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In Thailand, up to 20% of the population will 
be elderly, above 65 years of age, in 2022(1). The 
prevalence of chronic back pain increases with age, 
and it has a major effect on the socioeconomic status 
and quality of life in older people(2). Chronic low 
back pain encompasses physical, psychological, 

and emotional components(3), and its’ treatment is 
challenging. Because pharmacological treatments 
can have significant side effects with long term 
use, non-pharmacological techniques are becoming 
increasingly important. 

Neuro-modulatory approaches, such as 
mindfulness meditation, relaxation therapy, and 
music therapy can provide psychological benefits 
in addition to relieving pain and improving health. 
Mechanisms of action include a reduction in pain-
related primary somatosensory cortex activation, 
as well as activation of higher-order brain regions 
that control the emotional response to pain, such 
as the anterior cingulate cortex, prefrontal cortex, 
and anterior insula(4,5). Mindfulness meditation can 
generate theta and slow-alpha electroencephalogram 
(EEG) power, predominantly in frontal brain 
areas(6,7). Previous studies showed mindfulness 
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Background: By using an external stimulus with different beat frequencies to generate an optimal brain wave pattern, binaural beat stimulation 
provides a similar effect to mindfulness meditation. While it has been found to have a beneficial effect in chronic pain conditions, its effect in 
patients suffering from low back pain has not been examined.

Objective: To investigate the efficacy of binaural beat stimulation mixed with acoustic music compared to acoustic music alone in individuals 
with chronic low back pain.

Materials and Methods: Adults with chronic low back pain were randomly allocated into two groups, where Group A listened to 20 minutes of 
acoustic piano music per day for 14 days, and patients in group B listened to 20 minutes of piano music mixed with 6 Hz-theta binaural beats per 
day for 14 days. The primary outcome was the pain score at 14 days as measured by the Thai Brief Pain Inventory (BPI). The secondary outcomes 
included quantitative electroencephalogram (QEEG) changes, pain interference, and changes in the Thai Hospital Anxiety Depression Scale (HADS). 
All participants, outcome assessors and QEEG evaluator were blinded.

Results: Twelves participants were enrolled in each group. No intergroup differences were found in pain, pain interference, or QEEG measures. 
In addition, a significant improvement in the HADS-D (depression subscale) was found in both groups.

Conclusion: The authors were unable to find a benefit to the addition of binaural beats stimulation to acoustic music in patients suffering from 
chronic low back pain. More studies are warranted.
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meditation can reduce pain interference but not pain 
intensity by changing in pain control beliefs and pain 
catastrophizing(8). However, mindfulness meditation 
training is time consuming and difficult to practice. 
In contrast, binaural beat stimulation can be easier to 
implement and produces similar brain wave changes.

Binaural beat stimulation uses an external 
stimulus with different beat frequencies in each ear to 
generate the desired brain waves in the frontal-midline 
region that influences the neural firing pattern, 
resulting in changes in cognitive function and mood(6). 
Frequency of 4 to 8 Hz can generate theta waves 
similar to those observed in deep meditation or deep 
relaxation at the frontal midline. These changes can be 
demonstrated by quantitative electroencephalogram 
(QEEG)(6). The evidence of efficacy of binaural beat 
in management of chronic pain is limited. Zampi 
demonstrated that theta-binaural beat stimulation 
decreased chronic pain of various causes by 77%(4). 
However, the present study did not measure changes 
in the theta or low-alpha-EEG power at the midline 
frontal region. The authors’ previous study found an 
enhancement of theta waves in the brain in volunteers 
after listening to binaural beat mixed with acoustic 
piano music daily for seven days(9). Since the binaural 
beat sound alone is disturbing, adding acoustic piano 
music makes it more pleasant.

The aim of the present study was to investigate 
the efficacy of theta-binaural beat stimulation 
combined with acoustic music compared to acoustic 
music alone in the management of chronic low back 
pain. Outcomes included changes in pain intensity, 
change in pain interference, and change in theta and 
alpha EEG power in frontal brain areas.

Materials and Methods
Ethics approval for the present study was 

obtained from the Ethics Review Board of Mahidol 
University (approval number 11-60-56) and the trial 
registered with the Thai Clinical Trials Registry 
(TCTR20190819003).

Participants
After obtaining written and informed consent, 

participants aged 27 to 70 years with moderate to 
severe chronic back pain for more than three months 
and that were treated and followed at the Ramathibodi 
pain clinic were enrolled in the present study 
between August 2019 and January 2020. Exclusion 
criteria were patients with a history of brain disease, 
psychiatric disorder, marked anxiety or depression 
with the Thai Hospital Anxiety Depression Scale 

(HADS) greater than 11, hearing impairment from 
a negative whispered voice test, inability to read or 
write, as well as those that underwent surgery or other 
invasive pain treatments. 

Sample size calculation
The power calculation was based on a previous 

study in patients with chronic non-cancer pain that 
demonstrated the effectiveness of the theta-binaural 
beat in reducing perceived pain severity using the 
West Haven-Yale Multidimensional Pain Inventory 
(MPI) from 4.60 to 2.74 (Partial η²=0.74). Using 
an alpha error of 0.05 and power of test 95%, eight 
participants were needed per group (G*Power for 
Windows, Version 3.1). With allowance for 20% 
loss to follow-up, the required sample size was 12 
participants per group.

Randomization and masking
The participants were randomized and allocated 

into two groups using a computer-generated 
randomization list with random block size of four 
(Sealed Envelope™; Sealed Envelope Ltd. 2017). 
Group A participants listened to 20-minutes of 
acoustic piano music per day for 14 days using a head 
set or ear buds in a quiet room in their residences, 
comfortably sitting or lying down. The sound pressure 
level depended on participants’ preference. Group 
B participants listened to 20-minutes of combined 
acoustic piano music and theta-binaural beat daily 
for 14 days. All participants, outcome assessors and 
the QEEG evaluator were blinded to the intervention 
allocation. All participants were suggested to not 
change pain medication or having new therapy during 
the 14-day of music therapy.

Data collection
Demographic data including age, gender, 

education, current occupation, and underlying 
medical diseases were recorded. Dominant hand and 
meditation history such as frequency of meditation 
and past meditation practice, and pain history 
including causes, duration of chronic back pain and 
current pain medications were also collected. The 
history of depression or anxiety disorder, which was 
diagnosed by psychiatrists, was also recorded. The 
outcomes were assessed by pain nurses (RM, SK) 
blinded to the assigned group.

Questionnaires/instruments
The Thai Brief Pain Inventory (BPI), Thai 

HADS, and QEEG were assessed two times, at the 
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first visit before the intervention and 14 days later. 
Additionally, the Patient Global Impression Scale of 
Improvement (PGI-I) was collected at 14 days after 
the intervention.

1. Thai BPI(10) was used to measure two aspects 
of pain including pain severity and pain interference 
and comprised of: 

- Body pain mapping
- Pain intensity consisted of 1) worst pain, 

2) least pain, and 3) average pain intensity during 
last 24 hours, and 4) pain right now (0 to 10 scale; 
0 indicating none and 10 indicating worst possible 
pain) 

- Pain interference in 1) normal work, 2) walk-
ing ability, 3) general activity, 4) life enjoyment, 
5) mood, 6) relationship, and 7) sleep (0 indicating no 
interfere and 10 indicating most disturbing)

- One question about current pain medications 
with name, indication, dose, route, and started date

- One question about how the participant rated 
their improvement in past 24 hours

2. Thai HADS(11) was used for the screening 
for anxiety and depression. The HADS consists of 
two subscales, anxiety (HADS-A) and depression 
(HADS-D). Each subscale is composed of seven 
items with scores ranging from 0 (least) to 3 (worst). 
The total scores for HADS-A and HADS-D range 
from 0 to 21, with scores 11 or greater suggestive of 
a diagnosis of anxiety or depression.

3. QEEG was used to evaluate brain activity. 
Nineteen-channel EEGs based on the 10 to 20 
international system were acquired by the Brain 
Master Discovery 24E™ device, which has 24-bit 
resolution with 0.001 to 100 Hz bandwidth and 
sampling rate of 1,024 samples per second. After 
checking the reliability of raw EEG data by using 
split-half test and test-retest reliability, the authors 
analyzed data based on frequency domain to observe 
the power of each EEG rhythm which were:

- Delta (<4 Hz), associated with deep dreamless 
sleep and loss of body awareness.

- Theta (4 to 8 Hz), associated with deep 
meditation or deep relaxation or both.

- Alpha (8 to 13 Hz), associated with relaxation 
when awake, pre-sleep, and pre-wake drowsiness.

- Beta (13 to 30 Hz), associated with being 
mentally active, busy, or anxious, and active 
concentration, arousal, and cognition.

- Gamma (30 to 100 Hz), associated with 
increased mental activity, including learning, 
perception, problem solving, fear, and consciousness.

QEEG analysis:
- The Fast Fourier Transform (FFT) technique 

was used to convert a signal from the time domain to 
frequency domain (amplitude, uV²). 

- The mean of amplitudes of each EEG rhythm 
was presented as “an absolute power”.

- Absolute power was compared to a normative 
data base collected from QEEG studies in 625 
screened and evaluated Thai normal individuals 
(age 2 months to 82 years) using Neuroguide™(12,13) 
software.

- The difference from normal values was 
presented as “z-score” (+ value=more amplitudes, 
– value=less amplitudes).

QEEG comparison:
- Z-scores before and after the intervention were 

compared between groups and within each group.
- The trend of normalization of z-score using 

color coding as following (Figure 1); 
 • Green: EEG in normal range
 • Yellow: excessive activities (>1 SD)
 • Red: excessive activities (>2 SD)
 • Blue: diminished activities (<1 SD)
 • Navy blue: diminished activities (<2 SD)
There was no standardized statistical comparison 

of normalization of brain activity. The normalization 
of brain activity was determined by using the picture 
of the z-score of each individual as shown example in 
Figure 1B and C(14) before and after the intervention. 
If there were green color in the frontal areas of the 
brain after, compared to before the intervention, the 

Figure 1. Graphically displayed z-score.
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intervention was interpreted as normalizing the brain 
activity, especially theta and alpha activities, in the 
pain perception area (including channel FP1, F3, F7, 
Fz, FP2, F4 and F8).

4. The Thai PGI-I was used to rate the response 
to the intervention. PGI-I is a transition scale that is 
a single question asking the patient to rate their pain 
condition now, as compared with how it was prior to 
beginning the intervention on a scale from 1 indicated 
very much better to 7 indicated very much worse.

5. Acoustic beat music and binaural beat music
The authors used Gnaural(15), a freely licensed 

software, which is a programmable audio generator 
for binaural beats. Audacity software was used to mix 
the beat frequency into the piano music.

- The acoustic beat music consisted of piano 
music with a steady-state base frequency of 300 Hz.

- The theta-binaural beat music consisted of 
the piano music described above with the following 
additions:

 • Began with a beta frequency at 20 Hz (300 
Hz and 320 Hz) for 30 seconds, 

 • Then decremented to a 12-Hz and 9-Hz alpha 
frequency (300 Hz and 312 Hz, 300 Hz and 309 Hz) 
and 7-Hz theta frequency (300 Hz and 307 Hz) over 
the first 2 minutes and finally 6 Hz (300 Hz and 306 
Hz) until minute 19. 

 • Then, the frequency increased over the last 
minute to 7 Hz, 9 Hz, and 12 Hz, finally returning the 
brain a beta frequency at 20 Hz. One 12 Hz (300 Hz 
and 312 Hz) frequency spike was included at minute 
10 to keep the participant from falling asleep. 

Hearing test
Hearing was assessed using the standardized 

whispered voice test(16). 

Outcomes 
The primary outcome was change in pain 

severity. Secondary outcomes were the change in 
pain interference, anxiety, and depression, global 
change, and change in brain activities using z-score 
comparison and trend of normalization of brain 
activities after the intervention

Statistical analysis
Data were analyzed using PASW Statistics 

for Windows, version 18.0 (SPSS Inc., Chicago, 
IL, USA). Descriptive statistics were presented as 
frequency and percentage, mean ± standard deviation 
(SD), median and interquartile range (IQR). For 
continuous data, Shapiro-Wilk’s test was used to test 

the distribution. The Mann-Whitney U test or Student 
t-test was used as appropriate. Chi-square test was 
used for comparison of categorical data. The paired 
t-test was used for within group and between groups 
comparisons. The p-values lower than 0.05 were 
considered to be statistically significant.

Results
Demographic data

Twenty-four participants were enrolled in the 
present study, two participants in group B (8%) 
withdrawn from the study (Figure 2). Therefore, 22 
participants (92%) underwent the intervention.

There was no difference between groups in 
the demographic data, which included age, gender, 
education, occupation, dominant hand, underlying 
medical diseases, duration of back pain, meditation 
history, depression and anxiety disorder, current pain 
medication, and antidepressant usage (Table 1). The 
most common causes of back pain were spondylosis 
and post-spinal surgery (Table 1). 

No intergroup differences were found in 
any of the outcomes. In contrast, almost all BPI-
measurements were lower after the intervention in 
both groups (Table 2). While none of these changes 
were significant in group A, group B had a significant 
reduction in maximum pain in the past 24 hours, 
average pain, and disturbance in relationship with 
other people (Table 2). Both groups had significantly 
lower HADS-D scales after the intervention. Group 
B also showed a trend toward significant reduction 
in HADS-A score (p=0.06).

QEEG analysis
Z-score analysis: Three participants in group A 

and two participants in group B had outlying z-scores 
(±2SD values). The z-score analysis excluded these 
individuals.

- Theta wave comparison after the intervention:
 • There was no difference in z-score between 

groups after the intervention. There was a trend 
toward an increase in z-score of the theta wave 
frequency in group A compared to group B in the FP1 
channel (p=0.054).

 • In Intra-group comparison, group A showed 
a significant increase in z-score in the FP1 channel 
(Table 3). There were no significant differences in 
theta z-scores in any channel in group B.

- Alpha wave comparison after the intervention:
 • There was no significant difference in alpha 

wave z-score frequencies between groups as well as 
within groups.
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Table 1. Participant characteristics (n=22)

Characteristics Group A (n=12): Acoustic beat Group B (n=10): Binaural beat p-value

Age (years); mean±SD 53.50±12.99 51.30±16.34 0.738

Sex; n (%) 0.348

Male 2 (16.7) 4 (40 (0.0))

Female 10 (83.3) 6 (60.0)

Education; n (%) 0.790

Primary school 0 (0.0) 0 (0.0)

Secondary school 2 (16.7) 0 (0.0)

Diploma 3 (25) 3 (30.0)

Bachelor’s degree 5 (41.7) 4 (40.0)

Master’s degree 2 (16.7) 2 (20.0)

Doctor’s degree 0 (0.0) 1 (10.0)

Occupation; n (%) 0.974

Government official 2 (16.7) 2 (20.0)

Self-employed 2 (16.6) 1 (10.0)

Employee 4 (33.3) 5 (50.0)

House wife 4 (33.3) 2 (20.0)

Dominant hand; n (%) 0.481

Right 10 (83.3) 10 (100)

Left 2 (16.7) 0 (0.0)

Underlying medical diseases; n (%) 0.384

Diabetes mellitus 1 (8.3) 2 (20.0) 0.571

Hypertension 5 (41.7) 4 (40.0) >0.999

Hyperlipidemia 5 (41.7) 2 (20.0) 0.381

Chronic kidney disease 1 (8.3) 0 (0.0) >0.999

Musculoskeletal 4 (33.3) 4 (40.0) >0.999

Heart disease 1 (8.3) 0 (0.0) >0.999

Respiratory tract 0 (0.0) 1 (10.0) 0.455

Cerebrovascular disease 0 (0.0) 0 (0.0) -

Gastrointestinal tract 0 (0.0) 2 (20.0) 0.195

Hematologic disease 1 (8.3) 0 (0.0) >0.999

Major depressive disorder 2 (16.7) 0 (0.0) 0.481

Anxiety disorder 0 (0.0) 0 (0.0) -

Adjustment disorder 1 (8.3) 1 (10.0) >0.999

Duration of chronic back pain (months); median (IQR) 60 (30.0, 81.75) 72 (51.75, 150) 0.381

Cause of low back pain; n (%) 0.790

HNP 1 (8.3) 0 (0.0)

Spondylosis (spinal stenosis) 3 (25.0) 4 (40.0)

Spondylolisthesis 1 (8.3) 1 (10.0)

Facet arthropathy 0 (0.0) 1 (10.0)

Post-spinal surgery with chronic low back pain 4 (33.3) 1 (10.0)

Myofascial pain 1 (8.3) 2 (20.0)

Other: infection, tumor 2 (16.7) 1 (10.0)

Current pain medication; n (%)

Antidepressant (venlafaxine or duloxetine) 5 (41.7) 2 (20.0) 0.381

Anticonvulsant (gabapentin or pregabalin) 9 (75.0) 6 (60.0) 0.652

Opioids (tramadol or codeine or methadone) 10 (83.3) 8 (80.0) >0.999

Muscle relaxant (clonazepam or baclofen or tizanidine) 6 (50.0) 4 (40.0) 0.691

Combined antidepressant, anticonvulsant 0 (0.0) 0 (0.0) -

Combined antidepressant, anticonvulsant, opioid 2 (16.7) 0 (0.0) 0.495

Combined antidepressant, anticonvulsant, opioid, muscle relaxant 3 (25.0) 1 (12.5) 0.619

Other combination 7 (58.3) 7 (87.5) 0.325

Meditation history; n (%) 2 (16.7) 5 (50.0) 0.172

SD=standard deviation; IQR=interquartile range; HNP=herniated nucleus pulposus
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Trend of normalization of alpha and theta waves 
in frontal brain after the intervention

- Theta wave comparison after the intervention: 
 • Group A had less normal brain activities 

or less green color, but more excessive theta wave 
activities or yellow, orange, red color, which is 
consistent with the significant increase in z-score seen 

in channel FP1 (Table 3).
 •  Group B had more normalization of theta 

wave activities with more green color.
- Alpha wave comparison after the intervention:
 • Group A had less change in alpha wave 

activities. Whereas, group B had more normalization 
of alpha wave activities (Figure 3).

Figure 2. Patient selection flow chart.

Thai-BPI=Thai Brief Pain Inventory; Thai HADS=Thai Hospital Anxiety and Depression Scale; QEEG=quantitative electroencephalogram; PGI-I=Patient 
Global Impression Scale of Improvement

Table 2. Thai BPI and Thai HADS

Thai BPI items Intra-group comparison: 
Group A (n=12); mean±SD

p-value Effect 
size

Intra-group comparison: 
Group B (n=10); mean±SD

p-value Effect 
size

Intergroup comparison

Day 1 Day 14 Day 1 Day 14 Day 1; 
p-value

Mean difference 
(95% CI)

Day 2; 
p-value

Mean difference 
(95% CI)

Maximum pain score 
in 24 hours 6.42±2.6 5.67±2.6 0.445 0.29 6.60±1.7 5.30±2.1 0.004* 0.68 0.842 –0.183 (–2.083 to 1.717) 0.724 0.367 (–1.733 to 2.506)

Minimum pain score 
in 24 hours 2.83±1.9 3.33±2.6 0.324 –0.22 3.60±1.7 3.30±2.5 0.496 0.14 0.329 –0.767 (–2.365 to 0.832) 0.976 0.033 (–2.233 to 2.30)

Average pain score 5.58±1.8 5.25±2.2 0.586 0.16 5.40 ±1.1 4.70±1.7 0.045* 0.49 0.779 0.183 (–1.161 to 1.528) 0.529 0.550 (–1.240 to 2.340)

Pain score now 4.58±2.4 4.50±2.7 0.898 0.03 5.40±2.0 4.60±2.3 0.087 0.37 0.407 –0.817 (–2.827 to 1.194) 0.926 –0.100 (–2.319 to 2.119)

Degree of pain relief 5.33±3.0 5.08±2.3 0.768 0.09 5.10±3.0 4.20±2.8 0.337 0.31 0.858 0.233 (–2.443 to 2.910) 0.425 0.883 (–1.381 to 3.147)

General activity 5.33±2.7 4.50±2.5 0.376 0.32 5.30±1.8 5.30±1.8 >0.999 0.00 0.973 0.033 (–2.030 to 2.097) 0.411 –0.800 (–2.788 to 1.188)

Mood 4.42±2.9 3.50±3.4 0.288 0.29 4.90±2.5 4.70±2.5 0.591 0.08 0.680 –0.483 (–2.895 to 1.928) 0.363 –1.200 (–3.888 to 1.488)

Walking ability 5.00±2.8 4.17±3.0 0.349 0.29 4.90±3.3 4.30±3.1 0.343 0.19 0.939 0.100 (–2.601 to 2.801) 0.918 –0.133 (–2.811 to 2.544)

Normal work 5.83±2.6 5.08±3.2 0.326 0.26 5.60±2.5 4.60±2.5 0.138 0.40 0.830 0.233 (–2.009 to 2.476) 0.700 0.483 (–2.100 to 3.067)

Relationship 3.25±2.3 3.58±2.8 0.730 –0.13 4.30±2.7 2.10±2.2 0.008* 0.89 0.329 –1.050 (–3.241 to 1.141) 0.189 1.483 (–0.792 to 3.759)

Sleep 5.50±3.9 4.75±4.1 0.212 0.19 5.30±3.0 4.40±3.0 0.159 0.30 0.896 0.200 (–2.952 to 3.352) 0.825 0.350 (–2.911 to 3.611)

Life enjoyment 5.33±3.1 4.33±3.4 0.255 0.31 5.10±2.1 4.70±2.2 0.534 0.19 0.844 0.233 (–2.209 to 2.676) 0.772 –0.367 (–2.977 to 2.243)

Anxiety (HADS-A) 8.75±3.7 7.58±4.4 0.260 0.29 6.90±4.2 5.60±2.7 0.064 0.37 0.280 1.850 (–1.627 to 5.327) 0.226 1.983 (–1.330 to 5.297)

Depression (HADS-D) 6.25±2.3 4.92±2.6 0.039* 0.54 6.50±3.2 4.50±3.4 0.010* 0.61 0.833 –0.250 (–2.686 to 2.186) 0.749 0.417 (–2.258 to 3.092)

SD=standard deviation; CI=confidence interval

* p<0.05, statistical significance
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Discussion
The present study found no differences in pain 

scores and pain interference after 14 daily sessions 
of binaural beat music therapy compared to music 
therapy alone in individuals with chronic low back 
pain. Both interventions significantly reduced 
depression as measured by the HADS. In addition, 
the authors did not observe significant changes in 
theta and alpha frequencies as measured by QEEG.

Previous studies had shown that binaural 
beat interventions could be an effective treatment 
for chronic pain, reducing pain perception, and 
influencing cognition, as well as mental states(4,17). 
Zampi conducted a crossover study to investigate 
the effect of a theta-binaural beat intervention in 
32 patients with chronic pain and demonstrated a 
77% decline in perceived pain severity(4). Gkolias 
et al also conducted a crossover study in 21 patients 
from various chronic pain condition. They showed 
on-demand 30-minute binaural beat stimulation 
of 5 Hz can alleviate pain intensity and analgesic 
consumption one week after the intervention(18). A 
meta-analysis including 22 studies also concluded 
that binaural beat exposure can affect cognition and 
reduce anxiety and the perception of pain without 
prior training or blinding(19). In contrast, binaural 

beat interventions may not be effective for treatment 
of depression. Indeed, da Silva Junior et al applied 
a 20-minute binaural beat of 5-Hz for ten sessions 
to six different individuals and echoing the present 
study findings, found only a trend of decreasing 
scores for the State-Trait Anxiety Inventory and Beck 
Depression Inventory(20).

Binaural beat stimulation may enhance theta 
waves as demonstrated by EEG, especially in frontal 
brain areas that are similar to that induced by a 
meditative state(8,21-23). However, existing studies 
used a variety of binaural beat protocols with 5 to 
6 Hz, duration of stimulation from 5 to 30 minutes, 
duration of treatment from 1 session to 14 days, and 
timing of EEG. The present study used the protocol 
of 6 Hz in combination of 300 and 306 Hz, which was 
the center of the theta range of 4 to 8Hz, as found in 
meditation(24). Licklider et al noted that the frequency 
range from 300 to 600 Hz was within the optimal 
binaural beat detection(25). Nonetheless, the authors 
failed to show enhancement of theta EEG activity. 
Similar negative results were reported by others(26-28). 
For example, Stevens et al failed to support the 
efficacy of 4-hour theta binaural beat training in 
either increasing frontal theta EEG activity or in 
increasing hypnotic susceptibility(24). Additionally, 

Group A Group B

Figure 3. Normalization in mean z-score in frontal brain of each subject.

Green color=z-score close to 0; Yellow, orange, red=z-score >0; Light blue, blue, navy blue=z score <0

Table 3. Intra-group comparison of z-score in theta-wave in frontal brain

EEG channel Group A (n=9); mean±SD Effect size Group B (n=8); mean±SD Effect size

Day 1 Day 14 p-value Day 1 Day 14 p-value

FP1 –0.77±0.9 0.20±0.6 0.019* –1.27 0.23±0.9 –0.39±0.9 0.088 0.69

F3 –0.18±0.4 0.03±0.6 0.538 –0.41 0.28±1.1 –0.15±0.5 0.297 0.50

F7 –0.16±0.4 0.13±0.8 0.359 –0.46 0.45±0.9 0.04±0.6 0.208 0.54

Fz –0.29±0.4 –0.12±0.5 0.480 –0.38 –0.01±0.8 –0.28±0.5 0.424 0.40

FP2 –0.19±0.3 0.16±0.6 0.111 –0.74 0.42±1.1 –0.04±0.5 0.202 0.54

F4 –0.08±0.5 0.06±0.6 0.618 –0.25 0.13±0.7 –0.07±0.6 0.555 0.31

F8 –0.01±0.4 0.24±0.6 0.360 –0.49 0.32±0.8 0.05±0.6 0.450 0.38

SD=standard deviation; FP1=left pre-frontal; F3&F7=left frontal; Fz=frontal mid-saggital; FP2=right pre-frontal; F4&F8=right frontal

* p<0.05, statistical significance
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Gao et al showed no clear brainwave entrainment 
after 5-minute binaural beats with four different 
frequencies of 1-Hz delta band, 5-Hz theta band, 
10-Hz alpha band and 20-Hz beta band(27). López-
Caballero et al studied five different frequencies, 
including 4.53-Hz theta, 8.97-Hz alpha, 17.93-Hz 
beta, 34.49-Hz gamma, and 57.3-Hz upper gamma, 
and demonstrated no enhancement in EEG power in 
the corresponding frequencies. This lack of effect on 
theta waves might be explained by inter-individual 
differences, a need for individualized frequency(27), 
or the influence of other study parameters(29,30).

The effect of binaural beats on the normalization 
of EEG power had been examined in only one study 
in which 14 individuals with Parkinson disease were 
exposed to 14 Hz binaural beats over 10 minutes daily 
for seven days. The authors found a normalization 
of EEG power and brain connectivity, as well as 
working memory improvement. However, there was 
no significant changes in gait performance, heart rate, 
or anxiety levels(31). The present study showed a trend 
toward more normalization of theta and alpha EEG 
power in combined binaural beat and acoustic music 
than acoustic music alone group. 

The present study had limitations. Firstly, the 
control group was subjected to acoustic music, which 
might have a pain reducing effect(32-34). However, 
the effect on the present study findings should have 
been minimal as acoustic music was used in both 
groups as some individuals find isolated binaural 
beat stimulation unpleasant. Secondly, patient 
compliance might have influenced the treatments 
effects, as some patients reported falling asleep during 
the interventions. Lastly, because of the individual 
variability in EEG patterns, detecting treatment 
related changes can be challenging. Indeed, multiple 
factors can influence EEG patterns including the time 
of day, mood, and sleep. The use of real-time EEG 
monitoring could be considered in the future studies 
to further detect intervention-related changes. 

Conclusion
When compared to acoustic music alone, the 

addition of binaural beat stimulation did not provide a 
reduction in pain or related interference in individuals 
with chronic low back pain. In addition, both 
modalities improved depression-related symptoms.

What is already known on this topic?
Binaural beat stimulation with a frequency of 

4 to 8 Hz can generate theta waves similar to those 
observed in deep meditation or deep relaxation at the 

frontal midline, which influences the neural firing 
pattern, resulting in cognitive function, and mood 
changes. It also decreased chronic pain of various 
causes by 77%. However, there was no information 
about the efficacy of binaural beat stimulation in 
chronic low back pain management.

What this study adds?
This study showed no benefit of additional 

binaural beat to acoustic music in reducing chronic 
low back pain. Both types of music, acoustic music 
alone or combined with binaural beat stimulation can 
reduce depressive mood significantly.
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