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INTRODUCTION

Although the number of patients who suffer from stroke in 
Japan has been declining over time, it remains high. About 
220,000 new strokes and 290,000 recurrent strokes occur 
annually in Japan,1) and in 2017 there were about 1.115 mil-
lion stroke patients in Japan.2) Stroke significantly impairs 
health-related quality of life3) and is the leading cause of 
disability.4) According to a 2019 survey by Japan’s Ministry 
of Health, Labour, and Welfare,5) of the major causes of 
conditions that necessitate long-term care, cerebrovascular 
disease accounted for 16.1%. Activities of daily living 
(ADLs) are highly dependent on upper limb function,6) and 
only 50% of patients who present with upper limb paralysis 

are able to regain full function of their hand 6 months after 
onset.7) The clinical importance of rehabilitation therapy for 
the functional recovery of stroke patients is well known, and 
rehabilitation must be appropriately performed during the 
acute, subacute, and chronic phases.

Duncan et al.8) found that improvement in upper limb 
function in patients with upper limb hemiparesis plateaued 
6 months after onset, regardless of severity. However, Jør-
gensen et al.9) observed that a plateau was reached 6 weeks 
after onset in mild cases of upper limb hemiparesis, 10 weeks 
in moderate cases, and 15 weeks in severe cases. Therefore, 
these studies indicate that there are limitations in treatment 
based on conventional physical medicine and rehabilitation 
techniques.
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Recent technological advances in non-invasive brain stimulation (NIBS) have led to the devel-
opment of therapies for post-stroke upper extremity paralysis. Repetitive transcranial magnetic 
stimulation (rTMS), a NIBS technique, controls regional activity by non-invasively stimulating 
selected areas of the cerebral cortex. The therapeutic principle by which rTMS is thought to 
work is the correction of interhemispheric inhibition imbalances. The guidelines for rTMS for 
post-stroke upper limb paralysis have graded it as a highly effective treatment, and, based on 
functional brain imaging and neurophysiological testing, it has been shown to result in progress 
toward normalization. Our research group has published many reports showing improvement in 
upper limb function after administration of the NovEl Intervention Using Repetitive TMS and 
intensive one-to-one therapy (NEURO), demonstrating its safety and efficacy. Based on the find-
ings to date, rTMS should be considered as a treatment strategy based on a functional assessment 
of the severity of upper extremity paralysis (Fugl-Meyer Assessment), and NEURO should be 
combined with pharmacotherapy, botulinum treatment, and extracorporeal shockwave therapy to 
maximize therapeutic effects. In the future, it will be important to establish tailormade treatments 
in which stimulation frequency and sites are adjusted according to the pathological conditions of 
interhemispheric imbalance, as revealed by functional brain imaging.
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Recently, functional brain imaging techniques and ad-
vances in clinical neurophysiology have revealed that an 
interhemispheric imbalance (IHI) occurs following stroke.10) 
This finding has led to the recent development of non-
invasive brain stimulation (NIBS) techniques. The roles of 
NIBS in stroke are to increase the excitability of the motor 
cortex of the lesional hemisphere, correct the IHI, increase 
the effectiveness of conventional rehabilitation therapy, and 
reduce residual disability.11) The use of these techniques has 
led to the development of treatments for post-stroke upper 
limb hemiparesis, which have been shown to improve upper 
limb hemiparesis, especially in chronic stroke patients.

This review provides a comprehensive description of 
the neurophysiological mechanism of repetitive transcra-
nial magnetic stimulation (rTMS) as a NIBS technique for 
treating post-stroke upper limb hemiparesis. Based on the 
evidence provided to date, this review also provides tips for 
clinical practice and summarizes the future prospects for 
rTMS as a treatment method.

NEUROPHYSIOLOGICAL MECHANISM OF RTMS

In 1980, Merton and Morton12) succeeded in delivering 
electrical stimulation to the motor cortex through the scalp in 
conscious humans, using transcranial electrical stimulation 
(TES). However, TES was uncomfortable and painful. In 
1985, Barker et al.13) applied transcranial magnetic stimula-
tion (TMS) to humans for the first time, as a new cortical 
stimulation method to replace TES. They generated a mag-
netic field by passing an electric current through a circular 
coil and applied it transcranially to the primary motor cortex, 
succeeding in painlessly recording motor-evoked potential 
(MEP) in the hand muscles.14)

TMS is a method of stimulating the cerebral cortex by 
placing an electromagnetic coil on the scalp. The treatment 
can be adjusted according to the frequency, intensity, and du-
ration of the stimulation. The principle of TMS stimulation 
of the cerebral cortex is based on Faraday’s law of electro-
magnetic induction. When an electric current flows through 
the circular coil, a magnetic field is generated perpendicular 
to the plane of the coil and passes through the soft tissues and 
skull to reach the cerebral cortex. It is important to note that 
the current flowing through the coil must change constantly 
for the magnetic field to be generated.

Initially, TMS was used as an electrophysiological in-
strument for measuring MEPs. The technique of rTMS, in 
which TMS is repeatedly applied, has been shown to induce 
regional changes in the cerebrum. This led to the application 

of rTMS to treat upper limb hemiparesis after stroke.
Stimulus frequency is thought to be one of the most im-

portant parameters of rTMS. This is because the effects of 
rTMS on the cerebral cortex vary greatly, depending on the 
frequency of stimulation. Typically, rTMS above 3 Hz is 
called high-frequency rTMS and that below 1 Hz is called 
low-frequency rTMS.15) High-frequency rTMS excites local 
neural activity in the stimulated area, whereas low-frequency 
rTMS suppresses it (Fig. 1).16–18) A novel form of rTMS is 
theta burst stimulation (TBS), which is classified into two 
types: intermittent TBS (iTBS) and continuous TBS (cTBS). 
Each has the effect of increasing excitability in the lesioned 
hemisphere and suppressing excitability in the healthy hemi-
sphere.19)

RTMS FOR UPPER LIMB HEMIPARESIS

The 2020 European guideline published in Clinical Neu-
rophysiology20) rates rTMS treatment for upper limb hemi-
paresis in stroke patients using a three-level scale: Level A 
(definitely effective), Level B (probably effective), and Level 
C (possibly effective). Level A is used for low-frequency 
stimulation of the intact primary motor cortex to improve 
upper limb paralysis in the subacute stage (rated as Level 
B in 2014).21) High-frequency stimulation of the affected 
primary motor cortex in the subacute phase is rated as Level 
B (Level C in 2014). Low-frequency stimulation of the intact 
primary motor cortex to improve upper limb paralysis in 
the chronic phase is rated Level C (Level B in 2014). The 
Japan Stroke Society Guideline 2021 for the Treatment of 
Stroke22,23) states that rTMS or transcranial direct cur-
rent stimulation (tDCS) may be considered for upper limb 
dysfunction in the subacute phase and chronic phase with 
consideration of patient selection and safety (Recommenda-
tion Level C, Medium Level of Evidence) (translated from 
the Japanese version). With respect to pain, rTMS may also 
be helpful against central pain (Recommendation Level C, 
Medium Level of Evidence). Furthermore, the guideline 
describes rTMS treatment for ADL impairment, dysphagia, 
aphasia, and cognitive dysfunction.

A combination of rTMS and intensive rehabilitation is 
essential to maximize the recovery of upper extremity func-
tion after stroke. Our research group initiated the NovEl 
intervention using rTMS and intensive one-to-one therapy 
(NEURO) for upper limb paralysis after stroke in 2008 (Fig. 
2).24) The efficacy and safety of NEURO have already been 
reported,25,26) and the changes that NEURO induces in the 
brain have been demonstrated using functional brain imag-
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Fig. 1. State of IHI and its recovery. Stroke often leads to IHI, in which the interaction between the left and right cerebral 
hemispheres becomes unbalanced. When a stroke occurs, communication from the lesioned hemisphere to the healthy 
hemisphere decreases, resulting in IHI and excessive inhibition of the lesioned hemisphere by the healthy hemisphere (A). 
Activation of the affected hemisphere by high-frequency rTMS (B) or inhibition of the healthy hemisphere by low-frequency 
rTMS (C) corrects the IHI and restores activity in the lesioned cerebral hemisphere.

Fig. 2. NEURO protocol. During the 15-day hospitalization, each subject received daily 40-min low frequency rTMS 
and 240-min intensive therapeutic exercise (one-to-one training for 120 min and self-exercise for 120 min). The rTMS was 
directed at the primary motor cortex of the patient’s healthy hemisphere at 2400 pulses a day at a low frequency of 1 Hz. 
The stimulation intensity was set at 90% of the resting motor threshold for the first dorsal interosseous muscle of the non-
paralyzed side.



Copyright © 2023 The Japanese Association of Rehabilitation Medicine

ing and neurophysiological testing (Fig. 3).25–49)

The use of rTMS therapy to treat upper extremity paralysis 
in the acute phase of stroke is considered effective. Swayne 
et al.50) divided the recovery of motor paralysis into three 
phases. In the acute phase, the excitability of the remaining 
corticospinal tracts recovers. During the subacute phase, the 
excitability of the intercortical network changes. Finally, in 
the chronic phase, the efficiency of synaptic transmission in-
creases gradually, reaching a plateau at about 6 months after 
onset. A 2019 meta-analysis of 739 patients from 39 studies 
reported that rTMS is more effective when performed within 
30 days of stroke onset.51) This may be because it is easier to 
induce brain plasticity, for example, via the reorganization of 
cortical networks, in the early phases following stroke onset.

High-frequency rTMS may be recommended as the opti-
mal protocol for rTMS treatment in the acute phase. Sasaki 
et al.52) examined the efficacy of rTMS in acute stroke upper 
limb paralysis by randomly dividing acute stroke patients 

with first-episode middle cerebral artery subcortical lesions 
into three groups. The first group received high-frequency 
rTMS for the lesional cerebrum, the second group received 
low-frequency rTMS for the intact cerebrum, and the third 
group received sham stimulation. All three groups received 
the stimulation for five consecutive days. The group that 
received high-frequency rTMS on the lesional side of the ce-
rebrum, which directly activated the impaired corticospinal 
tracts, showed a significantly greater change in grip strength 
than the sham stimulation group. Du et al.53) used functional 
magnetic resonance imaging (fMRI) to examine the effects 
of rTMS in acute stroke patients. They found that direct ac-
tivation of the diseased cerebrum with high-frequency rTMS 
increased cortical activity more than the application of low-
frequency rTMS to the intact cerebrum. Furthermore, Sasaki 
et al.54) performed bilateral rTMS in which high-frequency 
rTMS to the lesioned cerebrum and low-frequency rTMS to 
the intact cerebrum were applied simultaneously to patients 
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Fig. 3. Mechanism of improvement of post-stroke upper limb paralysis using NEURO. NEURO increases cerebral blood 
flow and activity in the affected hemisphere, increases brain-derived neurotrophic factor, decreases anterior horn cell excit-
ability in the affected upper extremity, and decreases spasticity. These neuromodulations improve upper limb function in 
patients with post-stroke upper limb paralysis. Other treatment suggestions include changes in cortical thickness, neural 
pathway length, and deep white matter structure. The level of d-serine should be decreased in patients with post-stroke 
depression.
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with acute stroke. This treatment resulted in a significantly 
greater improvement in the Brunnstrom recovery stage of 
the upper limb than high-frequency rTMS to the affected ce-
rebral hemisphere. The meta-analysis conducted by Chen et 
al.55) similarly showed that bilateral rTMS was more effective 
than unilateral rTMS, and a regimen of 20 rTMS sessions 
produced greater improvement than a regimen of fewer than 
20 sessions in the acute phase. In the future, bilateral treat-
ment using a regimen of more than 20 rTMS sessions should 
be given in the early stages of the disease to incorporate 
these innovations.

The 2020 European guidelines20) indicate Level A low-
frequency rTMS to the non-lesional primary motor cortex 
for treatment of upper limb paralysis in the subacute phase. 
In fact, the recent meta-analysis published in 202255) showed 
significant effect sizes for recovery of hand function in the 
subacute phase. In addition, this study also showed that in 
the subacute phase, stimulation of the affected hemisphere 
with a 40-session regimen of rTMS was superior to stimula-
tion of the unaffected hemisphere or bilateral hemispheric 
stimulation in regimens of less than 40 sessions. However, 
there are some concerns over the application of a uniform 
rTMS treatment protocol to subacute stroke patients. This 
is because the status of cortical networks, especially inter-
hemispheric inhibition, in subacute stroke patients varies 
according to the degree of damage to corticospinal pathways 
and the stage of recovery.

Hsu et al.56) published a meta-analysis report in 2012 as 
evidence of the efficacy of rTMS for treating upper limb 
paralysis after chronic stroke. Eighteen papers published be-
tween 2005 and 2011 were included, involving 392 patients 
who were treated with rTMS. The effect size was 0.66 for the 
chronic phase. The effect size of low-frequency rTMS was 
0.69 and that of high-frequency rTMS was 0.41. The meta-
analysis published by Chen et al.55) showed that the effect 
size of rTMS treatment was 0.38 for the chronic phase. In 
addition, they reported that stimulation of the unaffected 
site with a ten-session rTMS regimen produced significant 
improvement in the chronic phase over the results observed 
for stimulation of the affected side or bilateral stimulation 
in regimens of more than ten rTMS sessions. Based on the 
results of these studies, we recommend ten sessions of low-
frequency rTMS to the nonaffected side of the brain in the 
chronic phase.

A significant number of stroke patients have spasticity in 
addition to hemiplegia. The manifestation of spasticity var-
ies from case to case. Spasticity may appear during move-
ment and interfere with the execution of activities. Treatment 

with rTMS modulates excitability by stimulating the cerebral 
cortex, facilitating information signals between cortical cells 
and spinal cord anterior horn cells. This reduces both the hy-
perexcitability of the anterior horn cells and the sensitivity of 
muscle spindles, resulting in reduced spasticity. Both high-
frequency rTMS to the lesioned cerebrum and low-frequency 
rTMS to the intact cerebrum increase neural activity in the 
lesioned cerebrum and have antispastic effects.57,58) Kakuda 
et al.46) evaluated upper limb motor function and the degree 
of upper limb spasticity before and after treatment with 
low-frequency rTMS and intensive therapeutic exercise for 
15 days in patients with post-stroke upper limb paraplegia 
and spasticity. Based on the Fugl-Meyer Assessment (FMA) 
and the Wolf Motor Function Test (WMFT), the patients 
exhibited improvement in upper limb motor function on 
the paralyzed side. A decrease in muscle tonus in the flexor 
muscles of the paralyzed upper limb was also confirmed by 
reduced Modified Ashworth Scale scores. Kondo et al.47,59) 
also reported that low-frequency rTMS to the intact cerebel-
lum improved the pathological hyperexcitability of motor 
neurons in the paralyzed upper extremity. These results 
indicate that low-frequency rTMS to the healthy cerebellum 
has an antispasmodic effect.

Intracranial metal, intracardiac catheters, and cardiac 
pacemakers are absolute contraindications for rTMS. Relative 
contraindications are pregnancy, infanthood, heart disease, 
implanted medication pumps, family history of epilepsy, sei-
zures, and magnetic dentures.60) Seizures are considered one 
of the most harmful side effects of rTMS. With respect to this 
side effect, Kakuda et al.26) reported on the safety of using 
rTMS in the clinical setting to treat upper limb hemiparesis. 
Their multicenter study involved 1725 patients who had not 
suffered a seizure for at least 1 year and had no seizure-
producing abnormalities on electroencephalography. Low-
frequency stimulation of the healthy cerebral hemisphere did 
not produce a seizure, which is considered the most harmful 
side effect, and there was no worsening of upper limb pa-
ralysis. Minor adverse events that did not require treatment 
occurred in 1.3% (22) of patients. These were dizziness in 9 
patients, discomfort at the site of stimulation in 7 patients, 
and headache in 6 patients. None of these events led to the 
discontinuation of treatment with rTMS. Training intensity 
had to be reduced for 1.5% (26) of patients after they started 
treatment. None of the patients experienced adverse events 
after discharge.

We believe that combining rTMS therapy with intensive 
rehabilitation therapy, rather than using it as a standalone 
treatment, is essential for effectively improving upper limb 
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function. Our group has conducted many NEURO stud-
ies that have confirmed the effectiveness of this approach. 
As mentioned above, Kakuda et al.26) conducted a large 
open-label study to demonstrate the efficacy and safety of 
NEURO for improving upper extremity function. Niimi et 
al.27) demonstrated that NEURO activates the brain-derived 
neurotrophic factor (BDNF) pathway by measuring serum 
levels of BDNF, proBDNF, and matrix metalloproteinase 9 
(MMP9), which are thought to play important roles in brain 
damage. Using fMRI, Yamada et al.28) showed that improve-
ments in FMA and WMFT scores resulting from NEURO 
treatment were correlated with activation of the lesional 
hemisphere. Takekawa et al.29) used single-photon emission 
computed tomography (SPECT) to show that the improve-
ment in FMA scores following NEURO was correlated with 
the laterality index of that hemisphere. These results indicate 
that functional reorganization in the injured hemisphere 
and the residual area surrounding the injured site play an 
essential role, indicating the neurophysiological efficacy of 
NEURO treatment. Abo et al.48) conducted a randomized 
controlled trial comparing constraint-induced movement 
therapy (CIMT) and NEURO and observed significant im-
provements in FMA and WMFT scores as a result of both 
treatments. However, the effect of NEURO was significantly 
greater than that of CIMT. They also reported that rTMS 
imposed a lower burden on patients and trainers than CIMT. 
Furthermore, Yamada et al.61) conducted an observational 
study of the respective treatment effects of NEURO and 
therapeutic exercise alone. They reported that both FMA and 
WMFT scores improved significantly more strongly in the 
NEURO group than in the therapeutic exercise group.

Combining rTMS with other therapies is also an important 
strategy for improving upper limb paralysis. Although there is 
limited research on the combination of rTMS with botulinum 
toxin therapy, one case series has reported improvement in 
spasticity after treatment with this combination.62) As noted 
above, rTMS alone has an antispastic effect.46) Therefore, in 
cases of severe spasticity, botulinum therapy combined with 
rTMS is a highly effective way to achieve improvement in 
voluntary movement and spasticity while reducing tension 
in the proximal muscles of the upper extremity. Recently, 
extracorporeal shockwave therapy (ESWT) has attracted at-
tention as a new treatment strategy for spasticity. It was first 
used in urology and later in orthopedics, where it has been 
shown to have analgesic and muscle-relaxing effects.63,64) 
The use of ESWT for the treatment of upper and lower limb 
spasticity in stroke and cerebral palsy has been shown to be 
effective in adults and children.65,66) Although the mecha-

nism is still largely unknown, studies using rat models have 
reported that ESWT has a destructive effect on nerve endings 
that is confined to the posterior synapses.67) We believe that 
the combination of ESWT and rTMS may yield additional 
therapeutic effects.

USING RTMS IN CLINICAL PRACTICE

This section discusses the target population for rTMS 
therapy. Hamaguchi et al.68) classified 1254 patients treated 
with NEURO into three groups, based on the pattern of im-
provement in their upper limb paralysis as indicated by FMA 
scores. Patients with FMA scores that improved by 10 or 
greater in response to NEURO treatment were classified as 
hyper-responders. Patients with FMA scores that improved 
by 5–10 were classified as responders, and those with FMA 
scores that improved by 5 or less were classified as non-re-
sponders. Most patients with mild disability exhibited some 
improvement, but it was unlikely to be significant in terms 
of change in the FMA score. In contrast, most of the hyper-
responders and responders (i.e., those who experienced high 
treatment efficacy) had moderate pre-treatment FMA scores. 
We therefore suggest that recovery of upper limb motor 
paralysis in response to NEURO treatment is more likely in 
patients with moderate pre-treatment FMA scores. There is 
also a report that shows no difference in the therapeutic effect 
of NEURO treatment between cerebral infarction and cere-
bral haemorrhage.69) Based on these findings, it is necessary 
to consider the potential for recovery with each treatment 
method70–72) and combine them carefully to maximize the 
therapeutic effect. A future treatment strategy to improve 
upper limb function after stroke may be to compile a list of 
treatment selection criteria that would be assessed based on 
an evaluation of stroke paralysis (Fig. 4).

The most important consideration when performing 
rTMS early in the stroke process is to manage the risk of 
epilepsy. When performing high-frequency rTMS, the risk 
of inducing epileptic seizures via the forcible activation of 
the lesional cerebral cortex must be considered. Post-stroke 
epilepsy is broadly classified into early and late seizures, 
according to the time of onset. The pathogenesis of the two 
types of epilepsy differs. Early seizures, which occur within 
1–2 weeks of onset, are caused by local metabolic changes 
in the brain following the stroke and direct stimulation of 
the cerebral cortex by blood degradation products, which 
lower the threshold for epileptic seizures.73) In contrast, late 
seizures are thought to occur as a result of the formation of 
epileptogenic foci. It has been reported that the complica-
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tion of epilepsy occurs in approximately 10% of stroke 
patients.74) In addition, post-stroke epilepsy often occurs 
without seizures, especially in the early type, and may de-
velop into nonconvulsive status epilepticus (NCSE), making 
EEG monitoring important in determining the indication for 
rTMS.75) Recently, arterial spin labeling (ASL) has become 
available as an MRI-based method for measuring cerebral 
blood flow.76) This technique allows the efficient estimation 
of cerebral blood flow using radiofrequency pulses without 
contrast agents or radiation tracers, making it less inva-
sive than conventional SPECT. During epileptic seizures, 
increases in blood flow in the epileptic foci and the areas 
that are associated with seizure syndromes can be visually 
identified. This approach is considered useful for identifying 
epilepsy prior to rTMS treatment.

In recent years, research into the use of rTMS to treat 
depression has progressed. High-frequency rTMS to the 
left prefrontal cortex is the standard stimulation condition 
for treatment-resistant depression. It has been reported that 
rTMS treatment results in significant improvements in de-
pression symptoms.77) Kito et al.78,79) suggested that rTMS 
modifies the neural networks in the left dorsolateral prefron-
tal cortex, posterior cingulate gyrus, and left dorsolateral 
prefrontal limbic regions. In stroke, the prevalence of post-

stroke depression is high, with 31% of patients experiencing 
depression within 5 years of stroke onset.80) Therefore, a 
substantial percentage of patients experience the complica-
tion of post-stroke depression during the course of rTMS 
treatment for upper extremity paralysis. When administer-
ing rTMS treatment to patients presenting with symptoms 
of depression, there is a theoretical risk of worsening their 
depressive symptoms with low-frequency rTMS treatment to 
the left cerebral hemisphere or with high-frequency rTMS 
treatment to the right cerebral hemisphere.

FUTURE PERSPECTIVES

The optimal protocol for rTMS treatment should be 
established by considering not only the excitability of the 
corticospinal tracts, but also that of the intercortical network. 
It is therefore necessary to evaluate the degree of IHI and 
cortical activity as well as the stage of disease. Tamashiro 
et al.49) used functional near-infrared spectroscopy (fNIRS) 
to examine the relationship between the asymmetry in 
brain activity before rTMS treatment and the effects of low-
frequency rTMS on upper limb motor function. They found 
that motor recovery was greater in patients in whom the non-
lesional hemisphere was dominant than in those in whom 
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Fig. 4. An example of criteria for treatment selection based on the stroke upper extremity paralysis assessment (FMA 
score). If the FMA score is low (≤ 22)and paralysis of the upper limb extremities is severe, then botulinum treatment, 
repetitive peripheral magnetic stimulation (rPMS) treatment, and ESWT are used to reduce muscle tone in the proximal 
upper extremity and improve upper extremity motor function. If upper extremity function is moderate (FMA score of 
23–52), NEURO is highly effective and recommended. In this case, we recommend combining botulinum therapy, rPMS, 
and ESWT. If the restriction of upper extremity function is mild (≥53), then NEURO is recommended.



Copyright © 2023 The Japanese Association of Rehabilitation Medicine

the lesioned hemisphere was dominant. There was also a 
significant correlation between brain asymmetry before 
low-frequency rTMS and the extent of improvement in up-
per limb motor function. This suggests that motor recovery 
after treatment with low-frequency rTMS can be predicted 
by brain asymmetry, as assessed by using fNIRS.

As mentioned above, rTMS treatment is considered ef-
fective when applied as bilateral treatment to both cerebral 
hemispheres in the acute phase, as high-frequency rTMS to 
the affected hemisphere in the subacute phase, and as low-
frequency rTMS to the healthy cerebral hemisphere in the 
chronic phase.47,51) These differences in the recommended 
protocols may reflect the gradual change in the IHI between 
the affected and healthy hemispheres that occur during the 
transition from the acute phase to the chronic phase. Further-
more, the emergence of the IHI is not the same in all post-
stroke patients and has been shown to be associated with 
compensatory movements.28,81) Therefore, rTMS treatment 
should be tailored to individuals based on functional brain 
imaging rather than following a uniform treatment protocol 
that is based on the disease phase or the severity of paralysis. 
In fact, a study of post-stroke aphasia patients showed that 
low-frequency rTMS applied to a region of the contralat-
eral hemisphere homologous to the region activated while 
performing a language task (identified by fMRI) improved 
language function.82,83) However, further prospective studies 
are needed to confirm the usefulness of neuroimaging-based 
rTMS therapy for upper extremity hemiplegia.

In addition, rTMS is expected to be introduced into clinical 
practice, especially for treatment of the acute and subacute 
phases. However, rTMS is not covered by the Japanese medi-
cal insurance system, and there are many challenges associ-
ated with its implementation, such as equipment installation 
and the allocation of personnel. Nevertheless, it is expected 
that rTMS will become more widely administered in acute 
and subacute settings in the future.

ACKNOWLEDGMENTS

We thank the staff of the Department of Rehabilitation 
Medicine at the Jikei University School of Medicine. We 
also thank Uni-edit (https://uni-edit.net/) for editing and 
proofreading this manuscript.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

 1. Takashima N, Arima H, Kita Y, Fujii T, Miyamatsu N, 
Komori M, Sugimoto Y, Nagata S, Miura K, Nozaki 
K: Incidence, management and short-term outcome of 
stroke in a general population of 1.4 million Japanese - 
Shiga Stroke Registry. Circ J 2017;81:1636–1646. https://
doi.org/10.1253/circj.CJ-17-0177, PMID:28579600

 2. Ministry of Health, Labour and Welfare: Summary of 
patient survey in 2017 [in Japanese]. 2017. https://www.
mhlw.go.jp/toukei/saikin/hw/kanja/17/index.html. Ac-
cessed 3 Mar 2022.

 3. Yeoh YS, Koh GC, Tan CS, Tu TM, Singh R, Chang 
HM, De Silva DA, Ng YS, Ang YH, Yap P, Chew E, 
Merchant RA, Yeo TT, Chou N, Venketasubramanian 
N, Lee KE, Young SH, Hoenig H, Matchar DB, Luo N: 
Health-related quality of life loss associated with first-
time stroke. PLoS One 2019;14:e0211493. https://doi.
org/10.1371/journal.pone.0211493, PMID:30689666

 4. Feigin VL, Norrving B, Mensah GA: Global bur-
den of stroke. Circ Res 2017;120:439–448. https://
do i .o rg /10.1161/CI RC R ESA H A.116 .308 413 , 
PMID:28154096

 5. Ministry of Health, Labour and Welfare: National survey 
on basic living conditions in 2019 [in Japanese]. 2019. 
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-
tyosa19/index.html. Accessed 3 Mar 2022.

 6. Sveen U, Bautz-Holter E, Margrethe Sodring K, Bruun 
Wyller T, Laake K: Association between impairments, 
self-care ability and social activities 1 year after 
stroke. Disabil Rehabil 1999;21:372–377. https://doi.
org/10.1080/096382899297477, PMID:10503978

 7. Kwakkel G, Kollen BJ, van der Grond J, Prevo AJ: 
Probability of regaining dexterity in the flaccid up-
per limb: impact of severity of paresis and time since 
onset in acute stroke. Stroke 2003;34:2181–2186. 
https://doi.org/10.1161/01.STR.0000087172.16305.CD, 
PMID:12907818

 8. Duncan PW, Goldstein LB, Matchar D, Divine GW, 
Feussner J: Measurement of motor recovery after stroke. 
Outcome assessment and sample size requirements. 
Stroke 1992;23:1084–1089. https://doi.org/10.1161/01.
STR.23.8.1084, PMID:1636182

 9. Jørgensen HS, Nakayama H, Raaschou HO, Olsen 
TS: Stroke. Neurologic and functional recovery the 
Copenhagen Stroke Study. Phys Med Rehabil Clin N 
Am 1999;10:887–906. https://doi.org/10.1016/S1047-
9651(18)30169-4, PMID:10573714

8 Chino T, et al: rTMS for post-stroke Upper Limb Hemiparesis

https://doi.org/10.1253/circj.CJ-17-0177
https://doi.org/10.1253/circj.CJ-17-0177
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28579600?dopt=Abstract
https://www.mhlw.go.jp/toukei/saikin/hw/kanja/17/index.html
https://www.mhlw.go.jp/toukei/saikin/hw/kanja/17/index.html
https://doi.org/10.1371/journal.pone.0211493
https://doi.org/10.1371/journal.pone.0211493
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30689666?dopt=Abstract
https://doi.org/10.1161/CIRCRESAHA.116.308413
https://doi.org/10.1161/CIRCRESAHA.116.308413
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28154096?dopt=Abstract
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa19/index.html
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa19/index.html
https://doi.org/10.1080/096382899297477
https://doi.org/10.1080/096382899297477
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10503978?dopt=Abstract
https://doi.org/10.1161/01.STR.0000087172.16305.CD
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12907818?dopt=Abstract
https://doi.org/10.1161/01.STR.23.8.1084
https://doi.org/10.1161/01.STR.23.8.1084
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1636182?dopt=Abstract
https://doi.org/10.1016/S1047-9651(18)30169-4
https://doi.org/10.1016/S1047-9651(18)30169-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10573714?dopt=Abstract


Copyright © 2023 The Japanese Association of Rehabilitation Medicine

 10. Nowak DA, Grefkes C, Ameli M, Fink GR: Interhemi-
spheric competition after stroke: brain stimulation to 
enhance recovery of function of the affected hand. 
Neurorehabil Neural Repair 2009;23:641–656. https://
doi.org/10.1177/1545968309336661, PMID:19531606

 11. Simonetta-Moreau M: Non-invasive brain stimulation 
(NIBS) and motor recovery after stroke. Ann Phys 
Rehabil Med 2014;57:530–542. https://doi.org/10.1016/j.
rehab.2014.08.003, PMID:25193774

 12. Merton PA, Morton HB: Stimulation of the cerebral 
cortex in the intact human subject. Nature 1980;285:227. 
https://doi.org/10.1038/285227a0, PMID:7374773

 13. Barker AT, Jalinous R, Freeston IL: Non-invasive 
magnetic stimulation of human motor cortex. Lancet 
1985;325:1106–1107. https://doi.org/10.1016/S0140-
6736(85)92413-4, PMID:2860322

 14. Barker AT: The history and basic principles of magnetic 
nerve stimulation. Electroencephalogr Clin Neurophysi-
ol Suppl 1999;51:3–21. PMID:10590931

 15. Rossini PM, Burke D, Chen R, Cohen LG, Daskalakis 
Z, Di Iorio R, Di Lazzaro V, Ferreri F, Fitzgerald PB, 
George MS, Hallett M, Lefaucheur JP, Langguth B, 
Matsumoto H, Miniussi C, Nitsche MA, Pascual-Leone 
A, Paulus W, Rossi S, Rothwell JC, Siebner HR, Ugawa 
Y, Walsh V, Ziemann U: Non-invasive electrical and 
magnetic stimulation of the brain, spinal cord, roots 
and peripheral nerves: basic principles and procedures 
for routine clinical and research application. An up-
dated report from an I.F.C.N. Committee. Clin Neuro-
physiol 2015;126:1071–1107. https://doi.org/10.1016/j.
clinph.2015.02.001, PMID:25797650

 16. Pascual-Leone A, Valls-Solé J, Wassermann EM, Hallett 
M: Responses to rapid-rate transcranial magnetic stimula-
tion of the human motor cortex. Brain 1994;117:847–858. 
https://doi.org/10.1093/brain/117.4.847, PMID:7922470

 17. Wu T, Sommer M, Tergau F, Paulus W: Lasting influ-
ence of repetitive transcranial magnetic stimulation on 
intracortical excitability in human subjects. Neurosci 
Lett 2000;287:37–40. https://doi.org/10.1016/S0304-
3940(00)01132-0, PMID:10841985

 18. Maeda F, Keenan JP, Tormos JM, Topka H, Pascual-
Leone A: Interindividual variability of the modulatory 
effects of repetitive transcranial magnetic stimulation on 
cortical excitability. Exp Brain Res 2000;133:425–430. 
https://doi.org/10.1007/s002210000432, PMID:10985677

 19. Huang YZ, Edwards MJ, Rounis E, Bhatia KP, Rothwell 
JC: Theta burst stimulation of the human motor cortex. 
Neuron 2005;45:201–206. https://doi.org/10.1016/j.neu-
ron.2004.12.033, PMID:15664172

 20. Lefaucheur JP, Aleman A, Baeken C, Benninger DH, 
Brunelin J, Di Lazzaro V, Filipović SR, Grefkes C, 
Hasan A, Hummel FC, Jääskeläinen SK, Langguth 
B, Leocani L, Londero A, Nardone R, Nguyen JP, 
Nyffeler T, Oliveira-Maia AJ, Oliviero A, Padberg F, 
Palm U, Paulus W, Poulet E, Quartarone A, Rachid 
F, Rektorová I, Rossi S, Sahlsten H, Schecklmann M, 
Szekely D, Ziemann U: Evidence-based guidelines on 
the therapeutic use of repetitive transcranial magnetic 
stimulation (rTMS): an update (2014–2018). Clin Neu-
rophysiol 2020;131:474–528. https://doi.org/10.1016/j.
clinph.2019.11.002, PMID:31901449

 21. Lefaucheur JP, André-Obadia N, Antal A, Ayache SS, 
Baeken C, Benninger DH, Cantello RM, Cincotta M, de 
Carvalho M, De Ridder D, Devanne H, Di Lazzaro V, 
Filipović SR, Hummel FC, Jääskeläinen SK, Kimiski-
dis VK, Koch G, Langguth B, Nyffeler T, Oliviero A, 
Padberg F, Poulet E, Rossi S, Rossini PM, Rothwell JC, 
Schönfeldt-Lecuona C, Siebner HR, Slotema CW, Stagg 
CJ, Valls-Sole J, Ziemann U, Paulus W, Garcia-Larrea 
L: Evidence-based guidelines on the therapeutic use 
of repetitive transcranial magnetic stimulation (rTMS). 
Clin Neurophysiol 2014;125:2150–2206. https://doi.
org/10.1016/j.clinph.2014.05.021, PMID:25034472

 22. Miyamoto S, Ogasawara K, Kuroda S, Itabashi R, 
Toyoda K, Itoh Y, Iguchi Y, Shiokawa Y, Takagi Y, Oht-
suki T, Kinouchi H, Okada Y, Takahashi JC, Nakase H, 
Kakuda W, Committee for Stroke Guideline 2021, Japan 
Stroke Society: Japan Stroke Society Guideline 2021 for 
the treatment of stroke. Int J Stroke 2022;17:1039–1049. 
https://doi.org/10.1177/17474930221090347

 23. Committee for Stroke Guidelines 2021, Japan Stroke So-
ciety: Japanese Guidelines for the management of stroke 
2021 [in Japanese]. Kyowa Kikaku, Tokyo, 2021; 299.

 24. Sakamoto D, Hamaguchi T, Murata K, Ishikawa A, 
Nakayama Y, Abo M: Study protocol for a multicenter, 
randomized controlled trial to improve upper extremity 
hemiparesis in chronic stroke patients by one-to-one 
training (NEURO®) with repetitive transcranial mag-
netic stimulation. J Clin Med 2022;11:6835. https://doi.
org/10.3390/jcm11226835, PMID:36431312

Prog. Rehabil. Med. 2023; Vol.8, 20230005 9

https://doi.org/10.1177/1545968309336661
https://doi.org/10.1177/1545968309336661
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19531606?dopt=Abstract
https://doi.org/10.1016/j.rehab.2014.08.003
https://doi.org/10.1016/j.rehab.2014.08.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25193774?dopt=Abstract
https://doi.org/10.1038/285227a0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7374773?dopt=Abstract
https://doi.org/10.1016/S0140-6736(85)92413-4
https://doi.org/10.1016/S0140-6736(85)92413-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2860322?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10590931?dopt=Abstract
https://doi.org/10.1016/j.clinph.2015.02.001
https://doi.org/10.1016/j.clinph.2015.02.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25797650?dopt=Abstract
https://doi.org/10.1093/brain/117.4.847
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7922470?dopt=Abstract
https://doi.org/10.1016/S0304-3940(00)01132-0
https://doi.org/10.1016/S0304-3940(00)01132-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10841985?dopt=Abstract
https://doi.org/10.1007/s002210000432
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10985677?dopt=Abstract
https://doi.org/10.1016/j.neuron.2004.12.033
https://doi.org/10.1016/j.neuron.2004.12.033
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15664172?dopt=Abstract
https://doi.org/10.1016/j.clinph.2019.11.002
https://doi.org/10.1016/j.clinph.2019.11.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31901449?dopt=Abstract
https://doi.org/10.1016/j.clinph.2014.05.021
https://doi.org/10.1016/j.clinph.2014.05.021
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25034472?dopt=Abstract
https://doi.org/10.1177/17474930221090347
https://doi.org/10.3390/jcm11226835
https://doi.org/10.3390/jcm11226835
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36431312?dopt=Abstract


Copyright © 2023 The Japanese Association of Rehabilitation Medicine

 25. Kakuda W, Abo M, Shimizu M, Sasanuma J, Okamoto T, 
Yokoi A, Taguchi K, Mitani S, Harashima H, Urushidani 
N, Urashima M, NEURO Investigators: A multi-center 
study on low-frequency rTMS combined with intensive 
occupational therapy for upper limb hemiparesis in post-
stroke patients. J Neuroeng Rehabil 2012;9:4. https://doi.
org/10.1186/1743-0003-9-4, PMID:22264239

 26. Kakuda W, Abo M, Sasanuma J, Shimizu M, Okamoto 
T, Kimura C, Kakita K, Hara H: Combination protocol 
of low-frequency rTMS and intensive occupational 
therapy for post-stroke upper limb hemiparesis: a 6-year 
experience of more than 1700 Japanese patients. Transl 
Stroke Res 2016;7:172–179. https://doi.org/10.1007/
s12975-016-0456-8, PMID:26884316

 27. Niimi M, Hashimoto K, Kakuda W, Miyano S, Mo-
mosaki R, Ishima T, Abo M: Role of brain-derived 
neurotrophic factor in beneficial effects of repetitive 
transcranial magnetic stimulation for upper limb hemi-
paresis after stroke. PLoS One 2016;11:e0152241. https://
doi.org/10.1371/journal.pone.0152241, PMID:27007747

 28. Yamada N, Kakuda W, Senoo A, Kondo T, Mitani S, 
Shimizu M, Abo M: Functional cortical reorganization 
after low-frequency repetitive transcranial magnetic 
stimulation plus intensive occupational therapy for up-
per limb hemiparesis: evaluation by functional magnetic 
resonance imaging in poststroke patients. Int J Stroke 
2013;8:422–429. https://doi.org/10.1111/ijs.12056, 
PMID:23692672

 29. Takekawa T, Kakuda W, Uchiyama M, Ikegaya M, Abo 
M: Brain perfusion and upper limb motor function: a pilot 
study on the correlation between evolution of asymmetry 
in cerebral blood flow and improvement in Fugl–Meyer 
Assessment score after rTMS in chronic post-stroke 
patients. J Neuroradiol 2014;41:177–183. https://doi.
org/10.1016/j.neurad.2013.06.006, PMID:23886875

 30. Niimi M, Fujita Y, Ishima T, Hashimoto K, Sasaki N, 
Hara T, Yamada N, Abo M: Role of d-serine in the 
beneficial effects of repetitive transcranial magnetic 
stimulation in post-stroke patients. Acta Neuropsychiatr 
2020;32:128–134. https://doi.org/10.1017/neu.2020.4, 
PMID:31992382

 31. Abo M, Chen Z, Lai LJ, Reese T, Bjelke B: Functional 
recovery after brain lesion—contralateral neuromodula-
tion: an fMRI study. Neuroreport 2001;12:1543–1547. 
https://doi.org/10.1097/00001756-200105250-00048, 
PMID:11388445

 32. Abo M, Yamauchi H, Chen Z, Yonemoto K, Miyano S, 
Bjelke B: Behavioural recovery correlated with MRI in 
a rat experimental stroke model. Brain Inj 2003;17:799–
808. https://doi.org/10.1080/0269905031000088658, 
PMID:12850945

 33. Takata K, Yamauchi H, Tatsuno H, Hashimoto K, Abo 
M: Is the ipsilateral cortex surrounding the lesion or the 
non-injured contralateral cortex important for motor 
recovery in rats with photochemically induced corti-
cal lesions? Eur Neurol 2006;56:106–112. https://doi.
org/10.1159/000095700, PMID:16960450

 34. Abo M, Suzuki M, Senoo A, Miyano S, Yamauchi 
H, Yonemoto K, Watanabe S, Edström L: Influence 
of isoflurane concentration and hypoxia on func-
tional magnetic resonance imaging for the detection of 
bicuculline-induced neuronal activation. Neurosignals 
2004;13:144–149. https://doi.org/10.1159/000076568, 
PMID:15067202

 35. Abo M, Yamauchi H, Suzuki M, Sakuma M, Urashima 
M: Facilitated beam-walking recovery during acute 
phase by kynurenic acid treatment in a rat model of pho-
tochemically induced thrombosis causing focal cerebral 
ischemia. Neurosignals 2006;15:102–110. https://doi.
org/10.1159/000094876, PMID:16888405

 36. Niimi M, Sasaki N, Kimura C, Hara T, Yamada N, Abo 
M: Sleep during low-frequency repetitive transcranial 
magnetic stimulation is associated with functional im-
provement in upper limb hemiparesis after stroke. Acta 
Neurol Belg 2019;119:233–238. https://doi.org/10.1007/
s13760-018-0957-1, PMID:29882010

 37. Urushidani N, Kinoshita S, Okamoto T, Tamashiro 
H, Abo M: Low-frequency rTMS and intensive oc-
cupational therapy improve upper limb motor function 
and cortical reorganization assessed by functional 
near-infrared spectroscopy in a subacute stroke pa-
tient. Case Rep Neurol 2018;10:223–231. https://doi.
org/10.1159/000492381, PMID:30283320

 38. Kondo T, Yamada N, Momosaki R, Shimizu M, Abo 
M: Comparison of the effect of low-frequency repetitive 
transcranial magnetic stimulation with that of theta burst 
stimulation on upper limb motor function in poststroke 
patients. BioMed Res Int 2017;2017:1–7. https://doi.
org/10.1155/2017/4269435, PMID:29230407

10 Chino T, et al: rTMS for post-stroke Upper Limb Hemiparesis

https://doi.org/10.1186/1743-0003-9-4
https://doi.org/10.1186/1743-0003-9-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22264239?dopt=Abstract
https://doi.org/10.1007/s12975-016-0456-8
https://doi.org/10.1007/s12975-016-0456-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26884316?dopt=Abstract
https://doi.org/10.1371/journal.pone.0152241
https://doi.org/10.1371/journal.pone.0152241
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27007747?dopt=Abstract
https://doi.org/10.1111/ijs.12056
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23692672?dopt=Abstract
https://doi.org/10.1016/j.neurad.2013.06.006
https://doi.org/10.1016/j.neurad.2013.06.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23886875?dopt=Abstract
https://doi.org/10.1017/neu.2020.4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31992382?dopt=Abstract
https://doi.org/10.1097/00001756-200105250-00048
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11388445?dopt=Abstract
https://doi.org/10.1080/0269905031000088658
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12850945?dopt=Abstract
https://doi.org/10.1159/000095700
https://doi.org/10.1159/000095700
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16960450?dopt=Abstract
https://doi.org/10.1159/000076568
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15067202?dopt=Abstract
https://doi.org/10.1159/000094876
https://doi.org/10.1159/000094876
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16888405?dopt=Abstract
https://doi.org/10.1007/s13760-018-0957-1
https://doi.org/10.1007/s13760-018-0957-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29882010?dopt=Abstract
https://doi.org/10.1159/000492381
https://doi.org/10.1159/000492381
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30283320?dopt=Abstract
https://doi.org/10.1155/2017/4269435
https://doi.org/10.1155/2017/4269435
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29230407?dopt=Abstract


Copyright © 2023 The Japanese Association of Rehabilitation Medicine

 39. Kakuda W, Abo M, Kobayashi K, Momosaki R, Yokoi 
A, Ito H, Umemori T: Low-frequency rTMS combined 
with intensive occupational therapy for upper limb 
hemiparesis after brain tumour resection. Brain Inj 
2010;24:1505–1510. https://doi.org/10.3109/02699052.20
10.523040, PMID:20887085

 40. Kakuda W, Abo M, Kobayashi K, Momosaki R, Yokoi 
A, Fukuda A, Ishikawa A, Ito H, Tominaga A: Low-
frequency repetitive transcranial magnetic stimulation 
and intensive occupational therapy for poststroke pa-
tients with upper limb hemiparesis: preliminary study 
of a 15-day protocol. Int J Rehabil Res 2010;33:339–345. 
https://doi.org/10.1097/MRR.0b013e32833cdf10, 
PMID:20613547

 41. Kakuda W, Abo M, Kaito N, Ishikawa A, Taguchi 
K, Yokoi A: Six-day course of repetitive transcranial 
magnetic stimulation plus occupational therapy for post-
stroke patients with upper limb hemiparesis: a case 
series study. Disabil Rehabil 2010;32:801–807. https://
doi.org/10.3109/09638280903295474, PMID:20367405

 42. Kakuda W, Abo M, Kobayashi K, Takagishi T, Mo-
mosaki R, Yokoi A, Fukuda A, Ito H, Tominaga A: 
Baseline severity of upper limb hemiparesis influences 
the outcome of low-frequency rTMS combined with 
intensive occupational therapy in patients who have had 
a stroke. PM R 2011;3:516–522. https://doi.org/10.1016/j.
pmrj.2011.02.015, PMID:21665163

 43. Ueda R, Yamada N, Abo M, Senoo A: Correlation anal-
ysis of motor function improvement and brain structure 
for upper limb paralysis. Neuroreport 2019;30:77–81. 
https://doi.org/10.1097/WNR.0000000000001160, 
PMID:30399028

 44. Ueda R, Yamada N, Abo M, Senoo A: Relationship 
between motor function improvements and white 
matter structure after low-frequency repetitive tran-
scranial magnetic stimulation plus intensive occupa-
tional therapy in chronic subcortical stroke patients. 
Neuroreport 2019;30:485–490. https://doi.org/10.1097/
WNR.0000000000001227, PMID:30889047

 45. Ueda R, Yamada N, Abo M, Senoo A: White matter 
changes follow low-frequency repetitive transcranial 
magnetic stimulation plus intensive occupational ther-
apy for motor paralysis after stroke: a DTI study using 
TBSS. Acta Neurol Belg 2021;121:387–396. https://doi.
org/10.1007/s13760-019-01150-2, PMID:31115787

 46. Kakuda W, Abo M, Kobayashi K, Momosaki R, Yokoi A, 
Fukuda A, Ito H, Tominaga A, Umemori T, Kameda Y: 
Anti-spastic effect of low-frequency rTMS applied with 
occupational therapy in post-stroke patients with upper 
limb hemiparesis. Brain Inj 2011;25:496–502. https://doi.
org/10.3109/02699052.2011.559610, PMID:21456998

 47. Kondo T, Kakuda W, Yamada N, Shimizu M, Hagino H, 
Abo M: Effect of low-frequency rTMS on motor neuron 
excitability after stroke. Acta Neurol Scand 2013;127:26–
30. https://doi.org/10.1111/j.1600-0404.2012.01669.x, 
PMID:22494271

 48. Abo M, Kakuda W, Momosaki R, Harashima H, Kojima 
M, Watanabe S, Sato T, Yokoi A, Umemori T, Sasa-
numa J: Randomized, multicenter, comparative study of 
NEURO versus CIMT in poststroke patients with upper 
limb hemiparesis: the NEURO-VERIFY Study. Int J 
Stroke 2014;9:607–612. https://doi.org/10.1111/ijs.12100, 
PMID:24015934

 49. Tamashiro H, Kinoshita S, Okamoto T, Urushidani N, 
Abo M: Effect of baseline brain activity on response 
to low-frequency rTMS/intensive occupational 
therapy in poststroke patients with upper limb hemipa-
resis: a near-infrared spectroscopy study. Int J Neurosci 
2019;129:337–343. https://doi.org/10.1080/00207454.201
8.1536053, PMID:30311827

 50. Swayne OB, Rothwell JC, Ward NS, Greenwood RJ: 
Stages of motor output reorganization after hemispheric 
stroke suggested by longitudinal studies of cortical 
physiology. Cereb Cortex 2008;18:1909–1922. https://
doi.org/10.1093/cercor/bhm218, PMID:18234688

 51. Xiang H, Sun J, Tang X, Zeng K, Wu X: The effect 
and optimal parameters of repetitive transcranial mag-
netic stimulation on motor recovery in stroke patients: 
a systematic review and meta-analysis of randomized 
controlled trials. Clin Rehabil 2019;33:847–864. https://
doi.org/10.1177/0269215519829897, PMID:30773896

 52. Sasaki N, Mizutani S, Kakuda W, Abo M: Comparison 
of the effects of high- and low-frequency repetitive 
transcranial magnetic stimulation on upper limb hemi-
paresis in the early phase of stroke. J Stroke Cerebrovasc 
Dis 2013;22:413–418. https://doi.org/10.1016/j.jstroke-
cerebrovasdis.2011.10.004, PMID:22177936

Prog. Rehabil. Med. 2023; Vol.8, 20230005 11

https://doi.org/10.3109/02699052.2010.523040
https://doi.org/10.3109/02699052.2010.523040
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20887085?dopt=Abstract
https://doi.org/10.1097/MRR.0b013e32833cdf10
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20613547?dopt=Abstract
https://doi.org/10.3109/09638280903295474
https://doi.org/10.3109/09638280903295474
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20367405?dopt=Abstract
https://doi.org/10.1016/j.pmrj.2011.02.015
https://doi.org/10.1016/j.pmrj.2011.02.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21665163?dopt=Abstract
https://doi.org/10.1097/WNR.0000000000001160
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30399028?dopt=Abstract
https://doi.org/10.1097/WNR.0000000000001227
https://doi.org/10.1097/WNR.0000000000001227
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30889047?dopt=Abstract
https://doi.org/10.1007/s13760-019-01150-2
https://doi.org/10.1007/s13760-019-01150-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31115787?dopt=Abstract
https://doi.org/10.3109/02699052.2011.559610
https://doi.org/10.3109/02699052.2011.559610
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21456998?dopt=Abstract
https://doi.org/10.1111/j.1600-0404.2012.01669.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22494271?dopt=Abstract
https://doi.org/10.1111/ijs.12100
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24015934?dopt=Abstract
https://doi.org/10.1080/00207454.2018.1536053
https://doi.org/10.1080/00207454.2018.1536053
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30311827?dopt=Abstract
https://doi.org/10.1093/cercor/bhm218
https://doi.org/10.1093/cercor/bhm218
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18234688?dopt=Abstract
https://doi.org/10.1177/0269215519829897
https://doi.org/10.1177/0269215519829897
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30773896?dopt=Abstract
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.10.004
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.10.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22177936?dopt=Abstract


Copyright © 2023 The Japanese Association of Rehabilitation Medicine

 53. Du J, Yang F, Hu J, Hu J, Xu Q, Cong N, Zhang Q, Liu 
L, Mantini D, Zhang Z, Lu G, Liu X: Effects of high- and 
low-frequency repetitive transcranial magnetic stimula-
tion on motor recovery in early stroke patients: evidence 
from a randomized controlled trial with clinical, neuro-
physiological and functional imaging assessments. Neu-
roimage Clin 2019;21:101620. https://doi.org/10.1016/j.
nicl.2018.101620, PMID:30527907

 54. Sasaki N, Kakuda W, Abo M: Bilateral high- and low-
frequency rTMS in acute stroke patients with hemipare-
sis: a comparative study with unilateral high-frequency 
rTMS. Brain Inj 2014;28:1682–1686. https://doi.org/10.31
09/02699052.2014.947626, PMID:25140931

 55. Chen G, Lin T, Wu M, Cai G, Ding Q, Xu J, Li W, 
Wu C, Chen H, Lan Y: Effects of repetitive transcra-
nial magnetic stimulation on upper-limb and finger 
function in stroke patients: a systematic review and 
meta-analysis of randomized controlled trials. Front 
Neurol 2022;13:940467. https://doi.org/10.3389/
fneur.2022.940467, PMID:35968309

 56. Hsu WY, Cheng CH, Liao KK, Lee IH, Lin YY: Effects 
of repetitive transcranial magnetic stimulation on mo-
tor functions in patients with stroke: a meta-analysis. 
Stroke 2012;43:1849–1857. https://doi.org/10.1161/
STROKEAHA.111.649756, PMID:22713491

 57. Centonze D, Koch G, Versace V, Mori F, Rossi S, Brusa 
L, Grossi K, Torelli F, Prosperetti C, Cervellino A, Mar-
fia GA, Stanzione P, Marciani MG, Boffa L, Bernardi G: 
Repetitive transcranial magnetic stimulation of the motor 
cortex ameliorates spasticity in multiple sclerosis. Neu-
rology 2007;68:1045–1050. https://doi.org/10.1212/01.
wnl.0000257818.16952.62, PMID:17389310

 58. Málly J, Dinya E: Recovery of motor disability and spas-
ticity in post-stroke after repetitive transcranial magnetic 
stimulation (rTMS). Brain Res Bull 2008;76:388–395. 
https://doi.org/10.1016/j.brainresbull.2007.11.019, 
PMID:18502315

 59. Kondo T, Kakuda W, Yamada N, Shimizu M, Abo M: 
Effects of repetitive transcranial magnetic stimulation 
and intensive occupational therapy on motor neuron 
excitability in poststroke hemiparetic patients: a neuro-
physiological investigation using F-wave parameters. Int 
J Neurosci 2015;125:25–31. https://doi.org/10.3109/0020
7454.2014.897706, PMID:24564818

 60. Wassermann EM: Risk and safety of repetitive transcra-
nial magnetic stimulation: report and suggested guide-
lines from the International Workshop on the Safety of 
Repetitive Transcranial Magnetic Stimulation, June 5–7, 
1996. Evok Pot 1998;108:1–16. https://doi.org/10.1016/
S0168-5597(97)00096-8, PMID:9474057

 61. Yamada N, Kashiwabara K, Takekawa T, Hama M, Niimi 
M, Hara T, Furumizo S, Tsuboi M: Comparison of the 
effect and treatment sequence between a 2-week parallel 
repetitive transcranial magnetic stimulation and reha-
bilitation and a 2-week rehabilitation-only intervention 
during a 4-week hospitalization for upper limb paralysis 
after stroke: an open-label, crossover observational study. 
J Cent Nerv Syst Dis 2022;14:11795735211072731. https://
doi.org/10.1177/11795735211072731, PMID:35082548

 62. Yamada N, Kakuda W, Kondo T, Mitani S, Shimizu M, 
Abo M: Local muscle injection of botulinum toxin type 
a synergistically improves the beneficial effects of re-
petitive transcranial magnetic stimulation and intensive 
occupational therapy in post-stroke patients with spastic 
upper limb hemiparesis. Eur Neurol 2014;72:290–298. 
https://doi.org/10.1159/000365005, PMID:25323412

 63. Simplicio CL, Purita J, Murrell W, Santos GS, dos 
Santos RG, Lana JF: Extracorporeal shock wave therapy 
mechanisms in musculoskeletal regenerative medicine. 
J Clin Orthop Trauma 2020;11:S309–S318. https://doi.
org/10.1016/j.jcot.2020.02.004, PMID:32523286

 64. Chino T, Takekawa T, Yamada N, Watanabe S, Hashi-
moto G, Obuchi K, Abo M: Effects of extracorporeal 
shock wave therapy for tension-type headache. Jpn J 
Stimul Ther. 2022;3:87–90.

 65. Xiang J, Wang W, Jiang W, Qian Q: Effects of extracor-
poreal shock wave therapy on spasticity in post-stroke pa-
tients: a systematic review and meta-analysis of random-
ized controlled trials. J Rehabil Med 2018;50:852–859. 
https://doi.org/10.2340/16501977-2385, PMID:30264850

 66. Corrado B, Di Luise C, Servodio Iammarrone C: Man-
agement of muscle spasticity in children with cerebral 
palsy by means of extracorporeal shockwave therapy: 
a systematic review of the literature. Dev Neurorehabil 
2021;24:1–7. https://doi.org/10.1080/17518423.2019.1683
908, PMID:31674272

 67. Kenmoku T, Nemoto N, Iwakura N, Ochiai N, Uchida 
K, Saisu T, Ohtori S, Nakagawa K, Sasho T, Takaso 
M: Extracorporeal shock wave treatment can selec-
tively destroy end plates in neuromuscular junctions. 
Muscle Nerve 2018;57:466–472. https://doi.org/10.1002/
mus.25754, PMID:28759703

12 Chino T, et al: rTMS for post-stroke Upper Limb Hemiparesis

https://doi.org/10.1016/j.nicl.2018.101620
https://doi.org/10.1016/j.nicl.2018.101620
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30527907?dopt=Abstract
https://doi.org/10.3109/02699052.2014.947626
https://doi.org/10.3109/02699052.2014.947626
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25140931?dopt=Abstract
https://doi.org/10.3389/fneur.2022.940467
https://doi.org/10.3389/fneur.2022.940467
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35968309?dopt=Abstract
https://doi.org/10.1161/STROKEAHA.111.649756
https://doi.org/10.1161/STROKEAHA.111.649756
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22713491?dopt=Abstract
https://doi.org/10.1212/01.wnl.0000257818.16952.62
https://doi.org/10.1212/01.wnl.0000257818.16952.62
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17389310?dopt=Abstract
https://doi.org/10.1016/j.brainresbull.2007.11.019
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18502315?dopt=Abstract
https://doi.org/10.3109/00207454.2014.897706
https://doi.org/10.3109/00207454.2014.897706
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24564818?dopt=Abstract
https://doi.org/10.1016/S0168-5597(97)00096-8
https://doi.org/10.1016/S0168-5597(97)00096-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9474057?dopt=Abstract
https://doi.org/10.1177/11795735211072731
https://doi.org/10.1177/11795735211072731
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35082548?dopt=Abstract
https://doi.org/10.1159/000365005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25323412?dopt=Abstract
https://doi.org/10.1016/j.jcot.2020.02.004
https://doi.org/10.1016/j.jcot.2020.02.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32523286?dopt=Abstract
https://doi.org/10.2340/16501977-2385
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30264850?dopt=Abstract
https://doi.org/10.1080/17518423.2019.1683908
https://doi.org/10.1080/17518423.2019.1683908
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31674272?dopt=Abstract
https://doi.org/10.1002/mus.25754
https://doi.org/10.1002/mus.25754
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28759703?dopt=Abstract


Copyright © 2023 The Japanese Association of Rehabilitation Medicine

 68. Hamaguchi T, Yamada N, Hada T, Abo M: Prediction 
of motor recovery in the upper extremity for repetitive 
transcranial magnetic stimulation and occupational 
therapy goal setting in patients with chronic stroke: a 
retrospective analysis of prospectively collected data. 
Front Neurol 2020;11:581186. https://doi.org/10.3389/
fneur.2020.581186, PMID:33193036

 69. Tatsuno H, Hamaguchi T, Sasanuma J, Kakita K, 
Okamoto T, Shimizu M, Nakaya N, Abo M: Does a 
combination treatment of repetitive transcranial mag-
netic stimulation and occupational therapy improve 
upper limb muscle paralysis equally in patients with 
chronic stroke caused by cerebral hemorrhage and 
infarction?: a retrospective cohort study. Medicine 
(Baltimore) 2021;100:e26339. https://doi.org/10.1097/
MD.0000000000026339, PMID:34128880

 70. Narayan Arya K, Verma R, Garg RK: Estimating the 
minimal clinically important difference of an upper 
extremity recovery measure in subacute stroke pa-
tients. Top Stroke Rehabil 2011;18:599–610. https://doi.
org/10.1310/tsr18s01-599, PMID:22120029

 71. Lundquist CB, Maribo T: The Fugl–Meyer assessment 
of the upper extremity: reliability, responsiveness 
and validity of the Danish version. Disabil Rehabil 
2017;39:934–939. https://doi.org/10.3109/09638288.2016
.1163422, PMID:27062881

 72. Rocha S, Silva E, Foerster Á, Wiesiolek C, Chagas AP, 
Machado G, Baltar A, Monte-Silva K: The impact of 
transcranial direct current stimulation (tDCS) combined 
with modified constraint-induced movement therapy 
(mCIMT) on upper limb function in chronic stroke: a 
double-blind randomized controlled trial. Disabil Reha-
bil 2016;38:653–660. https://doi.org/10.3109/09638288.2
015.1055382, PMID:26061222

 73. Frey LC: Epidemiology of posttraumatic epilepsy: a 
critical review. Epilepsia 2003;44:11–17. https://doi.
org/10.1046/j.1528-1157.44.s10.4.x, PMID:14511389

 74. De Reuck J, Sieben A, Van Maele G: Characteristics and 
outcomes of patients with seizures according to the time 
of onset in relation to stroke. Eur Neurol 2008;59:225–
228. https://doi.org/10.1159/000115635, PMID:18264010

 75. Afsar N, Kaya D, Aktan S, Aykut-Bingol C: Stroke and 
status epilepticus: stroke type, type of status epilepti-
cus, and prognosis. Seizure 2003;12:23–27. https://doi.
org/10.1016/S1059131102001437, PMID:12495645

 76. Detre JA, Rao H, Wang DJ, Chen YF, Wang Z: Ap-
plications of arterial spin labeled MRI in the brain. J 
Magn Reson Imaging 2012;35:1026–1037. https://doi.
org/10.1002/jmri.23581, PMID:22246782

 77. George MS, Taylor JJ, Short EB: The expanding 
evidence base for rTMS treatment of depression. Curr 
Opin Psychiatry 2013;26:13–18. https://doi.org/10.1097/
YCO.0b013e32835ab46d, PMID:23154644

 78. Kito S, Pascual-Marqui RD, Hasegawa T, Koga Y: 
High-frequency left prefrontal transcranial magnetic 
stimulation modulates resting EEG functional connec-
tivity for gamma band between the left dorsolateral pre-
frontal cortex and precuneus in depression. Brain Stimul 
2014;7:145–146. https://doi.org/10.1016/j.brs.2013.09.006, 
PMID:24148295

 79. Kito S, Hasegawa T, Takamiya A, Noda T, Nakagome K, 
Higuchi T, Koga Y: Transcranial magnetic stimulation 
modulates resting EEG functional connectivity between 
the left dorsolateral prefrontal cortex and limbic regions 
in medicated patients with treatment-resistant depres-
sion. J Neuropsychiatry Clin Neurosci 2017;29:155–159. 
https://doi.org/10.1176/appi.neuropsych.15120419, 
PMID:27852164

 80. Hackett ML, Pickles K: Part I: frequency of depres-
sion after stroke: an updated systematic review and 
meta-analysis of observational studies. Int J Stroke 
2014;9:1017–1025. https://doi.org/10.1111/ijs.12357, 
PMID:25117911

 81. Kinoshita S, Tamashiro H, Okamoto T, Urushidani 
N, Abo M: Association between imbalance of corti-
cal brain activity and successful motor recovery in 
sub-acute stroke patients with upper limb hemiparesis. 
Neuroreport 2019;30:822–827. https://doi.org/10.1097/
WNR.0000000000001283, PMID:31283713

 82. Kakuda W, Abo M, Kaito N, Watanabe M, Se-
noo A: Functional MRI-based therapeutic rTMS 
strategy for aphasic stroke patients: a case series 
pilot study. Int J Neurosci 2010;120:60–66. https://doi.
org/10.3109/00207450903445628, PMID:20128673

 83. Abo M, Kakuda W, Watanabe M, Morooka A, Kawaka-
mi K, Senoo A: Effectiveness of low-frequency rTMS 
and intensive speech therapy in poststroke patients with 
aphasia: a pilot study based on evaluation by fMRI in 
relation to type of aphasia. Eur Neurol 2012;68:199–208. 
https://doi.org/10.1159/000338773, PMID:22948550

Prog. Rehabil. Med. 2023; Vol.8, 20230005 13

https://doi.org/10.3389/fneur.2020.581186
https://doi.org/10.3389/fneur.2020.581186
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33193036?dopt=Abstract
https://doi.org/10.1097/MD.0000000000026339
https://doi.org/10.1097/MD.0000000000026339
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34128880?dopt=Abstract
https://doi.org/10.1310/tsr18s01-599
https://doi.org/10.1310/tsr18s01-599
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22120029?dopt=Abstract
https://doi.org/10.3109/09638288.2016.1163422
https://doi.org/10.3109/09638288.2016.1163422
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27062881?dopt=Abstract
https://doi.org/10.3109/09638288.2015.1055382
https://doi.org/10.3109/09638288.2015.1055382
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26061222?dopt=Abstract
https://doi.org/10.1046/j.1528-1157.44.s10.4.x
https://doi.org/10.1046/j.1528-1157.44.s10.4.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14511389?dopt=Abstract
https://doi.org/10.1159/000115635
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18264010?dopt=Abstract
https://doi.org/10.1016/S1059131102001437
https://doi.org/10.1016/S1059131102001437
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12495645?dopt=Abstract
https://doi.org/10.1002/jmri.23581
https://doi.org/10.1002/jmri.23581
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22246782?dopt=Abstract
https://doi.org/10.1097/YCO.0b013e32835ab46d
https://doi.org/10.1097/YCO.0b013e32835ab46d
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23154644?dopt=Abstract
https://doi.org/10.1016/j.brs.2013.09.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24148295?dopt=Abstract
https://doi.org/10.1176/appi.neuropsych.15120419
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27852164?dopt=Abstract
https://doi.org/10.1111/ijs.12357
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25117911?dopt=Abstract
https://doi.org/10.1097/WNR.0000000000001283
https://doi.org/10.1097/WNR.0000000000001283
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31283713?dopt=Abstract
https://doi.org/10.3109/00207450903445628
https://doi.org/10.3109/00207450903445628
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20128673?dopt=Abstract
https://doi.org/10.1159/000338773
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22948550?dopt=Abstract

