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Impact of a combination sound
therapy on tinnitus distress: an
exploratory one-year
longitudinal study

Dina Lelic*, Sueli Caporali, Daniel Parker, Jakob Nielsen and

Laura Winther Balling

WS Audiology, Lynge, Denmark

Introduction: Combination devices o�ering both amplification and sound

therapy are commonly used in tinnitus management. However, there is

insu�cient evidence supporting the relationship between sound therapy and

tinnitus outcomes. The aim of this study was to explore longitudinal e�ects of

sound therapy on tinnitus-related distress using a combination device.

Method: Twenty participants withmild tomoderate tinnitus related distress were

fitted with combination devices that included three sound-therapy programs.

The sound-therapy programs were selected by the participants from the

available sounds o�ered in the combination device. The sounds comprised

fractal music, nature sounds and combinations of the two. Participants were

asked to wear the devices for 12 months and to complete questionnaires related

to tinnitus distress at baseline and 1, 2, 4, 6, and 12 months after starting the

treatment. Additionally, at 2, 4, 6, and 12 months, the device log data capturing

information about amplification and sound-therapy use were collected.

Results: Tinnitus handicap inventory (THI), tinnitus functional index (TFI),

tinnitus awareness and annoyance decreased following the device fitting. This

improvement plateaued at 4 months. The degrees of improvement in THI, TFI

and tinnitus annoyance were correlated with daily hours of sound-therapy use

but not with daily hours of amplification-only or total device use.

Conclusions: A combination sound therapy consisting of therapy sounds,

amplification as needed, and counseling was associated with a reduction

in tinnitus-related distress. A future randomized controlled trial should be

conducted to allow for detangling the e�ect of sound therapy from e�ects

of amplification, counseling, placebo, and time itself, and to investigate the

predictors of sound-therapy benefit and use.
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Introduction

Tinnitus refers to perception of noise without any external stimuli (Baguley, 2002).

It affects ∼10–15% of adults (Gallus et al., 2015; McCormack et al., 2016; Biswas et al.,

2022), with about 20% of the affected population experiencing symptoms that negatively

affect quality of life (Jastreboff and Hazell, 1993; Davis et al., 2000; Sereda et al., 2018).

The most common problems associated with tinnitus are stress, concentration difficulties,

insomnia, and decreased speech discrimination (Axelsson and Sandh, 1985). The available

evidence indicates that various tinnitus management programs offer distinct advantages.
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Among these, Cognitive Behavioral Therapy (CBT), which aims

at reducing one’s negative response to tinnitus, is considered a

favorable approach for tinnitus treatment (Tunkel et al., 2014;

Makar et al., 2017). Sound therapy, hearing aids and combination

devices (amplification and sound therapy within one device) area

also constituent of many tinnitus management programs, and

together with information and counseling are the primary choice

for tinnitus management in audiology departments (Sereda et al.,

2018).

Several studies have shown that sound therapy is an effective

method to decrease the tinnitus-related distress, emotional reaction

to and awareness of tinnitus (Kuk et al., 2010; Sweetow and Sabes,

2010; Krick et al., 2015; Liu et al., 2021). Sound therapies were

initially based on broadband noise but now include noise shaped

according to the audiogram (Henry et al., 2015), narrowband

signals focusing on the frequency of tinnitus (Hoare et al., 2014b),

notch noise (Jin et al., 2021), nature sounds (Barozzi et al., 2016;

Sereda et al., 2017), music (Krick et al., 2015), or fractal tones

(Tyler et al., 2017). Fractal tones are semi-randomly generated

tones that sound like wind chimes. These tones utilize harmonic

but unpredictable tonal sequences. They are pleasant and relaxing

but not associated with music that the listener can remember,

thus a greater likelihood of passive (rather than active) listening

is induced. The spectrum and level of these tones compensate

for the in-situ hearing loss of the wearers (Tyler et al., 2017).

The variety of available sound types can accommodate different

user needs as the degree to which users like the tones has been

shown to relate to improvements in tinnitus distress (Jørgensen,

2022). Although the mechanisms behind sound therapy leading to

tinnitus improvement are unknown, it has been hypothesized that

sound therapy reduces tinnitus intrusiveness, promotes habituation

to tinnitus and distracts attention from tinnitus (Henry et al.,

2008; Newman and Sandridge, 2012). It has, however, also

been speculated that the effects of sound therapy on tinnitus

improvement may be facilitated by counseling and not necessarily

by the sound stimulation itself (Mackenna and Irwin, 2008).

As hearing loss is a common comorbidity of tinnitus (Baguley

et al., 2013), hearing aids are frequently used for the management

of tinnitus (Surr et al., 1999; Kochkin and Tyler, 2008; Trotter and

Donaldson, 2008; Searchfield et al., 2010). It has been discussed that

the beneficial effects on tinnitus from hearing aids may be related to

amplified volume of external sounds which may mask the tinnitus

sound or refocus attention on alternative auditory stimuli that are

unrelated to the tinnitus sound (Del Bo and Ambrosetti, 2007;

Hoare et al., 2014a). Nonetheless, there is not sufficient evidence to

support or refute the hypothesis that hearing aids are beneficial as

a standard treatment for tinnitus (Hoare et al., 2014a; Sereda et al.,

2018).

Due to association between hearing loss and tinnitus, devices

that combine the benefits of amplification and sound stimulation

have become increasingly popular. Most modern hearing aids have

integrated sound generators that can deliver customized sounds

and/or various noise signals to the individual with tinnitus. Several

clinical studies have shown both short- and long-term beneficial

effects of combination devices on treatment of tinnitus (Sweetow

and Sabes, 2010; Johansen et al., 2014; Sweetow et al., 2015a; Tyler

et al., 2017; Sanders et al., 2023). However, it has been difficult

to disentangle whether the benefits are due to sound-therapy

use, amplification, device use in general or other placebo effects.

Randomized controlled trials that included combination devices

and amplification-only devices concluded that both are effective for

tinnitus treatment (Oz et al., 2013; Henry et al., 2015, 2017). Henry

et al. (2017) further concluded that there is insufficient evidence

that one type of device offers greater relief from tinnitus than

the other.

The mixed findings are likely related to sound therapy,

amplification-only or combination devices not being effective for

everyone. Not everyone is equally responsive to a given treatment,

and some people experience tinnitus relief with these interventions

while others do not (Sweetow and Sabes, 2010; Tyler et al., 2017).

People have individual preferences for auditory stimuli selected

for providing tinnitus relief (Henry et al., 2004) and liking of

the sound stimulation may also play a role (Jørgensen, 2022).

Furthermore, positive effects on tinnitus-related distress may be

related to combination strategies (amplification, sound therapy

and counseling).

The primary aims of this study were to explore (1) the effects

of sound therapy on tinnitus-related distress when participants

choose a selection of the three sounds they want implemented in a

combination device and (2) relationship between improvement in

tinnitus outcome and sound-therapy use, amplification-only use,

and total device use time. A secondary aim was to explore what

types of sounds were the most preferred and used in real life.

Materials and methods

Ethical clearance for conducting the study was obtained from

the Research Ethics Committee of the Capital Region of Denmark

(case no. 21070949).

Participants

Twenty participants, four with normal hearing and 16 with

various degrees of hearing loss, were included in the study. Out

of the 16 participants with hearing loss, seven were experienced

hearing aid users. That is, 13 participants were first-time hearing

aid users at the start of the study. Participants signed up for the

study with tinnitus, and not hearing loss, as the primary complaint.

However, the better-ear four-frequency pure-tone average (4fPTA)

revealed that nine of the participants who were not hearing

aid users at the time had some degree of hearing loss. Four

participants had previously tried fractal-tone sound therapy—

two were experienced hearing aid users who tried it as a special

program in own hearing aids, one with hearing loss who tried it

in borrowed hearing aids, and one with normal hearing who tried

it in a previous study. For an overview of participants’ personal and

clinical characteristics, please see Table 1. Participants’ audiograms

are depicted in Figure 1.

The inclusion criteria were: ≥18 years of age, chronic tinnitus

(experienced for more than 6 months), tinnitus handicap inventory

(THI) score between 18 and 70, and willingness to commit to the

required tasks and study duration. The participants were recruited
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TABLE 1 Participant characteristics at baseline.

Participant characteristics

Age [mean± SD (range)] 56± 11 (33–80) years

Gender 13 males; seven females

Hearing aid experience 13 first-time users

Hearing statusx 16 with better-ear 4fPTA indicating

sensorineural hearing loss; four with

better-ear 4fPTA indicating normal

hearing— but two had some hearing loss at

frequencies ≥ 4 kHz and two had some

hearing loss at frequencies > 8 kHz.

Tinnitus duration [mean±

SD (range)]

20± 11 (3–36) years

Self-Reported probable cause

of tinnitus

Noise exposure/loud music (N = 8),

neck/back tension (N = 2), stress (N = 2),

trauma (N = 2), age related (N = 1),

congenital (N = 1), two surgeries (1), don’t

know (N = 3)

Tinnitus characteristics

Description Buzzing (N= 11), ringing (N = 8), whistling

(N = 5), whooshing (N = 3), hissing (N = 3),

tone (N = 2), high voltage line (N = 3),

motor (N = 2), crickets (N = 1)

Location Both ears (N = 14), right ear (N = 1), left ear

(N = 1), mixed (N = 1), in the head (N = 3)

Type Constant (N = 18), fluctuating (N = 1),

pulsating (N = 1)

Hyperacusis questionnaire

score∗ [mean± SD (range)]

17± 10 (2–40)

THI score [mean± SD

(range)]

37± 16 (14–74)∧

TFI score [mean± SD

(range)]

46± 14 (26–78)

Sound-therapy experience 16 first-time users

xHearing loss was graded as normal if 4fPTA was ≤ 19.50 in the better ear (Humes, 2019).
∗The score is based on the hyperacusis questionnaire (Khalfaa et al., 2002).
∧Two participants scored < 18 on THI at Visit 3 baseline but were included nonetheless

because their THI scores were 22 and 26 when they filled out the recruitment questionnaire

prior to Visit 1.

via (1) a database of participants by conducting a search for the ones

who matched the inclusion criteria and (2) an announcement on

the company intranet. The announcement stated that participants

with bothersome tinnitus (buzzing or ringing in the ears) were

needed for a tinnitus study that investigated the potential benefits of

sound therapy over 12 months. The announcement further stated

that participants would be required to come to the laboratory three

times in the beginning of the study and four times over the course

of the year following device fitting.

All the candidates for the study were emailed aMicrosoft Forms

link to the THI questionnaire, which they were asked to complete

up to 2 days prior to Visit 1. If they did not submit it before arrival,

they were given the opportunity to complete the questionnaire

at the laboratory. If participants filled out questionnaires in the

laboratory, they were given the space to do so without interference

from the audiologist—this is the case for all the subsequent visits

as well.

The participants were informed about the study orally and in

writing. Before the trial commenced, the participants gave their

written informed consent.

Study design

The study consisted of seven visits to the laboratory (Widex

HQ, Lynge, Denmark). The 1-year field trial commenced at Visit

3. The study flow is depicted in Figure 2 and each part of the study

is described in detail below.

Visit 1
At the first visit, participants underwent anamnesis followed

by audiometry which included both air conduction (between 250

and 16,000Hz) and bone conduction (between 500 and 4,000 kHz).

Participants were then fitted bilaterally with MOMENT 440 RIC

312 hearing aids. The hearing aids were fitted to the participant’s

hearing loss using Compass GPS (version 4.4) according to

the fitting recommendations (Schmidt, 2018). Hearing aid

finetuning, if needed, was done based on the audiologist’s clinical

experience. Verification of fitting outcomes was not performed. The

participants who had normal hearing at frequencies < 8 kHz were

fitted with a flat 15 dB hearing loss. Receivers and ear tips were

selected according to the recommendations in the fitting software.

The participants did not start wearing the hearing aids until after

Visit 3 (see below).

Visit 2
Visit 2 occurred ∼1 month after the first visit. At the second

visit, the sound-therapy programs were added to the fitted hearing

aids, and the participants were asked to listen to all available

sounds consisting of six fractal tones, two nature sounds, and six

soundscapes (combination of fractal tones and nature sounds),

for ∼1–3min each. The microphone by default was on for sound

therapy programs, hence amplification within the program was

based on the hearing loss. The 14 sounds were presented in a

random order. Using visual analog scales (VAS), participants were

asked to rate how much they liked listening to the sound (1 = not

at all, 10= very much) and how relaxing the sound was to listen to

(1 = not relaxing at all, 10 = very relaxing). All participants rated

at least three sounds as ≥5 on both liking and relaxation.

Once all the sounds had been evaluated, participants were asked

to choose their three favorite sounds and describe the reasons

behind their choice. Then, they listened to each of these sounds

for 10min and afterwards rated on a scale from 1 (not at all) to

10 (very much) how relaxed they felt while listening to the sounds,

if the sounds made them feel good, and how aware and annoyed

they were by their tinnitus while listening to the sounds. The three

final programs consisting of the participants’ three favorite sounds

were included in the fitted hearing aids that were delivered at Visit

3. The microphone in the three programs was turned off for the

two participants who had normal hearing at frequencies < 8 kHz.

The volume of the sound-therapy programs was based on the

audiogram. If needed, the volume of the tones was adjusted such
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FIGURE 1

Participant audiograms. The bold lines represent average audiograms across all participants. All participants had some degree of hearing loss in high

frequencies (>8 kHz). Two participants could not detect any sound at 12 kHz and fifteen participants could not detect any sound at 16 kHz. This

figure shows the highest presented levels for these participants (95 dB HL at 12 kHz and 65 dB HL at 16 kHz)—depicted by the black x.

FIGURE 2

The study flow. THI, tinnitus handicap inventory; TFI, tinnitus functional index; VAS, visual analog scale.

that the sound could be the most optimal for the user. The universal

(amplification-only) program was always the default one.

Visit 3
Two days prior to the laboratory visit, all participants

were e-mailed a pdf attachment with THI, tinnitus functional

index (TFI) questionnaire, hyperacusis questionnaire and baseline

VAS questionnaire assessing relaxation, concentration, mood and

tinnitus over the past week. The THI and TFI questionnaires

were selected due to their widespread use in evaluating tinnitus

outcomes. Additionally, the VAS questions were administered to

assess aspects that were not covered by the two aforementioned

questionnaires. As there was a 3-month time span between Visit

1 and Visit 3, THI was administered again here as the baseline for

the longitudinal trial. The VAS questions and scales are presented

in the Supplementary Table 1. The participants submitted the

completed questionnaires either via e-mail or when they arrived

at the laboratory. They were given an opportunity to fill out the

questionnaires at this visit if they did not submit them before

coming to the laboratory.

Visit 3 was a group session, participants attended in groups

of 6–7 persons. During this visit, participants received group

educational counseling regarding the etiologies of tinnitus, relation

between tinnitus and stress, the purpose of sound stimulation and

how to use the sound therapy and amplification. The counseling

session lasted 1.5 h. Participants were then handed the hearing aids

fitted at Visit 1 and 2 and were asked to listen to any of the sound-

therapy programs for 2–4 h per day but at least 2 h per day. If

participants had a hearing loss, they were further instructed that

they should also use the amplification-only program for at least 8 h

a day. The 13 participants who had not used amplification before

were advised to start with 4 h of daily amplification use and increase
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gradually to ≥8 h during the first month. All participants received

a remote control that they could use to adjust the volume of sound

therapy, independent of amplification. After 1 week, the responsible

audiologist followed up with the participants to ensure that they

were using the hearing aids as instructed.

One-month online follow-up
Participants were e-mailed the THI, TFI, Hyperacusis and VAS

questionnaires as pdf attachments 1 month after receiving the

hearing aids (Visit 3). The participants then either e-mailed back

the completed questionnaire or mailed/dropped off to the physical

address. VAS questions were the same ones as administered prior

to Visit 3 (Supplementary Table 1).

Visits 4–7 (2-, 4-, 6- and 12- month
follow-ups)

Participants were e-mailed the THI, TFI, Hyperacusis and VAS

questionnaires as pdf attachments 2 days before the follow-up

visit. Participants came to the laboratory for a follow-up ∼2, 4,

6, and 12 months after receiving their hearing aids (Visit 3). At

these visits, participants submitted the completed questionnaires

that they either filled out at home up to 2 days before arrival

or in the laboratory. The participants were further asked about

their experience with the hearing aids and sound therapy so far. If

needed, adjustments to the fitting or sound-therapy programs were

done. In some cases, the order of the programs was changed to

address the participant’s preferences. Eleven participants required

the microphones to be turned off in at least one sound-therapy

program as they found that too much sound was provided by the

microphone—they preferred to only hear the sound therapy and

not amplification. Hearing aid log data including the wear time

and percentage of time spent in each program were captured at

each follow-up visit. At the 2-month follow-up, it was revealed

that eleven participants had not used the sound therapy for 2–

4 h per day as recommended. For these participants, instruction

of sound therapy use, to help with tinnitus-related distress,

was reinforced.

Data analysis

The sample size of twenty participants is in line with other

explorative studies that investigated longitudinal effects of sound

therapy on tinnitus-related outcomes (Sweetow and Sabes, 2010;

Herzfeld et al., 2014; Sweetow et al., 2015b; Tyler et al., 2017).

Mixed-effects linear regression with random effects of

participant ID was used to assess the effect of time on the outcome

variables. The reference time category was baseline. Hearing loss

was included as a covariate, as the changes in tinnitus outcomes

may be related to the degree of hearing loss. The residuals were

visually inspected to ensure they fit an approximately normal

distribution and meet the homoscedasticity criterion. When

homoscedasticity was violated, regression with robust standard

errors was conducted.

Spearman correlation analyses were performed to assess

the relationship between improvement in the tinnitus outcome

variables and sound-therapy, amplification, and total device

use. The improvement values were calculated as the difference

between each post-baseline assessment and the baseline assessment.

The longitudinal improvements in each individual outcome and

device use values were averaged within each participant for

correlation analyses.

No adjustments for multiple comparisons were done; the

Althouse (2016) guidelines were followed instead. These guidelines

state that, rather than controlling for multiple comparison, the

best approach is to (1) describe what was done; (2) report

effect sizes, confidence intervals, and p-values; and (3) let

readers use their own judgment about the relative weight of

the conclusions.

Interval data are presented as mean ± standard deviation,

unless otherwise noted.

P < 0.05 was considered significant.

All the statistical analyses were done in Stata (v. 15, StataCorp,

College Station, TX, USA).

Results

Sixteen participants successfully completed the 1-year trial.

Four participants dropped out after the 2-month follow-up. Of

these, three participants had some degree of hearing loss, one

was experienced hearing aid user, and none had previous sound

therapy experience. Two participants dropped out because they

did not feel that sound therapy was helping them—one with

normal hearing and one experienced hearing aid user. These

participants managed their tinnitus better with other strategies.

Two participants stopped responding and we failed to reach them

despite multiple attempts. All the available data were analyzed,

including the dropouts up until the point they decided to stop

the trial.

Sound ratings and preferences

The VAS ratings for the three preferred sounds at Visit

2 were 7.7 ± 1.0 for liking and 7.5 ± 1.4 for relaxation.

Sound preferences varied between participants and the most

common reasons given for preferences were that the sound

was relaxing, calming, comfortable or distracted from tinnitus

(see Supplementary Table 2). The fractal tones were selected as

the preferred sounds in 42% of cases (chosen at least once

by twelve participants), soundscapes were selected in 36% of

cases (chosen at least once by thirteen participants) and nature

sounds were selected in 22% of cases (chosen at least once

by nine participants). After listening to the selected sounds

for 30min collectively, the participants rated them high on

the relaxation (7.7 ± 1.3, range: 5–10), feeling good (7.7 ±

1.3, range: 5–9), reduction of tinnitus awareness (7.1 ± 1.6,

range: 3–10) and reduction of tinnitus annoyance (7.0 ± 1.5,

range: 3–9) scales. Ratings for concentration were somewhat

lower: 5.7 ± 1.6, range: 2–8. The high ratings for relaxation,

feeling good, reduction of tinnitus awareness and annoyance

are in line with participants’ descriptors for why they chose

these sounds.

Frontiers in Audiology andOtology 05 frontiersin.org



Lelic et al. 10.3389/fauot.2024.1322596

FIGURE 3

Device use based on hearing aid log data. The (left) shows the number of hours that the device and sound therapy were used as captured at the four

follow-up visits. The (right) shows the proportion of time participants listened to nature sounds (N), fractal tones (F), combination soundscapes (S) or

used the device for amplification only (AO) over the entire wear time. The error bars represent standard errors of the mean. Significant di�erences

relative to the reference category in the regression model are denoted by asterisks (*P < 0.05; **P < 0.01; ***P < 0.001).

Device use in real life

Figure 3 shows how participants used their devices, with more

detailed statistics shown in Supplementary Table 3. Both sound-

therapy and total device use tended to increase after the 2-month

follow-up, although this change was not significant. The device

and sound-therapy use declined after the 6-month follow-up. This

decline in use did not occur for amplification-only. For most of the

wear time, the device was used for the sole purpose of amplification

(∼55% of time). However, when participants listened to sound

therapy, fractal tones were the most often listened to on a group

level (see Figure 3; Supplementary Table 3).

Long-term e�ects on tinnitus
outcomes

Participants showed significant improvement in THI at the

1-month follow-up and continued improving until the 4-month

follow-up where the scores plateaued (Figure 4, detailed statistics

in Supplementary Table 4). TFI scores tended to improve at the

1-month follow-up, but the improvement achieved significance at

the 2-month follow-up. Clinically meaningful improvement on the

THI scale is seven points (Zeman et al., 2011), whereas on the

TFI scale, it is 13 points (Meikle et al., 2012). On average, such an

improvement occurred already at 1 month on the THI scale (7.1±

6.4, range: −4 to 20), whereas it occurred at 4 months on the TFI

scale (17.4± 13.3, range: 1.6–45.6). Themaximum improvement in

TFI was also at 4 months, whereas in THI it was at 6 months (12.4

± 14.7, range:−6 to 56). Tinnitus awareness, annoyance, loudness,

relaxation, concentration and mood significantly improved at the

4-month follow-up. This effect persisted throughout the 12-month

follow-up for tinnitus awareness, annoyance and relaxation (see

Figure 5, detailed statistics in Supplementary Table 4).

Relationship between tinnitus outcomes
and device use

Improvements in THI, TFI and tinnitus annoyance were

correlated with sound-therapy use but not with amplification-

only use or total device use (see Table 2; Figure 6). There was

a borderline significant correlation between improvement

in TFI and total device use time (P = 0.05)—attributed

mainly to sound-therapy use time, as the correlation with

amplification-only was non-significant. There was also a

borderline significant correlation (P= 0.05) between improvement

in relaxation and sound-therapy use. Improvements in

other tinnitus outcomes were not related to sound-therapy,

amplification, or total device use. The improvements in

tinnitus were not related to the type of sound therapy

participants listened to the most (see detailed statistics in

Supplementary Table 5).

In Figure 6, it can be seen that, in many cases, participants

did not listen to the sound-therapy programs at least 2 h per day

as instructed. The hearing aid log data revealed that 13, 7, 11,

and 12 participants used sound-therapy programs <2 h per day

at 2-, 4-, 6-, and 12- month follow-ups, respectively. It should

be noted that those who used sound therapy at least 2 h per day

at any of the four measurement points (N = 11) rated the three

sounds at Visit 2 as 7.3 ± 0.6 across the five assessments after

listening to the sounds for 30min. On the other hand, those

who used sound therapy < 2 h per day at all the measurement

points (N = 8) rated the sounds as 6.5 ± 1.0 after the 30-min

listening task (difference: 0.8, 95% CI: −1.6, −0.03; P = 0.04,

t-test). This suggests that those who like the sounds in a first

listening session are also more likely to use them consistently

and, in turn, achieve the benefit associated with sound therapy

use. However, the differences are not large, so ruling out sound

therapy based on a short listening session is unlikely to make

clinical sense.
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FIGURE 4

THI and TFI scores at baseline and the five follow-ups. Lower scores indicate better ratings. The error bars indicate standard errors of the mean.

Significant improvements at follow-up visits relative to baseline are denoted by asterisks (**P < 0.01; ***P < 0.001). BL, baseline; 1-M, 1-month

follow-up; 2-M, 2-month follow-up; 4-M, 4-month follow-up; 6-M, 6-month follow; 12-M, 12-month follow-up.

Discussion

The results of the current study indicate that a combination

device together with counseling is effective for treatment of

tinnitus. These results are in line with previous studies that

investigated the effects of combination devices on tinnitus distress

(Sweetow and Sabes, 2010; Herzfeld et al., 2014; Johansen et al.,

2014; Stocking and Stecker, 2016; Henry et al., 2017; Tyler et al.,

2017; Sanders et al., 2023). The effects of the combination device in

this study are already evident after 1month of treatment but peak at

4 months. Further, we showed that the experienced improvements

in THI, TFI and tinnitus annoyance are associated with sound-

therapy use but not with amplification-only or total device use

time. Sweetow et al. (2015b) found that when sound therapy

was delivered via hearing aids without amplification together

with instructional counseling, tinnitus distress was significantly

alleviated. On the other hand, when only instructional counseling

was given, improvements in tinnitus distress were not observed.

Similarly, Jørgensen et al. (2022) conducted a study investigating

the effect of long-term (2-months) sound therapy delivered via

hearing aids with no amplification and no tinnitus counseling

and found that the sound-therapy intervention reduced THI

scores. Although sound therapy in the current work was often

accompanied by amplification due to the microphone being turned

on, the previous findings together with our correlation results

indicate that sound therapy seems to play a pivotal role in easing

tinnitus distress with a combination device.

The improvements in THI (12.4) and TFI (17.4) scores are

lower in this study compared to what was previously observed

in studies utilizing combination devices (Herzfeld et al., 2014;

Johansen et al., 2014; Sweetow et al., 2015a; Stocking and Stecker,

2016; Henry et al., 2017; Tyler et al., 2017). The previous

studies observed a reduction of 18–30 points in THI and 26–

28 points in TFI. A potential reason for lower improvement

scores in our study could be the lower baseline THI (37) and

TFI (46) scores in comparison to the aforementioned studies

that had baseline average THI scores in the range of 49–51 and

average TFI scores in the range of 53–62. It has previously been

demonstrated that the magnitude of improvement in THI is related

to baseline THI scores—the patients that show greater degree of

tinnitus show a greater reduction in comparison to those that

have lower baseline THI scores (Henry et al., 2006; Newman

and Sandridge, 2012; Johansen et al., 2014). The sample size in

our study is too small to explore the relationship between the

degree of improvement and baseline THI scores as only eight

participants had a score that was at least moderate (≥38). Another

reason for lower degree of improvement in the current study

could be that counseling and hearing aid delivery were done

in group sessions, rather than individually as done in previous

studies. When participants came back for the 2-month follow-

up and instruction on sound-therapy use was reinforced, it was

evident that this played a role in improvement of tinnitus-related

outcomes at the 4-month follow-up, where the improvement

on various scales spiked. It should also be noted that we

included all the participants in our analyses, even if they did

not use the sound therapy as instructed. But it is clear from

the correlation analyses that the degree of measured benefit on

THI and TFI is tied to sound-therapy use. Those that used the

sound therapy more hours per day experienced more benefit. This

relationship has been observed before (Jin et al., 2022). Hence,
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FIGURE 5

VAS scores for tinnitus awareness, tinnitus annoyance, tinnitus loudness, relaxation, concentration and mood. Lower scores indicate better ratings.

The error bars indicate standard errors of the mean. Significant improvements at follow-up visits relative to baseline are denoted by asterisks (*P <

0.05; ** P < 0.01; ***P < 0.001). BL, baseline; 1-M, 1-month follow-up; 2-M, 2-month follow-up; 4-M, 4-month follow-up; 6-M, 6-month follow;

12-M, 12-month follow-up.

the non-compliant participants in our study likely pulled the

average down.

In line with THI and TFI improvements, the VAS scores

for tinnitus awareness, annoyance and loudness were improved.

Furthermore, participants’ wellbeing—as measured by VAS scores

for relaxation, concentration and mood—improved as well. Other

than the relaxation score which already improved at the 2-month

follow-up, the VAS scores reached a significant improvement

at the 4-month follow-up. Here, as mentioned earlier, it seems

that the reinforcement of instruction on sound therapy use

at the first physical follow-up at 2 months after the hearing

aid delivery was effective. We also observed that the average

hours of sound-therapy and device use peaked at the 4-month

follow-up. The improvements in tinnitus-related VAS outcomes

persisted throughout the 12-month period, although for tinnitus

loudness the effect at 12-months was slightly above the significance

level. This may be because, although the combination-device can

alleviate distress related to tinnitus, the loudness of the tinnitus is

more constant.

Both sound-therapy and overall device use were significantly

lower at 12-months relative to the 2-month follow-up. This

decrease may be related to participants experiencing their tinnitus

TABLE 2 Spearman correlations between improvement in the measured

tinnitus outcome and sound-therapy use, amplification-only use, and

total device use.

Improvement
in

Sound-
therapy
use

Amplification-
only
use

Total
device
use

THI ρ = −0.54
∗

ρ = 0.08 ρ = –0.05

TFI ρ = −0.69
∗∗

ρ = –0.18 ρ = –0.46

Hyperacusis ρ = –0.32 ρ = 0.10 ρ = –0.01

Tinnitus

awareness

ρ = –0.34 ρ = 0.02 ρ = –0.19

Tinnitus

annoyance

ρ = −0.51
∗

ρ = 0.06 ρ = –0.17

Tinnitus

loudness

ρ = –0.23 ρ = 0.22 ρ = 0.04

Relaxation ρ = –0.45 ρ = 0.02 ρ = –0.22

Concentration ρ = –0.30 ρ = –0.27 ρ = –0.29

Mood ρ = –0.26 ρ = –0.20 ρ = –0.21

Significant correlations are depicted in bold and with one asterisk (∗) representing P < 0.05

and two asterisks (∗∗) representing P < 0.01.
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FIGURE 6

Scatter plot of THI improvement (left) and TFI improvement (right) vs. sound-therapy use. Datapoints from all measurement points (2, 4, 6, and 12

months) are plotted, although the correlation analyses were done on average improvement vs. average sound-therapy use. The black diagonal lines

are the lines of best fit and the areas outlined by gray lines depict the 95% confidence intervals of the lines of best fit. The horizontal dashed lines

denote the clinically meaningful improvement of seven points in THI and 13 points in TFI. The vertical dashed lines denote the instructed minimum

2h per day listening time.

distress reduce over time and no longer feeling the need to use the

device. In fact, although the sound-therapy use was decreased, this

did not seem to have a detrimental effect on the tinnitus outcomes

at 12 months. Considering that most participants had some degree

of hearing impairment, the overall device use was particularly low

(6.2 h per day on average). This could be because most participants

signed up for the study due to problems with tinnitus and not due

to problems with hearing. Although it was discovered that most had

a hearing loss, they likely did not feel it as severe enough to warrant

a greater use of the device.

The participants in the current study had varying preferences

of sounds and sound types, and while the fractal tones were used

the most (likely due to being the most selected sound-therapy

programs), the type of sound did not influence tinnitus outcomes.

From this, it is clear that one size does not fit all, and it is important

to offer a variety of sounds for tinnitus relief and let the user

choose the most optimal ones based on how relaxing, calming

or comfortable they are. It seems important that the user likes

the sound and can see the potential benefit. We observed that

participants who did not use sound therapy at least 2 h per day rated

the final chosen sounds at Visit 2 lower than the participants who

used the sound therapy as advised (as measured during at least one

follow-up visit).

In addition to improvements in THI, TFI and tinnitus

annoyance being related to sound-therapy use, there was a

borderline significant relationship between improvement in

relaxation and sound-therapy use. This relationship is particularly

interesting as the most frequent descriptor for the chosen sounds

is that they were “relaxing.” This could be another indicator of the

importance of choosing the sounds that induce the desired effect

already after brief listening.

Clinical implications, study limitations, and
future perspectives

The most general clinical implication of this study is that

offering sound therapy to people suffering due to tinnitus can

alleviate some of the associated distress. However, it is important

that the sound therapy is accompanied by counseling and that

the user chooses the sound they prefer and like from a variety of

available sounds. Information about how to use the sound therapy

and the benefits of using it as advised should be clearly explained.

Not everyone is equally prone to adhere to treatment or benefit

from it. But it seems that rating the sounds favorably already at the

Frontiers in Audiology andOtology 09 frontiersin.org

https://doi.org/10.3389/fauot.2024.1322596
https://www.frontiersin.org/journals/audiology-and-otology
https://www.frontiersin.org


Lelic et al. 10.3389/fauot.2024.1322596

fitting visit may play a role in people using it in real life (which is

paramount to getting benefit from the treatment).

The key limitation of the current study is the lack of a

control condition. Tinnitus is susceptible to placebo effect and

counseling. Further, many sound-therapy programs also included

the amplification component, and it is not possible to conclude

whether the improvement was due to sound therapy alone or to the

combination of sound therapy and amplification. Nonetheless, the

multiple measures over a 1-year period provide a novel view of a

combination sound therapy intervention for treatment of tinnitus.

The significant correlation between the use of sound therapy and

the reduction in tinnitus handicap is suggestive of a positive effect

of sound therapy, but a future randomized controlled trial should

be conducted to allow for detangling of the effect of sound therapy

from effects of amplification, counseling, placebo, and time itself.

The study sample is relatively small and heterogeneous—

probable cause of tinnitus and tinnitus characteristics varied, some

participants had hearing loss while others did not, and some were

experienced hearing aid users while others were new to hearing

aids. As such, the intervention varied accordingly (e.g., some

participants had microphone turned on, while others had it off).

This reflects clinical practice and heterogeneity seen in clinics. Our

main inclusion criterion was the presence of bothersome tinnitus,

and we did not consider hearing loss or hearing aid experience to

be relevant for this exploratory study. In a recent study, Sanders

et al. (2023) showed that the effect of sound therapy implemented

in hearing aids was comparable between new and experienced

hearing aid users, hence limiting our sample to one sub-group

likely would not have affected the outcome. Future investigations

should look into whether the experienced benefit is different based

on the degree of hearing loss or tinnitus etiology. Case-series

methodology could have been another viable strategy tomanage the

heterogeneity of the participants in this study (Nikles, 2015). This

“N = 1” method treats each participant as their own control, and

it includes detailed aspects of individual responses. Consequently,

it requires fewer participants than randomized controlled trials.

However, for data to be analyzed on such individual basis, the study

must be properly designed. This type of study design and analysis

could be useful in future research investigating individual response

to sound therapy.

At least seven participants did not use sound therapy as

advised at any given follow-up. Considering the link between

sound-therapy use and improvement in tinnitus outcomes, future

randomized-control trials should address the individual predictors

of sound-therapy use. If we can predict who is likely to not use

sound therapy, then we can better help these individuals by trying

to improve the process so that it is acceptable to them or look for

alternative approaches to alleviate their tinnitus distress.

Conclusions

This explorative study showed that sound therapy implemented

in a combination device together with instructional counseling can

be an effective method to manage tinnitus-related distress. The

improvements in tinnitus outcomes were correlated with sound-

therapy use, but not with total device or amplification only use.

Hence, it seems that sound therapy plays a fundamental role in

alleviating tinnitus related distress. As the current study did not

have a control condition, it is not possible to separate the effect

of sound therapy alone from effects of amplification, counseling,

placebo, and time itself. Hence, a randomized controlled trial

allowing for isolation of the effect of sound therapy is warranted.
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