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INTRODUCTION

Muscle atrophy reportedly appears within 10 days of 
stroke onset in stroke patients with hemiplegia.1) Muscle 
atrophy not only decreases a patient’s ability to perform 
activities of daily living (ADLs) but also causes a decline in 
the body’s glucose metabolism, resulting in a further risk for 
stroke.2–4) Furthermore, loss of muscle mass can contribute 

to the occurrence of osteoporosis and, consequently, increase 
the risk of paretic lower limb fracture.5,6) These studies have 
suggested that prevention of muscle atrophy from the acute 
phase of stroke is important not only for improving the abil-
ity to perform ADLs but also for preventing further diseases 
after discharge.

Although resistance training is reportedly an effective pre-
vention strategy for muscle atrophy after stroke,7) it cannot 
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Objective: The aim of this study was to investigate the effect of repetitive peripheral magnetic 
stimulation (rPMS) on muscle atrophy prevention in the rectus femoris muscle (RF) of the paretic 
limb in acute stroke patients. Methods: Twelve acute stroke patients with a National Institute of 
Health Stroke Scale score >5 and a motor score of the paretic lower limb >2 at admission were 
divided into an intervention group (rPMS: mean age, 75±6.4 years) and a conventional care group 
(non-rPMS: mean age, 62±11.8 years). Baseline measurements were performed within 4 days 
of stroke onset. In the rPMS group, treatment was applied to the paretic thigh only for 2 weeks, 
5 days a week, in addition to conventional care. The cross-sectional area (CSA) of the RF was 
assessed in both limbs using ultrasound at baseline and 2 weeks later. Data on patient character-
istics were collected from the clinical records to assess correlations with the CSA rate of change. 
Results: Patients in the rPMS group were significantly older. Although the CSA of the RF did 
not change significantly on either side in the rPMS group, there was a significant decrease in the 
CSA on the paretic side in the non-rPMS group. However, no significant difference was observed 
in the CSA rate of change in the rPMS and non-rPMS groups. The CSA rate of change on the 
paretic side correlated negatively with age in the rPMS group. Conclusions: Our results suggest 
that rPMS prevents muscle atrophy more effectively in patients in their 60s than in patients more 
than 70 years old.
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be applied in patients with consciousness disturbance in the 
acute phase. Instead of resistance training, neuromuscular 
electrical stimulation (NMES) has been used to prevent 
muscle atrophy in patients with consciousness disturbance or 
hemiplegia. Several studies have investigated the preventive 
effect of NMES on muscle atrophy.8,9) These studies sug-
gested that NMES is an effective method to prevent muscle 
atrophy in patients with hemiplegia. However, the discom-
fort associated with such stimulation is a disadvantage of 
NMES. Several studies that investigated the therapeutic ef-
fect of NMES reported that some patients had to discontinue 
the experiment because of the discomfort associated with 
NMES.10,11)

Recently, repetitive peripheral magnetic stimulation 
(rPMS) has been widely used as a method of stimulating 
skeletal muscle.12–14) Moreover, rPMS is associated with sig-
nificantly less discomfort than that associated with NMES.15) 
The overload principle is applied to muscle strengthening 
generated by electrical stimulation,16) such as rPMS; that is, 
a strong contraction force is needed effectively to prevent 
muscle atrophy. Consequently, rPMS could be useful in 
preventing muscle atrophy because it can stimulate skeletal 
muscle with high intensity and reduced discomfort. Indeed, 
other studies have reported that the progress of muscle atro-
phy can be halted by using rPMS in rats with muscle atrophy 
induced by hindlimb suspension.17,18)

Nonetheless, the preventive effect of rPMS on muscle atro-
phy has not been clarified in stroke patients with hemiplegia. 
Therefore, we conducted a pilot study to investigate the 
preventive effects of rPMS on muscle atrophy in patients in 
the acute phase of hemiplegia.

MATERIALS AND METHODS

Subjects
This study enrolled stroke patients admitted to the Stroke 

Care Unit of Kawasaki Medical School Hospital between 
November 2015 and November 2017. Patients were included 
if they met the following criteria: (1) above 20 years of age, 
(2) first hemispheric stroke, (3) ability to walk independently 
before onset, (4) modified Rankin Scale less than 2 before 
admission, (5) National Institute of Health Stroke Scale 
(NIHSS) score greater than 5 and motor score of the paretic 
lower limb greater than 2. The exclusion criteria were as fol-
lows: (1) a contraindication according to the safety guidelines 
for magnetic stimulation,19) such as implanted metal, risk of 
epileptic seizure, and severe or recent heart disease, and (2) 
the inability to carry out the experiment because of severe 

dementia. We used block randomization (block size=2) to 
allocate patients into either the rPMS group or the non-rPMS 
group. For example, the first participant was randomly as-
signed to either group using a random number table. If the 
first participant was assigned to the rPMS group, the second 
one was automatically assigned to the non-rPMS group to 
keep the number of participants equal between the groups. 
Thereafter, the odd-numbered patients were randomly as-
signed to either group. In this way, we tried to manage any 
bias from the enrollment timing on the number of partici-
pants in the groups to prevent any potential influence of the 
stroke treatment strategy used in our hospital on the analysis 
of the outcomes. All patients underwent physical therapy, 
occupational therapy, and speech therapy as soon as possible 
after admission to the Stroke Care Unit.

This study received approval from the Ethics Committee 
of Kawasaki Medical School (No. 2206), and each patient or 
his/her authorized representatives provided written informed 
consent for study participation. This study was registered in 
the University Hospital Medical Information Network Cen-
ter Clinical Trials Registry (UMIN000018750).

Experimental Procedure
The rectus femoris muscle (RF) of both legs of each patient 

was evaluated with ultrasound as a baseline measurement 
within 4 days of stroke onset. The patients in the rPMS group 
underwent rPMS 5 days per week in addition to conventional 
rehabilitation programs. In the rPMS group, the same evalu-
ation was performed again a day after the completion of 10 
rPMS interventions. The patients in the non-rPMS group 
underwent conventional rehabilitation programs. In the non-
rPMS group, the same evaluation was performed 2 weeks 
after the baseline measurement. The purpose of this study 
was to investigate the preventive effect of rPMS on muscle 
atrophy in stroke patients with hemiplegia. A previous 
study reported that muscle atrophy appears within 10 days 
of stroke onset in patients with hemiplegia.1) Therefore, we 
considered that an intervention period of 10 days was the 
minimum-required period for this study. Furthermore, many 
patients are transferred from our hospital to another hospital 
when their general condition becomes stable. Consequently, 
we speculated that it would be difficult to continue the 
experiment for a longer period. Therefore, the intervention 
period was set at 2 weeks so that the experimental procedure 
could be completed in all patients. Rehabilitation programs 
that consisted of conventional approaches to improve the 
patient’s ability to perform ADLs were followed, with ad-
justment to match the condition of each patient.
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Repetitive Peripheral Magnetic Stimulation
The rPMS interventions were performed once a day. A 

total of 10 interventions were conducted over 2 weeks, 5 days 
a week. The intervention was applied only to the paretic side 
using a repetitive peripheral magnetic stimulator (IFG Corp.; 
Pathleader). During the intervention, the patients were kept 
in the supine position or were seated in a wheelchair with 
30° knee flexion. The patients were asked to keep their limbs 
completely relaxed during the intervention. For convenience 
and consistency, we chose the distal point at one-third of the 
distance between the anterior superior iliac spine and the 
center of the superior border of the patella as the stimula-
tion site, as described in a previous study that reported the 
location of a motor point on the RF.20) The longitudinal axis 
of the stimulation coil was aligned with the longitudinal 
axis of the thigh, and the therapist held the coil by hand so 
that the coil was kept perpendicular to the stimulation site. 
The stimulation site was marked to ensure that the same 
site could be stimulated throughout the 2-week intervention 
period. The stimulation intensity was set at 0.9 Tesla, which 
was the maximum output of the stimulator; the stimulation 
frequency was set at 30 Hz. Visible muscle contraction of 
the RF was induced by these stimulation parameters in all 
patients in the rPMS group. The “on” time was set at 1.3 s, 
as the maximum continuous “on” time of the stimulator used 
in this study. One set included thirty stimulation repetitions, 
with a 3-s rest interval. In one daily session, we applied five 
sets of stimulation repetitions, with 2-min intervals between 
each set. This stimulation protocol was based on a previous 
study that confirmed the safe levels for the stimulation pa-
rameters,21) with additional attention paid to the avoidance 
of coil heating. A single intervention took approximately 20 
min. The rPMS intervention was delivered to patients at a 
different time from the standard rehabilitation programs, and 
the schedule was different each day.

Measurement of the Cross-Sectional Area of 
the RF and the Subcutaneous Tissue Thick-
ness

The cross-sectional area (CSA) of the RF, as an index of 
muscle mass, was measured on both sides in all patients at 
baseline and 2 weeks later. Furthermore, the subcutaneous 
tissue thickness (STT) was measured as an index of the 
distance from the surface of the anterior thigh to the RF in 
the paretic limb at baseline. Measurements were performed 
by the same experienced investigator who performed the 
rPMS intervention using B-mode ultrasonography with a 
56-mm linear probe at 6−15 MHz (SonoSite Inc.; SonoSite 

M-Turbo). The measurement was performed at two-fifths of 
the distal point between the anterior superior iliac spine and 
the center of the superior border of the patella. During the ul-
trasound measurement, the patients were asked to keep their 
lower limb completely relaxed, with the knee extended in the 
supine position. The probe was positioned perpendicular to 
the longitudinal axis of the thigh, and cross-sectional images 
of the RF were obtained. An RF ultrasound measurement 
procedure similar to that used in the previous study was ad-
opted.22) The measurement sites were marked to ensure that 
the same sites could be evaluated 2 weeks later. Three ultra-
sound images were generated from each leg at baseline and 2 
weeks later. The CSA of the RF and the STT were calculated 
using ImageJ (Version 1.45, NIH, USA) for each image. The 
CSA of the RF was calculated with as much of the RF as 
possible on the image and without any surrounding fascia. In 
addition, the distance from the skin surface to the surface of 
the RF was measured at the center of the image as an index 
of the STT on the paretic side. Analysis of the ultrasound 
images using ImageJ was performed by an investigator who 
was blinded to the design of the present study and who did 
not perform the ultrasound measurements. Figure 1 shows 
the methods used to generate the ultrasound images and per-
form image analysis. The average CSA and STT values were 
calculated at baseline and 2 weeks later, and the CSA rate of 
change from baseline to 2 weeks later was also calculated.

Patient Characteristics
Data on patient characteristics were collected from clini-

cal records. These characteristics included patients’ age, sex, 
height, weight, body mass index, lesion location, NIHSS at 
admission, the number of days of physical therapy, the total 
units of physical therapy delivered until the measurement 
2 weeks later, the number of days until the first physical 
therapy, the number of days until baseline measurement, 
the number of days until the start of rPMS, and the number 
of days until measurement 2 weeks later. Data on the peak 
C-reactive protein (CRP) levels as an index of inflammation 
during the experimental period and the lowest albumin level 
as an index of nutritional status during the experimental pe-
riod were also collected. These measures were taken because 
inflammation and nutritional status are reported to be indica-
tors of clinical outcomes in patients with acute stroke.23–25)

Statistical Analysis
All statistical analyses were performed using IBM SPSS 

Statistics version 21.0 (IBM Corp., Armonk, NY, USA). 
A Shapiro–Wilk test was first utilized to check the as-
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sumption of normality for all variables, and a parametric 
or non-parametric test was selected based on the results. 
Mann-Whitney U tests were used to determine whether 
there were differences in the lower limb NIHSS motor scores 
on the paretic side (NIHSS LL), the number of days until 
baseline measurement, and the CRP values between the two 
groups. Student’s t tests were used to compare other patient 
characteristics in the rPMS and non-rPMS groups. Paired t 
tests were used to assess the changes in the CSA within each 
group from baseline to 2 weeks later. The CSA rate of change 
and STT values were compared between the two groups us-
ing Student’s t tests. To assess the correlation between the 
CSA rate of change and the patient characteristics in each 
group, we used a Spearman’s rank correlation coefficient 
(following variables: NIHSS LL, the number of days until 
baseline measurement, and CRP value in the rPMS group) 
or Pearson’s product-moment correlation coefficient (other 
variables). Data are shown as mean ± standard deviation. A 
P-value of < 0.05 was considered statistically significant.

RESULTS

Table 1 shows the clinical characteristics of each patient. 
There was a significant difference in ages between the two 
groups. Patients in the rPMS group were significantly older 
(P < 0.05). There were no significant differences in any other 
variables.

Table 2 shows the STT and the CSA of the RF obtained 
from each patient before and after the intervention. On the 
non-paretic side, there were no significant differences in the 
mean CSA at baseline and 2 weeks later in either group. In 
the non-rPMS group, the mean CSA of the RF on the paretic 
side decreased significantly after 2 weeks (P < 0.01). In con-
trast, in the rPMS group, there was no significant difference 
in the mean CSA of the RF on the paretic side at baseline and 
2 weeks later. However, a positive CSA change was observed 
in only two patients in the rPMS group, with other patients in 
the rPMS group showing rates of change comparable to those 
seen in the non-rPMS group (Table 2). Furthermore, the 
CSA rate of change on the paretic and non-paretic sides did 
not differ significantly in the two groups. The mean STT in 
the rPMS group and non-rPMS group were not significantly 
different.

Table 3 shows the correlation coefficients between the 
CSA rate of change on both sides and patient characteristics 
in each group. In the rPMS group, the CSA rate of change 
on the paretic side was negatively correlated with age and 
with the number of days until the measurement 2 weeks later. 
There was a positive correlation between the CSA rate of 
change on the non-paretic side in the rPMS group and the 
number of days until the baseline measurement. In the non-
rPMS group, the CSA rate of change was not significantly 
correlated with any patient characteristic for either side.

4 Suzuki K, et al: Prevention of Muscle Atrophy Using rPMS

Fig. 1.  The method for generating the ultrasound images, and a sample image of measurements 
of the cross-sectional area (CSA) and subcutaneous tissue thickness (STT) of the rectus femoris 
muscle. (A) Measurement setting of the ultrasound images. (B) The area surrounded by the 
broken line was defined as the CSA of the rectus femoris muscle for analysis using the software, 
and the arrow indicates the STT.
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DISCUSSION

Our results showed that the CSA of the paretic limb RF 
decreased significantly in the non-rPMS group, but not in the 
rPMS group. However, there was no significant difference in 
the CSA rate of change between the two groups, and there 
was no obvious preventive effect of rPMS on muscle atrophy.

The severity of hemiparesis, immobilization, inflamma-
tion, and nutritional status have been reported as factors af-
fecting the degree of muscle atrophy in stroke patients.23–26) 
As an index of these factors, we collected data on selected 
patient characteristics in this study. The results of statisti-
cal analyses showed that there was no significant difference 
between the two groups in patient characteristics, other 
than for age. Therefore, we considered that there was no 
difference in the influence of these factors, other than age, 
on the degree of muscle atrophy between the two groups. 
However, it is worth noting that, in this study, the non-rPMS 
group included significantly younger patients than the rPMS 
group. In a previous study that investigated the influence of 
aging on muscle atrophy after 2 weeks of immobilization in 
healthy men, the decline in quadriceps volume was larger 
in young men (mean age: 24.4 years) than in old men (mean 
age: 67.3 years).27) Although the differences in the mean 
age between the two groups in the current study was not as 
great as that in the previous study, we speculated that age did 
affect the degree of muscle atrophy. Furthermore, previous 
studies have reported that the decrease in muscle thickness 
was significantly larger on the paretic side than on the non-
paretic side after 2 weeks of the acute phase.1,24,28) On the 
basis of these reports, the significant CSA decrease observed 
on the paretic side in the non-rPMS group was not surprising. 
Therefore, it remains unclear whether the effects of rPMS or 
the influence of patient age induced the lack of a significant 
CSA change in the paretic limb in the rPMS group. However, 
there was a significant negative correlation between the CSA 
rate of change in the paretic limb and age in the rPMS group. 
It has been reported that older individuals show an attenu-
ated response to retraining after a few days of immobiliza-
tion compared with younger individuals.27,29) Therefore, it is 
assumed that rPMS can prevent the reduction of muscle mass 
more effectively in young patients than in old patients.

There were some limitations to this study. The most im-
portant limitation was the small number of subjects, which 
may have affected the statistical strength of the results ob-
tained. Moreover, we did not monitor the muscle contraction 
force induced by rPMS during the intervention. The muscle 
contraction force induced by rPMS decreases in inverse 

proportion to the distance between the surface of the stimu-
lation coil and the motor point.30) It has been reported that, 
in healthy subjects, the motor points of the RF can vary by a 
standard deviation of 2.4 cm on the longitudinal axis of the 
thigh.20) Furthermore, among patients in the rPMS group, the 
highest STT was nearly three times the lowest STT. There-
fore, it can be assumed that the muscle contraction force 
induced by rPMS likely differed among patients because of 
the influence of the location of the motor point and the varia-
tion in STT. Therefore, further randomized studies with a 
larger number of subjects and with monitoring of the muscle 
contraction force induced by rPMS are needed to overcome 
these limitations and to determine the preventive effects of 
rPMS on muscle atrophy.

CONCLUSION

In this study, we could not completely clarify the effects 
of rPMS on the prevention of muscle atrophy because of the 
possibility that age was a confounding factor influencing 
the degree of muscle atrophy. However, our results suggest 
that rPMS may prevent muscle atrophy more effectively in 
younger patients than in older patients.
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