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Abstract. [Purpose] The purpose of this study was to examine the effects of transcranial direct current stimu-
lation (tDCS) applied to the cerebral cortex motor area on the upper extremity functions of hemiplegic patients. 
[Subjects and Methods] Twenty four Patients with hemiplegia resulting from a stroke were divided into two groups: 
a tDCS group that received tDCS and physical therapy and a control group that received only physical therapy. 
A functional evaluation of the two groups was performed, and an electrophysiological evaluation was conducted 
before and after the experiment. Statistical analyses were performed to verify differences before and after the ex-
periment. All statistical significance levels were set at 0.05. [Results] The results showed that functional evaluation 
scores for the elbow joint and hand increased after the treatment in both the experimental group and the control 
group, and the increases were statistically significantly different. [Conclusion] tDCS was effective in improving the 
upper extremity motor function of stroke patients. Additional research is warranted on the usefulness of tDCS in 
the rehabilitation of stroke patients in the clinical field.
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INTRODUCTION

Improvement in the standard of living and changes in 
diet have led to an increase in the prevalence of hyperten-
sion, arteriosclerosis, and diabetes mellitus. Moreover, the 
incidence rate of stroke and the risk for these diseases have 
increased. Cerebrovascular diseases are the second-highest 
cause of death, followed by cancer, in Korea1). Among the 
cerebrovascular diseases, stroke is one of the most common 
causes of disability in adults. The prognosis of stroke after 
the age of 65 years is usually poor, and more than 80% of 
patients experience neurological damage2). The rate of dis-
ability that affects activities of daily living after a stroke, 
compared to other chronic diseases, is very high. Long-term 
rehabilitation is necessary because of the loss of function 
in the upper and lower extremities, speech impairment, and 
cognitive disorders that accompany a stroke3, 4).

With regard to the recovery of neurological motor func-
tions after a stroke, patients show 80% and 95% recovery 
of the upper and lower extremity function within 3 months, 

respectively5). Despite intensive, long-term treatment, most 
stroke patients fail to show complete recovery of the func-
tion of their upper limbs6, 7). Among the upper extremity 
functions, hand function is usually the most severely im-
paired8). Various treatments, including drugs and exercise, 
are available to enhance motor functions after a stroke. Other 
methods include neurological physical therapy focusing on 
neurodevelopment therapy and proprioceptive neuromuscu-
lar facilitation, occupational therapy, ischemic nerve block, 
functional electrical stimulation, constraint-induced move-
ment therapy9, 10), and robot-assisted therapy for upper limb 
rehabilitation11). These treatment methods may speed up the 
recovery of patients’ upper limb functions but require long-
term efforts, and continuous treatment may be difficult for 
various reasons. Recent research suggests that transcranial 
direct current stimulation (tDCS) of the brain can improve 
physical functions in stroke patients12–15). Therefore, we 
investigated the effects of tDCS on the recovery of upper 
limb functions in stroke patients.

SUBJECTS AND METHODS

The study included 24 patients with stroke diagnosed 
by a specialist at C hospital located in D Metropolitan City 
who were receiving rehabilitation treatment for functional 
recovery. In all the participants, hemiplegic patients were 
composed of at least 6 months after the onset. Participants 
with a history of stroke, with a personal or family history of 
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epileptic seizure, who underwent implantation of an artificial 
cardiac pacemaker, or who showed severe upper extremity 
contracture and deformity were excluded, because participa-
tion of such patients was difficult. Patients with hemiplegia 
who were diagnosed with a stroke were randomly assigned 
to either an experimental or a control group. Data were 
collected from patients who agreed to participate after they 
fully understood the research procedures. All procedures 
were approved by the Institutional Review Board committee 
of C National University Hospital in the Korea.

Fugl-Meyer assessment (FMA) was performed before the 
experiment for all the patients to determine the function of 
their upper limbs16). The experimental group received tDCS 
and physical therapy, whereas the control group received 
only physical therapy. After 4 weeks, the FMA was per-
formed again, and the intervention was performed 5 times 
per week for 4 weeks.

Kolmogorov-Smirnov single-sample test was performed 
to examine the general characteristics of the participants and 
the normality of each item. An analysis of covariance was 
conducted to identify differences between the 2 groups. The 
data were analyzed with SPSS 18.0 SPSS Inc, Chicago, IL, 
USA) for Windows, and the significance was set at p < 0.05.

RESULTS

With regard to shoulder function, the mean ± standard 
deviation (SD) FMA scores were 22.44 ± 5.64 before and 
21.00 ± 6.08 after the treatment in the control group, and 
they were 22.64 ± 6.02 before and 26.82 ± 4.92 after the 
treatment in the experimental group; the changes were sta-
tistically significant (p < 0.01). The mean ± SD FMA scores 
for the elbow joint were 5.00 ± 3.74 before and 5.11 ± 3.72 
after the treatment in the control group, whereas they were 
7.09 ± 2.34 before and 8.45 ± 1.92 after the treatment in the 
experimental group; the changes were statistically signifi-
cant (p < 0.05). In the control group, the mean ± SD FMA 
scores for hand function were 8.44 ± 5.22 before and 8.89 
± 5.16 after the treatment. In the experimental group, the 
mean ± SD FMA scores were 10.45 ± 2.62 before and 12.45 
± 2.16 after the treatment. The changes in both the groups 
were statistically significant (p < 0.05)(Table 1).

DISCUSSION

In this study, we applied tDCS, which activates the motor 
areas in the cerebral cortex, in combination with physical 
therapy for patients with a stroke and who experienced 
hemiplegia for ≥6 months. This study focused on the effects 
of tDCS on upper extremity functions.

The changes in the FMA scores for the shoulder joint, 
elbow joint, and hand functions were greater in the group 
that received tDCS than in the group that received only 
physical therapy. The FMA is considered the best tool for the 
assessment of a patient’s motor functions. Park and Choi17) 
reported that FMA was more effective than other methods 
for the assessment of the recovery of upper extremity motor 
functions. In addition, a correlation between the effects of 
tDCS on upper extremity functions and FMA scores was 
verified, and FMA was found to be a valid method for the 

evaluation of upper limb functions. Hummel et al.18) and 
Harvey et al.19) applied tDCS for chronic stroke patients and 
observed that the extent of improvement in the motor func-
tion performance, including FMA scores, was greater in the 
tDCS group than in the non-tDCS group.

Hummel et al.18) reported that tDCS applied for chronic 
stroke patients reduced the reaction time of the paretic hand 
and improved the pinch force. In the present study, the 
shoulder joint, elbow joint, and hand function scores in the 
experimental group increased significantly, and these find-
ings support the findings of Hummel et al18).

A limitation of the present study was the small study 
population. Therefore, the results cannot be generalized to 
all female patients with stroke. Studies in a larger number of 
participants would generate results that are more meaning-
ful. The validity of the study would also be improved by 
clarifying the criteria for the selection of participants.

The intervention that included tDCS improved upper 
limb motor function. However, previous studies did not 
clarify these changes. Therefore, additional research needs 
to focus on elucidation of the association between changes 
in the motor areas in the cerebral cortex and improvement in 
muscle performance of the upper limbs.

REFERENCES

1) Statistics Korea. Annual report on the causes of death statistics. 2013.
2) Kim K, Kim YM, Kim EK: Correlation between the activities of daily 

living of stroke patients in a community setting and their quality of life. J 
Phys Ther Sci, 2014, 26: 417–419. [Medline]  [CrossRef]

3) Kwakkel G, Kollen BJ, Wagenaar RC: Therapy impact on functional re-
covery in stroke rehabilitation: a critical review of the literature. Physio-
therapy, 1999, 85: 377–391.  [CrossRef]

4) Geerligs L, Maurits NM, Renken RJ, et al.: Reduced specificity of func-
tional connectivity in the aging brain during task performance. Hum Brain 
Mapp, 2014, 35: 319–330. [Medline]  [CrossRef]

5) Nakayama H, Jørgensen HS, Raaschou HO, et al.: Recovery of upper ex-
tremity function in stroke patients: the Copenhagen Stroke Study. Arch 
Phys Med Rehabil, 1994, 75: 394–398. [Medline]  [CrossRef]

6) Prange GB, Jannink MJ, Groothuis-Oudshoorn CG, et al.: Systematic re-
view of the effect of robot-aided therapy on recovery of the hemiparetic 
arm after stroke. J Rehabil Res Dev, 2006, 43: 171–184. [Medline]  [Cross-
Ref]

7) Langhorne P, Bernhardt J, Kwakkel G: Stroke rehabilitation. Lancet, 2011, 
377: 1693–1702. [Medline]  [CrossRef]

8) Carey LM, Matyas TA: Frequency of discriminative sensory loss in the 
hand after stroke in a rehabilitation setting. J Rehabil Med, 2011, 43: 257–

Table 1. Changes score of FMA items in a stroke patients of 
before and after transcranial direct current stimulation

Group Pre Post (%)

Shoulder
Experiment (n=12) 22.64±6.02 26.82±4.92 **
Control (n=12) 22.44±5.64 21.00±6.08

Elbow
Experiment (n=12) 7.09±2.34 8.45±1.92 *
Control (n=12) 5.00±3.74 5.11±3.72

Hand
Experiment (n=12) 10.45±2.62 12.45±2.16 *
Control (n=12) 8.44±5.22 8.89±5.16

Values are mean ± SD, * p<0.05, ** p<0.01
FMA: Fugel-Mayer Assessment
Experiment: Transcranial direct current stimulation + Standard 
physical therapy group
Control: Standard physical therapy group

http://www.ncbi.nlm.nih.gov/pubmed/24707096?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.417
http://dx.doi.org/10.1016/S0031-9406(05)67198-2
http://www.ncbi.nlm.nih.gov/pubmed/22915491?dopt=Abstract
http://dx.doi.org/10.1002/hbm.22175
http://www.ncbi.nlm.nih.gov/pubmed/8172497?dopt=Abstract
http://dx.doi.org/10.1016/0003-9993(94)90161-9
http://www.ncbi.nlm.nih.gov/pubmed/16847784?dopt=Abstract
http://dx.doi.org/10.1682/JRRD.2005.04.0076
http://dx.doi.org/10.1682/JRRD.2005.04.0076
http://www.ncbi.nlm.nih.gov/pubmed/21571152?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(11)60325-5


3513

263. [Medline]  [CrossRef]
9) Langhorne P, Coupar F, Pollock A: Motor recovery after stroke: a system-

atic review. Lancet Neurol, 2009, 8: 741–754. [Medline]  [CrossRef]
10) Taub E, Uswatte G, Bowman MH, et al.: Constraint-induced movement 

therapy combined with conventional neurorehabilitation techniques in 
chronic stroke patients with plegic hands: a case series. Arch Phys Med 
Rehabil, 2013, 94: 86–94. [Medline]  [CrossRef]

11) Chang WH, Kim YH: Robot-assisted therapy in stroke rehabilitation. J 
Stroke, 2013, 15: 174–181. [Medline]  [CrossRef]

12) Boggio PS, Castro LO, Savagim EA, et al.: Enhancement of non-dominant 
hand motor function by anodal transcranial direct current stimulation. 
Neurosci Lett, 2006, 404: 232–236. [Medline]  [CrossRef]

13) Lee YS, Yang HS, Jeong CJ, et al.: The effects of transcranial direct cur-
rent stimulation on functional movement performance and balance of the 
lower extremities. J Phys Ther Sci, 2012, 24: 1215–1218.  [CrossRef]

14) Seniów J, Bilik M, Leśniak M, et al.: Transcranial magnetic stimulation 
combined with physiotherapy in rehabilitation of poststroke hemiparesis: a 
randomized, double-blind, placebo-controlled study. Neurorehabil Neural 

Repair, 2012, 26: 1072–1079. [Medline]  [CrossRef]
15) Cha HK, Ji SG, Kim MK, et al.: Effect of transcranial direct current stimu-

lation of function in patients with stroke. J Phys Ther Sci, 2014, 26: 363–
365. [Medline]  [CrossRef]

16) Gebruers N, Truijen S, Engelborghs S, et al.: Prediction of upper limb re-
covery, general disability, and rehabilitation status by activity measure-
ments assessed by accelerometers or the Fugl-Meyer score in acute stroke. 
Am J Phys Med Rehabil, 2014, 93: 245–252. [Medline]  [CrossRef]

17) Park EY, Choi YI: Psychometric properties of the lower extremity subscale 
of the Fugl-Myer assessment for community-dwelling hemiplegic stroke 
patients. J Phys Ther Sci, 2014, 26: 1775–1777. [Medline]  [CrossRef]

18) Hummel FC, Voller B, Celnik P, et al.: Effects of brain polarization on 
reaction times and pinch force in chronic stroke. BMC Neurosci, 2006, 7: 
73. [Medline]  [CrossRef]

19) Harvey RL, Winstein CJ, Everest Trial Group: Design for the everest ran-
domized trial of cortical stimulation and rehabilitation for arm function 
following stroke. Neurorehabil Neural Repair, 2009, 23: 32–44. [Medline]  
[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/21305243?dopt=Abstract
http://dx.doi.org/10.2340/16501977-0662
http://www.ncbi.nlm.nih.gov/pubmed/19608100?dopt=Abstract
http://dx.doi.org/10.1016/S1474-4422(09)70150-4
http://www.ncbi.nlm.nih.gov/pubmed/22922823?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2012.07.029
http://www.ncbi.nlm.nih.gov/pubmed/24396811?dopt=Abstract
http://dx.doi.org/10.5853/jos.2013.15.3.174
http://www.ncbi.nlm.nih.gov/pubmed/16808997?dopt=Abstract
http://dx.doi.org/10.1016/j.neulet.2006.05.051
http://dx.doi.org/10.1589/jpts.24.1215
http://www.ncbi.nlm.nih.gov/pubmed/22588639?dopt=Abstract
http://dx.doi.org/10.1177/1545968312445635
http://www.ncbi.nlm.nih.gov/pubmed/24707084?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.363
http://www.ncbi.nlm.nih.gov/pubmed/24398579?dopt=Abstract
http://dx.doi.org/10.1097/PHM.0000000000000045
http://www.ncbi.nlm.nih.gov/pubmed/25435698?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1775
http://www.ncbi.nlm.nih.gov/pubmed/17083730?dopt=Abstract
http://dx.doi.org/10.1186/1471-2202-7-73
http://www.ncbi.nlm.nih.gov/pubmed/18812431?dopt=Abstract
http://dx.doi.org/10.1177/1545968308317532

