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ABSTRACT

9T Abnormal trembling movement in one or more parts of the body during various activities
is called tremor, which is one of the most common neurological disorders. Transcranial direct current
stimulation (tDCS) is a non-invasive treatment that increases cortical excitability and is effective in treat-
ing many brain dysfunctions. Previous studies have shown that concurrent stimulation of the primary
motor cortex (M1) and dorsolateral prefrontal cortex (DLPFC) has more effective and long-lasting effects.
This study reports the therapeutic effects of concurrent tDCS over M1 and DLPFC on tremor severity in
an old man with essential tremor (ET).

The case was a 75-year-old man with right-hand ET during daily activities. He re-
ceived two sessions of tDCS with a one-week interval. In the first session, only M1 was stimulated, while
in the second session, both M1 and DLPFC were stimulated. The tremor severity and quality of life were
measured using the Fahn-Tolosa-Marin (FTM) scale and the Short Form Health Survey (SF-12), respec-
tively, before, immediately after, one month after, and two months after treatment.

[{EEVTE After treatment, the FTM scale score decreased from 9 to 1, and the SF-12 score increased from
26 to 40; these changes were sustained up to 3 months after treatment, indicating the stability of treat-
ment effects.

[@TEIERT It seems that the proposed tDCS method is effective in reducing the intensity of tremor and
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Introduction

remor refers to involuntary uncontrolled

movements of one or several parts of the

body during various activities. Tremor is
classified as rest, postural, kinetic, or action [1]. Risk
factors causing tremor include physiologic factors (e.g.,
fear and anxiety), psychological factors, stroke, Parkin-
son’s, multiple sclerosis, alcohol abuse, dystonia, muscle
fatigue, fever, thyroid disorder, vitamin B12 deficiency,
and the use of drugs such as antidepressants, corticoste-
roids, and antiarrhythmic agents [2]. According to recent
studies, tremor is the most common neurodegenerative
disorder with a prevalence of 1.3% in the general popu-
lation and 5.9% in the population above 60 years old [3].

One of the most prevalent tremors is essential tremor
(ET), which has a central origin [4] and may be caused
by neurodegenerative changes in the cerebellum, dis-
turbance in Gamma-aminobutyric acid (GABA) tone,
or in the neural network [5], including the cerebellar-
thalamo-cortical network [6]. Treatment of ET is based
on trial and error. The treatments recommended in previ-
ous studies include using drugs such as gabapentin and
beta-blockers and surgeries such as deep brain stimula-
tion. It is recommended to use medication when tremor
disrupts patients’ daily activities; if medication does not
stop the tremor, surgery is recommended [7]. Consider-
ing the side effects of current treatment plans and the
prevalence of tremor mostly with unknown origin, the
use of non-invasive treatments has become more impor-
tant [8].

Recently, noninvasive brain stimulation targeting the
neural network involved in tremor has been most com-
monly used for treatment. One of these noninvasive
brain stimulation methods targeting the cerebellum is
called transcranial magnetic stimulation (TMS). Giro-
nel et al applied TMS to the cerebellum of 10 patients
with ET and observed that tremor severity was reduced
5 minutes after the treatment; however, this effect was
not sustained an hour later [9]. According to the findings
of a systematic review study in 2024, no difference was
observed in tremor severity between active repetitive
TMS and sham repetitive TMS [10]. Transcranial di-
rect current stimulation (tDCS) is another non-invasive
brain stimulation method. This method alters cortical
excitability and increases brain neuroplasticity [11]. Of
two studies on tDCS, only one showed significant ef-
fects in improving tremor [12, 13]. TDCS, compared to
TMS, is a more noninvasive treatment and is easier to
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use, more cost-effective, and has fewer side effects [14].
Also, according to recent studies, stimulating brain areas
other than the cerebellum can be effective in reducing
tremor [6]. More recent tDCS studies involve the con-
current stimulation of two cortical areas. Simultaneous
stimulation of the primary motor cortex (M1) and dor-
solateral prefrontal cortex (DLPFC) has a greater effect
on increasing cortical excitability and reducing reaction
time in patients with stroke [15, 16].

Among studies conducted on the effect of tDCS on
tremor, only one brain area, usually the cerebellum, has
been stimulated, and despite the greater effects of con-
current stimulation of two cortical areas compared to
stimulating a single brain area, no study has examined
these simultaneous effects on tremor. It also seems that
stimulating M1 before applying other stimulations can
enhance their effects. Therefore, this case report aimed
to investigate the effect of stimulating M1 in one ses-
sion, followed by concurrent stimulation of M1 and
DLPFC in the second session, on ET and quality of life
(QOL). It was hypothesized that concurrent stimulation
of M1 and DLPFC with tDCS could affect the central
nervous system response by modulating the connection
between these regions and, consequently, reduce tremor.

Case presentation
Case

The study was conducted at the Clinic of the School of
Rehabilitation, Shahid Beheshti University of Medical
Sciences, in 2022. The case was a 75-year-old man with
a history of hypertension and heart problems, with the
onset of tremor about 4 years ago. His chief complaint
was right-hand ET during daily activity (not at rest), and
it got worse with anxiety or sadness, and when raising
his hand. He had not received treatment for tremor be-
fore. The patient received two tDCS treatment sessions
in a seated position with a one-week interval. Stimulat-
ing areas were identified using the international 10-20
system (Figure 1).

Brain stimulation

In the first session, M1 stimulation was performed. It
was placed on the left side of the head (C3 lobe). An an-
odal electrode was placed at M1, localized by measuring
the distance from the junction of the forehead and the
nasal bone (nasion) to the prominence point of the oc-
cipital bone (inion) with a caliper and marking halfway,
followed by measuring the distance between the left and
right preauricular regions with a tape measure and mark-
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Figure 1. International 10-20 system

ing halfway. The intersection of these two points was
Cz. The C3 was positioned by marking the point on the
left side at 20% of the distance between the right and left
periauricular areas that passes through Cz, in order to
place the anodal electrode. The cathodal electrode was
placed on the right supraorbital lobe, and both electrodes
were fixed on the points using a strap.

Anode electrodes
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In the second session, two tDCS devices (ActivaDose,
Activa Tek, Taiwan) were used simultaneously to stimu-
late M1 and the DLPFC, both located in the frontal lobe
of the brain (Figure 2 and Figure 3). DLPFC corresponds
to F3 on the left side of the head. The anodal electrodes
were placed in the M1 and DLPFC areas. To find the
location of DLPFC or F3, a diagonal measurement from
the nasion to the inion through the C3 point was taken;
20% of'the distance from the nasion to the inion, anterior
to C3, was marked. The cathode electrodes were placed
in the right supraorbital area. The size of the electrodes
was 4x 5 (20 cm?), and they were soaked with saline
solution before treatment. Electric stimulation in both
treatment sessions was at 2 mA (increased gradually in
steps of 0.1 mA) and lasted 20 minutes. The treatment
took two weeks, with one session per week. Tremor and
QOL were assessed before treatment, after treatment,
and at 1 and 3 months after treatment.

Measures
Fahn-Tolosa-Marin rating scale

In the Fahn-Tolosa-Marin (FTM) clinical rating scale
for tremor, scores are based on a person’s tremor in do-

ing activities (0-144), with higher scores showing higher
tremor. It consists of three parts, A, B, and C, each of
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Figure 3. Simultaneous stimulation of M1 and DLPFC

which can be evaluated independently. In this study, we
used part C, which assesses the patient’s functional dis-
ability and includes a total score of 28 [17]. The reliabil-
ity and validity of the Persian version of the FTM scale
have been confirmed by Olfati et al. in 2020 [18, 19].

Short form health survey

The short form health survey (SF-12) consists of 12
questions assessing a person’s QOL physically and men-
tally. Based on the total score, the QOL is categorized as
good (37-48), moderate (25-36), and poor (12-24) [20].
The validity and reliability of the Persian SF-12 have
been confirmed by Montazeri et al. in 2009 [21].

Results
As shown in Table 1, the SF-12 score increased from

26 to 40 after treatment, and the FTM score decreased
from 9 to 1.
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Discussion

According to the results of this study, it seems that
tDCS was effective in alleviating ET, since the patient’s
FTM scale score considerably decreased (from 9 to 1).
It also increased the patient’s QOL, due to an increase
in the SF-12 score (from 26 to 40). Follow-up was con-
ducted one month and three months after the completion
of the intervention, and the scores of the two scales were
sustained, indicating the stability of the improvement
resulting from tDCS.

The innovation of this study was the stimulation of M 1
in one session and concurrent stimulation of M1 and
DLPFC in another session for improving M1 connec-
tion with the premotor area, while previous studies have
mainly focused on the stimulation of the cerebellum.
The results of our study are similar to the findings of the
study by Yilmaz et al. In a case series study on 6 people
with ET, they placed anode electrodes with an intensity
of 2 mA on the DLPFC at 5 sessions and on the inion

Table 1. Mean scores of FTM scale and SF-12 before, immediately after, 1 month after, and 3 months after treatment

One month after treat-

Variable Before treatment  Immediately after treatment ment Three months after treatment
FTM scale score 9 1 1 1
SF-12 score 26 40 40 40
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at 5 sessions. They observed that tDCS improved daily
activities and tremor assessment score immediately after
and 50 days after the intervention [12]. The results of
our study differ from those of Gironel et al. They ap-
plied tDCS with cathode electrodes on both sides of the
cerebellar hemispheres and anode electrodes on the pre-
frontal areas at an intensity of 2 mA in individuals with
ET at 10 sessions. They observed no significant effect
on tremor severity, daily activities, and motor function
immediately after and one month after the intervention
[13]. This discrepancy can be due to the differences in
the stimulation sites between the two studies.

According to the functional magnetic resonance imag-
ing (fMRI) studies, one of the possible causes of tremor
is the reduced connection of M1 with the cerebellum
and the premotor cortex [6]. Considering the functional
connectivity between M1 and DLPFC, concurrent stim-
ulation of M1 and DLPFC may activate this pathway,
resulting in increased connectivity between M1 and
the premotor cortex [15]. On the other hand, based on
a study examining the effect of M1 stimulation on the
pathway between M1 and the cerebellum, the stimula-
tion of M1 can increase the excitability of the pathway
between M1 and the cerebellum [22] and result in re-
duced tremor severity. Therefore, in this study, stimula-
tion of M1 in the first session and concurrent stimulation
of M1 and DLPFC in the second session were used for
greater and more lasting stimulation effects and tremor
improvement.

The main limitation of this study was that, being a case
report, its results cannot be easily generalized. Thus, it
is recommended to conduct clinical trials with control
groups to determine the precise effects of tDCS on ET.

Conclusion

It seems that tDCS on M1 in the first session and on
both M1 and DLPFC in the second session can be effec-
tive in reducing the severity of ET and improving QOL
in older men, and that its positive effects can be sus-
tained for 1 and 2 months. Considering the lack of con-
sensus on the brain areas for placing tDCS electrodes
in the treatment of tremor, this study can provide a new
approach for future studies.
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