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Abstract. Background/Aim: Lumbar radiculopathy refers

to the disruption of one or more lumbosacral nerve root
functions, usually causing radiating pain and functional
impairments. Patients and Methods: We aimed to analyze the
role of repetitive peripheral magnetic stimulation (rPMS)
alone or in association with physiokinesiotherapy (PKT) in
treating lumbar radiculopathy. A total of 41 patients
diagnosed with lumbar radiculopathy were randomly
allocated to the rPMS group and the rPMS plus PKT group.
Subjects were then administered a total of 10 treatment
sessions. Results: A statistically significant improvement was
highlighted in both groups in terms of pain score, and
electromyography (EMG) analysis depicted a far superior
functional recovery in the rPMS plus PKT group.
Conclusion: rPMS can constitute an effective treatment for
subjects with lumbar radiculopathy and its association with
a complex physical rehabilitation program could improve the
outcome in these patients.
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Lumbosacral radiculopathy is one of the most common
problems seen in neurorehabilitation consultation. The
condition refers to impairments affecting the function of one
or more lumbosacral nerve roots, with structural nerve root
compression being the most frequent etiology. Severity of
symptoms can range from transient radicular pain up to
persistent, disabling motor deficits (1).
Available treatment options are broadly divided into
pharmacologic, conservative, interventional and surgical (2).
The Guidelines from the American Pain Society highlight that
the risk-benefit analysis of invasive therapies in this condition
is controversial and therefore, advises that it is more reasonable
to first consider conservative management that focuses on
appropriate pain control and functional recovery (3).
Repetitive peripheral magnetic stimulation (rPMS) is a
non-invasive, highly tolerable therapy based on relatively
painless electromagnetic stimulation. It refers to the use of
high-power electromagnetic waves that have the special
ability to deeply penetrate neural structures and initiate
therapeutic effects through still unelucidated pain modulatory
mechanisms (4, 5). Prior studies have reported therapeutic
effects of rPMS on several types of musculoskeletal pain (6,
7) or posttraumatic neuropathies due to spinal or axonal
damage injury (8). Yet, the application of rPMS in alleviating
painful lumbar radiculopathies has not been properly
investigated.
The purpose of this study was to investigate the influence
of the rPMS technique on electrophysiological parameters
and pain reduction in lumbar radiculopathy patients, with a
randomized controlled design.
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Patients and Methods
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Participants. The present study prospectively included patients
diagnosed with lumbar radiculopathy, who met the following
inclusion criteria: 1) clinical signs of lumbar radiculopathy at the time
of examination; 2) EMG diagnosis of lumbar radiculopathy; 3) ages
between 18 and 80 years. Exclusion criteria consisted of: 1) people
over 80 years old, who normally have changes in the
electrophysiological parameters; 2) comorbidity with diabetes or any
other polyneuropathies; 3) pregnancy; 4) medical implanted devices
(cardiac pacemaker); 5) simultaneous treatment with analgesic
medication, nonsteroidal anti-inflammatory drugs (NSAIDs) or AIS.
All subjects were examined between January and June 2019 in a
random order of arrival at the Medical Rehabilitation Department
of Elias University Hospital. The study was approved by the Ethics
Committee of the Elias Emergency University Hospital (no. 9829;
10.06.2019) and all patients gave written, informed consent.
Methods. A total number of 41 patients (male: women=1: 2.5)
aged between 40 and 65-year-old were enrolled in the study. There
were 7 cases of withdrawal unrelated to the disease or treatment and
34 patients completed the study. Patients were randomly assigned
to receive rPMS as monotherapy or rPMS in association with PKT
(Physiotherapy and Kinesiotherapy) procedures. Both groups
underwent 10 sessions over a 2-week time span. All patients were
assessed at baseline and after 10 sessions of treatment.
Patients were treated with rPMS using a magnetic field generated
by an elliptical Racetrack RT-120 coil of 90×200×26 mm size
transversally positioned in the lumbar area with the help of a metal
arm. A MagVenture MagPro R100 stimulator was used and the
stimulation protocol consisted of 200 trains of 5 pulses at a frequency
of 10 Hz, followed by a 5 sec inter-train interval. A magnetic field
strength of about 50-60% was emitted, generating a mild painless
contraction of the lumbar paravertebral muscles. All subjects
participated in 10 rPMS therapy sessions of 15 min per session.
PKT procedures were administered according to the standard
protocol used in our clinic for the treatment of lumbar radiculopathies:
30-min therapy sessions, 1 time a day, 5 times a week, for 2 weeks.

Assessment tools
• Electromyography (EMG) was used to assess peripheral nerve
regeneration. It was performed in Elias University Hospital
Electrophysiology Laboratory using a Nicolet Compass Meridian
device and consisted of examination of bilateral lumbosacral
paraspinal muscles (only at initial testing, to certify the nerve root
lesion) followed by examination of the distal muscle innervated by
the affected root. Concentric Dantec DCN EMG needles of 50 mm
length and 0.46 mm width were used. The muscles were tested at
rest, at light voluntary contraction and maximum contraction. To
record the results into a database, the following numerical notation
and identification system was used:
(i) For spontaneous activity: 0 – the absence of spontaneous
activity; 1 – the presence of spontaneous activity.
(ii) For motor unit action potential (MUAP) analysis, the device’s
software provided data about the number of turns and the number
of phases, and the degree of polyphasia was noted as follows: 0 –
normal MUAP; 1 – unstable MUAP; 2 – MUAP with 4-5 phases; 3
– MUAP with more than 6 phases.
(iii) The estimation of the recruitment pattern at maximum
contraction it was noted as follows: 1 – simple; 2 – intermediary; 3
– interferential.
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• A visual analogue scale (VAS) and the painDETECT Questionnaire
(PDQ) were used for the assessment of pain score. VAS represents a
straight linear pain measuring tool that is marked with “0” on the left
and “10” on the right end. Patients are asked to mark the place which
best represents the intensity of the pain. The score is noted in mm on
a 0-100 mm scale or in cm on the 0-10 cm scale (9). PDQ is a
screening tool for neuropathic pain, based on the self-report of
symptoms. It consists of 9 questions about the location, evolution,
and nature of the pain, irradiation area, presence of paresthesia and
numbness. A score below 11 indicates the absence of neuropathic
pain, between 11 and 19 the presence is uncertain, whereas a score
exceeding 19 is considered characteristic for the existence of a
neuropathic pain component (10). VAS and PDQ were assessed at the
baseline and immediately after the 10 sessions of treatment.
Statistical analysis of the collected data was performed by
utilizing the nonparametric method. The Mann-Whitney test was
employed to compare the two groups at baseline. Wilcoxon signedrank test was used to correlate the evolution of pre- and posttreatment parameters. A p-value <0.05 was considered statistically
significant. SPSS version 21.0 (IBM SPSS, Armonk, NY, USA) was
used for all statistical analyses.

Results

The two groups were compared in terms of EMG parameters
- MUAP phases and recruitment pattern at maximum
contraction, as well as in terms of pain scores -VAS and
PDQ (Figure 1). The nonparametric Mann-Whitney test
showed there were no statistically significant differences in
baseline characteristics between the two groups.
In the group that received only rPMS therapy, the results
were as follows: a number of 22 patients were enrolled, 8 men
and 14 women, which registered a statistically significant
difference in the evolution of EMG parameters, with an
increase in the MUAP number of phases (m1=0.82, m10=1.45,
p=0.024) and an improvement in the recruitment pattern at
maximum contraction (m1=2.29, m10=2.71, p=0.002). Large,
statistically significant differences were depicted in the pain
score evolution for VAS (m1=4.95, m10=1.27, p=0.000) and
PDQ (m1=13.09, m10=7.00, p=0.00).
In the group that received rPMS + PKT therapy, the results
were as follows: 12 patients were enrolled, 8 men and 4
women, which registered a statistically significant difference
in the evolution of EMG parameters, with a higher degree of
polyphasic MUAPs (m1=0.33, m10=1.83, p=0.005) and an
enhanced performance of the recruitment pattern at maximum
contraction (m1=2.33, m10=2.83, p=0.014). Again, large,
statistically significant differences were registered in pain
score evolution for VAS (m1=5.00, m10=1.17, p=0.003) and
for PDQ (m1=13.75, m10=6.42, p=0.006).
By comparing the evolution of the two groups, a statistically
significant improvement was highlighted in both groups in
terms of pain score and EMG parameters. Remarkably, in
terms of nerve regeneration activity expressed through the
MUAP morphology score, a far superior recovery was
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Figure 1. Graphical representation of the VAS (A), PDQ (B), MUAP (C), and recruitment pattern score (D) in both arms at baseline (m1) and posttreatment (m10). The darker bars depict the rPMS group whereas the lighter bars depict the rPMS + PKT group. VAS: Visual analogue scale;
PDQ: painDETECT questionnaire; MUAP: motor unit action potential; rPMS: peripheral repetitive magnetic stimulation; PKT: physiotherapy, and
kinesiotherapy.

achieved in the rPMS + PKT group, with an increase of 454%
in the rPMS + PKT group vs. a 76.8% increase in the rPMS
group alone (Table I). VAS and PDQ substantially decreased
in both groups, highlighting that the two groups significantly
improved in terms of pain reduction. Interestingly, in terms of
EMG parameters, the MUAP score achieved an impressive
454% increase in the rPMS + PKT group, compared to an only
76.8% increase in the rPMS monotherapy group.

Discussion

The results were encouraging in both groups in terms of pain
relief, with the VAS score decreasing by 74% in the rPMS
group and by 76% in the rPMS + PKT group. Considering that
there were no statistically significant differences between the
two groups at baseline, we can state that rPMS therapy can be
successfully used as monotherapy for the treatment of lumbar
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Table I. Evolution of VAS, PDQ and electromyography parameters Comparative analysis between the two groups.
Parameters

VAS
PDQ
MUAP phases score
Recruitment pattern

rPMS

–74%
–46%
+76.8%
+23.7%

rPMS+PKT
–76%
–53%
+454%
+21.4%

VAS: Visual analogue scale; PDQ: painDETECT questionnaire; MUAP:
motor unit action potential; rPMS: repetitive peripheral magnetic
stimulation; PKT: physiokinesiotherapy.

radiculopathy. Our results are consistent with the ones found
in the literature. Radackovic et al. conducted a similar study,
comparing the effectiveness of classical physio-kinesiotherapy
versus rPMS plus physiokinetic therapy procedures for
treating inflammation and pain along the path of the sciatic
nerve. Their workgroup concluded that functional magnetic
therapies combined with other physiotherapeutic approaches
can improve outcome in patients with degenerative or
traumatic sciatica syndrome (11). Also, in a randomized,
placebo-controlled study, Lo and collaborators showed that a
single session of repetitive spinal magnetic stimulation
resulted in significant alleviation of pain caused by lumbar
spondylosis (mean pain reduction of 63% in VAS score after
the first session, followed by 17.4% after the 4th session) (12).
The therapeutic effect of rPMS in pain management was
also confirmed by the PDQ score analysis which showed
slightly higher improvement in the rPMS + PKT group (53%
vs. 46% in the rPMS group). It should be noted that if the
mean score at the start of treatment was approximately 13, a
neuropathic component at group level being possible at that
value, at the end of the treatment in the two groups a mean
score of 7 was registered. This excluded the presence of
neuropathic pain and pointed towards the nociception
mechanism type instead (13).
An element that adds particular value to this study is the
use of EMG, considering its essential role in evaluating
electrophysiological activity (14, 15), therefore, in assessing
the way peripheral damaged nervous system responds to
rPMS. The analysis showed an increase in MUAP phases in
both groups, particularly in the rPMS + PKT group where
the evolution was fulminant, with the number of phases
increasing by up to 4.5 times (454%). On the other hand, in
the monotherapy group, the increase was of only 75%.
The mechanism by which MUAPs are more polyphasic
(MUAPs with more than four phases are referred as
polyphasic) compared to baseline is still unclear. Growing
evidence shows that biological phenomena such as nerve
reinnervation or nerve sprouting could serve as an
explanation (16, 17).
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First, the distance from the lesion site to the examination site
is very long (at least 1 meter), which could have not allowed
the reinnervation as a result of nerve repair. Neurobiological
studies have shown that injured nerves have the capability of
regenerating their axons in an extremely slow-rate of 1
mm/day. At such rate of regeneration, achievement of
reinnervation should take months or years (18, 19). In the
context of a 10-day study, this is virtually impossible, but reevaluating patients at around 100 days (3-4 months) would be
beneficial in order to better assess the effect of the highpowered electromagnetic fields on nerve regeneration. It would
also be useful to re-evaluate the paravertebral muscles,
considering that the lumbar proximal muscles are the first to
benefit from the reinnervation phenomenon.
As for the theory of peripheral nerve regeneration through
collateral sprouting of distal nerve fibers, this might have
been induced by the classic physiokinesiotherapy procedures,
which are well-known for their repairing and bio-stimulatory
effects (20). Histological studies are, however, needed to
confirm whether nerve fiber density at the distal level has
increased or not.
Regarding the statistically significant discreet improvement
in the recruitment pattern at maximum contraction in both
groups (23.7% in the RMS group vs. 21.4% in the RMS + PKT
group), this may be attributed to the fact that patients tended
to be more cooperative once improvements in pain
management were achieved. More in-depth studies are needed
to establish if there is a possible root-repair effect.
This study had several limitations: First of all, the
limited number of patients and the lack of a comparative
placebo group should be mentioned. We enrolled a
relatively small number of patients in a single hospital,
thus, the generalization of the results may have some
limitations. Another limitation of the study is related to the
duration of protocol and re-examination after a short
course of treatment. We only assessed the immediate
effects and the possible long-term benefits require further
evaluation.

Conclusion

To our knowledge, this is the first study to use EMG
assessment in conjunction with VSA and PDQ for
monitoring the evolution of patients with lumbar
radiculopathy. The results confirm that rPMS is effective as
monotherapy for the treatment of lumbar radiculopathy, but
it is preferred to be used in conjunction with a complex
physical rehabilitation program given the significant
improvements achieved in the combined therapy group.
Large-scale studies will ultimately be required to assess the
medium and long-term efficacy. Nevertheless, the possible
mechanisms through which rPMS can improve
electromyographic parameters remain to be elucidated.
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Hence, further research on the impact of magnetic fields on
the nerve regeneration microenvironment is warranted.
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