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Background and Aim: Prevalence of noise-induced tinnitus is approximately twice as high 
among military personnel and veterans as in the general population. So they appear to have 
poorer quality of life. Many forms of sound therapy have been applied to reduce the effects of 
subjective tinnitus. This study aimed to investigate the effect of binaural beat stimulation on 
the annoyance of tinnitus in military personnel with the experience of acoustic trauma-induced 
tinnitus.

Methods: This study was conducted on 60 men with mean(SD) age 38.30(6.12) years 
individuals suffering from chronic tinnitus. They were randomly assigned to either the 
experimental group who were exposed to an audio file with an embedded binaural beat in 
the alpha frequency range or the control group who were supposed to merely listen to their 
favorite music without any included beat stimulation. Tinnitus Handicap Inventory (THI) and 
Tinnitus Handicap Questionnaire (THQ) were used as outcome measures to collect the data 
after a period of one month. 

Results: There were statistically significant differences (score decrease) between the two 
study groups after intervention in terms of THI (p<0.05) and THQ total score (p<0.05) and the 
subscales involving emotional effects of tinnitus.

Conclusion: Binaural beat stimulation in the alpha frequency range has the potential of 
inducing some positive effects on subjective feelings of chronic tinnitus sufferers.
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Introduction

innitus is known as a frequently reported 
auditory problem by military personnel 
[1]. It is accompanied by altered auditory 
functions including speech perception, 
and auditory attention as well as distur-

bances such as depression, anxiety and reduced quality 
of life [2]. Prevalence of tinnitus has been calculated to 
be twice in military veterans as in the nonveteran popu-
lation [3]. It is reported that in one to two percent of in-
dividuals suffering from tinnitus, the handicap imposed 
by tinnitus-related provoking distress reduces their qual-
ity of life [4]. Although tinnitus risk factors and conse-
quences have been extensively studied, [5] as a result 
of tinnitus heterogeneity, a large variation in treatment 
responses leads to the lack of presenting a definite inter-
vention program that covers most tinnitus complainers 
and their variations. In other words, there is still cur-
rently no gold standard treatment for tinnitus [5, 6] as 
we witness a percentage of sufferers who seek various 
clinical interventions. Among various proposed mecha-
nisms underlying tinnitus, the outer hair cell loss and 
maladaptive plasticity in the central auditory pathways 
are known to be linked to the generation of tinnitus [2]. 
Furthermore, according to Jastreboff, the limbic system 
is among the proposed networks involved in the emo-
tional feelings of tinnitus and even a small degree of 
changes in such emotional component may have signifi-
cant effects on the annoyance of tinnitus perception even 
without any changes in psychoacoustical characteristics 
of tinnitus [7]. Comparing spontaneous neuronal activity 
between individuals with and without tinnitus showed 
a marked reduction in alpha (8-12 Hz) power with an 
enhancement in delta (1.5-4 Hz) specifically for tem-
poral regions. Such abnormal neuronal activity is cor-
related with tinnitus-related distress scores assessed with 
a tinnitus questionnaire specifically for the temporal and 
frontal regions [8]. Alpha band frequency which is the 
most prominent rhythm of the human brain is associated 
with calm and peaceful states and pleasant feelings in a 
person [9, 10]. Furthermore, a functional inhibition role 
has also been proposed for alpha oscillation [11]. Reduc-
tion in such inhibitory capacity of alpha-band due to the 
diminished input following hearing loss [12] may lead to 
increased spontaneous neural firing rate in neighboring 
healthy neurons. Delta wave, a low-frequency band, is 
related to slow-wave sleep and its enhancement has also 
been reported in sleep deprivation [13], brain injuries 
and tumors [14].

Neural activity is capable of changes by Binaural Beat 
(BB) frequencies, that’s why binaural beats are often 

used to induce certain psychological states [15]. the ef-
fects of such stimulation have been demonstrated on 
functional brain connectivity, intracranial power, and 
phase synchronization [16]. Auditory Beat Stimulation 
(ABS) is also known to have an impact on cognitive 
processing and mood states and the potential ability to 
reduce the level of stress and anxiety. When two sine 
waves which are below 1000 Hz with less than 40 Hz 
frequency differences are presented dichotically, binau-
ral beats are perceived subjectively inside the head. Even 
though the neural mechanism of BB perception is not 
clear [16] it is suggested that the perception of this audi-
tory illusion is arising from binaurally sensitive neurons 
including neurons in the brainstem inferior colliculi and 
superior olivary complex where the two concurrently 
presented stimuli are integrated and then travel in forms 
of neural impulses through the reticular formation to the 
thalamus, auditory and non-auditory cortical regions 
[17-20]. When the perceived auditory beat is in certain 
brain wave ranges such as alpha, the brain wave changes 
toward the beat frequency. Resulting neuronal changes in 
the brain have been associated with some health benefits 
including stress reduction and anxiety [17, 21, 22]. How-
ever, despite utilizing this regulation potential of sponta-
neous brain waves activities through techniques such as 
neurofeedback, lacking a general guideline has led to its 
variable reported efficacy among patients with tinnitus 
[6, 23]. ABS can be used with music or other sounds in 
which certain frequency differences are embedded. Da-
vid et al. have put forward the application of a home-
based program which is based on binaural stimulation 
in people who suffer from tinnitus. Their study results 
confirmed the probable effectiveness of designing cus-
tomized programs to manage tinnitus [21]. Other studies 
have also confirmed the promising effect of such audi-
tory stimulation in the alpha wave frequency range [17, 
24]. It is worth noting that apart from the reported utility 
of such stimulation in the enhancement of brain wave os-
cillatory activity, Lopez-Caballero and Escera are among 
the researchers whose findings did not support the poten-
tial usefulness of BB to induce specific neural activity 
and emotional changes [20]. In addition to inconsistency 
in reported positive effects of BB stimulation, it is note-
worthy that research on tinnitus treatment with binaural 
sounds appears to be scarce [25]. Therefore, due to the 
high prevalence of tinnitus in veterans who struggle with 
chronic tinnitus and given the challenging characteris-
tics of tinnitus and resultant variations in treatment out-
comes, this study aimed to investigate the effectiveness 
of ABS application in military personnel who are a large 
group of chronic tinnitus sufferers. Self-reported handi-
cap questionnaires are considered a standard means of 
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evaluation of the severity of tinnitus-related distress and 
are used to assess the adverse effect of tinnitus on qual-
ity of life [26-28]; therefore, we used the two Tinnitus 
Handicap Inventory (THI) and Tinnitus Handicap Ques-
tionnaire (THQ) questionnaires as outcome measures to 
objectify the effects of intervention in the evaluation of 
tinnitus severity and its effects on quality of life.

Methods

Participants

This study was conducted from September 2021 to 
February 2022 in the department of Ear, Nose and Throat 
Imam Reza hospital in Iran. 60 men with mean(SD) age 
38.30(6.12) years old with chronic tinnitus )from about 
six months to five years( and with mild to moderate 
symmetrical high-frequency hearing loss were selected 
using convenience sampling method. They all reported 
having unilateral tinnitus [including cases with tinni-
tus only in the right or merely in the left ear] with the 
experience of acoustic trauma due to their presence in 
military services. The tinnitus perception described by 
the participants included a constant feeling of ringing, 
whistling, buzzing, hissing and other combinations of 
these sounds. Although most of them had a history of 
using dietary supplements as one of the remedy options 
during the past few years, none of them received spe-
cific remediation for at least six months before the initia-
tion of our intervention program. Other inclusion criteria 
considered for all participants included normal otoscopy 
(Riester, Germany( and tympanometry )R26M Reso-
nance, Italy( results and no record of severe neurologic 
or psychiatric disorders. In most participants reported 
pitch matching was close to audiometry hearing loss 
)3500 to 6800 Hz(, in loudness matching the loudness 
were in the range of 1 to 4 dB SL. Prior to the experi-
ment they all gave written informed consent and were 
informed of the possibility to quit the study whenever 
they felt uncomfortable.

Procedure

Individuals who met the inclusion criteria were recruit-
ed as study participants. They were all asked to fill out 
the two THQ and THI questionnaires before the start of 
the intervention program. THI questionnaire is a 25-item 
questionnaire that is developed in order to objectify the 
functional and psychosocial consequences of tinnitus 
and its effect on life quality. And tinnitus impact is cat-
egorized into three subscales of functional, emotional, 
and catastrophic [27]. THQ, another self-reported ques-
tionnaire comprising 27 items that are divided into three 

subscales:1) behavior, social, and emotional effects, 2) 
hearing abilities of the patient, and 3) the patient’s per-
spective on tinnitus [26]. The two questionnaires have 
also a high reported correlation coefficient [26]. In the 
next phase of the study, participants were randomly al-
located to either the control or the experimental group 
groups. The intervention program for the experimental 
group consisted of presenting the alpha BB stimulation 
embedded in a favorite classical music [29]. So that the 
inconvenience of raw BB presentation would reduce, 
and the individuals were encouraged to continue the in-
tervention program. Two sinusoidal tones, one at 396 Hz 
and the other at 406 Hz were created using MATLAB 
software to produce a 10 Hz binaural beat. ABS was 
provided to the participants in the experimental group in 
form of an audio file which was supposed to be listened 
to daily for 30 minutes, for 4 weeks [30]. Meanwhile, 
the control group was supposed to listen to the same 
music without any embedded binaural beat stimulation. 
Moreover, to ensure that individuals did not have any 
problems using audio files at home, they all were sup-
ported with follow-up calls. Both study groups were 
asked to listen to the audio files at a comfortable level 
and with earphones. Furthermore, they were asked not 
to listen to the files when they feel drowsiness or during 
sleeping time. At the end of one month, right after the 
completion of the last session of the intervention pro-
gram, each participant was reevaluated with the same 
questionnaires that were completed before the adminis-
tration of the intervention program. Moreover, the pitch 
matching and loudness matching tests were re-tested af-
ter the intervention period.

Statistical analysis

Statistical analyses were performed using SPSS Soft-
ware (v. 17) at a significance level of 0.05. To examine 
the mean difference between the study groups before 
and after the training program and to measure the effec-
tiveness of the intervention, Wilcoxon test and Mann-
Whitney test were performed respectively.

Results

In the present study, the mean(SD) age of participants 
was 38.30(6.12) years (ranged 27–51 years) who had 
chronic tinnitus (more than six months). Tables 1 and 2 
demonstrate the two questionnaires pre and post-train-
ing. Based on the Mann-Whitney test there was a sta-
tistically significant difference between total scores of 
both THI and THQ after intervention (p<0.001). THI to-
tal score decreased from 61.75 to 49.25 and from 36.83 
to 34.62 for THQ total score for the group exposed to 
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the music with an embedded BB. While for the control 
group the total score of THI changed from 61.50 to 62.25 
and for THQ total score changed from 36.90 to 37.15. 
The results showed a significant decrease in behavioral, 
social, and emotional effects of tinnitus score of THQ af-
ter the ABS (p=0.001) which is an indication of less dis-
comfort caused by tinnitus. Concerning each subscale, 
no significant changes were observed for the scores of 
social effects of behavioral, social, and emotional ef-
fects of tinnitus, hearing abilities of the patient and the 
patient’s perspective on tinnitus of THQ in comparison 
with the pre-intervention scores (p>0.05). The emotional 
subscale of THI indicated a similar marked score reduc-
tion with the emotional effect of THQ, however, neither 
the experimental nor the control group showed a statis-
tically significant difference between pre and post-in-
tervention scores for functional and catastrophic scores 
(p>0.05). For ease of comparison, we converted the THI 
scores into percentages so that the two questionnaires 
can be compared with the same scoring unit. Evaluation 
of pitch matching and loudness matching also showed 
no significant score differences after completion of the 
intervention (p>0.05).

Discussion

In this study, the effect of 10 Hz binaural beat stimu-
lation on the annoyance of tinnitus was investigated in 
the individuals with chronic tinnitus and the results of 
THI and THQ questionnaires were compared between 
the experimental and the control group who were suffer-
ing from tinnitus caused by acoustic trauma. Two stimuli 
including a tone with the frequency of 396 Hz and 406 
Hz were presented dichotically to the right and left ear 
respectively. Based on the between-group comparisons, 
the experimental group who received ABS showed sig-
nificantly decreased total THI and THQ scores which 
indicates the perceived annoyance and disturbance of 
tinnitus reduced following the completion of one-month 
beat stimulation. In addition to the total score, assess-
ment of individual subscales for each questionnaire 
yielded statistically significant differences only for be-
havioral, social, and emotional effects of tinnitus in 
THQ and the emotional subscale for the THI question-
naire that represents beat stimulation positive effects in 
alleviating psychological states of the patients. This is 
consistent with the finding of David et.al, who suggested 
that the application of BB stimulation has the potential 

Table 1. Comparison of the tinnitus handicap questionnaire scores between experimental and control groups

Subscale
Mean(SD) 

p
Mean(SD) 

p
Pre-intervention Post-intervention Pre-intervention Post-intervention

Subscale 1 32.64(1.85) 26.03(1.53) 0.001 33.07(2.17) 33.33(1.46) 0.560

Behavioral effect 31.86(4.30) 22.40(2.44) 0.001 32.30(3.66) 32.76(2.64) 0.620

Social effect 33.70(3.48) 32.91(3.43) 0.160 34.04(4.26) 33.70(3.72) 0.910

Emotional effect 32.36(2.42) 22.77(2.37) 0.001 32.88(3.06) 33.52(2.72) 0.500

Hearing abilities of the 
patient 33.47(2.08) 33.25(2.01) 0.720 33.77(2.49) 32.91(2.14) 0.110

The patient’s perspective 
on tinnitus 44.37(3.75) 44.58(3.84) 0.850 43.87(4.32) 45.20(4.06) 0.150

Total score 36.83(1.49) 34.62(1.47) 0.001 36.90(1.84) 37.15(1.78) 0.570

Table 2. Comparison of the tinnitus handicap inventory scores between experimental and control groups

Subscale
Mean(SD) 

p
Mean(SD) 

p
Pre-intervention Post-intervention Pre-intervention Post-intervention

Emotional 60.00(12.5) 26.25(9.75) 0.001 57.75(9.00) 61.00(9.75) 0.220

Functional 58.00(8.00) 58.00(8.25) 0.980 62.00(9.75) 61.50(10.00) 0.890

Catastrophic 67.25(10.75) 63.00(11.25) 0.180 64.50(11.25) 64.25(12.00) 0.940

Total score 61.75(5.25) 49.25(5.50) 0.001 61.50(7.75) 62.25(6.50) 0.510
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effect of lowering the level of tinnitus severity over a 
short time period [21]. Since no score changes were ob-
served for the social effect subscale of THQ and both 
functional and catastrophic subscales of THI, it seems 
that the effect of the intervention on the reduction of tin-
nitus disturbance is more prominent for the subscales 
that involve emotional and psychological consequences 
of tinnitus. Neither the hearing abilities of the patient nor 
the patient’s perspective on tinnitus subscales of THQ 
showed any significant score changes after the interven-
tion for any of the experimental and the control group 
participants.

A higher level of anxiety, more negative mood states 
and higher occurrence of depressive tendencies has been 
reported in tinnitus sufferers compared to a normal con-
trol group [31]. Furthermore, the perceived severity of 
chronic tinnitus has shown to be correlated with the se-
verity of such psychological symptoms [28] therefore, 
it can be concluded that exploiting management options 
with the potential capacity of improving mood states and 
diminishing anxiety may have a beneficial effect on the 
annoyance experienced by tinnitus complainers. In fact, 
the essential qualities evaluated by the behavioral and 
emotional subscales of THQ and the emotional subscale 
of THI are a general feeling of tension, depression, ner-
vousness and worries which were targeted by the ABS in 
the alpha frequency range.

Brainwaves entrainment with auditory stimuli such as 
binaural beats is known as a safe and effective training 
approach which can assist with inducing certain mood 
states such as better relaxation [9]. It is proposed that 
a BB may encourage a meditation-like state and reduce 
chronic anxiety [32]. A decrease in the aforementioned 
scores indicates that participants were in a relaxed mood 
after the completion of the intervention. Although there 
is no consensus on the mechanism underlying binaural 
beats, neuronal excitability entrainment which in turn 
causes neural oscillation to be synchronized with the 
external auditory stimuli and also improvement in inter-
hemispheric connectivity have been proposed [33, 34]. 
The auditory system exhibits alpha-like resting oscillato-
ry activity. It is hypothesized that auditory alpha activity 
reflects excitation and inhibition balance in the sensory 
system and the disturbance in this balance is associated 
with tinnitus perception at behavioral level [35]. Based 
on the relation between tinnitus-related distress and in-
hibitory activities in auditory areas it is probable that al-
teration of inhibitory activities that are represented in the 
alpha band and resulting excitatory/inhibitory balance 
functions contributes to the reduction of the distressing 
component in tinnitus [12]. Decreased GABAergic in-

hibition in the central nucleus of the inferior colliculus 
and thereby elevated spontaneous activity following 
noise exposure is one suggestive potential mechanism of 
imbalance between excitatory and inhibitory imbalance 
functions [36]. The limbic system is involved in nega-
tive emotions such as depression and anxiety in tinnitus 
[7]. Alteration of neural bands at the limbic system and 
the resulting reduction in activation of the sympathetic 
system followed by stress decrement have been found 
with BB stimulation [25]. Gao et al, reported the increase 
in the relative power of the alpha band after the applica-
tion of binaural beats at alpha band frequency for five 
minutes [37]. Increased alpha-wave activity in frontal 
lobes is known to be associated with relaxation states 
and increased cognitive functions [38]. Enhancing alpha 
brainwave using audio signal has been applied in an at-
tempt to improve the mood of the subjects. Phneah and 
Nisar’s findings on the comparison between the effect of 
exposure to merely a favorite music or the music with 
embedded alpha waves showed more prominent and 
prolonged psychological and physiological effects for 
the latter one; because the second type of music caused 
the brain to produce more alpha wave and thereby higher 
alpha power [29]. Significant anxiety scores reduction 
was also reported in a group of patients who were asked 
to listen to a 20 min recording with an embedded bin-
aural beat frequency of 10 Hz than the group who only 
listened to the audio file of natural sounds [17]. On the 
other hand, although music therapy is considered a com-
mon practice in alleviating tinnitus, it is recommended 
that care must be taken in utilizing the mere music in 
tinnitus management as it could even worsen the tinnitus 
sufferers’ conditions such as increased anxiety and stress 
[25]. Another explanation for the lack of improvement 
in the control group may be that the only music therapy 
for 30 minutes a day for 4 weeks was not long enough to 
obtain any significant improvement. Studies also point-
ed out that after 6 weeks only a 10% improvement was 
reported [39, 40].

One of the limitations of our study was the coronavirus 
pandemic which made access to the study participants 
more difficult and increased the likelihood of emotional 
stress. It is also suggested that the long-term effect of 
such intervention should be considered for future studies.

Conclusion

We studied the potential benefit of applying binaural 
beat stimulation to tinnitus distress. Concerning the cor-
relation between tinnitus severity and distress symptoms 
and positive effects of binaural beat stimulation proto-
col, as well as our study results, it seems that administra-
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tion of this kind of intervention can be helpful for those 
whose quality of life is adversely affected by tinnitus.

Ethical Considerations

Compliance with ethical guidelines

This study was conducted under the supervision of Ira-
nian Military Medical Hospital and Aja University with 
Ethics Code of IR.AJAUMS.REC.1400.161.

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or non-profit sectors.

Authors' contributions

MMB: Study design, acquisition of data, statistical 
analysis, interpretation of the results, and drafting the 
manuscript; PC: Study design, drafting the manuscript; 
revised then manuscript; MI: Study design, drafting the 
manuscript; SMM: Study design, interpretation of the 
results; SSGM: interpretation of the results, statistical 
analysis.

Conflict of interest

There are no competing financial interests.

References

[1] MacGregor AJ, Joseph AR, Dougherty AL. Prevalence of 
Tinnitus and Association with Self-Rated Health among 
Military Personnel Injured on Combat Deployment. Mil Med. 
2020;185(9-10):e1608-14. [DOI:10.1093/milmed/usaa103] 

[2] Neff P, Zielonka L, Meyer M, Langguth B, Schecklmann 
M, Schlee W. Comparison of Amplitude Modulated Sounds 
and Pure Tones at the Tinnitus Frequency: Residual Tin-
nitus Suppression and Stimulus Evaluation. Trends Hear. 
2019;23:2331216519833841. [DOI:10.1177/2331216519833841]  

[3] Schmidt CJ, Kerns RD, Finkel S, Michaelides E, Henry JA. 
Cognitive Behavioral Therapy for Veterans With Tinnitus. 
Fed Pract. 2018;35(8):36-46.

[4] Hu J, Xu J, Streelman M, Xu H, Guthrie O. The Correla-
tion of the Tinnitus Handicap Inventory with Depression 
and Anxiety in Veterans with Tinnitus. Int J Otolaryngol. 
2015;2015:689375. [DOI:10.1155/2015/689375]  

[5] Tang D, Li H, Chen L. Advances in Understanding, Di-
agnosis, and Treatment of Tinnitus. Adv Exp Med Biol. 
2019;1130:109-28. [DOI:10.1007/978-981-13-6123-4_7] 

[6] Cederroth CR, Gallus S, Hall DA, Kleinjung T, Langguth 
B, Maruotti A, et al. Editorial: Towards an Understanding of 
Tinnitus Heterogeneity. Front Aging Neurosci. 2019;11:53.  
[DOI:10.3389/fnagi.2019.00053]  

[7] Jastreboff PJ. Phantom auditory perception (tinnitus): 
mechanisms of generation and perception. Neurosci Res. 
1990;8(4):221-54. [DOI:10.1016/0168-0102(90)90031-9]

[8] Weisz N, Moratti S, Meinzer M, Dohrmann K, Elbert T. Tin-
nitus perception and distress is related to abnormal spon-
taneous brain activity as measured by magnetoencepha-
lography. PLoS Med. 2005;2(6):e153. [DOI:10.1371/journal.
pmed.0020153]  

[9] Huang TL, Charyton C. A comprehensive review of the 
psychological effects of brainwave entrainment. Altern Ther 
Health Med. 2008;14(5):38-50.

[10] Tabarelli D, Brancaccio A, Zrenner C, Belardinelli P. 
Functional Connectivity States of Alpha Rhythm Sources 
in the Human Cortex at Rest: Implications for Real-Time 
Brain State Dependent EEG-TMS. Brain Sci. 2022;12(3):348.   
[DOI:10.3390/brainsci12030348]  

[11] Strauß A, Wöstmann M, Obleser J. Cortical alpha oscilla-
tions as a tool for auditory selective inhibition. Front Hum 
Neurosci. 2014;8:350. [DOI:10.3389/fnhum.2014.00350]  

[12] Weisz N, Dohrmann K, Elbert T. The relevance of spontane-
ous activity for the coding of the tinnitus sensation. Prog Brain 
Res. 2007;166:61-70. [DOI:10.1016/S0079-6123(07)66006-3]

[13] Posada-Quintero HF, Reljin N, Bolkhovsky JB, Orjuela-
Cañón AD, Chon KH. Brain Activity Correlates With Cog-
nitive Performance Deterioration During Sleep Deprivation. 
Front Neurosci. 2019;13:1001. [DOI:10.3389/fnins.2019.01001]  

[14] Kahlbrock N, Weisz N. Transient reduction of tinnitus in-
tensity is marked by concomitant reductions of delta band 
power. BMC Biol. 2008;6:4. [DOI:10.1186/1741-7007-6-4]  

[15] Munro BA, Searchfield GD. The short-term effects of re-
corded ocean sound with and without alpha frequency bin-
aural beats on tinnitus perception. Complement Ther Med. 
2019;44:291-5. [DOI:10.1016/j.ctim.2019.05.005] 

[16] Colzato LS, Barone H, Sellaro R, Hommel B. More atten-
tional focusing through binaural beats: evidence from the 
global-local task. Psychol Res. 2017;81(1):271-7. [DOI:10.1007/
s00426-015-0727-0]  

[17] Chaieb L, Wilpert EC, Reber TP, Fell J. Auditory beat stim-
ulation and its effects on cognition and mood States. Front 
Psychiatry. 2015;6:70.  [DOI:10.3389/fpsyt.2015.00070]  

[18] Solcà M, Mottaz A, Guggisberg AG. Binaural beats in-
crease interhemispheric alpha-band coherence between 
auditory cortices. Hear Res. 2016;332:233-7. [DOI:10.1016/j.
heares.2015.09.011] 

[19] McConnell PA, Froeliger B, Garland EL, Ives JC, Sforzo 
GA. Auditory driving of the autonomic nervous system: Lis-
tening to theta-frequency binaural beats post-exercise increas-
es parasympathetic activation and sympathetic withdrawal. 
Front Psychol. 2014;5:1248. [DOI:10.3389/fpsyg.2014.01248]  

[20] López-Caballero F, Escera C. Binaural Beat: A Failure to 
Enhance EEG Power and Emotional Arousal. Front Hum 
Neurosci. 2017;11:557. [DOI:10.3389/fnhum.2017.00557]  

Moosapour Bardsiri et al.

Aud Vestib Res. Winter 2023;32(1):19-25

https://avr.tums.ac.ir/index.php/avr
https://doi.org/10.1093/milmed/usaa103
https://doi.org/10.1177/2331216519833841
https://doi.org/10.1155/2015/689375
https://doi.org/10.1007/978-981-13-6123-4_7
https://doi.org/10.3389/fnagi.2019.00053
https://doi.org/10.1016/0168-0102(90)90031-9
https://doi.org/10.1371/journal.pmed.0020153
https://doi.org/10.1371/journal.pmed.0020153
https://doi.org/10.3390/brainsci12030348
https://doi.org/10.3389/fnhum.2014.00350
https://doi.org/10.1016/S0079-6123(07)66006-3
https://doi.org/10.3389/fnins.2019.01001
https://doi.org/10.1186/1741-7007-6-4
https://doi.org/10.1016/j.ctim.2019.05.005
https://doi.org/10.1007/s00426-015-0727-0
https://doi.org/10.1007/s00426-015-0727-0
https://doi.org/10.3389/fpsyt.2015.00070
https://doi.org/10.1016/j.heares.2015.09.011
https://doi.org/10.1016/j.heares.2015.09.011
https://doi.org/10.3389/fpsyg.2014.01248
https://doi.org/10.3389/fnhum.2017.00557


25

[21] David JB, Naftali A, Katz A. Tinntrain: A multifacto-
rial treatment for tinnitus using binaural beats. The Hear J. 
2010;63(11):25-6,28. [DOI:10.1097/01.HJ.0000390818.17619.65]

[22] Wahbeh H, Calabrese C, Zwickey H. Binaural beat technol-
ogy in humans: a pilot study to assess psychologic and physi-
ologic effects. J Altern Complement Med. 2007;13(1):25-32.   
[DOI:10.1089/acm.2006.6196] 

[23] Güntensperger D, Thüring C, Meyer M, Neff P, Klein-
jung T. Neurofeedback for Tinnitus Treatment - Review 
and Current Concepts. Front Aging Neurosci. 2017;9:386.  
[DOI:10.3389/fnagi.2017.00386]  

[24] Ioannou CI, Pereda E, Lindsen JP, Bhattacharya J. Elec-
trical Brain Responses to an Auditory Illusion and the Im-
pact of Musical Expertise. PLoS One. 2015;10(6):e0129486.   
[DOI:10.1371/journal.pone.0129486]  

[25] Ibarra-Zarate DI, Naal-Ruiz NE, Alonso-Valerdi LM. Bin-
aural sound therapy for tinnitus treatment: A psychomet-
ric and neurophysiological evaluation. Am J Otolaryngol. 
2022;43(1):103248. [DOI:10.1016/j.amjoto.2021.103248] 

[26] Arian Nahad H, Rouzbahani M, Jarollahi F, Jalaie S, Pour-
bakht A, Mokrian H, et al. Translation, validity, and reliability 
of a persian version of the iowa tinnitus handicap question-
naire. Iran J Otorhinolaryngol. 2014;26(2):79-87. 

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

[28] Udupi VA, Uppunda AK, Mohan KM, Alex J, Mahen-
dra MH. The relationship of perceived severity of tinnitus 
with depression, anxiety, hearing status, age and gender in 
individuals with tinnitus. Int Tinnitus J. 2013;18(1):29-34.  
[DOI:10.5935/0946-5448.20130005] 

[29] Phneah SW, Nisar H. EEG-based alpha neurofeedback 
training for mood enhancement. Australas Phys Eng Sci Med. 
2017;40(2):325-36. [DOI:10.1007/s13246-017-0538-2] 

[30] Le Scouarnec RP, Poirier RM, Owens JE, Gauthier J, Taylor 
AG, Foresman PA. Use of binaural beat tapes for treatment of 
anxiety: a pilot study of tape preference and outcomes. Altern 
Ther Health Med. 2001;7(1):58-63.

[31] Erlandsson SI, Holgers KM. The impact of perceived tin-
nitus severity on health-related quality of life with aspects of 
gender. Noise Health. 2001;3(10):39-51.

[32] Weiland TJ, Jelinek GA, Macarow KE, Samartzis P, Brown 
DM, Grierson EM, et al. Original sound compositions reduce 
anxiety in emergency department patients: a randomised con-
trolled trial. Med J Aust. 2011;195(11-12):694-8. [DOI:10.5694/
mja10.10662] 

[33] Garcia-Argibay M, Santed MA, Reales JM. Efficacy of 
binaural auditory beats in cognition, anxiety, and pain per-
ception: a meta-analysis. Psychol Res. 2019;83(2):357-72.   
[DOI:10.1007/s00426-018-1066-8] 

[34] Otero M, Lea-Carnall C, Prado P, Escobar MJ, El-Deredy 
W. Modelling neural entrainment and its persistence: 
influence of frequency of stimulation and phase at the stim-
ulus offset. Biomed Phys Eng Express. 2022;8(4):045014.   
[DOI:10.1088/2057-1976/ac605a] 

[35] Weisz N, Hartmann T, Müller N, Lorenz I, Obleser J. Al-
pha rhythms in audition: cognitive and clinical perspectives. 
Front Psychol. 2011;2:73. [DOI:10.3389/fpsyg.2011.00073]

[36] Berger JI, Coomber B. Tinnitus-related changes in the in-
ferior colliculus. Front Neurol. 2015;6:61.  [DOI:10.3389/
fneur.2015.00061]

[37] Gao X, Cao H, Ming D, Qi H, Wang X, Wang X, et al. 
Analysis of EEG activity in response to binaural beats with 
different frequencies. Int J Psychophysiol. 2014;94(3):399-406.   
[DOI:10.1016/j.ijpsycho.2014.10.010] 

[38] Paszkiel S, Dobrakowski P, Łysiak A. The Impact of Dif-
ferent Sounds on Stress Level in the Context of EEG, Cardiac 
Measures and Subjective Stress Level: A Pilot Study. Brain 
Sci. 2020;10(10):728. [DOI:10.3390/brainsci10100728]  

[39] Vanneste S, van Dongen M, De Vree B, Hiseni S, van 
der Velden E, Christos Strydis, et al. Does enriched acous-
tic environment in humans abolish chronic tinnitus clini-
cally and electrophysiologically? A double blind placebo 
controlled study. Hear Res. 2013;296:141-8. [DOI:10.1016/j.
heares.2012.10.003] 

[40] Surr RK, Kolb JA, Cord MT, Garrus NP. Tinnitus Handicap 
Inventory (THI) as a hearing aid outcome measure. J Am Acad 
Audiol. 1999;10(9):489-95. [DOI:10.1055/s-0042-1748538] 

Investigating the Effect of Binaural Beat…

Aud Vestib Res. Winter 2023;32(1):19-25

https://avr.tums.ac.ir/index.php/avr
https://doi.org/10.1097/01.HJ.0000390818.17619.65
https://doi.org/10.1089/acm.2006.6196
https://doi.org/10.3389/fnagi.2017.00386
https://doi.org/10.1371/journal.pone.0129486
https://doi.org/10.1016/j.amjoto.2021.103248
https://doi.org/10.5935/0946-5448.20130005
https://doi.org/10.1007/s13246-017-0538-2
https://doi.org/10.5694/mja10.10662
https://doi.org/10.5694/mja10.10662
https://doi.org/10.1007/s00426-018-1066-8
https://doi.org/10.1088/2057-1976/ac605a
https://doi.org/10.3389/fpsyg.2011.00073
https://doi.org/10.3389/fneur.2015.00061
https://doi.org/10.3389/fneur.2015.00061
https://doi.org/10.1016/j.ijpsycho.2014.10.010
https://doi.org/10.3390/brainsci10100728
https://doi.org/10.1016/j.heares.2012.10.003
https://doi.org/10.1016/j.heares.2012.10.003
https://doi.org/10.1055/s-0042-1748538

