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Transcranial magnetic and
electric stmulation of the
cerebellum — A potential aid
in enhancing rehabilitation of
cerebral functions

Abstract

Subserved by a dense network of neuro-
anatomical connections within the cere-
brum, the cerebellum fulfills a crucial role
in various motor, cognitive, and affective
functions, and is located immediately
below the skull. As a result, the cerebellum
appears an interesting target for modern
noninvasive stimulation techniques such
as transcranial magnetic stimulation (TMS)
and transcranial direct current stimulation
(tDCS). This literature survey intends to
give a short overview of what is currently
known about noninvasive stimulation tech-
niques applied to the cerebellum.

Introduction

Improving rehabilitation of brain functions
by modulating the excitability of neurons
with noninvasive techniques such as tran-
scranial magnetic stimulation (TMS) and
transcranial direct current stimulation
(tDCS) is an exciting new research domain.
Since (a) the cerebellothalamocortical
pathways connect the cerebellum with the
supratentorial regions subserving motor,
associative, and affective functions and (b)
the cerebellar circuitry is located immedi-
ately below the skull, the cerebellum might

be a very promising target for noninvasive
stimulation.! We conducted a literature
search to determine the potential value of
cerebellar stimulation in different domains.

Working mechanisms of TMS and tDCS
TMS is a non-invasive brain stimulation
technique that offers the possibility of
modulating the excitability and activity of
specific brain areas.? TMS uses a coil to
produce a pulsed magnetic field inducing
an electric field inside the brain (eddy
currents). If the intensity of the eddy
current exceeds a particular threshold,
action potentials are generated in the
stimulated neurons.? TMS can be adminis-
tered in several different ways (Figure 1).
A single pulse of TMS can be used (single
pulse TMS) or it can be administered in a
repetitive manner at different frequencies
(rTMS), and in different patterns (such as
theta burst stimulation, TBS). When a single
pulse is used, it is usually given at an inten-
sity that can generate action potentials,
which can temporarily interfere with the
function of the targeted brain region. The
different TMS paradigms all exert a specific
effect on cerebellar (and cortical) excitab-
ility, exciting or inhibiting brain function.*
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Figure 1: Examples of different TMS protocols. 1Hz rTMS (A) with Ts in
between the pulses, TBS (B-C) with 3-pulse bursts at 50Hz every 200ms
with cTBS (B) as a continuous train of bursts and iTBS (C) as separated
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trains of 10 bursts each with 8s interstimulus interval (ISI). Adapted from

Muller, Lorenz, Langguth, and Weisz (2013).5
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Figure 2: Hyper- and depolarisation of a single neuron, depending on the direction of the current. Courtesy of Neural

Engineering Group (http://neuralengr.com/old/research).
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Figure 3: (A) Diagram depicting the cerebello-cerebral connectivity network underlying cognitive and affective processes. The
feedback or efferent loop originates from the deep nuclei of the cerebellum that project to the motor (grey arrows) and
nonmotor (blue arrows) nuclei of the thalamus. In turn, the motor nuclei of the thalamus project to motor and premotor
cortices (grey arrows) but also to nonmotor association cortices (blue arrows). The nonmotor nuclei of the thalamus project
only to association cortices (blue arrows). After Schmahmann and Pandya (1997).1¢ Adapted from Marién et al. (2013).”7

tDCS is another novel brain stimulation tech-
nique that uses two electrodes to induce a
small electric current in the brain.® Anodal
and cathodal tDCS are associated with
opposite directions in currents. As compared
to TMS, tDCS does not generate action poten-
tials in neurons but acts on the polarisation
of cellular membranes (Figure 2). This means
that tDCS modulates activity in active neurons
but has probably little impact on purely resting
neuronal population.” The general rule is
that anodal tDCS increases the excitability
of neurons, whereas cathodal tDCS exerts
the opposite effect. However, this is a simpli-
fication of the physiological mechanisms
subserving the effects of tDCS. tDCS creates

a difference of electric potential between two
(or more) electrodes, which induces a shift in
the membrane potential and therefore modi-
fies the excitability of the neurons within the
created electric field.”® Electric brain stimu-
lation can also be achieved using alternating
current and is called transcranial Alternating
Current Stimulation (tACS). At low frequency,
this will lead to alternating membrane poten-
tial changes following the current wave.’
However, little is known about the exact
impact of electric/magnetic stimulation of
the cerebellum since the cerebellum differs
from cortical brain tissue in many respects,
especially the cytoarchitecture. In addition,
complex cerebellar folding greatly affects

the changes in excitability which makes a
prediction of the outcome very difficult.!’ It is
also challenging that the effects of cerebellar
stimulation are difficult to measure in the cere-
bellum itself. The impact on cerebello-cortical
mechanisms (such as cerebellar brain inhib-
ition (CBI)) has to be monitored to evaluate
the effectiveness of cerebellar stimulation.!''?

Anatomical cerebello-cerebral
connections

Neuroanatomical evidence has shown
multiple crossed cerebello-cerebral connec-
tions, not only with the contralateral
motor areas, but also with the associative
cortices responsible for cognition and affect
(Figure 3). Many functional imaging studies
confirmed involvement of the cerebellum in
a variety of motor, cognitive, and affective
functions.”” However, several recent studies
indicate that there are also non-crossing
cerebello-cerebral pathways,!" and direct
connections between both cerebellar hemi-
spheres." Future studies should bear in mind
that the functional connectivity of the cere-
bellum to the supratentorial regions is built
on a complex network consisting of crossed
and non-crossed pathways, supplemented
with parallel connections between both cere-
bellar hemispheres.'

Findings of the literature survey

A literature survey (Electronic online data-
bases: Web of Knowledge, ScienceDirect,
PubMed, Medline; keywords: cerebell* AND
tDCS OR transcranial direct current stimu-
lation; cerebell* AND TMS OR transcranial
magnetic stimulation) yielded 111 original
studies using cerebellar TMS and 49 studies
using cerebellar tDCS, covering a wide and
extensive range of topics. Most studies applied
stimulation in healthy subjects (TMS: n=81;
tDCS: n=35) with a focus on probing func-
tional connectivity with cerebellar TMS (n=28)
and motor function with cerebellar tDCS
(n=16). Other areas included cognition and
affect, and some studies explored the effects
of cerebellar stimulation in a clinical popula-
tion (TMS: n=30; tDCS: n=14).

GENERAL

In general, the timing of the administration
(together with therapy/assessment or not)
and the type of TMS (single pulse TMS, low
frequency rTMS, high frequency rTMS, inter-
mittent TBS, continuous TBS) or tDCS (anodal,
cathodal) stimulation is very important. These
parameters determine which process will
be affected, and in what way. In addition,
the intensity of the stimulation may also be
crucial, especially for TMS in which the inten-
sities applied are frequently determined by
the resting or the active motor threshold of the
contralateral motor cortex. These intensities
may vary greatly and probably have a differen-
tial impact on neuronal firing and functional
connectivity. Moreover, it is important that the
stimulation only affects the cerebellum and
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does not spread to the adjacent brainstem
or to the visual cortex. With regard to cere-
bellar tDCS, the effect of the intensity of the
current on neuronal excitability has not been
systematically investigated. Due to the various
cerebello-cerebral connections, the lateralisa-
tion of functions in the cerebral hemispheres,
as well as the cerebello-spinal pathways, it is
also important to carefully select the place
of stimulation. With TMS the localisation is
dependent on the positioning of the coil, the
coil orientation, and the type of coil used.
Several studies have indicated that the stan-
dard figure-of-eight coil may not be optimal
for cerebellar stimulation due to the distance
between the scalp and the cerebellar cortex.
It is therefore important in future studies to use
a double cone or a batwing coil, which are
specifically designed for stimulating deeper
brain regions and which eliminate the stimu-
lation of the peripheral nerves that is observed
in cerebellar stimulation with a figure-of-eight
coil.341 For tDCS, the positioning of the elec-
trodes and their size primarily determines
which areas will be excited. The exact elec-
trical pathways taken during tDCS are still
unclear and more studies should be made to
better characterise them.

MOTOR

The literature on motor function shows that the
cerebellum is involved in movement, motor
learning, motor adaptation, and even motor
imagery. The cerebellum seems to be respon-
sible for monitoring ongoing movements, and
predicting future states, but also for detecting
and correcting errors (state estimations).'®
Interestingly, however, the complexity of the
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