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Transcranial Direct Current Stimulation
of the Cerebellum in Essential Tremor:
A Controlled Study

Essential tremor (ET) is a commonmovement disorder in adults.
Success of drug treatment for ET remains poor and is often unsatis-
factory [1].

Increasing evidence suggests the cerebellum is involved in the
pathophysiology of ET [1]. Two studies have shown an improve-
ment in tremor amplitude during inhibitory repetitive transcranial
magnetic stimulation (rTMS) applied on the cerebellum [2,3], and it
has been reported that transcranial direct current stimulation
(tDCS) can modulate the excitability of cerebellum in humans in a
similar manner to rTMS [4]. tDCS has several advantages with
respect to rTMS. It has a better safety profile, it is easier to imple-
ment, it is better tolerated by the patient, and it has higher cost
effectiveness [5].

The aim of the present study was to evaluate the efficacy and
safety of cerebellar tDCS in patients with ET in a randomized,
controlled and crossover design. We investigated both acute and
long-lasting effects of tDCS.

Ten patients suffering moderate to severe ET [6] were included
in the study (6 males, 4 females; mean age 71.4 years, range
60e78 years; mean tremor duration, 10.2 years, range 5e21). The
study protocol was approved by the Hospital Ethics Committee
and was performed in accordancewith international ethical regula-
tions. All subjects received and signed informed consent to partic-
ipate. During the trial, dose of anti-tremoric drugs was not changed.

The study was double blind, crossover, and placebo-controlled.
The tDCS was applied in ten consecutive sessions on working
days. Active or sham-tDCS were administered in random order
(Latin square design) with a three-month wash-out period.

tDCS was administered with the patients at rest without concur-
rent cognitive or motor task. A battery driven stimulator (Neuro-
electrics, Barcelona, Spain), delivered the tDCS through electrodes
(saline soaked sponges, surface area 25 cm2). In order to increase
the magnitude of the electrical field, we used two cathodal elec-
trodes placed symmetrically over both cerebellar hemispheres
(3 cm lateral to the inion). The inion was taken as a landmark of
the boundary between the posterior cerebellum and the occipital
cortex.We therefore stimulated the area caudal to the inion in order
to stimulate the posterior cerebellum. Placement of active elec-
trodes in our study was based on previous studies using rTMS or
tDCS that demonstrated effective stimulation of the cerebellum
[4,7]. Two anodal electrodes were positioned over both prefrontal
areas (Fp1 and Fp2 EEG leads position).

In the active-tDCS treatment group, cathodal tDCS (2 mA) was
delivered for 20 min. This intensity of stimulation is below the
threshold for tissue damage [8]. The stimulator has the possibility
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to perform sham-tDCS. The electrodes were identically placed as
active-tDCS. The sham-tDCS induces a subjective sensation similar
to that achieved with active-tDCS, but fails to induce a significant
cortical stimulation.

We compared results of tremor clinical rating scale (TCRS) [9],
accelerometric recordings [10] and a self-reported disability scale
(Bain et al.) between study days 1 (before first tDCS session), day
10 (5 min after last tDCS session) and day 40 (30 days after last
tDCS session). Additionally, we used a subscale of the clinical rating
scale (parts 1 þ 2) and accelerometric recordings to assess the time
course of acute tDCS effects, evaluated at day 1 [before first tDCS
session, during first tDCS session (10 min), þ5 min, and þ60 min
after the first tDCS session].

Statistical analysis was evaluated using parametric tests. Results
of TCRS part 4 were analyzed through the non-parametricWilcoxon
matched pairs test.

Eight patients completed the study. Table 1 shows the data of
the main variables. Clinical scores showed no significant changes
(repeated-measures ANOVA) in motor task performance (TCRS
parts 1þ2), daily living activities (TCRS part 3), or the patients’ sub-
jective assessment (TCRS part 4) and global appraisal between
baseline, day 10 and day 40. No significant differences were
observed in the analysis of the patients’ subjective assessment,
the accelerometry data, or the disability scale. The repeated-
measures ANOVA also showed no significant acute tDCS effects in
any outcomemeasure. The interaction between time and treatment
was also non-significant.

When asked which treatment they preferred all patients found
both treatments similar. Two patients suffered skin erythema and
chemosis in frontal anodal electrodes zone during active-tDCS,
one patient after one session, and the other after 3 sessions. Both
patients withdrew from the trial for this reason. This adverse effect
resolved after 48 h.

In this preliminary study in patients with ET, inhibitory tDCS of
the cerebellum did not produce any acute or long lasting benefits
using the described stimulation paradigm.

Two studies have shown positive antitremoric effects using
rTMS on the cerebellum [2,3]. In one of the studies, the clinical ef-
fect persisted for three weeks after rTMS sessions [3]. One possible
explanation for the negative results of our study, is that the electri-
cal field strength in tDCS, although applying bilateral stimulation, is
too low to create neuromodulatory effects.

Besides the small number of patients included due to the explor-
atory nature of the study, two further limitations of the study
should be pointed out. The first of these is the intrinsic difficulty
in assessing tremor in clinical trials, especially for accelerometric
assessments which may have a great intra-subject variability.
Nevertheless, this was minimized due to our cross-over controlled
design, and the use of a self-reported disability scale. Secondly, it is
not clear whether it is possible to stimulate the human cerebellum
through the intact scalp using tDCS.We collected no direct evidence
to ensure that we had stimulated the cerebellum. Placement of the
bruary 2014 � 3:07 pm
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Table 1
Mean scores obtained in 8 patients at baseline (day 1, before the tDCS session), after 10 days of treatment (day 10, after tDCS), and 30 days after the last tDCS session (day 40).

Variable Potential score range Active tDCS Sham tDCS

Day 1 Day 10 Day 40 Day 1 Day 10 Day 40

TCRS
Parts 1 and 2 0e76 31.2 � 11.9 32.6 � 16.4 32.1 � 11.4 34.7 � 13.7 33.2 � 15.1 31.9 � 10.4
Part 3 0e28 13.0 � 3.8 12.7 � 2.7 13.1 � 2.7 14.2 � 3.3 13.7 � 2.8 13.0 � 2.7
Part 4 �3 to 3 0.0 � 0.2 0.0 � 0.2 0.0 � 0.2 0.0 � 0.2

Accelerometry (mV2) 0e10,000 1180 � 1431 984 � 958 944 � 958 1401 � 1526 1316 � 1295 964 � 158
Disability 25e100 46.2 � 10.1 45.5 � 11.1 45.5 � 11.1 44.3 � 10.3 44.7 � 9.2 45.5 � 11.1

Data are given asmean� standard deviation. Lower values indicate better functions for all items, except for Tremor Clinical Rating Scale (TCRS), part 4. Accelerometry indicates
absolute power of the dominant frequency peak; disability, self-reported disability scale. No significant differences were observed between active-tDCS and sham-tDCS.
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stimulating electrodes in accordance with previous studies [4] led
us to suppose that cerebellar hemispheres were actively stimulated.
We did not compare cerebellar stimulation with stimulation of
other brain regions. However, the central pathways involved in
the pathophysiology of tremor are incompletely known and cortical
regions might be implicated. Thus, to preserve the singular stimu-
lation of cerebellar areas we used the same stimulation location
to make the sham stimulation.

In conclusion, we failed to find an effect of tDCS of the cere-
bellum in ET in this small and preliminary study.
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