 95% ClI
[0.11, 0.75]. Significant interaction effects persisted at
T4 e.g., in overall TFl score, F(2.917, 215.854) = 5.343,
p =.002, Cohen’s d=0.54, 95% Cl [0.21, 0.77].

Pairwise comparisons of estimated marginal means
within and between groups at different timepoints are
displayed in Figure 5. The intervention group demon-
strated significant reductions from TO to T3 in TFI
overall score (mean decrease =9 points, p=.006, 95%
Cl [2, 16]) and intrusive (mean decrease =13 points,
p<.001, 95% ClI [4, 22]), sense of control (mean
decrease =16 points, p <.001, 95% Cl [5, 27]), sleep
(mean decrease = 10 points, p =.034, 95% CI [0, 19]),
and relaxation (mean decrease=11 points, p=.024,
95% ClI [1, 21]) subscale scores. The significant
reduction in the sense of control subscale score was
maintained at T4 (mean decrease=11 points, p
=.033, 95% CI [1, 22]).

In regard to the differences in the TFI overall and
subscale scores between the two groups at each time-
point, the overall (mean difference=16 points, p
=.002, 95% CI [6, 25]) and all subscale scores (mean
difference = 13-19 points, p <.05) of the intervention
group were significantly lower than those of the
control group at T3. The intervention group reported
significantly lower TFI overall score (mean difference
=11 points, p =.019, 95% Cl [2, 20]) and some subscale
scores e.g., intrusive (mean difference =11 points, p
=.021, 95% Cl [2, 20]), quality of life (mean difference
=13 points, p=.014, 95% Cl [3, 24]), and emotional
(mean difference = 14 points, p =.027, 95% Cl [2, 25]),
than the control group at as early as T1 (i.e., 1 month
since baseline). Furthermore, the significant differ-
ences in the TFI overall (mean difference = 14 points,
p =.005, 95% Cl [4, 23]) and all subscale (except sleep
and auditory) scores (mean difference = 12-16 points,
p <.05) between the two groups were maintained
at T4.

According to the criterion suggested by Meikle et al.
(2012), a significantly greater proportion of partici-
pants from the intervention group (n=11/34; 32%)
reported a clinically meaningful reduction in the TFI
overall score (>13 points) than those from the
control group (n=5/42; 12%) at T3, z=2.20, p =.030.

Similarly, significantly more participants from the inter-
vention group (n=7/34; 21%) exhibited a clinically
meaningful reduction in the TFI overall score than
those from the control group (n=2/42; 5%) at T4, z
=2.10, p=.034.

App usability

Oto’s overall usability was rated high on the MAUQ at
5.1 out of 7 (SD=1.4; n=32). Regarding the three
MAUQ subscales, ease of use was rated the highest
(5.8; SD=1.2), followed by interface and satisfaction
(5.1, SD=1.4), then usefulness (4.6; SD = 1.4). Partici-
pants were most satisfied with how easy it was to
learn to use Oto (6.1; SD =0.8), the app being easy to
use (5.9; SD=1.2), and consistent navigation when
moving between screens (5.8; SD=1.2). In contrary,
they perceived the app as less beneficial in terms of
improving access to healthcare services (4.0; SD =
1.4), functioning without interruption when the Inter-
net connection was poor or unavailable (4.3; SD=
1.3), and helping them manage their health effectively
(4.4, SD=1.3).

App usage

Among those in the intervention group who reached
the primary endpoint at 6 months (n=34), they lis-
tened to an average of 41 therapy sessions (SD=37;
range: 1-164) and spent an average of 268 min listen-
ing to therapy sessions (SD = 264; range: 16.3-1160.3).

Harms or unintended effects

There was no harm or unintended effect reported
during the 9-month study period.

Discussion

This RCT evaluated the effectiveness and usability of
the Oto smartphone app in reducing tinnitus severity
and distress. Compared to the control group, which
received no tinnitus intervention, the intervention
group reported significantly lower tinnitus severity
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with an asterisk indicates statistically significant difference in the scores within intervention group between the indicated time-

points. Error bar represents 95% Cl.

and distress after six months of Oto usage, as
measured by the TFI.

A clinically meaningful reduction in the TFI score
(=13 points; Meikle et al. (2012)) was observed in
32% and 21% of the intervention group participants
at 6 and 9 months, respectively. Previous studies on
the use of smartphone apps for tinnitus management
also demonstrated similar findings. For example, an
uncontrolled trial on the use of a sound therapy
based tinnitus smartphone app reported a clinically
significant improvement in the TFl score in 58% of par-
ticipants at the 6 months follow-up (Kutyba et al.,
2022a). In another study which compared the effec-
tiveness of an app-based digital polytherapeutic to a
sound therapy app as an active control, a significantly
higher proportion of the digital polytherapeutic group
(65%) had a clinically meaningful decrease in the total
TFI score than the control group (43%) at the 3 months
follow-up (Searchfield & Sanders, 2022).

From baseline to the primary endpoint (6 months),
the mean TFl overall and some subscale (intrusive,
sense of control, sleep, and relaxation) scores of the
intervention group exhibited a statistically significant
decrease, ranging from 9 to 16 points. Notably, the
largest decrease of 16 points was observed in the
sense of control subscale and a significant decrease
in the same subscale was maintained at 9 months.
This is not unexpected since Oto was developed

upon the basis of CBT, which aims to moderate mala-
daptive behaviour by substituting negative thoughts
and beliefs about tinnitus with positive and construc-
tive cognitions, resulting in an alleviation of tinnitus-
related distress (Jun & Park, 2013). As users follow
through the therapy sessions in Oto, they can learn
the techniques for handling and modifying their nega-
tive reactions to tinnitus and hence, gain control over
the perception of the condition and find it more man-
ageable. In fact, previous research postulated that cog-
nitive adaptation to chronic health conditions could be
influenced by three types of perceived control -
general control over health and symptom control
were found to have association with positive psycho-
logical adjustment, whilst retrospective control had a
connection with negative psychological adjustment
(Sirois et al., 2006). Moreover, the severity of tinnitus
symptoms was identified as a strong moderator of
the relationship between symptom control and tinni-
tus distress, that is, maintaining a sense of control in
individuals with more severe tinnitus could lead to
better psychological adjustment than their milder-tin-
nitus counterparts (Sirois et al., 2006). It may therefore
be pivotal for individuals with tinnitus, regardless of
their tinnitus severity, to develop and maintain a
sense of control over the condition to foster a sense
of empowerment, mitigate tinnitus-related distress,
and accomplish better wellbeing. That said, it could
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not be ascertained by the current study that whether
changes in some or all types of perceived control
were captured by the TFI given the limitation in its
scope. To fully unravel the potential underlying
influence of Oto on perceived control, employment
of more specialized outcome measures (e.g., Sense of
Control Scale (Lachman & Weaver, 1998)) will be
necessary.

An interaction effect between the within-subjects
factor (time) and between-subjects factor (treatment
group) was revealed at T3 and T4, implying that the
changes in TFl scores were dependent on both
factors. As the findings suggest, a significant difference
in TFI scores was recorded in the intervention group
between T0 and T3, and the TFI scores of the interven-
tion group were significantly lower than those of the
control group at T3 and T4 as well. Long-term effects
of smartphone apps on relieving tinnitus symptoms
and distress have rarely been investigated. According
to a review of tinnitus smartphone apps validation
studies (Mehdi et al., 2020a), the timeframe of such
studies hardly exceeded three months (Engelke et al.,
2023; Fitzpatrick et al., 2017; Goshtasbi et al., 2025;
Henry et al, 2017; Inkster et al., 2018; Kim et al,
2017; Tang et al.,, 2022). Some recent trials attempted
to assess the effectiveness of tinnitus smartphone
apps for up to six months (Kutyba et al.,, 2022a; Seol
et al,, 2023), and one study described a nine-month
intervention period, yet results from the first three
months were reported as primary outcome (Walter
et al,, 2023). All of the aforementioned studies demon-
strated a significant decrease in tinnitus severity at the
study endpoint as a result of app usage. Indeed, the
current study is one of the few studies which evaluated
the effectiveness of tinnitus smartphone apps in a
longer timeframe, and the findings indicate that such
effectiveness was evident at 6 months and maintained
at 9 months. Although the tinnitus therapy pro-
gramme in Oto consists of sessions spanning approxi-
mately six weeks, participants were reminded that they
could revisit the materials for as many times as needed.
Beside the structured therapy programme, an
additional collection of therapy sessions was available
in the app which the participants might find useful. It is
plausible that the observed long-term effect of Oto
might be attributable to participants revisiting the
therapy sessions from which they could benefit, or
they have acquired the coping strategies introduced
by the app and better habituated to tinnitus so that
it appeared less bothersome.

This study reported a Cohen'’s d effect size of 0.62
and 0.54 for the overall TFl score at T3 and T4, respect-
ively, which correspond to a medium effect size. The
effect size of tinnitus smartphone apps trials is not fre-
quently reported (Demoen et al., 2023), rendering
comparisons within the same app or across apps
difficult. Searchfield and Sanders (2022) collated the

effect size of their tinnitus smartphone apps trial and
other tinnitus trials utilizing sound therapy device
(Hall et al., 2022), bimodal sound and tongue stimu-
lation (Conlon et al., 2020), and TRT (The Tinnitus
Retraining Therapy Trial Research Group, 2019), reveal-
ing a wide range from less than 0.1 to 1.01. These trials
employed the same tinnitus severity outcome measure
(TFI) and the effect size reported in the current study is
comparable to the partial TRT arm of the TRT trial (The
Tinnitus Retraining Therapy Trial Research Group,
2019) and the active control sound therapy app arm
of the digital polytherapeutic trial (Searchfield &
Sanders, 2022). This indicates that Oto stands as a
strong potential intervention for tinnitus among
other treatment modalities.

Interestingly, previous research has noted possibili-
ties of improvement in tinnitus distress in wait-list
control groups (Hesser et al.,, 2011). This phenomenon
can be due to an anticipation effect in which partici-
pants expect symptom relief from receiving treatment
in the near future. This was nonetheless not observed
in this study as the TFI score of control group did not
vary significantly throughout the study period.

The attrition and dropout rates of app-based inter-
ventions for chronic disease are known to be typically
high, with a pooled dropout rate of 43% from various
observational studies and RCTs (Meyerowitz-Katz et al.,
2020). Great variation of dropout rates exists across
studies and tinnitus smartphone apps trials are no
exception, for example, from 14% to 53% (Engelke
et al., 2023; Kutyba et al., 2022b). The overall dropout
rate of this study was 21% (32% for intervention
group and 9% for control group), which is in congru-
ence with the literature. There are numerous possible
reasons behind dropouts. For instance, lower level of
health literacy, older age, and lower education level
were found to be associated with higher dropout
rates (Meyerowitz-Katz et al., 2020). Participants may
also discontinue using the app if they find it ineffective
in alleviating their symptoms. Nevertheless, it is note-
worthy that dropouts may not be necessarily equival-
ent to user dissatisfaction, as some participants may
simply stop using the app after experiencing improve-
ment and thus no longer need it (Kalle et al., 2018). It is
also worth mentioning that the dropout rate of the
control group was much lower than that of the inter-
vention group, likely due to the provision of a free
Oto subscription to the control group upon study com-
pletion as an incentive for adherence. Implementing
incentives to improve retention and reduce dropouts
have been exemplified by other studies (Engelke
et al., 2023).

Apart from measuring app effectiveness, evaluation
of usability can serve as an additional indicator of the
app’s performance and user experience. The overall
usability of Oto was rated high on the MAUQ (5.1 out
of 7), which is higher than other apps such as the



app-based digital polytherapeutic (4.77) and active
control sound therapy app (4.47) reported in the past
(Searchfield & Sanders, 2022). Participants rated the
ease of learning how to use Oto highest among all
MAUQ items, reflecting its simple and intuitive
design for seamless navigation. Moreover, participants
were familiarized with the features of Oto with the pro-
vision of verbal and written instructions, and they were
encouraged to contact the research team if further
assistance was required. Although such detailed
instructions may not be readily available in the real-
world setting, a brief description of Oto’s features is
shown in the app the first time it is installed. These
details may facilitate user familiarization and satisfac-
tion. On the contrary, participants hoped that the func-
tioning of Oto could stay uninterrupted regardless of
Internet connection. Indeed, the therapy sessions and
sounds are inaccessible without Internet connection.
This limitation can present as a drawback since one
of the main purposes of developing app-based tinnitus
interventions is to deliver tinnitus care to remote
locations where in-person care is less accessible. Com-
pared to their urban counterparts, these remote
locations may have less stable Internet access and
the exclusivity of online app contents can ostracize
these underserved populations. To rectify this short-
coming, improvement in app functionality or provision
of offline contents may be warranted.

In Australia, it is recommended by Audiology Aus-
tralia, the leading body of the audiology profession,
that clinicians should consider the employment of
counselling as part of tinnitus management
(Audiology Australia, 2022). This process may involve
cognitive-behavioural techniques such as the identifi-
cation of negative thoughts associated with tinnitus
and introduction of distraction strategies. Smartphone
apps have also been suggested as a means of sound
enrichment if they are deemed suitable. CBT-based
smartphone apps have not been included in this pro-
fessional practice guide to complement in-person
counselling, yet with a growing body of evidence on
the effectiveness of such apps, it is not impossible
that they may be considered useful and scalable
tools for tinnitus management, applicable to larger-
scale implementation in future practice.

Limitations

There are some limitations in this study which should
be noted. First, this RCT was not blinded due to the
nature of intervention i.e., participants were aware of
either using Oto or being placed in the waiting list as
control. Because of resource limitations, the same
researcher was responsible for informing participants
of their group allocation and collecting data, which
might have introduced researcher bias. There could
be potential selection bias as individuals who were
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interested in using digital means (e.g., smartphone
apps) to manage tinnitus might be more likely to
enrol in this study. They might also possess higher
levels of knowledge, experience, and/or confidence
using technology than those who opted not to partici-
pate in this study. Participants’ technological compe-
tence was not assessed and it is unclear whether Oto
would demonstrate similar effects on individuals with
a wide range of technological competence.

Generalization of findings from this study to popu-
lations with different demographic compositions and
tinnitus characteristics should be performed with
caution. This study recruited individuals with chronic,
bilateral, non-pulsatile tinnitus with lower moderate
or above tinnitus severity on the TFI. Effectiveness of
Oto in individuals with other subtypes of tinnitus
(e.g., acute, unilateral, pulsatile) could not be demon-
strated by this study and warrants further investi-
gation. In addition, the small sample size in this
study might lower the significance of representation
of findings on a higher populational level. Besides, it
was not possible to effectively include a placebo
group and thus, a waiting list control group was
employed. Other kinds of more active controls, such
as provision of written self-guided CBT materials,
may be considered in future trials.

Furthermore, an initial design of inclusion of focus
groups was in place to collect qualitative data on
user experience. This was aborted because of chal-
lenges in participant recruitment i.e., too few partici-
pants responded to the invitation. Future evaluation
of app performance and user experience and satisfac-
tion should consider incorporation of qualitative data
collection methods e.g., focus groups and interviews.
Given the self-paced nature of Oto, although the par-
ticipants were reminded to follow the tinnitus
therapy programme as much as they could, the
research team had no control over the extent of their
app usage. This might render the findings from the
intervention group less comparable to those from
the control group. Instructing the participants to
more closely follow the programme structure and
regular check-ins (e.g., weekly) by the research team
to ensure consistent progress may mitigate this limit-
ation in future trials.

Future directions

While this study focussed on the primary outcome of
tinnitus severity and distress reduction through Oto
usage, future research should consider: (i) incorporat-
ing outcome measures for tinnitus-associated comor-
bidities (e.g., stress, anxiety, and depression) to
provide a more holistic evaluation of the app’s
efficacy; (ii) investigating potential predictors of treat-
ment success, such as age and digital literacy, using
a larger sample size to enhance statistical power and
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generalisability; and (iii) developing more accurate
measures of active user engagement. While backend
data provides usage information, self-reported
methods (e.g., diaries and user logs) may better eluci-
date the relationship between app usage patterns
and treatment outcomes.

These considerations in future trials would contrib-
ute to a more nuanced understanding of digital inter-
ventions in tinnitus management and potentially
inform personalized treatment approaches.
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