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Abstract

Transcranial direct current stimulation (tDCS) is a non-invasive, well-tolerated, brain stimulation technique, using
a weak current applied on the scalp. Rational of tDCS use has been based on the assumption of the post-stroke
inter-hemispheric competition model, resulting in a hypo-excitability hemispheric lesion and a hyper-excitability
healthy hemisphere, to improve the recovery of motor function. Several small studies have been published but the
efficacy of tDCS is not established. We performed a systematic review of published studies to assess efficacy of
tDCS on motor function of patients with stroke. A thorough search of main databases has been performed to identify
randomized, controlled studies on efficacy of tDCS in patients with stroke. The values derived from the primary
outcome measures of these studies have been standardized to make them comparable; eight comparisons were
planned: degree of dependence, improvement of upper limb, improvement of global motor function, improvement of
lower limb and visual perception; comparison between anode stimulation and sham, anode stimulation and follow-
up. 8 studies have been included in the meta-analysis. 3 studies have been excluded because of lack of statistical
data, non-randomized assignment and lack of a control group; 178 participants have been included altogether. Most
of comparisons did not produce significant results; however a significant improvement of dependence scores
(p=0.02), of lower limb index (p=0.02), and of visual perception (p=0.02) have been found. Despite the encouraging
results by neurophysiological and instrumental investigations, in some heterogeneous cases, our study shows that
there is a need to conduct studies with larger sample sizes.
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Introduction
Transcranial direct current stimulation (tDCS) is a noninvasive,

well-tolerated, bidirectional brain stimulation technique whose use
does not result in the occurrence of auditory and somatosensory
perceptions after the initial minutes [1-5], using a weak current applied
on the scalp, through two electrodes of sponge soaked in saline
solution to modulate spontaneous neuronal discharge frequency in
painless and reversible [6,7]. The effects are polar-dependent; Anodal
stimulation induces depolarization of the neural membrane, while
cathodal stimulation induces hyperpolarization [8,9].

In many recent studies, ratio of tDCS has been based by assumption
of the post-stroke inter-hemispheric competition model, resulting in a
hypo-excitability hemispheric lesion and a hyper- excitability healthy
hemisphere, to improve the recovery of motor function. Some studies
suggest that the amount of transcallosum inhibition may be positively
linked to the degree of motor disability [10,6], making it plausible the
hypothesis that this phenomenon is a maladaptive process with effects
resulting from the impairment of motor function [11].

Material and Methods

Literature research and selection of studies
Eight studies were considered for a total of 178 subjects included

[6,12-18]. Computer literacy research has been focused on post-stroke

motor recovery studies by administering non-invasive brain
stimulation (NIBS) including transcranial direct current stimulation
(tDCS); the research period of the literature is between January 2005
and May 2016. The databases used were two: PubMed and Cochrane
Database of Systematic Reviews. Five key words were used: (a) stroke
(b) brain infarct (c) rehabilitation (d) tDCS (e) NIBS.

All studies were evaluated for inclusion and exclusion criteria to
minimize the risk of bias. Inclusion criteria were: quantification of
tDCS effects on motor recovery, comparison between group (i.e.
anode, cathode and bilateral stimulation). Studies that did not report
both the randomized assignment and the control group were excluded.
The exclusion criteria were: review articles, case studies, case reports,
studies that did not report statistical data, and studies without control
group. 6/8 studies are RCT, the other two are cross-over tracks. 6/8
have tDCS rehabilitation protocols, 5 of them simultaneously with
tDCS, while 1/8 administer rehabilitation intervention after brain
stimulation. Eight comparisons were considered: variations in patient
dependence, upper limb recovery, lower limb motor recuperation,
global motor function, visual perception, anodal vs. cathodal
stimulation (inherent to global motor recovery), anodal stimulation vs.
sham and anodal stimulation vs. sham follow-up (inherent to upper
motor recovery).

Valutation scales
Primary assessment measures were Fugl-Meyer Upper Limb (FM-

UL), Jebsen Taylor Hand Function Test (JTHFT), Finger Flexion Scale
(Bhakta fist) for upper limbs; Wolf Motor Function Test (WMFT)
Fugl-Meyer Assessment and European Stroke Scale for Improving
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Motor Functionality; Lower Limb Motricity Index as a lower limb
evaluation; Motor free Visual Perception Test for visual perception;

Barthel Index and Functional Independence Measure as Dependency/
Independence Assessment Scales.

Figure 1: Presents the main features of the studies.

The values derived from the above scales have been standardized to
make them comparable, indicative of a common parameter, in a
generalized improvement scale of the coded performance as the
number of standard deviations from the average performance of the
group. Review Manager 5.3 (RevMan) version 5.3.5, Copenhagen: The
Nordic Cochrane Center, The Cochrane Collaboration 2014 has been
used.

Results
From the analysis of literature, 11 studies have been identified with

the characteristics specified in the inclusion criteria; 3 studies were not
included in the analysis due to the exclusion criteria. The summary
table (Figure 1) presents the main features of the studies included.

The total study participants were 178, 118 males, 60 females. The age
range ranged from 34 to 84. Most subjects have chronic stroke, only

one study includes only subacute subjects (7-30 days from the event)
[16], and another study included both [15]. Bilateral stimulation was
administered in majority of trails, while in 2 studies anodal stimulation
was investigated [16] and cathodal stimulation in one study [18]; The
current intensity varies from 1 mA to 2 mA. In most studies the
hemisphere affected by the anode electrode and the cathode electrode
positioned on the hemisphere has been stimulated; only 3 studies have
used monocephalic montage [6,16,18]. The duration of stimulation
ranged from 9 min to 30 min. The treatment protocol, in addition to
neuromodulation, in most cases provided for a physiotherapy and/or
occupational or robotic rehabilitation program, concurrently with
stimulation, only one study included post-tDCS rehabilitation therapy
[6], whereas in 2 studies it was present only neuromodulation [14,18].

In most cases the evaluation is inherent to the upper limb, in a trial
the first measure was the response to the treatment of the lower limb
[16] and in one studies the effects on visual perception [13].

Citation: Banchetti PA, Marini C (2017) Efficacy of Transcranial Direct Current Stimulation as Support for Neurorehabilitation Therapy: A Meta-
analysis of Available Studies. Int J Phys Med Rehabil 5: 417. doi:10.4172/2329-9096.1000417

Page 2 of 6

Int J Phys Med Rehabil, an open access journal
ISSN:2329-9096

Volume 5 • Issue 4 • 1000417



Figure 2: Presents subgroup study findings.

In the assessment of dependency, the analysis for comparison of
active vs. sham treatment showed, as in Figure 2A, a statistically
significant reduction (p=0.02) of the dependency rate after tDCS
treatment, with a standardized score difference of 0.51 (95% CI
0.07-0.94), without significant heterogeneity among studies (p=0.39).

There was no significant difference between studies (p=0.28) due to
heterogeneity between studies (p=0.08) as compared to the upper limb
function as recited in Figure 2B.

The analysis of the effect on the overall motor function of pacing
with the active electrode vs. control group showed a trend in favour of
experimental treatment which does not yet achieve statistical
significance (p=0.14) (Figure 2C).

Comparison with active stimulation vs. sham stimulation was
effective in improving the lower limb scale, as in Figure 2D
(SMD=1.00; 95% CI 0.14-1.86), and in improving the visual perception
functionality (SMD=2.90; 95% CI 0.42-5.38) (Figure 2E).

The administration of anodal stimulation vs. sham was significantly
effective (p=0.02) in improving the upper limb function (SMD=0.81,
95% CI 0.13-1.49).

Only one study analysed the long-term differences in the function
of the upper limb without any significant differences p=0.68.

No difference was found between dual stimulation and cathodal
stimulation with respect to motor function improvement (p=0.50).

Discussion
Six studies involving eight used a bilateral montage, including the

anodal stimulation of M1 of the ipsilesional hemisphere (C3 and C4
EEG 10/20 system), cathodal stimulation of M1 of the controlesional
hemisphere or cathodal stimulation of the contralateral supraorbital
area to the lesion [12-19]. Bilateral montage is often used based on the
assumption that the movements of the impaired limbs are often
associated with a high level of transcallosal inhibition by the
hemisphere not affected by the hemisphere being injured [10,20]; some
studies conducted with multimodal imaging techniques and mapping,
such as fMRIs and TMSs, confirmed the existence of this imbalance of
the hemisphere not affected, also called a hemispheric competition
model, particularly during the preparation and execution of upper-
limb motor acts [21,22], some authors hypothesize that the amount of
this imbalance in inter-hemispheric excitability may be positively
correlated with the degree of severity of motor disability [10,6].
Lindenberg et al. found significant and extensive improvement in
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motor function in the stimulated group, stimulation with simultaneous
rehabilitation treatment based on physiotherapy techniques and
occupational therapy with compared to the control group; the effects
are verifiable even after one week after the end of the treatment; it has
also been hypothesized that the magnitude of the electrode may affect
the adjacent premotory cortex as well as the anodic somatosensory
cortex; similarly, cathodal stimulation may have a similar effect in
adjacent structures [19]. In the same study, the activation of post-
stimulation cerebral areas by fMRI was investigated, denoting a greater
activation of the ipsilesional motor area in the active group, in contrast
to the control group; activation changes were detected dorsally to the
motor area, giving a typical limbic representation.

Kim et al. using a bi-hemispheric montage simultaneous to
occupational therapy, found an approximate improvement of six points
in the experimental group compared to the control group in the
evaluation of the function of visual perception; while an increase of 13
points is denoted in the assessment of dependence/independence in
the experimental group. Hummel et al. denotes a significant difference
between tDCS-induced improvements for tasks requiring fine and
distal motor control versus tasks involving proximal compartments.
The study conducted by Chang et al. with bilateral montage and
simultaneous rehabilitation treatment including physiotherapy
protocols, showed a significantly higher improvement in the
experimental group in relation to the motor recovery of the lower limb
compared to the sample group.

Five out of eight studies contributed to the administration of tDCS
to the rehabilitation treatment, reporting a significant increase
compared to the control groups [12,13,16,17]; Straudi et al. using
Upper Extremity Robot-Assisted Training however showed a general
improvement in motor function in both groups, and the lack of
significant superiority between the experimental group and the control
group. It has been hypothesized that peripheral training, meant as
functional motor tasks designed to promote sensorimotor integration,
coordination of movements and goal-directed activities of practical
relevance [12], in combination with tDCS could improve the
acquisition of motor skills and the respective consolidation of the same
through a mechanism LTD due to the increase in inputs versus the
cortex while its intrinsic excitability is modified by tDCS [23]. In a
particular way the Long Term Potentiation mechanism determines a
long-term increase of synapse efficiency, and long-term depression
(LTD) translated in a diminution in synapse efficiency, are
mechanisms that occur in the cerebral cortex and are strongly
implicated as a primary factor in motor learning and brain plasticity,
this could clarify the effects of tDCS [24]. The explanation derives from
the assertion for which NMDA receptor modulation plays an
important role for the propagation of LTP and LTD, bringing a
facilitation when the post-synaptic membranes, soma and dendritic are
depolarized [25], when the area underlying the stimulation is closer to
the negative pole of the electric field, facilitates the opening of voltage-
dependent ionic channels with consequent activation of the NMDA
receptors by removing the magnesium ions block Mg+ [26]. Anodal
stimulation could therefore activate the NMDA receptors, potentially
translating into a significant increase of Ca2+ in post-synaptic cells
[23]; it is therefore hypothesized that facilitation in motor learning
through repeated tDCS sessions can be explained as the result of an
additional effect on the post-synaptic levels of Ca2+, which leads to a
long-term change in synaptic efficiency [23]. The effects on ion
channels of Ca2+ and on NMDA receptors may be dependent on the
concurrently reduction of the GABA-ergic tone, always facilitated by
anode stimulation [18,27,28].

As a physical therapy associated with tDCS some authors use the
modified Constaint-Induced Moving Therapy (mCIMT); in the study
considered emerged a significant interaction time effect and time x
group in the upper limb and motor function evaluations for the
experimental group, in both times of verification (T1 and follow-up),
demonstrating a mild maintenance of the effects between post-
intervention and follow-up in the group to which anodal stimulation
was administered, compared to cathodal stimulation and sham [6].

Some authors have demonstrated the effectiveness of CIMT in
improving the motor function of the upper limb post-stroke; in
accordance with the model of inter-hemispheric imbalance, increasing
the hemispheric activity by limiting the contralateral hemisphere
activity [29,30]; a healthy limb retention for 90% of waking time, and a
specific training of the affected limb for 6 h each day [31], while
mCIMT reduces the retention time of the healthy limb for six
continuous hours and the administration of specific tasks to be
performed by the affected limb of one-hour duration [29,32-34]. The
covariant analysis also presents the stage of the lesion, some studies
include only chronic stroke, other subacute stroke, or both. In this
meta-analysis studies including subjects with chronic stroke are 6, 1
with subacute stroke and 1 with both. Some evidence [15,35-37] points
out, an improvement in the results of subjects with chronic stroke,
associated with rehabilitative treatment; Straudi hypothesizes that,
according to the model of inter-hemispheric competition, in the
subacute phase the increase of the cortical excitability of the
contralateral hemisphere to the lesion can be compensatory rather
than maladaptive; in this stage, the effects of neuromodulation may be
masked by spontaneous recovery, with little further clarity; motor
training, in addition, induces a cortical reorganization after a few
weeks from the end of treatment suggesting that early rehabilitation
therapy could involve the evolution of neural post-stroke networks
[12,38].

Instrumental studies, showed through transcranial magnetic
stimulation (TMS) cortical excitability, an increase of recruitment
curves correlated with improved tDCS induced motor performance,
and a shortened intra-cortical inhibition interval [14];
neurophysiological evaluation of the cathodal vs. dual stimulation
revealed a slight increase in the H wave reflex latency in both
stimulations, cathodal stimulation maintained modulation of H
reflection for a slightly longer period [18]. The H-reflex is a spinal
monosinaptic reflex that measures the excitability of alpha
motoneuron, and it’s a neurophysiological index of spasticity coupled
with a decrease in presynaptic activity and a reciprocal inhibition with
a reduced facilitation of the fibres of the type ‘la’; it’s modulated by
recurrent inhibitory neurons, under the control of descending
inhibitory fibers. Cortical neuromodulation seems to act on the
inhibitory components through the spinal cortico-reticular tract,
reinforcing the already known changes induced by tDCS [18].
Following the cathodal stimulation carried out in the trial by Del Felice
et al., a significant increase in spasticity reduction was observed
immediately after intervention with a wide maintenance effect; clinical
results are supposed by the decrease in amplitude and an increase in
the latency of H reflex [18].

The potential motor evoked (MEPs) investigated [16], showed an
increase of amplitude and decrease of latency in the anterior tibialis
muscle in the experimental group compared to the control group; these
results indicate an increase in cortical excitability consequent by
stimulation with physical therapy rehabilitation. Since cortical
excitability reflects neural activity, the observed increase in the
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experimental group demonstrates that anode stimulation can induce
changes in neural activity in the motor cortex; in accordance with the
study of Nitsche et al. [7] the increase in cortical excitability is
sustained for 90 min after administration.

Conclusion
Despite the encouraging results, in some heterogeneous cases, there

is a need to conduct studies with larger sizes of samples; many
covariates should be investigated, including lesion extension, type of
lesion, and condition of the lesion. There is also a need for a much
wider follow-up to clarify as far as possible the long-term effects of
neuromodulation. Demographic co-variables may have a role in the
age of patients included in the studies, considering the possible
presence of geriatric age in comorbidities and small vessel vascular
disease. More accurate instrumental investigations could help clarify
some aspects of tDCS that are not known yet.

References
1. Priori A, Berardelli A, Rona S, Accornero N, Manfredi M (1998)

Polarization of the human motor cortex through the scalp. Neuroreport 9:
2257-2260.

2. Nitsche MA, Paulus W (2000) Excitability changes induced in the human
motor cortex by weak transcranial direct current stimulation. J Physiol
527: 633-639.

3. Nitsche MA, Liebetanz D, Lang N, Antal A, Tergau F, et al. (2003) Safety
criteria for transcranial direct current stimulation (tDCS) in humans.
Clin Neurophysiol 114: 2220-2222.

4. Nitsche MA, Schauenburg A, Lang N, Liebetanz D, Exner C, et al. (2003)
Facilitation of implicit motor learning by weak transcranial direct current
stimulation of the primary motor cortex in the human. J Cogn Neurosci
15: 619-626.

5. Hummel F, Wu CW, Floel A, Gerloff C, Cohen LG (2005) Improvement of
skilled motor functions in elderly healthy volunteers by cortical
stimulation. Neuroimage 22: S29.

6. Rocha S, Silva E, Foerster A, Wiesiolek C, Chagas AP, et al. (2016) The
impact of transcranial direct current stimulation (tDCS) combined with
modified constraint-induced movement therapy (mCIMT) on upper limb
function in chronic stroke: a double-blind randomized controlled trial.
Disabil Rehabil 38: 653-660.

7. Nitsche MA, Paulus W (2001) Sustained excitability elevations induced
by transcranial DC motor cortex stimulation in humans. Neurol 77:
1899-901.

8. Nitsche MA, Liebetanz D, Antal A, Lang N, Tergau F, et al. (2003)
Modulation of cortical excitability by weak direct current stimulation-
technical, safety and functional aspects. Suppl Clin Neurophysiol 56:
255-276.

9. Viana RT, Laurentino GE, Souza RJ (2014) Effects of the addition of
transcranial direct current stimulation to virtual reality therapy after
stroke: a pilot randomized controlled trial. NeuroRehabil 34: 437-446.

10. Murase N, Duque J, Mazzocchio R, Cohen LG (2004) Influence of
interhemispheric interactions on motor function in chronic stroke. Ann
Neurol 55: 400-409.

11. Lang N, Nitsche MA, Paulus W, Rothwell JC, Lemon RN (2004) Effects of
transcranial direct current stimulation over the human motor cortex on
corticospinal and transcallosal excitability. Exp Brain Res 156: 439-443.

12. Lindenberg R, Renga V, Zhu LL, Nair D, Schlaug G (2010) Bihemisferic
brain stimulation facilitates motor recovery in chronic stroke patients.
Neurol 75: 2176-2184.

13. Ko-Un Kim, Soo-Han Kim, Tae-Gyu An (2016) Effect of transcranial
direct current stimulation on visual perception function and performance
capability of activities of daily living in stroke patients. J Phys Ther Sci 28:
2572-2575.

14. Hummel F, Celnik P, Giraux P, Floel A, Wu WH, et al. (2005) Effects of
non-invasive cortical stimulation on skilled motor function in chronic
stroke. Brain 128: 490-499.

15. Straudi S, Fregni F, Martinuzzi C, Pavarelli C, Salvioli S, et al. (2016)
tDCS and robotics on upper limb stroke rehabilitation: effect
modification by stroke duration and type of stroke. Biomed Res Int 6 :
5068127.

16. Chang MC, Kim DY, Park DH (2015) Enhancement of cortical
excitability and lower limb function in patients whit stroke by
transcranial direct current stimulation. Brain Stimulation. 561-566.

17. Figlewski K, Blicher JU, Mortensen J, Severinsen KE, Nielsen JF, et al.
(2017) Transcranial direct current stimulation potentiates improvements
in functional ability in patients with chronic stroke receving constraint-
induced movement therapy. Stroke 48: 229-232.

18. Del Felice A, Daloli V, Masiero S, Manganotti P (2016) Controlesional
cathodal versus dual transcranial direct current stimulation for
decreasing upper limb spasticity in chronic stroke individuals: a clinical
and neurophysiological study. J Stroke Cerebrovasc Dis: 2932-2941.

19. Schlaug G, Renga V, Nair D (2008) Transcranial direct current
stimulation in stroke recovery. Arch Neurol 65: 1571-1576.

20. Takeuchi N, Oouchida Y, Izumi S (2012) Motor control and neural
plasticity through interhemispheric interactions. Neural Plast: 823-285.

21. Alagona G, Delvaux V, Gerard P, De Pasqua V, Pennisi G, et al. (2003)
Ipsilateral motor responses to focal transcranial magnetic stimulation in
healthy subjects and acute-stroke patients. Neuroimage 20: 2259-2270.

22. Murase N, Duque J, Mazzocchio R, Cohen L (2007) Influence of
interhemispheric interactions on paretic hand movement in chronic
subcortical stroke. Ann Neurol 55: 289-296.

23. Stagg CJ, Best J, Stephenson M, O’Shea J, Wylezinska M, et al. (2009)
Polarity-sensitive modulation of cortical neurotransmitters by
transcranial stimulation. J Neurosci 29: 5202 5206.

24. Rioult-Pedotti MS, Friedman D, Donoghue JP (2000) Learning-induced
LTP in neocortex. Sci 290: 533-536.

25. Kabakov AY, Muller PA, Pascual-Leone A, Jensen FE, Rotenberg A (2012)
Contribution of axonal orientation to pathway- dependent modulation of
excitatory transmission by direct current stimulation in isolated rat
hippocampus. J Neurophysiol 107: 1881-1889.

26. Kampa BM, Clements J, Jonas P, Stuart GJ (2004) Kinetics of Mg2+
unblock of NMDA receptors: implications for spike-timing dependent
synaptic plasticity. J Physiol 556: 337-345.

27. Nitsche MA, Fricke K, Henschke U, Schlitterlau A, Liebetanz D, et al.
(2003) Pharmacological modulation of cortical excitability shifts induced
by transcranial direct current stimulation in humans. J Physiol 553:
293-301.

28. Page SJ, Sisto S, Levine P, Mc Grath RE (2004) Efficacy of modified
constraint-induced movement therapy in chronic stroke: a single-blinded
randomized controlled trial. Arch Phys Med Rehabil 85: 14-18.

29. Mark VW, Taub E (2004) Constraint-induced movement therapy for
chronic stroke hemiparesis and other disabilities. Restor Neurol Neurosci
22: 317-336.

30. Taub E, Miller NE, Novack TA, Cook EW 3rd, Fleming WC, et al. (1993)
Technique to improve chronic motor deficit after stroke. Arch Phys Med
Rehabil 74: 347-354.

31. Szaflarski JP, Page SJ, Kissela BM (2006) Cortical reorganization following
modified constraint-induced movement therapy: a study of 4 patients
with chronic stroke. Arch Phys Med Rehabil 87: 1052-1058.

32. Page SJ, Levine P, Leonard A (2008) Modified constraint-induced
movement therapy in chronic stroke: results of a single-blinded
randomized controlled trial. Phys Ther 88: 333-340.

33. Singh P, Pradhan B (2013) Study to assess the effectiveness of modified
constraint-induced movement therapy in stroke subjects: a randomized
controlled trial. Ann Indian Acad Neurol 16: 180-184.

34. Bolognini N, Vallar G, Casati C (2011) Neurophysiological and
behavioral effects of tDCS combined with constraint-induced movement
therapy in poststroke patients. Neurorehabil Neural Repair 25: 819-829.

Citation: Banchetti PA, Marini C (2017) Efficacy of Transcranial Direct Current Stimulation as Support for Neurorehabilitation Therapy: A Meta-
analysis of Available Studies. Int J Phys Med Rehabil 5: 417. doi:10.4172/2329-9096.1000417

Page 5 of 6

Int J Phys Med Rehabil, an open access journal
ISSN:2329-9096

Volume 5 • Issue 4 • 1000417

https://www.researchgate.net/publication/13591468_Polarization_of_the_human_motor_cortex_through_the_scalp
https://www.researchgate.net/publication/13591468_Polarization_of_the_human_motor_cortex_through_the_scalp
https://www.researchgate.net/publication/13591468_Polarization_of_the_human_motor_cortex_through_the_scalp
https://dx.doi.org/10.1111/j.1469-7793.2000.t01-1-00633.x
https://dx.doi.org/10.1111/j.1469-7793.2000.t01-1-00633.x
https://dx.doi.org/10.1111/j.1469-7793.2000.t01-1-00633.x
https://www.researchgate.net/publication/9037874_Safety_criteria_for_transcranial_direct_current_stimulation_tDCS_in_humans
https://www.researchgate.net/publication/9037874_Safety_criteria_for_transcranial_direct_current_stimulation_tDCS_in_humans
https://www.researchgate.net/publication/9037874_Safety_criteria_for_transcranial_direct_current_stimulation_tDCS_in_humans
https://doi.org/10.1162/089892903321662994
https://doi.org/10.1162/089892903321662994
https://doi.org/10.1162/089892903321662994
https://doi.org/10.1162/089892903321662994
https://www.researchgate.net/publication/278023338_The_impact_of_transcranial_direct_current_stimulation_tDCS_combined_with_modified_constraint-induced_movement_therapy_mCIMT_on_upper_limb_function_in_chronic_stroke_A_double-blind_randomized_controlle
https://www.researchgate.net/publication/278023338_The_impact_of_transcranial_direct_current_stimulation_tDCS_combined_with_modified_constraint-induced_movement_therapy_mCIMT_on_upper_limb_function_in_chronic_stroke_A_double-blind_randomized_controlle
https://www.researchgate.net/publication/278023338_The_impact_of_transcranial_direct_current_stimulation_tDCS_combined_with_modified_constraint-induced_movement_therapy_mCIMT_on_upper_limb_function_in_chronic_stroke_A_double-blind_randomized_controlle
https://www.researchgate.net/publication/278023338_The_impact_of_transcranial_direct_current_stimulation_tDCS_combined_with_modified_constraint-induced_movement_therapy_mCIMT_on_upper_limb_function_in_chronic_stroke_A_double-blind_randomized_controlle
https://www.researchgate.net/publication/278023338_The_impact_of_transcranial_direct_current_stimulation_tDCS_combined_with_modified_constraint-induced_movement_therapy_mCIMT_on_upper_limb_function_in_chronic_stroke_A_double-blind_randomized_controlle
http://dx.doi.org/10.1212/WNL.57.10.1899
http://dx.doi.org/10.1212/WNL.57.10.1899
http://dx.doi.org/10.1212/WNL.57.10.1899
http://dx.doi.org/10.1016/S1567-424X(09)70230-2
http://dx.doi.org/10.1016/S1567-424X(09)70230-2
http://dx.doi.org/10.1016/S1567-424X(09)70230-2
http://dx.doi.org/10.1016/S1567-424X(09)70230-2
https://doi.org/10.3233/NRE-141065
https://doi.org/10.3233/NRE-141065
https://doi.org/10.3233/NRE-141065
http://dx.doi.org/10.1002/ana.10848
http://dx.doi.org/10.1002/ana.10848
http://dx.doi.org/10.1002/ana.10848
https://doi.org/10.1007/s00221-003-1800-2
https://doi.org/10.1007/s00221-003-1800-2
https://doi.org/10.1007/s00221-003-1800-2
https://doi.org/10.1212/WNL.0b013e318202013a
https://doi.org/10.1212/WNL.0b013e318202013a
https://doi.org/10.1212/WNL.0b013e318202013a
https://doi.org/10.1589/jpts.28.2572
https://doi.org/10.1589/jpts.28.2572
https://doi.org/10.1589/jpts.28.2572
https://doi.org/10.1589/jpts.28.2572
http://dx.doi.org/10.1093/brain/awh369
http://dx.doi.org/10.1093/brain/awh369
http://dx.doi.org/10.1093/brain/awh369
http://dx.doi.org/10.1155/2016/5068127
http://dx.doi.org/10.1155/2016/5068127
http://dx.doi.org/10.1155/2016/5068127
http://dx.doi.org/10.1155/2016/5068127
https://doi.org/10.1016/j.brs.2015.01.411
https://doi.org/10.1016/j.brs.2015.01.411
https://doi.org/10.1016/j.brs.2015.01.411
https://doi.org/10.1161/STROKEAHA.116.014988
https://doi.org/10.1161/STROKEAHA.116.014988
https://doi.org/10.1161/STROKEAHA.116.014988
https://doi.org/10.1161/STROKEAHA.116.014988
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.08.008
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.08.008
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.08.008
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.08.008
https://doi.org/10.1001/archneur.65.12.1571
https://doi.org/10.1001/archneur.65.12.1571
http://dx.doi.org/10.1155/2012/823285
http://dx.doi.org/10.1155/2012/823285
https://doi.org/10.1002/ana.10848
https://doi.org/10.1002/ana.10848
https://doi.org/10.1002/ana.10848
https://doi.org/10.1523/JNEUROSCI.4432-08.2009
https://doi.org/10.1523/JNEUROSCI.4432-08.2009
https://doi.org/10.1523/JNEUROSCI.4432-08.2009
https://doi.org/10.1152/jn.00715.2011
https://doi.org/10.1152/jn.00715.2011
https://doi.org/10.1152/jn.00715.2011
https://doi.org/10.1152/jn.00715.2011
https://doi.org/10.1113/jphysiol.2003.058842
https://doi.org/10.1113/jphysiol.2003.058842
https://doi.org/10.1113/jphysiol.2003.058842
https://doi.org/10.1113/jphysiol.2003.049916
https://doi.org/10.1113/jphysiol.2003.049916
https://doi.org/10.1113/jphysiol.2003.049916
https://doi.org/10.1113/jphysiol.2003.049916
https://dx.doi.org/10.7860%2FJCDR%2F2016%2F23468.8899
https://dx.doi.org/10.7860%2FJCDR%2F2016%2F23468.8899
https://dx.doi.org/10.7860%2FJCDR%2F2016%2F23468.8899
https://doi.org/10.1016/j.apmr.2006.04.018
https://doi.org/10.1016/j.apmr.2006.04.018
https://doi.org/10.1016/j.apmr.2006.04.018
https://doi.org/10.2522/ptj.20060029
https://doi.org/10.2522/ptj.20060029
https://doi.org/10.2522/ptj.20060029
https://dx.doi.org/10.4103%2F0972-2327.112461
https://dx.doi.org/10.4103%2F0972-2327.112461
https://dx.doi.org/10.4103%2F0972-2327.112461
https://doi.org/10.1177/1545968311411056
https://doi.org/10.1177/1545968311411056
https://doi.org/10.1177/1545968311411056


35. Chhatbar PY, Ramakrishnan V, Kautz S, George MS, Adams RJ, et al.
(2016) Transcranial direct current stimulation post-stroke upper
extremity motor recovery studies exhibit a dose-response relationship.
Brain Stimulation 9: 16-26.

36. Marquez J, Van Vliet P, Mcelduff P, Lagopoulos J, Parsons M (2015)
Transcranial direct current stimulation (tDCS): does it have merit in
stroke rehabilitation? A systematic review. Int J Stroke 10: 306-316.

37. Nishibe M, Urban ETR, Barbay S, Nudo RJ (2015) Rehabilitative training
promotes rapid motor recovery but delayed motor map reorganization in
a rat cortical ischemic infarct model. Neurorehabilitation and Neural
Repair 29: 472-482.

38. Jaillard A, Martin CD, Garambois K, Lebas JF, Hommel M (2005)
Vicarious function within the human primary motor cortex? A
longitudinal fMRI stroke study. Brain 128: 1122-1138.

 

Citation: Banchetti PA, Marini C (2017) Efficacy of Transcranial Direct Current Stimulation as Support for Neurorehabilitation Therapy: A Meta-
analysis of Available Studies. Int J Phys Med Rehabil 5: 417. doi:10.4172/2329-9096.1000417

Page 6 of 6

Int J Phys Med Rehabil, an open access journal
ISSN:2329-9096

Volume 5 • Issue 4 • 1000417

https://doi.org/10.1016/j.brs.2015.09.002
https://doi.org/10.1016/j.brs.2015.09.002
https://doi.org/10.1016/j.brs.2015.09.002
https://doi.org/10.1016/j.brs.2015.09.002
https://doi.org/10.1111/ijs.12169
https://doi.org/10.1111/ijs.12169
https://doi.org/10.1111/ijs.12169
https://doi.org/10.1177/1545968314543499
https://doi.org/10.1177/1545968314543499
https://doi.org/10.1177/1545968314543499
https://doi.org/10.1177/1545968314543499

	Contents
	Efficacy of Transcranial Direct Current Stimulation as Support for Neurorehabilitation Therapy: A Meta-analysis of Available Studies
	Abstract
	Keywords:
	Introduction
	Material and Methods
	Literature research and selection of studies
	Valutation scales

	Results
	Discussion
	Conclusion
	References


