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Objective  To compare the efficacy of repetitive transcranial magnetic stimulation (rTMS) and transcranial direct 
current stimulation (tDCS) on upper limb function recovery among patients who recently had stroke. 
Methods  Subjects with recent stroke (within 1 month) were randomized to rTMS (n=25) and tDCS (n=26) applied 
over the non-lesioned hemisphere for three sessions per week, followed by tailored upper limb rehabilitation 
training for a total of 2 weeks. The primary outcomes were changes in the Motor Assessment Scale (MAS), Fugl-
Meyer arm score test, Nine-Hole Peg Test (9HPT), hand grip strength, and modified Barthel Index at weeks 2 and 4. 
Both therapists responsible for training and assessment were blinded to the intervention allocated. 
Results  There was an improvement in all the motor performance scales among both groups (p<0.001). These 
improvements persisted at discharge. However, there was no significant difference in any of the assessment scales 
between the two groups. The rTMS group showed a statistically non-significant greater improvement in MAS, 
9HPT, and handgrip strength than the tDCS group. 
Conclusion  Both interventions produce a statistically significant improvement in upper limb function. There was 
no statistically significant difference between the two intervention methods with respect to motor performance. It 
is suggested that a larger study may help to clarify the superiority of either methods.
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INTRODUCTION

Limitation of upper limb function is considered a dis-
abling and disturbing consequence of stroke. Besides 
other functional disabilities, it can add to a negative ef-
fect on quality of life and social participation [1,2]. In a 
study of stroke subjects with a paretic upper limb, about 
33%–66% of them were unable to recover arm function 
in the first 6 months after stroke [3]. Moreover, up to 50% 
of the patients did not show any sign of significant arm 
recovery after >5 years post-stroke [4]. It has been sug-
gested in two systemic reviews [5,6] that stroke rehabili-
tation intensity is an important factor associated with 
greater and faster recovery. On the other hand, due to 
resource limitations, there is an increasing need for effec-
tive treatment without adding the cost of the healthcare 
system. Studies have suggested that post-stroke func-
tional improvement can be augmented by neuromodula-
tory intervention through non-invasive brain stimulation 
(NIBS), which involves transcranial magnetic stimulation 
and transcranial direct current stimulation (tDCS), to-
gether with physical training [7,8]. Repetitive transcranial 
magnetic stimulation (rTMS) is a non-invasive technol-
ogy that aims at maximizing recovery of function after 
stroke. Repetitive delivery of TMS (rTMS) with high-
frequency pulses will enhance excitability in the cortex, 
while repetitive low frequency rTMS suppresses cortical 
excitability [9,10]. There is an imbalance between the 
damaged and undamaged brain hemispheres in hemi-
plegic stroke patients, which was shown to have reduced 
excitability of the ipsilesional motor cortex and increased 
excitability in the contra-lesioned motor cortex [11]. Im-
provement in upper limb function after the application of 
low-frequency rTMS to the non-lesioned hemisphere has 
been proven in several studies [12,13]. Hence, rTMS can 
be used as an add-on treatment for routine rehabilitation 
programs in patients with acute stroke.

tDCS is another non-invasive method that can modu-
late neuronal excitability in a polarity-specific manner. 
It involves the application of a weak electrical direct cur-
rent to stimulate the brain. Anodal tDCS of the primary 
motor cortex (M1) increases corticospinal excitability, 
while cathodal tDCS exerts an inhibitory effect [14,15]. 
Thus, tDCS can be used for the rehabilitation of motor 
function in patients with stroke and has been shown to 
have promising results [16]. 

Both rTMS and tDCS have shown their effectiveness in 
the recovery of upper limb function. rTMS involves more 
tedious manpower input and higher equipment cost, 
while tDCS is simpler and can be applied at bedside. At 
present, studies comparing the effects of these two NIBS 
methods are minimal. Identification of the most benefi-
cial stimulation methods for cortical excitability can help 
to determine the best treatment option for motor func-
tion improvement among stroke patients. 

This study aimed to compare the efficacy of rTMS and 
tDCS on upper limb function recovery among a group of 
patients receiving rehabilitation in a rehabilitation hospi-
tal.

MATERIALS AND METHODS

Patients with recent stroke aged >18 years admitted 
to the rehabilitation unit of an extended care hospital 
were recruited. All stroke diagnoses were ascertained 
by neuroimaging. The inclusion criteria were subjects 
with ischemic or hemorrhagic stroke who could follow 
commands. Only participants who could read, write, 
and communicate in Chinese were recruited. Exclusion 
criteria were those who had (1) motor, sensory, or global 
aphasia; (2) inability to reach and grasp a dowel at least 
once; (3) conditions contraindicated to rTMS/tDCS, such 
as known seizure and had taken drugs known to lower 
the seizure threshold; and (4) having an intracranial 
metallic implant. Patients with stroke onset of >1 month 
were also excluded. Information collected included basic 
demographics, side of hemiparesis, and date of stroke 
onset. Infarct location was categorized according to the 
Oxfordshire classification [17], and the etiology of isch-
emic stroke was defined by the Trial of Org 10172 in Acute 
Stroke Treatment criteria [18].

All patients provided written informed consent to par-
ticipate in the study. Approval from KCC clinical research 
ethics committee, Hong Kong Hospital Authority was ob-
tained (No. REC [KC/KE]-18-0149/FR-4).

This was a single-blind randomized trial. Patients were 
randomly assigned to either rTMS or tDCS by a sealed 
envelope in a 1:1 ratio. All of them underwent standard 
upper limb training after the non-invasive electrical 
brain stimulation. Because the patients themselves were 
not blinded to the intervention modality, only the phys-
iotherapist and occupational therapist responsible for the 
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training and assessment of motor function were blinded 
to the mode of brain stimulation.

The standard duration of stroke rehabilitation was 4 
weeks for all patients. 

Measurements of motor functions were assessed by a 
trained physiotherapist and an occupational therapist 
who were blinded to the treatment allocation. Assess-
ment was done at baseline, at 2 weeks post intervention, 
and at 4 weeks. The Motor Assessment Scale (MAS) [19] 
was used to assess motor function. It comprised an as-
sessment of 8 areas of motor function, and 1 item was 
associated with muscle tone. Each item was scored on a 
scale of 0–6. A higher score indicated a better upper limb 
function. The modified Ashworth Scale (AS) was used to 
assess spasticity [20]. The Fugl-Meyer arm score test (FM) 
is an index for evaluating motor function [21]. It com-
prised 33 tasks performed with the affected upper limb. 
The performance of each task was rated, and a higher 
rating represented a better performance. The Nine-Hole 
Peg Test (9HPT) [22] examined fine motor skills and was 
expressed as pegs per second. Grip strength was recorded 
using a standard dynamometer. The modified Barthel In-
dex (mBI) was used to measure dependency and physical 
function. 

Intervention
rTMS
Single-pulse TMS was used to measure non-lesioned 

motor cortex excitability. Stimulation was administered 
using a PowerMAG 100 clinical stimulator (MAG and 
More GmbH, Munich, Germany) with air-cooled (fig-
ure-8) coil and evoked responses were measured from 
the abductor pollicis brevis (APB) on the non-paretic 
side. The “hot spot” was identified as the optimal scalp 
position for eliciting the largest motor evoked potential 
(MEP) from the non-affected primary motor cortex (M1) 
representing the APB area consistently. Resting motor 
threshold was determined by systemically reducing the 
stimulus intensity over M1. Motor threshold is defined 
as the lowest intensity level required to induce MEP with 
peak-to-peak amplitude of at least 50 µV in 5 out of 10 
consecutive trials [23]. rTMS was then applied at 1 Hz 
at 90% of MT to the non-lesioned hemisphere extensor 
digitorum communis M1 for 20 minutes.

tDCS
tDCS was administered via Soterix medical 1×1 tDCS. 

A saline-soaked cathodal electrode (5 cm×7 cm) was ap-
plied on the scalp overlying the unaffected motor cortex, 
while the anodal electrode was placed on the contralat-
eral forehead above the orbit. The current used was 1.5 
mA, and the duration of stimulation was 20 minutes.

Each subject would then undergo upper limb rehabili-
tation training immediately following a NIBS session as 
part of the routine care. Each subject would receive tai-
lored exercises involving sensorimotor integration, func-
tional muscle activation, and task-dependent re-learning 
program by an occupational therapist for at least 60 min-
utes. Non-invasive electrical brain stimulation and upper 
limb training were performed three times per week for 2 
weeks. 

Statistical analyses
The t-test and Mann-Whitney U test were used to com-

pare clinical demographics between the two interven-
tion groups for continuous data, and chi-square test for 
categorical data, respectively. Within-group changes at 
the end of weeks 2 and 4 of training were presented as 
changes from baseline. Longitudinal data on the motor 
assessment scale were analyzed by repeated-measures 
ANOVA for between-group differences. A p-value <0.05 
was considered as statistically significant. 

RESULTS

A total of 360 patients were admitted for stroke reha-
bilitation from September 1, 2018 to March 31, 2020. 
Fifty-one subjects were recruited. Three of them (1 in the 
rTMS group and 2 in the tDCS group) did not complete 
the program due to changes in disease condition and 
were transferred to the acute hospital for further care. 
Fig. 1 shows a consort flow diagram for patient recruit-
ment. The mean age was 64.4±11.6 years, and 26 (51%) 
were male. Thirty-seven patients (72.5%) had ischemic 
stroke, and 14 (27.5%) had hemorrhagic stroke. Twenty-
nine patients (59.9%) had left-sided cerebral involve-
ment. For the etiologies of ischemic stroke, there were 
30 (78.9%) small vessel disease, 4 (10.5%) large vessel 
disease, 1 (2.6%) cardioembolic stroke, and 3 (7.9%) were 
undetermined. The Oxfordshire classification for infarct 
location identified 22 (57.9%) lacunar infarcts, 8 (21.1%) 
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partial anterior circulation infarcts, 3 (7.9%) total anterior 
circulation infarcts, and 5 (13.2%) posterior circulation 
infarcts.

Among these 51 subjects, 25 were randomized to rTMS, 
and 26 were randomized to tDCS. 

Table 1 shows the baseline demographics of the inter-

Enrollment

Allocation

2 weeks

On discharge

Assessed for eligibility (n=360)

51 agree to consent and meet inclusion criteria

Allocated to rTMS (n=25) Allocated to tDCS (n=26)

Discontinued intervention (n=1)
Transfer out to acute hospital for

hypotension after 1 session

Discontinued intervention (n=1)
1 stopped after 3 sessions due to

scalp discomfort

Analyzed (n=24) Analyzed (n=24)
1 transfer out to acute hospital
due to fall shortly before discharge,
no pre-discharge assessment

Fig. 1. The consort flow diagram. 
rTMS, repetitive transcranial mag-
netic stimulation; tDCS, transcra-
nial direct current stimulation.

Table 1. Comparison of baseline clinical and demographic characteristics

rTMS (n=25) tDCS (n=26) p-value
Age (yr) 63.2±12.8 66.5±10.1 0.197

Sex, male 10 (40) 15 (57.6) 0.206

Stroke side (left hemisphere) 17 (68) 12 (46) 0.115

Ischemic stroke 19 (76) 18 (69) 0.586

Time from stroke onset to intervention (day) 18 16 0.727

TOAST classification of stroke subtype

   Large vessel (n=4) 3 (75) 1 (25)

   Cardioembolic (n=1) 1 (100) 0

   Small vessel (n=30) 15 (50) 15 (50)

   Undetermined (n=3) 1 (33) 2 (66) 0.506

Oxfordshire classification of stroke etiology

   Lacunar (n=22) 10 (45.5) 12 (54.4)

   Total anterior circulation (n=3) 3 (100) 0 (0)

   Partial anterior circulation (n=8) 4 (50) 4 (50)

   Posterior circulation (n=5) 2 (40) 3 (60) 0.336

Motor Assessment Scale 45 34.5 0.196

Modified Ashworth Scale 0 0 0.185

Fugl-Meyer arm score test 55 54 0.109

Nine Hole Peg Test 0.18 0.05 0.193

Modified Barthel Index 79 54 0.050

Length of hospitalization (day) 29 28.5 0.547

Values are presented as mean±standard deviation or number (%) or median.
rTMS, repetitive transcranial magnetic stimulation; tDCS, transcranial direct current stimulation; TOAST, Trial of Org 
10172 in Acute Stroke Treatment. 
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vention groups. There were no significant differences 
between the two groups in terms of baseline character-
istics. Fig. 2 shows the changes in functional outcomes. 
Both groups showed a statistically significant improve-
ment in the motor function scores with p-value <0.001 for 
all within-group comparisons with time, except for AS, 
which did not show any change with time. However, there 
was no significant difference between tDCS and rTMS 
on any of the motor function scales (Fig. 3). When we 
considered non-inferiority of tDCS over rTMS as a <10% 
above the lower boundary of the 95% confidence interval 
of rTMS, it was found that for the change in mBI at weeks 
2 and 4, tDCS yields a 4% above the lower boundary of 
the 95% confidence interval of rTMS, while for the other 
motor assessments, this difference of confidence inter-
val does not meet. These findings suggest that tDCS was 
non-inferior for gross physical function as reflected in the 
mBI, while rTMS may be superior to tDCS on fine hand 
motor function recovery.

DISCUSSION

This study aimed to determine the effects of two differ-
ent stimulation conditions on upper limb motor recov-
ery among patients with recent stroke. Our results show 

several important findings. First, there was a significant 
improvement in each of the outcome variables on mo-
tor recovery in both intervention groups. The percentage 
change in the 9HPT, which measured fine hand function, 
was better in the rTMS group, while those that measured 
gross motor function, such as mBI, were better in the 
tDCS group, although the difference was not statistically 
significant. This inconsistency of motor improvement has 
been reported in previous studies [24]. Cathodal tDCS 
and cTBS (continuous theta burst stimulation) produced 
specific changes in markers of neuroplasticity, although 
these neural effects cannot be translated into an im-
provement in motor recovery [25]. 

There are different mechanisms of rTMS and tDCS on 
the modulation of interhemispheric driving [25]. tDCS 
produced a weak polarization of a larger number of 
neurons, which in turn modulates the ongoing synaptic 
activity during motor activation [26]. In contrast, rTMS 
can induce a more focal electrical field. It then generates 
action potentials in a specific neural circuit [27]. This is 
more favorable for interventions that involve stimulating 
specific white matter tracts. It is speculated that rTMS 
may preferentially affect transcallosal neurons than tDCS 
[25].

In this study, the beneficial effect of rTMS over non-

A

Baseline Week 2 Week 4
(discharge)

14
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8

6

4

2

0

rTMS group

0

13.1

6.9

3.2

0.09

3.3

6.9

13.1

0.08

B

Baseline Week 2 Week 4
(discharge)

18

16

14

12

10

8

6

4

2

0

tDCS group

0

14.9

7.04

2.64

0.07

3.2

7.35

16.2

0.07

Change in MAS
Change in FM
Change in 9HPT (pegs/s)
Change in handgrip strength (kg)
mBI

Change in MAS
Change in FM
Change in 9HPT (pegs/s)
Change in handgrip strength (kg)
mBI

p<0.001 for all
functional scores
with time

p<0.001 for all
functional scores
with time

Fig. 2. The within group changes in functional outcome: (A) rTMS group and (B) tDCS group. Each line represents 
functional outcome scores. rTMS, repetitive transcranial magnetic stimulation; tDCS, transcranial direct current 
stimulation; MAS, Motor Assessment Scale; FM, Fugl-Meyer arm score test; 9HPT, Nine-Hole Peg Test; mBI, modified 
Barthel Index.
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lesional M1 was more robust for fine hand movement 
than for large motor function. This is in accordance with 
a pilot study in Thailand [28], who found that object 
size can influence task difficulty. Small objects require 
greater precision of the upper limb, which will lead to 
greater engagement of the cortico-subcortical networks 
compared to larger objects. This is further supported by 
a previous study that showed that during complex task 
execution, there is more involvement of M1 contralateral 
to the performing hand [29]. It has been proposed that 
during complex movement of the paralyzed limb, there 
is a higher interhemispheric interaction from the non-
affected hemisphere, which may inhibit the engagement 
of the lesioned M1 [30]. 

After the intervention, there were improvements in all 
of the assessment scales in both intervention groups, 
which persisted for up to 4 weeks: around the time of dis-

charge. Several studies have reported an additive effect 
on motor function immediately following a short course 
of NIBS and physical therapy when compared with physi-
cal therapy alone [31]. The long rehabilitation period 
and brain stimulation intervention in our study is likely 
to contribute to a greater overall practice effect on mo-
tor function recovery, independent of the type of brain 
stimulation offered. Furthermore, the additive effect of 
NIBS on rehabilitation may be important for maintaining 
newly regained motor skills in our patients with recent 
stroke. It has been demonstrated that bihemispheric 
tDCS administered in 10 sessions over 2 weeks with CIMT 
(carotid intima media thickness) modulated inhibitory 
networks within interhemispheric pathways, which is es-
sential for motor learning after stroke [32]. This is further 
supported by another study [8] that tDCS can modulate 
plasticity within the ipsilesional and non-lesioned corti-
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Fig. 3. The between group differences in functional outcome. Changes in (A) MAS, (B) FM, (C) 9HPT, (D) handgrip 
strength, and (E) mBI from baseline. Each bar and 95% confidence interval (CI) represent the changes in functional 
scores in the rTMS group and tDCS group. rTMS, repetitive transcranial magnetic stimulation; tDCS, transcranial di-
rect current stimulation; MAS, Motor Assessment Scale; FM, Fugl-Meyer arm score test; 9HPT, Nine-Hole Peg Test; 
mBI, modified Barthel Index.
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cospinal pathways by the preferential effects of bihemi-
spheric stimulation. This can lead to the maintenance of 
functional improvement. 

Our finding of NIBS to non-lesioned M1 improves coor-
dination and kinetics as shown by the within-group gain 
in MAS, 9HPT, and handgrip strength. It appears that 
rTMS produces better performance in fine hand function 
than tDCS. It is postulated that over activity within the 
non-lesioned M1 is maladaptive and may retard the per-
formance of the paralytic hand [28]. Application of rTMS 
to M1 has been demonstrated by various studies [28] as 
an improvement in the kinematics of grasp. Downregula-
tion of excitability of the non-lesioned hemisphere after 
rTMS is considered a potential mechanism that helps to 
restore balanced interhemispheric inhibition [33]. This 
downregulation of the non-lesioned M1 leads to a reduc-
tion of the interhemispheric inhibition of the extensor 
digitorum communis representational area in the ipsile-
sional M1, which will improve the kinematics of hand 
grasp. The disinhibition of the lesioned MI with rTMS 
over the non-lesioned M1 may expose its role within the 
neuronal network that is essential for coordination of the 
affected hand [28]. Neurophysiological studies [34] have 
proved that the transformation between kinematics and 
dynamics is part of the neuronal network that involves 
high-level planning by M1. This leads to the transforma-
tion between the extrinsic representation and intrinsic 
representation of limb motor behavior. It appears that a 
certain part of high-level neuronal operations of hand 
reach and grasp action was inherent in M1, which in-
cludes coordination and transformation of visual in-
formation into action. Thus, when abnormally high 
interhemispheric inhibition is released, this lesioned M1 
contributes more to the part of the neuronal network that 
coordinates the reach and grasp components [28]. 

Further research revealed that changes in one compo-
nent of motor hand action will alter the movement char-
acteristics of the other component [35]. Therefore, the 
improvement in hand opening after rTMS may lead to 
an improvement in the coordination between reach and 
grasp. This improvement in coordination with the reduc-
tion in movement time after rTMS, as evidenced by a bet-
ter 9HPT, suggested a more efficient performance of the 
paretic hand when non-lesioned M1 is suppressed.

Some limitations exist in our study. The lack of signifi-
cant clinical differences between the two groups could 

be due to the small sample size. Based on the effect size 
observed in our study, taking the best improvement in 
9HPT, approximately 750 subjects would be required for 
each arm to detect non-inferiority. This large target sam-
ple is difficult to achieve in a public setting with limited 
resources. 

We did not have a control group with no intervention. 
We cannot assess whether the improvement in motor 
function is a result of natural recovery from minor stroke. 
As discussed before, due to resource constraints, it is dif-
ficult to recruit an adequate number of stroke subjects for 
a three-group comparison. 

We have a heterogeneous sample of strokes with differ-
ent lesion involvement. There may be inter-individual 
variability in the response to NIBS. Studies have found 
that the thickness of the skull and sulcal depth [36], and 
the genotype of the brain-derived neurotrophic factor 
[37] can influence the response to tDCS, but does not in-
fluence the response to rTMS. Therefore, it is speculated 
that rTMS may be subject to less variability and may be a 
more preferable stimulation method.

The subjects in our current study had relatively mild 
impairment, as shown by a median AS score of 0 and FM 
score >50 out of 66. We cannot extrapolate our findings to 
patients with more severe stroke. One can imagine that 
the improvement in hand performance may be attrib-
uted to the learning effect by repeated performance of 
the same task during the experiment. There is evidence 
to show that even with short-term practice using the pa-
retic hand can produce improvements in certain aspects 
of task performance [28]. In our study, each of the tasks 
was assessed three times only at baseline and at 2 and 
4 weeks. This small number of repetitions may not have 
contributed to restoring the normal interhemispheric 
balance.

The recruitment rate was not satisfactory. Due to the 
limited availability of rTMS machines, with our center 
having only 1 rTMS machine, matching of subjects on 
TMS and tDCS created constraints on the trial period. 
This limitation of rTMS could only allow 1 subject to un-
dergo training during the two intervention periods. Fur-
thermore, the eligibility of subjects was mainly affected 
by the stringent criteria in which either the patient’s up-
per limb function was too poor or too good to be includ-
ed in the study.

On the other hand, our study provides some insight into 
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the recovery of upper limb motor performance among 
patients with recent stroke. Many studies have reported 
a significant after-effect of tDCS and rTMS on MEP im-
provement. The beneficial effect is mostly reflected by an 
improvement in electrical activity, such as an MEP incre-
ment, alone [38]. In clinical practice, it will be preferable 
if the treatment effect of the specific intervention can be 
translated in terms of clinical responsiveness rather than 
electrical activity. Studies have demonstrated that these 
two interventions work well in patients with acute stroke. 
Recent studies have demonstrated that rTMS can facili-
tate motor recovery in patients with acute stroke when 
compared with sham intervention [39]. A more recent 
study [40] showed that there were statistical and clinical 
improvements after tDCS in motor function and somato-
sensory functions compared with control. 

This study is the first in our locality to detect the effects 
of two NIBS methods on upper limb motor recovery. We 
were able to show a significant improvement in both in-
tervention methods for motor recovery. This may suggest 
that these two NIBS methods can augment further recov-
ery in addition to conventional rehabilitation.  

In conclusion, both tDCS and rTMS can improve up-
per limb motor recovery in patients with recent stroke. A 
larger clinical trial is warranted to confirm which NIBS 
method can produce more favorable motor recovery in 
patients with stroke. 
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