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Summary
Aims: To evaluate the effectiveness of repetitive transcranial magnetic stimulation 
(rTMS) on motor recovery after stroke using a prospective, double-blind, randomized, 
sham-controlled study.
Methods: Patients with unilateral subcortical infarction in the middle cerebral artery 
territory within 1 week after onset were enrolled. The patients were randomly divided 
into an rTMS treatment group and a sham group. We performed high-frequency rTMS 
or sham rTMS on the two groups. Motor functional scores were assessed pre- and 
post-rTMS/sham rTMS and at 1 month, 3 months, 6 months, and 1 year after stroke 
onset. The scores included the National Institutes of Health Stroke Scale (NIHSS), 
Barthel Index (BI), Fugl-Meyer Assessment Upper Limb/Lower Limb (FMA-UL/LL), 
modified Rank Score (mRS), and the resting motor threshold (RMT) of the hemiplegic 
limb.
Results: At baseline, no significant differences were found between the two groups 
for motor functional scores. On the second day after rTMS treatment, score improve‐
ments of the NIHSS, BI, FMA-UL in the real treatment group were more significant 
than those in the sham group. In addition, similar results were obtained at 1 month. 
However, at 3 months, 6 months, and 1 year after onset, no significant differences in 
improvement were observed between the two groups, except for the FMA-UL score 
improvement.
Conclusion: rTMS facilitates motor recovery of acute stroke patients, and the effect 
can last to 1 month, except the function improvement on upper extremities could last 
for 1 year. A single course of rTMS in the acute stage may induce the improvement of 
upper extremities function lasted for 1 year.
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1  | INTRODUCTION

Many methods have been applied to facilitate recovery after stroke. 
However, improvement in rehabilitation strategies is necessary be‐
cause many patients remain disabled after treatment.1,2 Traditional 
methods, such as physical therapy and occupational therapy, are 
time-consuming and labor-intensive. Repetitive transcranial mag‐
netic stimulation (rTMS) has been increasingly used for the treat‐
ment of depression, motor dysfunction after stroke, aphasia, and 
mental disorders since 2000.3–9 It is particularly popular in research 
studies on functional recovery and brain reorganization after stroke. 
Currently, the internationally recognized strategy is high-frequency 
(≥5 Hz) rTMS applied to the ipsilesional primary motor cortex (M1) 
to facilitate its reperfusion and reorganization.10 It has been proven 
to play a positive role in functional rehabilitation after stroke, and 
brain reorganization has been noted on functional magnetic reso‐
nance imaging (fMRI).9,11 However, low-frequency rTMS applied 
to the contralesional M1 may also facilitate recovery as it weakens 
the contralesional hemisphere’s inhibitory effect on the ipsilesional 
hemisphere.12 Some studies have used measurements, including 
clinical assessment, fMRI, motor evoked potentials (MEPs), and cen‐
tral excitatory time, to compare the two types of rTMS and have 
found no significant differences.13,14 Many studies have demon‐
strated the positive role of rTMS in functional improvement, al‐
though these studies have varied in observation time and stages 
of stroke.15,16 However, the onset and maintenance time of rTMS 
remain uncertain.

Our study was a randomized, double-blind, and sham-controlled 
study of rTMS in acute ischemic stroke patients. We evaluated par‐
ticipants pre- and post-rTMS/sham rTMS and at 1 month, 3 months, 
6 months, and 1 year after onset to investigate whether high-frequency 
rTMS over the ipsilesional M1 could facilitate functional improvement, 
and we examined how long this effect could be maintained.

2  | MATERIALS AND METHODS

2.1 | Clinical data

We recruited acute ischemic stroke patients from January 2013 to 
January 2016. Only patients with unilateral subcortical lesions in the 
middle cerebral artery territory as detected using diffusion weighted 
imaging (DWI) within 1 week after onset were enrolled in our study. 
The exclusion criteria were as follows: (i) a history of stroke or cer‐
ebral small vessel disease, (ii) cognitive impairment (Mini-Mental State 
Examination score ≤24); (iii) a history of serious lung and heart dis‐
eases, liver and renal failure diseases or malignant tumors; and (iv) any 
MRI contraindications. The study protocol and consent forms were 
reviewed and approved by the ethics committee of the hospital, and 
full written consent was obtained from all participants. The study was 
registered under the Clinical Trials Registry Number NCT03163758 
(http://register.clinicaltrials.gov. Title:Cerebral Reorganization of 
Stoke Patients after Repetitive Transcranial Magnetic Stimulation by 
Neuroimaging Analysis).

All patients were admitted to the hospital after enrollment. The 
patients were treated with a series of standardized therapies, including 
antiplatelet drugs and motor rehabilitative training (beginning on the 
second day after assessment and performed by the same rehabilita‐
tion physician). Routine examinations, such as routine blood, liver and 
renal function tests and electrocardiograms, were performed for every 
patient. An electroencephalogram was also performed before rTMS or 
sham rTMS.

2.2 | Grouping and evaluation

The patients were divided into a real rTMS treatment group and a 
sham group in a random and double-blinded manner. A random num‐
ber was generated by a computer, and the processing method was 
placed into a sealed envelope. A nurse who was not involved in the 
clinical evaluation was responsible for issuing and registering the 
number. The functional scores of the patients were independently as‐
sessed by an experienced neurologist at each follow-up time point. 
The staff members who implemented rTMS were not involved in the 
clinical assessment, and the rehabilitation physician was not aware of 
the patient groupings.

The scoring methods included the following: (i) National Institutes 
of Health Stroke Scale (NIHSS), (ii) Barthel Index (BI), (iii) Fugl-Meyer 
Assessment Upper Limb/Lower Limb (FMA-UL/LL), (iv) modified Rank 
Score (mRS), and (v) the resting motor threshold (MT) of the hemiple‐
gic upper limbs. The former 3 scores were the primary endpoints, and 
the latter 2 scores were the secondary endpoints. We evaluated each 
patient at 6 time points, including grouping time, the second day after 
treatment, 1 month after onset, 3 month after onset, 6 month after 
onset, and 1 year after onset.

2.3 | rTMS

The MT(motor threshold) of the ipsilesional and contralesional abduc‐
tor digiti minimi muscles were determined for every patient before 
rTMS or sham rTMS to evaluate motor function for both cerebral 
hemispheres. The RMT was defined as the lowest intensity capable 
of eliciting at least 5 MEPs of 50 μV peak-to-peak amplitude in 10 
consecutive stimulations when single-pulse TMS was delivered to 
the contralateral cortex. If the minimum MEP amplitude could not be 
detected, then it was recorded as 100%. MTs for bilateral cerebral 
hemisphere were recorded.

All patients received consecutive 10-day rTMS or sham rTMS. We 
used a Medtronic MagPro type magnetic stimulation device (Medtronic, 
Minneapolis, MN, USA) and a figure-eight coil (MC-B70, Medtronic). 
Regarding the safety threshold suggested by the International Federation 
of Clinical Neurophysiology (IFCN) and related studies,17 our protocol 
used 5 Hz rTMS applied to the ipsilesional M1 with a stimulation inten‐
sity set at 120% of the MT data of the contralateral side M1 because 
the MTs on lesion side were changed because of motor function de‐
stroyed since stroke. The treatment involved 50 trains of 20 pulses with 
2-second intertrain intervals daily. In the rTMS treatment group, coils 
were placed tangent to the scalp, while in the sham group, coils were 
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placed perpendicular to the scalp. The patient wore a 10-20 system EEG 
cap for scalp location and earplugs to protect their hearing.

2.4 | Statistical analyses

Statistical analyses were performed using SPSS version 22.0 (IBM Corp., 
Armonk, NY, USA). Measurement data are described using means and 
standard deviations and were compared using the Mann-Whitney U test. 
Enumeration data were compared using the Chi-square test. A P value 
< 0.05 means significant difference.

3  | RESULTS

3.1 | Baseline clinical data

Fifty-two patients were recruited in our study and 42 were randomly 
divided into an rTMS treatment group and a sham group; each group 
consisted of 21 patients. However, 8 patients in the treatment group 
and 7 patients were lost to follow-up due to personal reasons and 
13 patients in real rTMS group for analyzed and 14 patients in sham 

rTMS group for analyzed (Figure 1). None of the patients complained 
of discomfort after rTMS or sham rTMS. In total, 30 males and 12 
females with first-onset acute ischemic stroke lesions detected by 
DWI participated in the study. Twenty-three and 19 infarctions were 
located in the left and right hemisphere, respectively. The baseline 
assessment time ranged from 1 to 14 days (average 4.6 ± 3.7 days) 
after stroke onset. For all patients, the NIHSS score at baseline was 
6.6 ± 2.1, the BI was 62.7 ± 8.3, the mRS was 3.8 ± 0.9, the FMA-UL 
was 38.0 ± 8.3, the FMA-LL was 21.5 ± 8.3, and the paralyzed upper 
limb MT was 59.1 ± 18.6.

No significant differences in age, gender, study entry time, and 
lesion side were observed between the rTMS treatment group and 
the sham group. The baseline functional assessment did not differ be‐
tween the two groups (Table 1).

3.2 | Clinical data post-rTMS/sham rTMS

No significant differences were observed in the first analyzed (the 
second day after treatment) motor function after treatment includ‐
ing NIHSS, BI, mRS, FMA-UL, FMA-LL, and the paralyzed upper 

F IGURE  1 Consolidated standards 
of reporting trials flow diagram. rTMS, 
repetitive transcranial magnetic stimulation
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limb MT score between real and sham groups. However, score 
improvement(the difference between scores after treatment and 
onset scores)in these functional scores pre- and post-treatment, such 
as the NIHSS (P = .032), BI (P = .047), FMA-UL (P = .037), but not 
FMA-LL (P = .952) (Table 2).

3.3 | Clinical data at 1 month, 3 months, 
6 months, and 1 year after onset

There were still significant differences in changes in functional scores, 
including the NIHSS, BI, and FMA-UL, which were observed between 
the rTMS treatment group and the sham group at 1 month after stroke 
onset. At 3 months after onset, only changes in the FMA-UL differed 
between the two groups. And the improvements of FMA-UL score were 
observed till 6 months and 1 year since stroke onset (Table 2, Figure 2).

4  | DISCUSSION

Noninvasive brain stimulation, such as rTMS, could not only modulate 
cortical excitability but also change the function of the subcortex and 
spinal cord. From 1998 to 2012, approximately 1400 articles were 
published reporting the effectiveness of noninvasive brain stimula‐
tion, among which 141 articles described the use of rTMS in motor re‐
covery after stroke.18 These research studies included high-frequency 
rTMS applied over the ipsilesional hemisphere to increase its excitabil‐
ity, low-frequency rTMS applied over the contralesional hemisphere 
to decrease its inhibitory connections with the lesioned cortex, and 
both types of rTMS combined, with or without traditional rehabilita‐
tion. Clinical measurements, such as motor functional scores, muscle 
force, and appreciation of daily living, were used to assess the para‐
lyzed limb. fMRI and electrophysiology were also performed to evalu‐
ate the potential effect of rTMS.

The effectiveness of high-frequency rTMS on motor recovery after 
acute stroke has been demonstrated by many randomized trials.19 

rTMS can induce neuroplasticity of the ipsilesional M1, strengthen 
connections between cortical neurons, and briefly increase cerebral 
blood flow, thereby improving function of the corticospinal tract and 
facilitating motor rehabilitation. Our study found that compared to 
the sham group, 5-Hz rTMS applied over the ipsilesional M1 of acute 
stroke patients could induce more prominent improvement in motor 
functional scores, such as the NIHSS, BI, FMA-UL. Moreover, our pre‐
vious study using fMRI found increased functional connectivity be‐
tween bilateral hemispheres after rTMS treatment as Li et al reported 
in another article.9 We demonstrated that rTMS could also promote 
motor recovery by strengthening the positive role of contralesional 
mirror regions.

The NIHSS, BI, and FMA are widely used to assess motor function 
and quality of living and have been shown to exhibit great reliability. 
Using these three scores, our study found that improvement was more 
prominent in the rTMS treatment group than in the sham group at 
1 month after onset. This result was very promising as it provided a ratio‐
nale for the effectiveness of rTMS in stroke recovery in the acute stage.

How long will this effect last? The need for such information has 
been recently highlighted. A longitudinal study would be advanta‐
geous to follow-up patients and to determine the answer. Our re‐
sults showed that at 3 months after onset, no significant differences 
were observed in the clinical assessment, other than the FMA-UL, 
between the rTMS treatment group and the sham group and the 
improvement could last till 6 months and 1 year after onset. This 
results concord with Khedr and colleagues who found that rTMS 
treatment, either at 3 Hz or 10 Hz, produced greater improvement 
than sham, and the effect lasted for 1 year.20 However, Du and col‐
leagues found that the clinical effects of rTMS, as assessed by the 
NIHSS, BI, and FMA-LL, persisted at least 3 months after 3 Hz or 
1 Hz stimulation. However, no significant improvement in FMA-UL 
scores was found in the 3-Hz group.21 In our study, no significant 
difference was found in FMA-LL score or score difference between 
the two groups at every time after onset. This discrepancy may be 
due to the different methods used in these studies and the different 

Real rTMS 
(N = 21)

Sham rTMS 
(N = 21) P Total

Age 59.7 ± 6.8 57.4 ± 14.0 0.528 58.5 ± 11.1

Gender (M:F) 16:5 14:7 0.496 30:12

Days after onset 3.8 ± 3.4 4.8 ± 4.1 0.427 4.6 ± 3.7

Lesion side (L:R) 11:10 12:9 0.757 23:19

NIHSS 6.9 ± 2.7 6.2 ± 1.2 0.269 6.6 ± 2.1

BI 59.3 ± 10.5 65.3 ± 8.9 0.572 62.7 ± 8.3

mRS 3.6 ± 0.5 3.4 ± 0.5 0.138 3.5 ± 0.5

FMA-UL 37.4 ± 9.8 40.9 ± 8.9 0.231 39.1 ± 9.5

FMA-LL 24.2 ± 3.5 25.6 ± 2.7 0.159 24.9 ± 3.2

MT on lesion side 52.9 ± 13.1% 48.1 ± 15.8% 0.135 50.5 ± 10.3

NIHSS, National Institutes of Health Stroke Scale; BI, Barthel Index; mRS, modified Rank Score; 
FMA-UL, Fugl-Meyer Assessment of Upper Limbs; FMA-LL, Fugl-Meyer Assessment of Lower Limbs; 
RMT, resting motor threshold of hemiplegic upper limbs.

TABLE  1 Demographic and clinical data 
of patients onset
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score assessment since the functions for leg were simple. The FMA 
score of assessment for upper extremities is more complicated and 
the differences could be observed more detailed. This finding also 
implied that the duration of the rTMS effect may vary within a large 
group of people. Theoretically, the stimulation effect was maintained 
for a short time 22,23 in largely population. In our study, the rTMS 
effect continued until 1 month after onset, while after 3 months till 
1 year, FMA-UL score differences were found between the rTMS 
treatment group and the sham group. This finding motivated further 

studies aimed to achieve a better outcome by repeating the rTMS 
treatment. However, the patients in our research study who experi‐
enced great improvement in motor function had clinical scores that 
were very close to normal values; therefore, it was not necessary to 
repeat the rTMS treatment. However, these findings may prompt 
the use of multiple courses of rTMS in the treatment of patients with 
severe dysfunction after stroke.

There were some limitations in our study. First, our sample size 
was relatively small due to the strict patient inclusion criteria and the 

TABLE  2 Changes in the clinical assessment during follow-up

NIHSS BI mRS FMA-UL FMA-LL MT

The second day after rTMS treatment

Score Real 4.0 ± 1.6 79.5 ± 9.1 3.2 ± 0.5 45.9 ± 9.1 28.4 ± 3.8 51.2 ± 10.9

Sham 4.1 ± 1.2 77.8 ± 9.0 3.0 ± 0.4 47.7 ± 8.1 30.4 ± 4.4 46.4 ± 5.1

P 0.746 0.554 0.366 0.522 0.122 0.078

Score improvement Real 3.0 ± 1.5 16.7 ± 6.2 0.4 ± 0.6 8.6 ± 2.9 4.3 ± 2.0 1.7 ± 2.8

Sham 2.1 ± 0.9 11.9 ± 7.5 0.3 ± 0.6 6.7 ± 2.4 4.4 ± 2.9 1.4 ± 2.3

P 0.035* 0.030* 0.556 0.033* 0.952 0.770

1 month after onset

Score Real 3.3 ± 1.4 85.0 ± 7.9 3.1 ± 0.5 51.1 ± 6.8 29.9 ± 2.4 51.1 ± 11.0

Sham 3.4 ± 1.1 84.4 ± 7.9 2.9 ± 0.4 53.8 ± 6.0 29.2 ± 1.8 45.6 ± 5.1

P 0.660 0.839 0.593 0.206 0.353 0.063

Score improvement Real 3.8 ± 1.8 22.6 ± 6.5 0.5 ± 0.7 14.9 ± 4.4 5.7 ± 2.5 2.4 ± 3.5

Sham 2.7 ± 0.6 17.8 ± 6.9 0.4 ± 0.5 11.1 ± 3.8 4.2 ± 2.6 2.2 ± 2.6

P 0.025* 0.032* 0.605 0.007* 0.065 0.886

3 months after onset

Score Real 2.6 ± 0.9 90.6 ± 6.0 2.9 ± 0.6 57.5 ± 3.7 30.9 ± 2.1 50.3 ± 11.8

Sham 2.6 ± 0.9 91.8 ± 6.0 2.9 ± 0.4 59.4 ± 3.6 31.0 ± 1.6 45.0 ± 5.2

P 0.850 0.561 0.872 0.154 0.930 0.108

Score improvement Real 4.2 ± 1.3 28.4 ± 7.2 1.2 ± 1.5 20.4 ± 7.6 7.1 ± 3.7 3.4 ± 3.5

Sham 3.7 ± 0.8 25.9 ± 4.5 0.5 ± 0.6 15.2 ± 3.5 5.8 ± 2.6 2.8 ± 3.6

P 0.397 0.251 0.141 0.017* 0.230 0.625

6 months after onset

Score Real 2.2 ± 0.9 94.3 ± 7.0 2.5 ± 0.7 59.2 ± 1.8 31.9 ± 2.4 48.6 ± 12.9

Sham 2.0 ± 0.7 94.3 ± 6.2 2.5 ± 0.4 60.8 ± 2.3 31.2 ± 1.3 43.0 ± 4.9

P 0.490 0.985 0.991 0.063 0.362 0.132

Score improvement Real 4.7 ± 1.5 32.9 ± 6.7 1.8 ± 1.7 22.2 ± 7.9 7.3 ± 2.3 5.7 ± 3.8

Sham 4.2 ± 1.0 28.7 ± 5.8 0.9 ± 0.7 14.9 ± 3.2 5.7 ± 2.3 5.0 ± 4.6

P 0.284 0.083 0.076 0.009* 0.060 0.656

1 year after onset

Score Real 1.5 ± 0.8 96.9 ± 4.8 1.9 ± 0.8 60.0 ± 2.1 31.9 ± 2.6 48.8 ± 13.4

Sham 1.1 ± 0.4 98.2 ± 4.2 1.8 ± 0.6 61.5 ± 1.8 31.9 ± 0.9 43.0 ± 4.6

P 0.133 0.464 0.612 0.054 0.978 0.124

Score improvement Real 5.4 ± 1.5 36.1 ± 7.4 2.4 ± 1.9 22.4 ± 8.3 7.9 ± 2.9 6.1 ± 3.6

Sham 4.9 ± 1.2 31.4 ± 6.3 1.6 ± 0.9 15.2 ± 2.7 6.5 ± 2.3 4.3 ± 3.9

P 0.308 0.086 0.154 0.006* 0.201 0.207

*significantly different, P < .05; NIHSS, National Institutes of Health Stroke Scale; BI, Barthel Index; mRS, modified Rank Score; FMA-UL, Fugl-Meyer 
Assessment of Upper Limbs; FMA-LL, Fugl-Meyer Assessment of Lower Limbs; RMT, resting motor threshold of hemiplegic upper limbs.
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long-term follow-up evaluation. Second, we recruited patients with 
mild dysfunction for safety purposes, but mild stroke patients may 
have spontaneous recovery, which may represent potential confound‐
ers in the study.

5  | CONCLUSION

rTMS treatment facilitated motor recovery of acute stroke patients, 
and the effect lasted until 1 months after onset. As a single course of 

F IGURE  2 Changes in the NIHSS, BI, 
mRS, FMA-UL, FMA-LL, and MT scores at 
6 time points for the rTMS real and sham 
treatment groups. I:onset;II:the second day 
after treatment; III: 1 month after onset; 
IV: 3 months after onset; V: 6 months after 
onset; VI: 1 year after onset. (A) NIHSS 
score and score improvement between 
real and sham rTMS. (B) BI score and score 
improvement between real and sham rTMS. 
(C) mRS score and score improvement 
between real and sham rTMS. (D) FMA-UL 
score and score improvement between 
real and sham rTMS. (E) FMA-LL score and 
score improvement between real and sham 
rTMS. (F) MT score and score improvement 
between real and sham rTMS. *significantly 
different, P < .05
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rTMS in the acute stage may not induce significant improvement in 
functional assessment beyond 3 months after onset, rTMS could be 
repeated when treating patients with severe dysfunction after stroke.
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