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Abstract

Background Stroke is one of the leading causes of disability worldwide, with hand and arm weakness, affecting
the patients’ daily activities and quality of life. Recently, repetitive peripheral magnetic stimulation (rPMS) was found
to enhance neuroplasticity and motor recovery post-stroke hemiparesis via its deep proprioceptive stimulation

and simulation of lost voluntary movement.

Objective To determine the therapeutic effect of rPMS on the functional improvement of upper limb in patients
with hemiparesis following cerebrovascular insult and to compare the effect of therapy in subacute and chronic cases.

Results Post-rehabilitation program both the Fugl-Meyer-Upper Extremity scale (FM-UE) and Functional Independ-
ence Measures (FIM) scale showed highly significant improvement in the active group, compared to controls. Regard-
ing active range of motion (AROM) of the shoulder abductors, triceps, wrist extensors and supinators, significant
differences were also found in the active group in comparison to controls. Modified Ashworth scale showed also sig-
nificant change in the active group. When dividing our patients according to the duration post-stroke, into subacute
group (6 weeks to 6 months post-stroke) and chronic group (more than 6-month post-stroke), the subacute group
showed significant improvements in the FM-UE scale, and in the AROM of wrist extensors and supinators but not in
the chronic group. Ultrasonographic measurements showed a significant decrease in cross sectional area of the con-
trol group.

Conclusion rPMS is potentially effective in improving motor recovery post-stroke, especially in the subacute stage.

Keywords Repetitive peripheral magnetic stimulation, Stroke rehabilitation, Neuromodulation, Spasticity, Motor
recovery post-stroke

Background

Stroke is one of the principal causes of disability world-
wide. It is estimated that 25% to 75% of stroke survivors
suffer from partial physical or cognitive disability. One of
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functional motor outcome. Any delay in initiation of
effective rehabilitation requires more intensive proto-
cols and longer durations of therapy in order to achieve
the same functional improvements [2].

Over the past few decades, functional electric stim-
ulation or neuromuscular stimulation (NMES) has
proven to be a mean of augmenting neurological recov-
ery, especially in the acute and subacute stages post-
stroke [3]. However, its disadvantages include pain at
high intensities, and relatively shallow penetration,
causing insufficient stimulation of the deep, and/or the
spastic muscles [4].

Several studies researched the effect of rPMS on
motor recovery post-stroke [5-8] and is now consid-
ered as one of the most innovative therapeutic options
in rehabilitation [9], causing selective stimulation of
a nerve or a muscle as in NMES, but with a stronger,
deeper and nearly painless penetration and, hence,
more tolerable [10]. In many stroke cases, introducing
repetitive transcranial magnetic stimulation (rTMS) in
the acute and early subacute stages is potentially haz-
ardous, especially cases of hemorrhagic strokes. This
leaves rPMS and NMES as the best available options for
reducing the possibility of learned non-use and mala-
daptive plasticity, which leads to long-term disability
[2, 11-14].

Repetitive peripheral magnetic stimulation enhances
proprioceptive afferent input by producing deep muscle
stimulation which induces movement in muscles that
have lost their central drive, simulating the lost volun-
tary action patterns. This results in cerebral activation
and induction of plasticity [14]. This plastic cortical reor-
ganization is considered the basis of motor relearning
and adaptive plasticity [15, 16], contributing to the syn-
ergistic control of movements from different joints by
integrating proprioception in motor drive [14]. In a study,
Struppler et al. proved by positron emission tomogra-
phy (PET) scan the influence of rPMS on upregulation
of the ipsilesional sensorimotor and premotor areas,
increasing cortical excitability and causing a symmetrical
increase of cerebral blood flow. This increase was paral-
lel to an increase in finger movement, in both ampli-
tude and velocity [17]. In another study, Struppler et al,,
suggested that rPMS can reduce spasticity post-stroke,
causing improvement in both the amplitude and veloc-
ity of movement and hence its dynamics [14]. Similar to
NMES, it is proposed that rPMS can produce equivalent
effects of preventing muscle atrophy [18].

Moreover, focal and deep stimulation are currently
considered one of the merits of rPMS, when using the fig-
ure of eight coil. This study used it to stimulate the supi-
nator muscle, which performs one of the distal forearm
functions that is mostly missed in hemiplegic patients.
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This movement is crucial for object manipulation during
ADLs [19].

The aim of this study was to determine the therapeutic
effect of peripheral magnetic stimulation on functional
improvement of the upper limb in patients with hemi-
paresis following cerebrovascular insult, and to compare
the effect of therapy in subacute and chronic cases.

Methods

The study was a randomized Single blinded sham-con-
trolled clinical trial that included 80 patients post-stroke.
Patients were recruited from the outpatient clinics,
between June 2022 and December 2022. All patients
volunteered to join the research. Patients were ran-
domly assigned into two groups by a computer program.
Assessments were done to all the patients by a blinded
physician and physical therapy sessions were done by a
blinded therapist too. Also, the radiologists who did the
U/S assessment were blinded for both groups. However,
the physician who applied real rPMS to the patients’
group was not blinded.

Participants
Patients were included according to the following crite-
ria: (1) hemiparesis caused by a cerebrovascular insult. (2)
Weakness of the upper limbs. (3) Ages between 18 and
75 years. (4) Subacute cases: 6 weeks post-cerebrovascu-
lar insult. (5) Chronic cases: more than 24 weeks post-
cerebrovascular insult. (5) Shoulder abductors muscle
power at least grade 2. (6) Full passive range of motion.
(7) Spasticity with Modified Ashworth scale < grade 3.
Patients were excluded if they had any of the follow-
ing criteria: (1) any metal implant within the stimulation
area, or medical implanted devices as cardiac pacemaker
or medication pumps. (2) Pregnancy. (3) Comorbidity
with other neurodegenerative, neurological, or orthope-
dic disorders. The study was approved by the ethics com-
mittee. All the participants signed an informed consent
form.

Procedures

In this study, 80 patients were randomly assigned into
2 groups: the intervention group (40) received real
rPMS, and the control group (40) received sham rPMS.
Both groups were further subdivided equally accord-
ing to the duration post-stroke into a subacute group (6
to 24 weeks) and chronic group (more than 24 weeks)
post-stroke. All patients received intensive occupational
therapy for 40 min, after the rPMS stimulation, which
included stretching of the shoulder adductors, elbow,
wrist and finger flexors and pronators, together with
intensive active and occupational training exercises. All
patients received 5 sessions per week for 3 weeks.
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Outcome measures

Full medical assessment was done to all patients of both
groups, including full neurological examination. Primary
outcome measures: (1) the upper limb motor function
was assessed by Fugl-Meyer assessment score. We func-
tionally categorized the severity of upper limb affec-
tion as mild, moderate and severe using FMS for the
upper limb assessment; mild 0-28, moderate 29-42,
and severe 43-66 [20]. (2) ultrasound (US) assessment
of the extensor digitorum muscle, with measurement
of cross-sectional area (CSA) and subcutaneous tissue
thickness (STT). Secondary outcome measures included
(1) ADLs for the upper extremity, which was measured
using self-care of the FIM, since upper extremity func-
tion is closely related to self-care rather than other ADL
items. (2) Active range of motion (AROM) goniometry
of the shoulder flexion and abduction, elbow, and wrist;
flexions and extensions. Forearm pronation and supina-
tion (3) Spasticity using Modified Ashworth Scale (MAS)
to elbow: flexors, wrist, and finger: flexors, and forearm
pronators muscles. All assessments were done at baseline
and after 3 weeks.

Ultrasound measurement was done on the exten-
sor digitorum (ED) muscle of both sides, the healthy
and the paretic side using B-mode ultrasound imaging
(LOGIQ; GE Healthcare, Egypt) with a multi-frequency
linear transducer (8—12 MHz). All measurements were
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Fig. 1 The cross-sectional area of the extensor digitorum muscle
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conducted with the following settings: a frequency of
8 MHz, a gain of 58 dB, and a dynamic range of 78 dB.
Dynamic depth focusing was applied to the depth of the
muscle of interest. Measurement of the cross-sectional
area (CSA) as an indicator of muscle mass, and the sub-
cutaneous tissue thickness (ST) as an index of the dis-
tance from the skin surface to the ED muscle. Mean CSA
and STT were calculated from the two images. The same
investigator performed all measurements (Fig. 1).

Intervention
Parameters of stimulation
rPMS was applied over 4 muscle groups: (1) shoulder
abductors. (2) Elbow extensors. (3) Wrist extensors. (4)
Supinator muscle. Intensity was set at 10% above the level
that evoked wrist movement taken at rest. Average for
all cases was between 35 and 45%. Active group received
Real rPMS, its parameters were: frequency 30 Hz, Work
period 5 s. 30 trains, a total of 4500 pulse per muscle,
with a total of 30 min for the whole session [5]. The con-
trol group received Sham rPMS sessions using the spe-
cialized program for placebo trials, which makes the coil
work passively, making only sound without real pulses.
All patients received 40 min of intensive upper limb
training.

Magnetic stimulation was done using Neurosoft equip-
ment (Neuro-MS/D Variant-2 therapeutic Neurosoft,
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Russia). A circular coil was used for the first three appli-
cations, and oriented with the grip vertical to the stim-
ulated muscle; keeping the knob always to the right to
maintain the same orientation of the induced electric
current. A butterfly coil was used for the fourth applica-
tion over the supinator muscle. The center of stimulation
coil was placed just 1 finger breadth below the lateral
epicondyle, oriented perpendicular to the supinator
muscle and turned 45° from the midline with the handle
directed proximally towards the elbow joint; the pro-
duced response is supination and strong wrist and finger
extension. The coil generated a magnetic field of up to 2.2
Tesla.

Statistical analysis and data management

Sample size was calculated using NCSS PASS 11.0 and
based on a study carried out by Krewer et al. 2014. Group
sample sizes of 80 patients was randomly assigned into
2 groups: group L: Intervention group (40 patients) and
group II: control group (40 patients) achieve 90% power
to detect a difference of —2.0 between the null hypoth-
esis that both group means were 38.0 and the alternative
hypothesis that the mean of group 2 was 40.0 with esti-
mated group standard deviations of 2.5 and 1.5 and with
significance level using a two-sided two-sample ¢ test.
The considered levels of significance; P value>0.05 was
non-significant (NS); P value <0.05: was significant (S); P
value <0.001: was highly significant (HS).
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Fig. 2 Compare patients and controls regarding FMS and FIM
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Results

This study included 40 patients and 40 controls. 24
females and 56 males were included in this study, with
a mean age of 57.33+10.67. Both groups were matched
in age and sex. The duration post-stroke ranged from 6
to 60 weeks in both groups. Comparing the two groups
regarding their functional scores assessment: baseline
assessment showed non-significant difference between
the 2 groups. Follow-up assessment after 3 weeks of
rehabilitation; highly significant improvements were
observed in the patient group in both scores, upper
extremity FM-UE (P value <0.001) and the FIM self-care
sub-score (P value<0.001) (Fig. 2). Regarding AROM
assessment, both groups showed significant improve-
ment in the shoulder abductors (P value<0.001 and P
value 0.001), also in the elbow extensors (P value 0.025
and P value<0.001) of patients and controls, respec-
tively. However, AROM of wrist extensors and the supi-
nator showed highly significant increases in the patients’
group (P value <0.001) for both ranges, while the control
group did not show significant difference (P value 0.717
and P value 0.685), respectively (Fig. 3). Comparing the
2 groups regarding US assessment, the control group
showed a significant decrease in the CSA (P value <0.001)
and SFT (P value 0.004) of the extensor digitorum mus-
cle, while the patient group showed mild non-significant
increase in the CSA (P value 0.063) and SFT (P value
0.955) (Fig. 4). Comparing the two groups for the change
in MAS assessment, there was a significant change in
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the patients’ group compared to controls (P value 0.011)
(Fig. 5).

Comparing subacute and chronic patients as regards to
their FM-UE; both the subacute and the chronic groups
showed significant improvement, (P value 0.000) in the

Patients

subacute group and (P value 0.008) in the chronic group,
however the mean difference in the subacute group was
2.15+0.23, which was higher than in the chronic group,
a mean difference of 0.65+0.23 (Fig. 6). AROM of wrist
extension and supination showed better results in the
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subacute group than in the chronic group, with highly
significant improvement (P value <0.001) in both ranges,
while in the chronic group wrist extension and supina-
tion improvement did not reach significant results (P
value 0.055) and (P value 0.623), respectively. Both in
sub-acute and chronic patients, U/S assessment showed
non-significant increases; CSA (P value 0.087) in the sub-
acute and (P value 0.514) in the chronic patients. While

SFT had (P value 0.709) in the sub-acute and (P value
0.613) in the chronic patients. Other measured param-
eters did not show significant values.

Comparing our patients regarding their functional
scores’ categorization; Mild/moderate were considered
one group compared to severe cases; both showed highly
significant results in FMS and wrist extension AROM
(P value<0.001). However, when comparing supination
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AROM; the mild/moderate group showed significant dif-
ference (P value <0.001), while the severe group had non-
significant values (P value 0.053). Other parameters did
not show significant differences between the two groups.

Discussion

This study showed that rPMS can be potentially effective
in improving motor function post-stroke by providing
deep proprioceptive stimulation and simulating lost vol-
untary movements. The study showed improvement in
the functional motor scales (FMS and FIM) for the upper
limbs, comparing its patients to control group, with
improvement in the AROM of distal hand movements
as wrist extension and supination, which is usually a
hard and challenging goal to reach in stroke cases. It also
showed a reduction in spasticity measured by MAS. Sim-
ilarly, several researchers studied the effect rPMS on the
spastic upper limb and reported a reduction of spasticity
and enhancement of selective movements. Krewer et al.
2014, applied multiple sessions of rPMS over 2 weeks
using 25 Hz frequency, though this study used a relatively
high frequency, yet the trains lasted only for 1 s and still
showed improvement in spasticity level on the applied
muscle groups [9]. Other studies used single rPMS ses-
sions at a frequency of 20 Hz [14], and 5 Hz [21]. Jiang
et al. 2022, researched the effect of rPMS on upper limb
function in early subacute severe stroke patients, within
the first 2 weeks of injury, and showed similar improve-
ments in their functional scores, using 20 Hz frequency
for 2 weeks [6]. Obayashi and Takahashi, studied upper
limb function in severe acute stroke patients and showed
improvements in the functional scores, using 30 Hz fre-
quency for a 2-s work period [22], though this study
used a shorter train period than our study, yet, they still
showed functional improvements. Fujimura et al. also
studied effect of rPMS in stroke patients to improve vol-
untary shoulder abduction, reduce pain and sublaxation,
using 30 Hz frequency program for 4 weeks [23]. Hence,
there is immense variations between the different proto-
cols previously studied and the protocol of this work. In
other words, variations in the results of this study from
previous studies could be attributed to differences in the
methodology and disease duration; for instance, Krewer
et al. 2014, used 25 HZ frequency for 1 s train, applied
on both agonist and antagonist muscle groups. While
the current study used 30 Hz frequency, which causes
stronger and deeper muscle contractions, for longer work
periods (5 s), which provides more time for brain re-edu-
cation and simulation of movement patterns. This study
also focused on the antiflexion synergy, in an attempt
to optimize the re-education program [9]. This showed
that rPMS could be of value in enhancing motor recov-
ery post-stroke especially when using high frequency
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protocols for long train duration at a convenient number
of pulses.

In addition, the effect of post-stroke duration in recov-
ery of motor function was supported by several stud-
ies; Jiang et al. and Obayashi et al. recruited acute and
subacute patients, and showed significant improvement
in their upper limb function [6, 22]. When comparing
subacute and chronic patients, our study showed better
improvements in the former group. This study was also
novel in using this application, knowing the importance
of supination movement and its enhancement in stroke
patients. Having the merits of rPMS, being able to pro-
vide focal and strong muscle stimulation especially with
the butterfly coil, this study showed significant improve-
ments in the supination active range of motion in the
patient group compared to controls. This rPMS special
application could help mitigate the pronation synergy
patterns of stroke patients. U/S measurements of the
CSA showed that rPMS can prevent or reduce muscle
atrophy which is usually associated with the disuse of
the hemiparetic limb of stroke patients. Previous studies
on NMES have shown similar effects in preventing loss
of muscle mass [24, 25]. Other studies have used rPMS
post-stroke to reduce shoulder subluxation [23] and pre-
vent muscle atrophy of the quadriceps muscle post-acute
stroke [18], hence, supporting our work in the potential
value of rPMS. Another merit for rPMS use, is its lim-
ited adverse effects, which could be only limited to mild
discomfort that doesn’t reach the limit of pain upon
stimulation.

Limitation of this study
A follow-up of 4 weeks or more to monitor the lasting
improvement for the patients should have been assessed.

Conclusion

This study showed that rPMS can be potentially effec-
tive in improving motor recovery post-stroke, especially
in the subacute phase. It can also reduce the associated
comorbidities as spasticity and muscle atrophy post-
stroke. rPMS can potentially be effective in focal stimu-
lation of otherwise difficult to reach muscle groups.
Additionally, it lacks the hazardous effects of other neu-
romodulation techniques as rTMS in certain stroke sub-
population of patients.

Recommendation

A comprehensive comparative study needs to be performed
between NMES and rPMS as regards to the differences in
focality, depth of stimulation and effect on cortical activ-
ity. The effect of this rPMS protocol on spasticity should be
assessed more thoroughly together with assessment of cor-
tical activity using functional neuroimaging studies and/or
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motor evoked potentials. A follow-up of 3 or 4 weeks, after
the end of the rehabilitation protocol, would add value to
future studies.

Abbreviations

AROM  Active range of motion

ADL Activities of daily life

CSA Cross-sectional area

ED Extensor digitorum

FMS Fugl-Meyer scale

FIM Functional Independence Measure

MAS Modified Ashworth Scale

NMES  Neuromuscular electric stimulation

PET Positron emission tomography

rPMS Repetitive peripheral magnetic stimulation
rTMS Repetitive transcranial magnetic stimulation
ST Subcutaneous tissue thickness
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