ACTA Otorhinolaryngologica Italica 2026;46:73-85; doi: 10.14639/0392-100X-A826

Effectiveness of tinnitus retraining therapy

in alleviating tinnitus symptoms:

a systematic review and meta-analysis

Cover figure. Tinnitus retraining therapy (TRT) reduces tinnitus severity and promotes ha-
bituation, reflected in decreased scores of Tinnitus Handicap Index, Tinnitus Questionnaire, and
Visual Analogue Scale, alleviating auditory, emotional, and autonomic burden. A) Red arrows
represent tinnitus perception, emotional distress, annoyance, and negative impact; B) TRT fun-
damentals: sound therapy and counselling; C) Bue arrows represent reduced tinnitus percep-
tion, improved emotional state, and successful habituation.

Summary

Objective. This study systematically evaluated and analysed existing evidence regarding the ef-
fectiveness of tinnitus retraining therapy (TRT) in treating tinnitus at different follow-up periods and
the factors that influence the choice of treatment.

Databases reviewed. Medline, OpenAIRE, Cochrane Central Register of Controlled Trials (CEN-
TRAL), Scopus, Springer Nature Journals, Science Citation Index Expanded, and PubMed.
Methods. Data were collected from multiple sources. Studies on adults with tinnitus, experiencing
stable, bothersome, and chronic symptoms were included. Participants with significant comorbid
conditions potentially influencing TRT outcomes and traumatic injuries were excluded.

Results and discussion. A total of 18 articles were included in the qualitative assessment. The
studies included encompassed various geographical locations and study settings, with a total of
1712 participants, of whom 1011 underwent TRT and 701 were in the comparison group who were
receiving alternative treatments. Gender distribution among participants revealed 1097 males and
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596 females. The analysis consistently demonstrated improvements in tinnitus severity and quality of life following TRT, as assessed by Tinnitus Handicap
Index, Tinnitus Questionnaire, and Visual Analogue Scale. The meta-analysis revealed significant heterogeneity among studies; however, sensitivity analyses
demonstrated consistent results. Additionally, publication bias assessment indicated no systematic bias in effect sizes across studies.

Conclusions. These findings suggest that TRT holds promise as an effective intervention for managing tinnitus. Further well-designed randomised con-
trolled trials are warranted to confirm these findings and advance our understanding of TRT’s efficacy in treating tinnitus.

Keywords: tinnitus, hearing impairment, tinnitus retraining therapy, tinnitus handicap index

Introduction

Worldwide more than 740 million adults experience tinnitus;
moreover, in more than 120 million individuals it takes a se-
vere form, which can significantly affect their quality of life
by disturbing sleep, communication, and work. It can also
present with comorbid depression and anxiety !. Tinnitus is
an otological symptom that can be defined as the perception
of sound in the absence of an objective corresponding exter-
nal acoustic stimulus 2. The characteristics of the perceived
sound can be described in various ways such as ringing,
buzzing, clicking, or pulsations 2. In terms of classification,
it can be categorised as either subjective, when the sound is
exclusively heard by the patient, or objective, which is less
common, when the sound can be heard by an observer 2. A
review of epidemiological studies suggested that the main
risk factor for developing tinnitus is hearing loss; however,
other factors include obesity, smoking, alcohol consump-
tion, certain drugs such as salicylates, quinine, aminoglyco-
side antibiotics, and some antineoplastic agents, specifically
platinum-based drugs 2. Nevertheless, according to a study
conducted in Italy by Martines et al., around 30% of cases of
tinnitus have an unknown cause 3. Additionally, tinnitus can
manifest along with several otological diseases such as oto-
sclerosis and Méniere’s disease. Reduced sound tolerance,
known as hyperacusis, frequently coexists as a symptom in
40% of patients with tinnitus, whereas up to 86% of patients
who experience hyperacusis also report the presence of tin-
nitus 2. The underlying mechanisms of tinnitus encompass a
wide range of aspects, including the generation of tinnitus
at the cellular and system levels *. For example, at the cel-
lular level, it can arise due to increased neuronal synchro-
nisation, altered neurotransmission, or maladaptive plastic-
ity 5. In contrast, the system level includes the involvement
of auditory structures such as the dorsal cochlear nucleus,
which has been identified as one of the primary physiologi-
cal hallmarks of tinnitus, as well as non-auditory structures
and changes in functional connections within higher brain
regions 4. The neurophysiological model, as proposed by
Jastreboff, emphasises the role of abnormal processing of a
signal that occurs before it is perceived in the central auditory
pathways °. Consequently, a feedback mechanism can occur,
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where individuals increasingly focus on the sound because of
the distress caused by tinnitus, hence exacerbating the annoy-
ance and causing a vicious cycle °.

Thus, this model forms the foundation of tinnitus retraining
therapy (TRT) °. TRT is one of the main therapeutic approach-
es that have been proposed for the treatment of tinnitus, which
aims to habituate individuals to tinnitus by reducing its im-
pact on hearing, emotions, and the autonomic system. It typi-
cally consists of 2 core components: (1) directive counselling,
which aims to educate patients about the neurophysiological
mechanisms of tinnitus and help reframe their emotional and
cognitive responses to it, and (2) sound therapy, which involves
the use of low-level, broadband noise or other sound stimuli to
facilitate habituation to the tinnitus signal. This dual approach
is based on the neurophysiological model of tinnitus and seeks
to promote long-term desensitisation through consistent expo-
sure and guided cognitive adaptation 57. Considering the lack
of knowledge and inconclusive data about the effectiveness of
TRT in comparison with other form of interventions, our aim
was to evaluate the impact of TRT on both objective meas-
ures of tinnitus severity as well as subjective patients-reported
outcomes of tinnitus-related distress at different follow-up pe-
riods, and to systematically evaluate the factors that may in-
fluence the effectiveness of TRT compared to other treatment
modalities. As a result, the outcome of this comprehensive re-
view will provide high-level evidence that can guide clinicians
in choosing the most appropriate management approach for
patients with tinnitus.

Materials and methods

Overview

The protocol design and reporting in this review were in ac-
cordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 guidelines 2.

Eligibility criteria

The eligibility criteria incorporated a target population of
adults above the age of 18 years with tinnitus. The study in-
clusion criteria included interventional studies (randomised
controlled trials, prospective, and pilot studies). Moreover,



any review studies or systematic reviews were excluded;
studies that did not include TRT, studies with no full-text ver-
sion, and non-English studies were excluded as well. Studies
that used smart TRT, partial TRT, TRT combined with an-
other intervention, or any TRT form other than the classical
TRT (sound therapy and counselling) were excluded.

Information sources

A comprehensive search was conducted using Medline,
OpenAIRE, Cochrane Central Register of Controlled Trials
(CENTRAL), Scopus, Springer Nature Journals, Science Ci-
tation Index Expanded, and PubMed. The search terms were
“Tinnitus Retraining Therapy” AND (“Tinnitus” OR “Ring-
ing in the ears”’) AND “Effectiveness” AND “Treatment”.

Selection process

Two reviewers (DMA and GEA) independently performed
title and abstract literature screening. They also performed a
full-text assessment of eligibility using predefined criteria.
Any disagreement between the 2 reviewers was resolved by
a third independent reviewer (MAG).

Data extraction and variables extracted

Data extraction was independently performed by 3 review-
ers (DMA, GEA, and SMA). Data were extracted from
eligible articles using a predesigned data collection sheet
by the lead author (MAG). Variables extracted from the
articles included study characteristics such as the last au-
thor’s name, year of publication, study design, total study
duration, and blinding. Additionally, detailed information
regarding the study participants was extracted, encompass-
ing variables such as the total number of participants, the
setting in which the study took place, demographics (age,
gender), and specific details regarding tinnitus duration
and site. Moreover, the intervention and outcomes of the
studies were carefully examined. Adverse events related to
TRT were also assessed and recorded. Furthermore, various
scales and measurements were considered to evaluate tinni-
tus severity and related factors. These included assessments
such as the Tinnitus Handicap Inventory (THI), Tinnitus
Questionnaire (TQ), and Visual Analog Scale (VAS).

Risk of bias assessment

Risk of bias assessment was performed by 2 reviewers
(MAG and YIA). The Cochrane Risk of Bias tool (RoB)
was used to assess the risk of bias for the randomised studies
included. The Methodological Index for Non-Randomized
Studies (MINORS) was used for the non-randomised stud-
ies. Any differences in the assessments were discussed be-
tween the reviewers until consensus was reached.

Effectiveness of tinnitus retraining therapy

Statistical analysis

In executing the meta-analysis for this systematic review, the
lead author (MAG) used RevMan statistical software version
5.4. The analysis focused on the TRT in comparison to any
alternative treatments (including tinnitus masking, accept-
ance and commitment therapy, tailor-made notched music
training, and standard of care), utilising continuous data rep-
resented by mean values and standard deviations. The statis-
tical methodology encompassed the generic inverse variance
method, implementing a random-effects model for analysis.
The effect measure used was the mean difference, with a
95% confidence interval applied to both individual studies
and the overall analysis. Post-meta-analysis, comprehensive
assessments, including heterogeneity assessment, sensitivity
tests, and regression tests, were conducted to ensure a thor-
ough understanding of the study results and enhance the ro-
bustness of the findings.

Results

Study selection

A total of 1,085 records were exported from the included da-
tabases. These records were screened for duplicates and as-
sessed for inclusion or exclusion. Screening by abstract and
title was conducted, identifying 110 duplicate articles and ex-
cluding 845. The remaining 130 articles underwent a full-text
assessment. A total of 107 articles were excluded either due
to being duplicates or because they did not meet eligibility

Figure 1. The PRISMA flowchart showing the screening process of ar-
ticles based on the study inclusion and exclusion criteria.
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Table I. Characteristics of studies included.

Included studies Country

Study design ‘ Blinding

Site of tinnitus (N)
Unilateral Bilateral

Duration of tinnitus (years)

Alonso-Valerdi, 2023 '8 Mexico RCT 28 6

Tong, 2022 % China RCT Single blinded - >0.5
Chatterjee, 2021 ™ India RCT - -

Scherer, 2019 6 USA RCT Single blinded 84

Bauer, 2017 10 USA RCT - - 1-5
Henry, 2016 '3 USA RCT - - - -
Tyler, 2012 > Australia RCT Double blinded - - 4-5
Westin, 2011 1° Sweden RCT Single blinded - - 8.3
Henry, 2006 % USA RCT -

Bauer, 2011 2 USA Quasi-RT -

Kumar, 2023 ° India Prospective - 28 22

Nemade, 2019 ™ India Prospective Single blinded - 1-2.3
Korres, 2010 ® Greece Prospective -

Ariizumi, 2010 7 Japan Prospective - 11
Forti, 2009 2 [taly Prospective - 3
Hatanaka, 2008 ' Japan Prospective -

Baracca, 2007 ' [taly Prospective -

Suchova, 2005 % Slovakia Prospective -

Total 140 28

SoC: standard of care; ACT: acceptance and commitment therapy; WLC: wait-list control, TM: tinnitus masking; RCT: randomized control trial.

criteria. Finally, 18 articles were included in the qualitative
assessment . Further details are illustrated in Figure 1.

Study characteristics

All the studies included were conducted between 2005-2023.
Fourteen studies focused on comparing TRT to alternative
interventions, and the remaining 4 studies focused on TRT
without a control group. These studies were conducted in
India, USA, Japan, Italy, Mexico, Sweden, Australia, China,
Greece, and Slovakia. Regarding study design, 8 studies were
prospective, and 10 were randomised controlled trials (RCTs).
The characteristics of the studies are summarised in Table 1.
This systematic review included 1,712 participants, of whom
1,011 underwent TRT and 701 were in the comparison group
(which included tinnitus masking, tinnitus educational coun-
selling, wait-list control, acceptance and commitment therapy,
tailor-made notched music training, placebo, mindfulness-
based tinnitus stress reduction, partial TRT, vasoactive drugs,
and general counselling). Overall, there were 1,097 males and
596 females, based on the reported numbers. Determining the
exact number of tinnitus cases based on their specific sites is
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challenging because of the lack of data in many studies. From
the available information, 140 patients had unilateral tinnitus,
whereas 28 patients experienced it in both ears. The overall
duration of tinnitus ranged from 3 months to 8§ years. In certain
studies, the type of tinnitus was reported, and the total numbers
were as follows: tonal characteristic in 188 patients, hissing in
11, ringing in 6, rhythmic in 5, narrow band in 25, pure tone
in 44, low frequencies in 7, high frequencies in one, crickets in
one, and a mix of more than 2 sounds in 6. The effectiveness
of the intervention was assessed using different tools, includ-
ing Tinnitus Handicap Index (THI) at different follow-up peri-
ods, Tinnitus Questionnaire (TQ), and Visual Analogue Scale
(VAS). These tools provide subjective and objective measure-
ments of the improvement in tinnitus distress and symptoms,
as shown in Tables II and III.

Interventions

All studies focused on TRT as the primary intervention, whereas
the comparison group received any alternative treatment. Among
11 studies conducted by Bauer et al. '°, Henry et al. 1%, Chatterjee
et al. ', Scherer et al. '6, Westin et al. '°, Forti et al. °, Henry
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Total number of participants Gender

TRT Control Total TRT Control Female
15 56 71 < 29, 29-60, and > 60 34 39
54 58 112 42.8(12.9) 31 (57.4) 64 48
30 30 60 45 (3.7) - 30 30
51 100 151 51.1 (12.6) SoC: 49.9 (10), partial TRT: 50.9 107 44

(11.2)
19 19 38 18-75 18-75 26 12
34 114 148 60.1 (10.1) 61.7 (9.8) 177 4
19 44 63 57 (10) 22 30 18
20 42 62 50.9 (12.9) ACT =53.5 (12.8)/ WLC = 49.5 55 29
(11.8)

64 59 123 58.7 (10.5) 61 (9.6) 117 6
21 22 43 57 (10) TM: 58 (6), counselling: 55 (10) 22 20
50 NA 50 18-40 -

58 NA 58 28-75 32 26
33 30 63 63.7 (13.4) 63.9 (13.2) 33 30
270 - 270 Median = 62 151 119
45 - 45 54 (14) - 29 16
90 127 217 60.39 (11.7) 61 (11.4) 118 99
51 - 51 20-79 34 17
55 - 55 55.6 14 31

1011 701 1712 1097 596

et al., Tong et al. %, Henry et al. *, Korres et al. >, and Bauer
et al. 22, the pre- and post-treatment outcomes of TRT using THI
were compared. In all these studies, post-treatment THI scores
significantly improved. Regarding the TQ, studies conducted by
Kumar et al. %, Scherer et al. !¢, Tyler et al. %!, and Henry et al.
consistently demonstrated a reduction in TQ scores following
treatment with TRT. The studies conducted by Hatanaka et al. ',
Nemade et al. '3, Scherer et al. 6, Forti et al. 2°, Tong et al. 2, Ko-
rres et al. 2, and Bauer et al. 2 all showed a reduction in VAS fol-
lowing treatment with TRT. Furthermore, placebo, tailor-made
notched music training, and general counselling all led to reduc-
tions in the VAS scores. More details are illustrated in Table II1.

Risk of bias

As the studies had different designs, the risk of bias needs to
be assessed using 2 different tools: the Cochrane Risk of Bias
tool (RoB) and the MINORS assessment tool for comparative
and non-comparative studies. The RoB results are illustrated as
Forest plots in Figures 2-5. Using the RoB tool, the findings
varied across domains. In the first domain, many studies (3 of
10) demonstrated a low risk of bias, while 2 had some concerns,

and 5 had a high risk of bias. For the second domain, 8 out of 10
studies showed a low risk of bias, with only 2 studies identified
as having a high risk. All 10 studies were rated as having a low
risk of bias in the third domain. In the fourth domain, 5 were
categorised as having a low risk of bias, while 5 studies were
classified as having a high risk. Interestingly, all 10 studies had
a high risk of bias in the fifth domain. Based on this assess-
ment, a substantial proportion of the studies exhibited a high
risk of bias in multiple domains, particularly concerning partic-
ipant selection and allocation concealment. While some studies
demonstrated a low risk of bias in certain domains, concerns
regarding incomplete outcome data and other sources of bias
were prevalent across all studies. Overall, the collective assess-
ment suggested a moderate to high risk of bias in most of the
studies, underscoring the importance of cautious interpretation
when utilising their findings. Regarding the MINORS assess-
ments, 2 comparative studies demonstrated a low risk of bias.
However, among the non-comparative studies, 3 studies were
classified as having a low risk of bias, indicating robust meth-
odological quality, whereas three were identified as having a
moderate risk of bias, suggesting potential limitations.
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Table Il. Tinnitus handicap index pre- and post-treatment outcomes at different follow-up durations.

Included studies

Intervention

Control
group

15t month/ 1¢t follow-up

Tinnitus handicap inventory - TRT Tinnitus handicap inventory - control

Tong, 2022 % TRT C5 40.5(19.4) = 31.5(18) -8.9 415 (21.7) 24.6 (17.3) -16.8
Henry, 2016 % TRT C1,02,C3 | 49.2(24.9 | 40.8(2.4) 83 | C1:526(21.3, | C1:462(.2, | C1:-6.3,C2:
02:49.5(23.1), | C2:47.3(2.3), | -2.2,C3:+4.6
C3:475(242) | C3:52.1 (2.5)
Westin, 2011 TRT C3,C4 | 405(194) | 315(18 89 | C3:49.2(17.4)
C4: 452 (14.9)
Henry, 2006 2 TRT C1 52.6(8 | 51.6(15.1) 14 53.8 (7) 52(9.7) 18
Hatanaka, 2008 ' TRT c6 48.8(25.9) | 36.3(23.8) 125 36.6 (27.4)

After 6 months

Chatterjee, 2021 ' TRT C5 98 43.64 -54.36 97 37.9 -291

Scherer, 2019 '© TRT C9, C8 37.8(13) | 315(20.5 63 | C6:423(20.7), | 06:30.4(207) | C6:-11.9,C7:
C7:38.6(18.7) | C7:36.3(17.7) 2.3

Henry, 2006 2 TRT C1 491(19.3) | 44.3(4.7) 48 54.2 (18.6) 48.08 (4.63) -6.18

Westin, 2011 1 TRT C3, C4 47(18.1) | 43.2(20.7) 3.7 03:49.2 (17.4), | C3:48.2 (21),C4: | C3:-0.9, C4:
C4:45.2 (14.9) 27.4 (19.1) 178

Hatanaka, 2008 ' TRT C6 48.8(25.9) | 30.5(22.3) -18.3 36.6 (27.4) -

Tong, 2022 2 TRT c7 40.5(19.4) | 27.8(18.4) 126 415 (21.7) 21.7 (18.2) 197

Scherer, 2019 ™ TRT C9, C8 37.8(13) | 25.8(16.4) 12 9:42.3(20.7) | C9:31.6(186) | C9:-10.7,C8:
C8:38.6(18.7) | (8:33.4(18.4) -5.2

Bauer, 2017 1° TRT C9,C10 | 46.7(147) | 26.4(14.1) 2203 | 09:49.3(155) | €9:35.8(15.7) | C9:-13.5,C10:
C10:48.8(15.9) | C10:33.8 (14.9) -15

Henry, 2016 '3 TRT C1,C2,03 | 49.2(24.9 | 3813(2.99 | -11.07 | C1:526(1.3), | C1:42.6(26) | C1:-9.9,C2:
02:49.5(23.1), | C2:423(27) | -7.1,03:+3
C3:475(4.2) = €3:50.5(3)

Henry, 2006 2 TRT Cl 491(193) | 34.9(6.7) -14.19 54.2 (18.6) 48.23 (16.8) -6.03

Hatanaka, 2008 ™ TRT c6 488(259) | 28.3(23.9) -20.5 36.6 (27.4) - -

Westin, 2011 TRT C3,C4 | 47(1819) | 40.2(21.3) -6.7 C3:49.2 (17.4) | C3:-,C427.1 | C3:-, C4:-18.1
C4:45.2 (14.9) (21.5)

After 18 months

Scherer, 2019 *© TRT C10,C9 | 37.8(13) | 29.2(17.4) 86 | C10:42.3(20.7) | C10:27.2(19.1) | C10:-15.1,CO:
09:38.6 (18.7) | (C9:26.4 (14.6) 122

Bauer, 2017 '° TRT C9,C10 | 46.7(14.7) | 18.6(10.9) -28.1 9:49.3(15.5) = €9:30.7 (15.4) | C9:-18.6, C10:
C10:48.8 (15.9) | C10:28.9 (13.6) -19.9

Henry, 2016 '3 TRT C1,C2,C3 | 49.2(24.9 | 37.4(3.4) 1.7 | C1:52.6 (21.3), | C1:41.16(3),C2: | C1:-11.4,C2:
2:495(23.1), | 39.9(321)C3:- | -9.6,C3:-
C3: 475 (24.2)

Henry, 2006 2 TRT Cl 49.1(193) | 32.5(8.9 -16.5 54.2 (18.6) 46.5(2.9) 7.7

Korres, 2010 TRT C11 61 21 -40 62 56 -6

Westin, 2011 1 TRT C3, C4 47(18.1) | 41.8(18.7) 514 | 03:49.2(17.4), | C3:-, C4: 281 C3: -, C4:
C4:45.2 (14.9) (17.8) -17.08

Scherer, 2019 ' TRT C9, C8 37.8(13) | 31.5(20.5) -6.3 09:42.3(20.7) | C9:29.5(17),C8:  09: -12.8, C8:
08:38.6(18.7) | 29.2(17.2) -9.4

| 2
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Table Il. continues.

Included studies

15t month/ 1¢t follow-up
Tinnitus handicap inventory - TRT

Tinnitus handicap inventory - control

Intervention | Control
group

Bauer, 2017 10 TRT C9,C10 | 46.7(147) | 17.3(12.3) 294 | £9:49.3(15.5) | 09:33.4(20.5) | C9:-15.9, C10:
C10:48.8 (15.9) | €10:30.3 (19.8) 185

Henry, 2016 ™ TRT C1,02,C3 | 49.2(24.9 | 35.7(3.4) 135 | C1:526(21.3), | C1:41.7(3C2 | C1:-10.8,C2:
02:495(23.1), 41532 C3:- | -7.9,C3:-
C3: 47.5 (24.2)

Henry, 2006 2 TRT Cl 49.1(193) | 10.8(32.4) -38.2 54.2 (18.6) 437 (5.1) 105

Bauer, 2011 2 TRT 12 48 30 18 55 37 18

Forti, 2009 TRT 57.8(23.6) | 31.5(19.7) -26.3

C1. tinnitus masking; C2: tinnitus educational counselling; C3: wait-list control; C4: acceptance and commitment therapy; C5: tailor-made notched music training; C6: placebo; C7:
mindfulness based tinnitus stress reduction; C8: partial TRT; C9: standard of care; C10: standard of care per-protocol; C11: vasoactive drugs; C12: general counselling.

Table lll. Tinnitus questionnaire and visual analogue scale pre- and post-treatment outcomes (baseline and last month in the follow-up).

Tinnitus questionnaire

Included studies Intervention

Control group

Kumar, 2023 ¢ TRT - 27.7 (3.6) 5.2(0.9) -22.5 - -
Scherer, 2019 6 TRT C3,C4 56.4 (11.9) 39(19.2 -17.4 C3:54.4 03:35.9 | C3:-18.5
(11.5) C4: (15.3) C4:-17.3
546 (11.2) | C4:37.3
(16.8)
Tyler, 2012 > TRT C1,C2 42 (18) 33 (19 -9 C1: 51 (23) C1:46 C1:5,C2:
C2:47 (25) | (31),C2: -18
29 (8)
Visual analogue scale
Tong, 2022 % TRT C5 4.5 (1.6) 4 (2.06) -0.5 429(1.94) | 31(1.7) -1.12
Scherer, 2019 16 TRT C3,C4 6.2 (2.2 5.1(2.5) -1.1 (3:6.4(2.2), | (3:4.2 C3:-2.2
C4:6.3(2.1) | (5.2),C4 C4: -2
4.3(3)
Nemade, 2019 1 TRT - 6.7 (2.1) 2.1(2.6) -45 - - -
Bauer, 2011 TRT C2 60.5 30 -30.5 63.5 48 -15.1
Korres, 2010 ® TRT - 52(0.2) 3.2(0.2) -2 - - -
Forti, 2009 2 TRT - 6.8 (0.3) 3.2(0.7) -35 - -
Hatanaka, 2008 ™ TRT C6 57.8 (20.2) 28.3(23.9) -29.5 47.9 (23) 37.8 -10.1
(20.2)

C1: tinnitus masking; C2: general counselling; C3: partial TRT; C4: standard of care; C5: tailor-made notched music training; C6: placebo.

Meta-analysis results

TINNITUS HANDICAP INDEX

The meta-analysis for THI indicated an overall significant
effect size of -0.56 (95% CI: -0.65, -0.46, p value < 0.0001),
implying that THI was in favour of the TRT group. Further
details are shown in the Forest plot in Figure 2. The analysis
also yielded a substantial I? statistic of 86.7% and a Q statis-
tic of 30, among the subgroup analysis of the treatment fol-
low-up, indicating variation and heterogeneity across differ-

ent periods, and highlighting the potential differences in the
effect of TRT on follow-up. Despite the high heterogeneity,
all subgroup analyses were significant and favoured TRT.
Apart from the subgroup analysis after THI after 3 months
of follow-up, the results were not significant but were in
favour of the TRT group. Possible causes of heterogeneity
among different subgroups could be clinical, with 3 stud-
ies having relatively small TRT groups compared to control
groups. Moreover, the blinding process was performed in
only a few studies, which can cause statistical heterogeneity
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Figure 2. Forest plot of THI outcomes across studies at different follow-up periods.

among the studies included in the meta-analysis. Sensitiv-  analysis, which is THI outcomes after one month, the re-
ity analysis was performed to explore the effect of hetero-  sults revealed an effect size of 0.17 (95% CI: -0.09, 0.43,
geneity on the overall conclusions. For the first subgroup p value = 0.20) with an I? substantially decreased to 61%.
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This shifts the results towards favouring the control group
at one month follow-up. In the second subgroup analysis,
THI outcomes after 3 months, a shift in the results was also
observed. It revealed an effect size of 0.32 (95% CI: 0.01,
0.62, p value = 0.04) with I? results decreased to 0%. These
significant observations indicate that THI outcomes during
the first 3 months were not in favour of the TRT group. For
the rest of the subgroup analyses, THI outcomes after 6-18
months, I? values were reduced, and the sensitivity analy-
sis supported the assumed conclusion. It revealed an effect
size of -0.41 (CI: -0.72, -0.11, p value = 0.007), -0.92 (CL:
-1.26, -0.58, p value = 0.00001), and -1.56 (CI: -1.93, -1.20,
p value = 0.0001), respectively, which indicates that THI
outcomes are in favour of the TRT group at 6-18 months of
follow-up. Further details are given in Figure 3.

TINNITUS QUESTIONNAIRE AND VISUAL ANALOGUE SCALE

The meta-analysis indicated an overall effect size of 0.10 (CI:
-0.18, 0.39, p value = 0.48), implying that TQ is in favour of
the control group. Another analysis was performed for the VAS,
revealing a significant effect size of 0.51 (CI: 0.26, 0.77, p val-
ue < 0.0001), which also implied that VAS was in favour of the
control group. Further details are provided in Figures 4 and 5.

PUBLICATION BIAS

Egger’s regression test results showed an intercept of
-5.3054, with a Z-score of -0.5100 and a p value of 0.6101,
indicating no significant publication bias. Additionally, the
Q moderator coefficient was estimated to be 0.2194, with a
Z-score of -0.4684 and a p value of 0.6395, suggesting no
selective publication of studies based on their results.

Discussion

The systematic review included 18 studies conducted be-
tween 2005 and 2023, examining the efficacy of TRT in
managing the symptoms of tinnitus. TRT consistently
emerged as the primary intervention, with various compari-
son groups receiving alternative treatments. In our meta-
analysis, we assessed THI outcomes across multiple follow-
up intervals: 1, 3, 6, 12, and 18 months. Before sensitivity
analysis, all time points showed statistically significant im-
provement in favour of TRT, except for 3-month follow-up
intervals. However, after sensitivity analysis, the effect re-
mained significant only at the 6- and 12-month follow-ups.
This aligns with the theoretical foundation of TRT, which
emphasises gradual habituation and neuroplastic adaptation
over time, highlighting its value as a long-term intervention
rather than a short-term fix.

In this systematic review, THI was the main outcomes as-
sessor and in almost all the RCTs included it was used and

Effectiveness of tinnitus retraining therapy

showed an improvement post TRT. This was in concord-
ance with what was reported in a non-randomised prospec-
tive study by Korres et al. In their analysis of 63 patients
with chronic tinnitus who received either TRT or vasodila-
tors as control group, a set of assessment tools, including
THI, were used to follow and examine patients; the analy-
sis of the results was in favour of the TRT group %. In an-
other study by Westin et al., TRT was compared to accept-
ance and commitment therapy (ACT). The main outcome
of their study is that ACT was superior to the TRT group
regarding the THI !. This difference may stem from how
THI reflects psychological coping. ACT directly addresses
emotional distress through acceptance and mindfulness
strategies, which could lead to better THI outcomes than
TRT, which focuses more on auditory habituation. Further-
more, this could explain the observed delay in efficacy of
TRT, with subjective improvements on THI in which the
improvement was evident only after 6 months. Neuronal
adaptation and reorganisation within the auditory cortex
require sustained exposure to therapeutic interventions,
explaining the gradual reduction in tinnitus-related distress
observed over the treatment period. Additionally, TRT pri-
marily targets habituation mechanisms, and its therapeutic
effects extend beyond mere auditory habituation. Through
structured counselling sessions, patients develop cognitive
and behavioural coping strategies, fostering resilience and
adaptive responses to tinnitus-related stressors.

Ultimately, the choice of treatment in tinnitus should be
based on individual preference and needs. The patient’s un-
derstanding of the treatment is very important. In a study by
Lapenna et al., it was reported that early termination of TRT
and lower treatment efficacy are anticipated among patients
who were uncertain about the effectiveness of the proposed
therapeutic intervention. Indeed, inadequate motivation to
adhere to the TRT structure and inaccurate expectations re-
garding its outcomes may lead to unsatisfactory treatment
results 7. TRT involves reshaping the brain’s response to tin-
nitus stimuli, leading to a decreased emotional and physio-
logical reaction to the perceived sound. Neuroplasticity plays
a pivotal role in TRT, as the brain undergoes adaptive chang-
es in response to repetitive exposure to tinnitus signals. These
neural adaptations enable the brain to filter out irrelevant tin-
nitus signals, thereby diminishing their perceived severity.
Additionally, TRT incorporates cognitive-behavioural mech-
anisms to address the emotional and cognitive components
of tinnitus. Patients are educated about the nature of tinnitus
and guided through cognitive restructuring techniques to al-
ter negative perceptions and beliefs surrounding the condi-
tion. Behavioural interventions such as relaxation techniques
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Figure 3. Forest plot of THI outcomes across studies at different follow-up periods, after sensitivity analysis.

and sound therapy are also utilised to promote coping skills ticity, and cognitive-behavioural mechanisms, TRT offers a
and enhance the patient’s ability to manage tinnitus-related  holistic approach to managing tinnitus and improving the
distress. By synergistically engaging habituation, neuroplas-  patient’s quality of life 2%, Nevertheless, through the me-
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Figure 4. Forest plot of tinnitus questionnaire outcomes.

Figure 5. Forest plot of the visual analogue scale outcomes.

ta-analysis we observed that TRT could be the choice for pa-
tients who are willing to commit to the habituation process
and those seeking a long-term management rather than im-
mediate relief of symptoms. This observation is supported by
the fact that THI outcome improvements start to be statisti-
cally significant after 6 months of treatment, which is related
to the structure and the main aim of TRT; namely, it aims to
help individuals habituate to the perception of tinnitus, there-
by reducing its impact on their daily life on the long term *.
Lastly, TRT is a unique modality to treat tinnitus and has
been shown to lead to long-lasting improvements for many
individuals with a sustained relief from symptoms of tinnitus.

Limitations

A notable limitation of our study is its exclusive focus
on the classical form of TRT, excluding other variations
such as partial TRT, simplified TRT, smartphone-based
TRT, and TRT combined with other treatment modalities.

While this narrowed focus may limit the generalisability
of our findings across all TRT approaches, it also serves
as a strength by allowing for a more precise and homo-
geneous evaluation of the efficacy of classic TRT. Future
research should aim to investigate and compare these al-
ternative TRT variations to provide a more comprehensive
understanding of their relative effectiveness in managing
tinnitus symptoms.

Conclusions

This systematic review and meta-analysis revealed a sig-
nificant overall effect favouring TRT in reducing tinnitus-
related distress. These findings underscore TRT’s potential
as an effective therapeutic intervention for tinnitus, while
highlighting the importance of addressing methodological
limitations in future research to optimise treatment out-
comes.
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