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Abstract. Transcranial Direct Current Stimulation (tDCS) is a non-invasive,
weak cortical neurostimulation technique which implements direct currents
through two electrodes with opposite polarization when both are placed over a
conductive surface (e.g. the scalp). It has demonstrated positive effects in a wide
range of psychopathologies and neurological disorders in the last 15 years, being
its neurophysiological modulatory effect on neuro-motor impairments one of the
most important targets in tDCS researching. Thus, different motor-related path‐
ologies have been improved by tDCS, such motor alterations after stroke, Parkin‐
son’s disease, cerebral palsy in childhood, multiple sclerosis, etc. The positive
effects of tDCS on motor abilities, both pathological condition or in healthy
population, define it as an interesting option to induce neurophysiological changes
complementing the traditional rehabilitation procedures. The comprehension of
its neurophysiological and biochemical effects, the development of more ideo‐
graphic procedures, and its integration with pharmacological treatments are
mandatory in order to further improve its usage in rehabilitation approaches.

1 Introduction

From ancient times, human being has tried to modulate the behavior and neural function
by using electrical impulses directly on the Central Nervous System (CNS) [1]. The
main goal was to “cure” or palliate neurological and psychiatric pathologies [2]. Instead,
it was used for a better understanding of the brain physiology too [3]. Thus, the tech‐
nological revolution and its integration in medical sciences in this past Century has let
us going from lesser-controlled and dangerous tools to more efficient and safety stimu‐
lation devices, from paradigms of invasive deep stimulation (Deep Brain Stimulation),
to non-invasive approaches as the Electro-convulsive therapy and transcranial electro‐
stimulation techniques.

This last group represents the present and future of the main rehabilitation models,
in both neurological and psychiatric alterations [4]. Thus, Transcranial Magnetic
Stimulation (TMS) is the more-developed and researched methodology last decades.
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This tool generates rapid changes in the magnetic field in order to induce electrical
currents through the brain, letting the specific modulation of the cortical excitability,
both single-program and repetitive stimulation [5]. The use of TMS has demonstrated
positive effects in multitude of pathologies [5, 6].

Meanwhile, another device has recently taken the world by storm in the neuroscience
researching field, the transcranial Direct Current Stimulation (tDCS). This tool has made
a revolution in the last 15 years in research, due to its better side effects, lesser cost,
easier application and better management of control condition in experimental proce‐
dures than the methodologies described above [4]. Thus, the present chapter has the
main goal of exploring the features and possibilities which tDCS offers as a present and
future model for the rehabilitation of multitude of alterations which take place in the
CNS, especially in pathologies with motor affectation.

2 What is tDCS?

tDCS is a non-invasive, weak cortical neurostimulation technique which implements a
direct current though two electrodes with opposite polarization [7]. It is composed by
one anode (positive pole) and one cathode (negative pole), both connected to a 9 volt
battery, and covered by two conductive sponges soaked in saline [8]. When both elec‐
trodes are placed over a conductive surface (e.g. the scalp), a direct current from the
anode to the cathode is generated, and triggers specific changes in cortical excitability
in the tissue which is under the anode and the cathode. In research, the current intensity
varies from 0.5 milliamps (mA) to 2 mA, with a variable time of application from 5 to
30 min directly over the scalp. Electrodes size is variable too, with a 4 × 4 (16 cm2),
5 × 5 (25 cm2), 5 × 7 (35 cm2) and 6 × 6 (36 cm2).

Both current intensity and electrode sizes are very important in order to know the
current density, which is defined as the current intensity (expressed in amps -A-, mA
and/or microamps -μA-), divided by the total surface volume which the electrode occu‐
pies, being expressed in research as μA/cm2, mA/cm2 and A/cm2 [9], being the range
from 0.028 to 0.06 mA/cm2 the commonly used in research [10]. The electrode which
is placed on the area of interest is called “active electrode”, meanwhile the other one is
called as the “reference electrode”. In most of studies, the reference electrode has been
placed over the contralateral orbit (just above the contralateral eye) [7], albeit it is usual
its placement on neck, arms, chin, etc. Some recent studies have demonstrated that it is
better considered to use a smaller active electrode [11–13].

2.1 Handicaps in the Current Density Distribution

One of the main handicaps that we find in the development of the stimulation is the high
current density which is concentrated in the edges of the electrode. This is undesirable
for safety considerations and it can raise the aversive sensation during the transcutaneous
stimulation. Indeed, various authors have defined and tested the current technique proto‐
cols by the development of circular electrodes instead of square-shaped ones [14].
This has to be added to the importance of the control of the saline quantity which is
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incorporated to both sponges, which main function is to facilitate the electric current
transmission [14], and the consideration of the “Shunting effect”, which is defined as
the important amount of electric charge which is lost by the effect of the skin (maximum
skin current density), the skull and the cerebrospinal liquid [15]. Current research is
focused too in the spatial distribution of the electrodes and how it can facilitate the
“Shunting effect” in order to avoid it [13].

2.2 Place of Stimulation and Focality

The emplacement of both electrodes is essential in order to develop an efficient
stimulation. Neuroimaging and neurophysiological studies confirmed that polarizing
effects of tDCS under the electrodes [16, 17]. The specific stimulation of primary
motor cortex (M1), primary visual cortex (V1), somatosensory cortex and areas of
frontal lobe has reaffirmed this conclusion, defending the focality and specificity of
the stimulation with tDCS over the scalp [24], above all when electrodes size is
reduced and the inter-electrode distance is controlled [13].

Nevertheless, recent studies with functional Magnetic Resonance (fMRI) and posi‐
tron emission tomography (PET) have demonstrated that, despite of the fact that tDCS
has its largest effects under the electrodes [18], the stimulation generates sustained and
generalized effects in other areas of the CNS [19]. These data can be added to studies
with electroencephalography (EEG), which have shown that through the modulation of
certain areas by cathodic stimulation, diffused effects throughout the CNS can be
observed [20]. Thus, these evidences suggest that the effects of stimulation with tDCS
are temporal and spatially specific, but not limited to a single place (site specific but not
site limited [10]). That is to say, the stimulation of one area will probably affect others
throughout neural circuit networks [21]. This is not surprising due to the complex
anatomy and function of the human CNS, but it forces to make an exhaustive analysis
of the stimulated area and its relationship with closer structures, it does not matter cort‐
ical or subcortical in nature [22, 23].

3 Neurophisiology of tDCS: General Concepts

The specific effects of tDCS into the CNS are still unknown. Nevertheless, it is widely
confirmed that its general effect is a modulation of the resting membrane potentials of
the cortical neurons which are placed under the electrodes. An increment or decrease of
the cortical excitability can be observed depending on the direction and the current
intensity applied [24]. After the stimulation, the main effects duration of a single 10 min
session can go further 90 min [25]. These changes depend on the polarity of the stimu‐
lation, differentiating between anodal and cathodic stimulation.

The area which is directly stimulated by the anode shows a depolarization of the
resting membrane potential, which raises the neuronal excitability up and lets a faster
and more spontaneous response of the neurons under the electrode. When the area is
stimulated by the cathode, the direct current causes a hyperpolarization of the resting
potential of the membrane, dropping down the excitability of the neurons under the
electrode [7].
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3.1 Neurophysiology of tDCS: What Do We Know?

Ardolino et al. [20] observed that short-term tDCS effects are due to local changes in
ionic concentrations, specific alterations in transmembrane proteins and to electrolysis
related with subtle changes in the Hydrogen protons concentration. As we mentioned
above, the mechanisms are not clear, but the tDCS action seems to be related with a
hyperpolarization and depolarization combination in the membranes of the neurons, as
well as certain alterations in the synaptic efficiency [26, 27]. Following this idea, recent
studies have observed a large accumulation of myoinositol into the phospholipid
membrane after atDCS on the right frontal lobe by a proton magnetic resonance spec‐
troscopy [28] and a high increase of oxyhemoglobin concentrations after 1 mA of atDCS
by a near-infrared spectography [29].

Despite the large number of works which have elucidated many physiological
aspects underlying the tDCS effects, it still does not exist a potent theoretical model
which explains all its features. Anyway, some authors as Molaee-Ardekani et al., [30]
have recently developed a mesoscopic model (the study of population of neurons) over
the somatosensory cortex in order to generate a basic structure to explain tDCS effects.
Thus, they proposed that the transformation of the presynaptic pulse density of the
afferent action potentials into modulated potentials in postsynaptic membrane drives to
sustained changes in the local field potentials, and this changes the neural firing rates at
different neural sub-population levels (Pyramidal cells, types I and I’ Interneurons cells).

As these authors pointed out, the main effects of tDCS seem to be focused in pyra‐
midal cells in the cortex. At the same time, different neuronal groups play the role of
facilitating/inhibiting the electric impulse propagation and, thus, are critical in the
generation of the evoked potentials (EPs). This neuronal set is composed by Inter‐
neurons, whose ortodromic direction (soma/dendrite axe) will facilitate (alignment with
stimulation direction) or difficult (non-alignment with stimulation direction) the change
in transmembrane potential, as well as happens with pyramidal cells (more information
in Molanee-Ardekani et al., [30]). Thus, atDCS seems to be implicated in the selective
depolarization of Pyramidal cells and type I interneurons, meanwhile ctDCS hyperpo‐
larizes such cells, showing the opposite effect. Such model could explain short-term
plasticity following tDCS [31].

This pyramidal cells/interneurons interaction is regulated by the excitatory mecha‐
nisms, guided by the action of the glutamatergic system, and the inhibitory action is
controlled, eminently, by gamma-Aminobutyric acid (GABA) tone (Neural mass type
model). Therefore, different factors like intensity and density of stimulation, and soma-
dendrite axe orientation are essential for the final EPs generation after tDCS intervention.
These, finally, will have repercussions in the selective modulation of the spatial and
functional conformation of the dendritic ramifications at cortex level, altering their
shape/orientation, as well as the total number of functional synapses which they can
develop. This phenomenon of dendritic modulation, added to the later phosphorylation
of proteins and transcription factors in the cellular nucleus, represents a process very
similar to long-term potentiaton [32] and depression, bases of long-term cerebral plas‐
ticity [24].
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3.2 Biochemistry of tDCS

Many studies have demonstrated substantial neurochemical differences between both
types of stimulation (anodal and cathodic). Researchers have agreed that the excita‐
tory effects of atDCS are mediated, at least in part, by an important reduction of the
GABAergic activity and a facilitation of the glutamatergic N-methyl-D-aspartate
receptors (NMDAr) [16, 33].

Otherwise, the inhibitory effects of the cathodic tDCS (ctDCS) seem to be mediated
by an important reduction of the glutamatergic excitatory system [34]. It has been also
observed a correlation between the increase of the monoaminergic tone and a strongest
facilitation of the neuroplastic changes induced by the tDCS [35]. Such neuroplastic
phenomena can be facilitated by certain pharmacological compounds like Citalopram
(selective serotonin reuptake inhibitor) [36]. More recently, tDCS has been linked with
adenosine A1 receptor [37, 38].

Finally, pharmacological studies have demonstrated that the tDCS effects, both
immediate and long-term ones, can be eliminated by the selective blockade of Sodium
(carbamazepine) and Calcium (flunarizine) channels, as well those long-term effects can
be disturbed by the blockade of NMDAr (dextromethorphane) [16]. Added to this, the
administration of L-Dopa [39] can turn into inhibition those neuroplastic effects after
atDCS application and enhance inhibitory influence of ctDCS.

4 Safety Considerations for tDCS

Many studies corroborate that tDCS is a safety and suitable-for-use methodology in
humans, and that it is linked to adverse effects only in rare occasions [40]. As well as in
its clinical/experimental usage, variables, which we have to consider for safety concerns,
are: current intensity, electrode size, current density, total stimulation time and number
of sessions [41–43].

Iyer et al. [42] did not observed any sort of side effects, neither in cognitive nor
psychomotor measures after 20 min of stimulation, both anodal and cathodic, and both
current intensity of 1 mA and 2 mA in the prefrontal cortex. Added to this, indirect
biomarkers of brain damage have demonstrated that tDCS application does increase
neither the serum levels of the molecular markers of neuronal lesion (N-acetil-aspartate),
nor the specific neuronal Enolasa [28]. Thus, no pathological changes by fMRI and EEG
have been related to the application of tDCS [17, 42]. Outer the CNS, researchers have
focused in the tDCS effects on the heart function, being minimal and non-harmful at any
grade in this organ [44].

An exhaustive analysis conducted by Poreisz et al. [40] demonstrated that, after 567
tDCS sessions (both cathodic and anodal) in 102 subjects (both healthy subjects and
with diverse neuropathologies patients), no significant negative effects were observed.
The stimulation process, with a mean of 12 min, a current intensity of 1 mA, and a
reference electrode size of 35 cm2, showed better side effects than previous researches
which used TMS.

Despite of the fact that tDCS is a widely known safety tool, is not free of side effects.
The more common observed side effects are: subtle tingle, moderate fatigue, soft itching
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sensations, mild burning and slight pain just under the electrodes [40]. Less common,
head ache, difficulty to concentration, nausea and sleep disturbances [40]. In rare occa‐
sions, skin lesions by burns after the stimulation have been produced [45]. Anyway, this
last phenomenon is related to the electrode shapes used at early stages of the use of tDCS
in science, and some researchers argue that it is very important to discern the independ‐
ence between side skin effects and its null repercussion in the cerebral tissue [15]. No
convulsive effects have been linked to tDCS application by now [46].

5 tDCS on Motor Function in Patients with Motor-Related
Pathologies

5.1 Stroke and tDCS

Motor recovery after stroke is linked to the maintenance of ipsilesional motor networks
and interactions between ipsilateral and contralesional hemispheres [47], and the tDCS
application seems to be capable to modulate them in post-stroke patients. Schlaug et al.
[48] defended a hypothetic inter-hemispheric inhibition model by comparing the use of
atDCS on the lessoned hemispheric and the cathode in the preserved one, demonstrating
that larger effects can be observed by the cathodic stimulation of non-affected hemi‐
sphere, presumably due to the current density distribution is not disturbed by a lesion,
with intact intracortical networks.

Following this line, Lidenberg et al. [47] showed that, by combining the stimulation
on both hemispheres (atDCS on ipsilateral M1 and ctDCS on contralesional M1), 1.5 mA
(0.09 mA/cm2) during 30 min, added to orthodox occupancy and physical therapy
(OT/PT), motor functions of post-stroke patients were improved stronger than those
which receive OT/PT and Sham stimulation. Nevertheless, not all the studies have found
this superiority of bilateral approach over single anodal/cathodal interventions [49], with
20 min of tDCS by 1 mA (0.029 mA/cm2), showing strongest behavioral and physio‐
logical (Motor evoked potentials -MEPs-) changes at single interventions.

Otherwise, a significant improvement assessed in a specific hand function task for
daily living activities (Jebsen-Taylor hand function test) was observed after the appli‐
cation of 1 mA (0.04 mA/cm2) of atDCS during 20 min on post-stroke patients’ M1 [50],
but not with sham stimulation, resulting in functional gains in motor function of the
paretic hand. This ipsilesional stimulation has been successfully confirmed in acute
interventions too, when stroke is recent [51], showing significant improvements further
to 15 days after the stimulation.

Such unilateral tDCS positive effects have been demonstrated further over hand function
after stroke. Indeed, post-stroke aphasia has been selected as a key target for tDCS interven‐
tion. Rosso et al. [52] demonstrated that, after the application of 1 mA (0.028 mA/cm2) of
ctDCS during 15 min over the right Broca’s area, improved language performance was
developed, defending the idea that ctDCS can suppress inhibitory inter-hemispheric influ‐
ences from the right Broca’s area to the affected one, and that inter-individual differences are
key in order to design accurately stimulation procedures. Those effects could be mediated by
GABAergic intracortical and inter-hemispheric function [53].
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5.2 Dysphagia and tDCS

Dysphagia is a high disrupting possible post-stroke effect. It consists on the impossibility
of the patient to start and accomplish the voluntary or involuntary behavior of swal‐
lowing. This issue causes serious consequences as nutritional problems; complications
of pulmonary aspiration and daily life deficits for the impossibility of swallow even
saliva [54, 55].

It is well known that the primary motor cortex plays the principal role on the volun‐
tary activation of the swallowing behavior, appearing both hemispheres to be responsible
for this process [56]. However, neuroimaging techniques showed that in the majority of
individuals, the projection during swallowing was larger in one hemisphere than in other,
being this fact independent of handedness and showing to be different between a pair of
identical right-handed twins. Besides the primary motor cortex, it is important to high‐
light that also the insula, predominantly on the right side, and the cerebellum, mainly
on the left side, are also recruited by the swallowing mechanism [57]. Therefore, various
areas are involved on the development of this complex mechanism, but, at any rate, the
primarily motor cortex is a key target area for the use of tDCS stimulation as a treatment
for dysphagia.

Studies related to this possibility have been performed across the last years with
positive effects over post-stroke dysphagia patients (for review, see Sandrini & Cohen
[58]). For instance, in the study of Kumar et al. [59] tDCS or sham on the motor cortex
was applied in conjunction with standardized swallowing maneuvers. Anodal or sham
tDCS with 2 mA for 30 min were administered over the undamaged hemisphere during
5 consecutive days providing a significant improvement of the scores obtained in the
Dysphagia Outcome and Severity Scale (DOSS). Also Yang et al. [60] showed a positive
effect of anodal tDCS, 1 mA, for 20 min during 10 consecutive days during swallowing
training over the pharyngeal motor cortex of the affected hemisphere. Measures were
taken by the Functional dysphagia scale (FDS) using the video fluoroscopic swallowing
(VFSS) immediately after the intervention and three months later. Both, the anodal and
the sham condition group improved their scores immediately after the intervention
equally. However, the differences between the groups emerged on the second evaluation,
scoring the anodal stimulated patients significantly higher three months later.

5.3 Parkinson’s Disease and tDCS

Broeder et al. [61] have recently made an exhaustive review of the main behavioral and
physiological effects of tDCS application in patients with Parkinson’s disease. Despite of
the importance of cognitive alterations, we will only focus on motor-type ones. Thus,
Fregni et al. [62] demonstrated that, after only one session of atDCS on left M1 in patients
in OFF-phase, with a current density of 0.029 mA/cm2 (1 mA, 35 cm2) for 20 min, a
significant increase in MEPs amplitude were produced compared to sham condition, with
a clear decrease of MEPs amplitude after ctDCS. All these results correlated with motor
improvements as well (tremor, bradykinesia, rigidity, postural instability, gait, etc.). Other
studies, which implemented 5 consecutive days of atDCS, 2 mA (0.057 mA/cm2) have
supported these results in patients in ON-phase [63]. Specific motor positive effects have
been observed on gait and upper limb performance too [64].
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Following this motor improvement, an original single-case study by Kaksi et al. [65]
demonstrated that, after the application of atDCS, with a current intensity of 2 mA
(0.05 mA/cm2), over both superior M1 and preMotor cortices (Cz position in 10-20 EEG
System), a significant improvement during a tango dancing in trunk and lower extremity
movements was produced. This complements the general improvements in upper limbs
widely demonstrated by other authors.

Finally, a study conducted by Pereira et al. [66] showed specific linguistic and phys‐
iological modulations in the CNS after atDCS, with a current intensity of 2 mA
(0.057 mA/cm2), during 20 min on both the left dorsolateral prefrontal cortex (DLPFC)
and left temporo-parietal cortex (TPC). Phonemic fluency enhancements were observed
in patients with Parkinson’s disease after the stimulation of left DLPFC, but not after
the stimulation on TPC, by increasing the connectivity of verbal fluency networks
involving frontal, parietal and fusiform areas, changes quite larger in phonemic fluency
than semantic, representing a clear proof of the widely known dissociation between both
functions into the CNS.

5.4 Spinal Cord Injury and tDCS

After the widely known (but limited) effects of tDCS and TMS on the management of
neuropathic pain after spinal cord injury [67], motor-related effects have been converted
as a key target in researching. Thus, Silva et al. [68] demonstrated that, after the appli‐
cation of atDCS on both M1 (Cz position in EEG 10-20 system) with a current intensity
of 2 mA (0.057 mA/cm2) for 12 min in a male with total chronic spinal cord injury, a
general improvement in exercise tolerance was observed by measuring specific changes
in exercise time and power, perceived exertion, glucose levels, and variability of the
time needed to reach the threshold of heart rate.

Otherwise, Murray et al. [69] demonstrated that, after the stimulation by atDCS on
left M1 (extensor carpi radialis muscle representation) of 9 patients with chronic spinal
cord injury, with a current intensity of 2 mA (0.64 mA/cm2) for 20 min, three sessions
in 3 weeks, an important increase (up to 40 %) in corticospinal excitability (MEPs)
amplitude was observed. This did not happen with 1 mA stimulation procedure. Instead
of the high current density implemented by the authors, no significant side effects were
observed.

Nevertheless, the strongest positive tDCS effects in this pathologic population have
not been reached by traditional cortex stimulation approach. Transcutaneous spinal
direct current stimulation (tsDCS) represents a novel practice where the active electrode
is placed over the back. Thus, Hubli et al. [70] placed the active electrode longitudinally
between the spinous processes of T11 and T12, with a current intensity of 2.5 mA
(0.056 mA/cm2) for 20 min, both cathodal and anodal stimulation and both patients with
spinal cord injury and healthy subjects. That procedure showed specific differences in
spinal reflex behavior between pathologic and healthy subjects, where patients showed
higher changes in spinal reflex amplitude after atsDCS, being even better modulation
than a single session of assisted walking in the driven gait orthosis “Lokomat”.
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Also, changes in conduction along lemniscal pathway (specific somatosensory
evoked potentials amplitude P30) in healthy subjects after the application of atsDCS
over the spinous process of the T10 have been observed, with a current intensity of
2.5 mA (0.071 mA/cm2) during 15 min [71].

5.5 Cerebral Palsy in Children and tDCS

Cerebral palsy refers to permanent, mutable motor development disorders stemming
from a primary brain lesion, causing secondary musculoskeletal problems and limita‐
tions in activities of daily living [72]. This disease is the most common motor disorder
in children [73].

As we will see, there are several studies of tDCS involving children suggesting the
safety of this method. However, it is showed that lesser intensity is required than that
used normally on adults to produce cortex stimulation on children, as the peak electrical
fields for a given stimulus intensity in the adolescent brain were twice as high as in the
adult brain for conventional tDCS [74].

Recently, some studies have found positive effect of tDCS on cerebral palsy when
combined with training and rehabilitation. On a study with 24 children with cerebral
palsy, positive effects of tDCS combined with treadmill training were observed on
balance and functional performance. 1 mA anodal tDCS was administered over 5 weekly
sessions of 20 min during 2 weeks over the primary motor cortex of the non-dominant
hemisphere during the performance of the treadmill training. The evaluation was carried
out with the Pediatric Balance Scale (PBS) and the Pediatric Evaluation of Disability
Inventory (PEDI) finding positive effects on the experimental group on balance one
week and one month after the treatment, however, no positive effects were found on the
self-care and mobility PBS subscales [72].

Spasticity, which is one of the most common symptoms of cerebral palsy [75], is an
upper motor neuron syndrome characterized by a velocity-dependent increase in the
tonic stretch reflexes with exaggerated tendon jerks resulting from hyperexcitability of
this reflex [76]. In a recent study carried out by Aree-uea et al. [77] 46 children between
8 and 18 years with cerebral palsy were tested on spasticity before and after a 1-mA
anodal tDCS treatment over the left primary motor cortex during 5 consecutive sessions
combined with physical stretching exercises. Results showed a reduction of finger spas‐
ticity immediately after the treatment, a reduction of the elbow spasticity immediately
and 24 after the treatment and a reduction of wrist spasticity immediately, 24 and 48 h
after the treatment. However, no effects of tDCS were found regarding elbow spasticity.

tDCS combined with virtual reality training has also shown to produce positive
effects on the body sway velocity [78], as well as regarding spatiotemporal gait variables
(velocity and cadence), gross motor function and mobility [79]. Furthermore, in this last
study anodal tDCS led to a significant change in motor cortex plasticity, as evidenced
by the increase in the amplitude of the motor evoked potential.

Therefore, accompanied with motor training and using specific parameters, tDCS
might be a promising technique to improve the symptoms of cerebral palsy in children.
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5.6 Multiple Sclerosis/Amyotrophic Lateral Sclerosis and tDCS

Few studies from 2010 have focused on different motor and cognitive effects of the
application of tDCS in patients with multiple sclerosis [80]. Thus, Cuypers et al. [81]
demonstrated that, after the application of atDCS with a current intensity of 1 mA
(0.04 mA/cm2) for 20 min on M1 (First Dorsal Interosseous), contralateral to the more
impaired hand, a significant corticospinal excitability increase was observed evaluated
by MEP variations, effect non-observed after sham stimulation. This cortical modulation
triggered to a recruitment-curve plateau increase, something which could be explained
by distal effects mediated by large-diameter myelinated axons. Nevertheless, no func‐
tional effects were studied. However, no motor improvement facilitation were observed
by Meesen et al. [82] after atDCS with a current intensity of 1 mA (0.04 mA/cm2) for
20 min on contralateral to impaired hand M1, compared to sham condition. Further
researches in motor function are needed.

Otherwise, and due to the lack of motor assessment studies, positive sensory modu‐
lations have been observed after atDCS application in patients with multiple sclerosis
[80]. Mori et al. [83] demonstrated that, by applying atDCS with a current intensity of
2 mA (0.057 mA/cm2), during 20 min/5 consecutive daily stimulation on somatosensory
cortex (S1), temporally ameliorated sensory deficits (spatial discrimination thresholds
on the hypoesthetic hand) further to 2 weeks after treatment were observed in patients
with multiple sclerosis. These sorts of positive sensory modulations have been observed
too in pain self-sensation in patients with multiple sclerosis [84], after the application
of atDCS with a current intensity of 2 mA (0.057 mA/cm2), during 20 min/5 consecutive
daily stimulation on contralateral to somatic painful area M1, with a clear decreasement
of values in standarized pain scales.

On the other hand, little use of tDCS has been developed on Amyotrophic lateral
sclerosis (ALS). As Di Lazzaro et al. [85] pointed out, after the variable results of the
application of TMS in patients with ALS, tDCS could be considered as a better inter‐
vention tool due to its longer-lasting effects on cortical excitability. Thus, and as a
preliminal study, these authors showed no significant effects after ctDCS on M1 (the
cortical representation of the first dorsal interosseous muscle), with a current intensity
of 1 mA (0.029 mA/cm2) for 20 min on both hemispheres in two different patients.
Related to this, Munneke et al. [86] demonstrated no significant cortical excitability
variations after 1 mA ctDCS during 7, 11 and 15 min. However, an important effect was
observed in healthy subjects, indicating that patients with ALS could have less respon‐
sive corticospinal pathways to the inhibitory ctDCS effects. Such results were early
demonstrated by Quartarone et al. [87] in both anodal and cathodic stimulation types.
Nevertheless, it has been demonstrated that continuous theta burst stimulation (cTBS)
by TMS can induce an inhibitory effect on corticospinal excitability in patients with
ALS only after 5 daily sessions [88], so it is not unreasonable to postulate that repetitive
ctDCS training could generate similar effects on patients with ALS.
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6 Conclusions

TDCS is a stimulation device whose neuromodulation properties have been widely
demonstrated last decade. At the same time, its soft side effects, easy administration,
good sham condition control and low price are essential keys in order to understand the
reason why hundred of researches are focusing on its study [26].

The large ranges of variants for usage of tDCS are vast, due to the cortical stimulation
affects to many behaviors and neurological process. This fact is observable both healthy
subjects and patients with diverse neuropathologies, being the neuronal plasticity effect
of tDCS its main encouraging aspect for future therapeutic programs. Specifically, the
widely known positive effects of tDCS over motor functions, it does not matter cortical
(M1), cerebellar or extra-encephalic disposition, and in pathological (Parkinson’s
disease, Restless syndrome, etc.) or healthy population (functioning of upper/lower
limbs, etc.) administration, show that this device represents a fantastic opportunity to
improve the rehabilitation effects of orthodoxical training-procedures. For this, the
achievement of international protocols and safety guides which ensure a proper use of
this technique are mandatory [89].

Basic research of neuroanatomical/functional structures are essential, with the main
goal of generate the needed knowledge in order to work with reliably data for the devel‐
opment of more ideographic and specific programs of stimulation. On this sense, the
improvement of neuroimaging techniques and scanners with a better neuroanatomical
resolution is fundamental [89].

At a microscopic level, it is primary to still improving the researching on the
biochemical base of tDCS in the human cortex, due to the current information do not
let us to generate a complete theory about its action over the plastic mechanisms inherent
to the human brain [90]. Added to this, the development of more sophisticated meth‐
odologies for the analysis of the axon orientation, the dendritic arborization, the role of
astrocytes and the electrical field threshold of cortical cells is very important too [91].

Otherwise, its use in patients who are refractory to certain pharmacological treat‐
ments, as well as in those people in whose state (e.g. pregnancy) the pharmacological
intervention is discouraged [92] is another guideline for non-invasive technologies in
the future. Added to this last issue, tDCS could play a key role as a useful modulator of
pharmacological treatments [93, 94].

The high impact in children with cerebral palsy of tDCS might be due to the general
higher impact of its application in immature brains, as the electric peaks in children and
adolescents are twice as higher than in adults by using the same parameters [74]. In
addition, brain plasticity which characterizes these early ages could contribute to its
potentiated effect. For this reason, in our point of view, the effect of tDCS on children
is still needed to be further studied as well as the development stages of the CNS to
ensure its safety.

The tDCS technique is already being used in the private as well as in the public clinic
context. However, there are still some handicaps which should be taken into consider‐
ation on its application. Namely, the exact parameters which are effective for each
particular pathology have to be defined. In addition, individual differences regarding the
effect of tDCS are also a factor which is needed to be studied. Finally, mechanism of
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action of tDCS must still be explained in order to exactly define the neurophysiology
that underlies the present technique, which is a cue factor for its specific and safety use.
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