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Abstract

Objective. Lumbar spondylosis is a degenerative
disorder of the spine, whereby pain is a prominent
feature that poses therapeutic challenges even
after surgical intervention. There are no randomized,
placebo-controlled studies utilizing repetitive spinal
magnetic stimulation (SMS) in pain associated with
lumbar spondylosis. In this study, we utilize SMS
technique for patients with this condition in a pilot
clinical trial.

Methods. We randomized 20 patients into SMS
treatment or placebo arms. All patients must have
clinical and radiological evidence of lumbar spondy-
losis. Patients should present with pain in the
lumbar region, localized or radiating down the lower
limbs in a radicular distribution.

SMS was delivered with a Medtronic R30 repetitive
magnetic stimulator (Medtronic Corporation, Skov-
lunde, Denmark) connected to a C-B60 figure of
eight coil capable of delivering a maximum output
of 2 Tesla per pulse. The coil measured 90 mm in
each wing and was centered over the surface land-
mark corresponding to the cauda equina region. The
coil was placed flat over the back with the handle
pointing cranially. Each patient on active treatment
received 200 trains of five pulses delivered at 10 Hz,

at an interval of 5 seconds between each train.
“Sham” SMS was delivered with the coil angled ver-
tically and one of the wing edges in contact with the
stimulation point.

Results. All patients tolerated the procedure well
and no side effects of SMS were reported.

In the treatment arm, SMS had resulted in significant
pain reduction immediately and at Day 4 after treat-
ment (P < 0.05). In the placebo arm, however, no
significant pain reduction was seen immediately and
at Day 4 after SMS.

SMS in the treatment arm had resulted in mean pain
reduction of 62.3% postprocedure and 17.4% at Day
4. The placebo arm only achieved pain reduction of
6.1% postprocedure and 4.5% at Day 4.

Discussion. This is the first study to show that
a single session of SMS resulted in significant
improvement of pain associated with lumbar
spondylosis in a randomized, double-blind, placebo-
controlled setting. The novel findings support the
potential of this technique for future studies pertain-
ing to neuropathic pain.
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Introduction

The use of electrical and magnetic stimulation in alleviating
neuropathic pain has been a subject of much clinical
interest [1]. In particular, direct electrical stimulation in the
form of transcutaneous electrical nerve stimulation
(TENS), as well as via spinal implants, have been well
studied. In contrast, application of magnetic fields in
therapeutics has mainly been investigated as transcranial
magnetic stimulation [2]. The focal effects of peripheral
magnetic stimulation, either as constant or pulsed delivery,
is not well understood, hence garnering limited accep-
tance in Western medicine [3]. Nonetheless, basic
research is beginning to unravel mechanisms underlying
its antinociceptive effects [3]. The capability of magnetic
fields in penetrating deep-seated neural structures pain-
lessly and with relative ease renders it of potential value in
the treatment of pain originating from spinal cord or root
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dysfunction, such as the cauda equina region. Overall,
magnetic field therapy is not as focal as transcranial mag-
netic stimulation, but is a safe and noninvasive method
with possible roles in treating pain and inflammatory
pathology.

Lumbar spondylosis is a degenerative arthritis of the spine
excluding facet joints, which at times is associated with
nerve root compression, lumbar radicular pain, as well as
musculoskeletal back pain. In most cases, lumbar and
radicular pains are prominent features which pose thera-
peutic challenges even after surgical intervention [4].

Previous studies employing focal peripheral magnetic
stimulation have addressed myofascial pain [5], peripheral
neuropathy [6], and pudendal neuralgia [7]. To our know-
ledge, there are no randomized, placebo-controlled
studies utilizing repetitive spinal magnetic stimulation
(SMS) in pain associated with lumbar spondylosis. In this
study, we utilize SMS technique for patients with this
condition in a pilot clinical trial.

Methods

With local ethics committee approval, we randomized
20 patients with lumbar spondylotic disease into SMS
treatment or placebo arms. The study was publicly regis-
tered in accordance with requirements of the International
Committee of Medical Journal Editors in an internationally
recognized online registration website for clinical trials
(http://www.ClinicalTrials.gov; protocol id: #064/2006). All
patients must have clinical and radiological evidence of
lumbar spondylosis previously diagnosed by an experi-
enced orthopedic surgeon. Patients should present with
pain in the lumbar region, localized or radiating down the
lower limbs in a radicular distribution. We excluded patients
with any other cause of peripheral neuropathy, but patients
with previous lumbar surgery or pain-alleviating injection
procedures were allowed. However, those with spinal cord
implants or pacemakers were not included.

SMS was delivered with a Medtronic R30 repetitive mag-
netic stimulator (Medtronic Corporation, Minneapolis, MN,
USA) connected to a C-B60 figure of eight coil capable of
delivering a maximum output of 2 Tesla per pulse. The coil
measured 90 mm in each wing and was centered over the
surface landmark corresponding to the cauda equina
region. This was determined by finding the T12/L1 inter-
vertebral space, assuming that the horizontal line joining
the iliac crests corresponded to the L3/L4 interspace.
SMS was performed with the patient lying comfortably in
the prone position and a soft pillow supported the lower
abdomen. The coil was placed flat over the back with the
handle pointing cranially (Figure 1). Each patient on active
treatment received 200 trains of five pulses delivered at
10 Hz, at an interval of 5 seconds between each train. As
this was a pilot study, each only received 1,000 pulses in
a single session. The stimulation intensity was adjusted
just below any visible twitch noticed at the adjacent
paraspinal muscles to ensure comfort and tolerability. The

placebo arm consisted of “sham” SMS delivered with the
coil angled vertically and one of the wing edges in contact
with the stimulation point. As this coil type allows
maximum magnetic flux at the center of the intersection,
we believe minimum or no stimulation was effected at the
edge of the coil in contact with the patient. Stimulation
parameters and duration were unchanged in this arm.

The primary outcome measure was the pain score on a
visual analog scale (VAS) ranging on a line “0” on the left
and “10” on the right. Patients were instructed to indicate
VAS score immediately before, after SMS, and 4 days
after the procedure. Secondary outcome measures were
three parameters relating to mood (depression, anxiety,
and fatigue), also evaluated on a similar VAS scale before
and at 4 days after SMS. Both the patients and assessors
making these recordings were blinded to the treat-
ment arm each patient received. Data were collated and
analyzed with SPSS Statistics Version 17.0 (SPSS Inc.,
Chicago, IL, USA). A P value of <0.05 was considered
statistically significant.

Clinical information of patients in both arms is summarized
in Table 1.

Results

A total of 20 patients (mean age: 62.1; range: 2–84; 10
men) completed the trial. All patients tolerated the proce-
dure well and no side effects of SMS were reported.
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Figure 1 Diagrammatic representation of coil posi-
tion for SMS with patient lying prone. SMS =
spinal magnetic stimulation.
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All 20 patients have clinical and radiological evidence
of degenerative lumbar spine disease, as summarized in
Table 1. The SMS intensity ranged from 45% to 55% of
stimulator output (mean = 52%). Baseline pain (P = 0.72),
depression (P = 0.35), anxiety (P = 0.72), and fatigue
(P = 0.4) were not significantly different between treatment
and placebo arms (unpaired t-tests). Significant change of
VAS scores from baseline was noted, comparing between
real and sham SMS postprocedure (t-test, P = 0.002) and
at Day 4 (P = 0.03).

In the treatment arm, repeated measures analysis of
variance was used to compare baseline VAS pain scores
with scores immediately postprocedure (F1,9 = 22.46,
P = 0.001) and at Day 4 (F1,9 = 7.36, P = 0.02) after SMS
had shown pain reduction to be significant at both time
points.

In the placebo arm, however, no significant pain reduction
was seen postprocedure (F1,9 = 0.88, P = 0.37) and at Day
4 (F1,9 = 0.67, P = 0.43) after SMS.

In absolute terms, SMS in the treatment arm had resulted
in mean pain reduction of 62.3% postprocedure and
17.4% at Day 4. In contrast, the placebo arm only
achieved pain reduction of 6.1% postprocedure and 4.5%
at Day 4.

Similar comparisons were made for secondary outcome
measures between baseline and at Day 4 after SMS. In
the treatment arm, no significant changes in depression
(F1,9 = 0.31, P = 0.59), anxiety (F1,9 = 0.02, P = 0.89), and
fatigue (F1,9 = 0.05, P = 0.82) were observed. Similarly,
in the placebo arm, depression (F1,9 = 0.58, P = 0.47),
anxiety (F1,9 = 0.03, P = 0.29), and fatigue (F1,9 = 0.02,
P = 0.9) scores were not significantly changed.

Table 2 summarizes baseline and outcome results in both
arms of the study. Graphical depiction of VAS pain scores
are shown in Figure 2.

Discussion

The present study has shown that SMS was effective in
treating pain as a result of lumbar spondylosis. While the
analgesic effect was most evident immediately after the
procedure, significant residual effect was observed up to 4
days posttreatment. This suggests that the single course
of SMS has a real effect on pain alleviation, but future
studies may need to focus on cumulative doses of SMS to
achieve longer-lasting analgesia. One limitation of the
study model was the presence of a modest antinocicep-
tive effect of sham SMS. It is known that maximal stimu-
lation is present at the center of the figure of eight coil, but
minimal magnetic flux may still be present at the coil

Table 1 Summary of patients’ clinical data

Treatment Placebo

Mean age (range; years) 66.6 (45–84) 64.8 (22–76)
Baseline pain score (range) 6.9 (4–10) 6.8 (4–10)
Duration (years) 6 (3 to 10) 6.4 (1 to 19)
Level (patients) L4-5 (3), S1 (1), L4-S1 (1), L5-S1 (5) L4-S1 (1), L4-5 (3), S1 (1), L5-S1 (3), L3-4 (2)
Spondylolisthesis L4-5 (1) L4-5 (1)
Co-morbidities (patients) HT (3), Stroke (1) HT (4), Stroke (1)
Surgery (patients) L4L5 (1), L5S1 (1) L4L5 (1), L5S1 (1)

HT = hypertension; Level = evidence of lumbar spondylosis changes from imaging (X-ray or magnetic resonance imaging).

Table 2 Summary of baseline and outcome results

Pain Depression Anxiety Fatigue

Baseline Post-SMS Day 4 Baseline Day 4 Baseline Day 4 Baseline Day 4

Real SMS
Mean 6.9 2.6 5.7 5.2 5.7 4.7 4.6 6.2 6.3
SD 2.1 2.4 1.9 2.9 2.6 2.9 2.8 2.6 2.7

Sham SMS
Mean 6.6 6.2 6.3 3.8 4.7 5.2 4.5 5.1 5.2
SD 1.4 1.4 1.8 3.6 3.8 3.4 3.5 2.6 2.9

Scores as per visual analog scale.
SD = standard deviation; SMS = spinal magnetic stimulation.
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peripheral. As a sham magnetic stimulation coil was not
utilized, this finding had further attested to the real effect of
SMS. Additionally with regard to placebo design, the rel-
evance must be interpreted within the context of individual
experimental findings. Previous investigators have com-
pared tilting the coil at 90 degrees, similar to our method,
and found that it is not to be inferior to a commercially
available Magstim sham coil (Magstim, Whitland, UK) [8]. It
has also been estimated systematically in TMS studies for
epilepsy that the placebo effect, even with this orthogonal
coil position, was similar to spring loaded or double active
sham coils at 0% to 2% only [9]. Our results in the treat-
ment arm after SMS had shown pain reduction to be
significant at both time points. Any additional biologic
effect of the placebo SMS condition, likely to be small as
previously indicated [9], would serve to narrow the differ-
ence in reduction of pain effect between real and sham
SMS that was demonstrated in this experiment. Practi-
cally, applying the coil without power had resulted in sub-
jects being consciously aware and inquired why the
stimulation had not started. Moreover, no significant pain
reduction was seen postprocedure and after Day 4 in the
placebo condition, suggesting that any additional biologic
SMS effect, beyond placebo, is likely to be negligible.

Magnetic fields are well known to exert biological effects
[3], but whether the underlying mechanisms are similar to
electrical stimulation [10] is unclear. Of particular relevance
is evidence of antinociception in rats from high-intensity
magnetic stimulation over the lumbosacral spine [11]. In
addition, alternating magnetic fields have also been
shown to mimic the effects of glutamate in snail neurons in
a mechanism involving calcium ions [12].

Previous studies utilizing magnetic field have shown
its effectiveness in treating pain secondary to peripheral
neuropathy [6] and pudendal neuralgia [7] in open label
designs. To our knowledge, only one other randomized,
placebo-controlled study utilizing repetitive magnetic

stimulation for myofascial pain has been published [5],
demonstrating superiority of magnetic stimulation over
TENS. However, it is uncertain if its effects were the result
of disrupting afferent nerve fibers or activation of spinal or
supraspinal inhibitory neurons. Hence, in this study, we
had selected the cauda equina region with the intention of
modulating a confluence zone of terminal spinal cord and
proximal lumbar roots.

In SMS, magnetic flux may in effect depolarize neural
structures, evoking electrical currents similar to direct
electrical stimulation. However, magnetic fields are advan-
tageous in their ability to penetrate deeper neural struc-
tures with ease, negating poor patient tolerance or the
need for invasive electrode implantation [3].

It should be recognized that not all patients with lumbar
spondylosis have neuropathic pain from nerve root com-
pression. The effect of SMS within its field may be on
contiguous structures associated with pain, including
myofascial and skeletal pain. As the present pilot trial is
small, future studies should be conducted in patients
with isolated back pain or other causes of degenera-
tive joint disorders so as to better clarify what specific
elements were affected by the SMS process in pain
alleviation.

In conclusion, this is the first study to show that a single
session of SMS resulted in significant improvement of
pain associated with lumbar spondylosis in a rando-
mized, double-blind, placebo-controlled setting. The novel
findings support the potential of this technique for future
studies pertaining to neuropathic pain.
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