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Abstract. Biomagnetic stimulation is a treatment uses the application of magnetic field
principle for a therapeutic purpose. This non-invasive therapeutic technique use low frequency
electromagnetic field which is less than 10 MHz. In transcranial application, electromagnetic
field is use to stimulate the brain tissue for the people affected by weaken neurologic and
psychiatric disorders. This paper discusses the modelling and simulation of Transcranial
Magnetic Stimulation using Comsol Multiphysics software. In this research four designs have
been simulated. The overall analysis indicates that a single coil design has the best
performance in stimulating the area of interest at the frequency of 5SMHz.

1. Introduction

The human brain is made up of biological tissues with a specific value of conductivity that is different
than others biological tissues in human body. Any electrical abnormality that happens to human brain
can leads to a neurological disorder such mental illnesses and ischemic [1]. Transcranial Magnetic
Stimulation is basically based on Faraday electromagnetic induction principle where a pulse of electric
current with a high intensity is applied near a patient head through a coil, non-invasively. The current
in the coil in turn will generate a electromagnetic field which penetrates the scalp and skull and the
brain tissue. The energy form the field is transferred to the brain tissue and trigger the metabolism of
the brain cells and activates the brain activities through depolarising the neurons which eventually
producing a different neurophysiological responses and behavioural changes at the targeted region [2].

In the case of glioma which is the interest of this project, it is found that 40% of glioma located in the
frontal lobe, 29% in temporal lobe, 14% in parietal lobe, and 3% in occipital lobe and with 14% in the
deeper structures. Glioma is a kind of tumor that occurs in brain and spinal cord [3],[4].
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2. Modelling and Simulation procedure

COMSOL Multiphysics is used to design the biomagnetic stimulation coil for transcranial which
involves brain tissue. The coil that will be used is a circular type coil with 1A [5] and the radius is set
up to 25mm with 10 number of turns [6]. The brain model is a 66 years old human head with a radius
of 100mm [7]. The distance of stimulating coil from the scalp is fixed to be 5mm [8]. The depth of a
cortical surface from the surface of the head is assumed to be 15 mm [9]. Hence, the radius of cortical
region of the brain will be 85mm. The conductivity and permittivity value for the brain tissue is set to
be 0.292 S/m and 320 respectively [10]. In this project, the frequency is set to be fixed at 5SMHz. The
material of the coil is made up of copper. The flow chart of methodology is shown Figure 1.
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Figure 1. Flowchart of the procedure

3. Result and Discussion

3.1. The modelling of biomagnetic stimulation effect on transcranial application.

Figure 2 shows the model design in Comsol and the magnetic flux density after stimulation. Figure 3
shows a graph for magnetic density versus distance. From this graph, we can conclude that as the

distance increase, the value of magnetic density decreases. Hence, this system is valid for a normal
size of human brain.
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Figure 2. Coil design and magnetic flux density stimulation using COMSOL Multiphysics

3.2. The modelling and stimulation of four different design of coil placement

Table 1. Four different designs of coil placement

DESIGN ‘ = / TOP VIEW ':i.:’ FRONT VIEW
1 COIL
2 COIL
3 CoIL
4 COIL
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3.3. The evaluation of simulation result
Table 2 shows the graph for magnetic field distribution produced for each design.

Table 2. Magnetic Flux Density (T) vs Distance (mm)
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Table 1 show One-Coil and Three-Coil design has distribution of electromagnetic field at the
central of brain area whereas for Two-coil and Four-coil design the distribution are towards the end of
the line. In term of maximum strength, approximately 120x10* T, 30x10* T, 12x10° and 22x10" T
for One-Coil, Two-Coil, Three-Coil and Four-Coil respectively.

4. Conclusion

The results show that One-coil design has been the best option which produce focus central
electromagnetic field distribution and with the highest maximum amplitude.

Acknowledgments

The author would like to thanks University Malaysia Perlis (UNIMAP) for supporting this final year
project for undergraduate students.

References

[1] S. U. A and M. Sekino, “Biomagnetics and Bioimaging for Medical Applications,” Magn.
Magn. Mater., vol. 304, pp. 122-127, 2006.

[2] M. Sekino, H. Ohsaki, Y. Takiyama, K. Yamamoto, T. Matsuzaki, Y. Yasumuro, A.
Nishikawa, T. Maruo, K. Hosomi, and Y. Saitoh , “Eccentric Figure-Eight Coils for
Transcranial Magnetic Stimulation”, Dep. Electr. Eng. Inf. Syst., vol. 1, pp. 1-38, 2015.



International Conference on Biomedical Engineering (ICoBE) IOP Publishing

Journal of Physics: Conference Series 1372(2019) 012024  doi:10.1088/1742-6596/1372/1/012024

(3]
[4]

(5]

(6]
[7]
(8]

(9]

[10]

[11]

S. Larjavaara, R. Mintyld, T. Salminen, H. Haapasalo, and J. Raitanen, “Incidence of Gliomas
by Anatomic Location,” Neuro. Oncol., vol. 23, pp. 319-325, 2007.

K. Akeret, C. Serra, O. Rafi, V.E. Staartjes, J. Fierstra, D. Bellut, N. Maldaner, Lukas L.
Imbach, F. Wolpert, R. Poryazova, L. Regli, and N. Krayenbuhl, “Anatomical Features of
Primary Brain Tumors Affect Seizure Risk and Semiology,” Neuroimage (Amst)., vol. 22, pp.
1-9, 2019.

S. Sarkawi, Z. Zakaria, I. Balkhis, J. A. Jalil, M.A.A. Rahim, M.H.F. Rahiman, N. Mustafa,
R.A. Rahim, and Z. Shaffie“3D Model Simulation on Magnetic Induction Spectroscopy For
Fetal Acidosis Detection Using COMSOL Multiphysics,” in AIP Conference Proceedings,
2016, vol. 050003, no. 1774, pp. 2-10.

S. M. Goetz and Z. Deng, “The development and modeling of devices and paradigms for
transcranial magnetic stimulation,” HHS Public Access, vol. 29, no. 2, pp. 115-145, 2018.

D. Lazutkin, A. Harkara, and P. P. Husar, “Magnetic Stimulation of the Human Brain with
Low-Intensity Field,” in COMSOL conference, 2010, pp. 1-4.

M.G. Stokes, C.D. Chambers, I.C. Gould, T.R. Henderson, N.E. Janko, N.B. Allen, and J.B.
Mattingley,“Simple Metric For Scaling Motor Threshold Based on Scalp-Cortex Distance :
Application to Studies Using Transcranial Magnetic Stimulation,” J Neurophysiol, vol. 94, pp.
4520-4527, 2005.

A. V. P. Zhi De Deng, Sarah H.Lisanby, and A.V. Peterchev, “Electric Field Depth—Focality
Tradeoff in Transcranial Magnetic Stimulation: Simulation Comparison of 50 Coil Designs,”
NIH Public Access, vol. 6, no. 1, pp. 1-13, 2013.

R. Pethig, “Electrical Properties of Biological Tissue,” Inst. Mol. Biomol. Electron., pp. 94—
131, 2014.

Z. Zakaria, S. Sarkawi, J. A. Jalil, I. Balkhis, M. Aliff, A. Rahim, and N. Mustafa, “Simulation
of Single Channel Magnetic Induction Spectroscopy for Fetal Hypoxia Detection,” J. Teknol.,
vol. 73, no. 6, pp. 107-110, 2015.



