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Does brain entrainment using binaural
auditory beats affect pain perception in acute
and chronic pain?: a systematic review
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Abstract

Background Pain is a major clinical problem across all ages with serious social and economic consequences and a
great negative impact on quality of life. Brain entrainment using binaural beats is a non-pharmaceutical intervention
that is claimed to have analgesic effects in acute and chronic pain. We aimed to systematically review the available
randomized clinical trials on the efficacy of binaural auditory beats in reducing adults’ pain perception in acute and
chronic pain. A systematic search in electronic databases including Medline (via PubMed), Web of Science, Scopus,
Cochrane Central Register of Controlled Trials (CENTRAL), and Embase was performed. The search was completed
through Google Scholar and a manual search of the reference lists of all included studies. Randomized clinical trials
with full text available in English that investigated the effect of binaural auditory beats on pain perception in acute
and chronic pain in adults were included. The risk of bias was assessed by the revised Cochrane risk-of-bias (RoB 2)
tool. Furthermore, The GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach
was used to assess the quality of the evidence. Sixteen studies (three on chronic pain and thirteen on acute pain
perception) fulfilled the eligibility criteria. Because of substantial heterogeneity of the studies, a meta-analysis was
inappropriate and this review focused on the narrative interpretation of the results. The risk of bias in most studies
was high and the quality of evidence was low to very low. Although the effects of binaural beats on pain perception
seem to be influenced by the etiology of pain or medical procedures, our review identifies alpha or a combination of
tones in the range of delta to alpha as a potential non-pharmacological intervention in reducing acute pain. However,
drawing a conclusion regarding the efficacy of binaural beats for chronic pain requires more high-quality studies.
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Introduction
Pain is a major clinical problem across all ages with seri-
ous social and economic consequences. In addition, pain
conditions have a great negative impact on quality of life
and contribute highly to disability around the world [1,
2]. The revised definition of pain offered by the Interna-
tional Association for the Study of Pain in 2020 describes
pain as an undesirable experience having sensory and
emotional dimensions that is associated with or seems to
be associated with, actual or potential tissue injury [3].
Pain perception is highly subjective. The physiologi-
cal, emotional, and cognitive states of the individuals can
influence levels of perceived pain so that an individual
may experience different levels of pain in various contexts
even when there is no change in the level of noxious stim-
ulus [4, 5]. The experience of pain, as an integrative phe-
nomenon resulting from dynamic interactions of diverse
sensory and contextual processes, is associated with brain
oscillations at different frequencies [6]. Previous studies
have revealed that noxious stimuli induce alterations in
particular brain activity rhythms [7, 8]. Increased neural
activity at low frequencies (below 10 Hz) [9] and suppres-
sion at alpha and beta frequencies [10], as well as induced
gamma oscillations at milliseconds after applying a pain-
ful stimulus, have been reported [11]. In addition, theta
and beta overactivations have been noticed in patients
with chronic pain [12, 13]. Thus, different brain stimula-
tion techniques that can modulate these responses have
been used to relieve pain in different conditions [14, 15].
Brain entrainment using binaural beats is a non-phar-
maceutical intervention that is claimed to affect cog-
nition and psychophysiological states [16]. When two
sinusoidal tones with different frequencies are presented
simultaneously and independently to each ear, a single
illusionary tone called a binaural beat, is perceived by the
subject that its frequency equals the difference between
the two inputs [17]. For instance, presenting a tone of
400 Hz to one ear and a tone of 412 Hz to the other will
result in a perceived tone that fluctuates in amplitude
with a frequency of 12 Hz [18]. A change in the relative
power of electro-cortical activity of the brain and its syn-
chronization with the frequency of the externally pre-
sented stimulus, referred to as the frequency following
response, has been suggested as the underlying mecha-
nism of brain entrainment through binaural beats [19].
The brain’s electrical response to pain has been targeted
by binaural auditory beats stimulation to induce anal-
gesic effects in both acute [20] and chronic pain [21] in
previous researches. Some studies have reported reduced
analgesic requirements during surgery [22, 23] or lower
perceived acute pain during medical procedures such as
colonoscopy [24] and cystoscopy [25] following binau-
ral auditory beats stimulation. However, Roshani et al.
(2019) did not find an effect of binaural beats on the level
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of pain perceived by patients under eye surgery com-
pared to conventional treatment [26]. Regarding chronic
pain, a few studies that applied binaural beats for chronic
pain have reported different results. Zampi [21] and Gko-
lias et al. [27] reported reduced pain following binaural
beats intervention compared with sham stimulation,
while Thanyawinichkul et al. [28] did not find intergroup
differences between binaural beats and sham stimula-
tion in people suffering from chronic pain. Two meta-
analyses have reported the efficacy of binaural beats on
pain perception [16, 29]. In a meta-analysis that aimed to
assess the effects of binaural beats on acute pain, Garcia-
Argibay et al. found a medium, notable effect for binaural
auditory beats in reducing pain perception during sur-
gery [16]. Furthermore, results of another meta-analysis
by Maddison et al. considering sensory stimulation in
both visual and auditory forms, suggest that neural audi-
tory entrainment can alleviate acute and chronic pain
[29]. However, Garcia-Argibay et al. included only three
articles recruiting patients under surgery [16], and the
review by Maddison et al. was restricted to seven stud-
ies that considered binaural auditory beats, including five
studies on acute pain in different medical procedures and
two on chronic pain [29]. The growing interest in using
binaural auditory beats for pain management in recent
years has resulted in newly published studies with con-
troversial results [28, 30]. According to this growing
attention and controversial findings, our study aimed
to systematically review the available randomized clini-
cal trials to determine whether binaural auditory beats
can influence adults’ pain perception in both acute and
chronic pain.

Materials and methods

This review complies with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (S1 Table) [31]. The protocol of this review
was also registered in the International Prospective Reg-
ister of Systematic Reviews (PROSPERO) (registration
No. CRD42023425091).

Information sources

A systematic search in electronic databases, includ-
ing Medline (via PubMed), Web of Science, Scopus,
Cochrane Central Register of Controlled Trials (CEN-
TRAL), and Embase was performed. In order to identify
additional eligible studies, the literature search was com-
pleted through Google Scholar, and the references of all
included studies were also manually checked.

Search strategy

A combination of keywords, defined based on the inclu-
sion criteria of the study, was used to find relevant studies
from inception to April 2023. To find all related studies,
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no limitation was applied with regard to clinical condi-
tions, participants, and publication date.

The search details in PubMed were as follows:

((pain[Title/Abstract] OR pain[MeSH Terms] OR
ache[Title/Abstract] OR ache[MeSH Terms] OR
analgesia[Title/Abstract] OR analgesia[MeSH Terms])
AND (binaural beat[Title/Abstract] OR binaural
beats[Title/Abstract] OR binaural auditory beat[Title/
Abstract] OR binaural beat entrainment[Title/
Abstract] OR hemispheric synchronization[Title/
Abstract])).

The basic search was appropriately changed to opti-
mize the strategy for other databases (S1 File). The ref-
erence management software EndNote V.X9 (Clarivate
Analytics) was used for data management.

Inclusion and exclusion criteria
After removing all duplicate articles, two independent
reviewers (FSH and FA) screened the titles and abstracts
of the remaining records to identify relevant papers based
on the inclusion-exclusion criteria. If sufficient data were
not provided in the abstract for inclusion, the full text
was considered. Any disagreement regarding including
an article was discussed until a consensus was reached.
The following criteria were considered to include stud-
ies in the final list for review:

1. Studies in the English language that were published
in peer-reviewed journals and their full texts were
available. Conference proceedings and results
obtained from a thesis were excluded.

2. Randomized clinical trials in which binaural auditory
beats stimulation was used as the main intervention.
Nonrandomized experimental studies, feasibility
studies, and case reports were excluded.

3. Experimental or clinical studies that recruited
human adults older than 18 years old with acute or
chronic pain.

4. Studies that reported pain scores or analgesic
consumption as a measure of pain perception in
acute or chronic pain.

Data extraction

Data extraction from the included studies for descrip-
tive analyses was done independently by two reviewers
(FSH and FA). If there was any disagreement between
the reviewers, it was discussed until a consensus was
reached. The extracted information for each study
included the first author’s name and publication vyear,
study design, characteristics of participants (sex, age,
state of health), the number of participants, intervention
details (frequency of binaural beats, moment and dura-
tion of exposure), control/comparison group, outcome
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measures, and findings. For trials with more than two
arms, the data were extracted for the binaural beats and
control arms.

Evaluating the risk of bias

The revised Cochrane risk-of-bias tool (RoB2) was used
to evaluate the risk of bias for each included study [32].
This tool addresses biases categorized into five domains
arising from 1) the randomization method; (2) deviations
from predesignated interventions; (3) the absence of out-
come data; (4) outcome measurement; and (5) selective
reporting of findings. Each domain is judged as “low risk
of bias,” “some concerns,” or “high risk of bias” [32]. Two
reviewers did the risk of bias assessment independently.
Any disagreement was resolved by discussion.

Quality of evidence assessment

The quality of the evidence was assessed for the main
outcomes using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE)
approach. Two reviewers graded the level of evidence
independently. Five factors, including limitations, incon-
sistency, indirectness, imprecision, and publication bias
were considered for rating the quality of evidence as high,
moderate, low, and very low. Chronic pain perception,
acute pain perception, and analgesic consumption were
relevant outcomes for quality assessment [33].

Summary measures and data synthesis
Given the substantial heterogeneity of the studies (i.e.,
medical procedures and interventional settings, such as
duration and time of binaural beats exposure, frequency
of binaural beats, pain etiology, etc.), a meta-analysis is
inappropriate. Therefore, the focus of this review is on
the narrative interpretation of the results. The included
studies were categorized according to outcome mea-
sures into three groups, including chronic pain percep-
tion, acute pain perception, and analgesic consumption.
To visualize quantitative data, we provided forest plots,
which represent effect estimates and their confidence
interval for each study without producing the overall
estimate of effect. Results were reported using mean and
standard deviation (SD). When confidence intervals were
reported, SD was calculated using the formula: SD = VN
*(CI-upper limit- CI-lower limit)/3.92; N: sample size, CI:
confidence interval [34]. Differences between the binau-
ral beats and control groups were summarized using the
standardized mean difference (SMD) and 95% confidence
intervals (95% CI).

RevMan software (v.5.4 Cochrane Collaboration) was
used for producing forest plots [35].
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Results

A total of 298 references were retrieved from 5 databases.
Searching Google Scholar yielded one additional study.
Sixty-nine duplicates were identified by EndNote and
removed. Then, titles and abstracts of the remaining 230
articles were reviewed which resulted in the exclusion
of 207 articles. Full texts of 23 articles were downloaded
and assessed for eligibility [20-28, 30, 36—48] from which
7 articles were excluded because they recruited partici-
pants younger than 18 years (4 articles) [41, 46—48], had
no pain assessment (2 articles) [23, 39], and were not an
RCTs (1 article) [44]. Finally, 16 studies [20-22, 24-28,
30, 36-38, 40, 42, 43, 45] were included in the system-
atic review among which seven studies [20-22, 25, 27, 36,
37] overlapped with previous meta-analyses [16, 29]. The
process of study selection is illustrated in detail in Fig. 1.

Characteristics of included studies
Sixteen studies were included in this systematic review.
Characteristics of the included studies are summarized in
Table 1.

Of 16 included studies, 3 used binaural beats interven-
tion in chronic pain [21, 27, 28], and 13 remaining stud-
ies assessed the effect of binaural beats on acute pain
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perception either in patients undergoing a medical pro-
cedure [22, 24-26, 30, 36, 37, 40, 42, 43, 45] or healthy
participants in an experimental situation [20, 38].

A substantial heterogeneity was found in the included
studies with respect to the binaural beats exposure time
and duration, the frequency of applied binaural beats,
comparison group, and patients’ medical conditions so
that they included patients undergone different surger-
ies or medical procedures. Therefore, meta-analysis was
inappropriate and quantitative results in each individual
study are presented in forest plots produced by RevMan.,
The reported effect sizes based on mean difference are
interpreted as small (0.0-0.2), medium (0.4-0.5), and
large (0.8-3.0) effects [49].

Chronic pain

Participants’ characteristics and study setting

The number of subjects recruited in studies on chronic
pain ranged from 10 to 32 in each study arm. All three
studies recruited both genders (male and female) with
ages ranging from 26 to 69 years old [21, 27, 28]. Patients
in the two studies suffered chronic pain with different eti-
ologies, including musculoskeletal disorders, neuralgia,
fibromyalgia, rheumatic disease, etc. [21, 27]. , while the
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significantly between studies, lasting about 3 min for ure-
teral stent removal [25] to 170 min for lumbar spine sur-
gical procedures [36]. The frequency of binaural beats has
been specified in 7 studies that investigated the effects of
binaural auditory beats on acute pain perception, from
which two studies used a frequency of 4 Hz [24, 30],
two used a frequency of 10 Hz [25, 42], and three stud-
ies used different frequencies within the theta to delta
[43], delta to alpha [38] or alpha range [20]. Three out of
six studies that did not report a specified frequency used
hemispheric synchronization sounds for binaural beats
intervention [22, 36, 37].

Measurements

Four out of thirteen studies measured the amount of
analgesic consumption (fentanyl administration) [22, 36,
37] or sedative drug loading (dexmedetomidine loading
dose) [43] as a measure of intraoperative nociception
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control. Six studies used a visual analog scale to measure
pain scores immediately [42] and/or up to 24 h after the
procedure [24-26, 37, 40]. Four studies used other non-
specified numerical rating scales to evaluate pain inten-
sity [20, 30, 38, 45].

Risk of bias assessment

The results of the risk of bias assessment for the included
studies based on the revised Cochrane risk-of-bias tool
for randomized trials (RoB2) are illustrated in Figs. 2
and 3. The authors judged most RCTs (thirteen) to have
a high risk of bias [20-22, 25, 26, 28, 30, 37, 38, 40, 42,
43, 45] mainly arising from the deviation from intended
intervention, missing outcome data, and measurement
of the outcome. Awareness of the outcome assessors
about the intervention they received and the possible
influence of this awareness on the assessment of the out-
come was considered a highly potential source of bias.
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D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
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D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Fig. 2 The results of risk of bias assessment for the included studies

° Low



Shamsi et al. BMC Complementary Medicine and Therapies (2024) 24:34 Page 10 of 16

Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 75% 100%

. Low risk D Some concerns . High risk

Fig. 3 Overall risk of bias across studies

Table 2 GRADE evidence profile for binaural beats effects in acute and chronic pain

Outcomes Quality assessments Number of Overall
participants Quality of
Evidence
Number of studies  Riskof Inconsistency Indirectness Imprecision Publication Bin-  Control
bias bias aural
beats

Chronic pain 2 RCTs Serious® Not serious® Not serious® Very Undetected® 20 20 BPOO
perception Gkolias,2020 serious® 10 12 Lowf

Thanyawinichkul,2022
Acute pain 8 RCTs Very Very serious” Not serious® Very Undetected® 20 20 [Slele]e)
perception Dabu-Bondoc,2010 seriousd serious® 59 62 Very low'

Kurdi,2018 30 30

Roshani, 2019 102 127

Olcucu,2021 20 20

Tani,2021 42 48

Tani, 2022 31 30

Loong,2022 20 20

Nelson,2023
Periopera- 5RCTs Serious®  Serious Seriousk Very Undetected® 25 26 [sl=l=l=)
tive analgesic Kliempt, 1999 serious® 30 30 Very low'
consumption Lewis, 2004 20 20

Dabu-Bondoc,2010 20 20

Tani,2021 63 60

Bae, 2023

? Two of the five risk of bias domains were judged as unclear or high in most studies

b |-squared statistic () <50.0%

€ Population, interventions, and outcome measures were representative of our inclusion criteria

4 Wide confidence interval (Cl) around the estimate of the effect (estimated by forest plots)

€ Based on Begg's and Egger’s tests (P>0.05)

fThe confidence in the effect estimate is limited (The true effect may be substantially different from the estimate of the effect)

9 More than two of the five risk of bias domains were judged as unclear or high in most studies

P |-squared statistic (¥)>75.0%

iThere is very little confidence in the effect estimate (The true effect is likely to be substantially different from the estimate of effect)
Jl-squared statistic 50.0%< (/%) <75.0%

K outcome measure was not representative of our inclusion criteria

However, the high risk of bias in two studies was due to  reported insufficient information about the randomiza-
selective reporting [30, 43]. The remaining articles [3], tion method or deviation from predesignated interven-
being judged as showing some concerns [24, 27, 36], tion, and/or lacked a prespecified protocol, which raised
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concerns about selection bias. No study was judged to
have a low risk of bias.

Quality of evidence assessment

The overall quality of evidence was low to very low
mainly due to the risk of bias and varying effect sizes with
wide confidence intervals (Table 2).

Discussion

The present study provides a comprehensive review of
randomized controlled trials that investigated the effi-
cacy of binaural auditory beats in acute and chronic pain
management. Unlike previous reviews that did not assess
the risk of bias [16, 29], the current systematic review
assessed the risk of bias using the RoB-2 tool [32]. Six-
teen randomized clinical trials were identified, among
which three studies included patients with chronic pain
[21, 27, 28] and thirteen assessed acute pain perception
[20, 22, 24-26, 30, 36-38, 40, 42, 43, 45]. To facilitate the
interpretation of findings, this review organized studies
into three groups as follows: chronic pain perception,
acute pain perception during experimental or clinical set-
tings, and analgesic requirements.

Because of substantial heterogeneity with respect to
the binaural beats exposure time and duration, the fre-
quency of applied binaural beats, comparison group,
and patients’ medical conditions so that they included
patients undergone different surgeries or medical proce-
dures a meta-analysis was inappropriate and quantitative
results in each individual study are presented in forest
plots.

Effects of auditory binaural beats on chronic pain

Three studies assessed the effects of binaural auditory
beats intervention on chronic pain [21, 27, 28]. Although
two studies reported a significantly lower pain score in
the binaural beats group compared to the control group
[21, 27], the forest plot showed no effect (Fig. 4). It needs
to be noted that the effect size was estimated for just one
of two studies that reported a significant between-group
difference [27], because the other study did not provide

Binaural beats Control
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sufficient data for estimating effect size [21]. The only
study that assessed the effect of a single-session binaural
beats intervention on pain perception reported that lis-
tening to binaural beats for 30 min was effective in reduc-
ing pain in patients suffering chronic pain with different
etiologies, however, the forest plot showed no effect [27]
(Fig. 4).

Although we did not find sufficient evidence for the
efficacy of binaural beats in chronic pain in the available
literature, the possible cause of the discrepancy between
the results of published studies is briefly discussed in the
following section.

The risk of bias was high in one out of two studies that
showed the efficacy of binaural beats [21], while there
were some concerns about the other study [27]. Also,
the overall quality of evidence was low for the effect esti-
mates in chronic pain. The risk of bias in the study that
reported no between-group difference was also high
principally due to deviation from intended intervention
and missing outcome data [28].

Although Thanyawinichkul et al. [28] and Zampi [21]
used an almost similar intervention protocol concern-
ing the duration of binaural beats exposure and applied
frequency, their studies differed in study design, partici-
pants’ pain origin, and sample size. Recruiting a small
number of patients in a parallel randomized design in
the study by Thanyawinichkul et al. may be the cause of
failure to find a between-group difference compared to
Zampi’s study that recruited a considerably higher num-
ber of patients in a crossover design. It is well known that
a crossover design can yield a more efficient comparison
between groups and balance covariates better in treat-
ment and control arms because each person serves as
his/her own control.

The other source of discrepancy may be the etiology
of chronic pain, such that the two studies reporting pain
reduction in favor of binaural beats intervention [21, 27]
recruited participants with various types of chronic pain,
while the patients in the study by Thanyawinichkul et al.
suffered from chronic back pain [28]. In this regard, the
literature has shown some differences in resting-state

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% ClI
1.1.1 Multi-session study
Gkolias, 2020 39 25 20 55 26 20 -0.61 [-1.25, 0.02] — ]
Thanyawinichkul, 2022 47 17 10 525 22 12 -0.27 [-1.11, 0.58] —r
1.1.2 Single-session study
Gkolias, 2020 34 28 20 48 23 20 -0.56 [-1.19, 0.07] A
- 0 5 3

Favors Binaural beats  Favors Control

Fig. 4 Efficacy of binaural beats intervention compared to control condition for change in chronic pain. Abbreviations: SD: Standard deviation; Cl: Con-

fidence interval
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theta electroencephalography (EEG) power in patients
who suffer from neuropathic pain or migraine headache,
while in patients experiencing low back pain and fibro-
myalgia, no such changes have been reported [50]. It is
important because baseline theta activity can predict
pain reduction in response to some neuromodulatory
pain treatments such as hypnosis [51]. Two of the three
included studies [27, 28] evaluated theta activity in addi-
tion to pain perception. Decreased pain scores following
theta binaural beat intervention in patients with vari-
ous chronic pain in the study by Gkolias et al. were cor-
related with increased mean theta power [27]. However,
in patients with low back pain, theta binaural beat nei-
ther induced significant pain relief nor caused changes
in theta power [28]. These findings highlight the possible
role of the etiology of chronic pain as a cause of differ-
ences between studies.

The only meta-analysis that considered binaural beats
stimulation in chronic pain has reported the positive
effects of theta entrainment in reducing chronic pain.
It needs to be noted that this meta-analysis included
only two studies both reporting significant pain reduc-
tion in binaural beats group [21, 27]. However, a new
study reporting controversial results [28] challenges the
previous findings. Furthermore, in the previous system-
atic reviews and meta-analyses, the quality of included
studies has been assessed by a critical appraisal tool,
while using risk-of-bias assessment tools is preferred
for systematic reviews [52]. The risk of bias assessment
in our study shows that the risk of bias was high in most
included studies, which necessitates careful interpreta-
tion of the results.

In short, despite some reports regarding the influence
of the short-term and multisession application of theta
binaural beat on reducing pain perception in chronic

(2024) 24:34
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pain, drawing a conclusion regarding the efficacy of bin-
aural beats for this group of patients requires more high-
quality studies.

Effects of auditory binaural beats on acute pain

Effects of binaural beats on acute pain perception in
experimental or clinical settings

Ten studies evaluated acute pain perception using a
numerical rating scale in a clinical [24-26, 30, 37, 40, 42,
45] or an experimental setting [20, 38].

Listening to binaural auditory beats with a combina-
tion of tones within the delta to the alpha range or a pure
alpha tone for 5 to 10 min has resulted in the perception
of less pain induced by hemostat [38] or painful laser
stimuli [20] in healthy subjects. However, the risk of bias
in both studies was high mainly due to insufficient infor-
mation regarding intervention deviations, missing data,
and measurement of the outcomes.

Eight studies assessed pain perception after medical
procedures causing acute pain [24-26, 30, 37, 40, 42,
45], from which four studies with a high risk of bias [25,
37, 40, 42] and one with some concerns about bias [24]
reported lower perceived pain (with medium to large
effects) in the binaural beats group immediately or dur-
ing the first day after the procedure (Fig. 5). However, two
studies, both with high risks of bias, failed to show the
advantage of binaural beats over acoustical stimulation or
conventional treatment for patients who underwent total
knee joint replacement [30] or eye surgery [26] (Fig. 5).
However, the overall quality of evidence was rated as very
low for acute pain perception.

Based on the results of the included studies, listening
to alpha binaural beat at a frequency of 10 Hz for at least
10 min seems to be effective for reducing perceived pain
immediately after phacoemulsification or cystoscopy and

Binaural beats Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Immediate pain intensity
Dabu-Bondoc, 2010 38 34 20 54 25 20 -0.53 [-1.16, 0.11] —+T
Roshani, 2019 066 0.95 30 046 1.16 30 0.19 [-0.32, 0.69] -
Olcucu (Cystoscopy), 2021 267 216 61 469 2.41 75 -0.87 [-1.28, -0.52) —
Olcucu (Ureteral stent removal), 2021 3.17 193 41 567 2.41 52 -1.12 [-1.56, -0.68] k=
Tani, 2022 519 268 42 665 25 48 -0.56 [-0.98, -0.14] i
Loong, 2022 152 0.93 31 26 1.19 30 -1.00 [-1.53, -0.47] =
Nelson, 2023 325 22 20 4 235 20 -0.32 [-0.95, 0.30] — T
1.2.2 Pain intensity at 1st hour
Dabu-Bondoc, 2010 26 16 20 39 17 20 -0.77 [-1.42, -0.13] —
Kurdi, 2018 153 1.46 59 1.51 1.19 62 0.01[-0.34, 0.37] o
1.2.3 Pain intensity at 24 hours
Dabu-Bondoc, 2010 35 15 20 5 2 20 -0.83 [-1.48, -0.18] —t
Kurdi, 2018 1.03 06 59 241 1.28 62 -1.36 [-1.76, -0.96] i
Tani, 2021 1.15 1.04 20 195 1.54 20 -0.60 [-1.23, 0.04] = == |

-4 2 0 2 4

Favors Binaural beats Favors Control

Fig.5 Efficacy of binaural beats intervention compared to control condition for change in acute pain scores of patients undergone medical procedures.

Abbreviations: SD: Standard deviation; Cl: Confidence interval
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ureteral stent removal compared to no auditory stimu-
lation [25, 42]. However, binaural auditory beat at a fre-
quency of 4 Hz has been associated with different results.
Patients who listened to theta binaural beat (4 Hz) before
and during colonoscopy reported lower feelings of pain
immediately after the procedure compared to those who
listened to white noise [24], while for patients undergoing
total knee joint replacement, no significant difference in
pain scores was observed at different hours up to one day
after surgery despite significantly lower morphine con-
sumption after surgery in the binaural beats group [30].
Although these two studies used a binaural beat with the
same frequency, other issues may have led to different
findings. A meta-analysis that considered binaural beats
intervention for anxiety, pain, and cognition found bin-
aural beat masking as a potential factor influencing bin-
aural beats efficacy [16]. Unmasked binaural beats are
expected to result in larger effect sizes than those masked
with music or white noise. In this regard, patients who
underwent colonoscopy listened to a binaural beat
that was masked with white noise [24] while those who
underwent total knee replacement listened to a binaural
beat associated with acoustic music in the background
[30]. Differences between types of sound used for mask-
ing binaural beats might be a source of discrepancy.
Another factor that needs consideration is the type of
medical procedure. Colonoscopy without sedation and
knee surgery under spinal anesthesia seems to be asso-
ciated with different levels of anxiety and emotional and
physical discomfort, which may have acted as mediators
of the influence of binaural auditory beats on pain per-
ception in these two distinct medical conditions. The
delay in pain assessment after knee surgery compared to
immediate reports collected after colonoscopy might be
another source of discrepancy between the two studies.
Three remaining studies reporting acute pain percep-
tion after medical procedures that provided no informa-
tion about the binaural beats frequency [26, 40, 45] also
showed controversial results. Listening to binaural beats
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during cesarean section under spinal anesthesia resulted
in significantly lower pain scores at 6 and 24 h but not 1 h
after surgery compared to blank tape [40]. However, five
minutes of exposure to binaural beats before mammogra-
phy and listening to the binaural beats before and during
eye surgery have not affected pain perception compared
to conventional treatment [26, 45]. Comparing the stud-
ies in terms of the intervention setting excludes the
exposure time or sample size as causes of discrepancy.
However, not reporting the frequency of binaural beats
used in these studies raises concerns about the applied
frequency. Further, the high risk of bias for all three stud-
ies [26, 40, 45], especially the study by Nelson et al. with
serious risks of bias in most domains [45], raises doubt
about the validity of these findings.

Comparing the studies by Loong et al. and Roshani
et al. conducted on patients under eye surgeries with a
comparable sample size also highlights the possible role
of binaural beats frequency in its effectiveness [26, 42].
Loong et al. used alpha binaural beat [42] while Roshani
et al. did not report the frequency they used [26].

Altogether, listening to binaural auditory beats before
or/ and during medical procedures seems to be effec-
tive for lowering acute pain perceived by the patients,
and alpha binaural beat or a combination of tones in the
range of delta to alpha seems to be more effective than
theta frequency. However, the medical procedure may
influence this efficacy.

Effects of binaural beats on analgesic requirements

Four studies assessed intraoperative analgesic consump-
tion and all reported a reduction in analgesic require-
ments in the binaural beats intervention group compared
to blank tape with medium to large effect sizes [22, 36,
37, 43] (Fig. 6). Among these studies, the risk of bias was
high in three [22, 37, 43], and there were some concerns
about one [36]. Two studies reported decreased fentanyl
consumption during general surgeries requiring anesthe-
sia in binaural beats groups [22, 37], one showed lower

Binaural beats Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Intra-operative analgesic use
Kliempt 1999 28 41 25 126 65 26 -1.77 [-2.42, -1.11] -t
Lewis (Bariatric surgery), 2004 0.015 0.01 15 0.024 0.01 15 -0.88 [-1.63, -0.12] =
Lewis (Lumbar spinesurgery), 2004  0.015 0.01 15 0.012 0.01 15 0.29 [-0.43, 1.01] L
Dabu-Bondoc, 2010 146 69 20 203 94 20 -0.68 [-1.32, -0.04] —t
Bae, 2023 115 03 63 1.33 0.33 60 -0.57 [-0.93, -0.21] =
1.3.2 Post-operative analgesic use
Dabu-Bondoc, 2010 186 11.6 20 25 1341 20 -0.51[-1.14, 0.12] —F 1
Tani, 2021 575 526 20 11.85 7.71 20 -0.91 [-1.56, -0.25] ——

-4 2 0 2 4

Favors Binaural beats Favors Control

Fig. 6 Efficacy of binaural beats intervention compared to control condition for change in perioperative analgesic requirements of patients undergone

surgery. Abbreviations: SD: Standard deviation; Cl: Confidence interval



Shamsi et al. BMC Complementary Medicine and Therapies

dexmedetomidine loading dose in the binaural beats
group during orthopedic surgeries [43], while one study
showed a significant decrease in required fentanyl in the
binaural beats group only in patients undergoing bariat-
ric surgical procedures and not those undergoing lumbar
spine surgical procedures [36]. As the study setting was
the same for the two groups of patients, the differences
in the results might be due to the type of surgery. The
results show that the patients who underwent bariatric
surgery in the control group required about double doses
of fentanyl during surgery compared with patients who
underwent lumbar surgeries. Requiring this high dose
of the analgesic drug suggests some differences between
the two patient groups at baseline. Obese patients usu-
ally represent high levels of anxiety and depression [53],
while about 20% of orthopedic patients have shown anxi-
ety levels possibly warranting treatment [54]. Anxiety
and depression have been suggested as factors influenc-
ing postoperative pain perception in all clinical settings
[55], including bariatric surgery [56]. Previous studies
have reported the effectiveness of binaural beats on anxi-
ety reduction [57]. Therefore, considering applying the
same intervention method for two different groups of
patients in the study by Lewis et al., the efficacy of bin-
aural beats on the analgesic requirements in patients who
underwent bariatric surgery might be mediated by the
anxiolytic effects of binaural beats [36].

Also, there was a significant effect of binaural beats
(with a large effect size) (Fig. 6) on patient-controlled
postoperative morphine consumption after total knee
replacement [30]. Although, no significant effect of bin-
aural beats on analgesic requirements in the post-anes-
thesia care unit was observed for those who underwent
different surgeries in the study of Dabu-Bondoc et al,
patients reported a significantly less perceived pain at 1
and 24 h after surgery [37]. This discrepancy may be due
to earlier discharge of patients in binaural beats group
compared to controls in the study by Dabu-Bondoc et al.
[37].

Altogether, the current literature with very low quality
of evidence suggests the effectiveness of binaural beats in
reducing perioperative analgesic requirements, however,
the medical condition seems to be a contributing factor
to this efficacy.

Strengths and limitations

We comprehensively searched five databases to assess
the effectiveness of binaural auditory beats in acute and
chronic pain. This is the first review in this field that has
evaluated the risk of bias using the revised Cochrane
risk-of-bias tool for randomized trials (RoB2). Risk of
bias assessment is preferred to critical appraisal in sys-
tematic reviews. However, there are some limitations that
must be noted. Due to the heterogeneity of the included

(2024) 24:34
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studies in terms of acute or chronic pain, medical proce-
dures, and binaural beat frequency, a meta-analysis was
not performed, but forest plots were provided to repre-
sent effect size for individual papers and a comprehensive
narrative review was performed. Further, the risk of bias
was high in most included studies which could limit the
evidence-based conclusions and necessitate high cau-
tion when interpreting the findings. The small number of
studies, especially in chronic pain, and the results of risk
of bias assessment necessitate further high-quality stud-
ies with sufficiently large sample sizes and homogenous
participants to evaluate the efficacy of binaural beats for
chronic pain control.

Implication for the future

According to our results, although binaural auditory
beats intervention seems to be effective for pain relief in
acute condition and shows some potential for pain reduc-
tion in chronic pain, its effectiveness may be dependent
on some factors such as the patient’s medical condition
and the frequency of binaural beats. Since pain percep-
tion is highly subjective and most included studies used
self-reported numerical rating scales for assessing pain
after the intervention, high-quality double-blind ran-
domized clinical trials providing sufficient information
about the randomization, concealment, blindness, and
the assessment of outcome as a major source of bias is
recommended. The exposure moment and duration as
well as the frequency of binaural beats need to be pre-
cisely considered in future studies. Comparing binaural
beats at delta, theta, and alpha frequencies in the same
study population could expand our knowledge about the
most effective frequency for pain relief.

Conclusion

Based on the available literature, it seems that pain with
various origins may be influenced differently by binaural
auditory beats. However, our systematic review identi-
fies binaural auditory beats as a potential non-pharma-
cological intervention for reducing pain, especially in
acute pain in different medical conditions. Nevertheless,
the authors prefer to be watchful about making an abso-
lute conclusion due to the low to very low quality of evi-
dence and high risk of bias identified across the included
studies. So, future studies recruiting homogenous popu-
lations are suggested for drawing a more reliable conclu-
sion regarding the efficacy of binaural auditory beats in
reducing pain perception in acute and chronic pain.
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