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The Persisted Effects of Low-Frequency 
Repetitive Transcranial Magnetic Stimulation to 
Augment Task-Specific Induced Hand Recovery 
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Objective  To examine the long-term effects of the low-frequency repetitive transcranial magnetic stimulation (LF-
rTMS) combined with task-specific training on paretic hand function following subacute stroke. 
Methods  Sixteen participants were randomly selected and grouped into two: the experimental group (real LF-
rTMS) and the control group (sham LF-rTMS). All the 16 participants were then taken through a 1-hour task-
specific training of the paretic hand. The corticospinal excitability (motor evoke potential [MEP] amplitude) of 
the non-lesioned hemisphere, and the paretic hand performance (Wolf Motor Function Test total movement time 
[WMFT-TMT]) were evaluated at baseline, after the LF-rTMS, immediately after task-specific training, 1 and 2 
weeks after the training. 
Results  Groups comparisons showed a significant difference in the MEP after LF-rTMS and after the training. 
Compared to the baseline, the MEP of the experimental group significantly decreased after LF-rTMS and after 
the training and that effect was maintained for 2 weeks. Group comparisons showed significant difference in 
WMFT-TMT after the training. Only in the experimental group, the WMFT-TMT of the can lifting item significantly 
reduced compared to the baseline and the effect was sustained for 2 weeks. 
Conclusion  The results of this study established that the improvement in paretic hand after task-specific training 
was enhanced by LF-rTMS and it persisted for at least 2 weeks.
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INTRODUCTION

Limited function of the paretic upper extremity (UE) 
is one of the most disabling consequences of stroke [1]. 
Approximately 55% of stroke survivors had no UE move-
ment following initial rehabilitation [2] which made them 
more of a burden to their relatives and society as a whole. 
After stroke, functional recovery is associated with in-
terhemispheric communication. Studies using transcra-
nial magnetic stimulation (TMS) reported that the non-
lesioned hemisphere had more corticospinal excitability 
than the lesioned hemisphere [3-5]. The suppression of 
the recovery in the lesioned hemisphere leads to persis-
tent functional deficits [3,4,6-9]. Therefore, rebalancing 
the corticospinal excitability of both hemispheres may 
support restoration of the function.

The existing evidence supports that the application of 
low-frequency repetitive TMS (LF-rTMS) could reduce 
the corticospinal excitability (CE) of the non-lesioned 
hemisphere (e.g., see [8-13]). TMS is a noninvasive 
technique that modulates excitability of the cerebral 
cortex [3,6]. Several studies confirmed that reduction 
of CE by LF-rTMS leads to the improvement of the pa-
retic hand function [8-14]. Among those studies, only 
a few study added motor training after a single session 
of LF-rTMS [11,13,14]. Takeuchi et al. [11] analyzed the 
combined effects of LF-rTMS with 15-minutes pinch 
training in chronic stroke. They reported improvement 
in acceleration of pinching and pinch force in the rTMS 
group as compared to the pinch training alone group. 
Vongvaivanichakul et al. [13] examined the effect of 
LF-rTMS on outcomes following reach-to-grasp (RTG) 
training in chronic stroke. They reported improvement 
in movement time on the Wolf Motor Function Test and 
the time of RTG actions in the experimental group, as 
compared to the control group. Moreover, the results of 
Takeuchi’s study [11] showed that the improvement of 
paretic hand maintained for one week. These findings 
were possible due to the adjunctive treatment protocol 
[11]. Of particular interest, there was a review paper that 
reported the use of non-invasive brain stimulation to 
augment motor training-induced plasticity [15]. There-
fore, an adjunctive protocol is needed to promote the 
recovery of motor performance. However, the adjunctive 
protocol used in both studies included a simple pinch 
task, not a real-world activity. Therefore, it is necessary 

to identify a type of motor training that involves a daily 
activity, thereby inducing neural plasticity and long-term 
behavioral changes. 

The Accelerated Skill Acquisition Program (ASAP) and 
constraint-induced movement therapy (CIMT) are types 
of task-specific training [16-18]. The ASAP is an innova-
tive, yet fully-defined, evidence-based and theoretically 
defensible therapy program. It is a hybrid combination 
of CIMT [19] and skill-based/impairment-mitigating 
motor learning training with embedded motivational 
enhancements [16,20,21]. The ASAP provides restoration 
of the paretic limb by employing tasks that involve real 
training situations, thereby reducing motor impairments 
and compensatory strategies [16,21]. CIMT focuses on 
restraining the movement of the non-paretic hand to pre-
vent adaptive behavior, thus overcoming a phenomenon 
of ‘learned non-use’ [16-18]. Inhibition of the non-paretic 
hand is related to the mechanism by which LF-rTMS re-
duces hyperexcitability of the non-lesioned hemisphere. 
The aforementioned studies [11,13] reported the com-
bined effects of LF-rTMS and motor training in chronic 
stroke, its effectiveness with subacute stroke (1–6 months 
post onset) is however still unclear. We hypothesized that 
if the adjunctive intervention is assigned to early-onset 
individuals and the motor training is a task-specific one, 
the improvement would last more than a week. We based 
the hypothesis on the principle of experience-induced 
plasticity, i.e., time matters and task specificity [22]. We 
recently reported part of the results on the immediate 
effect of LF-rTMS to enhance task-specific training [14]. 
Therefore, the objectives of this study were two-fold: (1) 
to examine the long-term effects of a single session of 
LF-rTMS combined with task-specific training using the 
ASAP principles on the paretic hand performance in in-
dividuals with subacute stroke, and (2) to determine the 
relationship between changes in corticospinal excitabil-
ity of the non-lesioned hemisphere and the improvement 
of paretic hand function. 

MATERIALS AND METHODS

Participants
Individuals, from the physical therapy centers of the 

Faculty of Physical Therapy, Mahidol University, Siriraj 
Hospital, and Golden Jubilee Medical Center, Mahi-
dol University, with a first-time subacute stroke were 



Persisted Effects of Brain Stimulation to Augment Hand Training in Stroke

779www.e-arm.org

screened for eligibility (Fig. 1). The inclusion criteria 
were as follows: (1) subcortical stroke within 1–6 months 
as verified by the CT/MRI findings; (2) must be between 
the age of 20–79 years; (3) right handedness based on the 
Edinburgh Handedness Inventory; (4) must have mild to 
moderate impairment of an UE based on the Fugl-Meyer 
Assessment; (5) must be able to follow simple commands 
as evaluated by the 2002 Thai version of the Mini Mental 
State Examination; (6) must be able to perform mass ex-
tension of finger; (7) must be able to sit independently for 
more than 1 hour; (8) must have normal/corrected hear-
ing and vision; and (9) must have no aphasia. The exclu-
sion criteria were as follows: (1) contraindication of TMS, 
e.g., seizures, as confirmed by a TMS screening question-
naire; (2) other neurological/musculoskeletal problems 
affecting the UE and interfering with task achievement; 
(3) lesions in other brain areas, e.g., the brainstem; and 
(4) receipt of task-specific training during the study pe-

riod. This study was approved by the Mahidol University 
Institutional Review Board (No. MU-IRB 2012/064.0304) 
and the Siriraj Hospital Institutional Review Board (No. 
SIRB SI134/2013). All participants were given a written 
informed consent form, and they signed the consent 
form prior to the enrollment.

Research design and procedure
This study used a double-blinded matched-pair experi-

mental design. Participants were randomly grouped into 
two, the experimental and control groups, using a con-
venience sampling method (Fig. 1). They were matched 
according to their extent of UE impairment, paretic side 
and age range (±5 years). The experimental group re-
ceived real rTMS with task-specific training, whereas 
the control group received sham rTMS with task-specific 
training. For each participant, corticospinal excitability 
and the performance of the paretic hand were evaluated 

Screening for eligibility based on
the criterion (n=35)

Total participants enrollment (n=16)

Excluded (n=19)
-Not meeting inclusion criteria (n=9)
-No reply (n=5)
-Fear (n=2)
-No availability (n=3)

Allocation by matching paired design

Experimental group (n=8) Control group (n=8)

Baseline evaluation
(Baseline)

Post-TMS treatment evaluation
(Post1)

Post-task-specific training evaluation
(Post2)

1 week follow-up evaluation
(Post3)

2 weeks follow-up evaluation
(Post4) Fig. 1. CONSORT flow diagram.
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5 times: at baseline (Baseline); immediately after rTMS 
(Post1); immediately after task-specific training (Post2); 
1 week after task-specific training (Post3); and 2 weeks 
after task-specific training (Post4). The evaluations were 
performed by a blinded assessor. During the follow-up 
period, the participants were asked to keep a daily record 
of their UE and to report these results to the assessor, the 
research assistant assigned for group allocation. The co-
investigator assessed all participants in each test.

LF-rTMS intervention
The LF-rTMS was applied over M1 of the non-lesioned 

hemisphere at the hotspot of the extensor digitorum 
(ED) muscle (1 Hz, 90% of resting motor threshold [rMT], 
1,200 pulses). The stimulation was delivered through the 
figure-eight air-cooled coil with a Magstim Rapid2 stimu-
lator (Magstim Co., Whitland, UK). However, the control 
group received sham stimulation applied using the same 
coil placement and same TMS parameter as the experi-
mental group except that the coil was tilted 90° [11,23]. 
We performed the stimulation protocol under the safety 
guidelines of rTMS application [24]. 

Task-specific training
The task-specific training was modified from the basic 

procedures for CIMT and the ASAP. The procedure for 
CIMT was the restraint of the non-paretic hand by a mitt 
during the training. The conceptual framework of the 
ASAP consists of three domains: task specificity, capac-
ity, and motivation [16]. The ASAP process consisted of 
task collaboration, priority task selection, self-efficacy 
evaluation, task analysis, threshold finding, and task pro-
gression. The protocol is illustrated in detail in Fig. 2. The 
specific tasks chosen by the participants were as follows; 
grasping a glass with or without a handle, manipulation 
of a pen during writing, manipulation of a spoon or fork 
during eating, and transporting a pot containing five cans 
of rice during cooking. Each participant underwent 1 
hour of task-specific training after the TMS intervention.

Outcome measurement
The main outcome measurements were the corticospi-

nal excitability of the non-lesioned hemisphere, mea-
sured by the motor evoked potential (MEP) amplitude of 
ED M1, and the performance of the paretic hand, mea-
sured by total movement time on the Wolf Motor Func-

tion Test (WMFT-TMT). 

Corticospinal excitability
The corticospinal excitability of the non-lesioned hemi-

sphere, as represented by the peak-to-peak amplitude 
of MEPs, was measured using single-pulse TMS with a 
figure-eight coil. The hotspot of ED M1 was marked on 
the scalp and on the neuro-navigation system to ensure 
precision. Determining corticospinal excitability also 
required electromyographic (Medelec Synergy; VIASYS 
HealthCare Inc., Surrey, UK) recording from silver/silver 
chloride electrodes positioned in a belly-tendon montage 
on the skin overlying the ED muscle. First, we measured 
the rMT of the non-lesioned hemisphere. The rMT refers 
to the lowest intensity that induces MEPs of 50-µV peak-
to-peak amplitude in the target muscle in 50% of the tri-
als applying TMS to the ‘optimal site’ [25]. The peak-to-
peak MEP amplitude was then determined for ten trials 
at 120% of rMT. 

Participant attended a task collaboration to select a real-
world task, to improve strength and fine motor control

(Two tasks for each parameter).

Participant assigned the priority to one of the four tasks
that listed in first step.

Participant completed the self-efficacy questionnaire of
the priority task.

Participant performed the priority task, interacted with
the researcher to determine impairments.

Participant interacted with the researcher to solve the most
important problems by designing a practice strategy and

number of training sessions.

The threshold parameter, i.e. the break down parameter
of each task was determined, that parameter was used

as a reference for task progression.

The task completion and task progression were
enhanced through interaction between participant and
researcher to increase the motivation of the participant.

Fig. 2. The Accelerated Skill Acquisition Program proto-
col.
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Hand performance
The performance of the paretic hand was measured 

based on the hand-related items of the WMFT (i.e., can 
lifting, pencil lifting, picking up a paper clip, stacking 
checkers, turning a key in a lock, and folding a towel). 
The grip strength of the paretic hand was also evaluated. 
During the test, participants comfortably seated in a 
chair and were instructed to perform the functional test. 
We demonstrated how to perform each task twice, then 
the participants performed the task. The participants had 
a maximum of 2 minutes to complete the task. The move-
ment time on each task was recorded using a stopwatch. 

Statistics and data analysis
We calculated sample size based on the study using 

Vongvaivanichakul et al. [13] to detect an effect size 
of (μ1–μ2), n=2σp

2(Zα/2+Zβ)2/(μ1–μ2)2 at confidence 
level (α) 0.05 and 80% power (1–β) where σp

2 represents 
pooled variance. With 20% dropout, the sample size per 
group (n) was found to be 8. The Shapiro-Wilk test was 
used to examine the distribution of the data. The demo-
graphic and baseline clinical characteristics were ana-
lyzed using descriptive statistics and were comparison 
between the two groups done using an independent-
samples t-test. Also, two-factor ANOVA (Group×Time) 
with repeated measurements (mixed model) was used to 
compare behavioral outcomes (average total movement 
time [TMT], movement time [MT] for each item, and grip 
strength) and corticospinal excitability (MEP amplitude 
in the non-lesioned hemisphere) in each testing session 
between the experimental and control groups and also 
within the groups. Multiple comparisons were done us-
ing the Bonferroni method. The Bonferroni test was used 
to analyze the behavioral outcomes and corticospinal 
excitability differences at each testing session between 
the experimental and control groups. To further examine 
if there was a relationship between changes in cortico-
spinal excitability of the non-lesioned hemisphere and 
changes in hand performance following the interven-
tion, we analyzed the Pearson product (parametric) or 
Spearman (non-parametric) correlation (depending on 
normality). Significance level was set at p<0.05. SPSS sta-
tistical software version 18.0 (SPSS Inc., Chicago, IL, USA) 
was used for all statistical analyses.

RESULTS

We screened 35 individuals that had previously expe-
rienced a stroke. Sixteen of these individuals met the 
inclusion criteria, and randomly grouped into two. No 
participants reported any adverse side effects, and all 
participants completed the study. The lesion locations in 
the 16 participants are shown in Table 1. All of the par-
ticipants had ischemic stroke, except one participant in 
the experimental group (participant #006). Additionally, 
there were 4 right hemispheric stroke in the experimen-
tal (real TMS) groups and 5 right hemispheric stroke in 
the control (sham TMS) group. However, the one non-
matched pair of lesion side between the two groups did 
not impact their average paretic hand impairment (Fugl-
Meyer score) as shown in Table 2. There were no differ-
ences in age, level of upper extremity impairment, time 
since stroke, or cognitive function between the experi-
mental and the control groups (Table 2). 

Corticospinal excitability: MEP amplitude of the non-
lesioned hemisphere

The main effect of time (F(3, 39)=1.096, p=0.362), main 
effect of group (F(1, 13)=2.911, p=0.112), and interac-
tion effect of time by group (F(3, 39)=1.009, p=0.399) were 
all insignificant. Although there was no interaction of 
time by group, we aimed to examine between-group 
comparisons at each time point. For the non-lesioned 
hemisphere, there were significant group differences in 
percentage change from baseline of the MEP amplitude 
of the non-lesioned hemisphere immediately after LF-
rTMS (post1; p=0.043, ES=0.60) and immediately after 
task-specific training (post2; p=0.047, ES=0.59). Based on 
within-group comparisons, there was no change in the 
MEP amplitude in the control group over time. On the 
contrary, the experimental group showed a significant re-
duction in the MEP amplitude immediately after the real 
LF-rTMS compared to after the baseline (p<0.001). Fur-
thermore, the reduction in percentage change amplitude 
MEP was maintained after task-specific training (post2) 
compared to after the baseline (p=0.003) and at 2 weeks 
after the training (post4) (Table 3). 

Hand performance: WMFT-TMT, movement time for 
each item, and grip strength 

As for the WMFT-TMT, there was a significant main ef-
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fect of group (F(1, 13)=5.142, p=0.041, ES=0.55). However, 
there were no effect of time (F(3, 39)=2.309, p=0.091) or 
time×group interaction (F(3, 39)=0.712, p=0551). Post hoc 
analysis revealed a significant difference in TMT of the 
paretic hand at post2 between the two groups (p=0.023, 
ES=0.62). On the contrary, there was insignificant dif-
ference in the average TMT of the paretic hand at post1 
(p=0.082), post3 (p=0.088), or post4 (p=0.075) between 
the two groups (Table 3). 

When each item was analyzed, the movement time of 
the paretic hand significantly changed within the experi-
mental group over time. This difference was observed 

only for the can lifting item at post2 (p=0.03, ES=0.62), 
post3 (p=0.009, ES=0.66), and post4 (p=0.021, ES=0.63) 
compared to the baseline. On the contrary, the control 
group showed insignificant differences in the movement 
time between different time points. Additionally, this 
pattern of results was not observed for other items of the 
WMFT. 

Based on grip strength, there was a significant main ef-
fect of time (p=0.014, ES=0.60). Additionally, there was 
a significant increase in grip strength at post4 compared 
to that at post1 in the experimental group but not in the 
control group (Table 3).

Table 2. Demographic and baseline clinical characteristics 

Real-rTMS group
(n =8)

Sham-rTMS group
(n = 8)

p-valuea)

Age (yr) 54.25±9.07 60.13±11.58 0.278

Time since stroke onset (mo) 3.19±2.14 3.94±1.37 0.418

Fugl-Meyer Assessment score (out of 66) 47.00±7.95 46.5±5.26 0.884

Mini Mental State Examination score (out of 30) 26.38±1.85 25.75±1.75 0.499

Star Cancellation Test score 53.13±3.83 53.25±2.60 0.940

Imitation of meaningless gesture 6.00±0.00 5.88±0.35 0.351

Values are presented as mean±standard deviation.
rTMS, repetitive transcranial magnetic stimulation.
a)Independent-samples t-test.

Table 1. Types and locations of lesions

Group Participants no. Types and locations of lesion 
Real-TMS group 001 Left lacunar infarction

002 Right periventricular infarction

003 Right lacunar infarction

004 Right lacunar infarction

005 Left internal capsule infarction

006 Hemorrhage at left thalamus extending to left periventricular white matter

007 Lacunar infarction at right basal ganglia

008 Left internal capsule infarction

Sham-TMS group 009 Left internal capsule basal ganglia

010 Right internal capsule infarction

011 Right lacunar infarction

012 Right lentiform nucleus and periventricular white matter infarction

013 Left periventricular white matter infarction

014 Left lacunar infarction

015 Right periventricular infarction

016 Right lacunar infarction

TMS, transcranial magnetic stimulation.
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The correlation between changes in corticospinal 
excitability of the non-lesioned hemisphere and 
performance time of the can-lifting item of the paretic 
hand

The correlation between changes in corticospinal excit-
ability and the changes in the performance time of the 
can-lifting item was insignificant (p>0.05). However, the 
decreased corticospinal excitability of the non-lesioned 
hemisphere moderately correlated with a decreased per-
formance time of the can-lifting at baseline-post1, base-
line-post2 and baseline-post3 only in the experimental 
group (Table 4).

DISCUSSION

This study examined the effects of a single session of 
LF-rTMS combined with task-specific training using the 
principles of ASAP and CIMT on paretic hand perfor-
mance following subacute stroke. There was a reduction 
in MEP amplitude of the non-lesioned hemisphere by 
the LF-rTMS. This study extended the findings of the 
studies of Takeuchi [11] and Vongvaivanichakul et al. [13] 
by evaluating the corticospinal excitability of the non-
lesioned hemisphere after task-specific training follow-
ing subacute stroke. The results of this study showed that 
the reduction in MEP amplitude induced by the real LF-
rTMS was maintained immediately after task-specific 
training. Importantly, the improvement in paretic hand 
performance after task-specific training was enhanced by 
LF-rTMS and the effects of conjunctive intervention on 
the hand function persisted for at least 2 weeks. 

The possible mechanisms underlying neural plasticity 
and improvement of the hand performance by the com-
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Table 4. Correlations between changes in corticospinal 
excitability of the non-lesioned hemisphere and perfor-
mance time of the can-lifting item of the paretic hand, 
compared at baseline, post1, post2, post3, and post4

Changes
Sham-rTMS 

group
Real-rTMS  

group
r p-value r p-value

Post1 vs. baseline -0.39 0.34 0.58 0.13

Post2 vs. baseline -0.40 0.33 0.55 0.15

Post3 vs. baseline -0.51 0.53 0.43 0.28

Post4 vs. baseline 0.26 0.71 -0.08 0.85

rTMS, repetitive transcranial magnetic stimulation.
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bination of LF-rTMS and task-specific training are ex-
plained in this section. One potential mechanism under-
lying this effect is that the downregulation of excitability 
of the non-lesioned hemisphere following LF-rTMS 
enhances the restoration of balanced interhemispheric 
inhibition (IHI) [6,8,10,26]. There is evidence that inter-
hemispheric interactions are modulated by the kinemat-
ics of the movement [27]. It is possible that downregula-
tion of the non-lesioned M1 decreased the IHI to the 
ED representational area, thereby improving the hand 
functions. LF-rTMS leads to the release of the gamma-
butyric acid (GABAA), which is related to long-term de-
pression (LTD). This process results in the modulation of 
corticospinal excitability within the human cortex via an 
inhibitory circuit [20,28]. Similarly, motor training can 
promote neural plasticity [29-31]. A recent meta-analysis 
brought about the positive impact of motor training on 
upper extremity functions. In the same analogy with 
TMS, task specific training could induce the modulation 
of NMDA activation receptor and GABAergic inhibition. 
Applying LF-rTMS before task-specific training might be 
the prime functional networks for the training [23,32-34]. 
Therefore, one possible mechanism is that their com-
bination might maximize the effect of each other [15]. 
Additionally, preventing movement of the non-paretic 
hand during task-specific training may have contributed 
to decrease excitability of the non-lesioned hemisphere. 
This have may enhanced the effect of LF-rTMS with the 
similar mechanism. These findings are consistent with 
the results of previous studies [16-18]. 

The difference in the average MEP amplitude of the 
non-lesioned hemisphere was insignificant 1 week and 
2 weeks after training between the two groups. The MEP 
amplitude in the experimental group remained de-
creased after 1 week and 2 weeks of training, whereas, 
there was no change in the mean MEP amplitude in the 
control group. These findings are different from the re-
sults of the study by Takeuchi et al. [11], who reported 
that the percentage change in average MEP amplitude of 
the non-lesioned hemisphere ultimately returned to the 
baseline level. The simple pinch task used in their study 
may not have been sufficient to exert a long-term effect. 

In addition to corticospinal excitability, hand perfor-
mance was another variable to reflect the behavioral 
outcomes of post-stroke rehabilitation. We examined 
the combined effects of LF-rTMS and task-specific train-

ing on the function of the paretic hand using the WMFT. 
Task-specific training was conducted after a single ses-
sion of LF-rTMS in both groups. The results showed that 
compared to the control group, the experimental group 
showed a greater decrease in TMT of the paretic hand 
relative to baseline immediately after receiving the real 
LF-rTMS. The TMT of the experimental group was further 
decreased after training. Thus, these findings indicate 
that the benefit of task-specific training was augmented 
by LF-rTMS. Our protocol was similar to that used in the 
studies by Takeuchi et al. [11] and Vongvaivanichakul 
et al. [13]. However, we further extended the protocol of 
motor training employed by these two studies to more 
daily functional tasks, i.e., reaching and grasping. This 
study demonstrated the beneficial combined effect of LF-
rTMS and task-specific training resulting in the sustained 
decrease in TMT for at least 2 weeks. 

This study’s results are different from those of the study 
by Takeuchi et al. [11] because their improvements in 
motor performance lasted for 1 week while ours were 
longer. Thus, it is essential to combine task-specific train-
ing with LF-rTMS. In 2013, Higgins et al. [35] applied 
1,200 pulses of LF-rTMS and 90 minutes of task-specific 
training based on daily activities, 2 sessions/week for 4 
weeks. Their results revealed insignificant improvements 
in WMFT time or grip strength between or within the two 
groups after the intervention or at the 4-week follow-up 
visit. The lack of significant improvement may have been 
due to the small sample size used in that study (n=9). 
Subsequently, in 2014, Rose et al. [26] applied LF-rTMS 
combined with functional task practice to chronic stroke 
patients. All participants received 16 sessions of either 
active LF-rTMS or sham LF-rTMS followed by 1-hour 
functional task training of the paretic hand. The results 
showed insignificant changes in WMFT time or grip force 
either from baseline to after the intervention or from 
after the intervention to the 1-month follow-up visit be-
tween the two groups. These results are consistent with 
the study by Higgins et al. [35], although Rose et al. [26] 
used a larger sample size. Thus, these unexpected find-
ings were possibly due to timing from stroke onset. Both 
studies [26,35] recruited participants with chronic stroke. 
Perhaps the combined effects of TMS and training were 
not sufficiently robust to induce an improvement in pa-
retic hand function following chronic stroke. In contrast 
to those studies, this study investigated participants with 
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subacute stroke. Accordingly, our findings suggested that 
the combined effects of LF-rTMS and task-specific train-
ing should be assigned to early-onset stroke patients, 
supporting the principle of experience-induced plastic-
ity, i.e., ‘the earlier the better’ [22]. Although Kakuda et 
al. [27] reported improvement of UE function in chronic 
stroke after the combination of rTMS and occupational 
therapy, the efficacy of the intervention should be con-
firmed with the control group included. Therefore, this 
study is the only controlled study that demonstrated the 
persisted effects of LF-rTMS to augment task-specific 
training-induced plasticity following subacute stroke.

Regarding hand performance, the movement time on 
the WMFT included six items. The results of this study 
showed an insignificant difference in TMT between or 
within the two groups except for the can lifting item of 
the experimental group, whose results showed a signifi-
cant difference in the MT of the paretic hand immediate-
ly, 1 and 2 weeks after task-specific training as compared 
to the baseline. On the contrary, the control group insig-
nificant differences in the MT. Therefore, these findings 
are possibly due to the similarity of the can lifting task to 
the task-specific training. The postulation is supported 
by the analysis of each participant such that most of the 
participants selected grasping a glass without a handle 
as their training tasks. Another possible explanation for 
our result is the target of TMS stimulation, i.e., the wrist 
extensor muscle, is the essential mediator of lifting a can, 
so this stimulation may resolve the impairment in the 
performance of the can lifting task.

Regarding grip strength, there were insignificant dif-
ferences between the two groups at each testing time. 
However, there was a significant improvement from im-
mediately after LF-rTMS to 2 weeks after training in the 
real rTMS group but not in the sham TMS group. These 
findings indicate that the application of LF-rTMS alone or 
immediate effects of LF-rTMS combined with task-specif-
ic training was insufficient to improve the grip strength of 
the paretic hand. In the long run, the improvement of the 
paretic hand in the real rTMS group may have been in-
duced by the combined effects of LF-rTMS, task-specific 
training, and daily activities. Participants were motivated 
to build up the confidence and self-management which 
might have encouraged them to use their hand in their 
daily activities [21]. The enhanced effect through the 
mesocortical pathway motivated them to continuously 

use the affected hand thereby improved grip strength at 
the retention test of week 2 after the training. During the 
follow-up period, both groups performed daily activities 
and received physical therapy. However, the effects of 
daily activities and physical therapy alone were insuf-
ficient to change the grip strength as shown in the sham 
group.

In conclusion, this study established that the effects of 
a single session of LF-rTMS on the non-lesioned hemi-
sphere combined with task-specific training led to the 
paretic hand improvement following subacute stroke. 
This improvement may be as a result of maximizing each 
individual effects thereby induced the long-term effects 
persisted for at least 2 weeks. This study suggests that 
combining the protocol is a useful intervention for indi-
viduals with subacute stroke who has mild to moderate 
impairment. 
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