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Abstract
Transcranial direct current stimulation is one of the non-invasive techniques whose main mechanism of action is based on its
modulation of cortical excitability. The objective of this study is to analyze the variables (i.e, demographics, clinicals, stimulation
parameters) that could influence into the responses during rehabilitation of the upper extremity in patients with stroke. Our
systematic review has been performed by searching full-text articles published from January 2008 to December 2018 in Embase,
Medline, PubMed and Cochrane Library databases. Studies with adult patients with ischemic or hemorrhagic stroke at any stage
of evolution were included. We compared interventions with any type of transcranial direct current stimulation (anodal, cathodal
or bihemispheric, also known as dual) regarding improvement of upper extremity motor function. We included 14 studies with
368 patients, of whom almost 89% have ischemic etiology and more than half are males. Most patients were considered subacute
or chronic, while only two studies were selected with patients in the acute phase. Different methods of using transcranial direct
current stimulation with several complementary therapies were identified, such as virtual reality, robot therapy, Occupational
Therapy, Physiotherapy, Constraint Induced Movement Therapy or Peripheral Nerve Stimulation. In conclusion, there is not
significant evidence due to heterogeneity of clinical data and therapies. Clinical studies with greater number of participants and
protocols standardized could outline this assessment in future studies.
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Introduction

Post-stroke sensorimotor dysfunction occurs in more than half
of the cases with neurological deficits, causing a restriction in

the autonomous performance of Activities of Daily Living
(ADL’s) and thus entailing a deterioration in the quality of
the patient’s life [1, 2]. Recently, numerous strategies oriented
to increase the effectiveness of traditional therapies aimed at
achieving functional recovery have been developed.
Accordingly, robotics [3], Virtual Reality (VR) [4], and non-
invasive brain stimulation techniques, including both transcra-
nial magnetic stimulation (TMS) and transcranial direct cur-
rent stimulation (tDCS), are being usedmore frequently [5, 6].
In the last few years, the evidence supporting the effectiveness
of these methods applied individually [7, 8] or in combination
with other techniques with similar mechanisms of action, has
increased [9, 10]. Nevertheless, more studies are needed to
investigate the effectiveness of complementary techniques
such as tDCS and VR, among other possible options [11–13].

On the other hand, the increasing importance of
neuroplasticity and changes in brain activity by rehabilitation
techniques, has led to functional recovery through other
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pathways that go beyond reconditioning or physical recovery
[14]. In this way, the target of the rehabilitation activity is the
brain itself. Thus arise, techniques that seek to synchronize
brain activity with sensory and motor function [15, 16].

tDCS generates neural action potentials from an electric
current stimulation. Its mechanism is not completely clear
although it is believed to induce changes in the resting poten-
tial of the neuronal membrane [17]. These changes are specific
to the applied polarity, so that the anodal stimulation causes
depolarization (increase excitability) while the cathodal
causes a hyperpolarization (decrease excitability) of the neu-
ronal membrane potential [18].

In recent years, several systematic reviews and meta-
analysis [8, 19–21] have shown positive effects of tDCS on
upper extremity (UE) motor recovery in patients who are in
the chronic phase of stroke. Some of the clinical trials report a
decrease in spasticity after the stimulation sessions [11, 22,
23], but this parameter it is not measured consistently, so it
would be interesting to investigate it.

The aim of this study is to achieve a systematic review
analyzing the factors which could influence the performance
of responses to recovery of the UE in patients with stroke,
taking into account demographic variables such as age and
sex; clinical aspects including etiology and time since stroke;
as well as parameters related to stimulation technique itself;
such as the number of sessions, the duration of stimulation, the
electrodes position and size.

Material and methods

We conducted a systematic search of full text articles written
in English and published between January 2008 and
December 2018 in the following electronic databases:
Medline, Embase, PubMed and Cochrane Library.
Combination of keywords with the use of ‘AND’ were used
for the search and MeSH term used for ‘upper extremity’.

Search: transcranial direct current stimulation [Title/
Abstract] AND stroke [Title/Abstract] AND Upper
Extremity [Mesh, Title/Abstract]. Filters: published in
the last 10 years

The inclusion criteria for articles include: randomized, dou-
ble or single blind with patients over 18 years old who have
experienced one or more strokes with ischemic or hemorrhag-
ic etiology, and in acute, subacute or chronic phase, with im-
paired UE motor or sensorimotor function. The variables col-
lected include number of patients, age and gender and clinical
data such as etiology and time since stroke onset. The results
on the mobility of the UE affection are subsequent to the
application of any form of tDCS (anodal, cathodal, dual or
sham) [24], with or without complementary therapies such

as VR [25], RT [20, 26], Constraint Induced Movement
Therapy (CIMT) [27, 28], Peripheral Nerve Stimulation
(PNS) [9, 29], Occupational Therapy (OT) [30, 31] or
Physiotherapy (PT) [32]. The scales chosen for the UE func-
tionality assessment were Fugl-Meyer Assessment (FMA)
[33], Wolf Motor Function Test (WMFT) [34] or Action
Research Arm Test (ARAT) [35].

During the process of studies’ selection (Fig. 1), one of the
authors (AN) excluded incomplete texts, duplicates and irrel-
evant studies after titles and abstracts reading. We retrieved
the full text of the 83 articles selected with the inclusion
criteria, and with scientific relevance and were classified as
relevant, possibly relevant or irrelevant. Two authors (AN,
MAF) decided whether publications potentially relevant fit
PICOS strategy (Patient, Intervention, Comparison,
Outcome, Study design) [36] to solve our research question.
We excluded studies classified as irrelevant and we analyzed
the quality of all trials classified as relevant or possibly rele-
vant via Jadad scores [37]. Disagreements were solved among
all authors of the review. Finally, two authors (AN, MAF)
extracted independently the results of the studies selected for
the qualitative analysis.

Results

After making the studies’ selection process (Fig. 1) [38] ac-
cording to the criteria described previously, we extracted 14
publications whose demographic analysis is contained in
Table 1. We collected a total of 368 patients with stroke, of
whom almost 89% have ischemic etiology and more than half
are males. The average age is 59.2. In two studies [39, 40],
with a total of 36 patients, we found interventions in the acute
phase, while the rest of publications, are in the subacute [12,
41–43], or chronic phase [11, 44–48] and other two [49, 50]
mixed patients in the subacute and chronic phase; with a total
of 193 patients in the subacute phase and 139 in the chronic.

In terms of parameters used for tDCS stimulation (Table 2),
the interventions offer between 5 and 30 sessions of anodal,
cathodal or dual stimulation with a variable duration from 10
to 40 min, while sham stimulation varied from 10 s to 1 min,
except in one study in which 20 min of stimulation was ap-
plied [41]. The intensity oscillated between 1 and 2 mA and
the size of the electrodes ranged from 16.3cm2 to 35cm2.

All studies except one [43], agree that the application of
tDCS is effective, taking into account the scores of the motor
function assessments. In all collected results from the FMA
[11, 12, 39, 41–50], except Lee and Chun [40], which assesses
the functionality in the ADL’s. However, we cannot compare
the studies to each other due to the heterogeneity of the results,
that is recruiting patients in a broad age range, diverse lesion
location and etiology; and the variability in terms of the
methods of collecting the results from the scales. In some
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cases, we found the average score obtained from the motor
function assessment, and in other cases we found the scores of
each patient individually [42, 44].

Discussion

There is no doubt that studies published after the application of
tDCS with or without additional treatment report positive effects
in the rehabilitation of patients with stroke in both acute and
long-term [51–54]. In this sense, it would be necessary to expand
the number of randomized trials of assessable quality to avoid
biases. From the review of the articles selected in our study, we
consider some factors that might influence over the effectiveness
of tDCS in any of its variants, anodal, cathodal or dual.

Firstly, demographic variables such as the patient’s age and
sex, as well as the clinical data on etiology, time of evolution
and lesion location, are factors to emphasize. Nowadays, it is
accepted that stroke is the first cause of death in women and

the third in males as well as the first cause of disability in the
adult [55]. This information about patients is collected, broad-
ly speaking, in all studies included in this work [11, 12,
39–50], but only a minority mentioned that it would be im-
portant to take them into account [39, 40, 42, 43, 50]. On the
other hand, none of them sets out more specific analyses.

As for the data associated with the pathology, it has been
observed that there is a controversy in relation to the time
limits that define the shape of the stroke in relation to the terms
that define the type of stroke by time evolution. That is, the
studies analyzed considered as acute stroke, when the elapsed
time reaches up to 10 days or 2 weeks after stroke [39, 40];
subacute between 2 weeks and 6 months [12, 41–43, 49, 50];
and chronic, from 8 weeks or since 6 months after stroke onset
[11, 41, 44, 46, 47, 49, 50]. Without doubt this variability
poses a major difficulty when comparing the results, so it
would be necessary to standardize these basic concepts and
to develop studies with patients who are clearly at the same
time of evolution, in order to obtain more valuable results.

Fig. 1 PRIMSA flowchart
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Related to stimulation technique, we also observed notable
differences between the publications since there is no protocol
for the parameters used with tDCS, in terms of intensity, num-
ber of sessions and electrodes position, and there are disagree-
ments between which is the best type of stimulation or posi-
tion for the electrodes on each situation to achieve the best
results and to maintain of the long-term benefits. For instance,
Nair et al. [48], applied tDCS cathodal over M1 unaffected,
intensity at 1 mA, for 30 min, 5 consecutive days in patients
with ischemic chronic stroke and moderate UE dysfunction, to
the time they receive OT rehabilitation treatment. The benefits
obtained persist for at least 1 week after the end of the inter-
vention. However, in the study by Lindenberg et al. [44], the
parameters differ in that patients receive bihemispheric stim-
ulation and the intensity is 0.5 mA higher.

In contrast, Ilic et al. [45] report that after 10 sessions of
20 min anodal stimulation in M1 affected at 2 mA intensity,
the maintenance of the mobility effectiveness and function of
the UE is observed up to 1 month later. Unlike in previous
studies, the stimulation is performed prior to the OT rehabili-
tation treatment, so that could be another factor that act over
the technique effectiveness.

The greatest long-term benefit with an intervention of
tDCS cathodal and OT in ischemic subacute stroke was ob-
served by Kim et al. [42], with a duration of up to 6 months.
Another study that follows in maintenance of gains is Hesse
et al. [41], which reaches to 3 months. There are no significant
differences between age, sex, etiology, time of stroke evolu-
tion and severity of UE impairment among the patients of both
studies. The treatment covers 20 sessions more than Kim et al.
[42] including, in addition, RT.

Therefore, in patients with ischemic subacute stroke, stim-
ulation with tDCS anodal or cathodal along with RT, would

not provide greater long-term benefits than tDCS cathodal
with OT. Otherwise, Straudi et al. [50] study the effectiveness
of the combination of dual-tDCS with RT for 10 sessions, for
the rehabilitation of the paretic arm in patients with subacute
and chronic stroke, whose results showed slightly relevant
changes, but they claim that dual-tDCS was more suitable
for chronic stroke with a subcortical lesion and less effective
for subjects in a subacute phase or with cortical stroke.
Moreover, Triccas et al. [49], concludes that the use of
anodal-tDCS with RT is more effective in the subacute phase
of stroke than in the chronic one. In addition, tDCS should be
applied before the motor training task to avoid the activation
of the mechanism for homeostatic regulation [56, 57]. In this
way, the role of the tDCS with complementary therapies that
include functional tasks would turn or decrease the cortical
excitability to optimize the process of learning prior to the
activity execution [56].

Associating tDCS with a complementary technique, could
have a synergistic effect that would contribute to a greater
benefit in the rehabilitation of the UE than the application of
each of them individually. It is observed that VR provides
feedback in real time, which increases the intensity of the
activity and the duration of task-oriented training, promoting
the function of the UL [12, 52, 53]. Thus, the first study car-
ried out with a combination of tDCS and VR in Lee and Chun
[12], with a sample of patients with subacute stroke, corrobo-
rates the functional improvement in the UE also detected in
the study of Viana et al. [11], which collected patients with
chronic stroke. This is interesting, because 6 months after
suffering brain damage, spontaneous recovery is unlikely
[58, 59]. In addition, the recovery of UE function in patients
with long-term stroke using robotics favors joint mobility and
provides a greater increase in social participation compared to

Table 1 Demographic details,
etiology and post stroke delay Study N Sex

(M/F)
Age
(mean)

Etiology
(I/H)

Post stroke
delay

Lindenberg et al. (2010) 20 15/5 34.6–77.8 (58.7) I Chronic

Kim et al. (2010) 18 13/5 34–77 (57.2) I Subacute

Bolognini et al. (2011) 14 5/9 26–75 (46.7) 12/2 Chronic

Hesse et al. (2011) 96 (85) 59/32 39–79 (64.9) I Subacute

Nair et al. (2011) 14 9/5 40–76 (58.5) I Chronic

Fusco et al. (2014) 11 5/6 33–77 (58.3) I Subacute

Joung Lee and Chun (2014) 59 31/28 – (61.3) 35/24 Subacute

Viana et al. (2014) 20 16/4 – (55.5) I Chronic

Sattler et al. (2015) 20 14/6 37–82 (65.1) I Acute

Triccas et al. (2015) 22 13/9 37–83 (63.4) 17/5 Subacute, chronic

Ilic et al. (2016) 26 17/9 48–67 (60.1) I Chronic

Straudi et al. (2016) 23 12/11 – (58.2) 19/4 Subacute, chronic

Rabadi et al. (2017) 16 16/0 – (62) I Acute

Takebayashi et al. (2017) 20 14/6 – (59.3) 14/6 Chronic

F female, H hemorrhagic stroke, I ischemic stroke, M male
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conventional therapies [60]. However, this type of treatment is
even more passive than the VR therapy, since robotics and
exoskeletons can improve UE overall UE mobility but not
manual dexterity [61].

When establishing a suited stimulation protocol, it is nec-
essary to keep in mind that the mechanism of cortical reorga-
nization after stroke is a dynamic process that differs depend-
ing on the location of the injury, the evolution time and sever-
ity of the damage [62]. This neuroplastic process does not
always facilitate motor recovery. In fact, there could be mal-
adaptive consequences that may interfere with the spontane-
ous recovery in the acute and subacute stage [63].
Contralesional hyperexcitability begins 1 week after stroke
onset and lasts up to 4 months [64]. In case of the primary
sensorimotor cortex (S1 M1), a study with functional
Magnetic Resonance Imaging (fMRI) [65] shows the evolu-
tion from the activation of the contralesional hemisphere
20 days after the stroke onset to hyperactivation of ipsilesional
hemisphere 4 months later, concurrent with the recovery. In
most severe cases, there is a hyperactivation of both hemi-
spheres at the same time. In this way, to re-establish the inter-
hemispheric balance in this case, it seems appropriate to apply
a stimulation protocol with dual-tDCS [66], as referred to in
Bolognini et al. [47], in which a significant improvement is
observed in chronic stroke patients compared to a control
group after 14 sessions of 40 min of bihemispheric stimula-
tion, during CIMT. Accordingly, Takebayashi et al. [46] de-
scribe better results in the experimental group compared to the
control group, but in this case, dual-tDCS is applied first,
followed by PNS and CIMT. tDCS is known to potentiate
the benefits in motor function induced by CIMT, either before
or during the therapy [46, 47, 67], although it remains unclear

which of the two options provides the greatest benefits in the
case of chronic stroke or if there are differences comparable
depending on the ischemic or hemorrhagic etiology.

Two of the studies found [42, 44], show the demographic
and clinical data of each patient individually, which has
allowed us to compare if there is any relationship between
these factors, the type of stimulation applied and the improve-
ment in the UE mobility. None of them are double blind, what
could be a risk of bias. In Kim et al. [42], the greatest benefit
was in a female, 34 years old, with subcortical subacute ische-
mic stroke which received anodal tDCS for 20 min during 10
sessions at 2 mA, followed by a male, 68 years old, with a
cortical subacute ischemic stroke, who received cathodal
tDCS with the same dosage. In this study, both patients re-
ceived OT sessions at the same time during treatment and the
follow-up, which lasts up to 6 months, where the results have
statistical significance just in the cathodal group. Here we find
other probable biases, because these benefits may be masked
by a possible spontaneous recovery and its maintenance due to
OTsessions.Moreover, the best score collected in the study by
Lindenberg et al. [44] is a male, 52 years old, with cortical
chronic ischemic stroke who received dual-tDCS for 30 min
during 5 consecutive sessions at 1.5 mA with PT/OT at the
same time of the stimulation. This patient scored higher on the
FMA scale post-intervention and follow-up than another
male, who received the same treatment, was younger, the time
after stroke onset is 11 months older, the lesion size was sim-
ilar, but the damage at the corticospinal tract was bigger. This
can lead us to think that regardless of the age of the patient, the
effectiveness of the technique depends on the state of the
corticospinal tract and the time of stroke evolution. In addi-
tion, OT rehabilitation sessions after the intervention with

Table 2 Intervention parameters

Study Intervention Stimulation Duration Intensity Size N° sessions

Lindenberg et al. (2010) PT/OT dual-tDCS/sham 30 min/30s 1.5 mA 16.3 cm2 5

Kim et al. (2010) OT anodal/cathodal/sham 20 min/20 min/1 min 2 mA 25 cm2 10

Bolognini et al. (2011) CIMT dual-tDCS/sham 40 min/10 s 2 mA 35 cm2 14

Hesse et al. (2011) RT anodal/cathodal/sham 20 min/20 min/20 min 2 mA 35 cm2 30

Nair et al. (2011) OT cathodal/sham 30 min/30 min 1 mA – 5

Fusco et al. (2014) PT/OT cathodal/sham 10 min/10 min 1.5 mA 35 cm2 10

Joung Lee and Chun (2014) VR, OT cathodal 20 min 2 mA 25 cm2 15

Viana et al. (2014) VR anodal/sham 13 min/30s 2 mA 35 cm2 15

Sattler et al. (2015) PNS anodal/sham 13 min/1 min 1.2 mA 35 cm2 5

Triccas et al. (2015) RT anodal/sham 20 min/10 s 1 mA 35 cm2 18

Ilic et al. (2016) OT anodal/sham 20 min/1 min 2 mA 25 cm2 10

Straudi et al. (2016) RT dual-tDCS/sham 30 min/30 s 1 mA 35 cm2 10

Rabadi et al. (2017) PT/OT cathodal/sham 30 min/30s 1 mA 35 cm2 10

Takebayashi et al. (2017) CIMT, PNS anodal/cathodal 20 min/20 min 1 mA – 10

CIMT Constraint Induced Movement Therapy, OTOccupational Therapy, PNS peripheral nerve stimulation, PT physiotherapy, RT robot therapy, tDCS
transcranial direct current stimulation; VR virtual reality
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tDCS is favorable for the maintenance of the profits obtained.
All the patients mentioned have ischemic etiology, but in
Fuentes et al. [52], they obtained close results to the previous
study using anodal tDCS with VR for 20 min during 25 ses-
sions at 2 mA in a male, 38 years old, with hemorrhagic
subcortical chronic stroke. He received 25 sessions of PTafter
the intervention plan and FMA scores decreased slightly at the
end. So, it would be interesting to analyze cerebral reorgani-
zation after a stroke to know the differences during the process
between ischemic and hemorrhagic etiology.

The evidence indicates that there is a greater effect of non-
invasive stimulation with dual-tDCS in patients in the chronic
phase of stroke [44, 47, 50]; with the use of cathodal tDCS on
unaffected hemisphere in patients with subacute stroke [12,
42, 43, 48, 52]; and we have not found in our review any
differences among the results with anodal or cathodal stimu-
lation in the acute phase [39, 40]. From our point of view,
performing neuroimaging (fMRI, PET scan) and electrophys-
iological studies (EEG) might help to know the status of the
brain activation and to be able to choose what type of stimu-
lation is the most appropriate according to the time of
evolution.

Conclusions

There was clinical heterogeneity among the included studies
concerning age of participants, time since stroke; type, dura-
tion and intensity of stimulation, location of the electrodes,
severity impairment at baseline and concurrent therapies.
This may be because the optimal stimulation protocol is not
yet established. Confirming the performance protocols with
tDCS for the rehabilitation of UE in patients with stroke, tak-
ing into account factors such as age, sex, stroke etiology and
location could have a great economic and psychosocial im-
pact, reducing the duration of rehabilitation. It will be neces-
sary to study the durability of the effects of tDCS, evaluating
the maintenance and prognosis of neurological improvement
over time with and without complementary therapies, as well
as analyzing the change in cortical excitability using standard-
ized protocols with neuroimaging (fMRI, PET) or electro-
physiological assessment (EEG) before and after the stimula-
tion. All in all, this will make it possible to verify the neuro-
physiological changes in an objective manner to apply these
techniques with scientific evidence.
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