JOURNAL OF APPLIED BIOANALYSIS, August. 2024, p. 85-88.
http://doi.org/ 10.53555/jab.v10i2.165 (ISSN 2405-710X)
Vol. 10, No. 2

RESEARCH ARTICLE

OPEN ACCESS

Temporal Dynamics Of Brainwave Entrainment: Unveiling
The Rhythmic Secrets Of The Human Mind

Dr. Rekha Chandra Mani Mds'", Dr. Vivek Narayanan Mds? Dr. Vimala Haribabu Mds?,
Dr. Prem Blaisie Rajula Mds*

" Assistant Professor, Department of Conservative Dentistry, SRM Kattankunlathur Dental College and Hospital, Chengalpattn,
Tamil Nadu, India. Email: rekbam(@srmist.edu.in
2Dean, SRM Kattankulathur Dental College and Hospital, Chengalpattu, Tamil Nadu, India.
Email: dean.dental. fetr@srmist.edn.in
Principal and Professor, The Government Pudnkottai Dental College and Hospital, Tamil Nadu, India.
Email: vimalaortho@gmail.com
* Assistant Professor, Department of Periodontics, SRM Kattankulathur Dental College and Hospital, Chengalpattu, Tamil Nadu,
India Email: premblan(@srmist.edn.in

Background: The novel concept of brainwave entrainment (BWE) has found valuable
applications in patients with ADHD, chronic pain, sleep disorders, stress, anxiety, drug
addiction etc. However, most existing studies on BWE highlight an increase in the
relative power of the applied frequency (alpha/theta/delta) compared to baseline EEG
readings, which does not demonstrate an actual entrainment effect. Researches, aiming at
precisely synchronizing brainwave frequencies with specific frequencies delivered
through sensory stimulation and establishment of time required for the same are
important for translation of BWE to clinics.

Materials and Methods: This study was conducted among ten consenting participants.
Initial resting state EEG was assessed in all participants followed by application of
audiovisual stimulation using an entrainment device (David delight plus, Mind Alive Inc.
Edmonton, Alberta, Canada). The entrainment frequencies include alpha (10 Hz), theta
(5.5 Hz), and delta (1 Hz).

Results: In all participants, audiovisual stimulation resulted in occurrence of the
cortesponding frequency brainwaves in parietal and occipital cortices. The mean time
required for occurrence was 1.39 minutes for alpha group, 2.27 minutes for theta group
and 3.0 minutes for delta group.

Conclusion: Determining the frequency and timeframe of BWE are crucial for optimizing
its application in clinical and therapeutic settings.
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Introduction

The exploration of brainwave entrainment (BWE)
and neurofeedback techniques are at the forefront
of neuroscientific research, offering promising
avenues for non-invasive modulation of brain
activity to influence wvarious psychological and
physiological states. These auditory phenomena,
where the brain synchronizes its frequency with that
of an external rhythm, has the potential to alter
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states of consciousness, manage pain, reduce anxiety
and even enhance cognitive functions (1-3).

In the realm of clinical application, the management
of acute pain and anxiety presents a significant
challenge. Researchers have investigated the
potential of auditory and visual stimuli, specifically
oscillating within the alpha frequency range (8-12
Hz), to modulate these conditions (4). The alpha
band, traditionally linked with relaxed yet alert
states, is hypothesized to play a pivotal role in the
perception and modulation of pain and anxiety
(4,5). By entraining brainwaves to specific
frequencies within this band, researchers aim to
clucidate the potential of BWE as

a non-
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pharmacological intervention for pain and anxiety,
commonly encountered in various clinical settings.
Despite the promising applications, the field is
characterized by methodological diversity and
inconsistency in outcomes. (6) . Furthermore, the
review highlights the need for research with regards
to timing, duration and frequency of the stimulation
to determine the clinical application for maximum
efficacy-4 (6).

Schwarz and Taylor (2005) demonstrated that alpha
auditory stimulation enhances the relative alpha
power (8-12Hz) compared to the baseline
electroencephalogram (EEG) (7).  Additionally,
studies by Spaak et al. (2014) on combined visual
and auditory alpha entrainment revealed immediate
enhancements in relative cortical alpha power
against baseline EEG readings (1). Xiang Gao et al.
(2014) explored the effects of five-minute binaural
beats entrainment across four frequencies: delta
band (1Hz), theta band (5Hz), alpha band (10Hz),
and beta band (20Hz), uncovering an increase in
relative power (RP) within the applied frequency
range compared to a baseline EEG (8). In a more
recent study, Hamza Abubakar Hamza (2023)
focused on 10Hz binaural beat frequencies, yielding
a frequency range of 6-13Hz in the EEG (9).

The prevailing trend in contemporary research
highlights an increase in the relative power of the
applied frequency (alpha/theta/delta) compared to
baseline EEG readings, without demonstrating
actual brainwave entrainment effects. Current
research should aim at precisely synchronizing
brainwave frequencies with specific frequencies
delivered through sensory stimulation (whether
auditory, visual, audiovisual, or tactile). According to
a systematic review and meta-analysis by Maddison
R et al,, transitioning brainwave entrainment (BWE)
from research to clinical settings requires
identification of the specific frequency of
stimulation that elicits an effect and determination
of the duration necessary for entrainment to that
frequency (6). Despite the promising applications,
the field is characterized by methodological diversity
and inconsistency in outcomes. The systematic
review further addresses this issue by evaluating the
current state of research, advocating for
methodological rigor and standardization in future
studies Therefore, the primary goal of this study is
to ascertain the feasibility of synchronizing
brainwaves, in the parietal and occipital cortices, to
the precise frequency administered via audio-visual
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stimulation, with a secondary objective of estimating
the time required for this synchronization.

Materials and Methods

This Pilot study was approved by Institutional
Ethics Committee of SRM Kattankulathur Medical
College and Hospital. The device used for
audiovisual entrainment consisted of a Tru-Vu
Omaniscreen Multi-Color Eyeset and a headset with
five inbuilt sessions of different frequencies. (David
Delight plus audiovisual device for entrainment,
manufactured by Mind Alive Inc. Edmonton,
Alberta, Canada). Turning on a session produces
the corresponding frequency to be played in the
headset while feeble light-emitting diode (LED)
lights blink in synchronizing with the headset
frequency.

Ten ASA-I volunteers, in the age group of 18- 30
years, participated in the EEG [RMS EEG
superspec v4.2.49, Haryana, India) analysis. People
with history of epilepsy, head injury, psychiatric
illness, systemic diseases, currently using any drugs
or alcohol and pregnant women were excluded from
the study. In accordance to IFSECN, the 10-20
electrode placement system was followed. For all
participants base-line EEG recordings was done for
3 minutes followed by entrainment with alpha
(10Hz), theta(5.5Hz) and delta (0.5-1Hz)
frequencies. Therefore, a total of 30 entrainment
sessions and 30 baseline sessions were applied. In
between frequency switching, the entrainment
device was turned off for 3 minutes to make sure
the participants return back to the baseline
frequency before the next frequency was applied.
After an initial baseline session of 3 minutes,
application of the first frequency was performed.
The time interval between the beginning of
application of the 1+t frequency and synchronization
of parietal and occipital cortices to the exact applied
frequency was recorded. This was followed by the
application of baseline frequency for 3 minutes
again and then beginning of second frequency
application and so on. Descriptive statistical mean
values were calculated.

Results

Results showed that the mean time required for
entrainment with alpha (10Hz) frequency was 1.39
minutes, 2.27 minutes for theta (5.5Hz) and 3.0
minutes for Delta (1Hz) frequencies. The mean time
requited for Delta entrainment was maximum
followed by theta and alpha frequencies.

S.No | Participant | Time for alpha | Time for theta | Time for delta
Number entrainment (min) entrainment (min) | entrainment (min)
1. P1 0.47 1.66 4.28
. P2 1.64 3.75 5.58
3. P3 2.49 2.04 1.6
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4. P4 1.87 2.12 2.1
5. P5 0.49 1.92 0.84
0. P6 1.88 1.2 3.36
7. P7 2.21 2.12 2.85
8. P8 1.0 2.0 5.5
9. P9 1.05 2.82 1.22
10 P10 0.84 3.14 2.1
Mean 1.39 2.27 3.0

Discussion

Entrainment works by transcending the existing
brainwaves to lower frequencies which are more
relaxing in nature, thereby reducing anxiety. In
contrast to other audiovisual devices which work by
psychological distraction methods, entrainment
works  physiologically by  transcending the
brainwaves to desired state. For this reason, BWE
is particularly effective in management of mental
afflictions as in case of drug-addiction, depression,
anxiety, sleep disorders, pain control, etc. BWE has
also been employed for improvement of mental
skills so as to increase focus, concentration,
attention deficit hyperactivity disorder (ADHD),
creativity, etc.(10)

Studies have shown that neural entrainment with
alpha frequencies by visual and auditory stimulation
methods was effective in reducing acute pain. In
particular, visual or auditory entrainment at 8, 10 or
12 Hz resulted in lower pain intensity ratings for
acute pain induced by laser stimulation or during
surgery  relative to a  control = sensory
stimulation.(4,11)These results complement EEG
studies which found a reduction of alpha power
during painful stimulation (12-15). Interestingly,
Ecsy et al. found that the 10 Hz visual entrainment
was shown to result in a reduction of the P2 peak
amplitude, which may reflect cortical responses to
nociception (4).

Audiovisual entrainment with alpha range has been
shown to produce an immediate increase in the
brainwaves oscillating in the alpha frequency
throughout the cortex (1,16). The other regions of
brain also tend to fall into a lock step with the
stimulated cortex resulting in entrainment(1,17-20).
There was no consistent evidence that BWE
reduced pain intensity for chronic pain (21). By
comparison, auditory theta entrainment was shown
to be effective in reducing chronic pain (22,23). The
results from these studies are surprising as chronic
pain has been characterized by an increase in theta
power due to altered thalamo-cortical activity
(24,25).

In this study, the 10-20 electrode placement system
was followed and this is in accordance to the
recommendation by International Federation of
Clinical Neurophysiology (IFSECN). Given that
visual stimulations are processed in the occipital
cortex and auditory stimulations in the patietal
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cortex, entrainment times were determined by
examining the synchronization of occipital and
parietal electrodes. In order to rule out bias, after
entrainment to each frequency, entrainment was
stopped for 3 minutes to restore back to the resting
baseline EEG before the next frequency was
applied. A total of 30 entrainment sessions and 30
baseline sessions were applied. The mean time
required for entrainment with alpha (10Hz)
frequency was 1.39 minutes, 2.27 minutes for theta
(5.5Hz) and 3.0 minutes for Delta ( 1Hz)
frequencies. This is expected as alpha range is closer
to the baseline EEG frequency compared to theta
and delta frequency ranges. To the best of authors’
knowledge, this study is the first of its kind to
establish actual entrainment effect, with alpha, theta
and delta frequencies, in the parietal and occipital
cortices. Previous study by Xiang Gao et al. (2014)
using five-minute binaural beats entrainment across
delta band (1Hz), theta band (5Hz), alpha band
(10Hz), and beta band (20Hz), revealed an increase
in relative power (RP) within the applied frequency
range compared to a baseline EEG which does not
demonstrate an actual BWE effect. Although BWE
has found numerous applications in clinical
medicine, data available on the stimulation duration
for entrainment is still scanty. This study is also the
first of its kind to precisely establish the minimum
duration required for audiovisual entrainment using
EEG.
Limitations and Future
Conclusion

One of the main drawbacks of this study was the
sample size. More studies with larger sample sizes
and double-blinded randomisation would also be
necessary before implementation into clinical
settings. There exists necessity for continued
research  to unravel the complexities of
BWE ensuring effective and scientifically validated
application in therapeutic settings.

perspectives and
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