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Abstract

Objectives: Customised acoustic therapy aims to moderate the neural pathways

implicated in the pathophysiology of tinnitus. This study aimed to assess the efficacy

of customised acoustic therapy administered via a web-based treatment platform.

Design: Clinical trial with prospective recruitment. Fifty-eight participants underwent

6 weeks of customised acoustic therapy.

Setting: Treatment was delivered for 2 h each day using a smartphone, tablet or com-

puter. Treatment was integrated into usual daily activities.

Participants: Participants with subjective tinnitus were recruited through public and

private otolaryngology clinics and electronic and print media.

Main Outcomes Measured: FiveQ, a novel 5 question tinnitus questionnaire, was

measured at baseline and each week of treatment. Statistical analyses, including

Wilcoxon, Mann–Whitney and mixed linear regression, were used to assess treat-

ment efficacy and identify factors associated with treatment response.

Results: 39/58 participants (67.2%) had an improvement in symptom severity scores,

4 had no change (6.9%) and 15 had a decline from baseline (25.9%). Mean FiveQ

scores improved by 22.9% from 40.8 (SD = 21.4) at baseline to 31.5 (SD = 21.3) fol-

lowing 6 weeks of treatment (p < 0.001). With the exception of the slight tinnitus

group, all other groups (from mild to catastrophic) demonstrated a treatment

response. Participants with low frequency tinnitus (<2000 Hz) had a significantly

greater treatment response (p < 0.001).

Conclusion: Customised acoustic therapy administered via a web-based platform

demonstrated encouraging efficacy. At least mild symptoms at baseline and low fre-

quency tinnitus were associated with a greater treatment response. Customised

acoustic therapy offers accessible and efficacious tinnitus treatment, however longer

term clinical studies are required to confirm the observed initial benefit is maintained.
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1 | INTRODUCTION

1.1 | Background and rationale

Tinnitus is the subjective sensation of sound in the absence of an

external stimuli. Tinnitus is a symptom rather than a disease, associ-

ated with multiple causes and co-factors. The American Academy of

Otolaryngology-Head and Neck Surgery Foundation (AAO-HNSF)

define primary tinnitus as ‘idiopathic and may or may not be associ-

ated with sensorineural hearing loss’.1 Secondary tinnitus is tinnitus

that is associated with a specific underlying cause (other than senso-

rineural hearing loss) or an identifiable organic condition. Tinnitus is

prevalent and distressing, affecting 10%–15% of the population in

industrial nations.2 Up to 20% of chronic tinnitus patients report

severe impairment in quality of life and will seek clinical interven-

tion.3,4 Tinnitus also has a significant economic cost. Tinnitus was

the most common successful payout for compensation in the US

military in 2020, with 149 368 successful new claims.5 Systematic

reviews of tinnitus therapies conclude that no high level evidence is

available to support current treatment modalities.6 The AAO-HNSF

tinnitus development group suggests that clinicians have the option

of recommending sound therapy to patients with persistent, bother-

some tinnitus.1

Current theories on tinnitus pathophysiology implicate acoustic

insult with subsequent neural deprivation. The hallmark is a net loss in

acoustic neural inhibition.7 This results in an imbalance between excit-

atory and inhibitory messaging, resulting in increased gain in central

acoustic pathways.8 In turn, this promotes synchronisation of affected

pathways with spontaneous excitation and stimulation of the auditory

cortex.2,9,10 This manifests as subjective auditory sensation in the

absence of external stimuli.

Customised acoustic therapy is an emerging treatment for

tinnitus. The theoretical mode of action is to directly target

the implicated neural pathways. Patients self-select their individual

tinnitus frequency and a precisely matched narrow band sound

is generated. Through repetitiously listening to this generated

treatment sound, culprit neural pathways are stimulated and

theoretically desynchronise. This induces downregulation of

hyperactive pathways and reduces the tinnitus sensation.6,9,11 The

theory of targeted neural excitation in treating tinnitus is supportive

of neural inhibition as an acoustic mechanism in its origin.

1.2 | Objectives

Safety and efficacy studies have demonstrated encouraging

preliminary results for customised acoustic therapy in reducing

symptom severity scores.11 This study aims to assess the efficacy

of a customised acoustic therapy using a web-based treatment

platform integrated into usual daily activities. The secondary objective

is to identify factors that may predict treatment response.

2 | MATERIALS AND METHODS

2.1 | Ethical approval

Ethics approval was obtained from the Central Adelaide Local Health

Network Ethics Committee ID 12796. STROBE guidelines were uti-

lised in conducting this research.

2.2 | Participants

A power calculation based on preliminary data was performed using

a paired t-test for an effect of 10 in FiveQ scores indicating a

required sample size of n = 40. Members of the public with subjec-

tive tinnitus were invited to participate. Participants were recruited

through electronic and print media, tinnitus support networks, oto-

laryngology clinics and audiology clinics. Participation was voluntary

and informed signed consent was obtained. Participation was incen-

tivised through gratuitous long-term subscription to customised

acoustic therapy platform. One hundred and eighteen participants

completed consent, registration and baseline questionnaires. Fifty-

seven were excluded for failure to complete the entire treatment

course and three were excluded for miscellaneous reasons (pulsatile

tinnitus, technical difficulties). The remaining cohort of 58 fulfilled

all criteria (Figure 1).

Key points

• Tinnitus is a highly prevalent and distressing experience.

Despite its prevalence, high-level evidence is lacking for

existing treatment options. Customised acoustic therapy

is an emerging and promising tinnitus treatment that uses

targeted sound-based therapy to target central tinnitus

pathways.

• Customised acoustic therapy can administered while

undertaking normal daily activities. It is administered

using every day technology via the internet or a smart-

phone, making it a highly accessible and readily available

to tinnitus sufferers.

• 67.2% of the trial cohort demonstrated an improvement

in symptom severity scores following 6 weeks of treat-

ment. Statistically significant improvements were identi-

fied as early as 1 week into treatment.

• Mean improvement in symptom severity scores was

22.9% based on tinnitus severity questionnaire scores.

• Treatment response was significantly greater in those

with low frequency tinnitus (<2000 Hz) and those with at

least mild symptoms at baseline.

CONNELL ET AL. 227
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2.3 | Setting

Treatment was administered through a web-based tinnitus treatment

platform TinnitusTreatment.com.au (Valetudo Pty Ltd) via headphones

using participants' own smartphone, computer or tablet.

2.4 | Design

This was a clinical trial with prospective recruitment. The treatment

platform was TinnitusTreatment.com.au (Valetudo Pty Ltd). This was

accessed via the internet or smartphone application. Patients self-

selected their specific tinnitus frequency and the platform generated

a sound that matched the individual's selected frequency. Selection

error was accommodated by incorporating adjacent frequencies,

resulting in a narrow band of targeted sound. Frequencies within the

same octave of the selected sound were incorporated to produce a

harmonic sound that was pleasant and tolerable. Participants adjusted

the volume so that it was just audible and no louder than their existing

tinnitus to eliminate a distraction or masking effect. Participants lis-

tened to their treatment sound while undertaking normal daily activi-

ties for a recommended 2 h daily for 6 weeks. A range of 15–240 min

daily was acceptable.

2.5 | Data collection and main outcome measure

Demographic data was collected through SurveyMonkey (SurveyMon-

key, San Mateo, USA). Symptom specific data included symptom dura-

tion, unilateral/bilateral, single tone/multitone, hearing loss, hearing

aid use and industrial noise exposure. The primary outcome measure-

ment was FiveQ tinnitus symptom severity scores. The FiveQ is a

novel five question construct graded out of 100 that quantifies the

impact of tinnitus on sleep, concentration, relaxation, hearing and

activities of daily living. Internal validity and correlation of the FiveQ

questionnaire was previously established against validated tinnitus

questionnaires.12 FiveQ questionnaires were completed at baseline

and every week for 6 weeks.

2.6 | Statistical analysis

Statistical analysis was performed using statistical software, ‘R’
(R Foundation for Statistical Computing, Vienna, Austria) with the Jupy-

ter notebook interface. Wilcoxon signed-rank tests and Mann–

Whitney U-tests were used to compare mean FiveQ at baseline with

weekly scores. Mann–Whitney U-tests were used to compare tinnitus

frequency subgroups (<2000 Hz and >2000 Hz). Linear mixed models

were used to assess symptom specific data. A Tukey method p value

adjustment for multiple variables and a Kenward-Roger degrees of

freedom estimation were applied to each equation. A 95% confidence

level was used for significance.

3 | RESULTS

3.1 | Cohort

Fifty-eight participants completed treatment and questionnaires.

Male:female ratio was 43:15. The majority of the cohort were aged

55–74. Forty-nine patients reported bilateral tinnitus and 9 had

TABLE 1 Cohort demographics—58 participants

Age (years)

25–34 2 (3.4%)

45–54 10 (17.2%)

55–64 25 (43.1%)

65–74 19 (32.6%)

>75 2 (3.4%)

Gender

Male/female 43 (74.1%)/15 (25.9%)

Hearing

Hearing loss: Yes/no 19 (32.6%)/39 (67.2%)

Industrial noise exposure: Yes/no 22 (37.9%)/36 (62.1%)

Hearing aids: Yes/no 14 (24.1%)/44 (75.9%)

Tinnitus

Unilateral/bilateral 9 (15.5%)/49 (84.5%)

Single tone/multitone 32 (55.2%)/26 (44.8%)

Duration of tinnitus

0–4 years 10 (17.2%)

5–9 years 8 (13.8%)

10–14 years 12 (20.7%)

15–19 years 7 (12.1%)

20+ years 21 (36.2%)

F IGURE 1 Flow chart of participants at each stage of study

demonstration excluded and included participants. Final cohort was
58 participants.

228 CONNELL ET AL.
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F IGURE 2 Graph and table demonstrating the change in FiveQ scores from baseline to week 6. In the graphic, scores that improved
(reduced) from baseline to 6 weeks are green, scores that stayed the same are yellow and scores the worsened (increased) are in red. The table
demonstrates the number and percentage of scores that improved were unchanged and worsened. The mean baseline score for the cohort was
40.8 (SD = 21.4) and the mean 6 week score was 31.5 (SD = 21.3). This demonstrated an overall improvement in FiveQ scores of �9.3
(SD = 15.5) reflecting a statistically significant difference (p < 0.001).
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unilateral symptoms. 26/58 described multitone tinnitus and 32/58

had single tone. 39/58 (67.2%) reported hearing loss, 22/58 (37.9%)

had industrial hearing loss and 14/58 (24.1%) used hearing aids

(Table 1).

3.2 | Treatment response

The baseline FiveQ mean of 40.8 (SD = 21.4) reduced to 31.5

(SD = 21.3) following 6 weeks of treatment (Figure 2). The mean dif-

ference of �9.3 (SD = 15.5) was statistically significant (p < 0.001). A

downward trend in severity scores was observed from as early as

week 1 and continued until treatment endpoint (Figure 3). Each week

represented a statistically significant improvement from baseline, with

a mean of 36.0 at 1 week (SD = 21.7, p = 0.006), 33.7 at 2 weeks

(SD = 20.3, p ≤ 0.001), 34.3 at 3 weeks (SD = 21.5, p < 0.001),

33.6 at 4 weeks (SD = 21.4, p < 0.001), 33.6 at 5 weeks (SD = 22.0,

p < 0.001) and 31.5 at 6 weeks (SD = 21.3, p < 0.001). At treatment

endpoint, 39 patients (67.2%) demonstrated an overall improvement

in FiveQ, 4 had no change (6.9%) and 15 declined (25.9%).

3.3 | Baseline severity

FiveQ scores are graded from 10 to 100 (Table 2) and are categorised

as slight (10–19), mild (20–39), moderate (40–59), severe (60–79) and

catastrophic (80–100). Participants with ‘slight’ symptoms at baseline

(n = 12) were the only subgroup that did not demonstrate an

improvement from baseline to endpoint (mean change +0.8,

SD = 6.1). All other subgroups demonstrated a significant improve-

ment in FiveQ scores including mild (n = 17, mean change �8.0,

SD = 9.6), moderate (n = 18, mean change �14.7, SD = 19.1), severe

(n = 9, mean change �10.4, SD = 19.0) and catastrophic subgroups

(n = 2, mean change 29, SD = 12.72). Participants with mild,

F IGURE 3 Box and whisker plot
demonstrating the FiveQ scores at
each week from baseline to week
6. The mean (X), median (middle
horizontal line), quartiles (box and
whiskers), and outliers (dots) are
represented. Each week
demonstrates a statistically
significant improvement from the

baseline mean (40.8, SD = 21.4), to
36.0 at 1 week (SD = 21.7,
p = 0.006), 33.7 at week
2 (SD = 20.3, p ≤ 0.0001), 34.3 at
week 3 (SD = 21.5, p < 0.001),
33.6 at week 4 (SD = 21.4,
p < 0.001), 33.6 at week
5 (SD = 22.0, p < 0.001) and 31.5 at
week 6 (SD = 21.3, p < 0.001).

TABLE 2 FiveQ measurement: Participants self-assess their
subjective tinnitus experience in the five domains listed. Total scores
are calculated and multiplied by 2 for a total score out of 100.
Severity categories for total scores: Slight (10–19), mild (20–39),
moderate (40–59), severe (60–79), catastrophic (80–100)

Over the past week, tinnitus has Score

Prevented me from sleeping

1 2 3 4 5 6 7 8 9 10

(no impact) (intense impact)

Affected my ability to concentrate

1 2 3 4 5 6 7 8 9 10

(no impact) (intense impact)

Affected my ability to relax

1 2 3 4 5 6 7 8 9 10

(no impact) (intense impact)

Affected my ability to perform day to day activities

1 2 3 4 5 6 7 8 9 10

(no impact) (intense impact)

Impacted on my ability to hear

1 2 3 4 5 6 7 8 9 10

(no impact) (intense impact)

Total ___ � 2 =

230 CONNELL ET AL.
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moderate, severe and catastrophic FiveQ scores at baseline improved

by mean �12.6 (SD = 16.1) (Figures 2 and 4).

3.4 | Tinnitus frequency

Self-selected tinnitus frequencies ranged from 440 to 13 455 Hz

(mean 4840 Hz, median 4207 Hz). Participants with low frequency

tinnitus (<2000 Hz; n = 17) had a mean improvement of �15.8

(SD = 17.7). This was significantly higher (p < 0.001) than the �6.2

(SD = 13.9) improvement observed in the high frequency subgroup

(>2000 Hz: n = 39).

3.5 | Listening times

Mean daily treatment was 3.06 h (SD = 1.9) representing treatment

compliance. This was comparable between treatment responders

(n = 39, mean 3.02 h, SD = 2.0) and nonresponders (n = 15,

2.74 h, SD = 1.3).

3.6 | Tinnitus, hearing and demographics

There was a trend towards greater treatment response in the female

cohort with 13/15 female participants improving, however after

accounting for the higher mean baseline scores in the female cohort

this trend did not reach statistical significance on linear mixed models.

There was a trend towards greater treatment response for symptoms

duration <10 years with 83% responding compared to a 60% treat-

ment response rate in the >10 year symptom subgroup, however this

did not reach significance on mixed modelling. Age, gender, employ-

ment status, hearing loss, hearing aids, industrial noise exposure, mul-

titone/single tone and bilateral/unilateral tinnitus were not identified

as predictors of treatment response.

3.7 | Analysis of excluded participants

Fifty-seven participants were excluded due to failing to complete the

6-week treatment course. Nine registered but did not commence

treatment and 10 completed less than 1 week of treatment. A sub-

group analysis could not be performed on these 19 participants. The

remaining 38 excluded participants were analysed for treatment

response during their shortened treatment course. 12/38 completed

5 weeks of treatment, 5/38 completed 4 weeks, 6/38 completed

3 weeks, 6/38 completed 2 weeks and 9/38 completed 1 week

(Supplementary S1). 27/38 (71.1%) had an improvement in FiveQ

scores from baseline to their treatment endpoint, 5 had no change

(13.2%) and 6 declined (15.8%). These results closely resemble the

trial cohort where 67.2% improved, 6.9% were unchanged and 25.9%

declined. The FiveQ mean difference from baseline (44.5) to final

treatment score (33.4) was �11.2, representing a statistically signifi-

cant improvement (p = 0.02). This was comparable to the results in

F IGURE 4 Mean change in FiveQ scores from baseline score to 6 week treatment score, organised based on baseline severity category—
Slight (10–19), mild (20–39), moderate (40–59), severe (60–79) and catastrophic (80–100). Significant improvements observed in mild, moderate,
severe, catastrophic and ALL. No improvement in slight subgroup.
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the trial cohort (baseline 40.8, final score 31.5, mean difference �9.3).

Overall, the excluded cohort demonstrated comparable outcomes to

the included cohort despite the shortened treatment.

4 | DISCUSSION

4.1 | Treatment efficacy

The key outcome of this research was a statistically significant improve-

ment in FiveQ symptom scores from baseline to endpoint with a mean

improvement of �9.3(22.9%, p < 0.001). Treatment response was sig-

nificant as early as 1 week into the treatment. An optimal duration of

therapy could not be determined because symptom scores continued

to trend downward throughout treatment. Further longitudinal studies

may elucidate whether improvements continue or plateau with longer

treatment. Previous studies have used 4–6 h of daily treatment for

12–16 weeks.2,13 We recommended shorter daily listening (2 h) and a

shorter treatment duration (6 weeks), so it is encouraging that a

treatment response is identified despite the shorter treatment. Shorter

therapy may better promote compliance and engagement.

4.2 | Baseline severity

Previous similar studies have identified a treatment response rate of

60%–75% which is comparable to the results presented.2,13

Slight baseline symptoms were less likely to respond to therapy

(Figure 4). All other severity subgroups improved by an average of

�12.77 (25%.) Notably, previous trials have excluded participants with

mild symptoms.2 If we were to adopt a similar analysis by excluding

the slight subgroup, the treatment response rate would increase from

67.2% to 73.4% (Figure 2).

4.3 | Frequency

Tinnitus is typically associated with high frequency neural pathways,

primarily in the vicinity of 5000–10 000 Hz.14 Our cohort had an even

distribution of self-selected tinnitus frequencies. 33% of the cohort

(n = 17) had low frequency tinnitus (<2000 Hz) while 50% had tinni-

tus >5000 Hz. There was a greater treatment response in the low fre-

quency subgroup compared to the higher frequency subgroup

(>2000 Hz, n = 39). This finding may reflect the decreased pitch sensi-

tivity that occurs at higher frequencies.15 As a result, the generated

treatment sound may not match the patient's tinnitus frequency

accurately.

4.4 | Nonresponders

Fifteen participants had worse symptom severity scores following

treatment. The mean difference from baseline to endpoint in the

nonresponders was +8.4 (SD = 7.5). 5/15 had slight symptoms at

baseline and 4/15 had mild symptoms at baseline. All participants

were provided with long-term access to continue treatment beyond

the 6-week endpoint. Notably, 10/15 nonresponders continued treat-

ment beyond the endpoint for up to 5 additional weeks. 7/10 subse-

quently improved from their 6-week score with a mean improvement

of �7.0 (SD = 8.4). Five participants improved to the extent their final

recorded score (beyond the defined trial endpoint) was an improve-

ment relative to their baseline, effectively recategorizing them as

responders. The mean difference improved from +8.4 (SD = 7.5) to

+3.8 (SD = 8.2) if treatment scores beyond the 6-week endpoint

were included (Supplementary S2). While this is beyond the defined

parameters of the study, it provides assurance regarding treatment

safety.

4.5 | Advantages of a web-based treatment
platform

One of the significant benefits of customised acoustic therapy using a

web-based treatment platform is the convenience of access utilising

everyday technology. Treatment accessibility for anyone with a lap-

top, PC or tablet avoids the burden of expensive or cumbersome tech-

nology. Another key advantage is that it is designed to be user

friendly. Patients can self-select frequencies and commence treatment

at the onset of tinnitus. This does not replace the need to have tinni-

tus adequately investigated by a clinician, but it does provide immedi-

ate access to treatment. Patient compliance and engagement is

important, and the previously described 4–6 h daily for 12–16 weeks

may ominously disillusion patients from commencing treatment.

Importantly, this study demonstrated a comparable treatment efficacy

to previous research, despite being a shorter daily recommended

usage and a shorter treatment course. We observed excellent compli-

ance in our cohort with a mean daily usage of 3.06 h. This may reflect

a research compliance effect that does not translate to everyday con-

sumers. However, it may also reflect some of the features the web-

based treatment platform incorporates to promote compliance: the

treatment sound is intentionally lower in volume than the patient's

tinnitus (to avoid distraction and masking); the generated sound is

octave balanced to provide a pleasant and tolerable sound; and treat-

ment should be integrated into everyday activities (leisure, work,

domestic duties). Further directions that may further enhance compli-

ance and engagement for a longer duration is using the treatment

while asleep, but the efficacy of this has not yet been established.

4.6 | Study limitations

FiveQ has previously been validated against the Tinnitus Handicap

Inventory (THI) and Tinnitus Handicap Questionnaire (THQ) and has

a comparable construct with regards to severity categories and total

scores.12,16,17 Currently, FiveQ does not have an established minimal

clinically important difference (MCID), so our reported statistical

232 CONNELL ET AL.
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significance does not definitively confer a clinically important differ-

ence. The MCID for FiveQ may be crudely estimated based on its

correlation with the THI which Zeman (2011) reported to be a

reduction of 7 points for THI.18 Our cohort had a mean reduction in

FiveQ scores of 9.3 (SD-15.5), which exceeds the 7 point MCID for

THI, however inferring clinical improvement from this estimation

must be done with caution until FiveQ MCID is established. The

study duration was relatively short at 6 weeks. Other studies have

reported ongoing beneficial outcomes with acoustic therapy for up

to 12 months, albeit with the majority of benefits apparent within

the first 2 months.19 The study dropout rate was high with only

49.2% reaching study completion. 16.1% failed to complete the 1st

week of the study, no doubt daunted by the time heavy nature of

the study (average treatment duration per day was 3.06 h). The lack

of a control group is a study limitation given the paucity of data on

natural resolution of tinnitus and its effect on FiveQ scores. How-

ever, given the pre-trial longevity of symptoms and relative short

trial duration, natural resolution was deemed unlikely to be a signifi-

cant contributor to study treatment effect. Future randomised con-

trol studies would greatly benefit the evidence for this intervention.

A selection bias existed both in patients responding to the recruit-

ment drive being open to new tinnitus treatment modalities, and

these participants having a small incentive of long-term access to

the web based treatment product. Both of these may have had an

effect on encouraging positive responses to therapy. There was the

potential for confounding concurrent treatments which had not

been accounted for in this patient cohort.

4.7 | Future directions

Further group controlled studies are needed of longer duration to

determine whether the encouraging early positive outcomes from

this novel treatment plateau and are long lasting.

5 | CONCLUSION

The findings of this study support a customised acoustic therapy

program as an efficacious tinnitus treatment modality that can

improve symptom severity. Patients with low frequency tinnitus

and mild or above symptom severity at baseline demonstrated a

greater treatment response. Delivering treatment using a web-

based platform accessible on everyday technology makes this a

practical and readily available treatment adjunct to help reduce

the morbidity and quality of life impairment associated with

tinnitus.
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