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Abstract

Background Stroke is a devastating condition, which not only affects patients’ activity, but also is a primary reason
for the psychosocial impact on them, their caregivers, and the healthcare system. Transcranial direct current stimu-
lation (tDCS) modulates cortical activity, encouraging neuro-modulation and motor recovery in stroke rehabilita-

tion. Robotic therapy (RT) provides repetitive, high-intensity, interactive, task-specific intervention and can measure

changes while providing feedback to people with stroke.

combined effect of tDCS and RT in patients with stroke.

assessment of included studies.

upper limb function and spasticity.

Objectives This study aimed to evaluate and summarize the scientific literature systematically to investigate the

Methods Four databases (MEDLINE, Web of Science, ScienceDirect, & PEDro) were searched for clinical trials investi-
gating the effect of RT and tDCS in stroke patients with upper limb impairment. PEDro scale was used for the quality

Results The search yielded 208 articles. A total of 213 patients with stroke who had upper limb impairment were
studied. In the majority of the trials, RT combined with tDCS lead to positive improvement in various measures of

Conclusions RT along with tDCS is an effective mode of rehabilitation, although no additional effects of tDCS plus
RT in comparison with RT alone were reported. Large, robust studies are needed, so that health care providers and
researchers can make better decisions about merging tDCS and RT in stroke rehabilitation settings in the future.

Keywords Robotic therapy, tDCS, Upper limb impairment, Stroke, Rehabilitation

Introduction

Stroke is the second leading cause of death after ischemic
heart disease, accounting for 9% of all fatalities world-
wide [1]. The most common deficit after stroke is hemi-
paresis of the contralateral upper limb (UL) [2]. Stroke
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is one of the major reasons for disability [3]. Nearly, 33%
of stroke survivors experience disability, particularly
upper extremity (UE) disability 3, 4]. UE disability affects
50-80% of stroke patients in the acute phase [5-7] and
40-50% in the chronic phase [7, 8]. Paresis, abnormal
tone of muscle, diminished somatosensation, and prob-
lems with coordination are common UE deficits after
stroke [9]. UE motor impairment results in limitations of

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41983-023-00640-8&domain=pdf
http://orcid.org/0000-0003-3175-6866
http://orcid.org/0000-0003-4729-2437

Rizvi et al. Egypt J Neurol Psychiatry Neurosurg (2023) 59:41

activities of daily living (ADL) [10] and lowered quality of
life [10, 11].

Transcranial direct current stimulation (tDCS) is a
non-invasive, safe, and relatively painless brain stimula-
tion technique [12]. Constant weak electrical current is
applied for few minutes via electrodes, placed in well-
considered locations [13, 14]. Majority of the studies
administer tDCS between 2 rubber electrodes 25-35
cm?, placed over the scalp using a low-current intensity,
ranging from conventional 1-2 mA up to currents of
4 mA for 10-20 min [15-17]. It has been substantially
scrutinized in cognitive and clinical neuroscience [18]
and, is tolerated well by stroke patients with minimal and
temporary adverse effects [19] when the protocol is per-
formed according to the current safety guidelines [20].
Robot-mediated rehabilitation is a cutting-edge exercise-
based therapy that uses robotic equipment to deliver
extremely repetitive, rigorous, adaptable, and quantified
physical training [21]. By offering complicated but con-
trolled multimodal stimulation [22], robotic therapy (RT)
has been presented as a potential strategy for the reha-
bilitation of the UE, as a way to increase the amount and
intensity of therapy [22] and standardize the treatment
[23]. Furthermore, robotic devices can provide quantita-
tive measures of the user’s dexterity due to their built-in
technology in terms of sensors and actuators [24].

A considerable number of research papers on robot-
assisted stroke rehabilitation have been published,
examining the effects of robotics alone [25-30] and in
combination with traditional therapy [31-33]. A Cochrane
review published in 2012 [34] found that rehabilitation-
assisted electro mechanics and robotics may assist in
improving the function of the arm after stroke, so there
might be an improvement in daily living activities, muscle
strength, and arm function. Although, results of treatment
depend on practice intensity, training amount and dura-
tion, treatment type, type of device, and characteristics
of participants as they are potential drivers for efficacious
motor rehabilitation interventions after stroke [35]. Exten-
sive research has been done on the effects of tDCS on arm
function and motor learning in stroke patients but conclu-
sions drawn from these studies reported mixed inferences
[36]. To this point in time, no systematic review has been
conducted which determines the effect of combined tDCS
and RT in different types of strokes. This review aims to fill
this slot in literature to date. Therefore, the purpose of the
present review was to comprehensively and systematically
evaluate clinical trials to investigate the effect of tDCS in
combination with RT in UE impairments in patients with
stroke.
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Methods

This review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
sis (PRISMA) [37]. The protocol of this review was regis-
tered on PROSPERO (International Prospective Register
of Systematic Reviews) and can be accessed by registra-
tion number CRD42021238334.

Study selection criteria

The inclusion criteria for the selection of studies were:
full-text randomized controlled trials published in the
English language; people clinically diagnosed with acute,
subacute, or chronic stroke (ischemic/hemorrhagic)
and having UE impairment; with age>18 years; stud-
ies administering a combination of tDCS and RT; stud-
ies having at least two of the validated clinical outcome
measure. Trials including patients with cognitive impair-
ment, having preceding epilepsy or intracranial metal
implant impairments and studies done on animals were
excluded.

Search strategy

MEDLINE (accessed by PubMed), Web of Science (Web
of Science Core Collection), ScienceDirect, and PEDro
were searched for relevant literature between inception
to February 2021. Search terms used were a combina-
tion of keywords, “transcranial direct current stimula-
tion, robotics, upper limb, and stroke”. Boolean operators
‘AND’ or ‘OR’ were used. Three authors (AR, SP, and
FB) independently searched and then compiled all the
records. The titles and abstracts of records identified
were analysed. Full-text articles were assessed to meet the
eligibility criteria after removing the redundant studies.

Quality assessment of studies

Two reviewers (AR and SP) independently performed the
quality assessment of selected studies using PEDro scale
which is an 11-point scale to determine the quality of
clinical trials. Any disagreement that remains unresolved
was taken to the third reviewer (MN). To reduce ambi-
guity in responses, each criterion was rated either yes
(score=1) or no (score=0). Summing all of the replies
yielded a total score for each included study’s methodo-
logical quality (maximum score=10). Based on the total
score, studies were classified as poor (score of 4), fair
(score of 4 or 5), good (score of 6-8), and excellent (score
of > 8) quality [38].

Results

Study selection

A sum of 208 articles was identified after a system-
atic search of databases. A total of 55 duplicates were
removed. The remaining 153 articles were then screened
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Fig. 1 Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram of the study

by reading their title and abstract. Of these, 136 articles
were excluded after screening. The remaining 17 articles
were identified and were assessed for eligibility by three
reviewers (AR, SP, and FB). A total of six studies were
considered for qualitative analysis (Fig. 1).

Characteristics of study

Participants

Six papers included in this review had a total of 213 patients
with stroke. Their age ranged from 18 to 90 years. The sam-
ple size ranged from 21 participants [39] to 82 participants
[40]. Details of sample size calculation were reported in
only one study [41], where the sample size was determined
using the PS Power and sample size calculation software

(version 3.1.2, department of biostatistics, Vanderbilt Uni-
versity, USA). In other studies, the method of calculation
was not mentioned [3, 4, 36, 39, 40]. Two studies included
patients with subacute stroke [3, 41], two with chronic
stroke [39, 40], and two trials included both subacute and
chronic stroke patients [4, 36]. All the studies included both
males and female in different proportions (Table 1).

Intervention

In three studies, a current of 2 mA [3, 40, 41] was used
and the rest of the studies used 1 mA [4, 36, 39]. Only
one study used a single session of RT and tDCS, while the
rest of the trials used multiple sessions of RT and tDCS,
which ranged from 2 sessions [4] to 36 sessions [40] per
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Table 2 Characteristics of intervention used in included trials (hn=6)
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Trial

Intervention group

Control group

Frequency/duration

Significant findings

Dehem et al. [39]

Edwards et al. [40]

Mazzoleni wt al. [3]

Mazzoleni et al. [41]

Straudi et al. [36]

20 min of real dual-tDCS (at
1 mA) along with RAT

RT plus tDCS — 2 mA current
for 20 min

Wrist RAT 4 real tDCS anodic
stimulation of 2 mA

Real tDCS — 2 mA for 20 min
along with wrist RT

30 min of real tdcs (at
1 mA)+ 30 min of RAT

20 min of sham dual-tDCS
along with RAT

RT plus sham tDCS

Wrist RAT 4 sham tDCS with
initial activation ramp (t=5 s)

Sham tDCS (5 s) along with
wrist RT

30 min of sham TDCS
(first 30 s current deliv-
ered) 4+ 30 min of RAT

Two sessions 7 days apart,
each session lasted for 20 min

3 sessions per week
(RT=~1 h, tDCS =20 min), for
12 weeks

Five sessions per week, each
session lasted 30 min, for
6 weeks

Five sessions per week, each
session lasted 30 min, for
6 weeks

Five sessions/week over

2 weeks (10 sessions), each
session lasted about 60 min
(30 mnt tDCS 4 30 mnt RAT)

BBT (P=0.008) and straight-
ness during free amplitude task
(P=0.019) were significantly
better after receiving real

tDCS +RAT

Other kinematics and fine
manual dexterity were not
significantly improved after real
tDCS+RAT (P>0.05)

FM-UE score and Wolf Motor
Function Test improved signifi-
cantly

Significant improvements in
the FM/ue, FM/w, Ml and B&B in
both groups

MAS/w: slightly decrease in
both groups, no significant dif-
ference between groups

All clinical outcome measures,
except the MAS/w, showed a
significant increase after treat-
ment

No significant difference in the
average changes after the treat-
ment between the EG and the
CG was observed

Significant differences in FMA-
UE in both groups

Scores of BBT and MAL were
improved only in real-tDCS

Real tDCS — 1 mA for 20 min
along with RT

Triccas et al. [4]
with RT

Sham tDCS — 1 mA along

group
FM-UE improved in both groups

Similar effect was observed for
the HPR, ARAT, MAL and SIS

2-3 sessions per week for
8 weeks, each session lasted
for 1 hand 15 min

tDCS transcranial direct current stimulation, RAT robot-assisted training, mA milli ampere, BBT Box and Block test, RT robotic therapy, min minutes, MAL motor activity

log

week. The duration of the treatment session varied from
20 min [39] to 1 h and 20 min [4, 40] (Table 2).

Outcome measures

Four studies used box and block test (BBT) for gross and
fine manual dexterity [3, 36, 39, 41]. Four studies used
Fugl-Meyer assessment scale (FMAS) [3, 4, 36, 40, 41],
two studies used motricity index (MI) [3, 41], and two
studies employed motor activity log (MAL) [4, 36]. For
the assessment of spasticity, modified Ashworth scale
for the wrist (MAS/w) was used in two trials [3, 41].
Only one study used action research arm test (ARAT) [4]
(Table 1).

Quality assessment of included trials

The average PEDro score for all the included studies was
8.5 (excellent quality). Four trials scored 8/10 [3, 36, 39,
41], one scored 9/10 [4], and one scored 10/10 [40]. Three

studies lacked allocation concealment [36, 39, 41]. All
the included trials reported blinding of the participants.
Blinding of the therapist was reported in only one trial
[40]. There was a blinding of assessors in two studies [3,
41]. All the studies scored well on reporting between-
group differences, random allocation, point estimation,
and variability reporting. All the studies applied to inten-
tion to treat analysis of drop-outs (Table 3).

Effect of RT and tDCS on UE function and spasticity

Five studies found positive improvement in arm motor
recovery when measured with FMAS-UE [3, 4, 36, 40,
41]. Two studies showed no significant positive change
in MAS/w score [3, 41]. Five studies showed an increase
in BBT score, out of which only three studies reported a
significant increase in BBT score [3, 36, 41]. No signifi-
cant change was reported in scores of MAL in two trials
[4, 36]. Two studies showed positive significant change in
MI [3, 41]. Two studies administered tDCS first followed
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by RT [4, 40]. Three studies administered tDCS simul-
taneously with RT [3, 39, 41]. One trial did not make it
clear whether RT was administered first or tDCS or both
were delivered simultaneously to the patient [36].

Discussion

This is the first systematic review providing information
on major findings, characteristics, and quality of stud-
ies investigating the combined effect of RT and tDCS on
UE motor function and spasticity in people with stroke.
Although the direct pooled analysis was limited due to
the variability of the outcome measures, the conclusion
obtained from the existing evidence implies that stroke
patients receiving RT combined with tDCS had a favour-
able effect on UE motor function of stroke patients hav-
ing UE impairment as indicated by positive changes in
FMAS-UE, MI, and BBT score.

The studies provided considerable motor improve-
ments, evaluated by clinical scales, although, no supe-
riority of real tDCS was seen over sham tDCS. Straudi
and her colleagues administered 10 sessions of RT and
real tDCS in patients with acute and chronic stroke for
2 weeks. When these patients were compared with stroke
patients receiving RT and sham tDCS, no significant dif-
ference was reported in measures of hand function [36].
Similar findings were reported by Edward et al. [40],
Mazzoleni et al. [3], Triccas et al. [4], and Mazzoleni et al.
[41]. Dehem et al. [39] showed a significant difference in
scores of BBT, after patients received RT +real tDCS.
All studies reported no significant difference in scores
of FMAS-UE between groups receiving RT 4 tDCS and
RT +sham tDCS. A possible explanation for the simi-
larity between the groups could be the relative timing of
delivering the stimulation or the effectiveness of tDCS
overlapped due to the effect of high-intensity RT [41].
The BBT was used in four studies to assess UE gross
motor function [3, 36, 39, 41]. It was found that both
treatment arms improved BBT score and the patient was
able to move the box to a greater distance. The MAL tool
was used in 2 trials [4, 36], and researchers found signifi-
cant differences from baseline to post-intervention with-
out any significant difference between the groups. Two
studies used MAS/w, where one study reported only a
slight decrease in spasticity in both groups [3]. In another
study, the score of the scale remained unchanged in both
groups [41].

The effect of lesion location does not affect the inter-
vention outcome. This was examined in a study [40],
where the administration of RT plus tDCS in patients
with cortical and subcortical lesions does not influ-
ence the clinical improvement. Two studies investi-
gated the combined effect of RT and tDCS in subacute
and chronic stroke patients [4, 36]. According to Straudi

Page 7 of 9

et al., bilateral tDCS along with RT was more effective
and suitable in chronic stroke patients [36]. Conversely,
Triccas et al. showed that the percentage improvement of
motor impairment was more in subacute stroke patients
[4]. This can be explained by the spontaneous recovery
in the subacute phase which involves cortical reorganiza-
tion [42, 43].

Only two studies examined the sustained effect of
RT +tDCS and evaluated the participants for follow-
up [4, 40]. The treatment effect does persist for a longer
period of time, as seen in one study, where significant
changes were reported in scores of FMAS-UE between
baseline and follow-up at 3 months; however, no sig-
nificant difference was shown in scores of FMAS-UE
between groups receiving RT+tDCS and RT +sham
tDCS [4]. Similar findings were reported in another
study, where a 6-month follow-up was performed. Sig-
nificant changes were observed in measures of UE motor
function between baseline and 6-month follow-up but no
significant mean difference between groups was found
[40].The current amplitude used by three studies was
1 mA [4, 36, 39], while the rest of the studies included in
this review used 2 mA of current [3, 40, 41]. No change
was observed in clinical improvement when studies used
different stimulation intensities.

The essential process driving improvement in func-
tional outcomes after a stroke is neuroplasticity [44]. As a
result, one of the most essential goals of stroke therapy is
to make good use of neuroplasticity for functional recov-
ery. Goal planning, high-intensity practice, multidisci-
plinary team care, and task-specific training are some of
the principles of stroke rehabilitation [43]. As a result, for
stroke recovery, high-dose rigorous training and repeti-
tive practice of functional tasks are critical [45]. All these
requirements make stroke rehabilitation a labor-intensive
process. The tDCS [13, 46] and RT [47] are two prom-
ising therapies in rehabilitation used for stroke patients.
It is unlikely for tDCS to bring any optimal functional
change on its own but it augments other rehabilita-
tion strategies by enhancing brain plasticity. The RT has
been proven to improve functional recovery after stroke
[26]. Both of these treatments aim to influence brain
plasticity; therefore, there is a case to be made for see-
ing if combining the two could provide an additive effect.
However, the optimal approach for combined therapy of
tDCS and RT, and whether the outcomes of the combina-
tion of these two are cooperative or conflicting, is yet to
be determined. The tDCS and RT are synergistic therapy
approaches which was evident by an increase in corti-
cospinal excitability resulting from the administration of
tDCS followed by RT [40].

This systematic review analyzed the effect of integrated
therapies using RCTs, has good methodological qualities,
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and certifies a significant level of evidence, so the results
are considered reliable. However, there are certain limita-
tions of this review. First, this review lacks studies admin-
istering tDCS and RT in acute cases of stroke. The second
limitation of this study is the number of patients in the
included studies was quite small to be analyzed with
full potential. Third, a follow-up in four out of six stud-
ies was not done. This could provide us with a sustained
effect of desired treatment after completing the proposed
sessions.

RT can be used as an adjunct in the management of UE
impairment in stroke patients. Future research should
involve administering tDCS+RT with more complex
tasks with different stimulation time. A large sample size
in future studies could help generalize data over the pop-
ulation. Trials on examining carryover effects can also be
done.

Conclusion

Motor improvement was observed in the affected UE
after taking combined tDCS and RT intervention in
both groups. However, there is no added benefit of real
direct current stimulation compared to sham, justify-
ing robotic therapy as the main influencer of recovery.
A probable reason for this could be the administration
of robotic training at high intensity. The sample size was
too small in the included trials and the effects of the two
treatments were overlapping, making it difficult to detect
potential benefits solely from stimulation. The treatment
was seen to be more effective in sub-acute cases rather
than chronic, and the treatment program used in the
studies is safe and well-tolerated by patients, with no or
minimal adverse events.

Abbreviations

uL Upper limb

UE Upper extremity

tDCS Transcranial direct current stimulation

RT Robotic therapy

ADL Activities of daily living

PRISMA Preferred Reporting Items for Systematic Reviews and

Meta-analysis
PROSPERO International Prospective Register of Systematic Reviews

RCTs Randomized Controlled Trials

BBT Box and Block Test

FMAS Fugl-Meyer Assessment Scale

Ml Motricity Index

MAS/w Modified Ashworth Scale for wrist
MAL Motor Activity Log 28

ARAT Action Research Arm Test

FM-UE Upper sub-section of Fugl-Meyer Assessment Scale
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