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Abstract Introduction Tinnitus can be distressing, and it affects the quality of life (QoL)
through psychological and cognitive impairments. Cognitive behavioral therapy (CBT)
and notched sound therapy (NST) are tinnitus management approaches aiming to
reduce symptoms and improve QoL via two different mechanisms. The CBT attains the
cognitive principle, whereas the NST initiates tinnitus habituation.
Objective To evaluate the effect of CBT and NST and compare their results in the
management of chronic subjective tinnitus.
Methods The present prospective study involved 64 adults with normal hearing and
chronic subjective tinnitus. They were subjected to history taking, basic audiological
evaluation, and extended high-frequency audiometry at 10 and 12.5 kHz. The partic-
ipants were divided into two equal groups, the first treated with CBT and the second
treated with NST. The psychoacoustic measures of tinnitus and the Arabic Question-
naire for Tinnitus Reaction (Arabic-QTR) were used to monitor the outcomes of both
therapies.
Results Both groups showed significant reduction in tinnitus severity according to the
Arabic-QTR and tinnitus loudnessmatching. Improvement in the Arabic-QTR was better
in the CBT group, while tinnitus loudness improvement was better in the NST group.
Conclusion Both CBT and NST are effective in the management of chronic subjective
tinnitus. In a comparison of the effect of the two therapies, CBT was found to be more
effective in decreasing tinnitus-related distress, whereas SNT was found to be more
helpful in reducing tinnitus loudness.
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Introduction

Tinnitus is the perception of soundwithout an external sound
generator, in most cases. It may be heard in one or both ears,
the center of the head, or even away from the head.1 Tinnitus
can be classified into two types: objective and subjective.
Subjective tinnitus is more common and perceived only by
the individual. It is a highly complex condition with a multi-
factorial origin, heterogeneous patient profiles, and caused by
anomalous activity in the auditory system.2

The importance of tinnitus could be related to the rela-
tively high prevalence rates, which range from 7.1 to 14.6%
according to the National Center for Health Statistics3 and
from 10 to 19% according to Gilles et al.4 Another important
issue is the impact of tinnitus on quality of life (QoL), which
varies from non-bothersome to bothersome.2 Bothersome
tinnitus causes negative emotional responses such as anxiety
and depression, which markedly affect QoL. In addition, it
causes disabling psychological and cognitive manifestations
such as insomnia and difficulties in concentration, commu-
nication, and social interaction.5

The relationship involving the limbic system, the autonomic
system, and the auditory system has been explained by the
neurophysiological model proposed by Jastreboff;6 the model
hypothesizes that tinnitus develops through the generation of
abnormal neural activities in the auditory pathways that are
processed as sourceless soundwaves by the peripheral auditory
systemandmove through theauditorypathways to theprimary
auditory cortex and other cortical areas. The abnormal neural
activities are evaluated subconsciously and consciously. If they
are evaluated as representing a neutral event, they will not be
perceived consciously. However, if the neural activities are
evaluated negatively or as unknown, they will be classified as
potentially unpleasant and/or dangerous, which activates the
limbic and autonomic nervous systems and subsequently gen-
erates negative reactions such as annoyance, anxiety, panic, and
concentration disturbance. These reactions have two-way con-
nections to the limbic system, autonomic nervous system, and
the auditory cortex and other cortical areas.

Therefore, there is a need for prompt tinnitusmanagement.
Uniform treatment can be challenging due to the heteroge-
neous and highly variable nature of tinnitus. Over the past few
decades, numerous approaches have been developed to man-
age tinnitus. The treatments commonly administered include
habituation therapy, antidepressants, hearing aids, transcra-
nial magnetic stimulation, and tinnitus retraining therapy.2 In
addition, the cognitive behavioral therapy (CBT)7–9 and
notched sound therapy10–13 approacheshave currently gained
much interest.

An integrative and pragmatic therapy, CBT aims at modi-
fying dysfunctional behaviors and beliefs to reduce symp-
toms, increase daily life functioning, and ultimately promote
recovery.14 The CBT approach includes a combination of
several elements, such as education, counseling, exposure,
relaxation, and hearing rehabilitations. There is strong evi-
dence favoring tinnitus treatment by CBT,8 which has been
applied in tinnitus research for decades and the results of the
effectiveness vary in decreasing tinnitus severity/distress,

tinnitus-related fear, tinnitus disability, tinnitus-related cog-
nitive problems, and in improving QoL.5

On the other hand, sound therapy is used in different
ways, such as the neuromonics approach (music combined
with broadband noise, providing an equalized stimula-
tion),15 tinnitus-masking therapy,16 customizedmusic stim-
ulation,17 and notched sound therapy (NST).10,11,18 These
approaches aim at improving tinnitus not by treating its
causes, but simply by helping to manage its consequences.2

Listening to NST can introduce a functional deafferentation
of auditory neurons corresponding to the eliminated fre-
quency band. This could be explained on the basis that
deprivation of auditory input in the tinnitus-matched fre-
quency range results in the long-term depression of auditory
neurons matching the tinnitus frequency.19,20 Consequently,
the notched sound no longer stimulates the cortical area
corresponding to the tinnitus frequency, and it can effective-
ly reduce tinnitus loudness and tinnitus-related auditory
cortex activity,21,22 providing amelioration on thoughts,
emotions, concentration, sleep, and tinnitus annoyance.23

To thebest of our knowledge, there are no previous studies
on the effect of CBTversus NST andwhen to incorporate each
of them in adults with chronic subjective tinnitus. Therefore,
the current study was designed to evaluate the effect of CBT
and NST and to compare their outcomes in adults with
chronic subjective tinnitus and normal hearing using the
psychoacoustic measures of tinnitus (tinnitus pitch and
loudness matching) and the newly developed Arabic Ques-
tionnaire for Tinnitus Reaction (Arabic-QTR), a self-assess-
ment scale with high validity and reliability.24 Based on the
patient’s main complaint (such as tinnitus loudness or
distress) and the outcomes of the assessment measures, a
clue could be given regarding when to apply CBT or NST.

Methods

Participants
The present prospective cohort study involved adults (aged
between 18 and 50 years) of both genders with tinnitus
complaints of variable severity. The sample was calculated
to contain 64 subjects, using the Open-Epi (open source)
application at a confidence level of 95% and power of 80%.
The sample was randomly divided (simple random method)
into 2 groups of 32 subjects each: thefirst group received CBT,
while the second group received NST of notched white noise.
The inclusion criteriawere as follows: normal hearing thresh-
old in the frequency range between 250Hz and 8kHz (up to
25dB HL),25 with excellent word recognition score (WRS:
88–100%), unilateral or bilateral chronic subjective tinnitus
(for � 6 months)2 of tonal character (whistling or beeping
sounds), as thenotchof theNST iscenteredaroundpitchmatch
of tonal tinnitus,26 pitch perception of tinnitus is subjectively
stable (stable tinnitus when the patient has experienced it for
6monthsormorewithout change inpitch, loudness, laterality,
and nature),2 and normal neurological examinations.

Participants were excluded from the study when they
presented: objective or pulsatile tinnitus, because they reflect
an underlying pathology that needs further investigation and
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management; external and/or middle-ear pathology; neuro-
logical disorders, such as dementia, intellectual disability, or
past history of major mental illness (psychosis, bipolar disor-
der, depression, anxiety disorder, or the use of psychotropic
medication); and history of ototoxic medications and sub-
stanceabuse. Thestudybeganafterweobtainedapproval from
the Institutional Review Board (ID: 6365–1-9–2020). All par-
ticipants provided written consent after the purpose and the
procedures of the study were explained to them.

Procedure

Assessment
The assessment started with detailed history taking, includ-
ing detailed psychiatric history and data about tinnitus side,
duration, character, and course. This was followed by an
otoscopic examination to ensure the external ear canal was
normal and the tympanic membrane was intact. The next
step was the performance of a basic audiological evaluation,
extended high-frequency audiometry, psychoacousticmeas-
ures of tinnitus (tinnitus pitch and loudness matching), and
assessment by the Arabic-QTR. The psychoacousticmeasures
and the Arabic-QTR were applied before and after the reha-
bilitation in both groups to evaluate the efficacy of both
intervention programs.

Basic Audiological Evaluation
Immittancemetry involved tympanometry and ipsilateral
acoustic reflexes at 0.5, 1, 2, and 4 kHz to ensure normal
middle ear function. In addition, pure-tone audiometry
(PTA) was performed at frequencies ranging from 0.25 to
8 kHz for air conduction and from 0.5 to 4.0 kHz for bone
conduction. Speech audiometry (speech reception threshold
[SRT] and WRS) was then performed to confirm the out-
comes of the PTA. The TDH-39 supra-aural headphones
(Telephonics, Farmingdale, NY, United States) were used to
deliver air-conduction stimuli.

Extended High-Frequency Audiometry
The air conduction stimuli were delivered through HAD 200
circumaural headphones (Sennheiser, Wedemark, Germany)
to assess the extended high-frequencymeasures, at frequen-
cies of 10 and 12.5 kHz for both ears even in cases of
unilateral tinnitus.

Psychoacoustic Measures of Tinnitus
Tinnitus matching was performed in the non-tinnitus ear
when tinnitus was unilateral and in the better ear when
tinnitus was bilateral.27 These measures involved pitch
matching and loudness matching tests.

Pitch matching estimates tinnitus frequency based on
the tinnitus pitch as perceived by the patient. A stimulus of
1,000Hz was presented at 5 to 10 dB SL (regarding the SRT)
followed by an octave step-up or -down movement. Half-
octave steps were employed for more precise estimation
after the closest frequency to the tinnitus pitch was
detected.28

Loudness matching is the perceived equivalent of tinni-
tus sound intensity. The stimulus represented frequency
chosen via pitch matching that was conducted at a level
just below threshold. Then, the intensity was increased in
1-dB steps until the patient signaled a match. Tinnitus
loudness was measured in dBSL (regarding the SRT).28

The Arabic Questionnaire for Tinnitus Reaction
(Arabic-QTR)
The Arabic-QTR was developed by Mekki et al.24 to assess the
severity and impact of tinnitus in adults with chronic subjec-
tive tinnitus and normal hearing. It has been proven to have
adequate validity and reliability. The validity was assessed
through exploratory factor analysis, with 18 items categorized
into 4 subscales: 1) the somatic subscale (items 1–4), which
estimates somatic complaints; 2) the awareness subscale
(items5–10),whichdenotes difficulties inauditoryperception
and physical limitations; 3) the emotional subscale (items
11–14), which represents affective and social impacts; and 4)
the anxiety subscale (items 15–18), which indicates psycho-
logical symptoms. Each question has three possible answers:
yes (2 points), sometimes (1 point), or no (0 points). A score for
each subscale and a total score out of 36 can be obtained.
The degree of tinnitus reaction severity can also be estimated
fromthe total scoreas followd:mild–0 to9 (0–25%);moderate
–10 to 18 (26–50%); severe –19 to 27 (51–75%); and profound
–28 to 36 (> 75%).

In addition, the Arabic-QTR exhibited an adequate
construct validity by revealing moderate-to-strong correla-
tions with two validated tinnitus scales (the Tinnitus Handi-
cap Inventory [THI] and the Mini-Tinnitus Questionnaire)29

and a psychological assessment scale (the Arabic version of
the Hospital Anxiety and Depression Scale, HADS).30 The
Arabic-QTR has also been proven to have considerable inter-
nal consistency reliability (Cronbach α coefficients [0.78],
split-half reliability coefficients [0.73], and inter-item corre-
lations) and external consistency as measured by test-retest
reliability.

Intervention

The first group received CBT, which consisted of 12 sessions
over 3 months, according to the protocol suggested by Rob-
inson et al.31 The sessions were conducted by two expert
psychiatrists who are experienced in CBT and have co-auth-
ored the current study. They involved an introduction about
thoughts, behaviors, stress, and tinnitus; increasing pleasant
activities; relaxation techniques; cognitive restructuring; goal
setting; summary; and review. Homework assignments were
given weekly and reviewed during the next session.

The second group received NST of notched white noise
that has a frequency spectrum of 0.05 to 15 kHz with equal
intensities. A notch is introduced within the stimulus by
notched filters that are chosen to correspond to the tinnitus
pitch (frequency band of 1/2 octave around the individual
tinnitus frequency removed from the energy spectrum of the
sound) for two hours on daily basis, through a laptop, mobile
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phone, or MP3 player over three consecutive months. The
patients were instructed to listen to the NST attentively in a
quiet surrounding at home with comfortable loudness. They
were allowed reading, surfing the internet, or doing other
relaxing activities.32 In case of unilateral tinnitus, sound
therapy was only applied to the symptomatic ear.

Equipment and Materials

A two-channel audiometer (Madsen Oribter 902, version 2,
Natus Medical Incorporated, Middleton, WI, United States)
was used for the PTA, speech audiometry, extended high-
frequency audiometry, and psychoacoustic measures of tin-
nitus. Moreover, a middle ear analyzer, (Madsen Zodiac 901,
version 3.2, Natus Medical Incorporated) was used for
immittancemetry.

Statistical Analysis

Data obtained from all subjects were inserted into raw data
tables. The statistical analysis was performed using the IBM
SPSS Statistics for Windows software, version 21.0 (IBM
Corp., Armonk, NY United States). Frequencies and percen-
tageswere used to express the qualitative variables, whereas
mean, standard deviation (SD), range, and interquartile
range values were used to express quantitative variables.
The Fisher exact and Chi-squared (χ2) tests were used to
assess the distribution of the qualitative data. The Shapiro-
Wilk test was applied to estimate the normality of quantita-
tive data distribution. Parametric tests (such as Student
t-tests) were used when the data were normally distributed,
and non-parametric tests (such as the Mann-Whitney and
Wilcoxon signed-rank tests) were used when data were
abnormally distributed. Test significance was set at p<0.05.

Results

The two study groups showed a homogenous distribution in
terms of age, gender, duration, and lateralization of tinnitus
(►Table 1). ►Table 2 represents the audiological outcomes

(PTA and extended high-frequency audiometry) of the ears
with tinnitus, with no significant differences between the
study groups. The PTA revealed bilateral normal hearing
sensitivity (� 25dBHL) in the frequency range from 0.25 to
8 kHz that matched the outcomes of speech audiometry. On
the other hand, the extended high-frequency thresholds
were abnormally elevated, with varying degrees, from mild
to profound, in both ears (> 25dB HL) in 65% of the
participants at 10 and/or 12.5 kHz. All participants had
bilateral type-A tympanogram with preserved acoustic
reflexes, indicating normal middle ear function.

The changes in the psychoacoustic characteristics of
tinnitus following CBT and NST are shown in ►Table 3. In
both groups, pitch matching ranged from 0.125 to
12.500 kHz bilaterally. The median values were of 3 kHz
(right ear) and 4 kHz (left ear) in the CBT group, and of
1.5 kHz (right ear) and 4kHz (left ear) in the NST group. A
main finding of the present study was the stability of pitch
matching outcomes throughout the therapies without any
noticeable differences. However, loudness matching showed
a statistically significant reduction after both therapies
(►Table 3).

Another important finding was the significant improve-
ment (reduction) in the subscale and total scores on the
Arabic-QTR after both therapies (►Table 4). Moreover, the
McNemar χ2 test revealed a significant reduction in the
severity of tinnitus reaction in both the CBT and NST groups
(CBT group: χ2¼4.95; p<0.001; NST group: χ2¼4.79;
p<0.001) (►Fig. 1).

Moreover, the outcomemeasures of the two study groups
were compared prior to and after the therapies. ►Fig. 2

shows that the loudness matching was comparable between
the two study groups before therapy administration. Never-
theless, the posttherapy loudness matching revealed pro-
nounced reduction following sound therapy as compared
with the CBTusing the independent samples t-test.When the
Arabic-QTR scores were compared between the two groups,
they were analogous before the intervention (►Fig. 3). How-
ever, there was a significant reduction in the scores on the
emotional and anxiety subscales and on the total score after

Table 1 Demographics and tinnitus characteristics of the two study groups

Personal criteria CBT group
(n¼32)

NST group
(n¼32)

Test value (p)

Age in years: mean� SD (range) 34.72�7.99 (21–48) 32.03�8.33 (20–49) 1.316 (0.193)a

Gender: male/female 13/19 14/18 0.064 (0.800)b

Duration (in months)

Mean� SD (range) 18.58�12.17 (6–48) 16.78�10.32 (6–48) 0.469 (0.639)c

Median (IQR) 12 (9–24) 12 (8.25–24)

Laterality (n)

Bilateral 19 17 2.596 (0.628)d

Right ear 5 6

Left ear 8 9

Abbreviations: CBT, cognitive behavioral therapy; IQR, interquartile range; NST, notched sound therapy; SD, standard deviation.
Notes: aIndependent samples t-test; bFisher exact test; cMann-Whitney test; and dChi-squared test.
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Table 2 Basic audiological evaluation and extended high-frequency threshold in the two study groups (number of ears with
tinnitus in the CBT group: right¼ 24; left¼ 27; in the NST group: right¼23; left¼ 26)

Audiological measures CBT group
(mean� SD)

NST group
(mean� SD)

t (p)

PTA thresholds (dB HL)

0.25 kHz Right 13.28� 5.02 12.03� 3.99 0.27 (1.10)

Left 14.22� 4.23 13.75� 4.21 0.66(0.44)

0.5 kHz Right 16.25� 3.81 15.94� 3.90 0.75 (0.32)

Left 14.06� 4.48 13.91� 4.35 0.89(0.14)

1 kHz Right 15.94� 4.99 15.47� 4.64 0.70 (0.39)

Left 15.00� 3.59 15.31� 4.00 0.74 (0.33)

2 kHz Right 14.69� 4.39 15.94� 4.10 0.24 (1.18)

Left 15.47� 4.46 14.84� 4.66 0.59 (0.55)

4 kHz Right 13.59� 3.42 14.06� 3.46 0.59 (0.55)

Left 14.53� 5.29 14.53� 4.98 0.00 (1.00)

8 kHz Right 16.25� 6.59 15.31� 4.74 0.52 (0.65)

Left 16.56� 6.41 15.31� 4.91 0.38 (0.88)

SRT (dB HL) Right 13.28� 3.27 12.97� 2.79 0.68 (0.41)

Left 13.13� 3.29 13.13� 2.77 0.00 (1.00)

WRS (%) Right 100 100 ——–

Left 100 100 ——–

EHF thresholds (dB HL)

10 kHz Right 35.16� 19.15 35.65� 18.02 0.92 (0.10)

Left 39.38� 20.19 40.31� 19.79 0.85 (0.19)

12.5 kHz Right 42.50� 30.74 40.00� 26.04 0.73 (0.35)

Left 47.97� 30.34 46.09� 26.99 0.80 (0.26)

Abbreviations: CBT, cognitive behavioral therapy; EHF, extended high frequency; NST, notched sound therapy; PTA, pure-tone audiometry; SD,
standard deviation; SRT, speech reception threshold; WRS, word recognition score.

Table 3 Outcomes of the psychoacoustic measures pre- and posttherapy in both study groups (number of ears with tinnitus in the
CBT group: right¼ 24; left¼ 27; in the NST group: right¼23; left¼26)

Psychoacoustic
measures

CBT group NST group

Pretherapy Posttherapy t (p) Pretherapy Posttherapy t (p)

Pitch match (Hz)

Right: mean� SD
(range)

3,730.20�4,288.60
(125–12,500)

3,730.20� 4,288.60
(125–12,500)

� 3,783.20
� 3,799.10
(125–12,500)

3,783.20
� 3,799.10
(125–12,500)

�

Median (IQR) 3,000
(250–8,000)

3,000
(250–8,000)

1,500
(500–8,000)

1,500
(500–8,000)

Left: mean� SD
(range)

4,770.80�4,769.50
(125–12,500)

4,770.80� 4,769.50
(125–12,500)

� 4,326.10
� 4,114.90
(125–12,500)

4,326.10
� 4,114.90
(125–12,500)

�

Median (IQR) 4,000
(500–4,000)

4,000
(500–4,000)

4,000
(500–9,000)

4,000
(500–9,000)

Loudness match (dB SL)

Right: mean
� SD (range)

21.88� 3.85
(15–30)

19.17�3.51
(15–25)

4.03
(0.001)�

24.13�7.18
(15–35)

7.39�6.55
(0–20)

15.63
(< 0.001)�

Left: mean
� SD (range)

22.59� 4.68
(15–35)

19.81�4.69
(15–30)

5.00
(< 0.001)�

26.15�8.28
(15–50)

10.00�7.48
(0–30)

21.55
(< 0.001)�

Abbreviations: CBT, cognitive behavioral therapy; IQR, interquartile range; NST, notched sound therapy; SD, standard deviation.
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Table 4 The outcomes of the subscale and total scores on the Arabic-QTR pre- and posttherapy in both study groups

Arabic-QTR CBT group (n¼ 32) NST group (n¼ 32)

Pretherapy Posttherapy Test value (p) Pretherapy Posttherapy Test value (p)

Somatica

Mean� SD (range) 4.41�1.98
(0–8)

1.16�0.95
(0–4)

4.79 (< 0.001)� 4.47� 2.36
(0–8)

1.53� 1.24
(0–4)

4.64 (< 0.001)�

Median (IQR) 4.5 (4–5) 1 (0.25–2) 5 (3–6) 1.5 (0.25–2)

Awarenessa

Mean� SD (range) 6.03�2.04
(1–10)

1.81�1.09
(0–7)

4.97 (< 0.001)� 6.84� 2.99
(2–12)

2.09� 1.57
(0–6)

4.96 (< 0.001)�

Median (IQR) 7 (4.25–7) 2 (1–3) 6 (4–10) 1.5 (1–3)

Emotionala

Mean� SD (range) 3.47�1.97
(0–7)

0.63�1.01
(0–3)

4.95 (< 0.001)� 3.28� 2.28
(0–8)

1.06� 1.01
(0–3)

4.49 (< 0.001)�

Median (IQR) 3 (2–4.75) 0 (0–1) 3 (1–4) 1 (0–1)

Anxietya

Mean� SD (range) 3.78�1.66
(0–7)

0.53�0.67
(0–3)

4.82 (< 0.001)� 2.88� 2.28
(0–7)

1.41� 1.29
(0–4)

3.72 (0.001)�

Median (IQR) 4 (2.25–5) 0 (0–1) 2.5 (0.25–5) 1 (0–2.75)

Totalb

Mean� SD (range) 17.75� 5.72
(3–28)

4.16�2.13
(1–12)

15.96 (< 0.001)� 17.34�7.59
(4–32)

6.06� 3.62
(1–13)

14.02 (< 0.001)�

Abbreviations: Arabic-QTR, Arabic Questionnaire for Tinnitus Reaction; CBT, cognitive behavioral therapy; IQR, interquartile range; NST, notched
sound therapy; SD, standard deviation.
Notes: aWilcoxon signed-rank test; b independent samples t-test.

Fig. 1 Comparison of the degree of severity in each group according to the Arabic Questionnaire for Tinnitus Reaction (Arabic-QTR).
Abbreviations: CBT, cognitive behavioral therapy; NST, notched sound therapy.

Fig. 2 Comparison of the tinnitus loudness match between the two therapies (CBT and NST) in both ears.
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the CBT in comparison to the effect of noise therapy using the
Mann-Whitney test (►Fig. 3).

Discussion

The current study involved adults who had normal hearing
sensitivity at the frequency range between 0.25 and 8kHz,
while 65% of them had varying degrees of hearing loss that
ranged frommild to profound at the extended high frequen-
cies of 10 and 12.5 kHz. Similarly, Song et al.33 revealed that
most young patients (18–35 years old) with tinnitus and
normal hearing had hearing loss in the extended high-
frequency region of 10, 12.5, 14, and 16 kHz. Ibraheem and
Hassaan34 found an elevatedmean extended high-frequency
threshold average at 10, 12.5, and 16kHz in adults with
tinnitus and normal hearing. Furthermore, Vielsmeier et al.35

reported that 83% of adult tinnitus patients (mean age:
37.25�10.25 years) with normal hearing had hearing
thresholds higher than 15dB HL at 1 or more of the 10,
11.2, 12.5, 14, and 16kHz frequencies. Moreover, Kim et al.36

stated that 74% of adult patients (mean age: 42.1�12.8
years) with tinnitus and normal hearing at 8 kHz experi-
enced thresholds higher than 25 dB HL at 12 kHz and/or
16 kHz.

Despite the association between tinnitus and hearing loss
in 49% of individuals,37 tinnitusmayalsomanifest in patients
with normal hearing. This could be attributed to the presence
of hearing loss in the extended high frequencies or the
existence of localized regions of hearing loss that cannot
be examined during the routine audiometry at octave fre-
quencies.38 Hearing loss at the extended high-frequency
region is highly age-dependent and highly susceptible to
middle-ear disease, ototoxicity, noise exposure, and systemic
diseases, such as cardiovascular disorders. However, it may
be idiopathic without any evidence of aural pathology;39

hence, this could provide an explanation for the extended
high-frequency hearing loss in the current study, in which
most of the former causes have been excluded.

One main objective of the present study was to assess CBT
and NST outcomes in adults with chronic subjective tinnitus
using psychoacoustic measures and the Arabic- QTR. Pitch
matching remained constant after the two therapies. This
could be supported by the presence of underlying pathology

in this frequency region, by the findings of Neff et al,.40 of
good test-retest reliability of different methods of pitch
matching, and by the fact that the notch in sound therapy
is centered around a frequency based on the pitch matching.
This notch is deprived of stimulation to reduce cortical
activities that control it; hence, the pitch-matching frequen-
cy remains unchangeable. On the other hand, the loudness-
matching test and the Arabic-QTR have been proven to be
effective measures for the assessment of tinnitus and to
monitor the outcomes of CBT and NST.

An important finding was the significant improvement in
loudness perception (reduction in the loudness-matching
level) and tinnitus reaction (lower scores on the Arabic- QTR,)
as perceived by patients in both groups. In the CBT group, the
reduction of the level of tinnitus loudness after CBT agreed
with the results of Andersson and Lyttkens,41who examined
the effect of CBTon tinnitus and found that tinnitus loudness
became weaker or even disappeared with a considerable
reduction in tinnitus annoyance at the follow-up assessment.

In addition, the current study revealed an improvement in
tinnitus reaction as measured by the Arabic-QTR subscale
and total scores after CBT. The participants exhibited mild,
moderate, severe, and profound degrees of tinnitus reaction,
as measured by the Arabic-QTR before CBT, whereas, after
CBT, the degrees became better: mild in more than 80% and
moderate degrees only. Similarly, Robinson et al.31 revealed a
significant reduction in the global tinnitus severity as mea-
sured by a QoL questionnaire specific for tinnitus and the
Tinnitus Handicap Questionnaire. Also, Martinez Devesa
et al.9 investigated the role of CBT in tinnitus management
and found that QoL scores and depression scores were
improved in tinnitus patients; contrary to the results of
the current study, they reported no effect of CBT on tinnitus
loudness. Consequently, CBT has been considered an effec-
tive treatment for tinnitus-related distress, in addition to its
moderate-to-strong effect on tinnitus-related QoL.

Of particular importance, the effect of NST caused a
remarkable decrease in tinnitus loudness level and a notable
improvement in tinnitus distress, as reflected by the reduc-
tion in the Arabic-QTR subscale and total scores posttreat-
ment and the increase in tinnitus reaction severity from
mild, moderate, severe, or profound before NST to mild (in
more than 75% of the participants) and moderate degrees

Fig. 3 Comparison of the outcomes of CBT and NST according to the Arabic-QTR.
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only after the therapy. These results agree with those of
Wunderlich et al.,42 who demonstrated that three months of
listening to customized sound therapy had led to a decrease
in tinnitus loudness. Additionally, Therdphaothai et al.,10

Zhang,11 Mahboubi et al.,12 and Okamoto et al.13 reported
a favorable effect of NST on the perceived annoyance and
tinnitus handicap. In line with the results of the present
study, He et al.43 found that customized sound therapy
(music) had efficiently reduced the THI scores of tinnitus
patients and ameliorated the negative effects and distress
caused by chronic tinnitus. Also, Wang et al.44 evaluated the
effect of customized sound therapy (music) and found a
significant improvement in THI and HADS scores. The effect
of sound therapy in these studies and in the present study is
based on the adaptation level theory, inwhich sound therapy
facilitates the process of habituation of both tinnitus-
induced reaction and tinnitus perception by decreasing the
difference between tinnitus-related neuronal activity and
background neuronal activity.45

Another fundamental objective of the present study was
to compare the outcomes of assessment measures between
the two therapies. The NSTwas found to yieldmore improve-
ment in tinnitus loudness perception when compared with
the CBT. Conversely, tinnitus distresswasmore reduced after
CBT, as reflected by the lower scores on the emotional and
anxiety subscales and the total score on the Arabic-QTR in
comparison to the NST group. These results are not surpris-
ing, as NST focuses more on decreasing the loudness of
tinnitus, whereas CBT acts mainly on reducing tinnitus-
related distress. There is a vicious circle involving tinnitus
loudness and tinnitus-related annoyance and distress.6 Con-
sequently, when tinnitus loudness is lowered (the target of
NST), tinnitus-related distress will be reduced. On the other
hand, when tinnitus distress is reduced (the target of CBT),
thiswill surely be reflected in a decrease in tinnitus loudness.
Therefore, a combination of CBT and NST can be recom-
mended as a tinnitus management program in chronic
subjective tinnitus to provide favorable outcomes both
physically and psychologically.

Limitations

Although the sample size was calculated to determine the
number of participants, a larger sample could have provided
more reliable data. Moreover, some patients may become
reluctant to continue the CBT because of its multiple ses-
sions, in addition to the difficulty in adjusting and following
up the home-based NST in some cases. However, a unique
aspect of strength is that the present work constitutes the
first to compare the effects of CBT and NST in the manage-
ment of adults with chronic subjective tinnitus.

Conclusion

The current study revealed the effectiveness of CBT andNST in
the management of tinnitus-related distress and tinnitus
loudness as assessed by the Arabic-QTR and tinnitus loudness

matching in pre and posttherapy sessions. In a comparison of
the effect of the two therapies, CBT was found to be more
effective in decreasing tinnitus-related distress than NST,
whereas NST was found to be more helpful in decreasing
tinnitus loudness than CBT. Combining these two treatment
approaches should be considered to obtain optimal outcomes.

Clinical Trial Registration
No.

Funding
The authors declare that they have not received funding
from agencies in the public, private or non-profit sectors
to conduct the present study.

Conflict of Interests
The authors have no conflict of interests to declare.

References
1 Henry JA, Reavis KM, Griest SE, et al. Tinnitus: an epidemiologic

perspective. Otolaryngol Clin North Am 2020;53(04):481–499
2 Cima RFF, Mazurek B, Haider H, et al. A multidisciplinary Europe-

an guideline for tinnitus: diagnostics, assessment, and treatment.
HNO 2019;67(1, Suppl 1)10–42

3 American-Speech-Language-Hearing Association. Scope of prac-
tice in audiology [Scope of practice]. Available from: www.
asha.org/policy

4 Gilles A, De Ridder D, VanHal G,Wouters K, Kleine Punte A, Van de
Heyning P. Prevalence of leisure noise-induced tinnitus and the
attitude toward noise in university students. Otol Neurotol 2012;
33(06):899–906

5 Feng T, Wang M, Xiong H, Zheng Y, Yang H. Efficacy of an
Integrative Treatment for Tinnitus Combining Music and Cogni-
tive-Behavioral Therapy-AssessedWith Behavioral and EEG Data.
Front Integr Nuerosci 2020;14:12

6 Jastreboff P. The neurophysiological model of tinnitus. Tinnitus
Theory Management J 2004

7 Hesser H, Weise C, Westin VZ, Andersson G. A systematic review
and meta-analysis of randomized controlled trials of cognitive-
behavioral therapy for tinnitus distress. Clin Psychol Rev 2011;31
(04):545–553

8 Greimel V, Kröner-Herwig B. Cognitive behavioral treatment
(CBT). In Textbook of tinnitus. Springer, New York, NY 2011:
557–561

9 Martinez Devesa P, Waddell A, Perera R, Theodoulou M. Cognitive
behavioural therapy for tinnitus. Cochrane Database Syst Rev
2007;(01):CD005233

10 Therdphaothai J, Atipas S, Suvansit K, Prakairungthong S, Thon-
gyai K, Limviriyakul S. A Randomized, Controlled Trial of Notched
Music Therapy for Tinnitus Patients. J Int Adv Otol 2021;17(03):
221–227

11 Zhang M. Using notched or un-notched acoustic stimulation to
treat tinnitus. Abstr Assoc Res Otolaryngol 2012;35:300–301

12 Mahboubi H, Ziai K, Djalilian HR. Customized web-based sound
therapy for tinnitus. Int Tinnitus J 2012;17(01):26–30

13 Okamoto H, Stracke H, Stoll W, Pantev C. Listening to tailor-made
notched music reduces tinnitus loudness and tinnitus-related
auditory cortex activity. Proc Natl Acad Sci U S A 2010;107(03):
1207–1210

14 Dobson K, Ed. Handbook of cognitive behavioral therapies, 3rd
edn. Guilford, Newyork 2010:6–50

15 Davis PB, Paki B, Hanley PJ. Neuromonics Tinnitus Treatment:
third clinical trial. Ear Hear 2007;28(02):242–259

International Archives of Otorhinolaryngology Vol. 28 No. 4/2024 © 2024. The Author(s).

Cognitive Behavioral Therapy versus Notched Sound Therapy in Chronic Subjective Tinnitus Mekki et al. 641

http://www.asha.org/policy
http://www.asha.org/policy


16 Hobson J, Chisholm E, El Refaie A. Sound therapy (masking) in the
management of tinnitus in adults. Cochrane Database Syst Rev
2012;11(11):CD006371

17 Li SA, Bao L, Chrostowski M. Investigating the effects of a person-
alized, spectrally altered music-based sound therapy on treating
Tinnitus: a blinded, randomized controlled trial. Audiol Neurotol
2016;21(05):296–304

18 Jin IK, Choi SJ, Ku M. Notched and nonnotched stimuli are equally
effective at the mixing-point level in sound therapy for tinnitus
relief. J Am Acad Audiol 2021;32(07):420–425

19 Feldman DE. Synaptic mechanisms for plasticity in neocortex.
Annu Rev Neurosci 2009;32:33–55

20 Turrigiano GG. The self-tuning neuron: synaptic scaling of excit-
atory synapses. Cell 2008;135(03):422–435

21 Okamoto H, Kakigi R, Gunji A, Pantev C. Asymmetric lateral
inhibitory neural activity in the auditory system: a magneto-
encephalographic study. BMC Neurosci 2007;8:33

22 Pantev C, Okamoto H, Ross B, et al. Lateral inhibition and habitu-
ation of the human auditory cortex. Eur J Neurosci 2004;19(08):
2337–2344

23 Tyler RS, Perreau A, Powers T, et al. Tinnitus sound therapy trial
shows effectiveness for those with tinnitus. J Am Acad Audiol
2020;31(01):6–16

24 Mekki S, Youssef U, Ghazaly M, et al. Development and Validation
of a Questionnaire for Tinnitus Reaction in the Arabic Language in
Adults with Normal Hearing. Egypt J Ear Nose Throat Allied Sci
2022

25 Katz J, Chasin M, English K, et al. Handbook of clinical audiology
(Vol. 7). Philadelphia, PA:: Wolters Kluwer Health J; 2015; 307–
36.

26 Pantev C, Okamoto H, Teismann H. Music-induced cortical plas-
ticity and lateral inhibition in the human auditory cortex as
foundations for tonal tinnitus treatment. Front Syst Neurosci
2012;6:50

27 De Ridder D, Congedo M, Vanneste S. The neural correlates of
subjectively perceived and passively matched loudness percep-
tion in auditory phantom perception. Brain Behav 2015;5(05):
e00331

28 Hoare DJ, Edmondson-Jones M, Gander PE, Hall DA. Agreement
and reliability of tinnitus loudness matching and pitch likeness
rating. PLoS One 2014;9(12):e114553

29 El Beaino M, Eter E. Arabic validation of the tinnitus handicap
inventory and the mini-tinnitus questionnaire on 100 adult
patients. Clin Otolaryngol 2018;43(01):377–382

30 Terkawi AS, Tsang S, AlKahtani GJ, et al. Development and
validation of Arabic version of the Hospital Anxiety and Depres-
sion Scale. Saudi J Anaesth 2017;11(1, Suppl 1)S11–S18

31 Robinson SK, Viirre ES, Bailey KA, et al. A randomized controlled
trial of cognitive-behavior therapy for tinnitus. Int Tinnitus J
2008;14(02):119–126

32 Huang B,WangX,Wei F, et al. Notched sound alleviates tinnitus by
reorganization emotional center. Front Human Neurosci J; 2022

33 Song Z, Wu Y, Tang D, et al. Tinnitus is associated with extended
high-frequency hearing loss and hidden high-frequency damage
in young patients. Otol Neurotol 2021;42(03):377–383

34 Ibraheem OA, Hassaan MR. Psychoacoustic characteristics of tinni-
tus versus temporal resolution in subjects with normal hearing
sensitivity. Int Arch Otorhinolaryngol 2017;21(02):144–150

35 Vielsmeier V, Lehner A, Strutz J, et al. The relevance of the high
frequency audiometry in tinnitus patients with normal hearing in
conventional pure-tone audiometry. Bio Med Res Int J; 2015

36 Kim DK, Park SN, Kim HM, et al. Prevalence and significance of
high-frequency hearing loss in subjectively normal-hearing
patients with tinnitus. Ann Otol Rhinol Laryngol 2011;120(08):
523–528

37 Xiong B, Liu Z, Peng Y, et al. Missed hearing loss in tinnitus
patients with normal audiogram. Hearing Research Journal 2019;
384:378

38 Guest H, Munro KJ, Plack CJ. Tinnitus with a normal audiogram:
Role of high-frequency sensitivity and reanalysis of brainstem-
responsemeasures to avoid audiometric over-matching. Hear Res
2017;356:116–117

39 Hunter LL, Monson BB, Moore DR, et al. Extended high frequency
hearing and speech perception implications in adults and chil-
dren. Hear Res 2020;397:107922

40 Neff P, Langguth B, Schecklmann M, Hannemann R, Schlee W.
Comparing three establishedmethods for tinnitus pitchmatching
with respect to reliability, matching duration, and subjective
satisfaction. Trends Hear 2019;23:2331216519887247

41 Andersson G, Lyttkens L. A meta-analytic review of psychological
treatments for tinnitus. Br J Audiol 1999;33(04):201–210

42 Wunderlich R, Lau P, Stein A, et al. Impact of spectral notch width
on neurophysiological plasticity and clinical effectiveness of the
tailor-made notched music training. PLoS One 2015;10(09):
e0138595

43 He D, Shou Z, Han Z. [Analysis of the effect and influencing factors
of customized sound on tinnitus]. Lin Chuang Er Bi Yan Hou Tou
Jing Wai Ke Za Zhi 2019;33(06):525–528

44 Wang J, Ding J, Song J, Hu L, Cong N, Han Z. A Prospective Study of
the Effect of Tinnitus Sound Matching Degree on the Efficacy of
Customized Sound Therapy in Patientswith Chronic Tinnitus. ORL
J Otorhinolaryngol Relat Spec 2022;84(03):229–237

45 Searchfield GD, Kobayashi K, Sanders M. An adaptation level
theory of tinnitus audibility. Front Syst Neurosci 2012;6:46

International Archives of Otorhinolaryngology Vol. 28 No. 4/2024 © 2024. The Author(s).

Cognitive Behavioral Therapy versus Notched Sound Therapy in Chronic Subjective Tinnitus Mekki et al.642


