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ABSTRACT

Mental health problems for billions of Indian people are of utmost importance since it is a human intensive world’s
fifth largest economy. In this paper we report music therapy treatment for different mental health issues using
low frequency percussion instruments. Further we confirm the outcome with electroencephalography (EEG)
measurements. EEG provides insights into changes in the Delta, Theta, Alpha and Beta wave patterns which are
related with relaxation, focus and emotional regulations occurring due to neuronal oscillations. We conducted
multiple experiments to understand the impact of rhythmic patterns on using the 10-20 electrode system with
Bipolar Longitudinal montage with corresponding electrode placement configuration. The data acquisition
machine RMS-MAXIMA was used for recording of EEGs on subjects. Our diagnostic analysis using relative
power of different frequency band, Fast Fourier Transform (FFT), and power spectrum density show an increase
in Theta (4—8 Hz) and Alpha (8—12 Hz) frequency bands as well as synchronisation between different regions of
the brain also seen as enhancement of Beta (12 —30 Hz) waves alongside with a decrease in Delta waves(0.5-4Hz).
We conclude that percussion instruments have a holistic effect on brain activity, and these should be used in music

therapy treatments for different mental issues like depression, anxiety etc.
Keywords - Electroencephalography (EEG), Indian population, Mental health, Music therapy, Percussion

instruments.
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. Introduction

In recent years, there has been a significant
rise in the prevalence of mental health disorders
worldwide, including anxiety, depression, stress
related disorders, Attention Deficit Hyperactive
Disorder (ADHD) and other emotional imbalances.
These conditions have impacted individuals across
diverse age groups, socio-economic strata and
different cultural backgrounds. These disorders not
only influence the individual’s psychological well-
being, but it also affects in some way or the other on
their physical health, relationships and also the
overall quality of life [1]. These pose a great
challenge to the global health systems and existing
medical infrastructure. According to the World
Health Organisation (WHO) around one billion
people suffer from mental disorders every year [2].
The lockdown in Covid-19 pandemic exaggerated the
emotional imbalances crisis leading to 53 million
additional cases of depression and 76 million of
anxiety and stress [3]. A recent study indicates that
currently 50% of the global population is suffering
from mental disorders [4]. In India ~15 % of the
population is suffering from mental health issues
including anxiety disorders, depression, bipolar
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disorder, schizophrenia, substance use disorders, and
neurodevelopmental disorders [5][6]. The mental
disorders in India have increased from 2-5% in 1990
to 4-7% in 2017[7]. These increasing mental health
issues at an alarming rate cause suicide cases in this
country [8]. This rising incidence emphasises the
urgent need for improved mental health care access
and intervention strategies for India.

To deal with these challenges traditional
therapeutic approaches such as meditation and
psychotherapy have proven effective to varying
degrees, but there is a growing need for innovative
techniques that are non-invasive, accessible and
holistic as well as which are in the reach of common
man. Recently, Music therapy has been identified as
one of the non-invasive techniques to deal with such
ailments [9][10]. Recent studies show clinical
intervention that uses music to promote emotional
and physical well- being, the use of percussion
instruments has emerged as a promising intervention
in addressing these mental health disorders [11]. The
repetitive and structured nature of drumming or other
percussion instruments offer unique advantages by
engaging individuals in rhythmic activities that can
improve mood, reduce stress, enhance cognitive
skills and promote greater integration and
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communication between the different brain networks
[12]. By playing the percussion instruments with
auditory stimulation one can activate neural
pathways associated with relaxation and cognitive
function [13].

Recent advancements in neuroscience have
enabled the wvalidation of music therapeutic
interventions using Electroencephalography (EEG).
By comparing brainwave activity with and without
percussion instrument music, one can measure the
effects of percussion instruments on mental health
[11]. EEG provides insights into changes in the Delta,
Theta, Alpha and Beta wave patterns which are often
related with relaxation, creativity, focus and
emotional regulations etc. [14]. Further, EEG
analysis in music therapy gives us the opportunity for
personalised treatments. By adjusting percussion-
based exercises to an individual’s specific brain wave
patterns and mental health needs, therapists can
design interventions which can maximize therapeutic
outcomes. In this paper, we aim to investigate the
potential of percussion-based music therapy as a
therapeutic tool for mental health improvement in
people in Pune, India. The study also aims to bridge
the gap between classical and traditional therapeutic
innovative techniques by using musical therapy [15]
and evidence-based personalised treatments to help
those suffering from mental health issues in this ever
evolving and competitive world. The paper outlined
as section 2 deliberates on experimental method,
results are discussed in section 3 that shows how the
different waveforms change after music and
conclusions are made in section 4.

I1.  Methodology

In this study we collected different samples
from 50 normal subjects in the age group of 20-30
years from different departments in Savitribai Phule
Pune University in Maharashtra, India. This study
was carried out after taking consent from the subjects
and after obtaining approval from the department
ethical committee. Electroencephalograms (EEG’s)
of these subjects were taken. After that the subjects
were subjected to low frequency percussion
instrument’s music. Both these recordings were taken
when the subject was in a relaxed state with eyes
closed. Before recording the EEG of the subject, we
cleaned the scalp and ensured proper contact with the
electrodes and minimised the impedance. For
recording and analysis of EEG signals, we have used
the RMS MAXIMA 32 instrument. For the
recordings we have used the scalp electrodes which
have disc-like shapes made up of stainless-steel rods
composed of silver chloride wires. These electrodes
are connected to different regions of the brain using
the 10-20 electrode system. The placement of
electrodes is shown in Fig. 1 [16].
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Figure 1: A schematic displaying the 10-20 electrode
system. Here, F stands for frontal lobe, P for parietal
lobe, T for temporal lobe, O for occipital lobe and C
for central lobe. Odd numbers indicate electrode
positions in the left hemisphere of the brain while
even numbers show electrode position in right
hemisphere of the brain while z indicates electrode
placed on the midline of the brain.

For our study we have connected the electrodes to the
following positions Fp1, Fp2, Fpz, C;, Oz, F7, Fg, T3,
Ts , T4 and Te to record EEG in the Bipolar
Longitudinal montage . In Bipolar Longitudinal
montage a specific arrangement of electrode pairings
is made where adjacent electrodes are connected
from the front of the head to the back creating a chain
like pattern along the midline of the scalp. When low
frequency percussion instrument music is subjected
changes in the EEG occur at the electrode positions
in the Bipolar Longitudinal montage. Hence we are
studying these positions to see the changes that occur
in different frequency band regions of an EEG
recording. After the placement of electrodes, the
following filter values are adjusted to the desired
values. The Low Frequency Filter (LFF) for
attenuating the lower frequencies, High Frequency
Filter (HFF) for attenuating the higher frequencies
[17], NOTCH filter [18] is used for attenuating
unwanted electrical interference that can distort or
mask the brain signals. The most prominent source of
interference is due to the machine itself generated due
to the low voltage calibration signal. The last
important filter is the MUSCLE filter [19]. The
muscle filter is used to remove the unwanted
electrical signals generated by muscle movements.
The sensitivity and sweep rate of recording are
adjusted. After the adjustments the acquisition and
recording of EEG is done for about 60 seconds. After
the recording of EEG signals without music the
subject is made to listen to low frequency percussion
instrument music for about 60 seconds. These
recorded EEG signals are then analysed using
different analysis tools that are present in the RMS
MAXIMA acquisition application system present on
a computer. We have used the frequency analysis tool
to get the relative power of each frequency band for
the corresponding electrode positions in the given
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montage. Similarly, we have carried out a Fast
Fourier Transform (FFT) to get a plot of the power
spectrum density as a function of frequency. These
different analysis techniques are carried out for both
without music and with music EEG recordings of a
subject. From these analysis techniques we can study
the effect of low frequency percussion instruments on
the EEG of a subject and how the electrical activity
of the brain changes due to music.
https://youtu.be/LznxZDX7fo4?si=HiPx6EhLVJ vw6
GO

I1l.  Results

We explore the impact of music on 50
random subjects wusing EEG with Bipolar
Longitudinal  arrangement. In  the Bipolar
Longitudinal arrangement, the scalp leads are
interconnected to each other. In this arrangement the
potential difference between a pair of electrodes is
amplified by the amplifiers. These signals were
recorded and analysed in the Bipolar Longitudinal
montage as shown in Fig. 2. As shown in Fig. 2 we

have selected Fpi, F7, T3, Ts & Fp2, Fs,T4,Ts & C;
,O; and Fp; for our study.

Anterior
Right
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Left
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Right
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Left

Figure 2: A Fig. depicting the Bipolar Longitudinal
montage.

Further we show an EEG of one of the subjects out of
50 samples taken for without music in Figure 3a and
with Music in Figure 3b. Here a section of total ten
seconds out of the 60 seconds was taken. Electrode
pairings of given montage are indicated on the right
side in Figures 3a-b.
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Figure 3: (a) EEG recording without music and (b) EEG recording with music. Electrode pairings of given
montage are indicated on the right side in Fig. 3a-b.

When the same subject is subjected to low
frequency percussion instrument music it shows
changes in EEG signal as depicted in Fig. 3b. There
is amplification in the signal in each of the
waveforms of Electrode pairings for the given
montage. Fig. 3b is also plotted as Fig-3a, i.e. it
shows a section of total ten seconds out of the 60
seconds after application of music. The percentage
changes or relative power in Fp1, Fpz, C;, F7, Fg, Ta,
Te, T3, Ts without music and with music on the same
subject are shown in Fig. 4. Here the relative power
of Delta, Beta, Alpha and Theta waves at each of
the electrodes is shown for without music and with
music. The Delta Waves (0.5 - 4 Hz) are typically
associated with deep sleep and restorative states.
These are present in higher amounts across most sites
when there’s no music. There is a slight decrease in
the Delta waves with music (see Fig. 4). The Theta
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waves (4 - 8 Hz) are associated with light sleep,
relaxation, or deep meditation. They are relatively
higher with music as compared to without music.
Thus, higher theta waves suggest reduced stress and
anxiety. The Alpha waves (8 - 12 Hz) typically
indicate relaxed, calm, and focused states which are
often seen when someone is awake but relaxed. There
seems to be a shift in Alpha wave activity between
(1) without music and (2) with music states. It’s more
prominent with music, suggesting that music may be
inducing more relaxation or calm states.

The Beta waves (12 - 30 Hz) indicate alertness, active
thinking, or focus. It is higher with music at most
sites, suggesting music may reduce the overall level
of mental activity or increase relaxation.

DOI: 10.9790/9622-15023844




Pratyush Patki. International Journal of Engineering Research and Applications

www.ijera.com

ISSN: 2248-9622, Vol. 15, Issue 2, February 2025, pp 38-44

Fpl without music Fp1 with music

mDelta =Theta =Alpha = Beta mDelts ®Theta =Alpha = Beta

K e

Cz without music Cz with music

99 || 1%

o

F8 without music

Delt Theta = Alpha =Beta
7% 0%
92%

T6 without music

mDelta wTheta wAlpha = Beta
12%
6% |
10% | [
72%

a%

F8 with music

mDelta wTheta m=Alpha = Beta mDelta wTheta wAlpha
0%
0%

mDelta ®Theta wAlpha = Beta

T6 with music

T5 without music

wDelta wTheta Alpha = Beta

16% | 1%1-0

o

83%

Fp2 without music Fp2 with music
®Delta = Theta Alpha Beta i = Delta wTheta = Alpha Beta

79| 4% 13%

- D

F7 without music F7 with music
mDelta ®Theta = Alpha = Beta I mDelta ®Theta =Alpha =B
2{1%
19%

4

T4 without music T4 with music

mDelta =Theta w=Alpha = Beta mDelta wTheta wAlpha = Beta

T3 without music T3 with music
mDelta = Theta = Alpha Beta ®Delta = Theta Alpha Beta

7% 4% 3] 3%

TS with music

mDelta wTheta w=Alpha = Beta

5% 3%

@D.

Figure 4: Pi chart of relative power of Delta, Theta , Alpha and Beta waves at Fpl, Fp2, Cz, F7, F8, T4, T6,

T3,T5 without music and with music for one of the subjects.

IV.  Conclusion

The subjects in Pune, India show an increase
in Alpha waves, Beta waves and Theta waves and a
decrease in Delta waves activity with music in
comparison to without music. Indicating there is
improvement in cognitive performance, creativity,
focus, attentiveness and a decrease in stress, anxiety,
depression, and other mental health issues. These
results are comparable to the changes shown by [20].
In our study results are obtained from a limited
sample of 50 subjects that includes 20 - 30 age
groups. However, more concrete conclusions can be
obtained with large numbers of samples. A
specialized analysis on the subjects suffering from
different mental health issues, for example Epilepsy,
Schizophrenia should be conducted. These studies
with different age groups will be useful to combat
mental health related issues in Pune, India.

Acknowledgements

I would like to express my sincere gratitude
to my guide Professor Dr. Gauri Kulkarni,
Biophysics, Department of Physics, Savitribai Phule
Pune University, for her guidance, support expertise
and invaluable feedback in carrying out this research
work. | would also like to thank all the subjects who
volunteered for my research, as without them it

WWw.ijera.com

would not have been possible to do this research
work. Also thanking the Department Ethical
Committee for granting permission to carry out this
research.

References

[1]. S. Defar, Y. Abraham, Y. Reta, B Deribe , M.
Jisso ,T. Yeheyis , K.M. Kebede, B. Beyene,
and M. Ayalew, Health related quality of life
among people with mental illness: The role of
socio-clinical characteristics and level of
functional disability. Front Public Health.
2023 Feb 16;11:1134032. doi:
10.3389/fpubh.2023.1134032.

[2]. Y.Wu, L. Wang, M. Tao, H. Cao, H. Yuan ,
M. Ye, X. Chen, K. Wang and C. Zhu,
Changing trends in the global burden of
mental disorders from 1990 to 2019 and
predicted levels in 25 years. Epidemiol
Psychiatry Sci. 2023 Nov 7;32:¢63. doi:
10.1017/S2045796023000756.

[3]. D. Santomauro, A. Herrera, J. Shadid, P.
Zheng, C. Ashbaugh, D. Pigott, C. Abbafati,
C. Adolph, J. Amlag, A. Aravkin, B. Bang-
Jensen, G. Bertolacci, S. Bloom, R.
Castellano, E. Castro, S. Chakrabarti, J.
Chattopadhyay, R. Cogen, J. Collins, X.

DOI: 10.9790/9622-15023844




Pratyush Patki. International Journal of Engineering Research and Applications
www.ijera.com
ISSN: 2248-9622, Vol. 15, Issue 2, February 2025, pp 38-44

[4].

[5].

[6].

[7].

WWw.ijera.com

Dai, W. J. Dangel, C. Dapper, A. Deen, M.
Erickson, S.B. Ewald, A.D. Flaxman, J.J.
Frostad, N. Fullman, J.R. Giles, A.Z. G.
Guo, J. He, M. Helak, E. Hulland, B.
Idrisov, A. Lindstrom, E. Linebarger, P.A.
Lotufo, R. Lozano, B. Magistro, D.C.
Malta, J.C. Mansson, F. Marinho, A.H.
Mokdad, L. Monasta, P. Naik, S. Nomura, J.K.
O'Halloran, S.M. Ostroff, M. Pasovic, L.
Penberthy, R.C. Reiner Jr, G. Reinke, ALP
Ribeiro, A. Sholokhov, RJD Sorensen, .E
Varavikova, AT Vo, R. Walcott, S.
Watson, C..S Wiysonge, B. Zigler, S.I.. Hay, T
Vos, CIL Murray, H.A. Whiteford and A.J.
Ferrari, COVID-19 Mental Disorders
Collaborators. Global prevalence and burden
of depressive and anxiety disorders in 204
countries and territories in 2020 due to the
COVID-19 pandemic. Lancet. 2021 Nov
6;398(10312):1700-1712. doi:
10.1016/S0140-6736(21)02143-7.

J.J. McGrath , A. Al-Hamzawi , J. Alonso, Y.
Altwaijri , L.H. Andrade , E.J. Bromet, R.
Bruffaerts , J.M.C. de Almeida, S. Chardoul ,
W.T. Chiu, L. Degenhardt, O.V. Demler, F.
Ferry, O. Gureje , J.M. Haro, E.G. Karam, G.
Karam, SM Khaled , V. Kovess-Masfety , M.
Magno , M.E. Medina-Mora, J. Moskalewicz
, F. Navarro-Mateu , D. Nishi, O. Plana-Ripoll
,J. Posada-Villa, C. Rapsey , N.A. Sampson,
J.C. Stagnaro , D.J. Stein, M. Ten Have, Y.
Torres, C. Vladescu , P.W. Woodruff , Z.
Zarkov and R.C. Kessler, WHO World
Mental Health Survey Collaborators. Age of
onset and cumulative risk of mental disorders:
a cross-national analysis of population surveys
from 29 countries. Lancet Psychiatry. 2023
Sep;10(9):668-681.  doi:  10.1016/S2215-
0366(23)00193-1.

M.M. Hossain and N. Purohit, Improving
child and adolescent mental health in India:
status, services, policies, and way forward.
Indian J Psychiatry. 2019;61:415-419. doi:
10.4103/psychiatry.IndianJPsychiatry 217 1
8.

V.R. Meghrajani, M. Marathe, R. Sharma, A.
Potdukhe, M.B. Wanjari and A.B. Taksande,
A. Comprehensive Analysis of Mental Health
Problems in India and the Role of Mental
Asylums. Cureus. 2023 Jul 27;15(7):e42559.
doi: 10.7759/cureus.42559.

L. Dandona, India State-Level Disease Burden
Initiative Mental Disorders Collaborators. The
burden of mental disorders across the states of
India: the Global Burden of Disease Study
1990-2017. Lancet  Psychiatry. 2020

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

Feb;7(2):148-161. doi:  10.1016/S2215-
0366(19)30475-4. Epub 2019 Dec 23.

P.K. Singh and V.R. Rao , Explaining suicide
attempt with personality traits of aggression
and impulsivity in a high risk tribal population
of India. PL0oS One. 2018 Feb
15;13(2):e0192969. doi:
10.1371/journal.pone.0192969.

M. de Witte, ADS Pinho, G.J. Stams, X.
Moonen, AER Bos and S. van Hooren, Music
therapy for stress reduction: a systematic
review and meta-analysis. Health Psychol
Rev. 2022  Mar;16(1):134-159.  doi:
10.1080/17437199.2020.1846580. Epub 2020
Nov 27.

A. Raglio , L. Attardo, G. Gontero , S.
Rollino, E. Groppo and E. Granieri, Effects of
music and music therapy on mood in
neurological patients. World J Psychiatry.
2015 Mar 22;5(1):68-78. doi:
10.5498/wijp.v5.i1.68.

RSS Tamiasso , VAD Silva and RNT Turrini
, Membranophone percussion instruments in
music therapy with adult patients in the health
context: a scope review. Rev Esc Enferm USP.
2023 Jul 21;57:620220263. doi:
10.1590/1980-220X-REEUSP-2022-0263en.
E. A. Miendlarzewska and W.J. Trost, How
musical training affects cognitive
development: rhythm, reward and other
modulating variables. Front Neurosci. 2014
Jan 20;7:279. doi: 10.3389/fnins.2013.00279.
C. Toader, C.P. Tataru, I.A. Florian, R.A.
Covache-Busuioc, B.G. Bratu, L.A. Glavan,
A. Bordeianu, D.l. Dumitrascu and A.V.
Ciurea, Cognitive Crescendo: How Music
Shapes the Brain's Structure and Function.
Brain Sci. 2023 Sep 29;13(10):1390. doi:
10.3390/brainsci13101390. Erratum in: Brain
Sci. 2024  Apr  09;14(4):365.  doi:
10.3390/brainsci14040365.

P. Dobrakowski, M. Blaszkiewicz and S.
Skalski, Changes in the Electrical Activity of
the Brain in the Alpha and Theta Bands during
Prayer and Meditation. Int J Environ Res
Public Health. 2020 Dec 21;17(24):9567. doi:
10.3390/ijerph17249567.

M. Yakoot, Bridging the gap between
alternative medicine and evidence-based
medicine. J. Pharmacol Pharmacother. 2013
Apr;4(2):83-5. doi: 10.4103/0976-
500X.110868.

G.H. Klem, H.O. Liders , H.H. Jasper and C.
Elger, The ten-twenty electrode system of the
International Federation. The International
Federation of Clinical Neurophysiology.

DOI: 10.9790/9622-15023844




Pratyush Patki. International Journal of Engineering Research and Applications
www.ijera.com
ISSN: 2248-9622, Vol. 15, Issue 2, February 2025, pp 38-44

Electroencephalogr Clin Neurophysiol Suppl.
1999;52:3-6.

[17]. G. Zhang, D.R. Garrett and S.J. Luck,
Optimal Filters for ERP Research I: A General
Approach for Selecting Filter Settings.
bioRxiv [Preprint]. 2023 Dec
12:2023.05.25.542359. doi:
10.1101/2023.05.25.542359.  Update in:
Psychophysiology. 2024 Jun;61(6):e14531.
doi: 10.1111/psyp.14531.

[18]. S.Leske and S.S. Dalal, Reducing power line
noise in EEG and MEG data via spectrum
interpolation.  Neuroimage. 2019  Apr

1;189:763-776. doi:
10.1016/j.neuroimage.2019.01.026. Epub
2019 Jan 11.

[19]. B.S. Oken, Filtering and aliasing of muscle
activity in EEG frequency analysis.
Electroencephalogr Clin Neurophysiol. 1986
Jul;64(1):77-80. doi: 10.1016/0013-
4694(86)90045-3. Erratum in:
Electroencephalogr Clin Neurophysiol 1986
Nov;64(5):481.

[20]. D.Kucikiené and R. Praninskiené, The impact
of music on the bioelectrical oscillations of the
brain. Acta Med Litu. 2018;25(2):101-106.
doi: 10.6001/actamedica.v25i2.3763.

WWw.ijera.com DOI: 10.9790/9622-15023844




