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KANIT BANLUSILP : PARKINSON’S DISEASE TREATMENT BY
ELECTROMAGNETIC FIELD. THESIS ADVISOR : ASST. PROF.

THANASET THOSDEEKORAPHAT, Ph.D., 83 PP.

TRANSCRANIAL MAGNETIC STIMULATION/TMS/PARKINSON’S DISEASE/MAGNETIC

FIELD

Parkinson's disease is the most common neurological disease. The dysfunction
or degeneration of central nerve cells leads to chemical or neural transmission in the
brain. Dopamine is abnormal. Therefore, many patients follow it. There are more
vibrations than normal time, the body has no movement and blockage, etc. Current
treatments cannot be cured, but this can help relieves the symptoms of getting back to
an almost normal state. There are two treatment methods, drug treatment and magnetic
stimulation therapy in the brain, which is a small electrode surgery that resembles a
needle into the part of the brain to stimulate directly brain activity. The cost of treatment
is high because surgery to implant brain electrodes into the brain is a surgery and
requires a specialist to perform brain surgery directly, and after surgery it is also subject
to close medical attention. But there is another method that can be applied in the
treatment of Parkinson's disease, where therapeutic methods use magnetic field
stimulation from the conductor coil from outside the brain to different parts of the brain
according to the symptoms of the disease that need treatment. For the treatment of
neurodegenerative diseases in this method, it is done by designing an induction coil that
can send electromagnetic waves into the spot. Therefore, the researchers applied
magnetic field stimulation methods from conductor coils from outside the brain to treat

Parkinson's disease. Due to the low cost of treatment, no need for brain surgery and



there are no side effects from treatment. By designing an inductor coil that can send
magnetic resonance waves to the central brain area where the stimulation point can be
selected and analyzed the effects of induction of the electrical field inside the brain
caused by the electromagnetic field, it is possible to effectively treat Parkinson's

disease.
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ABSTRACT

Mop-invasive brain stimulation with wanscramisl
magnetic simulation (TM%) to achieve the most
effective treatment. By controlling the position of the
focality of stimulating specific regions within the brain
and hsving an optimal level of disimbution of the
magnetic field To achieve that, the system needed coils
with larger parameters and more power to achieve
deeper levels of magnetic fisld distmibution. This paper
aim to improving deep brain stinmlation efficiency and
sble to control the position of specific focality
stimmlation using small coil In this smdy, a Halo codl
was used to work with & cooventional magmetic
resonance coupling (MEBC) coil that assembly to the
Halo-MR.C (HMFE.C). By uses finite element methaeds to
determine the diswibubdon of magmedc Gelds and
elacirical fields in a simmlsted environment nsing a
realistic human bead model As simulation results show
that HME.C codls can stimmlate the brain at a deeper level
and possible to control the positon of focality in specific
areas of brain stimmlation.

Keywords: Transcranial magmetic somularion (TMS5),
magneiic resonance coupling (MRC), Desp bram
stimulation, Focality, Finite-element mathod (FEM)

1. INTRODUCTION

Weurp disorders are camsed by abmormal brain
neurpns, resulting in diseases such as Psychiamic
Disorders, Alzheimer disease and Parkinson disease.
Wowadays, there are many ways to ireat neurological
diseases, inchoding imvasive and non-imvasive
treatments. The most popular rezmment is transcranial
magnefic stimulation (TMSE) as it iT @ non-invasive
reatment The TMS wezmment mamly uses magnetic
field by sending pulsed magnetic fields from an
induction coil cutside the human head to stimulate the
brain through the skull to create induce electric field
inside the brain. As a result of the induction of the
elactric field, it is possible to adjust the alectrical
potential difference in the neuromal membrane of the
brain in the region of activation and capable of
performing activities related to the nervous system The
location of the stHmulation within the brain is
approximately dependent on the locaton of the

maximum induction of the electric field (Kam & Maria
(1992) and Wanalee, et al. (2015))

Currently, more techniques have been stwdied and
improved for more deep brain stimmlation. By focusing
on deep brain stimulation that improving the shape and
size of the codls parameters to be larger and formed into
different shapes. By fomusing on desp brain stimulation
that improving the shape and size of the coils parameters
to be larger and formed inte different shapes. For
example, figure of eight (Fof) coi is based om the
improved and rearranzed spiral coils in a way that two
coils overlap like a figure eight to increase the magnetc
force for desper excitation (Axel & Thomas. (2004) and
Xiao, et al (2018)) and a double cone coil consisting of
two or more large ciroular coils placed at angles
perpendicular to increase the excitation focal distance on
stimulation (Siywan, et al. (2018)). Further studies have
besn conducted to adiust the coils to deeper excitation
by applying the cotl to use it usng a large circular coil
with an suxiliary magnetic field that funcdons to
incresse magmetc force results in a deeper induction of
electric fields within the brain (Crowther, et al. (2011))
that penetrate by improving the Fol coil, adding a larze
circular coil that call Halo coil to achisve a deeper level
of sumulaton (M=l & Shoogo. (2015)). However, the
application of this techmique, in addition to increasing
the penetrating magnetic force. also causes 3 greater
dispersion of the magnetic field and distribution to the
brain that outside the focal point area (Xile, et al
{201%)). This canses the extracranial part of the brain to
be induced by am elecmic Seld Which may cause
COMSEqQUENCES.
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Fig. 1_Fealistic human head model
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In this sudy, aim to sudy the introduction of a halo
coil to complement with other TMS coils that cam
conirol the direction of the distribution of magnetic field
and the forns area of stimulation to the brain at a desper
level This stady snalyzes the magnetic field and induce
electric field that ocour within the brain tissue, simulated
from a realistic buman head model

I SIMULATION AND METHODS

The environmental for analysis of the coil desizn
was established with CST STUDIO SUITE software
nsing Finite element mathods (FEM) for calculating the
resulting masmetc and electric fields, bazad on the Lawr
of electromagnetic mnduction. The realistic uman head
madel nsed in the simmlation was based on vortex data
nsed as zn adult male named HUGO, and feamres
simmlated tissue with real tissne parameters with organs
from the head to the neck (Fig. 1). The resolutdon of the
simmlated model is 1 mm x 1 mm x lmm composed of
25 tissmes and assizmed with electric conductivity at
frequency 10 kHz. (5ami & Camelia_ (1996)) that shown
in Table.l

Table 1. Electric Conductivity that assipned to the
iman tissues at 10 kHz

Humszn tssues Conductivity [5/m]

Blood 7.00e-1
Bone Cortical 2.04e-2
Bone Cancellous 8. 2de-2
Grey matter 1.14e-1
White martter §.042-2
Cartilzze §.84e-2
Cerabellum 1.342-1
Cerebrospinal flud 2.00=+0
Eye-vitregus humor 1.50e+0
Eve-len: 2.00e-1
Eye-irs 3.40=-1
Eve-sclara 5.10e-1
Thyroid Fland 5.20e-1
Tooth 20422
Fat 2.38e-2
Mucosa 3 40e-1
Muscle 3. 40e-1
Nerve 4.24e-2
Salivary glands §.70e-1
Skin 20424

The magnefic resomance coupling (MRC) cods
were nsed as primary codls to investigate, as this codl is
designed to have the ability to stmulate the brain st a
deep level and also conmrol the dismibubdon of magnstic
fields that occur in the brain. The conventiomal IEC
coils nsed for verification were designed nsing the same
parameters &= referenced from Bin, et al (Bin, et al
(2017)). The coil consists of two primary layer that
placed in the same center position, with the top layer
composed of two coils positioned as coupled coils. The
first codl is placed in the inmer, called the source coil
which receives electricity from the external power
source, and the second codl is the resonant codl that

receives the current. The magnetic field resonates from
the source coil and reflects the magnetic field to the
lower layer focus coil placed on the human head. The
focus coils are responsible for setting points to brain
stimulation Fimally, the cedls spplied in conjunction
with the MEC coils to further investigate the effects of
brain stimulation were conventional Halo coil with an
inner radins of 150 mm  the oumber of wire is 5 tms
and & wire dismeter 3 mm. For the smdy of the working
of the Halo coil with the MRC coil, three mypes of
armangements were made The first is a8 conventional
Halo coil placed around the eyebrows with a distance
from the top of the human head is 70 mm 2= shown in
Fiz. 2{a), second is 3 MRC coil positioned at the top of
the hurnan head that close o the skin as shown in Fig.
2(k), Finally the comventionzl Halo coil working with
MERC coil (HMEC) as chown in Figure 2c. In this
investization, the fequency was set to 10 kHz and the
MEC and Halo coils has a current flow through the coils
was set to 1000 A spd 5000 A, respectively. By
analyzing the mamnetic and eleciric fields at a depth of
30 mm from the top of the buman head, mclode analyzed
the distribmtion of elecric field that ocour in the brain

aa

(=] )

I‘cj

1

Fig. 2. Realistic human head model with coils. (a)
Halo codl, () ME.C cedl, () HMRC codl.
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Fig. 3. Distnbuton of the magnetic field that occur in
the brain tissue at coronal slice of Z = 165 mm_ (a)
Halo coil, (b) MRC coil, (c) HMRC coil.

3. RESULTS AND DISCUSSION

The imvestizaton for improved the deeper brain
stimulation efficiency of MRC coils by combine with
Halo coils, mathematical simulation results show the
magnetic field distribution from the externzl induction
coil into the brain tissue as shown in Fig. 3(a - ¢). Which
showed the distmbution results of highest value
estimated magnetic field through the skulls into the
brain gssue from the Halo, conventional MRC and
HMRC coils, respectively, at coronal slice of Z = 165
mm in the midpoint of the brain. The results show that
the HMR.C coil has a increase magnetic flux distnbution
and focal penetration, as shown in Fig. 3(c), compared
to the conventional MRC coil as shown in Fig 3 (b), that
magnetic field distibution and focal penetration
distance are less than the HMRC coil Further analysis
was also shown the intemsity of tae magmetic flux
produced by zll coils, at the depth of 30 mm from the top
of the human head in the Gray Martter (GM) area, as
shown in Fig 4. The results show that the magnetic flux
imtensity produce by HMRC coils is increased by
companson with the conventional MRC coll
performance. However, this comparison shows that in
addition to the increased magnetic flux and the distance
of the focus point in the brain stimulation 1s wider.

In addition, the distribution of the induced electric
field occurs on the brain surface in the GM and White
Marter (WM) in the top view of the brain, as shown in
Fig 5(a - ). The result of the diswribution of the induced
electric field produced by HMRC coils, it is dismbuted
at the cerebral cortex at 2 wider area and increase electric
field charge at focus focal area of GM bram is shown in
Fig. 5(¢) and WM as shown in Fig. 5(f). By companson
with the conventonal MRC coil performance as shown
in Fig. 5(b) and 5 (), the resultng electric field
inductance was more dispersed in the brain tissue in the
GM more than MW and also increase in the electric field
at the focal area. Addinonal analysis was also shown 0
determine the induction of the generated electric field by
analyzing at the same depth range as the magnetic Seld
analysis, showing the calculation of only the human
head area, starting at the X-axis position from 100 mm
to 250 mm, as shown in Fig 6. As a result of comparing
the performance of the conventional MCR and HMCR
coil, it was found that the induce electric field was
increased, which resulted in the deeper penetration
efficiency of HMRC brain stimulation.

——HVRE 2t Toewy
MR ¢ Yexz
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X o

Fig. 4. Comparative analysis B-field at the depth
of 30 mm from head.
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Fig. 5. Distribution of the magnetic felds ocours
in the brain surface area at shown in top view. Top
row: Halo coil. (2) GM and (b) W, Middle nowr:

conventional MEC coil (c) GM and (d) WM, Bottom
row: HMPEC coil. (&) GM and (f) WAL

= FIRC W 0

Fig. 6. Comparative analysis E-fisld at the depth
of 30 mm from head.

Improving the brain sctivafion efficiency of MRC
coil, in this smdy, aim to focused on improving the
deeper brain stimulation efficiency and focality of
conventionzl MEC coil by proposed Halo working with
MRC as assembly coil (HMPE.C coil). By increasing the
magnetic force from the larger coils to increase the
distribution of the magnetic snd eleciric fields that
penetrates deeper within the brain by analyzing the
magnetc znd electric fields generated within the brain.
As the simulations result with the Realisic huoman head
maodel, apparently the HMRC coils are capable of
stimmlate the brain at a deeper level than conventional
MRC coils. However, the addition of a coils to the
system results in greater distribution of the out-of-focuws
electric Seld. As a result, HME.C coils may have s widsr
excitation focalify, requiring further analysis of relevant
parameters such as coil parameters and the addition of
obyjects prevent the distributon of magnedc resonance
(Zhao, et al (2015)).

4. CONCLUSIONS

The Halo coil is applied with the conventional MEC
coils, as assembly coil (HMEC coil), to improve the
brain stmulation efficiency o a deeper lewel of
sumulation capability with mathematcally calonlated
the dispersion of magnetic and alecric fialds in the brain
from the use of Halo, conventions]l MEC and HMRC
coils nsing Fmite element methods (FEM). As a result

of the MPC coil the magnetic field distribution, shows
that the magnetic field value can be changed by
conduction of the Halo coil and by simulating the
distribution of the magnstic field produced by the
HMRC coil that desper penefration vahe than
conventional MEC coils. In additional, requires Sarther
analysis of relevant parameters in the fomre such as coil
parameters and snitzble coil placement patterns for mors
accurate analysis.
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