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ABSTRACT
Introduction  Hand dexterity is the ability to execute the 
skilful movements using the hand and fingers. It is commonly 
impaired poststroke resulting in a profound deterioration in 
the quality of life for patients with stroke. Transcranial direct 
current stimulation (tDCS) is a form of non-invasive brain 
stimulation, which has gained a popularity as an adjunct 
therapy in recovering motor dysfunction poststroke. Promising 
results have been gained from applying tDCS in combination 
with motor rehabilitation, however, the outcome of tDCS on 
the upper limb motor function poststroke has been varied. 
Different results are potentially related to the discrepancy of 
the area of brain stimulation. Therefore, we aim to enhance the 
application of tDCS to improve its effectiveness in recovering 
hand dexterity through testing our hypothesis that stimulating 
the primary motor cortex could improve fine dexterity more 
than gross dexterity.
Methods and analysis  This protocol has been reported 
according to Preferred Reporting Items for Systematic Review 
and Meta-Analyses Protocols guidelines. CENTRAL, MEDLINE, 
EMBASE, SCOPUS, Web of Science and CINAHL databases will 
be searched with no restriction in language and publication 
date. The selected studies will be randomised controlled trial 
investigating the effect of tDCS alone or in combination with 
motor rehabilitation in improving hand dexterity of patients 
with stroke with upper limb hemiparesis. The outcomes of 
interest are fine and gross hand dexterity measures. Two 
independent reviewers will assess the eligibility of the study, 
extract data and appraise the methodological quality. The data 
will be pooled in a meta-analysis if applicable or interpreted 
narratively. Grading of Recommendations, Assessment, 
Development and Evaluation approach will be used to assess 
the overall quality of evidence for the fine and gross dexterity 
measures.
Ethics and dissemination  Ethical approval is not 
required for this study. The dissemination plan is to publish 
the results in a peer-review journal and presenting results 
in a conference.
PROSPERO registration number  CRD42021262186.

INTRODUCTION
Stroke is a common cause of disability in the 
UK.1 Upper limb hemiparesis is a common 
impairment poststroke, with 76% of patients 
with stroke suffering from upper limb hemi-
paresis.2 The clinical presentation of upper 

limb hemiparesis is muscle weakness and poor 
dexterity on the side of the body opposite of 
the side of brain lesion.3 4 Dexterity refers to 
‘the fine, voluntary movements used to manip-
ulate small objects during a specific task, as 
measured by the time required to complete 
the task’ (p. 209).5 There are two types of 
dexterity: fine and gross. Fine dexterity is the 
ability to perform a delicate manipulation of 
very small object by precise movements of the 
fingertips.6 Gross dexterity is the ability to 
make a manipulation of large object by coor-
dinated arm-hand movement.6 The majority 
of daily activities, such as self-care, dressing 
and eating, require a combination of fine 
and gross dexterity in combination with 
other upper limb movements.7 Therefore, 
maintaining hand dexterity is an important 
determinant of quality of life for patients with 
stroke.8

However, patients with stroke with upper 
limb hemiparesis demonstrate dexterity 
dysfunction. They perform movements in a 
slow, uncoordinated manner because their 
hand movements lack accuracy and proper 
finger sequencing.3 9 Likely more than half 
of the patients with stroke have persistent 
hand dexterity deficiency at 6 months post-
stroke. Kwakkel et al conducted a prospec-
tive cohort study,2 in which they recruited 
102 patients with stroke from seven different 
hospitals. All the patients were enrolled in an 

Strengths and limitations of this study

	► This study will include the three stages of recovery 
of patients with stroke.

	► The search strategy designed to access both pub-
lished and non-published studies.

	► The search strategy is not limited to publication date 
or language.

	► This study will be limited to the randomised con-
trolled trials.
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intensive rehabilitation programme, with the study proce-
dure starting within 2 weeks of stroke occurrence. Peri-
odic follow-up assessments of the upper and lower limbs 
function were conducted. For hand dexterity they used 
the Action Research Arm Test (ARAT), which is a reli-
able and valid tool for assessing hand function.10 11 At first 
assessment, no dexterous hand movement was reported 
in the ARAT. At 6 months, 38% showed improvement in 
functional ability, while 62% persisted with loss of hand 
dexterity.2

Stroke rehabilitation involves assessing and improving 
hand dexterity in patients with stroke in order to improve 
upper limb function.12 Many functional assessment tools 
have been established to measure the level of upper limb 
motor function. These tools include tests for muscle 
strength and gross and fine hand dexterity. Examples 
of such tests include the Fugl Meyer Test,13 Wolf Motor 
Function Test14 and ARAT.10 There has also been consid-
erable interest in examining the efficacy of different tech-
niques to enhance upper limb function poststroke, with 
some positive results described with a variety of methods 
as repetitive task training,15 constraint-induced move-
ment therapy16 and non-invasive brain stimulation.17 18

A recent development has been the use of transcranial 
direct current stimulation (tDCS), a form of non-invasive 
brain stimulation. tDCS device includes a portable elec-
trical current generator and two electrodes: cathode and 
anode, and works by delivering a low intensity constant 
electrical current to the brain that alters the cortical 
excitability.19 It is a neuromodulatory technique that has 
gained popularity for use in recovering motor dysfunction 
and cognitive impairment.12 It has been used to improve 
motor function among patients with stroke, patients with 
Parkinson’s disease and old people.17 20–22 Increased brain 
plasticity is thought to be the underlying mechanism of 
functional improvement.19 Due to tDCS’ promising effec-
tiveness, cost-effectiveness, ease of application, safety and 
tolerability, recent years have seen increased investigation 
of use.12 19 23 24

Studies exploring the effect of stroke on the brain using 
functional MRI have observed decreased neuronal activity 
of the ipsilesional side few days poststroke.25 This reduced 
activity in turn decreases interhemispheric inhibition 
from the ipsilesional to the contralesional side, leading 
to an increase in contralesional neuronal activity, which 
increases interhemispheric inhibition from the contral-
esional to the ipsilesional side. This abnormal increase 
of interhemispheric inhibition likely restricts volun-
tary movement and therefore adversely affects motor 
recovery.24–26 Given these abnormal patterns of activity, 
tDCS has been used in an attempt to produce focal 
changes in neuronal activity to rebalance brain activity 
between the two hemispheres. The focal changes are 
either depolarising (diminishing the contralesional excit-
ability), hyperpolarising (increasing the ipsilesional excit-
ability) or both, depending on the tDCS montage.27 28

Researchers have investigated factors to enhance the 
application of tDCS to increase its effectiveness, for 

example, the area of brain stimulation and the orien-
tation of the electrodes.19 There are three montages of 
tDCS application described in the literature in improving 
upper limb motor recovery poststroke. The first montage 
is anodal tDCS. In this montage, the anodal electrode 
that produces a polarising effect is placed on the ipsile-
sional primary motor cortex (PMC), and the cathode 
electrode is used as a return electrode to close the elec-
tric circuit. It is placed on the contralesional supraorbital 
region.12 19 In the cathodal tDCS montage, the cathode 
electrode that produces the depolarising effect is placed 
on the contralesional PMC. The anode electrode serves 
as the return electrode and is placed on the ipsilesional 
supraorbital region.12 19 In the bilateral tDCS montage, 
the anodal electrode is placed over the ipsilesional PMC 
and the cathode is placed over the contralateral PMC.12 
Moreover, in controlled studies, tDCS can be applied as a 
sham stimulation. The sham tDCS is the method to blind 
the control group. The participant receives a very weak 
and short duration stimulating current, at a level where it 
could hardly produce any stimulation.29

tDCS has shown potential effectiveness in improving 
upper limb function poststroke when conducted both 
alone22 or in combination with motor rehabilitation.18 30 
Several randomised controlled trials (RCTs) investigated 
the augmentation of the rehabilitation plasticity effect 
through conjunct therapy.18 30 31 Conjunct therapy 
involves tDCS and motor rehabilitation. These studies 
found a superior beneficial effect of conjunct therapy in 
upper limb recovery compared with rehabilitation only.

RATIONALE
Given the essential role of the upper limbs in daily life, 
the recovery of upper limb motor function poststroke is 
an important issue for stroke rehabilitation community.12 
The efficacy of tDCS in improving hand function has been 
shown to vary between studies.20 Discrepancies in results 
could be related to heterogeneity in the application of 
tDCS, for example, the brain stimulating area.12 32 The 
study done by Hummel et al17 investigated the effect of 
stimulating the primary motor cortex (PMC) using tDCS 
on upper limb function, using the Jebsen-Taylor Hand 
Function Test as an outcome measure. It includes subtests 
for both fine and gross hand dexterity. Hummel et al found 
that the fine movements, like picking up paper clips, are 
more improved than gross movement like moving cans. 
This might be because the distal muscles of the upper 
limb receive higher input from the PMC (through the 
corticospinal tract) than the proximal muscles.33

Moreover, work from our laboratory34 35 has shown a 
preferential effect of tDCS stimulating the PMC on move-
ments of the hand as opposed to movements of the whole 
arm among healthy young and older adults. Given the 
PMC is the target of choice in studies investigating tDCS 
in upper limb recovery in stroke, this raises the question 
of whether a similar preferential recovery of fine versus 
gross hand dexterity is seen in these studies.
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We will conduct this systematic review and meta-analysis 
to enhance the tDCS application, therefore optimising its 
therapeutic benefit in upper limb motor recovery post-
stroke. We will throughly investigate if there are differ-
ences in the recovery between fine and gross hand tasks. 
Specifically, we will investigate our hypothesis that stimu-
lating the PMC using tDCS could improve the fine hand 
dexterity more than the gross dexterity because the fine 
hand tasks mainly require fingertip grasping while the 
gross hand tasks involve a combination of proximal arm 
movement with hand grasping.6

OBJECTIVES
This research aims to answer our research question “what 
is the difference in the tDCS effect between fine and 
gross hand dexterity of stroke patients with upper limb 
hemiparesis?”

Specific objectives are:
1.	 To evaluate the effectiveness of tDCS on fine hand dex-

terity of stroke patients with upper limb hemiparesis.
2.	 To evaluate the effectiveness of tDCS on gross hand 

dexterity of stroke patients with upper limb hemipa-
resis.

3.	 To compare the effect of tDCS between fine and gross 
hand dexterity.

4.	 To investigate the impact of patient characteristics on 
the effect of tDCS.

METHODS AND ANALYSIS
This protocol has been reported according to Preferred 
Reporting Items for Systematic Review and Meta-Analyses 
(PRISMA) Protocols guidelines.36

Eligibility criteria
Types of studies
Inclusion criteria

	► Randomised controlled double-blinded or single-
blinded trials. Using either parallel or crossover 
design.

	► English and non-English studies.
	► Full-text studies.
	► Published and unpublished studies.

Exclusion criteria
	► Non-randomised clinical trial.
	► Conference abstract.

Types of participants
The participants needed to be:

	► Patients with stroke aged 18 years and above, both 
male and female patients with upper limb hemiparesis.

	► Diagnosed with ischaemic or haemorrhagic stroke, 
either cortical or subcortical.

	► In the acute (1–7 days poststroke) or subacute (7 days 
to 6 months poststroke) or chronic phase (6 months or 
more poststroke) when the intervention is applied.37

	► Suffering from mild or moderate or severe upper limb 
impairment. The cut-off points of Fugl Meyer Assess-
ment of the upper extremity will be used to classify 
the impairment into: severe (score 0–28), moderate 
(score 29–42) and mild (score 43–66).38

Types of intervention
Intervention group
The participants have received one or multiple sessions 
of tDCS that conducted alone or with motor rehabili-
tation. The tDCS either applied before or simultane-
ously with motor rehabilitation. The tDCS stimulated 
the primary motor cortex through one of the following 
montages: anodal, cathodal and bilateral. The motor 
rehabilitation includes any technique of motor training 
for upper limb.

Control group
The participants have received one or multiple sessions 
of sham tDCS or motor rehabilitation or sham tDCS plus 
motor rehabilitation.

Types of outcome measures
The outcomes of interest are as follows:

	► Validated functional measures for fine hand dexterity; 
assess the ability to perform a delicate manipulation 
of very small object by precise movements of the 
fingertips.6 For instance, Purdue Pegboard Test and 
Nine Hole Peg Test.

	► Validated functional measures for gross hand 
dexterity; evaluates the ability to make a manipulation 
of large object by coordinated arm-hand movement.6 
For example, Box and Blocks Test and Minnesota 
Manual Dexterity Test.

Information sources
The study is planned to start on 1 August 2021 and the 
anticipated completion date of the study is 30 December 
2021.

	► We will conduct database and non-database searches 
with no restriction on publication date.

1.	 Database search
The following databases will be searched:
CENTRAL (Cochrane Central Register of Controlled 

Trials).
MEDLINE (Ovid).
EMBASE (Ovid).
SCOPUS.
Web of Science.
CINAHL (Cumulated Index of Nursing and Allied 

Health Literature).
2.	 Non-database search

We will review the reference list of the included studies.
	► We will conduct grey literature search including 

ProQuest Dissertations and Theses, Open Access 
Theses and Dissertations and Electronic Thesis 
Online Service databases.
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Search strategy
An example of search strategy for searching MEDLINE is 
available as an online supplemental file 1.

Study records
Data management
The search records from the selected databases including 
the study title, abstract will be exported to a reference 
management software (EndNote X9). The EndNote X9 
will organise the records and recognise the duplicate 
studies.

Selection process
After removing the duplicate reports using EndNote X9, 
two independent reviewers will assess the eligibility of the 
study and discard the irrelevant ones. Initially, the two 
reviewers will review the studies title and abstract according 
to the inclusion criteria and exclude the irrelevant studies. 
Then the full text will be obtained and screened for those 
studies that potentially meet the inclusion criteria and if 
more details are required to confirm study exclusion. The 
two reviewers will decide about the study inclusion and 
will make discussion if there is disagreement. The third 
reviewer will make the final decision if the two reviewers 
cannot reach an agreement. The PRISMA flow diagram 
will be used to present records of the selection process 
with clarifying the reason of exclusion.39

Data collection process
Data extraction
Two independent reviewers will review the full text of the 
included studies and extract the required data using a 
custom data extraction sheet. The third reviewer will be 
consulted if there is any disagreement between the two 
reviewers.

Dealing with missing data
The corresponding author of the included studies will be 
contacted if there is missing information.

Data items
The two reviewers will extract the following data from the 
included studies:
1.	 Bibliographic details: study title, authors and year.
2.	 Study characteristics: design, level of blinding and par-

ticipants allocation.
3.	 Participants characteristics: sample size, gender, age 

mean, handedness, stroke type, stroke location, time 
since stroke onset and severity of upper limb impair-
ment.

4.	 The intervention group: tDCS montage, electrode 
size, intensity, density and duration, the technique of 
motor rehabilitation if conducted and the number of 
treatment sessions.

5.	 The control group: the type of intervention: sham 
tDCS plus motor rehabilitation or motor rehabilitation 
only.

6.	 Outcome measures: the fine dexterity measures and 
gross dexterity measures.

7.	 Results: the result of outcome of interest (improve, no 
change or deteriorate).

Outcome and prioritisation
The primary outcomes of interest are fine dexterity 
measures and gross dexterity measures.

Risk of bias in individual studies
To discover any possibility of risk of bias within the 
included studies, the two reviewers will critically assess 
the methodological quality of the included studies using 
the Physiotherapy Evidence Database (PEDro) scale. 
The PEDro scale is a valid and reliable tool in critically 
appraising the RCTs.40 41 It comprises 11 items and each 
one is scored either 1 if present or 0 if not. The total 
score is out of 10 because the first item is not included 
in the total score. After appraising the included studies, 
we will use the cut-off points defined by Foley et al,42 to 
classify each study according to PEDro score into one of 
the following: excellent quality (score 9–10), good quality 
(score 6–8), fair quality (score 4–5) and poor quality 
(score below 4).

Synthesis of results
The fine and gross dexterity measures will be analysed 
as continuous variables. The analysis will be based on 
within-subject comparisons for both parallel and cross-
over design RCTs. We will obtain the sample size, mean 
and SD for the baseline and postintervention scores of 
the fine and gross dexterity measures for both the inter-
vention and control groups from each included study. We 
will contact the corresponding authors if there is missing 
data.

Data analysis
All data analysis will be conducted using the R software. 
First, we will quantify the Cohen’s d effect size for the 
difference between baseline and the postintervention 
score of the fine and gross dexterity measures for the 
intervention and control groups from each included 
study. Second, we will calculate pooled effect sizes and 
CIs of various groups of studies via meta-analyses in R 
software. We will display separate tables for each meta-
analysis containing the corresponding sample sizes and 
effect sizes of the studies included in the sample.

Assessment of heterogeneity
We will use the I2 test to assess the heterogeneity statisti-
cally.43 The I2 is a common test being used in meta-analysis. 
It measures the variability percentage in the effect sizes 
caused by the variability between studies rather than 
sampling error.43 Its score will be between 0% and 100%, 
with 0% reflecting no heterogeneity and 100% indicating 
very high heterogeneity.44

Meta-analysis
Meta-analysis will be performed using the fixed-effects 
model if the studies are similar (I2  <25%).45 If there is 

https://dx.doi.org/10.1136/bmjopen-2021-056064
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heterogeneity (I2 >25%),45 the random-effects model will 
be used. We will run a total of four main meta-analyses:
1.	 Fine dexterity meta-analysis (intervention group).
2.	 Fine dexterity meta-analysis (control group).
3.	 Gross dexterity meta-analysis (intervention group).
4.	 Gross dexterity meta-analysis (control group).

To make comparisons between the outcomes of each 
meta-analysis, we will inspect the pooled effects sizes 
and identify whether there are overlapping CIs. If the 
CIs overlap, we will conclude that there is no difference 
between the pooled effect sizes. However, if the CIs do 
not overlap, we will conclude that there is a significant 
difference between the pooled effect sizes.

First, we will assess the treatment effect of the tDCS 
on fine dexterity through comparing the pooled effect 
sizes of fine dexterity meta-analysis (meta-analysis 1) and 
control of fine dexterity meta-analysis (meta-analysis 2). 
Second, we will evaluate the treatment effect of the tDCS 
on gross dexterity through comparing the pooled effect 
sizes of gross dexterity meta-analysis (meta-analysis 3) and 
control of gross dexterity meta-analysis (meta-analysis 4). 
Third, we will compare the effect of tDCS between fine 
and gross dexterity through comparing the pooled effect 
sizes of fine dexterity meta-analysis (meta-analysis 1) and 
gross dexterity meta-analysis (meta-analysis 3).

Additionally, we will run exploratory subgroup analyses 
to investigate the impact of patient characteristics on the 
effect of the tDCS. Specifically, we will split the partici-
pants according to severity of upper limb impairment 
(mild and moderate vs severe), stroke phase (acute and 
subacute vs chronic) and stroke area (cortical vs subcor-
tical) and run separate meta-analyses for each group. 
Then we will compare the pooled effect sizes.

In case of considerable heterogeneity (I2  >75%),45 
we will run subgroup analyses using the random-effects 
model to reveal which factors underlie the variation 
between the studies. If the considerable variation between 
studies is persistent, the data will not be pooled in a meta-
analysis. The result of the individual study will be inter-
preted narratively and presented in a summary table.

Meta-bias
Assessment of publication bias
Publication bias is the potential bias of publishing studies 
with positive results (rejecting the null hypothesis) rather 
than negative results,46 causing a biased overestimate of 
the intervention effect. We will assess the possibility of 
publication bias in our study by creating funnel plots 
using R software. Funnel plots are scatter plot showing the 
SE (y-axis) against the effect size (x-axis) of the included 
studies. We will visually appraise the funnel plots to detect 
asymmetry, which implies the possibility of publication 
bias. Additionally, we will conduct Egger’s test in R soft-
ware to quantitatively assess asymmetry.47

Confidence in cumulative evidence
The overall quality of evidence of outcomes of interest 
of this study (fine and gross dexterity) will be judged 

by Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) approach.48 The 
GRADE is a valid approach that produces implications of 
the evidence by evaluating the body of evidence at the 
outcome level rather than the study level. The assessment 
will be conducted separately for the fine dexterity and 
gross dexterity outcome measures across the following 
domains: risk of bias, publication bias and results consis-
tency, directness and precision. Based on the overall 
GRADE score, the quality of evidence will be rating one 
of the four levels: high (score ≥4), moderate (score=3), 
low (score=2) and very low (score ≤1).48

DISCUSSION
Several systematic reviews have been conducted to assess 
the effect of tDCS on upper limb motor function.20 27 49–52 
These previous reviews reviewed the impact of tDCS on 
improving upper limb functional outcomes. However, 
they considered the improvement in the upper limb, with 
no differentiation between fine and gross hand dexterity. 
As such, this review and meta-analysis will look for the 
difference between tDCS effect on fine and gross hand 
dexterity. Therefore, while numerous tools are available 
for assessing upper limb function, the outcomes of this 
study will be limited to reliable and valid fine and gross 
dexterity measures. Because several of the available tools 
cannot be considered a test of fine or gross dexterity 
only, they include subtests that assess different aspects of 
upper limb motor function like joints movements, muscle 
strength and hand dexterity without a split into fine and 
gross dexterity subtests.

The current study will include crossover design RCTs. 
A common concern with crossover trials is the carry-
over effect that occurs when the treatment effect of the 
first period of the study carries over to the next period, 
which could affect the participant’s response.53 While the 
washout period between the two treatment periods could 
reduce the carryover effect, the crossover design might be 
inappropriate to investigate the intervention with long-
lasting effect.53 However, the effect of a single session of 
the tDCS persists for several minutes up to 1 hour after 
the stimulation.19 54 Therefore, the crossover design is 
widely used in tDCS studies because the possibility of the 
carryover effect is very low.

ETHICS AND DISSEMINATION
Ethical approval is not required for this study. The dissem-
ination plan is to publish the results in a peer-review 
journal and presenting results in a conference.

Contributors  The protocol was substantially designed by LA and refined by NJ, LH 
and TDP. LH provided substantial guidance on analyses. LA drafted the manuscript. 
All authors edited the manuscript and read and approved the final version.

Funding  No funds were received in support of this work. This study is a part 
of Lulwa Alabdulaali PhD, which is supported by a scholarship from Imam 
Abdulrahman Bin Faisal University, Saudi Arabia.

Competing interests  None declared.



6 Alabdulaali L, et al. BMJ Open 2022;12:e056064. doi:10.1136/bmjopen-2021-056064

Open access�

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

ORCID iD
Lulwa Alabdulaali http://orcid.org/0000-0002-8353-3659

REFERENCES
	 1	 Adamson J, Beswick A, Ebrahim S. Is stroke the most common 

cause of disability? J Stroke Cerebrovasc Dis 2004;13:171–7.
	 2	 Kwakkel G, Kollen BJ, van der Grond J, et al. Probability of regaining 

dexterity in the flaccid upper limb: impact of severity of paresis and 
time since onset in acute stroke. Stroke 2003;34:2181–6.

	 3	 Lang CE, Wagner JM, Edwards DF. Recovery of grasp versus reach 
in people with hemiparesis poststroke. Neurorehabil Neural Repair 
2006;20:444–54.

	 4	 Canning CG, Ada L, O’Dwyer NJ. Abnormal muscle activation 
characteristics associated with loss of dexterity after stroke. J Neurol 
Sci 2000;176:45–56.

	 5	 Backman C, Gibson SCD, Parsons J. Assessment of hand function: 
the relationship between pegboard dexterity and applied dexterity. 
Can J Occup Ther 1992;59:208–13.

	 6	 Fleishman EA, Ellison GD. A factor analysis of fine manipulative tests. 
J Appl Psychol 1962;46:96–105.

	 7	 Kilbreath SL, Heard RC. Frequency of hand use in healthy older 
persons. Aust J Physiother 2005;51:119–22.

	 8	 Nichols-Larsen DS, Clark PC, Zeringue A, et al. Factors influencing 
stroke survivors’ quality of life during subacute recovery. Stroke 
2005;36:1480–4.

	 9	 Lang CE, Wagner JM, Bastian AJ, et al. Deficits in grasp versus 
reach during acute hemiparesis. Exp Brain Res 2005;166:126–36.

	10	 Platz T, Pinkowski C, van Wijck F, et al. Reliability and validity of arm 
function assessment with standardized guidelines for the Fugl-Meyer 
test, action research arm test and box and block test: a multicentre 
study. Clin Rehabil 2005;19:404–11.

	11	 Van der Lee JH, De Groot V, Beckerman H, et al. The intra- and 
interrater reliability of the action research arm test: a practical test 
of upper extremity function in patients with stroke. Arch Phys Med 
Rehabil 2001;82:14–19.

	12	 Lefaucheur J-P, Antal A, Ayache SS, et al. Evidence-based guidelines 
on the therapeutic use of transcranial direct current stimulation 
(tDCS). Clin Neurophysiol 2017;128:56–92.

	13	 Hsieh Y-wei, Wu C-yi, Lin K-chung, et al. Responsiveness and 
validity of three outcome measures of motor function after stroke 
rehabilitation. Stroke 2009;40:1386–91.

	14	 Wolf SL, Catlin PA, Ellis M, et al. Assessing wolf motor function test 
as outcome measure for research in patients after stroke. Stroke 
2001;32:1635–9.

	15	 Rhee H-S, Kim S-J, J-H Y. The effect of repetitive hand task on upper 
extremity proprioception and dexterity. J Korean Soc Phys Med 
2010;5:685–92.

	16	 Rocha LSO, Gama GCB, Rocha RSB, et al. Constraint induced 
movement therapy increases functionality and quality of life after 
stroke. J Stroke Cerebrovasc Dis 2021;30:105774.

	17	 Hummel F, Celnik P, Giraux P, et al. Effects of non-invasive cortical 
stimulation on skilled motor function in chronic stroke. Brain 
2005;128:490–9.

	18	 Rocha S, Silva E, Foerster Águida, et al. 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 2016;38:653–60.

	19	 Nitsche MA, Paulus W. Excitability changes induced in the human 
motor cortex by weak transcranial direct current stimulation. J 
Physiol 2000;527(Pt 3):633–9.

	20	 Tedesco Triccas L, Burridge JH, Hughes AM, et al. Multiple sessions 
of transcranial direct current stimulation and upper extremity 
rehabilitation in stroke: a review and meta-analysis. Clin Neurophysiol 
2016;127:946–55.

	21	 Wu AD, Fregni F, Simon DK, et al. Noninvasive brain stimulation 
for Parkinson's disease and dystonia. Neurotherapeutics 
2008;5:345–61.

	22	 Hummel FC, Heise K, Celnik P, et al. Facilitating skilled right hand 
motor function in older subjects by anodal polarization over the left 
primary motor cortex. Neurobiol Aging 2010;31:2160–8.

	23	 Bikson M, Grossman P, Thomas C, et al. Safety of transcranial direct 
current stimulation: evidence based update 2016. Brain Stimul 
2016;9:641–61.

	24	 Traversa R, Cicinelli P, Pasqualetti P, et al. Follow-up of 
interhemispheric differences of motor evoked potentials from the 
'affected' and 'unaffected' hemispheres in human stroke. Brain Res 
1998;803:1–8.

	25	 Rehme AK, Eickhoff SB, Wang LE, et al. Dynamic causal modeling 
of cortical activity from the acute to the chronic stage after stroke. 
Neuroimage 2011;55:1147–58.

	26	 Murase N, Duque J, Mazzocchio R, et al. Influence of 
interhemispheric interactions on motor function in chronic stroke. 
Ann Neurol 2004;55:400–9.

	27	 Bai X, Guo Z, He L, et al. Different therapeutic effects of transcranial 
direct current stimulation on upper and lower limb recovery of stroke 
patients with motor dysfunction: a meta-analysis. Neural Plast 
2019;2019:1–13.

	28	 Nitsche MA, Fricke K, Henschke U, et al. Pharmacological 
modulation of cortical excitability shifts induced by transcranial direct 
current stimulation in humans. J Physiol 2003;553:293–301.

	29	 Hummel FC, Cohen LG. Drivers of brain plasticity. Curr Opin Neurol 
2005;18:667–74.

	30	 Bolognini N, Vallar G, Casati C, et al. Neurophysiological and 
behavioral effects of tDCS combined with constraint-induced 
movement therapy in poststroke patients. Neurorehabil Neural Repair 
2011;25:819–29.

	31	 Cunningham DA, Varnerin N, Machado A, et al. Stimulation 
targeting higher motor areas in stroke rehabilitation: a proof-of-
concept, randomized, double-blinded placebo-controlled study of 
effectiveness and underlying mechanisms. Restor Neurol Neurosci 
2015;33:911–26.

	32	 Coscia M, Wessel MJ, Chaudary U, et al. Neurotechnology-aided 
interventions for upper limb motor rehabilitation in severe chronic 
stroke. Brain 2019;142:2182–97.

	33	 Turton A, Lemon RN. The contribution of fast corticospinal input to 
the voluntary activation of proximal muscles in normal subjects and 
in stroke patients. Exp Brain Res 1999;129:559–72.

	34	 Weightman M, Brittain J-S, Punt D, et al. Targeted tDCS selectively 
improves motor adaptation with the proximal and distal upper limb. 
Brain Stimul 2020;13:707–16.

	35	 Weightman M, Brittain J-S, Miall RC, et al. Direct and indirect effects 
of cathodal cerebellar TDCS on visuomotor adaptation of hand and 
arm movements. Sci Rep 2021;11:1–10.

	36	 Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for 
systematic review and meta-analysis protocols (PRISMA-P) 2015: 
elaboration and explanation. BMJ 2015;349:g7647.

	37	 Stinear CM, Lang CE, Zeiler S, et al. Advances and challenges in 
stroke rehabilitation. Lancet Neurol 2020;19:348–60.

	38	 Woytowicz EJ, Rietschel JC, Goodman RN, et al. Determining levels 
of upper extremity movement impairment by applying a cluster 
analysis to the Fugl-Meyer assessment of the upper extremity in 
chronic stroke. Arch Phys Med Rehabil 2017;98:456–62.

	39	 Page MJ, McKenzie JE, Bossuyt PM. The PRISMA 2020 statement: 
an updated guideline for reporting systematic reviews. BMJ 
2021;372.

	40	 de Morton NA. The PEDro scale is a valid measure of the 
methodological quality of clinical trials: a demographic study. Aust J 
Physiother 2009;55:129–33.

	41	 Maher CG, Sherrington C, Herbert RD, et al. Reliability of the PEDro 
scale for rating quality of randomized controlled trials. Phys Ther 
2003;83:713–21.

	42	 Foley NC, Teasell RW, Bhogal SK, et al. Stroke rehabilitation 
evidence-based review: methodology. Top Stroke Rehabil 
2003;10:1–7.

	43	 Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002;21:1539–58.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-8353-3659
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2004.06.003
http://dx.doi.org/10.1161/01.STR.0000087172.16305.CD
http://dx.doi.org/10.1177/000841749205900406
http://dx.doi.org/10.1037/h0038499
http://dx.doi.org/10.1016/S0004-9514(05)70040-4
http://dx.doi.org/10.1161/01.STR.0000170706.13595.4f
http://dx.doi.org/10.1007/s00221-005-2350-6
http://dx.doi.org/10.1191/0269215505cr832oa
http://dx.doi.org/10.1053/apmr.2001.18668
http://dx.doi.org/10.1053/apmr.2001.18668
http://dx.doi.org/10.1016/j.clinph.2016.10.087
http://dx.doi.org/10.1161/STROKEAHA.108.530584
http://dx.doi.org/10.1161/01.STR.32.7.1635
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2021.105774
http://dx.doi.org/10.1093/brain/awh369
http://dx.doi.org/10.3109/09638288.2015.1055382
http://dx.doi.org/10.3109/09638288.2015.1055382
http://dx.doi.org/10.1111/j.1469-7793.2000.t01-1-00633.x
http://dx.doi.org/10.1111/j.1469-7793.2000.t01-1-00633.x
http://dx.doi.org/10.1016/j.clinph.2015.04.067
http://dx.doi.org/10.1016/j.nurt.2008.02.002
http://dx.doi.org/10.1016/j.neurobiolaging.2008.12.008
http://dx.doi.org/10.1016/j.brs.2016.06.004
http://dx.doi.org/10.1016/S0006-8993(98)00505-8
http://dx.doi.org/10.1016/j.neuroimage.2011.01.014
http://dx.doi.org/10.1002/ana.10848
http://dx.doi.org/10.1155/2019/1372138
http://dx.doi.org/10.1113/jphysiol.2003.049916
http://dx.doi.org/10.1097/01.wco.0000189876.37475.42
http://dx.doi.org/10.1177/1545968311411056
http://dx.doi.org/10.3233/RNN-150574
http://dx.doi.org/10.1093/brain/awz181
http://dx.doi.org/10.1007/s002210050926
http://dx.doi.org/10.1016/j.brs.2020.02.013
http://dx.doi.org/10.1038/s41598-021-83656-5
http://dx.doi.org/10.1136/bmj.g7647
http://dx.doi.org/10.1016/S1474-4422(19)30415-6
http://dx.doi.org/10.1016/j.apmr.2016.06.023
http://dx.doi.org/10.1016/S0004-9514(09)70043-1
http://dx.doi.org/10.1016/S0004-9514(09)70043-1
http://dx.doi.org/10.1093/ptj/83.8.713
http://dx.doi.org/10.1310/Y6TG-1KQ9-LEDQ-64L8
http://dx.doi.org/10.1002/sim.1186


7Alabdulaali L, et al. BMJ Open 2022;12:e056064. doi:10.1136/bmjopen-2021-056064

Open access

	44	 Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring 
inconsistency in meta-analyses. BMJ 2003;327:557–60.

	45	 Ried K. Interpreting and understanding meta-analysis graphs: a 
practical guide, 2006.

	46	 Dickersin K. The existence of publication bias and risk factors for its 
occurrence. JAMA 1990;263:1385–9.

	47	 Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis 
detected by a simple, graphical test. BMJ 1997;315:629–34.

	48	 Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. 
Introduction-GRADE evidence profiles and summary of findings 
tables. J Clin Epidemiol 2011;64:383–94.

	49	 Butler AJ, Shuster M, O'Hara E, et al. A meta-analysis of the 
efficacy of anodal transcranial direct current stimulation for 
upper limb motor recovery in stroke survivors. J Hand Ther 
2013;26:162–71.

	50	 Bornheim S, Thibaut A, Beaudart C, et al. Evaluating the effects of 
tDCS in stroke patients using functional outcomes: a systematic 
review. Disabil Rehabil 2022;44:1–11.

	51	 Kang N, Summers JJ, Cauraugh JH. Transcranial direct current 
stimulation facilitates motor learning post-stroke: a systematic review 
and meta-analysis. J Neurol Neurosurg Psychiatry 2016;87:345–55.

	52	 Marquez J, van Vliet P, McElduff P, et al. Transcranial direct current 
stimulation (tDCS): does it have merit in stroke rehabilitation? A 
systematic review. Int J Stroke 2015;10:306–16.

	53	 Elbourne DR, Altman DG, Higgins JPT, et al. Meta-analyses 
involving cross-over trials: methodological issues. Int J Epidemiol 
2002;31:140–9.

	54	 Nitsche MA, Nitsche MS, Klein CC, et al. Level of action of cathodal 
DC polarisation induced inhibition of the human motor cortex. Clin 
Neurophysiol 2003;114:600–4.

http://dx.doi.org/10.1136/bmj.327.7414.557
http://dx.doi.org/10.1001/jama.1990.03440100097014
http://dx.doi.org/10.1136/bmj.315.7109.629
http://dx.doi.org/10.1016/j.jclinepi.2010.04.026
http://dx.doi.org/10.1016/j.jht.2012.07.002
http://dx.doi.org/10.1080/09638288.2020.1759703
http://dx.doi.org/10.1136/jnnp-2015-311242
http://dx.doi.org/10.1111/ijs.12169
http://dx.doi.org/10.1093/ije/31.1.140
http://dx.doi.org/10.1016/S1388-2457(02)00412-1
http://dx.doi.org/10.1016/S1388-2457(02)00412-1

	Effectiveness of transcranial direct current stimulation on hand dexterity in stroke patients: a protocol for a systematic review and meta-­analysis
	Abstract
	Introduction﻿﻿
	Rationale
	Objectives
	Methods and analysis
	Eligibility criteria
	Types of studies
	Inclusion criteria
	Exclusion criteria

	Types of participants
	Types of intervention
	Intervention group
	Control group

	Types of outcome measures

	Information sources
	Search strategy
	Study records
	Data management
	Selection process

	Data collection process
	Data extraction
	Dealing with missing data

	Data items
	Outcome and prioritisation
	Risk of bias in individual studies
	Synthesis of results
	Data analysis
	Assessment of heterogeneity
	Meta-analysis

	Meta-bias
	Assessment of publication bias

	Confidence in cumulative evidence

	Discussion
	Ethics and dissemination
	References


