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Highlights
e Conflict processing training has not been used for tinnitus rehabilitation

e Auditory Stroop training will be applied along with tDCS for control of tinnitus
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of tinnitus but are also involved in the generation of it. In this study, bifrontal transcranial Direct
Current Stimulation (tDCS) and conflict processing will be used in the form of auditory Stroop
training to improve cognitive performance and inhibition control for tinnitus management.

Methods: This study will be carried out on 34 chronic tinnitus patients. The initial evaluations
include the tinnitus psychoacoustic evaluations, determination of the tinnitus handicap through
tinnitus handicap inventory, and examining the annoyance and loudness of tinnitus through
the visual analog scale after which the participants will be investigated in two groups. The first
group will receive sessions of tDCS followed by six sessions of conflict processing training.
The second group will first receive tDCS in the form of sham, to be followed by six sessions of
auditory Stroop. The evaluations will be repeated after each intervention.

Discussion: Studies have shown that successive sessions of conflict processing training can
enhance cognitive plasticity and inhibition function. As conflict processing training has not
been addressed as rehabilitation training in the people suffering from tinnitus, these processes
will be designed in four tasks as rehabilitation exercises in Farsi language and applied along
with tDCS to the people with chronic tinnitus to decrease and control tinnitus by improving
cognitive and inhibition control.
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Introduction

innitus is a phantom perception of sound

in the ears or the head in the absence of

any external source. Ten to thirty percent

of adults are suffering from this hetero-

geneous disorder. In 6-25% of the cases,
tinnitus may influence the quality of life of the patients
giving rise to anxiety, depression, distress, lack of con-
centration, cognitive disorders, and sleeping disturbance
[1-3]. The pathophysiology of tinnitus is not completely
clear and there is no definite cure for it.

Studies have proposed various effective factors in the
generation of tinnitus. Numerous theories have been
also developed to explain the mechanism of tinnitus
mostly emphasizing the central origin of tinnitus [4-6].
Based on deafferentation theory, peripheral disorders in
the cochlea or auditory nerve will result in a series of
hierarchical variations including enhanced spontaneous
activities, plastic changes in the central nervous system,
abnormal neural synchrony, and cortical reorganization.
The global workspace hyperactivity theory discusses
the enhancement in the overall activities of the central
nervous system. In this way, deafferentation alone is not
sufficient for the conscious perception of tinnitus. Tin-
nitus will be rather perceived when accompanied by im-
paired top-down inhibitory functions [5, 6]. Brain imag-
ing of various regions has indicated the engagement of
non-auditory parts such as prefrontal, parietal and limbic
systems in the cases of tinnitus [7, 8]. Some studies also
have suggested maladaptive plasticity in various cere-
bral regions and abnormal activities in the auditory and
non-auditory cortical regions related to the attention and
cognitive functions as the underlying causes of tinnitus
[9, 10]. It is suggested that the tinnitus experience is a
consequence of several parallel activities in the aware-
ness network (fronto-parietal regions), distress network
(anterior cingulate cortex insula and amygdala), and
memory (hippocampus and parahippocampus) which
are related to various aspects of tinnitus [6, 11]. More-
over, the annoyance of tinnitus cannot be justified by its
sole psycho-acoustic features as it is rather correlated
with the cognitive and emotional aspects. The attention
and focus on tinnitus can prolong and increase its related
distress. Individuals suffering from tinnitus struggle with
problems in cognitive control, central executive func-
tion, and top-down processing, which are regarded as the
factors involved in the generation of tinnitus rather than
its complications [12, 13].

This study is based on the hypothesis that the cogni-
tive functions are probably disturbed due to the reduced
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inhibition in chronic tinnitus. Therefore, the use of ap-
proaches capable of reinforcing the inhibition control
can be effective in tinnitus management.

Conflict processing training and the ability to correctly
respond to these tasks play a crucial role in cognitive
control [14]. Stroop is one of the best tasks to evaluate
executive performances in terms of conflict processing
and inhibition control [15]. Stroop can be carried out
both visually and in an auditory manner. In the visual
Stroop, the title of the color is written by another col-
or (i.e. “black” is written in “green” font) and the par-
ticipants are asked to express the color regardless of its
font color. Some studies have shown the improvement
of inhibitory control in elder adults, after visual Stroop
training [17-19]. In the auditory Stroop, acoustic and se-
mantic conflicts are used [16]. Few studies have been
conducted using conflict processing in form of auditory
Stroop. During the Stroop task, the participant pays at-
tention to one aspect of the stimulus while neglecting
the other aspect. In the “high/low paradigm”, known as
auditory Stroop, the words are presented either in a high-
pitched or low-pitched voice. In the semantic task, the
participant must attend to word meaning while ignoring
voice pitch, and in the voice task, must focus on the pitch
and ignore the meaning of words [18, 19]. Christensen et
al. used another version of auditory Stroop in 26 healthy
subjects. They used masculine words such as “brother”
or feminine words such as “princess”, presented by male
or female speakers. The participant should notice gender
in the voice test and ignore the meaning of words and re-
verse on semantic task. Results of these studies revealed
that there was a longer reaction time with words spoken
by mismatched voice [19]. According to fMRI studies
middle lateral prefrontal, cingulate cortex, and anterior
insula are involved in the Stroop [20]. These regions
overlap with distress and attention network.

Transcranial direct current stimulation (tDCS) is a po-
tent treatment modality for chronic tinnitus. Some studies
have reported the effect of frontal tDCS on the improve-
ment of the inhibition [21-23] and cognitive learning
functions [24, 25] in addition to the significant role of
the dorsolateral prefrontal cortex (DLPFC) in regulating
the cognitive functions. Therefore, electrical stimula-
tion of this region can alter the executive functions and
enhance the inhibition functions from this region to the
other regions of the cortex including the primary audito-
ry cortex, hence, providing better control on the parasitic
tinnitus signal [26-28]. Regarding the role of conflict
processing in cognitive control, auditory Stroop can also
reduce tinnitus through reinforcing physiologic inhibi-
tion and improving cognitive control. So far, separate
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methods have been applied to manage tinnitus; while the
dual treatments with proper outcomes have been rarely
addressed. tDCS was utilized along with music in some
studies [29, 30]. Based on our knowledge this is the first
study that uses conflict processing in the form of audi-
tory Stroop training for the management of tinnitus.

In this research, transcranial direct current stimulation
and conflict processing training (acoustic-semantic, in
the form of auditory Stroop) will be used to enhance the
inhibition action to improve the cognitive functions and
effectively provide control on the tinnitus signals. The
outcome will be assessed by tinnitus handicap inventory
(THI) and visual analog scale (VAS) for loudness and
annoyance of tinnitus pre and post-intervention and one
month later.

Methods

Participants: The effect of auditory Stroop and tDCS
will be investigated on 34 chronic tinnitus patients (ex-
periencing tinnitus for more than six months) meeting
the inclusion criteria. The participants will be randomly
divided into two groups. The first group will receive
six sessions of tDCS after primary evaluations; then
the effect of tDCS will be determined by repeating the
evaluations. They will then undergo six sessions of
Stroop after which the evaluations will be repeated. In
the second group, tDCS will be carried out in the sham
mode after primary evaluations. Then, Stroop tasks will
be conducted. Similar to the first group, the evaluations
will be repeated after each stage and their results will be
compared with the primary evaluations.

The inclusion criteria can be listed as follows, non-
pulsatile unilateral or bilateral tinnitus existing for more
than six months, no hyperacusis, no use of hearing aid,
no serious psychological disorders such as severe de-
pression (based on the diagnosis of a psychiatrist), the
minimum score in the Mini Mental State Exam, hearing
threshold less than 35 dB in 250-8000Hz, no ear disease
or nervous system problems (based on the diagnosis of
a neurologist), receiving no treatment for tinnitus, be-
ing right-handed, no medical restriction to use electrical
stimulations (pregnancy, cardiac pacemaker, etc.). The
exclusion criteria were: no cooperation or failure in fol-
lowing the program, loss of the inclusion criteria.

This study is a single-blinded clinical trial on patients
with chronic tinnitus referring to the Audiology Clinic
of Hamadan University of Medical Sciences. The sub-
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jects will be randomly divided into two groups after the
initial evaluations. The participants of the first group
will receive tDCS while the second group will receive
it in sham mode. The subjects will be unaware of the
mode of tDCS treatment (sham or stimulus). Then both
groups will take part in six sessions of conflict process-
ing training in the form of an auditory Stroop. The par-
ticipants will be registered consequently in numerical
order by a secretary unaware of the research project.
The even numbers will be placed in the first group while
those having the odd numbers will be classified in the
second group. The group members will be matched in
terms of age, sex, and auditory level. The evaluations
will be repeated after each stage and compared with the
pre-intervention results.

Participants having the inclusion criteria will be exam-
ined by an experienced audiologist in terms of audiom-
etry and tinnitus psycho-acoustic features. Audiometry
assessments will be carried out using a two-channel
audiometer (INVENTIS piano made in Italy) at the fre-
quency range of 250-8000 Hz for the air conduction and
250-4000 Hz for the bone conduction by the modified
Hughson-Westlake method. In the psycho-acoustic as-
sessments, the pitch and loudness of the tinnitus will be
determined by matching an external sound with the tin-
nitus in the opposite ear. A two-choice technique will be
employed to determine the pitch. For this purpose, based
on the tinnitus type (tone or noise), two pure noises or
two narrowband noises with different frequencies (fl,
2, f1<f2) will be sent and the subject will be asked to
select the one whose pitch is closer to the tinnitus. This
process is continued until the tinnitus pitch is completely
determined. In the loudness assessments, the subject is
asked to match the delivered tone intensity of deter-
mined tinnitus pitch with the loudness of the tinnitus s/he
is experiencing. For this purpose, first, the threshold of
tinnitus pitch is determined and then it will be increased
in 1-dB intervals until it equals the loudness of the tin-
nitus [31]. Participants will fill out the Persian version
of THI (whose reliability and validity are investigated);
while the annoyance and loudness of the tinnitus will be
explored by VAS before and after the intervention [32].
All these assessments will be carried out before and after
interventions and repeated four weeks later.

With a tDCS device (Segalstim Farmed Tajhiz
Co.LTD made in IRAN) a direct current of 2 mA will
be applied through a pair of 35 cm2 electrodes impreg-
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nated with normal saline solution. Anode and cathode
will be placed on 4 (right DLPFC) and 3 (left DLPFC).
[26, 33]. The members of the first group will receive 6
twenty-minute sessions of tDCS every other day; while
the second group will receive it in a sham mode. The
electrodes will be arrayed according to the 10-20 sys-
tem. In the sham group, the electrode arrangement will
be the same; the only difference is that the device will be
turned off 30 s after being turned on without informing
the patients. Both groups will fill up the questionnaires
to evaluate tinnitus handicap, annoyance, and loudness
as well as psycho-acoustic assessment forms before and
after tDCS.

Auditory Stroop with acoustic-semantic conflict pro-
cessing will be carried out in four different tasks. In the
first one, the sex-related words (man, woman) will be
presented along with neutral words by a male or female
speaker. The patients will be asked to determine the
speaker’s gender regardless of the meaning of the word.
In the second task, the participants will determine that
the presented word is related to which sex regardless of
the speaker’s sex. In the intensity-related conflict pro-
cessing training, the words loud and soft will be used
along with the neutral two-syllable words. Half of these
words are randomly pronounced loudly and the other
half is presented in a soft manner in the congruent (soft
at a lower intensity and loud at a higher intensity) and
incongruent (soft with high intensity and loud with lower
intensity). In the conflict task, the terms long, short, and
neutral words will be uttered congruently and incongru-
ently. In each condition, the reaction time and the score
of the participants will be determined based on the num-
ber of correct responses under congruent and incongru-
ent conditions. In the successive sessions, the percentage
of the incongruent words will be increased from 20 to
40, 60, and 80% respectively while the time interval be-
tween the utterances will decline from 5 sto3 and 1.5 s
to enhance the conflict level.

Since the auditory Stroop exercise has not been con-
ducted in Persian, the words will be extracted from a
Persian dictionary of the commonly-used words. To
avoid habit formation, each series of words in the first
and second tasks will be recorded with three male and
three female speakers. Each series of words include 60
items half of which are uttered by a male and the other
half are pronounced by a female presenter. Various se-
ries of words with different percentages of incongruent
words (20-80%) will be set at diverse intervals (1.5, 3.
and 5 s). Prior to applying the tasks to the tinnitus sub-
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jects, their content will be presented to 10 normal people
with no tinnitus to determine their clarity, difficulty en-
hancement by changing the intervals, and frequency of
incongruent words (scored by 1-5). The results will be
used to increase attention engagement by changing the
percentage of the incongruent words and shortening the
time interval between their pronunciations. The order of
the words will be randomly changed. The words will be
recorded under acoustic conditions (in a studio) using a
Labtec microphone.

The tasks are designed and implemented by DMDX
software. The participants will listen to the words using
a headphone. Since the verbal response will cause higher
conflict, the patients will be asked to respond verbally.

The percentage of the correct responses will be also de-
termined by the software. Depending on the responses,
if the percentage of the correct answers exceeds 80%, a
series with higher percentages of incongruent words will
be used to enhance the engagement. In this way, at least
4 trials with sixty-item will be addressed. To determine
the reaction time, the subjects press the shift button on
the right or left side of the keyboard to respond. The shift
button on the right side is for the female terms, slow in-
tensities, and short delay; while the shift button on the
left side is allocated to the male terms, loud noises, and
long delays. The reaction time of the participant will be
calculated in milliseconds (ms) from the onset of the
stimulus presentation until the response onset. The reac-
tion time and percentage of the correct answers in the
first session before the tasks will be compared with those
obtained after six sessions.

The quantitative (tinnitus pitch and loudness matching
and VAS for loudness and annoyance) and qualitative
(THI) measurements will be assessed in each participant.
The initial evaluation will be carried out one day before
the tDCS intervention and immediately after six sessions
of tDCS. One day after the exercises, an auditory Stroop
is initiated. The reaction time of the participants and the
percentage of the correct responses will be determined
in any of the tasks and compared with those obtained in
the last session. At the end of the auditory Stroop, THI
and tinnitus loudness and annoyance, as well as the psy-
cho-acoustic evaluations, will be repeated and compared
with their corresponding results before and after tDCS.
The influence of Stroop (alone) on the tinnitus handicap,
annoyance, and loudness will be examined by compar-
ing the results of the two groups. Moreover, the effect of

Aud Vestib Res. Spring 2022;31(2):141-147
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adding Stroop exercises will be addressed in any of the
mentioned parameters.

A comparison between the reaction time and percent-
age of correct responses at the beginning of the Stroop
and that of the last session can present the changes in the
inhibition control as well as the effect of the exercises.

One-way and two-way repeated measure ANOVA
analyses will be employed to determine and compare the
effect of tDCS and Stroop (either alone or in combina-
tion) on the Stroop scores, loudness, handicap, and an-
noyance of tinnitus. In the case of significant results, the
posthoc Bonferroni test will be applied and in order to
determine which treatment gives the best outcome, effect
size measurements will be calculated.

To determine the sample size, the mean difference and
respective standard deviation from Talanow and Van-
neste’s study was used. By considering the power of
80% and error of = 0.05, the sample size is 17 members
in each group [34, 35].

(Z1—/’1+Z1-/e)2(0-12+012)
(1)

According to long term sessions of treatment, 20%
drop out will be considered and 20 members in each
group will be used.

The data of this study will be collected till Sep 2021.
The results of this research can be used by audiologists
as well as neurologists and Otolaryngologists.

Discussion

A great percentage of the people referring to the Otolar-
yngology clinics suffer from tinnitus. On the other hand,
the number of people exposed to tinnitus is increasing as
its risk factors such as aging, hearing loss, and noise have
increased with industrialization. Despite the relatively
high prevalence of tinnitus, there is no definite cure for
that and the studies are continuing. As the majority of the
theories on tinnitus formation have mentioned the de-
cline of inhibition in the central nervous system, it seems
that the enhancement of inhibition can help in decreasing
tinnitus by conflict processing training.
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Moreover, regarding the effectiveness of tDCS in
regulating the cognitive functions and improving the
inhibition performance and neuropsychologic disorders
including tinnitus, the use of conflict processing tasks in
the form of auditory Stroop and tDCS electrical stimula-
tion in the frontal region can more effectively decrease
the tinnitus symptoms. The studies in this field have
mentioned the lower scores in Stroop tasks and longer
reaction times of the tinnitus patients compared to the
controls.

Up to now, the repeated bifrontal tDCS sessions com-
bined with auditory Stroop training have not been used
as a rehabilitation exercise for controlling tinnitus. Upon
efficacy, this method can be added to the treatment agen-
da of tinnitus in the form of auditory Stroop for the in-
hibition performance to improve the results as well as
providing more stable mechanisms for tinnitus manage-
ment and treatment.
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All the methods used in this study are approved by the
Ethics Committee of Iran University of Medical Sciences
(IRIUMS.FMD.REC.1399.379). Prior to the study, the
research methods, objectives, advantages, and possible
side effects will be completely explained to the patients
and the participants will sign a written consent form. The
study is registered in the registry center of clinical studies
of Iran as a clinical trial (IRCT20120215009014N366).

There was no financial support for study design, data
collection, and analysis, decision to publish, or prepara-
tion of the manuscript.

ME: Study design, acquisition of data, interpretation
of the results, statistical analysis, and drafting the manu-
script; MA: Study design, interpretation of the results,
and drafting the manuscript; AM: Study design, inter-
pretation of the results, and drafting the manuscript; SJ:
Statistical analysis; RT: Interpretation of the results and
drafting the manuscript.

The authors declare that they have no conflicting in-
terests.



https://avr.tums.ac.ir/index.php/avr

Emadi et al.

This study was part of a Ph.D. Dissertation approved
by Iran University of Medical Sciences. The authors ac-
knowledge Dr Alireza Fallahi for his assistance in pre-
paring tasks.

References

[1] Asnis GM, Henderson MA, Thomas M, Kiran M, De La GR.
Insomnia in tinnitus patients: a prospective study finding a
significant relationship. Int Tinnitus J. 2021;24(2):65-9.

[2] Mahafza N, Zhao F, El Refaie A, Chen F. A comparison of
the severity of tinnitus in patients with and without hearing
loss using the tinnitus functional index (TFI). Int ] Audiol.
2021;60(3):220-6. [DOI:10.1080/14992027.2020.1804081]

[3] Santos AdHM, Santos APS, Santos HS, de Silva AC.
The use of tDCS as a therapeutic option for tinnitus: a sys-
tematic review. Braz ] Otorhinolaryngol. 2018;84(5):653-9.
[DOI:10.1016/j.bjorl.2018.02.003]

[4] Elmoazen D, Kozou H, Elabassiery B. Otoacoustic emissions
and contralateral suppression in tinnitus sufferers with nor-
mal hearing. Egypt ] Otolaryngol. 2020;36:29. [DOI:10.1186/
$43163-020-00030-4]

[5] Baars BJ. Global workspace theory of consciousness: toward
a cognitive neuroscience of human experience. Prog Brain
Res. 2005;150:45-53. [DOI:10.1016,/50079-6123(05)50004-9]

[6] De Ridder D, Vanneste S, Langguth B, Llinas R. Thalamo-
cortical dysrhythmia: a theoretical update in tinnitus. Front
Neurol. 2015;6:124. [DOI:10.3389/ fneur.2015.00124]

[7] Baguley D, Andersson G, McFerran D, McKenna L. Tinni-
tus: A multidisciplinary approach. 2nd ed. Chichester: John
Wiley & Sons; 2013. [DOI:10.1002/9781118783009]

[8] Husain FT, Schmidt SA. Using resting state functional
connectivity to unravel networks of tinnitus. Hear Res.
2014;307:153-62. [DOI:10.1016/].heares.2013.07.010]

[9] Vanneste S, Plazier M, Ost J, van der Loo E, Van de Heyning
P, De Ridder D. Bilateral dorsolateral prefrontal cortex modu-
lation for tinnitus by transcranial direct current stimulation: a
preliminary clinical study. Exp Brain Res. 2010,202(4):779-85.
[DOI:10.1007/s00221-010-2183-9]

[10] Forogh B, Mirshaki Z, Raissi GR, Shirazi A, Mansoori K,
Ahadi T. Repeated sessions of transcranial direct current
stimulation for treatment of chronic subjective tinnitus: a pi-
lot randomized controlled trial. Neurol Sci. 2016,37(2):253-9.
[DOI:10.1007 /510072-015-2393-9]

[11] Langguth B, Schecklmann M, Lehner A, Landgrebe M,
Poeppl TB, Kreuzer PM, et al. Neuroimaging and neuro-
modulation: complementary approaches for identifying the

neuronal correlates of tinnitus. Front Syst Neurosci. 2012;6:15.
[DOI:10.3389/ fnsys.2012.00015]

[12] Trevis K], McLachlan NM, Wilson SJ. Cognitive mecha-
nisms in chronic tinnitus: psychological markers of a failure

Auditory & Vestibular Research

to switch attention. Front Psychol. 2016,7:1262. [DOI:10.3389/
fpsyg.2016.01262]

[13] Zenner HP, Pfister M, Birbaumer N. Tinnitus sensi-
tization: sensory and psychophysiological aspects of a
new pathway of acquired centralization of chronic tinni-
tus. Otol Neurotol. 2006;27(8):1054-63. [DOI:10.1097/01.
mao0.0000231604.64079.77]

[14] Araneda R, Renier L, Dricot L, Decat M, Ebner-Karestinos
D, Deggouj N, et al. A key role of the prefrontal cortex in
the maintenance of chronic tinnitus: An fMRI study using a
Stroop task. Neuroimage Clin. 2017;17:325-34. [DOI:10.1016/.
nicl.2017.10.029]

[15] Dondé C, Brevet-Aeby C, Poulet E, Mondino M, Brune-
lin J. Potential impact of bifrontal transcranial random noise
stimulation (tRNS) on the semantic Stroop effect and its rest-
ing-state EEG correlates. Neurophysiol Clin. 2019;49(3):243-8.
[DOI:10.1016/j.neucli.2019.03.002]

[16] Gregg MK, Purdy KA. Graded auditory Stroop effects gen-
erated by gender words. Percept Mot Skills. 2007;105(2):549-
55. [DOI:10.2466/ pms.105.2.549-555]

[17] Wilkinson A], Yang L. Plasticity of inhibition in older
adults: retest practice and transfer effects. Psychol Aging.
2012;27(3):606-15. [DOI:10.1037 /a0025926]

[18] Haupt S, Axmacher N, Cohen MX, Elger CE, Fell J. Activa-
tion of the caudal anterior cingulate cortex due to task-related
interference in an auditory Stroop paradigm. Hum Brain
Mapp. 2009;30(9):3043-56. [DOI:10.1002/hbm.20731]

[19] Christensen TA, Lockwood JL, Almryde KR, Plante E.
Neural substrates of attentive listening assessed with a nov-
el auditory Stroop task. Front Hum Neurosci. 2011;4:236.
[DOI:10.3389/ fnhum.2010.00236]

[20] Roberts KL, Hall DA. Examining a supramodal network
for conflict processing: a systematic review and novel func-
tional magnetic resonance imaging data for related visual and
auditory stroop tasks. ] Cogn Neurosci. 2008;20(6):1063-78.
[DOI:10.1162/jocn.2008.20074]

[21] Sallard E, Mouthon M, De Pretto M, Spierer L. Modulation
of inhibitory control by prefrontal anodal tDCS: A crosso-
ver double-blind sham-controlled fMRI study. PLoS One.
2018;13(3):e0194936. [DOI:10.1371/journal.pone.0194936]

[22] Loftus AM, Yalcin O, Baughman FD, Vanman EJ, Hag-
ger MS. The impact of transcranial direct current stimula-
tion on inhibitory control in young adults. Brain Behav.
2015;5(5):e00332. [DOI:10.1002/ brb3.332]

[23] Castro-Meneses L], Johnson BW, Sowman PF. Vocal re-
sponse inhibition is enhanced by anodal tDCS over the
right prefrontal cortex. Exp Brain Res. 2016;234(1):185-95.
[DOI:10.1007 /s00221-015-4452-0]

[24] Coffman BA, Trumbo MC, Clark VP. Enhancement of
object detection with transcranial direct current stimula-
tion is associated with increased attention. BMC Neurosci.
2012;13:108. [DOI:10.1186/1471-2202-13-108]

[25] Oldrati V, Colombo B, Antonietti A. Combination of a
short cognitive training and tDCS to enhance visuospa-
tial skills: A comparison between online and offline neuro-
modulation. Brain Res. 2018;1678:32-9. [DOI:10.1016/j.brain-
res.2017.10.002]

Aud Vestib Res. Spring 2022;31(2):141-147



https://avr.tums.ac.ir/index.php/avr
https://doi.org/10.1080/14992027.2020.1804081
https://doi.org/10.1016/j.bjorl.2018.02.003
https://doi.org/10.1186/s43163-020-00030-4
https://doi.org/10.1186/s43163-020-00030-4
https://doi.org/10.1016/S0079-6123(05)50004-9
https://doi.org/10.3389/fneur.2015.00124
https://doi.org/10.1002/9781118783009
https://doi.org/10.1016/j.heares.2013.07.010
https://doi.org/10.1007/s00221-010-2183-9
https://doi.org/10.1007/s10072-015-2393-9
https://doi.org/10.3389/fnsys.2012.00015
https://doi.org/10.3389/fpsyg.2016.01262
https://doi.org/10.3389/fpsyg.2016.01262
https://doi.org/10.1097/01.mao.0000231604.64079.77
https://doi.org/10.1097/01.mao.0000231604.64079.77
https://doi.org/10.1016/j.nicl.2017.10.029
https://doi.org/10.1016/j.nicl.2017.10.029
https://doi.org/10.1016/j.neucli.2019.03.002
https://doi.org/10.2466/pms.105.2.549-555
https://doi.org/10.1037/a0025926
https://doi.org/10.1002/hbm.20731
https://doi.org/10.3389/fnhum.2010.00236
https://doi.org/10.1162/jocn.2008.20074
https://doi.org/10.1371/journal.pone.0194936
https://doi.org/10.1002/brb3.332
https://doi.org/10.1007/s00221-015-4452-0
https://doi.org/10.1186/1471-2202-13-108
https://doi.org/10.1016/j.brainres.2017.10.002
https://doi.org/10.1016/j.brainres.2017.10.002

Impact of Combined Bifrontal Transcranial...

[26] Faber M, Vanneste S, Fregni F, De Ridder D. Top down
prefrontal affective modulation of tinnitus with multiple ses-
sions of tDCS of dorsolateral prefrontal cortex. Brain Stimul.
2012;5(4):492-8. [DOI:10.1016/].brs.2011.09.003]

[27] Araneda R, De Volder AG, Deggouj N, Renier L. Altered
inhibitory control and increased sensitivity to cross-modal
interference in tinnitus during auditory and visual tasks.
PLoS One. 2015;10(3):e0120387.  [DOI:10.1371/journal.
pone.0120387]

[28] Knight RT, Scabini D, Woods DL. Prefrontal cortex gating of
auditory transmission in humans. Brain Res. 1989;504(2):338-
42. [DOI:10.1016/0006-8993(89)91381-4]

[29] Lee HY, Choi MS, Chang DS, Cho C-S. Combined bifron-
tal transcranial direct current stimulation and tailor-made
notched music training in chronic tinnitus. ] Audiol Otol.
2017;21(1):22-7. [DOI:10.7874/jao.2017.21.1.22]

[30] Teismann H, Wollbrink A, Okamoto H, Schlaug G, Rudack
C, Pantev C. Combining transcranial direct current stimula-
tion and tailor-made notched music training to decrease tinni-
tus-related distress-a pilot study. PLoS One. 2014;9(2):e89904.
[DOI:10.1371/journal.pone.0089904]

[31] Tyler RS, Noble W, Coelho C, Roncancio ER, Jun HJ. Tin-
nitus and hyperacusis In: Katz ], editor. Handbook of clini-
cal audiology. 7th ed. Lippincott Williams & Wilkins;2015.p.
647-758.

[32] Mahmoudian S, Shahmiri E, Rouzbahani M, Jafari Z, Key-
hani MR, Rahimi F, et al. Persian language version of the”
Tinnitus Handicap Inventory”: translation, standardization,
validity and reliability. Int Tinnitus J. 2011;16(2):93-103.

[33] DeRidder D, Vanneste S. EEG driven tDCS versus bifrontal
tDCS for tinnitus. Front Psychiatry. 2012;3:84. [DOI:10.3389/
fpsyt.2012.00084]

[34] Talanow T, Ettinger U. Effects of task repetition but no
transfer of inhibitory control training in healthy adults.
Acta Psychol (Amst). 2018;187:37-53. [DOI:10.1016/j.actp-
sy.2018.04.016]

[35] Vanneste S, Walsh V, Van De Heyning P, De Ridder D.
Comparing immediate transient tinnitus suppression using
tACS and tDCS: a placebo-controlled study. Exp Brain Res.
2013;226(1):25-31. [DOI:10.1007/500221-013-3406-7]

Aud Vestib Res. Spring 2022;31(2):141-147

Auditory & Vestibular Research

147



https://avr.tums.ac.ir/index.php/avr
https://doi.org/10.1016/j.brs.2011.09.003
https://doi.org/10.1371/journal.pone.0120387
https://doi.org/10.1371/journal.pone.0120387
https://doi.org/10.1016/0006-8993(89)91381-4
https://doi.org/10.7874/jao.2017.21.1.22
https://doi.org/10.1371/journal.pone.0089904
https://doi.org/10.3389/fpsyt.2012.00084
https://doi.org/10.3389/fpsyt.2012.00084
https://doi.org/10.1016/j.actpsy.2018.04.016
https://doi.org/10.1016/j.actpsy.2018.04.016
https://doi.org/10.1007/s00221-013-3406-7

