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ABSTRACT 
 

Background: Upper extremity impairment as a deficit, affects the daily lives’ of the sufferers. Objective: To investigate the effect of 
bihemispheric tDCS on functional recovery of the affected upper extremity in chronic stroke patients. Patients and methods: Forty 
chronic stroke patients were allocated randomly to receive 10 consecutive sessions of either 1) simultaneous bihemispheric transcranial 
direct current stimulation (tDCS) and constraint induced movement therapy (CIMT) (study group) or 2) simultaneous sham stimulation 
and CIMT (control group). Outcome measures include changes in affected upper extremity motor impairment (Motricity Index (MI), 
Fugl-Meyer Upper Extremity Motor Assessment (UE-FM)) and motor activity (Action Research Arm Test (ARAT)) assessments.  
Results: The improvement of motor function (MI, ARAT and UE-FM scores) were significantly greater in the real stimulation group 
than the sham group (p = 0.002, 0.01 and <0.001 respectively). Conclusions: Bihemispheric tDCS can improve the recovery of motor 
functions in chronic stroke. 
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Introduction 

Upper extremity impairment is a common motor deficit after a 
stroke, and 30–60% of stroke sufferers have disability and 
inability to use their affected upper extremity in their daily lives 
[1]. Stroke is a common neurological condition that causes long-
term disability in adults [2]. Stroke often survives with 
neurological and functional deficits [3], upper limb impairment is 
one of the most common motor deficits after stroke and about 
33% to 66% of patients with upper limb impairments report a 
little recovery 6 months after stroke [4]. Excessive using of 
unaffected arms in daily living activities causes "non-use" and 
decreased movements of the affected one [5].  
To overwhelm non-use, "constraint-induced movement 
therapy" (CIMT) was recommended by Taub et al.; it   is a 

profound, functional task specific training with paretic upper 
extremity while restraining the unaffected one [6]. 
Transcranial direct current stimulation (tDCS) is a non-invasive 
brain excitation that can be applied during motor training. By 
transmitting a weak continuous current on the scalp, the tDCS 
depolarize or hyperpolarize the neurons and cause changes 
cortical excitability [7]. A motor impairment can occur from 
reduced output of the damaged hemisphere and unopposed 
inhibition from the unaffected hemisphere according to the 
model of interhemispheric rivalry between affected hemisphere 
and intact one [8]. Therefore, recovery of motor functions could 
be induced by increasing excitability of the affected motor 
cortex by anodal tDCS or by decreasing the excitability of 
cathodal tDCS-mediated motor cortex (unaffected motor 
cortex) [9]. 
In this study, we assessed the effects of bihemispheric tDCS 
combined with intensive peripheral sensorimotor training on 
upper extremity functional recovery. This combined treatment 
was compared with benefits achieved by the peripheral training 
alone (plus shame tDCS). 

Patients and Methods 

Forty chronic stroke patients from outpatient clinic of the 
Department of Neurology, faculty of physical therapy, Cairo 
University were included in this study. Inclusion criteria 

Access this article online 

Website: www.japer.in E-ISSN: 2249-3379 

 

How to cite this article: Abdaleem Ateia, Waleed Talat, Amani Nawito, 
Noura Elkafrawy.  Effect of transcranial direct current stimulation on upper 
extremity functional recovery in stroke patients. J Adv Pharm Edu Res 
2017;7(4):486-490. 
Source of Support: Nil, Conflict of Interest: None declared. 

 



Abdaleem Ateia, et al.: Effect of transcranial direct current 

Journal of Advanced Pharmacy Education & Research  | Oct-Dec 2017 | Vol 7 | Issue 4                                                                      487 
 

consisted of occurrence of ischemic stroke in the territory of the 
middle cerebral artery at least 6 months prior to enrollment; age 
ranged from 45 to 60 years old; no previous or subsequent 
strokes; with at least 10 degrees’ active wrist dorsiflexion and 
extension of themetacarpophalangealand interphalangeal joints 
of the thumb and at least 2 additional digits 10 degrees at 
enrollment. Exclusion criteria were as follows: spasticity of 
grade 3 or more; other neurologic or orthopedic disorders that 
could influence upper extremity function; history of 
neurosurgery or epilepsy; metallic implants within the brain and 
cardiac pacemaker. The study was approved by the ethical 
committee of faculty of physical therapy and informed consent 
was obtained from all participants. Patients were randomly 
assigned to one of two groups—real tDCS with CIMT (study 
group) or sham tDCS with CIMT (control group).  
The following measures for motor function assessment were 
used. The Action Research Arm Test (ARAT) [10], a standardized 
measure of arm motor function after stroke. It is divided into 
four subscales: grasp, grip, pinch and gross movement. It has 
high intra- and interrater reliability and validity [11]. Motricity 
Index(MI) [12], a valid instrument for characterizing the strength 
of the paretic upper extremity following stroke [13]. Upper 
Extremity Fugl-Meyer Motor Score (UE-FM) [14], a valid 
measure of upper extremity motor impairment. It has excellent 
internal consistency, intrarater and inter-rater reliability. In 
addition, it does not have any significant floor and ceiling effects 
[15]. These measures were obtained at baseline and at the end of 
the treatment. All the evaluations were conducted at the 
baseline and at the end of the treatment. 
Constraint-induced movement therapy. Each subject underwent 
10-day CIMT. Participants had to wear a hand mitt on the 
nonparetic hand which hindered hand and finger activity. The 
mitt should be worn for at least 90% of waking hours [16]. During 
the treatment period, all patients received up to 6 hours training 
per day of the affected arm in the outpatient clinic. Training tasks 
were designed according to a behavioral “shaping” technique and 
were designed to force an intensive use of the paretic extremity, 
while requiring a progressive improvement of the quality of 
movement [17]. 
Transcranial direct current stimulation. Direct current was 
transferred through pair of saline-soaked surface sponge 
electrodes (7.62x7.62 cm) and delivered by a battery-driven, 
adjustable direct current generator (Apex type A, USA).  
Simultaneous bilateral real stimulation consisted of 20 minutes 
of 2 mA direct current with the anode placed over the 
ipsilesional and the cathode over the contralesional motor area. 
For sham stimulation, the same electrode positions were used, 
but the stimulator was turned off after 30 seconds of stimulation. 
This ensured that patients could feel the initial itching sensation 
at the beginning of tDCS required for successful masking [18]. The 
patients were blinded as to whether they received real or sham 
tDCS. 

Statistical analysis 
In this study, outcome was the motor function measured by the 
ARAT, MI and UE-FM. The data were analyzed using the 
statistical package SPSS (Statistical Package for the Social 
Sciences) version 24. Data was summarized using mean, 
standard deviation, median, minimum and maximum in 
quantitative data and using frequency (count) and relative 
frequency (percentage) for categorical data. Comparisons 
between quantitative variables in the 2 groups were done using 
the non-parametric Mann-Whitney test. For comparison of 
serial measurements within each patient the non-parametric 

Wilcoxon signed rank test was used [19]. For comparing 
categorical data, Chi square (𝜒𝜒2) test was performed. Exact test 
was used instead when the expected frequency is less than 5 [20]. 
Correlations between quantitative variables were done using 
Spearman correlation coefficient [21]. P-values less than 0.05 
were considered as statistically significant. 

Results  

Demographic data. 
There is no significant difference between the two groups 
regarding age, duration of illness, gender and affected side 
distribution (all p > 0.089; table 1,2). 
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Table 2. The Sex and paralysis distribution in both groups 

  Real stimulation 
group (GII) 

Sham 
 group (GI) P value 

  Count % Count % 

Sex 
MALE 15 75.0% 14 70.0% 

0.723 FEMALE 5 25.0% 6 30.0% 
hemiplegic 

side 
RT 14 70.0% 12 60.0% 0.507 
LT 6 30.0% 8 40.0% 

Motor assessments 
The two groups did not differ with respect to baseline motor score (all 
p ≥ 0.142; table 3). 
Study group gained greater improvement than control group in both MI 
and ARAT scores. There was a significant improvement in FM(UE) 
scores in the study group only post intervention; instead the sham group 
showed insignificant improvement. (Table 4, 5). Comparison of clinical 
motor scores post intervention in (GI) and (GII) revealed a statistical 
significant difference (Table 6). 
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Table4.  comparison between pre and post intervention 
in study group 

 patient group 
P value 

 Mean SD Median Minimum Maximum 

MI (pre) 57.55 13.32 61.00 30.00 77.00 
< 0.001 

MI (post) 86.20 18.01 91.00 40.00 100.00 

ARAT (pre) 29.40 8.67 29.00 20.00 45.00 
< 0.001 

ARAT (post) 48.95 7.59 53.00 37.00 57.00 

FM (UL)(pre) 41.60 6.67 40.50 30.00 58.00 
< 0.001 

FM (UL)(post) 58.20 6.77 61.00 40.00 64.00 

 

Table 5. comparison between pre and post intervention in 
control group 

 control group 
P value 

 Mean SD Median Minimum Maximum 

MI (pre) 58.90 17.91 64.00 30.00 93.00 
0.001 

MI (post) 66.20 19.68 67.50 30.00 100.00 

ARAT (pre) 31.85 11.93 28.50 20.00 54.00 
< 0.001 

ARAT (post) 38.95 12.09 36.00 25.00 57.00 

FM (UL)(pre) 37.20 12.91 33.00 15.00 62.00 
0.109 

FM (UL)(post) 38.40 14.47 33.00 15.00 64.00 
 

Table 6. Difference between groups (Post 
intervention motor scores) 
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Discussion 

Bihemispheric tDCS improves the functional gain caused by 
CIMT, as measured by MI, ARAT and UE-FM. This is the 
finding of our study. 
The present study focused on examining patients whose age 
ranged from 45 to 60 years old, as 95% of strokes occur in 
people aged 45 and older [22]. Older people have a lower capacity 
for functional recovery. There is a 7% reduction in gain on the 
Barthel Index following rehabilitation for each 10-year rise in life 
after age of 60 [23]. Khan et al. (2012) reported that old age is one 
of the independent predictors of poor functional outcome post 
stroke [24]. Old age is normally associated with stereotypical 
structural and physiological changes in the brain that are caused 
by deterioration in elementary cognitive, sensory, and 
sensorimotor functions as well as increased susceptibility to 
stress. These changes are connected with falls, especially among 
patients with neurological diseases [25].  
Spontaneous recovery in the chronic phase of stroke (>6 
months) is improbable [26], so any improvement is attributed to 
intervention. About 60% of the post stroke individuals suffer 
from residual motor dysfunction as a long-term disability after 

the first year [27]. Upper extremity chronic motor problems seen 
from the first year after stroke could lead to learned nonuse as 
individuals stop trying to voluntarily move their affected upper 
extremity. Accordingly, the present study comprised patients 
whose stroke onset ranged from 6 to 12 months prior to study 
enrollment. 
There is evidence which suggests that CIMT is an effective 
therapeutic modality for the treatment of patients with 
hemiparesis [28]. Thus, we chose CIMT as a protocol for physical 
rehabilitation of this study. Also, we decided using 
bihemispheric tDCS as several previous studies showed that 
dual-hemispheric tDCS provide more effective cortical 
stimulation than single-hemispheric tDCS [29, 30]. 
The current study revealed that, despite CIMT-dependent 
motor recovery, bihemispheric tDCS significantly promote the 
effectiveness of CIMT. This finding is in agreement with 
previous studies [9, 31-33]. Also, bihemispheric tDCS produced 
significant improvements in the precision grip and digital 
dexterity motor control after the stimulation time [34]. It 
improves synergy learning, causing rapid and more coincided 
performance [35]. Consequently, bihemispheric tDCS may be a 
hopeful assistant to regimes of neurorehabilitation training. 
Contrary to our results was a study investigated the impact of 
electrode arrangement on tDCS efficacy on upper extremity 
function in stroke survivors. This study clarified significant 
increase in hand function after unilateral tDCS compared with 
sham, but not after bihemispheric stimulation [36]. The reason 
why bihemispheric tDCS was ineffective is unknown and 
couldn’t be explained. There is a contrast between this study and 
all previously mentioned studies. 
Despite the previously mentioned promising findings, Future 
studies involving larger number of patients resembled in site and 
lesion size are needed to clarify our results. 
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