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Repetitive peripheral magnetic stimulation
improves severe upper limb paresis in early
acute phase stroke survivors

Shigeru Obayashi∗ and Rina Takahashi
Department of Rehabilitation Medicine, Dokkyo Medical University Saitama Medical Center, Saitama, Japan

Abstract.
BACKGROUND: It is very difficult for patients with severe upper extremity (UE) paresis after stroke to achieve full recovery
because of the lack of a definitive approach for improving severe UE paresis immediately after onset.
OBJECTIVE: to investigate the effects of repetitive peripheral magnetic stimulation (rPMS) on severe UE paresis during
early acute phase of stroke.
METHODS: Nineteen participants with severe UE disability met the criteria. 10 subjects received 15–20 minutes of rPMS
prior to standard care per session, while 9 age- and severity-matched subjects received two times 20 minutes of standard care.
Outcome measures included UE motor section of the Fugl-Meyer Motor Assessment Scale (FMA-UE), Wolf motor function
test (WMFT), and box and block test (BBT).
RESULTS: The rPMS group received treatment (average sessions: 7.8) after a median 9.2 days from stroke (16.5 sessions
after 5 days for control). To adjust the different treatment durations, we defined “progress rate” as the gains of UE function
scores divided by treatment duration. The progress rate was significantly different in FMA-UE and WMFT, but not in BBT.
CONCLUSIONS: The present study suggested beneficial effects of rPMS on severe UE paresis during early acute phase of
stroke.
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Abbreviations

BBT box and block test
ECR extensor carpi radialis
EDC extensor digitorum communis
EIP extensor index proprius
EMG electromyography
FAS functional ability scale
FDS flexor digitorum superficialis
FES functional electrical stimulation
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FMA Fugl-Meyer Motor Assessment Scale
f-MRI functional magnetic resonance imaging
NMES neuromuscular electrical stimulation
rPMS repetitive peripheral magnetic stimulation
SC standard care
SIAS stroke impairment assessment set
UE upper extremity
WMFT Wolf motor function test

1. Introduction

Upper extremity (UE) paresis after stroke dis-
turbs functional independence. Only a few patients
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with severe UE paresis have reportedly achieved full
recovery (Nakajima et al., 1994), mainly because of
the lack of a definitive approach to improving severe
UE paresis immediately after stroke.

Recently, there has been increasing evidence that
functional electronic stimulation (FES), such as
neuromuscular electrical stimulation (NMES), may
facilitate motor restoration of UE function in chronic
phase of stroke (Carda et al., 2017; Cauraugh, Light,
Kim, Thigpen, & Behrman, 2000; Hara, Obayashi,
Tsujiuchi, & Muraoka, 2013). On the other hand, the
superiority of NMES to standard care still remains
controversial (Wilson et al., 2016), perhaps partly
because of a lack of justification for specific treatment
parameters (Whitall, 2004). Furthermore, uncertain
effects of NMES may be due to the placement of
electrodes on stimulated muscles limited to wrist and
hand only (Chae et al., 1998; Francisco et al., 1998;
Powell, Pandyan, Granat, Cameron, & Stott, 1999).

Like NMES, repetitive peripheral magnetic stim-
ulation (rPMS) stimulates action potential in motor
axons evoking muscle contraction, and is therefore
expected to become another neuromodulator facil-
itating motor recovery after stroke. The definite
advantage of rPMS over NMES is that rPMS can pen-
etrate into deeper regions of muscles without pain.
So far, however, although some studies have demon-
strated that rPMS is effective for spasticity after
stroke, there has been no literature to demonstrate the
efficacy of rPMS on upper extremity paresis despite
some efforts using various parameters (Barker, 1991;
Beaulieu & Schneider, 2013; Krewer, Hartl, Muller,
& Koenig, 2014; Struppler, Angerer, Gundisch, &
Havel, 2004; Struppler et al., 2007; Struppler, Havel,
& Muller-Barna, 2003).

On the other hand, previous studies have suggested
that the greatest gain of recovery tends to occur imme-
diately after stroke, with a slower pace over time
(Kwakkel, Kollen, & Twisk, 2006; Kwakkel, Kollen,
van der Grond, & Prevo, 2003). These results may
indicate the benefit of early intervention by rPMS or
NMES during the very early acute phase of stroke.
In fact, we recently demonstrated the favorable effi-
ciency of coupled EMG-triggered NMES and cyclic
NMES on severe UE function for early acute phase
patients with stroke (Obayashi, 2020). Given that
peripheral stimulation for affected muscles can help
facilitate motor recovery, it is possible that rPMS
is also useful for facilitating motor recovery of UE
paresis.

Now, to prove this hypothesis, we investigated the
effects of rPMS applied to UE muscles including

shoulder, elbow, wrist and fingers on UE function
during early acute phase of stroke.

2. Methods and materials

2.1. Participants

Subjects were recruited from an academic med-
ical center from February 2019 to February 2020.
Inclusion criteria were: (1) medically stable; (2) hos-
pitalized adults within two weeks of stroke; (3) age
20–89 years; (4) intact skin on the hemiparetic arm;
(5) adequate cognition to participate; (6) first-ever,
severe UE paresis (stroke impairment assessment
set (SIAS): knee-mouth test range 1–3; finger func-
tion test 1a-3). Exclusion criteria were: (1) past
history of stroke, brain injury or brain tumor; (2)
metal implant in head or within stimulation area;
(3) dysphasia; (4) history of cardiac arrhythmia with
hemodynamic instability; (5) comorbidity with neu-
rodegenerative diseases and mental disorders; (6)
uncontrolled seizure disorder; (7) disturbed con-
sciousness; (8) implanted stimulator (such as cardiac
pacemaker); (9) pregnancy. The study protocol was
approved by the ethics committee of Dokkyo Medi-
cal University Saitama Medical Center (Registration
Number:1902) and the study was conducted in accor-
dance with relevant ethical guidelines.

2.2. Interventions

rPMS was applied to upper limb muscles includ-
ing extensor digitorum communis (EDC), extensor
carpi radialis (ECR), flexor digitorum superficialis
(FDS), triceps brachii, biceps brachii, and anterior or
middle head of deltoid. We used a peripheral mag-
netic stimulator (Pathleader, IFG, Sendai, Japan) for
rPMS treatment. This round coil stimulator gener-
ated biphasic 350 �sec with magnetic gradients of up
to 15 kT/sec, thus producing repetitive contraction-
relaxation cycles that enhance proprioceptive input
from target muscles. We applied an intermittent
ON/OFF stimulation protocol consisting of three
times 10 consecutive stimulations for each muscle
per session, where one stimulation (ON) was contin-
ued for 2 sec with a frequency of 30 Hz and intensity
of 70% MSO (maximal stimulator output: corre-
sponding to 0.65 Tesla), and then the stimulation
intervals (OFF period) were set at 2 sec. Deltoid, tri-
ceps brachii, ECR and EDC were mandatory target
muscles for rPMS. Additional application of rPMS
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to flexor muscles (biceps brachii and FDS) was given
only to patients with flaccid muscle tone. The stimu-
lation session was conducted with patients sitting on
a chair in front of a table.

2.3. Treatment program

The participants were automatically allocated to
two groups, the rPMS group and the standard care
(SC) group, each matching each other in terms of
age, start from onset, and severity of UE function.
This intervention group received 15–20 minutes of
rPMS and subsequent 20 minutes of SC every other
day, 3 days per week, or two consecutive 20 minutes
of SC 2 days per week, until the patients were trans-
ferred to another intensive restorative hospital. The
SC group as control condition received a two consec-
utive 20 minutes of SC per day, 5 times per week until
the transfer period. One unique characteristic of reha-
bilitation medicine in acute care hospitals in Japan is
that it is concluded within a restricted time period of
approximately 2 to 4 weeks, and is then continued
in proper restorative rehabilitation care units of other
hospitals. Note that different patients had different
durations of treatment (3–32 sessions) depending on
the transfer period.

Outcome measures included the upper extremity
(UE) motor section of the Fugl-Meyer Motor Assess-
ment Scale (FMA) (Fugl-Meyer, Jaasko, Leyman,
Olsson, & Steglind, 1975), Wolf motor function test
(WMFT), functional ability scale (FAS) (Wolf et al.,
2001), and box and block test (BBT) (Desrosiers,
Bravo, Hebert, Dutil, & Mercier, 1994). These mea-
sures were assessed at pretreatment baseline and after
the end of treatment. Scoring of the FMA motor sec-
tion (0–66 points) requires the subjects to perform 33
movements. Their performance of each movement is
scored on a 3-point ordinal scale (0, cannot perform;
1, performs partially; 2, performs fully). In WMFT
sessions, all tasks are performed as quickly as pos-
sible and are truncated at 120 seconds. Tasks 1–6 of
the WMFT involve timed joint-segment movements,
and tasks 7–15 consist of timed integrative functional
movements. BBT estimates gross manual dexterity.
BBT consists of moving, one by one, the maximum
number of blocks from one compartment of a box to
another of equal size within 60 seconds.

2.4. Progress rate

To decide which treatment (rPMS or standard
care) would be more effective for motor recovery,

gains of improvement in UE function were compared.
Because different patients received different dura-
tions of treatment depending on the transfer period,
gains needed to be adjusted for comparison between
the two treatments. Thus, progress rate was defined
as gains of UE function scores divided by treatment
duration and then compared between groups.

2.5. Statistical analysis

Statistical analysis was performed by Mann-
Whitney U test for nonparametric data using SPSS
ver. 26. Results were accepted as statistically sig-
nificant at P < 0.05. Finally, effect size (r value) of
outcome measures was calculated to measure the
magnitude of treatment effect: r = Z/

√
N, where N

is the total number of samples. r values of 0.1, 0.3,
and 0.5 represent small, moderate, and large effect
sizes, respectively.

3. Results

Out of a total of 486 stroke survivors prescreened
for eligibility, 19 met the study criteria and agreed
to participate (Table 1). The demographic charac-
teristics were quite similar among the treatment
groups. Of the 19 participants, 10 subjects with severe
UE disability (median 14.6 of FMA-UE function
scores) received rPMS after median 9.2 days from
stroke onset, while 9 subjects (median 19.0) received
standard care after 5.8 days (Z = 2.06, p = 0.039),
showing significantly different time periods to treat-
ment between the two groups. The durations of
treatment from baseline-pretreatment to follow-up
estimation were median 7.8 and 16.5 sessions,
respectively (Z = 2.12, p = 0.034), demonstrating sig-
nificantly shorter duration of the rPMS group relative
to the SC group.

3.1. Fugl-Meyer assessment outcomes

FMA-UE function before treatment was not differ-
ent (p = 0.97), and FMA-UE function after treatment
also did not differ between the two groups (p = 0.90).
At the same time, however, treatment durations were
significantly different (average 7.8 sessions for rPMS
group; 16.5 for SC group: Z = 2.12, p = 0.034). There-
fore, the magnitude of increases in UE function
was adjusted by the progress rate. The progress rate
of FMA-UE scores differed significantly between
groups, i.e., 2.65 for the rPMS group and 1.10 for the
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Fig. 1. Participant flow diagram.

SC group (U test; U = 8.5, z = 2.982, p = 0.003). The
rPMS group demonstrated large effect size (r = 0.68)
on FMA-UE, suggesting high clinical significance in
FMA-UE.

3.2. Wolf motor function test

Baseline WMFT-FAS scores were not signifi-
cantly different (p = 0.86). Also, no differences, only
trends, were observed in the magnitude of changes
in WMFT-FAS scores between groups after treat-
ment (p = 0.09, r = 0.39). However, the progress
rate of WMFT-FAS scores was significantly differ-
ent (U = 9.0, Z = 2.60, p = 0.009). The rPMS group
demonstrated large effect size on WMFT (r = 0.60),
suggesting high clinical significance in WMFT-FAS.

3.3. Box and block test

Baseline BBT scores were not significantly dif-
ferent between the groups (p = 0.31). No significant
differences were observed in the magnitude of
changes in BBT scores after treatment between

groups (p = 0.31). Also, the progress rate of BBT
scores was not significantly different (U test;
U = 31.5, Z = 0.83, p = 0.41). However, NMES group
demonstrated moderate effect size on BBT (r = 0.19),
suggesting low clinical significance with BBT.

3.4. Side effects

There were no adverse events such as pain or dis-
comfort.

4. Discussion

The present study suggested the beneficial effect of
rPMS for severe UE paresis during early acute phase
of stroke. So far, previous reports have investigated
the beneficial effect of rPMS on spasticity, but not
on UE function in chronic phase of stroke (mean 26
weeks from onset) (Krewer, Hartl, Muller, & Koenig,
2014). Differences from our study were the stimula-
tion protocol and time to treatment (9 days versus
26 weeks). At the very least, it may depend on the
stimulation protocol and treatment time as well as
selection of stimulated muscles whether the rPMS
would be effective for motor recovery after stroke.

In the present study, the two groups of rPMS and
SC were significantly different in terms of time to
treatment and treatment duration. The rPMS group
had significantly more delay in time to treatment than
the SC group. Given that the greatest gain of recovery
tends to occur immediately after stroke, with a slower
pace over time (Kwakkel et al., 2003, 2006), it is
natural that the SC group should be at an advantage

Table 1
Participant demographics (n = 19)

Intervention SC rP.MS + SC Statistics

Participants 9 10
Age (mean ± SD) 72.3 ± 10.7 (56–90) 64.3 ± 13.1 (48–86) Z = 1.47, p = 0.14
Sex female (%) 4 (44.4) 2(20)
Type of stroke 8 ischemia 1 hemorrhage 8 ischemia 2 hemorrhage
Time from onset to treatment, days 5.8 ± 2.2 (2–9) 92 ± 4.4 (3–18) Z = 2.06, p = 0.039, r = 0.47
Baseline FMA-UE scores (0–66) 19.0 ± 11.9 (9–46) 14.6 ± 14.8 (0–44) Z = 0.04, p = 0.97, r = 0.09
Follow-up FMA-UE scores 36.5 ± 17.3 (15–63) 38.3 ± 15.5 (20–62) Z = 0.12, p = 0.90, r = 0.03
Baseline WMFT-FAS scores (0–75) 18.2 ± 6.5 (5–25) 18.7 ± 16.6 (0–44) Z = 0.18, p = 0.86, r = 0.04
Follow-up WMFT-FAS scores 30.4 ± 6.7 (23–41) 40.8 ± 15.5 (22–70) Z = 1.69, p = 0.09, r = 0.39
Baseline BBT (number of blocks/min.) 3.4 ± 7.4 (0–21) 6.9 ± 10.1 (0–28) Z = 1.01, p = 0.31, r = 0.23
Follow-up BBT 6.0 ± 11.7 (0–31) 15.0 ± 18.3 (0–41) Z = 1.02, p = 0.31, r = 0.23
Duration of treatment, days 16.5 ± 9.6 (8–32) 7.8 ± 3.5 (3–14) Z = 2.12, :p = 0.034, r = 0.49
Progress rate (FMA-UE) 1.10 ± 0.79 2.65 ± 1.51 Z = 2.98,∗p = 0.003, ∗∗r = 0.68
Progress rate (WMFT-FAS) 0.91 ± 0.65 3.0 ± 2.50 Z = 2.60, ∗p = 0.009, ∗∗r = 0.60
Progress rate (BBT) 0.37 ± 0.68 1.41 ± 1.99 Z = 0.83, p = 0.41, r = 0.19

BBT: box and block test; FAS: functional ability scale; FMA-UE: Fugl-Meyer motor assessment scale for upper extremity; rPMS: peripheral
magnetic stimulation; SC: standard care group; WMFT: Wolf motor function test. ∗p < 0.01; ∗∗r ≤ 0.5.
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in terms of motor recovery. Nevertheless, the rPMS
group showed significant recovery of UE paresis as
compared to the SC group. In addition, age difference
was negligible and was not enough to explain the
significant difference of the progress rate. Together,
we claim that favorable effect on UE function might
be mainly attributable to rPMS treatment.

The pros and cons of rPMS have been discussed
(Beaulieu & Schneider, 2015). Advantages of rPMS
over NMES include no pain, deeper penetration,
generation of higher muscle torque, and applicabil-
ity to children. In contrast, disadvantages involve
overheating of the coil and a larger area stimu-
lated with increased intensity. So far, however, no
recommendations have been provided regarding the
parameters of rPMS application, such as coil design,
duty cycle, duration, frequency and intensity. As for
the duty cycle, intermittent stimulation or continu-
ous stimulation has been applied in previous trials.
In particular, cyclic muscle contraction/relaxation
arising from intermittent stimulation generates mas-
sive proprioceptive flows to the affected hemisphere
mediated by thalamo-cortical and cotrico-cortical
fibers (Flamand & Schneider, 2014). In other words,
intermittent rPMS might induce cortical neuroplastic
changes in conjunction with motor recovery. In this
regard, a previous PET activation study (Struppler et
al., 2007) delineated the reorganization of the motor
map induced by rPMS. The authors demonstrated
that regional cerebral blood flow (rCBF) increases
in the superior posterior parietal cortex, and the pre-
motor cortex was associated with an improvement of
spasticity in the paretic arm following rPMS treat-
ment. In addition, there is increasing evidence that
motor recovery after stroke is associated with reor-
ganization of damaged brain (Grefkes & Fink, 2014;
Nudo, Wise, SiFuentes, & Milliken, 1996). Specifi-
cally, Nudo and colleagues demonstrated that, during
intensive rehabilitative training, monkeys recovered
from UE paresis after infarction in association with
enlargement of the motor map representing the dis-
abled forearm (Nudo et al., 1996). Similarly, some
studies have proposed the possible neural mechanism
underlying UE function recovery mediated by periph-
eral stimulation, such as NMES. Our near-infrared
spectroscopy study suggested the association of the
ipsilateral sensorimotor cortex with the improvement
of UE function by EMG-triggered NMES in chronic
phase of stroke patients (Hara et al., 2013). Another
neuroimaging study demonstrated the activation of
the contralateral sensorimotor cortex by electrically
stimulating the wrist extensor and flexor muscles

(Blickenstorfer et al., 2009). In addition, an ischemic
model study revealed that electrical stimulation of the
disabled forepaw at early stage of ischemia improved
function while reducing the infarct volume (Burnett
et al., 2006). These findings might support the supe-
riority of peripheral stimulation for affected UE at
early acute phase of stroke. Given that peripheral
stimulation can induce neuroplastic changes associ-
ated with motor recovery, it is plausible that rPMS
can help improve UE function as well as NMES. In
fact, we showed that rPMS, particularly when starting
with early acute phase of stroke, was effective for UE
function recovery. Furthermore, our results suggested
that, in comparison, lower dose and shorter duration
of intervention ameliorate UE disability during early
acute phase of stroke.

4.1. Limitations

This study includes several limitations. Because
of the small sample size, the results should be
interpreted with caution. We need to accumulate a
larger sample size with sufficient power to yield
definitive statistical results. Further study would be
required to find more optimal stimulation parame-
ters for accelerating the beneficial effects of rPMS
on motor recovery. Further study would also be
required to disclose the relationship between dose
and motor recovery during acute phase of stroke. In
addition, some participants demonstrated an accel-
erated progress rate, and inter-subject difference in
the magnitude of motor recovery existed not only
in the rPMS intervention group but also in the SC
group. In the future, we need to explore how the
difference in magnitude of improvement would be
achieved. Finally, eligibility criteria may be required
to decide which of the alternative interventions, rPMS
and NMES, is more effective for improving upper
extremity disability after stroke.

5. Conclusions

This is the first report to describe beneficial effects
of rPMS on severe UE dysfunction during early acute
phase of stroke when applying rPMS to the whole UE.
These findings would contribute to the justification
for specific treatment parameters to maximize severe
UE recovery after stroke. In addition, we strongly
desire that our results might lead to the establishment
of a definitive approach to the improvement of severe
UE paresis immediately after stroke onset.
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