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Abstract: Background: Tinnitus is a rather heterogeneous chronic condition/disorder which is
difficult to treat. Some tinnitus treatments combine sound therapy with counselling. The main goal
of this study is to report the efficacy of a customized sound therapy combined with counselling on a
cohort of 83 tinnitus patients. Methods: 119 tinnitus subjects, recruited between January 2018 and
June 2021, were subjected to a treatment consisting of a combination of an initial counselling session
and four-month sound therapy. The sound stimulus was a personalized broadband noise colored by
the audiometry of the subjects. These stimuli were given to the patients in mp3 format to be heard
1 h per day over 4 months. The tinnitus severity of the patients was evaluated monthly through the
validated Spanish version of the Tinnitus Handicap Inventory. Results: Of the patients, 30% (36 of
119) withdrew from the treatment before finishing, and 96% (80 of 83) of the subjects completing the
therapy attained some relief after 4 months. The overall average THI decrease of these 80 participants
was 23. However, when the THI was analyzed by severity scales, it was found that patients with
initial mild, moderate, severe and catastrophic handicap had an average THI decrease of 14, 20, 31
and 42 points, respectively. Thus, the average THI decrease depended on the baseline severity scale
of patients. Conclusions: Consequently, the proposed treatment was demonstrated to be effective in
providing clinically relevant relief in tinnitus distress patients in just 4 months.

Keywords: tinnitus; hearing loss; sound therapy; enriched acoustic environment

1. Introduction

Tinnitus has been defined as the conscious perception of sound without physical
sound sources external or internal to the body [1]. Although epidemiological studies
account for a variable prevalence of tinnitus, it can affect roughly 10–15% of the adult
population [2,3], and have a severe impact on the regular life of about 0.5–2% of adults
by annoyance, irritation, disturbing sleep patterns, and producing panic, anxiety, and/or
depression [3–6].

Most cases of persistent tinnitus are associated with hearing losses (HL). Eggermont [7]
reports an approximately cubic-root dependence between the prevalence of tinnitus and
the prevalence of HL, with a higher prevalence for tinnitus at ages < 45 years and a
progressively reduced prevalence of tinnitus for older ages compared to the prevalence
of HL. When subjects with tinnitus and HL are asked to match the pitch of their tinnitus,
some degree of correlation is found between certain characteristics of the HL curve and the
tinnitus pitch [8–10]. Cuesta and Cobo [11] found that the frequency at which hearing loss
reaches 50 dB is the best audiometric correlate of tinnitus pitch.
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Although HL is considered the main risk factor to developing tinnitus, not all subjects
with HL suffer of tinnitus and not all tinnitus patients have HL. Recent research reported
that a percentage of tinnitus patients (between one-tenth and one-third) have normal
hearing (HL less than 25 dB), at least between 125 and 8000 Hz [3].

Tinnitus perception seems to arise as an aberrant plastic mechanism of the subcortical
and cortical auditory system to compensate for a distorted peripheral auditory input. Egger-
mont [12] suggested three main mechanisms, namely, neural synchrony (hypersynchrony),
reorganization of the tonotopic map, and increased spontaneous firing rates (hyperactivity)
as the neural correlates of tinnitus in the auditory system.

Tinnitus is known to be a heterogeneous disorder in at least four dimensions [13]:
perception, associated distress, multiple factors of risk and related comorbidities, and large
variability in the response to treatments. This heterogeneity makes tinnitus a disorder
difficult to treat. In fact, there are few treatments which are aimed at improving the impact
rather than offering a cure of tinnitus [3]. Although there are several options for tinnitus
treatment, including sound-based and psychological interventions, magnetic and electrical
stimulation, as well as other therapies, internationally extended practical guidelines rec-
ommend counselling combined with sound therapy. Tinnitus Retraining Therapy (TRT)
uses random noise in the audio frequency range as a sound stimulus [14–17]. Two features
of sound therapy, namely, the dosage (number of hours per day) and the duration of
treatment are quite variable in the studies. The positive effects of TRT can be perceived
within several months, with moderate improvement in roughly 6 months, and high control
of distress in approximately 12 months [14,18]. Cognitive behavioural therapy (CBT), an
inclusive term that features and combines numerous psychological interventions that have
been developed and evolved from cognitive and behavioural therapies respectively, is
another therapy that has had some efficacy in tinnitus treatment [19]. CBT for tinnitus aims
primarily to reduce the impact of tinnitus on quality of life, rather than directly change the
perceived loudness.

In a recent study [20], 25 tinnitus patients with unique counselling sessions applied at
baseline were exposed to one hour per day sound therapy over four months. The sound
stimulus consisted of a personalized broadband sound with the spectrum filtered by the
hearing loss (HL) curves of the patients. After these four months, 88% of patients obtained
a clinically relevant relief of their tinnitus, as assessed by a mean reduction of 29 points in
their Tinnitus Handicap Inventory (THI) [20]. In this study, only patients with THI ≥ 32
were included. However, a decrease of 20 points in the THI score is considered as clinically
relevant [14]. Therefore, the main purpose of this article is to provide updated results of
the preceding study [20], including a larger number of tinnitus patients (83) with lower
threshold baseline distress (THI ≥ 20). Furthermore, an analysis of the patient’s handicap
improvement was carried out by severity scales.

2. Materials and Methods
2.1. Participants and Measurements

The study was approved by the CSIC’s Research Bioethics Subcommittee and was
carried out in accordance with the General Data Protection Regulation (EU Regulation
2016/679). Informed consent was signed by all participants at the start of the recruitment.
A total of 133 tinnitus volunteers (see Figure 1) were initially enrolled, between January
2018 and June 2021, through Spanish Tinnitus Associations and Audiological Clinics.
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All 83 51.6 9.1 6.3 8.8 
Male 52 52.9 8.9 7.2 9.3 

Female 31 49.4 9.6 5.0 7.8 

All subjects underwent standard HL measurements and tinnitus assessment as part 
of a clinical protocol which varied over the time related to the beginning of the COVID-19 
lockdown (14th March 2020 in Madrid, Spain). In the pre-COVID-19 period, the partici-
pants underwent standard HL measurements of both ears at eleven frequencies (125, 250, 
500, 750, 1000, 1500, 2000, 3000, 4000, 6000, and 8000) Hz in our laboratory using a Clinic 
Audiometer GSI 60. Post-COVID-19 participants were required to provide the audiometry 

Figure 1. Flow diagram of participant enrollment, intervention and analysis in the current study.

The criteria to be included were subjects older than 18 and younger than 75 years
with initial THI ≥ 20 and non-pulsatile tinnitus. Patients with severe Meniere syndrome,
hydrocephaly, and severe psychiatric distress were excluded. This resulted in 119 included
and 14 excluded subjects for treatment. Although this study required only a short period
(4 months), 36 subjects quitted the treatment before finishing. This left 83 treated patients
(see Figure 1), and 80 of these subjects achieved some tinnitus relief after four months of
treatment. The baseline characteristics and demographics of patients who completed the
treatment are summarized in Table 1. Averages for age and tinnitus duration are expressed
as mean with standard deviation (SD) values. Their (mean, SD ) age was (51.6, 9.1) years.
Their (mean, SD) tinnitus duration was (6.3, 8.8) years. There were 52 male participants with
(mean, SD) age of (52.9, 8.9) years and (mean, SD) tinnitus duration of (7.2, 9.3) years, and
31 female subjects with (mean, SD) age (49.4, 9.6) years and (mean, SD) tinnitus duration
(5.0, 7.8) years.

Table 1. Baseline characteristics and demographics of patients who completed the treatment.

Age (Years) Tinnitus Duration (Years)

Group N Mean SD Mean SD

All 83 51.6 9.1 6.3 8.8
Male 52 52.9 8.9 7.2 9.3

Female 31 49.4 9.6 5.0 7.8

All subjects underwent standard HL measurements and tinnitus assessment as part of
a clinical protocol which varied over the time related to the beginning of the COVID-19
lockdown (14th March 2020 in Madrid, Spain). In the pre-COVID-19 period, the participants
underwent standard HL measurements of both ears at eleven frequencies (125, 250, 500,
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750, 1000, 1500, 2000, 3000, 4000, 6000, and 8000) Hz in our laboratory using a Clinic
Audiometer GSI 60. Post-COVID-19 participants were required to provide the audiometry
of both ears measured in other exterior Audiological Clinic. Figure 2 shows the average HL
curves of participants. Shaded areas around the mean curves display the 95% confidence
(1.96 x SD/sqrt(N)) intervals. On average, tinnitus participants showed high frequency
hearing losses, slightly greater at the left ear.
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Average audiometric thresholds (AAT) were first calculated for the left and right ears.
AAT is defined as

AAT =
1

N f ∑8000
125 HL( fi), (1)

where HL(fi) represents the HL values at each frequency and Nf is the number of frequencies
(11 in this case).

Additionally, average audiometric thresholds at low frequencies (AATLF) and high
frequencies (AATHF) were calculated as the average for the seven frequencies from 125 to
2000 Hz, and four frequencies from 3000 to 8000 Hz, respectively

AATLF =
1
7 ∑2000

125 HL( fi), (2)

AATHF =
1
4 ∑8000

3000 HL( fi) (3)

The hearing condition of the participants was categorized according to the following
criterion [20]:

If any(HL(fi)) ≥ 40 dB
or AAT ≥ 30 dB
or |AATHF − AATLF| ≥ 17 dB
the subject is Hearing Impaired (HI)
else, the subject has Normal Hearing (NH).
Table 2 summarizes the average audiometric thresholds (AAT) for the participants

gathered by subgroups. It is noticeable that 27 % (22/83) of the tinnitus participants had
normal hearing. 61/83 participants (73%), on the other hand, had high-frequency hearing
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losses. Figures 3 and 4 show the average HL curves for the NH and HI subgroups of
tinnitus participants, respectively.

Table 2. Average audiometric thresholds (AAT) of patients by subgroups.

AAT (dB) AATLF (dB) AATHF (dB)

Left Ear Right Ear Left Ear Right Ear Left Ear Right Ear

Group N Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

All 83 24 15 24 19 16 13 18 19 37 22 34 23
NH 22 11 5 10 5 9 6 9 6 15 6 13 7
HI 61 29 14 29 20 19 14 21 21 45 20 42 22
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To assess their tinnitus features, the participants were asked to fill out a clinical
evaluation sheet questioning about temporal (stable, fluctuant, intermittent), spectral
(number of sounds, pitch), spatial (left ear, right ear, bilateral or central) aspects of their
tinnitus, as well as their tinnitus onset. In addition, the patients were asked about their
clinic history and tinnitus severity, through a Spanish version of the Tinnitus Handicap
Inventory (THI) [21]. The clinical history included information about the descriptive
characteristics and probable onset of their tinnitus, significant comorbidities, and earlier
treatments (other sound therapies, acupuncture, pharmacology, physical therapy, cognitive
behavioral therapy, and etcetera).

A custom-designed Graphical User Interface (GUI) was used to match the type and
pitch of the tinnitus. This GUI, Figure 5, generated band-pass filtered random noise. The
peak frequency and bandwidth of the band-pass filter at half amplitude determined the
type of sound. Specifically, tones, ringing and hissing sounds were provided by bands-pass
lesser than 0.1%, between 0.1 and 10%, and greater than 10%, respectively.
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Figure 5. Custom-designed GUI for tinnitus pitch matching.

The tinnitus pitch matching procedure varied as a consequence of the COVID-19
lockdown. Pre-COVID-19 participants searched for the band-pass filtered noise closer to
their tinnitus at the computer in our laboratory. First, they were acquainted with the effect
of peak frequency and bandwidth of the sound. Then, they were requested to identify
roughly the sound of their tinnitus (tone, ringing or hissing). Next, the effect of varying
the peak frequency and bandwidth on the sounds were trained. Lastly, each patient was
requested to match as closely as possible its tinnitus sound to that generated by the GUI.
Some participants referred several types of sounds. In these cases they were required to
match all these sounds by running successively the GUI. For post-COVID-19 participants,
this procedure was successfully carried out by videoconference. The assessed tinnitus
features of the 83 participants are summarized in Table 3.

Table 3. Tinnitus features of patients by subgroups.

Tinnitus Location (%) Tinnitus Sound (%) Tinnitus Pitch
(Hz) Initial THI

Group N Left Right Bilateral Hissing Ringing Tonal Mean SD Mean SD

All 83 36 21 43 44 26 30 5213 3054 50 23
NH 22 43 14 43 38 43 19 4475 3870 52 23
HI 61 34 24 42 46 20 34 5479 2695 48 22
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The predominant tinnitus onset of the cohort was associated with psychiatric disorder
(40%), followed by hearing loss (32%), overexposure to noise (22%), ear surgery (7%), tube
dysfunction (7%), idiopathic (6%), and others (head trauma, ototoxicity, otitis, rhinitis and
sinusitis, barotrauma, and cervical troubles). Taking into account that some patients could
assign their tinnitus to several causes, the sum of onset percentages was higher than 100.

2.2. Tinnitus Treatment

Tinnitus patients underwent a combination of counseling and sound therapy. Accord-
ing to the neurophysiological model of Jastreboff [14], the harmful emotional effects of
tinnitus can be greatly diminished by turning off the aberrant exacerbated loop between
the limbic and autonomic nervous systems with the auditory system. When the patient is
able to understand the fundamentals and mechanisms causing its perception, he/she can
achieve desensitization and habituation to tinnitus. This is the main goal of counselling.
In this study, counselling was provided over a unique session of roughly 60 min using
a standardized PowerPoint presentation. Initially, an explanation was provided of the
auditory system, paying special attention to the neural part. Then, a description of the main
tinnitus mechanisms was given, i.e., hypersyncrhony, hyperactivity, and reorganization
of the tonotopic map as plastic compensation reactions to deafferentation to the auditory
system [12]. The comprehension of the neural connections between the auditory and limbic
systems helped to clarify the strong emotional reactions to tinnitus, such as annoyance,
irritability, stress, anxiety, panic, and depression.

Once the tinnitus mechanisms were understood, subjects could be easily introduced
to the fundamentals of the neurophysiological model of Jastreboff [14], and they were
instructed in how brain plasticity can help to decrease these strong emotional reactions by
blocking the loop between the auditory and the limbic and autonomic nervous systems.
However, this is a slow process requiring several months, so that tinnitus patients must
have adherence to the treatment.

The main goal of sound therapy is to vary auditory processing at the subconscious
level to stimulate habituation to tinnitus perception [15]. Numerous sound stimuli have
been proposed for tinnitus therapy in the past decades [22,23]. According to Jastreboff and
Jastreboff, any type of sound which does not annoy, create discomfort or damage hearing,
is better than silence [18]. However, Schaette and Kempter [24] used a computer model of
tinnitus-related hyperactivity to show that a personalized sound consisting of broadband
noise filtered by the audiometry of the patient should reduce tinnitus optimally. Such a
customized broadband sound stimulus was generated by using a custom-designed GUI
(Figure 6), consisting of an enriched acoustic environment (EAE) of filtered broadband
noise [25]. As the HL curves of both ears are used for filtering the random noise, these
stimuli are always stereo, regardless of the ear location of the tinnitus.

These customized EAE stimuli were given to the participants in mp3 format with
instructions to listen to them for one hour each day for four months, using any audio player
device (mp3 player, smartphone, or computer) connected to high quality headphones.
Furthermore, they were trained in adjusting the stimuli volume to a level just below their
tinnitus percept (the mixing point) [14].

A validated Spanish version of the THI [21,26], designed to measure the distress, hand-
icap and psychosocial consequences of tinnitus, was used to assess the outcome of the pro-
posed treatment. During the counselling session, participants were instructed to fill in this
questionnaire. According to the severity scale of tinnitus proposed by McCombe et al. [27],
40% of participants had a mild handicap (18 ≤ THI ≤ 36), 25% suffered a moderate hand-
icap (38 ≤ THI ≤ 56), 17.5% were concerned by a severe handicap (58 ≤ THI ≤ 76), and
17.5% experienced catastrophic handicap (THI ≥ 78). After assessing initial values of THI,
and until the end of the treatment, participants were requested monthly by email to fill
in new THI questionnaires. A decrease of 20 points in the THI score is considered to be
clinically relevant [14].
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3. Results

Among the 83 participants completing the study, 80 (96.4%) benefited from the treat-
ment while three failed to get any relief (their THI score even increased by several points).
The average THI change over the 4 months of treatment for the 80 successful participants
is presented in Figure 7. The average decrease of THI score for these 80 participants was
23 points, which is clinically relevant [14].
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Notice that this overall THI reduction (23 points) is slightly lower than that reported
by Cuesta and Cobo [20], which was 29 points for 22 patients. The main reason is that the
current study included patients with THI ≥ 20, while the previous study excluded patients
with THI ≤ 32. It could be expected that the greater the initial THI, the more reduction
potential there should have been. This is illustrated in Figure 8, where the tinnitus distress
reduction analysis is carried out by severity scales. Table 4 summarizes the result of this
analysis. We therefore confirm that the final THI reduction of the treatment increased with
the baseline value of THI.
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Table 4. Average THI reduction by severity scales.

Severity Scale N THIini THIfin ∆THI

Mild 32 29 15 −14
Moderate 20 47 27 −20

Severe 14 67 36 −31
Catastrophic 14 87 45 −42

All 80 50 27 −23

For the mild and moderate scales, the mean THI score was reduced by 14 and 20 points,
respectively. However, for the severe and catastrophic scales, much more reductions were
obtained (31 and 42 points, respectively).

Figure 9 shows a bar diagram of the THI reduction by scales. One-way ANOVA tests
showed that differences between means before and after treatment are statistically different
at p < 0.001. All the participants passed to lower distress scales. On average, the 32 patients
on the mild scale moved to the slight or no handicap scale (one grade fall), the 20 patients
with moderate handicap came down one grade to mild tinnitus, the 14 subjects with severe
tinnitus descended two grades to mild handicap, and the 14 individuals with catastrophic
tinnitus moved down two grades to moderate tinnitus.
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4. Discussion

Although this is a non-controlled, small-size observational study, the efficacy of TRT
was earlier confirmed by randomized clinical trials [15–17,28]. The aim of this study was to
assess the improvement of the results by using personalized treatment based on matching
the broadband noise frequently used in TRT with the hearing loss curves of patients. A
control group was discarded due to ethical reasons [29]. Nevertheless, we are conscious
that the study should be tested in a larger sample size to increase its statistical power.

Our categorization of HL subtypes considered hearing impaired (HI) and normal hear-
ing (NH) subtypes [30]. The HI subgroup was the most prevalent HL subtype (73%), in our
study, followed by NH (27%). The percentage of tinnitus patients with apparently normal
hearing in this study (27%) was in between those of other authors. In Lindblad et al. [31],
one third of tinnitus occurred without simultaneous HL. McFerran el al. [3], on the other
hand, suggested that up to one in 10 tinnitus patients could have normal pure tone audiome-
try. Nevertheless, HL above 8 kHz or cochlear synaptopathy, two causes of auditory deaffer-
entiation, can coexist with normal HL up to 8 kHz [32,33]. Cochlear synaptopathy consists
of the selective loss of synaptic connections of the auditory nerve with high-threshold and
low-spontaneous rate inner hear cells, which does not impair hearing thresholds. Since
the loss of these connections can reach 40-50 % without elevating hearing thresholds, this
hearing disorder is also named hidden hearing loss (HHL) [33].

Of the participants enrolled in this study, 70% (83 of 119) finished the treatment, while
30% (36 of 119) left it before concluding. Although we do not have an explanation for this
high abandon ratio (subjects did not reply to our follow up email), some participants in
this study had had negative experience with preceding treatments which turned them into
rather impatient patients.

Of patients completing the treatment 96% (80 of 83) reached clinically relevant relief
after 4 months. Differences in the therapy outcome between NH and HI patient subgroups
were not found. It is remarkable that, as already noted by Jastreboff, tinnitus onset is
not important for the success of the therapy [14]. This success ratio is higher than the
80% frequently declared for other TRT studies [14,16,28]. The THI decay (∆THI) of our
treatment obtained in just 4 months is comparable to those mentioned by others studies
with a longer duration. For instance, a 12 months TRT study by Jastreboff accounted for a
∆THI of 23 points after the first 4 months [14]. Henry et al. reported a controlled clinical
study to evaluate prospectively the clinical efficacy of tinnitus masking and TRT in military
veterans having clinically significant tinnitus [15]. After the first 4 months they found a
∆THI of 7 points.
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Many other studies have used also sound stimuli different to simpler broadband
noise in the audio frequency. Henry et al. [34] showed that the effectiveness of TRT can
be improved by coloring the typical broadband noise. However, Barozzi et al. [35] found
that there were no significant differences between nature and technical sounds in the
management of patients suffering from tinnitus. Similar improvements were obtained in
both groups at three and six months following the TRT treatment. Kim et al. [36], on the
other hand, compared the effectiveness of three band filtered noises in the treatment of
38 tinnitus subjects over 9 weeks; specifically, narrowband noise TRT (nTRT), mixed band
noise TRT (mTRT), and broadband noise TRT (bTRT). They found that, although the three
sounds can provide relief in patients with annoying tinnitus, the bTRT group showed a
higher success rate than other groups. We claim that the high success ratio of our study
is related to the personalized sound stimulus used in the treatment, which is the optimal
sound to reverse tinnitus according to Schaette and Kempter’s model [23].

Our results corroborate previous results on the dependency of the ∆THI after TRT
with the baseline distress of individuals. For instance, Oishi et al. [37] assessed the effect
of TRT employing monaural noise generators on 95 patients with chronic tinnitus. They
found that the ∆THI of severely distressed patients, after 6 months of TRT, almost doubled
the ∆THI experienced by moderately distressed patients.

According to De Ridder et al. [38] “Tinnitus is the conscious awareness of a tonal or
composite noise for which there is no identifiable corresponding external acoustic source,
which becomes Tinnitus Disorder when associated with emotional distress, cognitive
dysfunction, and/or autonomic arousal, leading to behavioural changes and functional
disability”. It must be emphasized that this therapy should be considered in the area
of treatment of tinnitus disorder, as it includes audiological (sound) and psychological
(counselling) intervention.

This study has some limitations. First, high frequency hearing losses (>8000 Hz) of
patients were not obtained, which could modify the percentage of subjects classified as
having normal hearing (NH) [32]. Second, psychoacoustic characterization of tinnitus was
not performed, which could be relevant to understanding individual responses to sound
therapy. Third, this is an ongoing study, so that its statistical strength should increase
as the sample size grows. While the pre-post treatment results were highly promising
in comparison with other similar studies, we also noted a high attrition rate (36 out of
119 patients) as participation was on a completely voluntary nature. Taking into account
the positive pilot results of the therapy [25], and compelled by ethical reasons, we were not
able to implement a completely randomized and controlled clinical trial with a comparison
group. If possible, future studies need to consider inclusion of a comparison control group.

5. Conclusions

The efficacy of conventional treatment of tinnitus (Tinnitus Retraining Therapy) can be
improved by designing customized sound stimuli matched to the hearing loss curves of the
patients (Enriched Acoustic Environment). The main benefit of this refinement is yielding a
statistically significant and clinically relevant distress reduction in a shorter period of time.
In this study, 80 of 83 tinnitus patients of heterogeneous onset achieved an average THI
score reduction of 23 points in just four months of treatment. Furthermore, this reduction
was dependent on the initial severity scale of the patients. In general, the greater the initial
severity degree, the greater the final THI reduction.
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P.C.; validation, M.C. and C.G.; formal analysis, P.C. and C.G.; investigation, P.C. and C.G.; writing—
original draft preparation, M.C. and C.G.; writing—review and editing, P.C.; supervision, P.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Brain Sci. 2022, 12, 82 12 of 13

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Spanish National Research Council
(CSIC) (date of approval 2 March 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: All subjects involved in this study are kindly acknowledged.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Eggermont, J.J.; Tass, P.A. Maladaptive neural synchrony in tinnitus: Origin and restoration. Front. Neurol. 2015, 6, 29. [CrossRef]
2. Hall, D.A.; Haider, H.; Kikidis, D.; Mielczarek, M.; Mazurek, B.; Szczepek, A.J.; Cederroth, C.R. Toward a global consensus on

outcome measures for clinical trials in tinnitus. Trends Hear. 2015, 19, 2331216515580272.
3. McFerran, D.J.; Stockdale, D.; Holme, R.; Large, C.H.; Baguley, D.M. Why Is There No Cure for Tinnitus? Front. Neurosci. 2019,

13, 802. [CrossRef] [PubMed]
4. Van de Heyning, P.; Meeus, O.; Blaivie, C.; Vermeire, K.; Boudewyns, A.; De Ridder, D. Tinnitus: A multidisciplinary clinical

approach. B-ENT 2007, 3, 3–10.
5. Vio, M.M.; Holme, R.H. Hearing loss and tinnitus: 250 million people and US$10 billion potential market. Drug Discov. Today

2005, 10, 1263–1265. [CrossRef]
6. Cobo, P. Tinnitus: Mechanisms, measures and sound treatments. Loquens 2015, 2, e024. [CrossRef]
7. Eggermont, J.J. Noise and the Brain; Academic Press: Amsterdam, The Netherlands, 2014.
8. Schecklmann, M.; Vielsmeier, V.; Steffens, T.; Landgrebe, M.; Langguth, B.; Kleinjung, T. Relationship between audiometric slope

and tinnitus pitch in tinnitus patients: Insights into the mechanisms of tinnitus generation. PLoS ONE 2012, 7, e34878. [CrossRef]
[PubMed]

9. Sereda, M.; Hall, D.H.; Bosnyak, D.J.; Edmondson-Jones, M.; Roberts, L.E.; Adjamian, P.; Palmer, A.R. Re-examining the
relationship between audiometric profile and tinnitus pitch. Int. J. Audiol. 2011, 50, 303–312. [CrossRef]

10. Shekhawat, G.S.; Searchfield, G.D.; Stinear, C.M. The relationship between tinnitus pitch and hearing sensitivity. Eur. Arch.
Otolaryngol. 2014, 271, 41–48. [CrossRef]

11. Cuesta, M.; Cobo, P. Relating tinnitus features and audiometric characteristics in a cohort of 34 tinnitus subjects. Loquens 2018,
5, e054. [CrossRef]

12. Eggermont, J.J. The Neuroscience of Tinnitus; Oxford University Press: Oxford, UK, 2012.
13. Cederroth, C.R.; Gallus, S.; Hall, D.A.; Kleinjung, T.; Langguth, B.; Maruotti, A.; Meyer, M.; Noreña, A.; Probst, T.; Pryss, R.; et al.

Editorial: Towards an understanding of tinnitus heterogeneity. Front. Aging Neurosci. 2019, 11, 53. [CrossRef]
14. Jastreboff, P.J. 25 years of tinnitus retraining therapy. HNO 2015, 63, 307–311. [CrossRef]
15. Henry, J.A.; Schechter, M.A.; Zaugg, T.L.; Griest, S.; Jastreboff, P.J.; Vernon, J.A.; Kaelin, C.; Meikle, M.B.; Lyons, K.S.; Stewart, B.J.

Outcomes of clinical trial: Tinnitus masking versus tinnitus retraining therapy. J. Am. Acad. Audiol. 2006, 17, 104–132. [CrossRef]
16. Formby, C.; Scherer, R. TRTT Study Group. Rationale for the tinnitus retraining therapy trial. Noise Health 2013, 15, 134–142.

[CrossRef]
17. Bauer, C.A.; Berry, J.L.; Brozowski, T.J. The effect of Tinnitus Retraining Therapy on chronic tinnitus: A controlled trial.

Laryngoscope Investig. Otolaryngol. 2017, 2, 166–177. [CrossRef] [PubMed]
18. Jastreboff, P.J.; Jastreboff, M.M. Tinnitus retraining therapy for patients with tinnitus and decreased sound tolerance. Otolaryngol.

Clin. N. Am. 2003, 36, 321–336. [CrossRef]
19. Fuller, T.; Cima, R.; Langguth, B.; Mazurek, B.; Vlaeyen, J.W.; Hoare, D.J. Cognitive behavioural therapy for tinnitus. Cochrane

Database Syst. Rev. 2020, 1, CD012614. [CrossRef]
20. Cuesta, M.; Cobo, P. Broadband sound equalized by the hearing loss curves as an improved stimulus for tinnitus retraining

therapy-A pilot, non-controlled observational study. J. Int. Adv. Otol. 2020, 16, 207–212. [CrossRef]
21. Herráiz, C.; Hernández Calvín, F.J.; Plaza, G.; Tapia, M.C.; De los Santos, G. Handicap Assessment in Tinnitus Patients. Acta

Otorrinolaringol. Esp. 2001, 52, 142–145. (In Spanish)
22. Pienkowski, M. Rationale and efficacy of sound therapies for tinnitus and hyperacusis. Neuroscience 2019, 407, 120–134. [CrossRef]

[PubMed]
23. Searchfield, G.D.; Durai, M.; Linford, T. A state-of-the-art review: Personalization of tinnitus sound therapy. Front. Psychol. 2017,

8, 1599. [CrossRef] [PubMed]
24. Schaette, R.; Kempter, R. Development of tinnitus-related neuronal hyperactivity through homeostatic plasticity after hearing

loss: A computational model. Eur. J. Neurosci. 2006, 23, 3124–3138. [CrossRef] [PubMed]
25. Cobo, P.; Cuesta, M.; De la Colina, C. Customised enriched acoustic environment for sound therapy of tinnitus. Acta Acustica

2021, 5, 34. [CrossRef]
26. Newman, C.W.; Sandridge, S.A.; Jacobson, G.P. Psychometric adequacy of the Tinnitus Handicap Inventory (THI) for evaluating

treatment outcome. J. Am. Acad. Audiol. 1998, 9, 153–160. [PubMed]

http://doi.org/10.3389/fneur.2015.00029
http://doi.org/10.3389/fnins.2019.00802
http://www.ncbi.nlm.nih.gov/pubmed/31447630
http://doi.org/10.1016/S1359-6446(05)03594-4
http://doi.org/10.3989/loquens.2015.024
http://doi.org/10.1371/journal.pone.0034878
http://www.ncbi.nlm.nih.gov/pubmed/22529949
http://doi.org/10.3109/14992027.2010.551221
http://doi.org/10.1007/s00405-013-2375-6
http://doi.org/10.3989/loquens.2018.054
http://doi.org/10.3389/fnagi.2019.00053
http://doi.org/10.1007/s00106-014-2979-1
http://doi.org/10.3766/jaaa.17.2.4
http://doi.org/10.4103/1463-1741.110299
http://doi.org/10.1002/lio2.76
http://www.ncbi.nlm.nih.gov/pubmed/28894836
http://doi.org/10.1016/S0030-6665(02)00172-X
http://doi.org/10.1002/14651858.CD012614.pub2
http://doi.org/10.5152/iao.2020.7834
http://doi.org/10.1016/j.neuroscience.2018.09.012
http://www.ncbi.nlm.nih.gov/pubmed/30244031
http://doi.org/10.3389/fpsyg.2017.01599
http://www.ncbi.nlm.nih.gov/pubmed/28970812
http://doi.org/10.1111/j.1460-9568.2006.04774.x
http://www.ncbi.nlm.nih.gov/pubmed/16820003
http://doi.org/10.1051/aacus/2021028
http://www.ncbi.nlm.nih.gov/pubmed/9564679


Brain Sci. 2022, 12, 82 13 of 13

27. McCombe, A.; Baguley, D.; Coles, R.; McKeyna, L.; McKinney, C.; Windle-Taylor, P. Guidelines for the grading of tinnitus severity:
The results of a working group commissioned by the British Association of Otolaryngologists, Head and Neck Surgeons, 1999.
Clin. Otolaryngol. Allied Sci. 2001, 26, 388–393. [CrossRef]

28. Bauer, C.A.; Berry, J.; Brozowski, T.J. Clinical trials supported by the Tinnitus Research Consortium: Lessons learned, the Southern
Illinois University experience. Hear. Res. 2016, 334, 65–671. [CrossRef]

29. Jastreboff, P.J.; Jastreboff, M.M. How TRT derives from the neurophysiological model. In Proceedings of the 6th International
Tinnitus Seminar, London, UK, 5–9 September 1999; pp. 87–91.

30. Cuesta, M.; Cobo, P. Audiometric Characteristics and Tinnitus Features in a Cohort of 170 Spanish Patients. Audiol. Res. 2021, 11,
594–602. [CrossRef]

31. Lindblad, A.C.; Rosenhall, U.; Oloffson, A.; Hagerman, B. Tinnitus and other auditory problems—Occupational noise exposure
below risk limits may cause inner ear dysfunction. PLoS ONE 2014, 9, e97377. [CrossRef]

32. Weisz, N.; Hartmann, T.; Dohrmann, K.; Schlee, W.; Noreña, A. High-frequency tinnitus without hearing loss does not mean
absence of deafferentation. Hear. Res. 2006, 222, 108–114. [CrossRef]

33. Liberman, M.C.; Kujawa, S.G. Cochlear synaptopathy in acquired sensorineural hearing loss: Manifestations and mechanisms.
Hear. Res. 2017, 349, 138–147. [CrossRef]

34. Henry, J.A.; Rheinsburg, B.; Zaugg, T. Comparison of custom sounds for achieving tinnitus relief. J. Am. Acad. Audiol. 2004, 15,
585–598. [CrossRef] [PubMed]

35. Barozzi, S.; Del Bo, L.; Crocetti, A.; Dyrlind, O.; Passoni, S.; Zolin, A.; Painicucci, E.; Mancuso, A.; Kaur, M.; Searchfield, G.D. A
comparison of nature and technical sounds for tinnitus therapy. Acta Acust. United Acust. 2016, 102, 540–546. [CrossRef]

36. Kim, B.J.; Chung, S.W.; Jung, J.Y.; Suh, M.W. Effect of different sounds on the treatment outcome of tinnitus retraining therapy.
Clin. Exp. Otorhinolaryngol. 2014, 7, 87–93. [CrossRef] [PubMed]

37. Oishi, N.; Shinden, S.; Kanzaki, S.; Saito, K.; Inoue, Y.; Ogawa, K. Effects of Tinnitus Retraining Therapy involving monaural
noise generators. Eur. Arch. Otorhinolaryngol. 2013, 270, 443–448. [CrossRef] [PubMed]

38. De Ridder, D.; Schlee, W.; Vanneste, S.; Londero, A.; Weisz, N.; Kleinjung, T.; Shekhawat, G.S.; Elgoyhen, A.B.; Song, J.J.;
Andersson, G.; et al. Tinnitus and tinnitus disorder: Theoretical and operational definitions (an international multidisciplinary
proposal). Prog. Brain Res. 2021, 260, 1–25. [CrossRef]

http://doi.org/10.1046/j.1365-2273.2001.00490.x
http://doi.org/10.1016/j.heares.2015.05.001
http://doi.org/10.3390/audiolres11040053
http://doi.org/10.1371/journal.pone.0097377
http://doi.org/10.1016/j.heares.2006.09.003
http://doi.org/10.1016/j.heares.2017.01.003
http://doi.org/10.3766/jaaa.15.8.6
http://www.ncbi.nlm.nih.gov/pubmed/15553658
http://doi.org/10.3813/AAA.918971
http://doi.org/10.3342/ceo.2014.7.2.87
http://www.ncbi.nlm.nih.gov/pubmed/24917903
http://doi.org/10.1007/s00405-012-1951-5
http://www.ncbi.nlm.nih.gov/pubmed/22331257
http://doi.org/10.1016/bs.pbr.2020.12.002

	Introduction 
	Materials and Methods 
	Participants and Measurements 
	Tinnitus Treatment 

	Results 
	Discussion 
	Conclusions 
	References

