
172

April 2025, Volume 11, Issue 2, Number 41

Caspian Journal of Neurological Sciences
"Caspian J Neurol Sci"

Journal Homepage: http://cjns.gums.ac.ir

Research Paper
Unihemispheric Dual-site Anodal tDCS for Lower Limb Motor 
Function in Chronic Stroke Patients: A Randomized Clinical Trial

Somaye Azarnia1 , Kamran Ezzati2* , Alia Saberi3 , Yaser Moaddabi4 , Babak Bakhshayesh Eghbali2  

1. Department of Physiotherapy, School of Medicine, Guilan University of Medical Sciences, Rasht, Iran. 
2. Department of Physiotherapy, Neuroscience Research Center, School of Medicine, Trauma Institute, Poorsina Hospital, Guilan University of Medical 
Sciences, Rasht, Iran. 
3. Department of Neurology, Neuroscience Research Center, School of Medicine,  Poursina Hospital, Guilan University of Medical Sciences, Guilan, Iran 
4. Department of Neurology, Faculty of Medicine, Poursina Hospital, Guilan University of Medical Sciences, Rasht, Iran. 

* Corresponding Author: 
Kamran Ezzati, Associate Professor.
Address: Department of Physiotherapy, Neuroscience Research Center, School of Medicine, Trauma Institute, Poorsina Hospital, Guilan University of 
Medical Sciences, Rasht, Iran.
Tel: +98 (919) 1399172, Fax: +98 (13) 33339842
E-mail: azarnia.pt.82@gmail.com

Background: A cerebrovascular accident results in behavioral deficits as a result of damage to the 
brain’s systems. The motor system is one of the most commonly affected nervous systems. Lower 
limb motor function is important to a person’s functional independence. Therefore, restoring lower 
limb motor function can be an important goal in rehabilitating patients after stroke. Scientists have 
shown the effects of non-invasive brain stimulation, such as tDCS, in improving the performance of 
stroke patients. Recently, researchers have proposed that unihemispheric dual-site anodal transcranial 
direct current stimulation (UHCDS a-tDCS) targeting the primary motor cortex (M1) and dorsolateral 
prefrontal cortex (DLPFC) could improve the effectiveness of a-tDCS in stroke rehabilitation.
Objectives: This study aimed to examine the effect of simultaneous stimulation of two points on the 
function of the lower limbs of stroke patients.
Materials & Methods:  This was a double-blind, randomized clinical trial. The study included 18 patients 
who had experienced their first chronic stroke. Participants were assigned to either experimental group 
1 or group 2, with both undergoing 5 consecutive sessions of a-tDCS. In experimental group 1, patients 
received active a-tDCS targeting both the M1 and DLPFC, while in experimental group 2, patients 
received a-tDCS to the M1 and sham stimulation to the DLPFC. Lower limb motor function was assessed 
using the Fugl-Meyer and time up-and-go test. Assessments were made before and after 5 sessions.
Results: The results indicate that following 5 sessions of a-tDCSM1-DLPFC, mobility and functional 
strength are better than a-tDCSM1 (P=0.04 and P=0.07).
Conclusion: Dual site stimulation a-tDCSM1-DLPFC can further improve balance in patients with 
chronic stroke.
Keywords: Transcranial direct current stimulation, Motor function, Stroke, Lower limb
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Introduction

troke is a major global health issue, rank-
ing among the top causes of mortality and 
long-term disability [1]. Stroke can se-
verely impair motor function in the lower 
limbs, causing problems with walking, 

balance, and activities of daily living [2]. After stroke, 
impaired movement control and limb weakness reduce 
muscle force production and affect coordination be-
tween the limbs during movement [2]. Stroke-related 
physical disability is a significant burden on healthcare 
systems and carers, affecting patients’ independence and 
quality of life. As a result, regaining lower limb function 
is a key objective of rehabilitation following a stroke [3]. 
Conventional rehabilitation strategies focus mainly on 
physical therapy. Nowadays, neurorehabilitation meth-
ods are considered a new and effective approach to the 
treatment of stroke patients. One of these methods is 
transcranial direct current therapy (tDCS), which uses a 
direct, weak current (1 to 2 mA) to change cortical excit-
ability [4]. The current is applied to the scalp through 
two electrodes. tDCS affects motor learning by exploit-
ing neuroplasticity’s effect and increasing rehabilita-
tion’s effectiveness [5]. Many studies have shown the 
effectiveness of tDCS in improving motor performance. 
In recent years, researchers have looked for ways to in-
crease the effectiveness of tDCS. One of the most es-
sential parameters of brain stimulation is the location of 
the electrode. Anodal tDCS of the primary motor cortex 
(M1) is a routine stimulation that improves motor per-
formance and learning. In addition to M1, other cortical 
areas functionally related to M1, such as the dorsolateral 
prefrontal cortices (DLPFC), have also been stimulated 
to alter corticospinal excitability [6]. The results showed 
that uni-hemispheric dual-site anodal tDCSM1-DLPFC re-
sulted in greater motor cortex excitability compared 
with stimulation of the primary motor cortex alone [7]. 
Vaseghi et al. (2015) indicated that stimulating M1 and 
DLPFC bilaterally in healthy subjects increased cortical 

excitability 1.5-fold [8]. Most studies have focused on 
upper limb function [9–11]. Therefore, this study inves-
tigated the effects of unihemispheric dual-site anodal 
tDCSM1-DLPFC on improving lower limb motor function.

This study aims to assess the effectiveness of uni-hemi-
spheric dual-site anodal tDCS targeting M1 and DLPFC 
in improving lower limb motor function. Secondary ob-
jectives include evaluating the impact of tDCS on various 
aspects of motor performance, such as muscle strength, 
coordination, and balance in the affected lower limb.

Materials and Methods

The trial was a double-blind, randomized, controlled 
clinical trial. Eighteen patients with chronic cerebral 
infarction (six months post-stroke) were enrolled. The 
mini-mental status examination (MMSE) was used to 
assess the patient’s cognitive status. All patients received 
5 intervention sessions on 5 consecutive days. The pa-
tient’s functional status was evaluated and recorded be-
fore intervention (T0), immediately after 5 intervention 
sessions (T1) and by Fugl-Meyer functional test (FM), 
time up and go test (TUG), and five times sit to stand test 
(FTSTS) (Figure 1). 

The Inclusion criteria were as follows:

1) First stroke [5]; 2) Patients over 40 years of age; 3) 
Stroke caused by involvement of the anterior cerebral 
artery, diagnosed by a neurologist; 4) Patients without 
chronic neurological disorders, including Parkinson dis-
ease, Alzheimer disease, schizophrenia, radiculopathy, 
and musculoskeletal disorders—especially those affect-
ing lower limb movement—diagnosed by neurologists 
and physiotherapists; 5) Participants with knee flexor 
spasticity of 1 or more on the modified Ashworth scale 
(MMAS); 6) No history of brain tumor; 7) Verbal com-
munication skills with the therapist; 8) Not taking any 
medication that alters a person’s cognitive state; 9) Not 

S

Highlights 

• The motor function of the lower limbs is essential for a person’s functional independence, so restoring them is a key 
objective in the rehabilitation of stroke patients.

• Unihemispheric dual-site a-tDCSM1-DLPFC improves motor function in stroke survivors.

• Unihemispheric dual-site a-tDCSM1-DLPFC positively affects mobility and functional strength in stroke patients.

• However, a-tDCS cannot improve the passive range of motion in stroke patients.
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having a heart condition and a pacemaker; 10) No his-
tory of seizures or previous brain surgery; 11) Patients 
without significant cognitive and memory deficits will 
be assessed using the Farsi translation of the MMSE, 
which requires a minimum score of 23 out of 30 [9].

The exclusion criteria were as follows:

1) Non-cooperation of the patient in the post-inter-
vention tests [10]; 2) Demonstration of scalp sensitivity 
to stimulation by the patient; 3) People withdraw from 
the research for any reason, not wanting to continue the 
research; 4) Extreme fatigue means the person cannot 
continue the test.

Randomization

Both participants and raters were unaware of group as-
signments. Randomization was conducted via the Ran-
domisation.com website. The patients were divided into 
two experimental groups, 1 and 2, through a computer-
generated randomization block. In experiment group 1, 
participants underwent 5 consecutive sessions of active 
anodal tDCS targeting the M1-DLPFC. In contrast, ex-
periment group 2 included 5 consecutive sessions that 
combined active tDCS at M1 with sham treatment at 
DLPFC. After the initial assessment, patients were al-
located to treatment and control groups using a random-
ized block design.

Transcranial direct current stimulation (tDCS) pa-
rameters

Direct current stimulation was delivered via two sa-
line-soaked electrodes using two single-channel tDCS 
devices. The electrodes were positioned according to the 
international 10-20 system used in electroencephalog-
raphy. In both groups, active electrodes were placed on 

M1 at C3/C4 and DLPFC at F3/F4, based on the tar-
geted hemisphere. Reference electrodes were positioned 
over the supraorbital area of the non-targeted side [11]. 
A constant current of 1 mA was applied for 20 minutes, 
consistent with previous research [12]. In the sham 
group (experiment group 2), stimulation was turned off 
after 30 seconds, specifically in the DLPFC region. A 
standard 5×7 cm² electrode was used as the reference 
electrode, while a 4×4 cm² active electrode was placed 
on the M1 and DLPFC areas to target motor cortex ex-
citability and enhance corticospinal tract excitability.

Outcome measures

The primary outcomes were FM, TUG and 5TSST, 
which were assessed using a questionnaire and timer. 
The FM was used to assess 5 domains of motor func-
tion, sensory function, joint mobility, balance, and pain 
in stroke patients [13].

TUG was used to assess the individual’s mobility and 
to evaluate static and dynamic balance. The 5TSST was 
employed to evaluate the functional strength of the low-
er limbs and transfer movements, balance and fall risk 
in the patients. 

Data analysis utilized SPSS software, version 26 (IBM 
SPSS Statistics for Windows, version 26, IBM Corp, Ar-
monk, NY, USA). Continuous variables are presented 
as Mean±SD. The Shapiro-Wilk test was employed to 
evaluate the normality of the quantitative data, indicat-
ing that the data adhered to a normal distribution. The 
non-parametric Mann-Whitney U-test and Wilcoxon 
signed-rank test were applied for comparisons between 
and within groups.

Figure 1. Experimental procedure

Abbreviation: FM: Fugl-Meyer functional test, TUG: Time up and go test, FTSTS: Five times sit to stand test. 

Note: T0: Before intervention, T1: Immediately after 5 intervention sessions.

Azarnia S,  et al. Dual-Site tDCS and Lower Limb Recovery in Chronic Stroke. Caspian J Neurol Sci. 2025; 11(2):172-179. 

http://cjns.gums.ac.ir/


175

April 2025, Volume 11, Issue 2, Number 41

A P<0.05 was deemed statistically significant. The 
sample size was determined using G*Power software, 
version 3.1, based on an effect size (d=2.0) reported in 
the Klomjai study, with a power of 0.90 and α=0.05. To 
account for possible dropouts, a 20% buffer was added 
to the calculations [14].

Results

Eighteen stroke patients (9 women and 9 men) with a 
mean age of 60.94±6.92 years participated in the study. 
The average time since stroke onset was 34.28±8.91 
weeks. Table 1 shows no statistically significant dif-
ferences in demographic characteristics, comorbidities, 
and spasticity levels between the two study groups. This 
study evaluated the average scores of motor function, 
mobility and functional strength of the lower limbs both 
at baseline and following the intervention in M1.

Comparisons of the effect of the intervention on 
motor function, PROM and joint pain

The results showed that in the between-group compari-
son, motor performance, passive range of motion and 
joint pain were not statistically significantly different in 
the two treatment and control groups before the interven-
tion (P=0.66, P=0.73, P=0.66). There was no significant 
change after the intervention. The changes in motor per-
formance, passive range of motion, and joint pain were 
not statistically significant (P=0.54, P=0.29, P=0.34) 
(Figure 2).

When comparing within groups, there was a statistical 
difference in motor performance after the intervention 
compared to before in the treatment group (P=0.02). At 
the same time, there was no statistical difference in the 

control group (P=0.10). Both groups exhibited signifi-
cant changes in passive range of motion and joint pain 
after the intervention compared to their status before.

Between-group and within-group comparison 
of the effect of the intervention on mobility and 
functional strength of the lower limbs in chronic 
stroke patients

Before the intervention, the results for mobility TUG 
and functional strength five times sit to stand test (5STST) 
showed no statistically significant difference between 
the treatment and control groups (P=0.60). However, 
after the intervention, A notable difference was found 
between the two groups (P=0.04 and P=0.07), with the 
treatment group demonstrating a greater decrease in time 
than the control group. Additionally, significant differ-
ences were observed between the two groups in both 
TUG and 5STST (Figures 3 and 4).

Discussion

This study evaluated the effects of two tDCS protocols, 
two-point versus one-point stimulation, on motor per-
formance and mobility in chronic stroke patients. Our 
findings align with existing literature, which generally 
supports the positive impact of tDCS on motor function. 
By focusing on comparing the two-point and one-point 
tDCS configurations, we explored how targeting differ-
ent areas of the motor cortex may influence treatment 
outcomes. This direct comparison is novel in stroke 
rehabilitation research and could provide insights into 
identifying the configuration that best enhances patient 
motor and functional outcomes. We selected sensitive as-
sessment tools, such as the FM score, TUG and 5STST, 
to effectively evaluate the impact of tDCS on mobility 

Table 1. Baseline characteristics of the study participants  

Variables

No. (%)/Mean±SD (Range)

PGroup

Intervention Control Total

Gender
Female 4(44.44) 5(55.56) 9(50.00)

0.999*

Male 5(55.56) 4(44.44) 9(50.00)

Side of Stroke
Left 6(66.67) 4(44.44) 10(55.56)

0.637*

Right 3(33.33) 5(55.56) 8(44.44)

Age(y) 60.44±7.0
(51.0, 73.0)

67.22±6.14
(56.0, 76.0)

63.83±7.28
(51.0, 76.0)

Z=-2.080
0.040†

Months since stroke 10.0±5.57
(6.0, 24.0)

9.78±2.22
(7.0, 14.0)

9.89±4.11
(6.0, 24.0)

Z=-0.982
0.340†

MMSE score 29.67±0.71
(28.0, 30.0)

29.56±0.73
(28.0, 30.0)

29.61±0.70
(28.0, 30.0)

Z=-0.449
0.730†

*Fisher exact tests, †Mann-Whitney test�
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and functional strength. This choice was critical in cap-
turing meaningful changes post-intervention and allows 
for comparisons with a broader body of tDCS literature.

The trial results demonstrated no difference between 
FM test scores, passive range of motion, and joint pain, 
5STST, after stimulation of two points and one point. 
However, TUG showed statistically significant changes, 
aligning with the findings of Klomjai et al. [14], who in-
vestigated the effects of one session of a-tDCS targeting 
M1 on lower limb motor performance in patients with 
subacute stroke. Azarnia et al. [15] studied the effect of 
stimulating two points and one point on the levels of brain 
metabolites and showed no change in the levels of metab-

olites. Prathum et al. [16] examined the intervention’s ef-
fect on the motor performance of patients’ upper and low-
er limbs and reported positive intervention results. In their 
study, the patients were split into control and intervention 
groups. The control group received no stimulation. How-
ever, in our study, the control group received stimulation. 
One point and the intervention group received two points 
of stimulation. Dumont et al. [17] studied the effects of 
treadmill and primary motor cortex electrical stimulation 
on static postural oscillations in stroke patients, and the 
results showed that the patients’ anterior-posterior oscilla-
tions decreased after one session of stimulation and train-
ing. Our results were consistent with their findings.

Figure 2. The comparison of fugl-meyer FM scores before and after the intervention between and within groups

Figure 3. The comparison of 5STST score before and after the intervention between and within groups

Azarnia S,  et al. Dual-Site tDCS and Lower Limb Recovery in Chronic Stroke. Caspian J Neurol Sci. 2025; 11(2):172-179. 
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In our study, both groups received brain stimulation; 
the results were better than before. One of the reasons 
for the difference in the effect on organ function when 
using tDCS is the attention to the type of involvement in 
the brain. It is said that stroke patients with subcortical 
participation may benefit more from the effects of tDCS 
stimulation than those with cortical involvement. Ed-
ward et al. [18] showed that tDCS before robotic therapy 
improved motor performance in chronic stroke patients. 
Motor learning improves movement skills through rep-
etition and practice, which is associated with long-term 
neurological changes. Therefore, the long-term effects 
of tDCS, together with repetition and training, may im-
prove patients’ motor performance.

In another study [18], the intervention was carried out 
over 36 sessions, of which 5 stimulation sessions were 
used in the current study. Perhaps the cumulative effect 
of more stimulation sessions effectively improves mo-
tor performance. Other trials that have shown positive 
results from using tDCS in enhancing patients’ motor 
performance have used electrical stimulation in combi-
nation with other treatments [16, 19-22]. Despite these 
findings, several limitations should be considered. The 
limited sample size of 18 participants restricts the gener-
alizability of the findings and may impact the statistical 
power. Consequently, larger studies are necessary to val-
idate these findings. In addition, although the interven-
tion consisted of 5 tDCS sessions within a rehabilitation 
program, this limited frequency may not adequately re-
flect the potential cumulative effects of tDCS. The study 
groups were designed to examine only the impact of 

brain stimulation. Because brain stimulation has a stim-
ulating effect on the brain, combining two-point brain 
stimulation with exercise therapy may produce effective 
results, which we suggest be addressed in future studies. 
Finally, the absence of extended follow-up assessments 
restricts our understanding of the sustainability of tDCS-
related improvements in motor function and mobility.

Conclusion

This study underscores the potential of tDCS as a vi-
able intervention for enhancing motor performance and 
mobility in chronic stroke patients. While both one-point 
and two-point tDCS stimulation protocols were evalu-
ated, only the treatment group exhibited statistically sig-
nificant improvements in motor function following the 
intervention, demonstrated by enhanced performance on 
the FM score and notable mobility improvements in the 
TUG and 5STST.

Despite the lack of significant differences between the 
two stimulation techniques in certain assessed areas, the 
findings align with existing literature highlighting the 
beneficial effects of tDCS on motor rehabilitation. How-
ever, the study’s limitations, such as the small sample 
size, short intervention duration, and absence of long-
term follow-up, indicate the need for further research to 
confirm these results and optimize treatment protocols. 
Future investigations should also explore the synergis-
tic effects of tDCS combined with other rehabilitation 
strategies to maximize patient outcomes, particularly in 
those with different types of brain involvement. Overall, 

Figure 4. The comparison of TUG scores before and after the intervention between and within roups
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this research adds to the growing body of evidence sup-
porting tDCS as a promising adjunct therapy in stroke 
rehabilitation.
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