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Short-Term Pain Relief by Repetitive Peripheral Magnetic Stimulation in Patients

with Musculoskeletal Pain: A Pilot Study
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CHA University School of Medicine, Seongnam, Korea

Objective: Recent studies have shown that repetitive peripheral magnetic stimulation (rPMS) reduces pain in various conditions.
This pilot study aimed to investigate the effects of rPMS depending on the pain characteristics. Method: Adult patients aged
19~85 years evaluated at our institution between September 1, 2017 and February 28, 2018 for subacute to chronic muscu-
loskeletal pain equivalent to a numeric rating scale of 3 or higher for at least one month were enrolled. Pain scores as
determined using a numeric rating scale at baseline and at the end of treatment were set as the primary outcome. Additionally,
we classified the pain into nociceptive, intermediate, or neuropathic pain using the PainDETECT questionnaire and compared
the responsiveness to rPMS according to the type of pain. Results: The average pain scores significantly decreased after
the 2-week rPMS treatment in all enrolled subjects (p<<0.001). There was no statistically significant difference in pain reduction
between groups divided by PainDETECT questionnaire. Conclusion: This study suggests that rPMS could safely relieve various

types of pain. (Clinical Pain 2020;19:16-22)
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INTRODUCTION

Repetitive peripheral magnetic stimulation (rPMS), used
as a pain management modality, is a type of pulsed electro-
magnetic field (PEMF) therapy that induces electric fields
in the body’s conductive tissues, producing eddy current.'
rPMS is a low-frequency, high-intensity PEMF that in-
stigates peripheral stimulation to non-invasively produce
muscle contraction and sensory nerve depolarization.”’
Compared with transcutaneous electrical nerve stimulation
(TENS), the eddy current produced by rPMS has the ad-
vantage of easily reaching deep structures, such as the dor-
sal root ganglion, without skin irritation.*” In addition to
pain alleviation, which has been the main goal of rPMS,
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it has shown therapeutic effects in bone healing and muscu-
loskeletal conditions.”*’

Pain reduction by rPMS has been reported in various
pathologies encompassing neuropathic and nociceptive pain
conditions, such as lumbar radiculopathy, diabetic neuro-
pathy, acute/chronic low back pain, knee osteoarthritis,

8,10-19
However,

chronic musculoskeletal pain, and migraine.
there is no standard treatment protocol and, to the best of
our knowledge, the efficacy of rPMS has not been eval-
uated according to the pain characteristics and applying
areas.

Therefore, the aim of this pilot study was to identify the
conditions or types of pain that would benefit most from
rPMS by applying it to various painful bodily areas, such

as joints, muscles, and nerve roots.

MATERIALS AND METHODS
1. Ethical considerations

This study was approved by our Institutional Review
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Board on August 9, 2017 (approval no. 2017-06-046).
Written informed consent was obtained from all participants.

2. Study design and patients

This was a single-center, quasi-experimental pilot study.
Patients who visited our institution due to various painful
conditions from September 1, 2017 to February 28, 2018
were screened. Adult patients aged 19~85 years with at
least 1-month history of subacute to chronic muscu-
loskeletal pain equivalent to a numeric rating scale (NRS)
score of 3 or higher were recruited.”’ Patients with im-
planted electronic devices, such as pacemakers, spinal cord
stimulators, cochlear implants, and nerve stimulators, metal
devices implanted at the treatment site, and pregnant wom-
en were excluded from the study.

To ensure a reliable subjective outcome assessment, all
patients underwent evaluation using the Mini-Mental State
Examination (MMSE) after completing the written consent
form. The test was performed by a doctor as a screening
test to exclude patients with a score below 20, which in-
dicates moderate or more severe dementia.’'

Eligible patients per the inclusion and exclusion criteria
were enrolled. At the time of patient enrollment, their med-
ical charts were reviewed for previous imaging test results
and pain-relieving medication use, and physical examina-
tion and outcome assessment were performed.

3. Intervention

rPMS was conducted using a 3-T electromagnetic stim-
ulation device (Salus Talent Pro, Remed, Gyeonggi-do,
Korea) in biphasic pulse (pulse duration: 420 1 sec + 20%)
in pre-programmed mode A10. In order to avoid habitu-
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ation, frequency and amplitude modulation was used,
where lowest frequency was 3 Hz and highest frequency
was 30 Hz (Fig. 1).

The treatment consisted of a total of 10 sessions, five
sessions per week for 2 weeks, with each session lasting
for 20 min. The treatment intensity was set to the max-
imum intensity that did not elicit pain in the patient.

Stimulation targets were selected as follows (Table 1).
In cases with shoulder joint pain aggravated by movement,
posterior shoulder areas were stimulated. Patients with
knee arthritis were treated by anterolateral stimulation. For
patients with radiculopathies, the paraspinal area of where
the nerve root exits were set as the target. To relieve my-
ofascial pain syndrome (MPS) due to taut band showing
tenderness, the trigger points were stimulated. Finally, for
patients who did not fall into any of the above categories,
the painful sites were set as the target with the expectation
of pain modulation through the activation of afferent fibers
distributed throughout the skin.”

We did not permit alterations in the regimens of any
concomitant analgesic medications or other physical ther-
apeutic modalities. In addition, pain management inter-
ventions, such as intraarticular injection or nerve block
were not performed. Patients were allowed to use a rescue
drug for breakthrough pain.

4. Outcome measurement

1) Primary outcomes: To assess the effect of rPMS, the
NRS pain scores were measured immediately before the
start of and at the end of the 2-week intervention. The NRS
pain scores measured at baseline were set as the primary
outcome. Patients were shown a straight line marked from

Repetition

Intensity (%) Frequency (Hz)

80~100} 80~100 | 80~100 } 80~100

5 i80~100} 100 :80~100 !

P

epetition:

. 80~10!
. 60~100 : . 60~100 ©

Fig. 1. (A) rPMS by a 3-T electromagnetic stimulation device. rPMS, repetitive peripheral magnetic stimulation and (B) rPMS with

frequency and amplitude modulation.
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Table 1. Patients’ Characteristics, Baseline PD-Q Scores, and Stimulation Site

Subject Age Pai'n . ' PD-Q . ' Pain sco're (NRS)
No. Sex (yr) duration Diagnosis raw score Subgroup Stimulation area Baseline —
(mo) Follow-up
1 M 48 11 Adhesive capsulitis 4 Nociceptive Posterolateral side of 6 —> 4
shoulder joint
2 F 38 3 Knee osteoarthritis 18 Intermediate  Anterolateral side of knee 9—>5
joint
3 F 51 12 Unspecified neuropathic 24 Neuropathic Forearm 10 — 8
pain
F 56 20 Cervical radiculopathy 15 Intermediate ~ C7 nerve root — 4
5 F 49 4 Myofascial pain 18 Intermediate ~ Upper trapezius muscle 8§ — 4
syndrome
6 F 42 6 Myofascial pain 14 Intermediate ~ Upper trapezius muscle 5—3
syndrome
7 F 23 1 Hemiplegic shoulder pain 3 Nociceptive Posterolateral side of 3—1
shoulder joint
8 M 57 6 Full-thickness rotator 0 Nociceptive Posterolateral side of 6 —>5
cuff tear shoulder joint
9 M 68 3 Hemiplegic shoulder pain 3 Nociceptive Posterolateral side of 3—1
shoulder joint
10 M 67 3 Shoulder pain related to 11 Nociceptive Posterolateral side of 7—5
spinal cord injury shoulder joint
11 F 52 3 Lumbar radiculopathy 21 Neuropathic L5 nerve root 5—3
12 M 36 Myofascial pain 9 Nociceptive Rhomboid and infraspinatus 3—>0
syndrome muscles
13 M 86 2 Lumbar radiculopathy 16 Intermediate L4 nerve root 7— 4
14 M 64 2 Shoulder osteoarthritis 0 Nociceptive Posterolateral side of 5—>4
shoulder joint
15 M 56 2 Hemiplegic shoulder pain 0 Nociceptive Posterolateral side of 5—>2
shoulder joint
16 M 60 3 Cervical radiculopathy 17 Intermediate ~ C7 nerve root 3—>2

PD-Q: PainDETECT questionnaire.

0~ 10 and were asked to indicate the number that best rep-
resents their pain level, with 0 indicating “no pain at all”
and 10 indicating “the most severe pain”.23

2) Secondary outcomes: There have been attempts to
distinguish nociceptive pain from neuropathic pain.24 The
PainDETECT questionnaire (PD-Q) is a recently developed
pain assessment instrument with established sensitivity and
specificity for screening neuropathic pain.”> The PD-Q has
been adapted into and validated in Korean.” The maximum
score is 38, and according to the score, the pain is catego-
rized as nociceptive (< 13), which means a neuropathic
component is unlikely (sensitivity 95.4%, specificity 73.8%).
Score = 19 categorized as neuropathic, predominant neu-
ropathic pain component is likely (sensitivity 81.7%, spe-
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cificity 92.0%). Scores between 14 and 18 categorized as
intermediate. In this range, actual predominant pain compo-
nent can be neuropathic, nociceptive, or either mixed, so
more clinical information is required to determine predom-
inant pain type.zs’26

Previous studies have suggested that magnetic stim-
ulation is effective in neuropathic pain patients with a his-
tory of radiculopathy or complex regional pain syndrome.lo’27
In this study, PD-Q raw scores, which are assumed to re-
flect the neuropathic component of pain, were set as the
secondary outcome. In addition, we classified the pain into
nociceptive, intermediate, and neuropathic pain using the
PD-Q and investigated which type of pain responds well

to rPMS. The PD-Q scores were measured immediately be-
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fore the start of and at the end of the 2-week intervention.
5. Statistical analysis

The total sample size of this pilot study was set to 20
without power analysis. The normality of the NRS pain and
PD-Q raw scores was tested using the Kolmogorov-Smirnov
test for the entire study population and by pain type
subgroups. For data with normal distribution, the differ-
ences in the pain scores between before and after treatment
and the PD-Q raw scores were analyzed using paired
t-tests. For data with skewed distribution, the differences
in the therapeutic effects were analyzed using the Kruskal-
Wallis test and Wilcoxon’s signed rank test. As a subgroup
analysis, the patients were divided into three groups (nocicep-
tive, neuropathic, and intermediate) based on their PD-Q
scores, and the differences in pain relief among the groups
were analyzed. Additionally, we performed Spearman’s
correlation analysis to determine the correlation between
the PD-Q raw scores and the changes in the NRS pain
scores as an indicator of a therapeutic effect.

RESULTS
1. Patients’ characteristics

A total of 21 subjects were recruited and assessed for
eligibility. Four patients with an MMSE score below 20
were excluded from the study. One patient who was unable
to regularly visit the hospital for treatment dropped out fol-
lowing session 3. Thus, a total of 16 patients completed
the treatment and outcome assessment (Fig. 2).

Of the 16 patients, six were outpatients with pain in the

| Enrolled into study (n = 21) |

Excluded
-MMSE<20 (n = 4)

A 4

| Baseline assessment (n = 17) |

Dropout
-Withdrawn consent (n = 1)

v

| 2-week rPMS session (n = 16) |
v

|Fo||ow—up assessment (n = 16)|

Fig. 2. Flow chart of the study.

cervical, lumbar, and shoulder areas. Among the 10 in-
patients, six were hospitalized for rehabilitation due to
hemiplegia or quadriplegia caused by a central nervous sys-
tem lesion, two were hospitalized for subacute pain relief,
one patient had infective spondylitis, and one patient was
undergoing rehabilitation after femoral fracture and had
shoulder pain. Based on the PD-Q scores, eight patients
were classified in the nociceptive, six in the intermediate,
and two in the neuropathic pain group. Table 1 delineates
the patients’ characteristics, PD-Q scores, and final stim-
ulation sites.

2. Outcomes

In the analysis of the entire study population, the median
NRS pain score decreased from 5 (IQR 4.5~7) to 4 (IQR
2~4.5) after the rPMS treatment, indicating a reduction by
20% (»<0.001, by Wilcoxon’s signed rank test). The
greatest reduction in the pain score was by 4, which was
observed in patients 2 and 5, whose PD-Q raw score was
18, indicating intermediate group. The PD-Q raw scores
were not show statistical significance (from median 12.5
(IQR 3~17.5) to 10.5 (IQR 3~15.5), p=0.293, by Wilcoxon’s
signed rank test).

In the PD-Q subgroup analysis, there were no significant
differences among the three groups in the changes of the
NRS pain scores (p=0.789, by Kruskal-Wallis’ test). In
terms of pain relief determined based on the mean NRS
difference between baseline and follow-up, patients in the
intermediate group seemed to have a greater pain relief
than that in patients in the nociceptive and neuropathic
groups, and female patients had greater changes in the
mean NRS scores, but not to a statistically significant ex-
tent (nociceptive vs. intermediate: 2.0 vs 2.5, p=0.573; neu-
ropathic vs. intermediate: 2.0 vs 2.5, p=0.857; male vs. fe-
male: 2.0 vs. 2.4, p=0.502 by Wilcoxon’s signed rank test;
Fig. 3-A and 3-B).

In comparison of pain reduction between patients with
subacute pain (< 3 months) and those with chronic pain
(= 3 months), there was no significant difference (subacute
vs. chronic: 2.4 vs. 2.1 by Wilcoxon’s signed rank test; Fig.
3-C). In the correlation analysis, there was no statistically
significant correlation between the PD-Q raw scores and
the delta NRS pain scores (p=0.284, Spearman’s rho =
0.286). Patients with more severe initial pain as determined
with the NRS (patients 2 and 5) demonstrated greater

|
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Fig. 3. NRS pain score differences between baseline and follow-up assessments in (A) nociceptive, intermediate and neuropathic groups
(B) male vs. female groups and (C) subacute (< 3 months) vs. chronic groups (= 3 months). NRS: numeric rating scale, 4NRS:
follow-up NRS score — baseline NRS pain score. Bars: mean, error bars: standard deviations.

changes in the NRS pain scores, but Spearman correlation
analysis confirmed that there was no statistical significance
(»=0.179, Spearman’s rho = 0.353).

DISCUSSION

In this study, we found that all 16 patients who under-
went rPMS for 2 weeks experienced pain relief. The pain
scores decreased substantially in a patient with knee osteo-
arthritis and upper trapezius MPS (No. 2 and 5), catego-
rized as intermediate group by PD-Q. Clinically, these two
patients showed mixed pain characteristics. This is con-
sistent with the findings of previous studies that demon-
strated the pain relief effect of rPMS in patients with neu-
ropathic pain, MPS, and knee osteoarthritis.”'** Knee ar-
thritis and MPS could have a neuropathic pain component
in the chronic stage. Because rPMS induces direct stim-
ulation of deep muscles and peripheral nerves, it exerts
greater effects than those of the existing TENS or low-in-
tensity PEMF treatments and is anticipated to modulate
pain conditions with both nociceptive and neuropathic pain
characteristics.

The mechanism through which electromagnetic field has
therapeutic effects on the human body is yet unclear, but
in vitro PEMF studies on tissue and bony healing shed
light on the pathways involving down-regulation of in-
flammatory cytokines and up-regulation of growth factors.
In an in vitro study of PEMF on mice osteoblast cells, re-
ceptor activator of NF-kB ligand (RANKL) mRNA de-
creased and osteoblast proliferated more.” In addition,
TGF-beta upregulation has been reported in in vitro studies
including PEMF on osteoblasts and mesenchymal cells.”

|
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IL-1 beta-induced proteoglycan loss, in bovine articular
cartilage, is inhibited by PEMF, suggesting its anti-in-
flammatory effect in osteoarthritis.” Additionally, hypoxia
model of human and rat neuron-like cells showed a de-
crease in pro-inflammatory cytokines such as TNF-alpha,
IL-1 beta, IL-6 and IL-8 by PEMF.’' Although the
high-frequency PEMF used in prior studies and the rPMS
device used in our study differ in the frequency range and
intensity of the magnetic field, the therapeutic effects of
magnetic stimulation is surmised to involve membrane
oscillation.”® In essence, the underlying mechanism is con-
sidered to involve changes in the membrane potential and
subsequent activation of pathways related to inflammatory
cytokines and growth factors. Future basic studies on
pain-related substances would be able to substantiate this.

During the treatment period, rPMS was performed com-
fortably without side effects such as stimulation related
pain or skin problems. The most common side effect of
TENS is skin irritation because of direct contact of elec-
trode to skin. On the other hand, rPMS does not require
skin contact, and it has the advantage that it can be per-
formed without getting undressed. Considering only one
person dropped out due to a schedule problem, compliance
of rPMS treatment generally appears good.

rPMS is characterized by its high intensity compared to
that of other PEMF treatments. A recent study on TENS,
a similar electrotherapy, suggested that the high-intensity
and low-frequency (< 5 pps) types of TENS, such as mo-
tor TENS and acupuncture-like TENS (AL-TENS), are
more effective.”” Similar to AL-TENS, magnetic fields
with a stronger intensity might lead to greater therapeutic
effects.” The most important feature of rPMS is that it can
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