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Abstract. - OBJECTIVE: The aim of this
study was to investigate the effects of tran-
scranial direct current stimulation (TDCS) com-
bined with tinnitus retraining therapy (TRT) on
clinical efficacy and sleep disorder in patients
with chronic tinnitus.

PATIENTS AND METHODS: 126 patients with
chronic tinnitus treated in our hospital from May
2020 to June 2022 were retrospectively analyzed.
These subjects were randomly divided into two
groups: the electrical stimulation group and the
combined group, in line with the random table
method, with 63 patients in each group. Patients
in the electrical stimulation group received TDCS
treatment, and patients in the combined group
were given TDCS combined with TRT. The clini-
cal effects, tinnitus severity [Tinnitus Evaluation
Questionnaire (TEQ) score and Tinnitus handi-
cap inventory (THI) score], sleep status [Sleep
Status Rating Scale (SRSS) score and Pittsburgh
Sleep Quality Index (PSQI) score], psychologi-
cal status [Hamilton Anxiety Scale (HAMA) score
and Self Rating Depression Scale (SDS) score]
and the quality of life (Quality of Life Scale) of
these subjects in two groups were analyzed.

RESULTS: The clinical effect of simple TDCS
was 82.53%, which was sharply lower compared
to 95.24% in the combined group (p<0.05). Af-
ter the treatment, TEQ score, THI score, SRSS
score, PSQIl score, HAMA score, and SDS score
were decreased in both groups (p<0.05), and the
combined group was much lower than the TDCS
group (p<0.01). Compared with the pre-treat-
ment period, the scores of restrictions in dai-
ly living, medical resource utilization, somatic
symptoms, and emotional disturbance were el-
evated in both groups after treatment, and the
combined group had markedly higher scores
than the TDCS group (p<0.05).

CONCLUSIONS: TDCS combined with TRT had
obvious effects in treating chronic tinnitus, which
largely reduced the severity of tinnitus, improved
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patients’ sleep quality and psychological status,
and improved the quality of life, indicating a cer-
tain worthy of clinical application and promotion.
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Introduction

Tinnitus refers to the perception of sound wi-
thout external auditory stimulation. According to
relevant statistics', over 20% of adults will expe-
rience tinnitus. Tinnitus is represented by audi-
tory hallucinations, which can be explained by the
plasticity change in brain adaptation caused by
peripheral auditory input. The etiology of tinnitus
is complex, and it may be accompanied by various
manifestations caused by different causes. Current-
ly, there is no clear treatment method for tinnitus,
and some tinnitus may develop into refractory
tinnitus, seriously affecting the quality of life of pa-
tients. Patients often have different comorbidities,
such as anxiety, depression, and sleep disorders?.

In recent years, non-drug technologies, such
as cognitive behavioral therapy and hearing aids,
have gradually been applied to the treatment of
chronic tinnitus, and have achieved certain resul-
ts, but the treatment effect is limited®. Therefore,
finding more effective techniques to treat chronic
tinnitus has an important role in reducing anxiety
and improving sleep disorders in patients. Tran-
scranial direct current stimulation (TDCS) is a
non-invasive neuromodulation technique. Some
studies* have found that it has significant efficacy
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in improving the cognitive function of healthy
individuals and the symptoms of various neurop-
sychiatric diseases, such as depression, auditory
language hallucinations, and chronic pain. Tin-
nitus retraining therapy (TRT) is a habit therapy
that aims to use voice therapy to reclassify tinni-
tus perception as a central signal. Previous stu-
dies’® have found that TDCS and TRT can effecti-
vely reduce the symptoms of tinnitus. However,
due to the high heterogeneity of the population
with tinnitus, using only one treatment method
may not achieve the desired effect.

In this study, 126 patients with chronic tin-
nitus treated in our hospital in the May 2020 to
June 2022 period were optioned as the subjects.
These subjects received transcranial direct cur-
rent stimulation and tinnitus acclimatization
therapy, aiming to compare the effects of two
treatments on clinical efficacy and sleep disor-
der in patients with chronic tinnitus.

Patients and Methods

General Materials

126 patients with chronic tinnitus who were
retrospectively treated in Henan Provincial Peo-
ple’s Hospital from May 2020 to June 2022, were
selected as the subjects following the process in
Figure 1. These subjects were randomized as the
TDCS group and the combined group, in line
with the random table method, with 63 patients
in each group. A total of 35 males and 28 females
formed the electrical stimulation group, with an

average age of 55.37+7.26 years old and an avera-
ge course of disease of 12.25+3.76 months. In the
combined group, 39 males and 24 females had
an average age of (56.23+9.81) years old and an
average course of disease of 13.33+3.41 months.
Inclusion criteria: (1) All subjects met the diagno-
stic and treatment guidelines for tinnitus®, and the
duration of the disease exceeded 10 months; (2)
The patient had basic communication and reading
and writing skills; (3) The clinical and pathologi-
cal data of the patient was complete. The patient
and their family members were informed and
signed the informed consent form. Exclusion cri-
teria: (1) Patients with significant abnormalities in
liver and kidney function or cardiac function; (2)
Patients with infectious diseases such as AIDS
and hepatitis B; (3) Patients with autoimmune
diseases such as diabetes and systemic lupus
erythematosus; (4) Patients who could not recei-
ve electrical stimulation therapy. General data
between the electrical stimulation group and the
combined group had no significant difference
(p>0.05). This study was approved by the Ethics
Committee of Henan Provincial People’s Hospital
and People’s Hospital of Zhengzhou University
and was conformed to the relevant principles of
medical ethics (approval number: 202204).

Methods

Patients in the electrical stimulation group
received transcranial direct current stimulation
treatment. The patient took a comfortable sit-
ting position and placed saline-soaked cathode
and anode electrodes in both prefrontal cortexes
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Figure 1. The selection
process of general data.
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for stimulation. The stimulation current intensity
was set to 2 mA, and the stimulation duration was
20 minutes (both acceleration and deceleration
times were 40 seconds). The treatment was per-
formed 5 times per week for a total of 4 weeks.

Patients in the combined group were given
transcranial direct current stimulation combined
with tinnitus practice therapy. The phases of
therapy were as follows: (1) Learn about patients’
current problems and provide detailed answers
to alleviate their negative emotions and enhance
their confidence in active treatment; (2) During
training, patients could relax their mood and relax
their nerves and muscles. Patients were treated
twice a day for about 20 minutes each time; (3) In
daily life, when patients feel tinnitus, they can di-
vert their attention to tinnitus by listening to mu-
sic, reading books, and other ways to alleviate the
adverse physiological arousal of tinnitus. Enable
patients to form a habit of tinnitus signals, and
encourage patients to let the habit process proce-
ed naturally; (4) Audiologists guided participants
to wear a hearing nitus comprehensive diagnostic
instrument as much as possible to listen to natural
and pleasant sounds such as wind and rain, for
about 5 hours per day. Patients were encouraged
to enrich the sound environment at any time. The
treatment lasted for 4 weeks.

Outcome Measures

The clinical efficacy of the treatment was
evaluated by different degrees: 1. Recovery:
tinnitus disappeared, accompanied by symp-
tom disappearance, and no recurrence after 1
month of follow-up; 2. Marked effectiveness:
The tinnitus level was reduced by more than
2 levels (including 2 levels); 3. Valid: tinnitus
level was reduced by 1 level; 4. Invalid: There
is no change in tinnitus level. Total effective ra-
te = (healed + effective + markedly effective)/
total number of cases x 100%.

The severity of tinnitus was evaluated using
the Tinnitus Evaluation Questionnaire (TEQ)
score and the Tinnitus Handicap Inventory
(THI) score®. The TEQ score includes 6 items,
such as the environment in which tinnitus oc-
curs and the duration of tinnitus, with a score
of 0-21 points. A higher TEQ score suggested
more serious tinnitus. A total of 25 items made
up the THI score of 0 to 4 points each, with a
score of 0 to 100 points. A higher THI score in-
dicated a higher degree of tinnitus disability in
the patient. Sleep disorder was evaluated using
the Self Rating Scale of Sleep (SRSS) score’
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and the Pittsburgh Sleep Quality Index (PSQI)
score’. The SRSS scale includes 10 items, inclu-
ding “Do you feel like you have enough sleep at
ordinary times?” and “Do you feel like you have
had enough rest after sleep?”. Each item has 1-5
points, with a total score of 10-50 points. Lower
scores mean less sleep problems. The PSQI sco-
re consists of 18 items and 7 components, with
each component scoring 0-3 points and a total
score of 0-21 points. Higher PSQI score symbo-
lizes poorer sleep quality of the patient.

The psychological status of patients was asses-
sed using the Hamilton Anxiety Scale (HAMA)
score'® and the Self Rating Depression Scale
(SDS) score!!. The HAMA score includes 14
items such as anxiety, nervousness, and fear.
Each item has a score of 0-4 points, with a total
score of 0-56 points. The higher the score, the
more severe the anxiety of the patient is. The
SDS score includes 20 items, with a total score
of 41 points. Lower SDS score stands for better
patient’s psychological status.

The quality of life of patients was evaluated
using the Life Quality Scale'? score. The Life
Quality Scale has 20 items divided into 4 parts,
including daily life limitations, medical resource
utilization, physical symptoms, and emotional
disorders. Each item has 0-5 points, with a total
score of 100 points. Higher score implies higher
life quality of the patient.

Statistical Analysis

The clinical effects and other enumeration data
in this study were shown as [cases (%)] and com-
pared following y? test. Measurement data such as
TEQ score, THI score, SRSS score, PSQI score,
HAMA score, SDS score, and Life Quality Sca-
le score were all tested for normal distribution,
and they all conformed to normal distribution,
using the form of (¥*s). The measurement data
between the two groups were analyzed using an
independent sample #-test. In this study, SPSS
23.0 software (IBM Corp., Armonk, NY, USA)
was used for statistical data analysis, and p<0.05
indicated a statistically significant difference.

Results

Clinical Effect of TDCS Combined with
TRT on Patients with Chronic Tinnitus

The clinical effect of TDCS was 82.53%, whi-
ch was sharply lower relative to 95.24% in the
combined group (p<0.05, Table I).
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Table I. Clinical effect of TDCS combined with TRT on patients with chronic tinnitus [cases (%)].

Groups TDCS group (n=63) Combined group (n=63) a P
Recovery 11 (17.46) 14 (22.22)

Marked effectiveness 28 (44.44) 26 (41.27)

Valid 13 (20.63) 20 (31.75)

Invalid 11 (17.46) 3 (4.76)

Efficiency 52 (82.53) 60 (95.24) 5.143 0.023

Effects of TDCS Combined with TRT on
the Severity of Tinnitus in Patients

After the treatment, TEQ and THI scores were
decreased in both groups (p<0.05), and the com-
bined group showed much lower scores than the
TDCS group scores (p<0.01, Table II and Figure 2).

Effects of TDCS Combined with TRT on
Sleep Disorder in Patients

After the treatment, SRSS and PSQI scores
were sharply decreased in both groups (p<0.05),
and the score of the combined group was much
lower than the score of the TDCS group (p<0.01,
Table III and Figure 3).

Effects of TDCS Combined with TRT on
the Psychological Status of Patients

After the treatment, HAMA and SDS scores
were decreased in both groups (p<0.05), and the
combined group score was much lower than the
TDCS group score (p<0.01, Table IV and Figure 4).

Effects of TDCS Combined with TRT on
Life Quality

Compared with the pre-treatment period, the
scores of restrictions in daily living, medical re-
source utilization, somatic symptoms, and emo-
tional disturbance were elevated in both groups
after treatment, and the combined group had

Table II. Effects of TDCS combined with TRT on the severity of tinnitus in patients (x+ s, score).
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Groups Time TDCS group (n=63) Combined group (n=63) t P
TEQ score Before treatment 13.30+5.14 13.48+5.02 0.199 0.843
After treatment 10.37+4.05 7.95+3.40 4.205 <0.001
t 3.554 7.239
P 0.001 <0.001
THI score Before treatment 52.74+13.62 53.53+13.44 0.328 0.744
After treatment 41.19+10.86 35.35+9.08 3.275 0.001
t 5.263 8.897
P <0.001 <0.001
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Figure 2. Comparison of tinnitus severity scores between two groups. A, Comparison of TEQ scores
between two groups before and after treatment. B, Comparison of THI scores between two groups
before and after treatment. "p>0.05 compared to the TDCS group; **p<0.01, ***p<0.001 compared to
the TDCS group; “#p<0.01, *##p<0.001 compared to the same group before treatment.
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Table Ill. Effects of TDCS combined with TRT on sleep disorder in patients (x+ s, score).
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Groups Time TDCS group (n=63) Combined group (n=63) t P
SRSS score Before treatment 26.62+8.50 26.90+7.95 0.191 0.849
After treatment 21.43+5.35 15.69+4.28 6.650 <0.001
t 4.102 9.855
P <0.001 <0.001
PSQI score Before treatment 15.13£3.09 14.22+2 41 1.843 0.068
After treatment 9.79+3.04 6.91+2.73 5.595 <0.001
t 9.778 15.933
p <0.001 <0.001
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Figure 3. Comparison of tinnitus sleep disorder scores between two groups. A, Comparison of SRSS
scores between two groups before and after treatment. B, Comparison of PSQI scores between two
groups before and after treatment. “p>0.05 compared to TDCS group; **p<0.01, ***p<0.001 compared
to TDCS group; **p<0.001 compared to the same group before treatment.

markedly higher scores than the TDCS group (p
<0.05, Table V and Figure 5).

Discussion

Tinnitus is defined as a ringing, hissing, cli-
cking, or growling sound that individuals con-
sciously perceive without external auditory sti-
mulation, and is a frequent symptom in modern
society. The pathogenesis of tinnitus is relatively

complex, and tinnitus perception may begin at
the level of cochlear afferent nerve block. Neu-
ronal changes from the central auditory system
to non-auditory areas (such as the limbic system)
may be the main factor causing chronic tinni-
tus'!. Thus, understanding the pathogenesis of
tinnitus and exploring treatment methods are im-
portant for alleviating the symptoms of tinnitus.
There is no unified treatment method for tin-
nitus. Currently, the focus of tinnitus treatment
is to reduce or mask tinnitus, rather than stop

Table IV. Effects of TDCS combined with TRT on psychological status of patients (x + s, score).

Groups Time TDCS group (n=63) Combined group (n=63) t P

HAMA score  Before treatment 13.57+4.42 13.64+3.56 0.098 0.922
After treatment 10.79+2.84 7.38+2.73 6.871 <0.001
t 4.200 11.075
p <0.001 <0.001

SDS score Before treatment 54.21+5.36 53.28+4.62 1.043 0.299
After treatment 50.15+4.20 42.14+3.54 11.575  <0.001
t 4732 15.192
p <0.001 <0.001
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Figure 4. Comparison of psychological status scores between two groups. A, Comparison of HAMA
scores between two groups before and after treatment. B, Comparison of SDS scores between two
groups before and after treatment. "p>0.05 compared to TDCS group; ***p<0.001 compared to TDCS
group; “*p<0.001 compared to the same group before treatment.

tinnitus”. Tinnitus masking, tinnitus retraining,
or personalized music therapy combined with
medication can be effective in the treatment of
tinnitus patients. In these methods, personalized
music therapy may be a better treatment than
tinnitus masking and tinnitus retraining therapy
after nine months of treatment'é. TDCS is a po-
pular method of brain stimulation, which can
utilize the characteristics of weak direct current
flowing through nerve tissue to trigger changes in
subthreshold action potential. It has been shown!’
that TDCS can change the activity and excitabili-
ty of cerebral cortical neurons to a certain extent,

thereby inducing changes in brain function, and
its application value in patients with brain injury
has been proven. Some studies™ have found
that TDCS, as a neuroregulatory technique, can
enhance cortical plasticity and improve motor
function in a range of neurological diseases. So-
me scholars found that'’, when patients with tinni-
tus were treated with TDCS, the tinnitus function
index and the total score of the tinnitus question-
naire significantly increased over time. TDCS
can significantly improve the tinnitus sensation
in patients. TRT is an internationally recognized
habit-based treatment that combines educational

Table V. Effects of TDCS combined with TRT on life quality (x £ s, score).

Groups Time TDCS group (n=63) Combined group (n=63) t P
Restrictions in Before treatment 14.59+3.22 14.32+£2.25 0.546  0.586
daily living After treatment 16.11£3.45 17.74£5.14 2.090 0.039
t 2.557 4.838
P 0.012 <0.001
Medical resource Before treatment 8.47+2.97 8.39+3.82 0.131 0.896
utilization After treatment 12.26+3.43 15.2242.19 5773 <0.001
t 6.630 12.312
p <0.001 <0.001
Somatic Before treatment 25.91+£3.02 25.73+2.94 0.339 0.735
symptoms After treatment 34.66+4.16 37.66+3.10 4.590  <0.001
t 13.510 22.163
P <0.001 <0.001
Emotional Before treatment 17.13+£3.57 16.71+3.40 0.676  0.500
disturbance After treatment 20.26+4.11 22.57+5.92 2.544  0.012
t 4.564 6.813
p <0.001 <0.001
Total score Before treatment 66.10+£12.78 65.15+12.41 0.423 0.673
After treatment 83.29+13.15 93.19+10.35 4.696 <0.001
t 7.441 13.773
p <0.001 <0.001
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Figure 5. Comparison of life quality scores between two groups. A, Comparison of daily living restriction scores before and
after treatment. B, Comparison of medical resource utilization scores before and after treatment. C, Comparison of somatic
symptom scores before and after treatment. D, Comparison of emotional disorders scores before and after treatment. E,
Comparison of total scores before and after treatment. *p>0.05 compared to TDCS group; *p<0.05, ***p<0.001 compared to
TDCS group; “p<0.05, ##p<0.001 compared to the same group before treatment.

counseling for tinnitus to help patients become
accustomed to perceiving tinnitus. TRT treatment
reduces the impact of tinnitus on health-related
life quality by reducing negative emotions in pa-
tients. In some studies, it has been evaluated that
TRT can obviously improve the response rate of
patients with tinnitus, reduce the THI score, and
alleviate the symptoms of tinnitus®. The resul-
ts of this study indicated that TDCS combined
with TRT had a better clinical effect on chronic
tinnitus compared to TDCS, and could largely re-
duce the symptoms of tinnitus. The above results
suggested that TDCS combined with TRT was an
effective treatment for chronic tinnitus.

The causes of tinnitus are complex, and occu-
pational or recreational noise exposure is closely
related to the occurrence of tinnitus. When tin-
nitus occurs, persistent, annoying, and irritating
noise can affect the patient’s social interaction
and social functions, reducing the joy of life.
In addition, tinnitus can be amplified in a quiet
environment. Tinnitus, which worsens before be-
dtime, can seriously affect sleep quality, leading
to daytime fatigue and lethargy?'. The results of
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this study indicated that TDCS combined with
TRT could largely improve sleep disorders in
patients with chronic tinnitus. In addition to sle-
ep quality, tinnitus can also seriously affect the
mental health of patients. It is often associated
with adverse psychological emotions such as
anxiety and depression. Research?>* found that
tinnitus patients had a stronger increased inci-
dence rate of anxiety and depression than healthy
subjects. Sleep disorders may promote the occur-
rence of anxiety, exacerbate the severity of most
anxiety symptoms, and may increase the risk of
emotional distress in patients with tinnitus. The
results of this study proved that TDCS combined
with TRT decreased HAMA scores and SDS
scores and improved anxiety, depression, and life
quality in patients. In fact, TDCS, combined wi-
th TRT, can enhance patients’ confidence, divert
patients’ attention, improve patients’ sleep disor-
ders, and alleviate patients’ negative emotions
such as anxiety and depression.

Negative emotions related to tinnitus can also
activate the pressure response of the limbic sy-
stem, causing increased sympathetic responses
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and dysfunction, increasing the sensitivity and
subjective discomfort of patients to tinnitus, and
reducing tolerance. TDCS delivers a weak direct
current of 0.5 to 2 mA to the scalp to stimulate the
prefrontal cortex, auditory cortex, and left tempo-
ral parietal region. By this method, TDCS indu-
ces changes in cortical excitability, thereby re-
gulating tinnitus-related anxiety and depression.
Research? found that TDCS improved patients’
negative emotions and improved their quality of
life. The purpose of TRT is to adapt to tinnitus,
mainly through retraining the conditioned reflex,
so that patients can achieve adaptation to tinnitus.
TRT can help patients reduce neuromuscular ten-
sion and alert the state of the body by reducing at-
tention to tinnitus signals. TRT alleviates adverse
emotions caused by tinnitus, stabilizes patients’
psychological state, and improves quality of life.
The results of this study showed that the scores
of daily living limitations, medical resource uti-
lization, physical symptoms, and emotional di-
sorders were significantly higher in the combined
group than in the TDCS group. The above results
indicated that TDCS combined with TRT could
effectively improve patients’ daily life limitations
and physical symptoms, improve the utilization of
medical resources, alleviate emotional disorders,
and improve quality of life.

Limitations

In general, TDCS combined with TRT had ob-
vious effects in treating chronic tinnitus, which
largely reduced the severity of tinnitus, improved
patients’ sleep quality and psychological status,
and improved the quality of life, indicating a cer-
tain worthy of clinical application and promotion.
However, due to the limited sample size and resear-
ch time of this study, the long-term effect of TDCS
combined with TRT in the treatment of chronic
tinnitus patients is still unclear. In the later stage,
the research time will be extended and the sample
size will be expanded for further identification.

Conclusions

This study confirmed the effectiveness of
TDCS combined with TRT in patients with
chronic tinnitus. After 4 weeks of treatment,
the combination therapy had a significant ad-
vantage in reducing the symptoms of chronic
tinnitus. In addition, no significant adverse
reactions were found during the treatment, indi-
cating that the therapy had a high safety profile.

This study provides a new combination therapy
for the treatment of chronic tinnitus, which has
important guiding significance for clinicians
in their practical work. First, TDCS combined
with TRT brings more active treatment options
to patients with chronic tinnitus, which is hel-
pful in improving treatment compliance and
satisfaction. Secondly, combination therapy fo-
cuses on individualized treatment and develops
a personalized plan according to the patient’s
condition and needs, which is conducive to im-
proving the treatment effect. During the treat-
ment process, doctors should pay close attention
to the changes in the patient’s condition and
adjust the treatment plan in time to ensure that
the treatment is safe and effective.

Ethics Approval

This study was approved by the Ethics Committee of the
Henan Provincial People’s Hospital, People’s Hospital of
Zhengzhou University (approval number: 202204). .

Informed Consent
Not applicable, due to the retrospective design of the study.

Availability of Data and Materials

The datasets used and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.

Conflict of Interest
The authors declare that they have no competing interests.

Funding
None.

Authors’ Contributions

H.-J. L. confirmed the authenticity of all the raw data and
edited the manuscript. X.-D. J. and Y.-K. L. collected and
processed data. C.-C. X. and X.-L. D. performed the statis-
tical analysis. S.-G. D. revised the manuscript. All authors
read and approved the final manuscript.

ORCID ID
Hongjian Liu: 0009-0004-2137-0833.

References

1) Simdées JP, Neff PKA, Langguth B, Schlee W,
Schecklmann M. The progression of chronic tin-
nitus over the years. Sci Rep 2021; 11: 4162.

1775



X.-D. Jia, Y.-K. Li, C.-C. Xie,

X.-L. Ding, et al

5)

6)

7)

10)

11)

12)

13)

Czornik M, Malekshahi A, Mahmoud W, Wolpert
S, Birbaumer N. Psychophysiological treatment of
chronic tinnitus: A review. Clin Psychol Psychoth-
er 2022; 29: 1236-1253.

Peter N, Kleinjung T. Neuromodulation for tinnitus
treatment: an overview of invasive and non-invasive
techniques. J Zhejiang Univ Sci B 2019; 20: 116-130.

Valiengo LDCL, Goerigk S, Gordon PC, Pad-
berg F, Serpa MH, Koebe S, Santos LAD, Lov-
era RAM, Carvalho JB, van de Bilt M, Lacerda
ALT, Elkis H, Gattaz WF, Brunoni AR. Efficacy
and Safety of Transcranial Direct Current Stimu-
lation for Treating Negative Symptoms in Schizo-
phrenia: A Randomized Clinical Trial. JAMA Psy-
chiatry 2020; 77: 121-129.

Gold SL, Formby C, Scherer RW. The Tinnitus
Retraining Therapy Counseling Protocol as Im-
plemented in the Tinnitus Retraining Therapy Tri-
al. Am J Audiol 2021; 30: 1-15.

Dalrymple SN, Lewis SH, Philman S. Tinnitus: Di-
agnosis and Management. Am Fam Physician
2021; 103: 663-671.

Li J, Jin J, Xi S, Zhu Q, Chen Y, Huang M, He C.
Clinical efficacy of cognitive behavioral therapy
for chronic subjective tinnitus. Am J Otolaryngol
2019; 40: 253-256.

Chen J, Zhong P, Meng Z, Pan F, Qi L, He T, Lu
J, He P, Zheng Y. Investigation on chronic tinni-
tus efficacy of combination of non-repetitive pre-
ferred music and educational counseling: a pre-
liminary study. Eur Arch Otorhinolaryngol 2021;
278: 2745-2752.

Inagaki Y, Suzuki N, Oishi N, Goto F, Shinden
S, Ogawa K. Personality and Sleep Evaluation
of Patients with Tinnitus in Japan. Psychiatr Q
2021; 92: 249-257.

Liang B, Li X. The efficacy of intratympanic or
combined steroids as the salvage treatment for
moderate-to-severe to profound sudden sensori-
neural hearing loss. Lin Chung Er Bi Yan Hou Tou
Jing Wai Ke Za Zhi 2020; 34: 536-540.

Prochazkova K, éejna I, Skutil J, Hahn A. Ginkgo
biloba extract EGb 761® versus pentoxifylline in
chronic tinnitus: a randomized, double-blind clini-
cal trial. Int J Clin Pharm 2018; 40: 1335-1341.

Boecking B, Biehl R, Brueggemann P, Mazurek
B. Health-Related Quality of Life, Depressive
Symptoms, Anxiety, and Somatization Symptoms
in Male and Female Patients with Chronic Tinni-
tus. J Clin Med 2021; 10: 2798.

Qin R, Ceng X. Improving the role of rTMS
and tDCS in the treatment of chronic tinnitus
by combining other rehabilitation techniques[J].

1776

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Za
Zhi 2021; 35: 468-471.

Mazurek B, Hesse G, Dobel C, Kratzsch V, Lah-
mann C, Sattel H; Guideline group. Chronic Tin-
nitus. Dtsch Arztebl Int 2022; 119: 219-225.

Saeed S, Khan QU. The Pathological Mecha-
nisms and Treatments of Tinnitus. Discoveries
(Craiova) 2021; 9: e137.

Ding YQ, Guo SQ, Li D, Hu R, Xie Q, Liu YC. Per-
sonalized music therapy combined with medica-
tion as treatment for tinnitus. Eur Rev Med Phar-
macol Sci 2023; 27: 9747-9753.

Di Sarno L, Curatola A, Cammisa I, Capossela
L, Eftimiadi G, Gatto A, Chiaretti A. Non-phar-
macologic approaches to neurological stimula-
tion in patients with severe brain injuries: a sys-
tematic review. Eur Rev Med Pharmacol Sci
2022; 26: 6856-6870.

Chase HW, Boudewyn MA, Carter CS, Phillips
ML. Transcranial direct current stimulation: a
roadmap for research, from mechanism of ac-
tion to clinical implementation. Mol Psychiatry
2020; 25: 397-407.

Jacquemin L, Mertens G, Shekhawat GS, Van de
Heyning P, Vanderveken OM, Topsakal V, De Her-
togh W, Michiels S, Beyers J, Moyaert J, Van Rom-
paey V, Gilles A. High Definition transcranial Direct
Current Stimulation (HD-tDCS) for chronic tinnitus:
Outcomes from a prospective longitudinal large
cohort study. Prog Brain Res 2021; 263: 137-152.

Han M, Yang X, Lv J. Efficacy of tinnitus retraining
therapy in the treatment of tinnitus: A meta-anal-
ysis and systematic review. Am J Otolaryngol
2021; 42: 103151.

Wakabayashi S, Saito H, Oishi N, Shinden S,
Ogawa K. Effects of tinnitus treatments on sleep
disorders in patients with tinnitus. Int J Audiol
2018; 57: 110-114.

Li YL, Hsu YC, Lin CY, Wu JL. Sleep disturbance
and psychological distress in adult patients with tin-
nitus. J Formos Med Assoc 2022; 121: 995-1002.

Chance Nicholson W, Pfeiffer K. Sleep Disorders
and Mood, Anxiety, and Post-Traumatic Stress
Disorders: Overview of Clinical Treatments in the
Context of Sleep Disturbances. Nurs Clin North
Am 2021; 56: 229-247.

Mares T, Albrecht J, Buday J, Podgorna G, Le
TH, Magyarova E, Poshor K, Halik J, Buna J, Ca-
pek V, Kostylkova L, Klasova J, Fabian V, Anders
M. Long-term effect of transcranial direct current
stimulation in the treatment of chronic tinnitus: A
randomized, placebo-controlled trial. Front Psy-
chiatry 2022; 13: 969800.



