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Abstract Although repetitive transcranial magnetic stim-

ulation (rTMS) for upper limb motor area in stroke patients

is beneficial, it has been poorly investigated in rTMS for

leg motor area. Furthermore, no study has examined the

usefulness of rTMS for leg motor area in patients in the

early phase of stroke. Twenty-one patients with a hemi-

spheric stroke lesion in the early phase were randomly

assigned into two groups: the high-frequency (HF)-rTMS

group [N = 11] and the sham stimulation group [N = 10].

Patients received rTMS for 5 consecutive days, beginning

10.9 ± 6.6 days on average after the onset. Brunnstrom

Recovery Stages (BRS) for the lower limbs and the Ability

for Basic Movement Scale Revised (ABMS II) were

assessed before and after the intervention. The improve-

ment in BRS for the lower limbs was significant after the

intervention in the HF-rTMS group. Although both the HF-

rTMS and sham stimulation groups had significant

improvements in ABMS II scores, the extent of improve-

ment in the AMBS II was significantly greater in the HF-

rTMS group than in the sham stimulation group.

Application of HF-rTMS over the bilateral leg motor areas

has potential to be a new rehabilitation therapy for patients

in the acute phase of stroke.
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Introduction

Repetitive transcranial magnetic stimulation (rTMS) is a

non-invasive neuromodulation technique that can produce

sustained changes in local neural excitability, depending on

the stimulation frequency. High-frequency rTMS (HF-

rTMS C5 Hz) reportedly activates local neural excitability,

whereas low-frequency rTMS (LF-rTMS B1 Hz) sup-

presses local neural excitability [1, 2]. Both HF-rTMS

applied to the lesioned upper limb motor area and LF-

rTMS applied to the non-lesioned upper limb motor area

were beneficial for upper limb hemiparesis in stroke

patients [3]. Although most researchers reported the effi-

cacy of rTMS in chronic stroke patients, we previously

reported that these two rTMS modalities were beneficial

for motor improvement of paretic upper limb, even in the

early phase of stroke [4, 5]. Studies of rTMS therapeutic

use for the leg motor area are scarce. Kakuda et al. reported

that HF-rTMS applied to bilateral leg motor areas using a

double-cone coil could improve walking function in

chronic stroke hemiparetic patients [6]. However, no

information regarding the efficacy or feasibility of rTMS

applied to the leg motor area for stroke patients in the early

phase is available. It was hypothesized that the same

approach should also be effective in the early phase. The

purpose of this pilot study was to provide an initial eval-

uation of the safety and feasibility of therapeutic HF-rTMS,
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and to clarify whether HF-rTMS is beneficial in terms of

motor function recovery of the paretic leg and trunk

function in stroke patients in the early phase.

Materials and methods

The study subjects included 21 consecutive stroke patients

who met all of the following inclusion criteria: (1) emer-

gently admitted to International University of Health and

Welfare Atami Hospital within 6 h of onset between April

2014 and March 2015; (2) clinical diagnosis of supraten-

torial intracerebral hemorrhage (ICH) or subcortical cere-

bral infarction (CI) in the area of the middle cerebral artery

(MCA), without invasion into the cerebral cortex, as con-

firmed with non-contrast brain computed tomography (CT)

or magnetic resonance imaging (MRI); (3) between 25 and

85 years of age at admission; (4) no surgical management,

including intravascular surgery, and no administration of

tissue plasminogen activator (tPA) as an emergent treat-

ment; (5) started the study intervention within 28 days of

admission; (6) no disturbance of consciousness [an eye

opening score of 4 and best verbal response of 5 on the

Glasgow Coma Scale (GCS)]; (7) no active physical or

mental illness requiring medical management; (8) no

development of convulsion after onset; (9) no pathological

conditions known to be contraindications for rTMS in the

guidelines suggested by Wassermann (e.g., cardiac pace-

makers, intracranial implants, implanted medication

pumps, or pregnancy) [7, 8]; and (10) no prior experience

with rTMS application (to confirm blindness to the

intervention).

The study was a randomized controlled trial, and the

study patients were randomly assigned to the HF-rTMS

group (N = 11) or the sham stimulation group (N = 10)

according to the date of admission. The sample size used in

this study was determined based on the total number of

patients enrolled in the study period mentioned above.

Since this study was a pilot study intended to investigate

the efficacy of HF-rTMS, we did not perform any power

analyses.

All patients in the 2 groups were scheduled to receive 2

sessions (AM/PM) of HF-rTMS or sham stimulation per

day for 5 consecutive days (10 sessions in total) as in-

patient treatment. Motor function of the paretic leg and

trunk function were evaluated serially before and after the

5-day treatment protocol, and the extent of improvement in

the assessments were compared between the two groups.

Application of HF-rTMS and sham stimulation

For rTMS delivery, an 80-mm double-cone coil and a

MagPro R30 stimulator (MagVenture Company, Farum,

Denmark) were used. For HF-rTMS, 10-s trains of 10 Hz

were applied repeatedly with 50-s inter-train intervals

(ITIs) over 10 min (1000 pulses per session). The stimu-

lation site on the skull was defined as the position on the

midsagittal plane where the stimulation evoked most

apparent visible dorsiflexion movement of the intact ankle.

The center of contact between the two circles of the coil

was placed vertically over the determined stimulation site

on the midsagittal plane, so that the bilateral leg motor

areas could be stimulated simultaneously and at the same

intensity (Fig. 1). The resting motor threshold (RMT) was

defined as the minimum output of stimulation that evoked

target movement of the ankle. The HF-rTMS intensity was

90 % of the RMT at the stimulation site. Sham stimulation

was performed with a pseudo-coil that was not connected

to the stimulator. Patients in the sham group received only

recorded sounds of 10-Hz stimulus from a speaker for

10 min. During the rTMS session, patients sat in a reclin-

ing wheelchair with their heads strapped to the headrest. In

terms of safety, patients were monitored clinically through

medical and neurological examination during the study

period. Vital signs, including blood pressure, heart rate,

and consciousness level, were assessed before and after

each rTMS session. According to the hemiparesis severity,

conventional rehabilitation programs, such as range-of-

motion exercise, muscle exercise, sitting and/or standing

training, and gait training for 40–80 min, were provided

daily for all patients during the study period by therapists

who were blind to the allocation of studied groups. They

also received medical treatment such as anti-hypertensive

agents for blood pressure control and anti-coagulant/anti-

platelet therapy for secondary prevention.

Fig. 1 Photograph of high-frequency repetitive transcranial mag-

netic stimulation (HF-rTMS) application using a double-cone coil.

The center of the contact between the two circles of the coil was

placed vertically over the determined stimulation site on the

midsagittal plane so that the bilateral leg motor areas could be

stimulated simultaneously and at the same intensity
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Clinical measures of motor function in the paretic

leg and trunk function

Motor function of the paretic leg was evaluated using the

Brunnstrom Recovery Stages (BRS) for the lower limbs,

and trunk function was evaluated using the Ability for

Basic Movement Scale Revised (ABMS II) [9]. Immedi-

ately before the first application and immediately after the

last application of HF-rTMS or sham stimulation, these

evaluations were performed by a physical therapist in our

department who was blind to the allocation and provided

no training to the patient to ensure a bias-free outcome

evaluation. The Mini-Mental State Examination (MMSE)

was administered to all patients to evaluate cognitive

function immediately before the first intervention by an

occupational therapist in our department who was also

blind to the allocation of the patients.

Statistical analyses

Data are expressed as mean ± standard deviation (SD).

Clinical characteristics before the intervention and baseline

motor function between the two groups were compared

using unpaired t tests for parametric data (age, days

between onset, and rehabilitation/rTMS), the Mann–Whit-

ney U test for non-parametric data (BRS, ABMS II,

MMSE), and the Chi-square test for categorical data

(gender, subtype of stroke, and cerebral lesion side). In

each patient group, significant changes in BRS and ABMS

II following the intervention were analyzed using the

Wilcoxon signed-rank test. Following the intervention, the

Mann–Whitney U test was performed to compare the

extent of improvement (100* [post-intervention – pre-in-

tervention)/pre-intervention (%)] in ABMS II between the

two groups. All statistical analyses were performed using

SPSS version 19 (SPSS Inc., Chicago, IL). A p value less

than 0.05 was considered to be statistically significant.

Results

Twenty-one patients were enrolled in the study during the

study period; 11 and 10 stroke patients in the early phase

were assigned to the HF-rTMS group and the sham stim-

ulation group, respectively. All patients completed the

study protocol. No patient experienced any pathological

symptoms or deterioration of neurological symptoms.

None of the patients were able to recognize the protocol

they were receiving during the rTMS session, since no one

had experienced rTMS before entry into the study and none

had detailed knowledge of rTMS. Clinical characteristics

of the study patients in both groups are presented in

Table 1. For all studied patients, the age at admission was

between 25 and 83 years (mean, 61.4 ± 13.7 years), and

the time between admission and intervention ranged from 4

to 26 days (mean, 10.9 ± 6.6 days). The diagnosis was

confirmed by a brain CT or MRI as cerebral infarction in

11 patients and intracerebral hemorrhage in 10 patients.

The differences in the clinical characteristics of the two

groups were insignificant. Moreover, differences in the

clinical measures of motor function and cognitive function

for the two groups before the intervention were

insignificant.

BRS for the lower limb was significantly improved in

the HF-rTMS group (from 3.3 ± 1.3 to 4.7 ± 1.3;

p\ 0.01), although it was not changed in the sham stim-

ulation group (from 3.5 ± 1.6 to 3.8 ± 1.5). The ABMS II

score was significantly improved in both the HF-rTMS

group and the sham stimulation group (from 17.5 ± 4.5 to

25.2 ± 4.3 in the HF-rTMS group; from 18.4 ± 4.8 to

21.8 ± 5.1 in the sham stimulation group; all p\ 0.01)

(Table 2). However, the extent of improvement in the

ABMS II was significantly greater in the HF-rTMS group

than in the sham stimulation group (48.7 ± 30.0 in the HF-

rTMS group; 20.2 ± 17.4 in the sham stimulation group,

p\ 0.05) (Fig. 2).

Discussion

Previous reports showed the positive effects of rTMS for

improving upper limb hemiparesis in stroke patients

[10, 11]. While the upper limb motor area is located in

the dorsal cerebral cortex, the leg motor area is located

deep inside the longitudinal cerebral fissure. An 8-fig-

ured coil is generally used for rTMS; however, it is

difficult for the 8-figured coil magnetic field to stimulate

the leg motor area, which is located 3 to 4-cm deep from

the scalp surface. Even with the 8-figured coil, it is not

impossible to stimulate the leg motor area when the

output of the coil is set higher. However, since the

magnetic field widely stimulates the scalp surface in

such cases, the examinees often cannot tolerate the pain

of the stimulation, and the locality of the stimulation is

decreased. On the other hand, it was confirmed that the

double-cone coil used in the present study has a well-

balanced design that produces localized stimulation in

deep areas of the brain [12]. Some previous studies

showed that stimulation with a double-cone coil reached

the leg motor area [13, 14], and our present study pro-

vided additional evidence; the stimulation delivered by

the double-cone coil evoked visible dorsiflexion move-

ment of the intact ankle.

The aim of therapeutic rTMS for upper limb hemiparesis

is to enhance the cortical activity of the upper limb motor

area on the lesioned side. Two modalities of rTMS have
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been devised: one directly activates the upper limb motor

area on the lesioned side with HF-rTMS, and the other

activates the upper limb motor area on the lesioned side

indirectly via interhemispheric inhibition (IHI) by sup-

pressing the upper limb motor area on the non-lesioned

side with LF-rTMS. HF-rTMS and LF-rTMS application

resulted in beneficial effects following introduction in both

the chronic [3] and early phases of stroke [4]. Furthermore,

simultaneous application of the two rTMS modalities

resulted in greater efficacy in the chronic [15] and early

phases [5]. However, unlike the upper limb motor area, the

right and left leg motor areas are located in close proximity

to each other on the medial side of the longitudinal cerebral

fissure, and it is difficult to use these two modalities of

rTMS separately.

It is known that 20–30 % of the pyramidal tract has

ipsilateral control, which dominates the body trunk and

proximal limbs. In stroke cases with hemiparesis, the body

trunk and proximal limbs of the non-paretic side are not

healthy; these muscles are bilaterally affected [16],

although more strongly on the side contralateral to the

brain lesion, and muscle strength recovers bilaterally dur-

ing the acute phase [17]. A functional MRI study reported

that increased cortical activity in the bilateral leg motor

areas was involved in the improvement of voluntary

movement of the paretic leg [18]. According to these

reports, we hypothesized that HF-rTMS for bilateral leg

motor areas would be beneficial for improving function of

the body trunk and paretic leg. This method is reportedly

effective for patients with hemiparesis in the chronic phase

of stroke [6].

Table 1 Comparison of clinical

characteristics between the two

groups

Characteristics HF-rTMS n = 11 Sham n = 10 Statistics

Age at admission, years 66.5 ± 16.6) 62.4 ± 10.3 NS

Gender, male/female, no. (%) 8(73)/3(27) 5(50)/5(50) NS

Subtype of stroke, CI/ICH, no. (%) 4(36)/7(64) 7(70)/3(30) NS

Side of cerebral lesion, right/left, no. (%) 3(27)/8(73) 6(60)/4(40) NS

Period between onset and rTMS, days 11.2 ± 7.3 10.6 ± 6.2 NS

BRS for the upper limb at the beginning of rTMS 3.1 ± 1.0 2.6 ± 1.2 NS

BRS for the hand-fingers at the beginning of rTMS 3.2 ± 1.3 2.4 ± 1.6 NS

BRS for the lower limb at the beginning of rTMS 3.3 ± 1.3 3.5 ± 1.6 NS

ABMS II 17.5 ± 4.5 18.4 ± 4.8 NS

MMSE 24.1 ± 3.3 23.0 ± 3.9 NS

Data are expressed as mean ± standard deviation unless otherwise indicated

HF-rTMS high-frequency repetitive transcranial magnetic stimulation, IC cerebral infarction, ICH intrac-

erebral hemorrhage, BRS Brunnstrom Recovery Stages, ABMS II Ability for Basic Movement Scale

Revised, MMSE Mini-Mental State Examination, NS not significant

Table 2 Pre- and post-

intervention BRS for the lower

limb and ABMS II scores

HF-rTMS Sham

Pre Post Statistics Pre Post Statistics

BRS for the lower limb 3.3 ± 1.3 4.7 ± 1.3 \0.01 3.5 ± 1.6 3.8 ± 1.5 NS

ABMS II 17.5 ± 4.5 25.2 ± 4.3 \0.01 18.4 ± 4.8 21.8 ± 5.1 \0.01

Data are expressed as mean ± standard deviation

HF-rTMS high-frequency repetitive transcranial magnetic stimulation, Pre pre-intervention, Post post-

intervention, BRS Brunnstrom Recovery Stages, ABMS II Ability for Basic Movement Scale Revised, NS

not significant

Fig. 2 Comparison of the extent of improvement in the Ability for

Basic Movement Scale Revised (ABMS II). The extent of improve-

ment in the ABMS II was significantly greater in the HF-rTMS group

than in the sham stimulation group
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After the 5-day intervention, BRS for the lower limbs

significantly improved in the HF-rTMS group. The BRS is

a 6-grade non-parametric scale that tends to cause a ceiling

effect. The present study was a pilot study that included a

limited number of cases; therefore, hemiparesis severity

was not an inclusion criteria variable. However, it was

necessary to employ an additional assessment that was

unlikely to be subject to the ceiling effect. For the HF-

rTMS and sham stimulation groups, in which the average

paresis severity was comparable before the intervention,

BRS for the lower limbs was improved following inter-

vention only in the HF-rTMS group. We therefore specu-

late that the results of motor recovery were attributable to

the positive effects of HF-rTMS.

Bilateral leg motor areas were activated in this study,

but it remains unclear if the lesioned or non-lesioned side

was more influenced by this intervention. For example,

some children acquired the ability to walk after resection

and hemispherectomy [19]. Therefore, re-organization of

the ipsilateral pyramidal tract might be greater than

expected in the early phase due to high plasticity. However,

compensation by the ipsilateral pyramidal tract may be

limited. It is necessary to verify the changes using func-

tional brain images to determine the paresis severity prior

to intervention.

Body trunk function is a critical element of the physical

outcome in stroke patients [20]. ABMS II significantly

improved in both groups after the 5-day intervention, and

the extent of change in the ABMS II was significantly

higher in the HF-rTMS group. The ABMS II consists of 6

non-parametric grades for 5 body trunk function subtests,

with a perfect score of 30 points [9]. Since the total score

range is wide (i.e., 5–30 points), and only a few cases

reached 30 points, we speculate that the influence of the

ceiling effect was minimal.

The current study had some limitations. Firstly, this was

a randomized controlled study; however, the number of

patients enrolled was small. Therefore, the findings of this

study should be confirmed with a larger patient sample.

Secondly, we did not apply any neuroimaging techniques,

such as functional (f)MRI or positron emission tomography

(PET) in this study. Neuroimaging techniques should be

applied to investigate the difference in functional neural

reorganization with the intervention between two groups.

Thirdly, the studied patients represented a heterogeneous

group with regard to stroke type and baseline stroke

severity. Differences in the beneficial effect of HF-rTMS

should be assessed among various types of stroke and

stroke severity. In addition, the final evaluation was per-

formed immediately after the final session of rTMS.

Therefore, the difference between two groups might dis-

appear or get smaller in their chronic phase. In other words,

it remains unknown whether our rTMS protocol could

produce a greater functional recovery compared to sham

stimulation or only accelerated the rate of such recovery.

Future study with longer follow-up period is needed to

clarify this issue.

Conclusion

Our proposed HF-rTMS protocol using a double-cone coil

is a safe and feasible intervention for motor function

recovery of the paretic leg and trunk function in patients

with stroke in the early phase. Since improvements in sit-

ting and standing are prioritized in stroke patients during

the early phase, this approach is considered markedly

important because improvement in the capacity of the

proximal leg areas to the body trunk is expected.
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