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ABSTRACT 

Background: Stroke is the main causes of upper extremity weakness 

that may affect physical independency resulting in long-term disability. 

Previous studies showed that A-tDCS can improve neurological damage. 

A-tDCS causes depolarization and induces brain synaptic plasticity in 

stroke subjects. 
Aim: To analyze the effect of A-tDCS to the flexor digitorum 

superficialis (FDS) muscles activities in stroke subjects. 
Material and Methods: This experimental study was conducted from 

April to September 2020. Eight patients who suffered first attack 

ischemic stroke, aged 40 to 70 years old, were recruited from PMR 

outpatient clinic at Dr. Soetomo General Hospital Surabaya. Subjects 

were randomized into experimental and control group. The control group 

was given occupational therapy for 30 minutes, while the experimental 

group was given A-tDCS with intensity 2 mA for 20 minutes and 

occupational therapy for 30 minutes    in 5 consecutive days. Measurement 

of FDS muscle activities using sEMG were performed before and after 

intervention in both groups. 

Results: There was an increase of FDS muscles activities after treatment 

in control group (p=0,048) while there was no similar result in treatment 

group (p=0,188). The change of muscles activities was not different 

between groups (p=0,974).  
Conclusion: tDCS provides no significant benefit in terms of muscle 

activities in patients with stroke. Small number of samples and other 

several factors might limit the significancy of current study. Further study 

is needed to determine the benefit of A-tDCS as a rehabilitation modality 

in patient with stroke.  
Keywords: flexor digitorum superficialis muscles activities, ischemic 

stroke, occupational therapy, tDCS
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Introduction 

Stroke is a rapid development brain 

dysfunction characterized with focal and 

global clinical symptoms lasting for 24 

hours or more or causing death without any 

other cause than vascular. Stroke is the 

leading cause of long-term disability in the 

adult population in the world. 

Half of the post-stroke patients had 

damage to the upper extremities in the form 

of muscle weakness, somatosensory 

disorders, spasticity and synergistic 

movements that could affect motor control. 

The results of the Basic Health Research of 

the Ministry of Health of the Republic of 

Indonesia (RISKESDAS) in 2018 showed 

an increase in the prevalence of stroke in 

Indonesia, increasing by 10.9 per 1000 

population from 7 per 1000 population in 

2013. 

Weakness of the upper limb can 

occur in 60-70% of stroke sufferers, which 

is an  important factor in the reduced ability 

of a person to use his arms and hands for 

daily activities.1–3 Thus far, rehabilitation 

management is commonly carried out with 

occupational therapy which aims to facilitate 

a person’s performance by improving 

relevant performance skills or developing 

and teaching compensation strategies to 

address missing performance skills. 

However, the results of occupational 

therapy on stroke have not been 

satisfactory.4 

In recent years, transcranial direct 

current stimulation (tDCS) has been used to 

repair neuropsychological and neurological 

damage5. tDCS is a non-invasive brain 

stimulation technique which uses stimulator 

to deliver constant current through electrode 

positioned above the cranium.5 Previous 

study showed that tDCS is able to improve 

post-stroke rehabilitation outcomes by 

triggering neuroplasticity mechanisms.6,7 

Anodal-tDCS (A-tDCS) causes 

depolarization and increases the excitability 

of the lesion hemispheres, thereby inducing 

synaptic plasticity in the brain of post-stroke 

patients.7 Several studies on A-tDCS were 

mostly carried out in post-stroke patients and 

the results of these studies showed 

significant motor performance 

improvements.8,9 Research conducted by 

Cha  et al10 on stroke patients who were given 

functional training and tDCS showed a 

significant increase between pre and post 

intervention. Furthermore, two systematic 

reviews on tDCS supported the clinical 

application of tDCS for post stroke patient 

due to its minimal adverse effect and high 

potential in improving recovery.11,12 

Despite the supporting evidence of 

tDCS, there is a scarcity of studies that 

assess the effect of A-tDCS in post-stroke 

patient on muscle activity of upper 

extremity using objective measurement tool. 

Surface Electromyography (sEMG) can 

provide objective calculation of muscle 

energy at rest and its changes in movement. 

The advantage of sEMG is safe, easy, and 

non-invasive. Among upper extremity 

muscles, flexor digitorum superficialis 

muscle has a very important role in 

producing a firm grip. Therefore, this study 

aims to analyze the effect of A-tDCS to 

flexor digitorum superficialis muscles 

activities using sEMG in stroke subjects. 

 

Material and Methods 

This research was conducted in the 

rehabilitation outpatient clinic of Dr. 

Soetomo Academic General Hospital 

Surabaya from April to September 2020 and 

has been approved by the hospital ethics 

committee. The study subjects were 

recruited from rehabilitation outpatient 

clinic of Dr. Soetomo Academic General 

Hospital Surabaya. The total study subjects 

were 8 patients with inclusion criteria as 

follow: 1.) first attack ischemic stroke with 

an onset of 2 weeks to 12 months, 2.) 

hemiparesis with manual muscle test score 

of wrist flexor and finger flexor muscle is 2-

4 and manual muscle test score of elbow and 

shoulder flexor muscle is minimal 2, 3.) no 

range of motion limitation on shoulder, 

elbow, wrist, and finger joint, 4.) able to 

understand and follow instruction, 5.) no 

cognitive disturbance (mini mental state 

examination score ≥ 24), and 6.) agree to be 

the study subject and follow the protocol by 

signing the informed consent. The exclusion 

criteria are as follow: 1.) severe spasticity on 

upper extremity (modified Ashworth scale ≥ 
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3), pain on upper extremity with Wong 

Baker pain scale ≥ 4, 3.) hemineglect, 4.) 

apraxia, 5.) hemianopsia. 

Research subjects were randomly 

divided into control and treatment groups 

following sequence of number generated by 

Research Randomizer software.13 The 

control group received 30 minutes of 

occupational therapy for 5 consecutive days. 

The treatment group received 20 minutes of 

A-tDCS with intensity 2 mA using constant 

current electrical stimulator (Caputron 

Activa Dose II, Gilroy, USA) and 30 

minutes of occupational therapy for 5 

consecutive days. The active anodal 

electrode was placed on primary motor area 

(M1) (point C3 or C4 according to the 

international 10-20 electroencephalogram 

system) of the affected hemisphere. The 

reference electrode on the supraorbital 

region in the contralateral hemisphere. The 

outcome of this research was flexor 

digitorum superficialis muscle activity 

evaluated by using sEMG. 

Statistical Package for Social 

Sciences (SPSS) was used to conduct 

statistical analysis. Parametric and non-

parametric test was used based on normality 

of the data. Baseline characteristics were 

analyzed by using Fisher’s exact test, 

independent sample t-test, and Mann- 

Whitney test. Paired T test was used to 

assess the differences of sEMG result before 

and after the treatment of both groups. 

Between group comparison was analyzed by 

using independent T test. P value < 0.05 is 

considered significant. 

 

Results 

No adverse effects of the treatment were 

reported during or after the treatment. All 

subjects finished the sessions. No difference 

of subjects’ characteristics was found 

between the two groups before the treatment 

in term of age, sex, manual muscle test 

(MMT) and spasticity. However, the sEMG 

examination before the treatment showed 

lower of flexor digitorum superficialis 

muscle activity in treatment group 

compared to control group (0.030,01 vs 

0.110,05, p = 0.023). Significant 

improvement of sEMG value (Δ value) was 

found after treatment in control group 

(0.030,04, p = 0.023) but no difference of 

change (Δ value) was found between group 

(p = 0.974).  
 

Table 1. Demographic characteristic of sample 
Characteristic Group  N Mean SD Nilai p 

Age Treatment  4 51,50 14,93 0,782* 

 Control 4 53,75 4,35  

Gender Treatment Male 1   0,486** 

  Female 3  

 Control Male 3  

  Female 1  

Baseline MMT Treatment 2 3   0,155*** 

  3 1  

  4 0  

 Control 2 
3 

1 
2 

 

  4 1  

Spasticity Treatment 0 0   0,739*** 

  1 2  

  2 2  

 Control 0 1  

  1 0  

  2 3  

 Hemiparesis Treatment Dextra 3   0,486** 

  Sinistra 1  

 Control Dextra 1  

  Sinistra 3  

Independent sample t-test; ** Fisher’s Exact test; *** Mann-Whitney test 
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Table 2. Baseline Surface EMG delta comparison between control and treatment group 
Group N Mean (mv/second) SD p 

Treatment 4 0,03 0,01 0,023* 

Control 4 0,11 0,05  

* Independent sample t-test; Sig: p <0,05 

 

Table 3. Comparison of sEMG before and after intervention in treatment group (Δ value) 
sEMG N Mean (mV/second) SD P 

Before 4 0,03 0,01 0,188* 

After 4 0,06 0,04  

* Paired sample t-test; Sig: p <0,05 

 

Table 4. Comparison of sEMG before and after intervention in control group (Δ value) 
sEMG N Mean (mV/second) SD P 

Before 4 0,11 0,05 0,048* 

After 4 0,14 0,05  

* Paired sample t-test; Sig: p <0,05 

 

Table 5. Surface EMG Δ value comparison between control and treatment group 
Group N Mean (mV/second) SD P 

Treatment 4 0,03 0,04 0,974* 

Control 4 0,03 0,02  

Independent sample t-test; Sig: p <0,05 
 

Discussion 

The average age of patient in this 

study was 51 years old in treatment group 

and 53 years old in control group. This 

finding is in accordance with the previous 

study that show age as one of non-

modifiable stroke risk factors, it is known 

that risk of stroke increases after 55 years 

old.14 It is known that the incidence of 

stroke was more in men than women,14 

whereas in this study, it was found that the 

same number of men and women was 

found, which can be caused by the limited 

number of research samples. MMT, 

spasticity and site of hemiparesis in both 

groups were similar. Therefore, it will not 

affect the outcome. 

Surface EMG (sEMG) 

examination of flexor digitorum 

superficialis muscle activity after the 

treatment showed significant improvement 

in control groups. However, the change 

was not significantly different compared 

to the change in treatment group. This 

result is not in line with previous research 

which showed addition of tDCS results in 

better improvement of upper extremity 

motor abilities9,15,16 and brain functional 

connectivity17 that can be influenced by 

several factors. Firstly, the difference in 

baseline data of sEMG between the 

treatment and control groups may affect 

the rate of improvement. Furthermore, in 

this study, we did not distinguish the area 

of the lesion and the specific phase. 

According to previous studies, analyzing 

the effects of tDCS in post-stroke patients 

can be influenced by many biases, 

including the different characteristics of 

the patients enrolled as study subjects.7 

Some of the characteristics that need to be 

specified are lesion areas (cortical and 

subcortical lesions), etiology (ischemic, 

hemorrhagic, and lacunar), and phase 

(acute, subacute, and chronic)7. 

Other factor that may influence the 

result is the onset of stroke in each group. 

Treatment group consisted of 1 patient in 

subacute phase of with onset of 5 months 

and 3 patients in chronic phase with onset 

of 7, 9, and 12 months, while control group 

consisted of 1 patient in subacute phase 

with onset of 2 months and 3 patients in 

chronic phase with onset of 6, 9, and 12 

months. In some theories, it is stated that 

the optimal motor stroke improvement 

occurs in the first 6 months after stroke.18 

In contrast with this result, previous study 

showed that combination of occupational 

therapy and tDCS significantly improved 

motor function of patient with stroke in 

subacute and chronic phase.16 

No blinding method was used in 

this study. However, sEMG was used as an 
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objective outcome measurement tool to 

minimize bias even though sEMG also had 

drawbacks related to muscle substitution 

pattern. The neuromuscular system can 

express the same movements using 

different muscle groups which may affect 

the sEMG recording.19 Another possibility 

that can occur is the phenomenon of 

"crosstalk", where the energy from one 

muscle group moves to the recording plane 

of another muscle group, so it will be 

difficult to isolate certain muscle records.19 

Even though in this study the researcher 

has anticipated by determining the location 

of the muscles in accordance with atlas of 

electrode placement and by using small 

electrodes, the result still needs to be 

interpreted carefully. 

 

Conclusion 

No beneficial effect of tDCS was 

found in terms of muscle activities to 

support its use to improve motor function 

in patients with stroke. Small number of 

samples and other several factors might 

limit the significancy of current study. 

Further study is needed to determine the 

benefit of A-tDCS. 
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