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Abstract

We assessed the pain-relieving efficacy of static magnetic fields produced by 200 Gauss (G)
magnets compared with 50 G magnets in a double-blind, randomized, two-phase crossover
study in patients with chronic lumbar radicular pain. The surface field strengths of the
magnets were 200 and 50 G. Phase I included four random periods of two-week duration:
two periods with 200 G, one period with 50 G, and one period of “no treatment.” The
magnets were positioned either vertically or horizontally in standard lumbosacral elastic
corsets. Phase II consisted of two five-week periods with the most effective magnet from Phase I
and its corresponding 50 or 200 G device. The primary outcome was average daily leg pain
score (0—10 scale) in each period of Phase II. Thirty-eight of 40 randomized patients
completed Phase I, and 28 of 31 Phase II participants completed the study. In Phase I, pain
scores did not differ significantly between 200 and 50 G magnets. Phase II average leg pain
scores tended to be lower with 200 vs. 50 G magnets (3.2% 2.1 for 200 G vs. 3.9+ 2.2 for
50 G magnets [P = 0.08]) after excluding one unblinded patient. The relative treatment
effect of the 200 G magnets appeared to increase throughout the five-week period. Although
these data cannot rule out a chance effect, the positive trends suggest that larger, longer-
duration, sham-controlled trials with 200 G magnets be considered in patients with chronic
lumbar radicular pain. ] Pain Symptom Manage 2007;34:434—445. © 2007 U.S.
Cancer Pain Relief Committee. Published by Elsevier Inc. All rights reserved.
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Introduction

Lumbar radiculopathy is typically associated
with sciatica, a sharp and shooting pain along
the distribution of the sciatic nerve. Despite
a population prevalence of 4.5%," there are
no proven drug treatments for chronic sciatica
and few clinical trials. Nonpharmacological
therapies, including chiropractic manipula-
tions, physical therapy, exercise, transcutane-
ous electrical stimulation, and magnetic
devices, are commonly used in such patients.

During the past decade, consumers have in-
creasingly used magnets for sciatica and other
palns spendmg an estimated $5 billion world-
wide.?? Most field strengths range from 5 to
5,000 Gauss (G), well within the World Health
Organization recommended safe exposure
range.” The effects of magnets have been stud-
ied in patients with chronic neck and shoulder
pain,5 osteoarthritis of the knee,’ plantar fas-
ciitis,” postpolio pain,® fibromyalgia pain,”'”
chronic low back pain,'' and painful diabetic
neuropathy.12 To our knowledge, only one
prior study has reported the effects of magnet
treatment in patients with chronic sciatica.'?
In that study, 100 patients with chronic sciatica
pain were exposed to pulsating magnetic fields
of extremely low intensity (0.1—0.3 G) plus
standard medication treatment for 14 days.
They exhibited a small but significantly greater
pain reduction, based on interval to pain relief
and/or painless walking, compared to control
subjects who received standard treatment
alone. Static magnetic fields offer several ad-
vantages over pulsating fields, including their
suitability for continuous usage, ease of appli-
cation, simpler design, and low cost.

The goals of this study were to assess whether
permanent magnets of 200 G surface field
strength alleviate sciatica pain as compared to
50 G magnets, whether 50 G magnets are supe-
rior to standard treatment, and whether these
devices are well tolerated in this patient popula-
tion. Our hypothesis was that the effect of the
50 G magnets would not differ from standard
treatment and that 200 G magnets would be
superior to 50 G magnets.

Methods

Participants
This study was conducted at the Clinical
Center of the National Institutes of Health.

The protocol was approved by the Institutional
Review Board of the National Institute for
Dental and Craniofacial Research. Patients
were recruited between August 2002 and De-
cember 2003 via advertisements in the Wash-
ington Post newspaper. The advertisement
solicited adults with radiating back pain, leg
pain, or a history of pinched nerve or disc dis-
ease in the lower back. Each respondent’s eligi-
bility was first assessed via telephone screening
questions, followed by an outpatient history
and physical examination performed by the
principal investigator (SK), who enrolled the
subjects. All study participants gave written
informed consent.

Inclusion criteria were 1) age between 18
and 75 years at the start of the study; 2) aver-
age leg pain of at least 4/10 on a verbal numer-
ical scale of 0—10, with 0 representing no pain
and 10 representing worst possible pain, pres-
ent five days per week or more for at least
three months; 3) evidence of lumbar radicul-
opathy, based on the presence of pain in one
or both buttocks, thighs, or legs and at least
one of the following features on the side corre-
sponding to pain: sharp and shooting pain be-
low the knee, pain evoked by straight leg
raising to 60 degrees or less, decreased/absent
ankle reflex, weakness of muscles below the
knee, sensory loss in an L5/S1 distribution,
or imaging (magnetic resonance imaging
[MRI], computerized tomography [CT]/mye-
logram) evidence of nerve root compression
in the lower lumbar region; 4) willingness to
refrain from making changes in the type and
dose of medications taken for sciatica during
the study; 5) ability to understand the study
measures and be mentally capable to give con-
sent to participate in the study (based on an
eighth grade level); 6) willingness to keep
a log of pain level and documentation of com-
pliance with wearing of magnetic back device;
and 7) (for women of reproductive age) a preg-
nancy test at baseline and adequate contracep-
tion during the study.

Exclusion criteria were 1) patients with pace-
makers or mechanical heart pumps; 2) preg-
nancy or breastfeeding; 3) presence of pain
of greater intensity in any other location than
the low back or the leg; 4) history of fibromyal-
gia as described by Wolfe;!* 5) pain attribut-
able to malignancy, inflammatory arthritis, or
infection; 6) spinal instability defined by
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a finding of Grade II spondylolisthesis or
greater on plain radiography, CT scan, or
MRI; 7) presence of other medical condition
presenting with numbness and pain in the
legs, such as diabetic polyneuropathy and pe-
ripheral vascular disease; or 8) history of spinal
fusion with spinal rods inserted in the lower
lumbar spine.

Imaging and Laboratory Evaluation

Patients submitted an MRI of the lumbosa-
cral spine taken within one year of study en-
rollment, or an MRI was performed at the
NIH Clinical Center upon study entry. A neu-
roradiologist blinded to each patient’s symp-
toms reviewed the films, commenting on
degenerative disc or joint disease and other
findings contributing to low back pain or rad-
iculopathy according to definitions and classi-
fications proposed by the American Society
of Neuroradiology."’

Patients were assessed as having lateral
recess syndrome, neural foraminal stenosis,
canal stenosis, or their combination if their
clinical findings and MRI offered a consistent
anatomical explanation of their root symptoms
resulting from compression of roots due to de-
generation of joint, facet, and/or disc. Patients
with evidence of degeneration but no visible
root compression were classified as degenera-
tive disc disease and/or degenerative joint dis-
Patients with no abnormality were
classified as within normal limits. Laboratory
evaluation included a complete blood count
with differential sedimentation rate, antinu-
clear antibody titer, and rheumatoid factor to
exclude inflammatory arthritis, cancer, and
spinal infection. Patients completed a 15-item

ease.

PHASE |

questionnaire, the Patient Health Question-
naire-15, devised by Kroenke et al.,'% to assess
for multisomatoform disorder.

Experimental Protocol

Phase I.  The first phase was intended to select
the optimal orientation of the magnet for
a longer-term intervention (Phase II). Study
patients were randomized to four periods of
two-week duration each while continuing their
stable medical treatment (Fig. 1). Each patient
was randomized to two periods of 200 G treat-
ment and one period of 50 G treatment in ad-
dition to a “no treatment” period. Patients
were asked to wear magnetic belts eight hours
during waking hours and to document in their
diary the number of hours they had used the
belt each day. The magnetic belts consisted
of the following:

e Four permanent 200 G magnets oriented
parallel to the spinal axis (vertical, [V]),

e Four permanent 200 G magnets oriented
perpendicular to the spinal axis (horizon-
tal, [H]),

e Four 50 G magnets oriented vertically, and

e Four 50 G magnets oriented horizontally.

The magnets were ceramic and were made
from strontium ferrite. Each of them weighed
0.15 Ib and were three inches long, two inches
wide, and 1/8 inch in thickness (Dowling Mag-
nets Company, Sonoma, CA). Active and sham
magnets were axially magnetized (one pole
per face) with an average surface field of 200
and 50 G, respectively. The north-facing pole
of each magnet (geographic south pole) faced
the skin surface for both active and sham belts.
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Fig. 1. Phase I consisted of two periods of 200 G magnetic devices, one period of a 50 G magnetic device, and
a no treatment period. Phase II was a crossover of the preferred device from Phase I and its corresponding

200 or 50 G device.
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The 200 G strength was chosen for the surface
magnetic field strength so that the static field
at the level of the nerve roots was approxi-
mately 20 times the ambient magnetic field
of the earth, that is, 5—10 G, in accord with
field strengths that have reportedly relieved
pain in published studies.'” ' We sought to
design a control treatment with no therapeutic
effect as compared to “no treatment” that
would appear as similar as possible to the
200 G magnets. We, therefore, produced
a 50 G device by demagnetizing 200 G magnets
to this field strength, at which small metal ob-
jects likely to be encountered by the patients
(e.g., paper clips) were weakly bound to the
belt. Details of the magnetic field measure-
ments can be found in the Appendix. The
magnetic fields at 9 cm were 6.540.46 and
1.6 £0.14 G for the 200 and 50 G magnets, re-
spectively. We thought the low field strength
produced by the 50 G magnet was unlikely to
strongly affect the generation or transmission
of pain impulses, but were willing to accept
a small biological effect to preserve enough
of an observable magnetic effect to blind the
patients.

Magnets placed vertically or horizontally
produced the same magnitude and orientation
of the magnetic field relative to the spine and
spinal nerve roots. The two magnet orienta-
tions were used in Phase I to determine which
device was more comfortable and to make it
more difficult for patients to decipher the
blinding scheme. The magnets were encased
in a plastic cover to keep them waterproof
and to allow the patients to wash their belts
during study participation. Four magnets
were sewn in two parallel sets, with two on
each side of the spine, into standard lumbosa-
cral elastic corsets commonly used by the NIH
Rehabilitation Medicine Department for treat-
ing mechanical back pain. The magnets in
each pair were 3.5 cm apart from each other
across the spine. The magnets were sewn into
the lower portion of the corsets over the area
most closely matched to the L4, L5, and S1
nerve roots, which are most commonly irri-
tated in chronic sciatica.

During the “no treatment” period, both the
participants and the study personnel were
unblinded. All study personnel except for the
senior author (MM) were blinded to the proto-
col sequences in Phases I and II, as well as to

the strength of the belts worn by the patients.
At the end of Phase I, the research participants
returned to the NIH outpatient clinic for a
follow-up visit. Patients who were interested
in continuing the study were then randomized
to Phase II by the senior author, who had no
patient contact.

Phase II. Phase II of the study also incorpo-
rated a randomized, double-blind, crossover
design consisting of two treatment periods of
five-week duration, one each with a 200 and
a 50 G belt (Fig. 1). If one of the two 200 G
magnet belts from Phase I was found to have
the best pain score, this was chosen and
matched with its corresponding H or V 50 G
belt for Phase II of the study. For patients
who preferred a 50 G belt or the no treatment
period, and who were interested in continuing
the study, the senior author selected the 200 G
belt with the lowest pain scores from Phase I,
and randomized the patient to this belt and
its corresponding 50 G V or H belt. If the sub-
ject’s pain scores were equal across all of the
four periods and he/she chose to complete
the study, he/she was randomized to one of
the 200 G devices and its corresponding 50 G
belt. Subjects were randomized to the belts in
a crossover design. In Phase II, all 200 and
50 G magnets were matched in direction. Dur-
ing the first period of Phase II, 13 subjects
were randomized to 200 G and 14 subjects to
50 G magnets. At the conclusion of Phase II,
the patients were asked if they would like to
have a belt made for them for their individual
use, and they were given a belt of their liking at
no cost.

Outcome Measures

Each day at bedtime, patients rated their
pain during the last 24 hours using a 0—10 nu-
merical scale.”” They were asked to assess pain
in six separate categories: average back, leg,
and overall pain (leg and back), and worst
back, leg, and overall pain. To answer the leg
pain questions, people who had pain in both
legs were asked to rate pain on the worse
side. At the end of each period, patients
mailed back their pain diaries to the study
nursing staff, and the information was entered
into a database. Subsequently, the study nurses
mailed out devices during periods 2, 3, and 4
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of Phase I. Patients returned to the Clinical
Center at the end of Phases I and IL

In the original protocol, we specified the pri-
mary outcome to be the comparison of mean
scores for average leg pain during the last
two weeks of each period of Phase II using
200 and 50 G magnets. A mean score for
each patient was calculated from the 14 daily
scores, which used to determine the group
mean for the treatment. We used data from
the last two weeks of each period in order 1)
to minimize any potential carryover effect
and 2) to keep the number of component
pain scores (7—14) consistent with those
used in Phase I. It has been shown that an av-
erage of 7—14 component pain scores is much
more accurate than a single pain score, but us-
ing more than 14 scores does not improve ac-
curacy.”’ Other secondary outcome measures
obtained at the end of each period of Phase
II only were 1) global pain relief (leg and
back pain combined) using a categorical pain
scale rating overall pain outcome as worse,
no relief, slight, moderate, a lot, and complete
relief; 2) the Oswestry Low Back Pain Disability
questionnaire;22 3) the Beck Depression Inven-
tory;* and 4) the 36-item Short Form of
Health Survey (SF-36), a general health status
instrument that measures the social, mental,
and emotional dimensions of health and ill-
ness.”* Side effects elicited during weekly
phone interviews were rated for severity as
mild, moderate, or severe.

Blinding and Randomization

The senior author established the treatment
code and marked the belts V1, V2, H1, and H2.
V and H referred to the magnets being hori-
zontal and vertical, and the numbers referred
to the study code for magnet strength. He
also verified that the 200 G magnets bound
a paper clip strongly and the 50 G magnets
weakly. In addition, he assigned balanced se-
quences to patients in Phase I according to
Latin squares and used random numbers to as-
sign treatment orders in blocks of four during
Phase II. Between uses by different patients, all
belts were checked by one of the research assis-
tants who did not have patient interaction to
ensure that the magnets had not lost their
magnetic field strength. All patients were given
a blinding questionnaire at the end of each pe-
riod in Phase II. The questionnaire asked 1)

which belt they thought they were assigned
to; 2) what they based this opinion on; 3)
whether they had tried to see if the belt con-
tained magnets; and 4) if they had tested the
magnets, how they had checked this and
what result they had obtained. Prior to filling
out the blinding questionnaires, the patients
were reassured by the study nurse that in
case they had checked the belt this would
not disqualify them from continuing the study
and receiving a free belt, if they so desired, at
the end of the trial. It was decided that the
data for any patient who had broken the blind-
ing by checking the strength of the magnetic
belt would be excluded from the analysis
because such patient’s results might create
a bias favoring the 200 vs. 50 G belts.

Statistical Analysis

In Phase I, there were two distinct sequence
types having three and four distinct sequence
orders, respectively, comprising the four-
period crossover design with unequal numbers
of subjects among sequences. Carryover and
period effects were evaluated separately for
pairs of crossover periods within the four-
period crossover design. Graphical methods
were used to access the degree of parallelism
among average daily pain scores within and be-
tween sequence types over the four treatment
periods, separately, for the six patient pain out-
come scores. Pain scores for the horizontal
and vertical 200 G treatment periods during
Phase I were similar, as were those for the hor-
izontal and vertical 50 G periods. Therefore,
they were pooled and analyzed using a two-
way analysis of variance model. Paired #ttests
were performed comparing change scores for
the 200 vs. 50 G magnet group, and the 50 G
vs. “no treatment” periods for each of the six
pain outcomes. Phase II used a balanced two-
period crossover design. Tests for period and
carryover effects were performed. Tests for
the 200 and 50 G magnets were performed us-
ing crossover differences for each of the six
pain outcomes.

Sample Size

Because the primary outcome score of the
study was based on Phase II results, we esti-
mated sample size for Phase II to be 28 pa-
tients for alpha=0.05 and beta=0.20 using
the sample size formula for a crossover study.*’
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We used 2.9 as the standard deviation for the
difference between 200 and 50 G treatments
based on a drug trial of patients with chronic
low back pain,26 given the paucity of random-
ized controlled trials of magnet treatment.
We set the effect size at 1.6 on a scale of
0—10. This corresponds to approximately
30% pain reduction between 200 and 50 G
magnets, a clinically meaningful difference.?’

Side Effects

The study nurses contacted the patients
once a week by phone to elicit any adverse ef-
fects and check for patient compliance with
keeping a daily log of pain and wearing the
belt.

Results

Study Patients

Of 305 phone responders, 246 reported ei-
ther back pain alone, pain location and quality
that were typical of myofascial pain in the
lower extremities (localized stiffness and dull
aching pain), or were not interested in the
study. These findings are consistent with the
reported frequency of musculoskeletal etiol-
ogy for low back pain seen in the primary
care setting.”® Fifty-four of the 63 respondents
with radiating leg pain who were willing to
participate in the trial met the inclusion and
exclusion criteria. Table 1 shows that the
demographic features among Phase I and
Phase II completers were similar.

Forty-seven of the 54 patients who were qual-
ified for the study were randomized to Phase I.
Three dropped out during Period 1, three dur-
ing Period 2, and one patient dropped out dur-
ing Period 3 (Fig. 2). Of the 40 patients who
completed Phase I, 10 chose not to go on to
Phase II, of whom six were notinterested in con-
tinuing the study and four dropped out for per-
sonal reasons (two relocated, one changed job,
and one had a changed work schedule). Thirty
of 40 Phase I completers entered Phase II, of
whom two dropped out after randomization.
Thus, the dropout rate was 13% during Phase
I and 7% during Phase II. No pain data were
available for these patients. One participant
told the investigator at the end of Phase II that
he had deliberately tested the magnetic force
of the belts with a paper clip and identified

Table 1
Demographics in Phase I
and Phase II Completers

40 Phase I 28 Phase
Completers  II Completers

Sex (M:F) 18:22 13:15
(45%:55%) (46%:54%)
Age (years)

Median 60 57
Range 30-78 30—78
Work status
Employed 19/7 14/5
unemployed (48%/18%) (50%/18%)
Disabled 2 (5%) 1 (4%)
Retired 11 (28%) 8 (29%)
Unknown 1 (2.5%) 0 (0%)
Pain duration (years)
Median 4.5 5
Range 0.4—44 1-30
MRI diagnosis N/A
NFS 3 (11%)
CS 7 (25%)
LRS 2 (7%)
DJD/DDD 4 (14%)
Within normal limits 2 (7%)
CS/LRS 2 (7%)
CS/LRS/NFS 4 (14%)
CS/NFS 4 (14%)
Physical signs
Sensory change 30 (75%) 20 (11%)
Weakness 14 (35%) 8 (29%)
Straight leg raising 28 (70%) 17 (61%)
Reflex change 11 (28%) 5 (2%)

Previous pain medications
Nonsteroidal 24 (60%) 16 (57%)
anti-inflammatory
medications

Opioids 7 (18%) 3 (11%)
Anticonvulsants 0 (0%) 0 (0%)
Antidepressants 7 (18%) 5 (18%)

NCV/EMG
Participants with 30 (75%) 23 (82%)

no studies
Participants with studies 10 (25%) 5 (18%)

Findings
No abnormal findings 0 0

Denervation in distribution of:

L5 nerve root 7 (18%) 3 (11%)
S1 nerve root 3 (7%) 2 (7%)

NFS = neural foraminal stenosis; CS = canal stenosis; LRS = lateral
recess syndrome; DDD/DJD = degenerative disc disease/degener-
ative joint disease; NCV/EMG =nerve conduction velocity/
electromyography.

the stronger and weaker belts. Because of this
unblinding, we excluded this subject from the
primary analysis. The original design of the
study protocolincluded an intent-to-treat analy-
sis, but this was abandoned due to the haphaz-
ard pattern in missing diaries for some
participants. We excluded these subjects and
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54 qualified for the
study

7 patients dropped
out prior to Phase |

47 patients were
randomized to Part |

40 patients
completed Part |

7 dropped out
during Phase |

]

10 opted not to
participate in Phase Il

28 completed
Phase Il

2 dropped out
during Phase Il

Fig. 2. Study algorithm.

performed a per protocol analysis. Results be-
low are based on the 40 Phase I completers
and 27 Phase II completers who were compliant
with the protocol.

Effects of Treatment

Primary Outcome. The primary outcome, aver-
age daily leg pain score (0—10 scale) in each
period of Phase II, was 3.2 & 2.1 for 200 G mag-
nets (mean & SD) as compared with 3.9 £2.2
for 50 G magnets (P=0.08). This difference
corresponds to an 18% pain reduction pro-
duced by the 200 G compared to the 50 G
treatment (Table 2). The patient who un-
blinded himself reported a 44% reduction in
average leg pain with the 200 G belt compared
to the 50 G belt. Including this patient in the
analysis resulted in a P value for average
leg pain reduction of 0.06.

Secondary Outcome. In Phase II, global pain re-
lief scores were better for patients receiving
200 vs. 50 G magnets (P < 0.0002, Wilcoxon
Signed Rank test for comparison across the
six-category scale; t=3.88, P=0.0007 using
parametric #test) (Table 3). Thirteen patients
gave the same global pain relief rating with
200 and 50 G magnets, nine rated the 200 G
magnets as one grade better, four rated the
200 G magnets as two or more grades better,
and none rated the 50 G magnets as better.
During Phase I, there were no significant dif-
ferences in pain reduction in any of the pain
scores in patients receiving 200 vs. 50 G mag-
nets (Table 4). During Phase II, pain reduction
was significantly better using 200 G magnets
for average overall (21%) and worst overall
pain (17%) (Table 2). Fig. 3 illustrates that,
in Phase II, the mean of average leg pain
scores during treatment with the 200 G mag-
net continued to drop during Weeks 3, 4,

Pain Outcome Scores in 27 Blinded Phase II Completers

Pain Baseline 200 G 50 G 200—50 G P value 95% CI % Reduced”
Average leg 4.6 3.2 3.9 -0.7 0.08 [—2%, 36%] 18
Average back 5.1 3.7 4.1 —0.4 0.31 [-9%, 27%] 10
Average overall 4.7 34 4.3 -0.9 0.02 [3%, 37%] 21
Worst leg 5.6 4.0 4.4 —0.4 0.23 [—7%, 26%] 9
Worst back 6.3 4.3 5.0 -0.7 0.11 [—3%, 31%] 14
Worst overall 5.80 4.0 4.8 -0.8 0.04 [1%, 32%] 17

“% Reduced refers to percent pain reduction when comparing 200 to 50 G magnet.
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Table 3 6 1
Global Pain Relief in Phase II 5
200 G Magnet -%
o 44
50 G Magnet Worse None Mild Moderate A Lot Total o 4
)
Worse 0 1 0 0 1 2 i 31
None 0 1 2 1 0 4 2 2
Mild 0 0 6 4 2 12 o
Moderate 0 0 0 3 9 5 <] ——50G
A lot 0 0 0 0 3 3 —=— 200G
Total 0o 2 8 8 8 26 0 . . . : .

This table matches the number of patients within each category of
the global pain relief scale for both the 50 and 200 G magnets. For
example, there were four patients who experienced mild pain re-
lief with the 50 G and moderate relief with the 200 G magnet
(P<0.0002, Wilcoxon Signed Rank test, for comparison across
the six-category scale).

and 5 wearing the 200 G belt, albeit without
reaching statistical significance. For the 50 G
magnet, this drop leveled off after Week 2.

In regard to measures of quality of life, there
were no significant differences (P=0.23) be-
tween the mean scores on the Beck Depression
Inventory or the Oswestry Disability Index
(paired ¢=0.90, P=0.811) for patients using
the 200 and 50 G magnets. Similarly, after
adjustment for multiple comparisons, SF-36
scores were not significantly different between
the two treatment groups (Table 5).

Patient Belt Preferences. At the conclusion of
the study, 96% of the patients requested
a belt to be made for them for long-term us-
age, with 82% of these patients requesting
the 200 G magnet belts.

Period and Carryover Effect. No carryover or pe-
riod effects could be detected during Phase I
when comparing pairs of periods (P> 0.05).
Graphical inspection for carryover effect and
period effects was consistent with the multiple

week1  week2 week3 week4 week5
Time
Fig. 3. Average leg pain over both periods of Phase
II. Each point represents the mean of average leg

pain for each week of treatment with 50 and
200 G during Phase II for the 27 blinded patients.

two-period crossover approximate analyses of
the average and maximum pain scores in
Phase I when comparing each possible paired
combination in Phase I. In Phase II, P values
were 0.77, 0.93, and 0.54 for the carryover,
period, and orientation effects of average leg-
pain scores, respectively.

Side Effects. No patient withdrew from Phases I
or II because of an adverse effect associated
with either treatment. One study completer re-
ported a sensation of heat and fatigue while
wearing the 50 G belt during Phase 1.

Blinding. Three patients did not fill out
blinding questionnaires. Fifteen Phase II com-
pleters based their correct guess on pain relief,
and one patient based his correct guess on
checking the belt. Eight patients based their
false guesses on pain relief and one patient
based his false guess on the side effect he at-
tributed to a magnetic treatment. Nurses based
their correct guesses on pain relief for 16

Phase I Magnet Data for One Week of Treatment in 40 Phase I Completers

Baseline” 200G 50G NoRx % Reduced’ (20050 G)  Pvalue’ % Reduced” (50 G—No Rx)

Average leg 4.3 34 3.5 3.9
Average back 4.8 3.9 4.1 4.4
Average overall 4.5 3.8 4.0 4.4
Worst leg 5.3 4.2 4.3 4.6
Worst back 6.0 4.8 5.2 5.2
Worst overall 5.5 4.6 5.0 5.3

4 0.11 9.8
4.5 0.28 5.4
4.9 0.21 0.2
2 0.42 6.7
8 0.07 0.5
6.6 0.08 5.6

No Rx = No treatment.

“Baseline values were obtained before either intervention was started (at the beginning of the total 10 weeks).
"% Reduced refers to percent pain reduction when comparing 200 to 50 G magnets.

“The P values were generated from the analysis of the pain scores and not from percent pain reduction.

“% Reduced refers to percent pain reduction when comparing 50 G magnets to no treatment.


traceydiner
Highlight


442 Khoromi et al. Vol. 34 No. 4 October 2007
Table 5 differences between 200 and 50 G magnets in
SF-36 Scores for the Two Treament Groups Phases I and IL
o200 50 P Several limitations may have been present in
Bascline G G value this study. Although the 50 G “sham” was in-
Physical functioning 48 59 51 0.02 strumental in obtaining proper blinding as at-
Social functioning 68 79 73 013 tested by the blinding questionnaire scores,
Role limitations (physical) 41 64 50 0.10 .
Role limitations (emotional) 54 85 62 0.01 the field delivered by the 50 G magnet at the
Body pain 38 60 46 0.01 9 cm depth may have exerted a small treat-
Mental health 72 78 74 0.13 : :
ment effect, thereby reducing the size of the
Vitality 48 55 53 0.43 ? 4 8

62 70 65 0.14

Pvalues relate to comparisons of 50 to 200 G magnets. None of the
P values are significant when corrected with a Bonferroni test for
multiple comparisons.

General health perception

patients. For one patient they were uncertain,
and for eight patients their incorrect guesses
were based on pain relief.

Placebo Effect. Based on percent pain reduc-
tion (Table 4) during the no treatment period,
placebo effect ranged from 1% to 10% for the
six pain scores during Phase I.

Discussion

In this randomized trial, five-week treat-
ments with 200 G magnets reduced average
leg pain, the primary outcome, by 18% com-
pared with 50 G magnets (95% CI: —2% to
36%, P=0.08). Because the 95% confidence
interval includes zero, these data do not rule
out an effect entirely due to chance. However,
our findings of several significant differences
in secondary measures were encouraging.
The average and worst pain scores during
Phase II (Table 2) were superior with the
200 G magnets, as were the global pain ratings.
In addition, Fig. 3 indicates the difference in
pain scores between 200 and 50 G magnets in-
creased from Week 1 through the final week of
treatment, without reaching statistical signifi-
cance. It is possible that the analgesic effect
of this magnetic treatment has a cumulative ef-
fect or a slow onset and that a longer treatment
period would have shown a significant effect
for the primary outcome. Differences in adi-
pose or muscle tissue superficial to the target
area may also explain why some patients expe-
rienced more pain reduction than others.
Such anthropometric differences between the
two groups or the longer duration of treat-
ment periods of five weeks in Phase II, as com-
pared to two weeks in Phase I, may explain the

true treatment difference between the 200
and 50 G devices. Lack of differences between
“no treatment” and 50 G magnets in Phase I,
however, suggests that any such effect may be
small or negligible. The 50 G device also pro-
duced fields in the 10—20 G range on superfi-
cial lumbar muscles, which lie toward the
lower range of magnetic fields that may exert
an analgesic effect on musculoskeletal struc-
tures.? Thus, the full effect of the 200 G device
(Appendix) may not have been properly tested
at the level of the musculoskeletal tissue.

We would conjecture that any bias due to
study dropouts (7% during Phase II) or un-
blinding was relatively minor. None of the cor-
rect guesses for patients and nurses alike were
based on side effects. In addition, there was no
evidence of carryover or period effects during
either phase.

The sample size was relatively small,*” but sim-
ilar sample sizes previously used by our team in
drug trials of patients with neuropathic pain
have yielded statistically significant results for
modestly effective treatments.’”*' Recruiting
patients through newspaper advertisement
may also have created a bias by selecting subjects
favorable to alternative treatments. In addition,
6 of the 10 Phase I completers who dropped
out of the study prior to Phase II may have
withdrawn due to lack of pain relief, which
could have resulted in an enhanced effect in
Phase II.

Large placebo effects are commonly ascribed
to pain treatments,”” especially complementary
and alternative treatments.® However, to distin-
guish true placebo effects from regression to
the mean, “no treatment” periods are needed.
Meta-analyses of such studies have lowered esti-
mates of the magnitude of the placebo ef-
fect.>*®® In Phase I of our study, the difference
between pain scores with the 50 G magnet and
no treatment condition represents the sum of
true placebo effects and possible electromag-
netic effects of 50 G devices on pain. This total
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effect, 1%—10% on various measures, suggests
that the placebo effect was small (Table 4).

Although there is a substantial literature de-
scribing how electromagnetic fields may affect
biological systems,’® few studies have focused
on how magnets may affect nerve root sensitiv-
ity. Static magnetic fields have been reported
to exert a direct effect on calcium binding to
calmodulin and secondary messenger enzymes
(kinases, etc).37 Certain electromagnetic fields
cause a significant increase in calcium efflux
from chicken brain tissue in  vitro
(0.05—0.38 G).38 Calcium is the key transducer
of neuronal membrane potential changes into
specific cellular actions and neurotransmitter
release at the synaptic level, and, therefore,
could dampen neuronal hyperexcitability and
its cellular accompaniments. Magnetic fields
from 0.2 to 10 G with large spatial gradients
(approximately 10 G/mm) have been re-
ported to increase the inhibitory threshold of
electrically stimulated sensory neurons in
vitro,! 18

Two previous clinical studies have shown
that magnets may be associated with modest
improvement in neuropathic pain. The study
of sciatica patients by Thuile and Walzl was de-
scribed above.!® In the other study, multipolar,
450 G, permanent magnetic insoles were asso-
ciated with pain relief in a multicenter, ran-
domized controlled trial of patients with
painful diabetic neuropathy.'® One attractive
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Fig. 4. Decay of the magnetic field along the zaxis

(perpendicular to the magnet surface) for typical

200 and 50 G magnets used in this study. The mag-

net field at 9 cm was 6.5 and 1.6 G for the 200 and

50 G magnets, respectively.

12
114 . Approximate distance
] Act pp
10 clive to L5/S1 nerve root
9] /

Magnetic Field (gauss)
[$Be]
w
=
QO
3

4
35\0/\<

24

1 E ﬁarth \O
o+ —

75 80 85 90 95 100 105
Distance (cm)

Fig. 5. Expanded view of the magnetic field decay
along the zaxis (perpendicular to the magnet sur-
face) for typical 200 and 50 G magnets used in
this study. Vertical dashed line shows the approxi-
mate distance of the L5 and S1 nerve roots from
the skin surface. For reference, the earth’s magnetic
field, 0.3 G in the study location, is shown (horizon-
tal dashed line).

aspect of treatment with magnets is the ab-
sence of adverse effects, as supported by our
study and those previously published.'*"”

This randomized, controlled, double-blind
study showed a nonsignificant trend toward
leg pain reduction in patients with chronic sci-
atica exposed to magnets of 200 vs. 50 G
strength. The use of 50 G magnets achieved
the goal of proper blinding, which is an impor-
tant issue in magnet studies, but may have par-
tially masked the true effect of the 200 G
magnets on radicular pain. A longer duration
of treatment may have increased the effect of
200 vs. 50 G magnets (Fig. 3). In addition,
three of the secondary outcomes, global pain
relief, average overall and worst overall pain
score hint that overall pain in patients with
chronic sciatica may be responsive to treat-
ment with 200 G magnets. Studies of larger
size and longer duration should be considered
to explore the effects of 200 G or stronger
magnets compared with novel sham magnet
devices that offer superior blinding without
deep tissue effects.”

Acknowledgments

The authors gratefully acknowledge Drs.
Raymond Dionne, Laura Lee Johnson, Bikash



444 Khoromi et al.

Vol. 34 No. 4 October 2007

Mishra, and Eric Wassermann for their con-
structive comments on the manuscript.

References

1. Heliovaara M, Impivaara O, Sievers K, et al.
Lumbar disc syndrome in Finland. | Epidemiol
Community Health 1987;41(3):251—258.

2. Weintraub MI. Magnetotherapy: a new interven-
tion? Arch Phys Med Rehabil 1998;79(4):469—470.

3. Eisenberg DM, Kessler RC, Foster C, et al. Un-
conventional medicine in the United States. Preva-
lence, costs, and patterns of use. N Engl ] Med
1993;328(4):246—252.

4. Repacholi MH, Greenebaum B. Interaction of
static and extremely low frequency electric and mag-
netic fields with living systems: health effects and
research needs. Bioelectromagnetics 1999;20(3):
133—160.

5. Hong CZ, Lin JC, Bender LF, et al. Magnetic
necklace: its therapeutic effectiveness on neck and
shoulder pain. Arch Phys Med Rehabil 1982;
63(10):462—466.

6. Hinman MR, Ford ], Heyl H. Effects of static
magnets on chronic knee pain and physical func-
tion: a double-blind study. Altern Ther Health
Med 2002;8(4):50—55.

7. Caselli MA, Clark N, Lazarus S, Velez Z,
Venegas L. Evaluation of magnetic foil and PPT in-
soles in the treatment of heel pain. J] Am Podiatr
Med Assoc 1997;87(1):11—16.

8. Vallbona C, Hazlewood CF, Jurida G. Response

of pain to static magnetic fields in postpolio
patients: a double-blind pilot study. Arch Phys
Med Rehabil 1997;78(11):1200—1203.

9. Colbert AP. Therapeutic uses of magnets. Arch
Phys Med Rehabil 2002;83(1):144.

10. Alfano AP, Taylor AG, Foresman PA, et al. Static
magnetic fields for treatment of fibromyalgia: a ran-
domized controlled trial. J Altern Complement Med
2001;7(1):53—64.

11. Collacott EA, Zimmerman JT, White DW,
Rindone JP. Bipolar permanent magnets for the
treatment of chronic low back pain: a pilot study.
JAMA 2000;283(10):1322—1325.

12. Weintraub MI, Wolfe GI, Barohn RA, et al.
Static magnetic field therapy for symptomatic dia-
betic neuropathy: a randomized, double-blind, pla-
cebo-controlled trial. Arch Phys Med Rehabil 2003;
84(5):736—746.

13. Thuile C, Walzl M. Evaluation of electromag-
netic fields in the treatment of pain in patients
with lumbar radiculopathy or the whiplash syn-
drome. NeuroRehabilitation 2002;17(1):63—67.

14. Wolfe F. Fibromyalgia. Rheum Dis Clin North
Am 1990;16(3):681—698.

15. Fardon DF, Milette PC. Nomenclature and clas-
sification of lumbar disc pathology. Recommenda-
tions of the combined task forces of the North
American Spine Society, American Society of Spine
Radiology, and American Society of Neuroradiology.
Spine 2001;26(5):E93—E113.

16. Kroenke K, Spitzer RL, deGruy FV 3rd,
Swindle R. A symptom checklist to screen for soma-
toform disorders in primary care. Psychosomatics
1998;39(3):263—272.

17. Cavopol AV, Wamil AW, Holcomb RR,
McLean MJ. Measurement and analysis of static
magnetic fields that block action potentials in cul-
tured neurons. Bioelectromagnetics 1995;16(3):
197—-206.

18. McLean M], Holcomb RR, Wamil AW,
Pickett JD, Cavopol AV. Blockade of sensory neuron
action potentials by a static magnetic field in the 10
mT range. Bioelectromagnetics 1995;16(1):20—32.

19. Eccles NK. A critical review of randomized con-
trolled trials of static magnets for pain relief. ]
Altern Complement Med 2005;11(3):495—509.

20. Farrar JT, Young JP Jr, LaMoreaux L, Werth JL,
Poole RM. Clinical importance of changes in
chronic pain intensity measured on an 11-point nu-
merical pain rating scale. Pain 2001;94(2):149—158.

21. Jensen MP, McFarland CA. Increasing the reli-
ability and validity of pain intensity measurement
in chronic pain patients. Pain 1993;55(2):195—203.

22. Fairbanks JCT, Couper J, Davies JB, O’Brien JP.
The Oswestry low back pain disability questionnaire.
Physiotherapy 1980;66:271—273.

23. Williams AC, Richardson PH. What does the
BDI measure in chronic pain? Pain 1993;55(2):
259—266.

24. Ware JE Jr. SF-36 health survey update. Spine
2000;25(24):3130—3139.

25. Pocock §J. Cross-over trials. In: Clinical trials: A
practical approach, 4th ed. Chichester, UK: Wiley
and Sons, 1983:110—122.

26. Schnitzer TJ, Gray WL, Paster RZ, Kamin M. Ef-
ficacy of tramadol in treatment of chronic low back
pain. ] Rheumatol 2000;27(3):772—778.

27. Gendreau M, Hufford MR, Stone AA. Measur-
ing clinical pain in chronic widespread pain: se-
lected methodological issues. Best Pract Res Clin

Rheumatol 2003;17(4):575—592.

28. Deyo RA, Weinstein JN. Low back pain. N Engl
J Med 2001;344(5):363—370.

29. Moore RA. Size is everything—Ilarge amounts of
information are needed to overcome random ef-
fects in estimating direction and magnitude of treat-
ment effects. Pain 1998;78:209—216.

30. Kishore-Kumar R, Max MB, Schafer SC, et al.
Desipramine relieves postherpetic neuralgia. Clin
Pharmacol Ther 1990;47(3):305—312.



Vol. 34 No. 4 October 2007

Permanent Magnets as Treatment for Chronic Sciatica 445

31. Max MB, Kishore-Kumar R, Schafer SC, et al. Ef-
ficacy of desipramine in painful diabetic neuropa-
thy: a placebo-controlled trial. Pain 1991;45(1):3—9.

32. Benedetti F, Arduino C, Amanzio M. Somato-
topic activation of opioid systems by target-directed
expectations of analgesia. ] Neurosci 1999;19(9):
3639—3648.

33. Abbot NC, Harkness EF, Stevinson C, et al. Spir-
itual healing as a therapy for chronic pain: a ran-
domized, clinical trial. Pain 2001;91(1—2):79—89.

34. Hrobjartsson A, Gotzsche PC. Unreliable analy-

sis of placebo analgesia in trials of placebo pain
mechanisms. Pain 2003;104(3):714—715. [Author

36. Pilla AA. Weak time-varying and static magnetic
fields: from mechanisms to therapeutic applica-
tions. In: Stavroulakis P, ed. Biological effects of
electromagnetic fields. New York: Springer Verlag,
2003: 34—75.

37. Pilla AA, Muehsam DJ, Markov MS, Sisken BF.
EMF signals and ion/ligand binding kinetics: pre-
diction of bioeffective waveform parameters. Bioe-
lectrochem Bioenerg 1999;48(1):27—34.

38. Blackman CF, Benane SG, Rabinowitz JR,
House DE, Joines WT. A role for the magnetic field
in the radiation induced efflux of calcium ions from
brain tissue in vitro. Bioelectromagnetics 1985;6(4):
327-337.

reply 715—716]. 39. Wolsko PM, Eisenberg DM, Simon LS, et al.

Double-blind placebo-controlled trial of static mag-
nets for the treatment of osteoarthritis of the
knee: results of a pilot study. Altern Ther Health
Med 2004;10(2):36—43.

35. Hrobjartsson A, Gotzsche PC. Is the placebo
powerless? Update of a systematic review with 52
new randomized trials comparing placebo with no
treatment. J Intern Med 2004;256(2):91—100.

Appendix
Magnetic Field Measurements for Study Devices

The 200 G strength was chosen for the surface magnetic field so that the static field at the level of
the nerve roots was approximately 20 x ambient, that is, 5—10 G. The earth’s magnetic field in this
geographic location is 0.32 G. Thus, at the level of the nerve roots, the 50 G magnet applied a magnetic
field approximately 1 G above the ambient magnetic field. Magnetic field measurements were carried
out by placing the magnets horizontally in a specially constructed gantry, which allowed computer con-
trolled motion to £0.1 mm in all three axes of a 3D Hall Effect probe having 1 mm spatial resolution
(Sentron Model 3RT). Probe movement along the zaxis was computer controlled and data were sam-
pled with a 12-bit A/D converter. All magnetic field measurements represent an average of 100 sam-
ples at each distance and are accurate to £0.1 G. The curves shown in Figs. 4 and 5 represent the
magnetic field at distances along the zaxis starting on the surface in the center of each magnet. Curve
fit was cubic, as expected: To a first approximation, the depth of penetration of the magnetic field into
tissue was reduced inversely with the cube of the small dimension of the magnet (two inches in this
study). All magnets were checked prior to assignment by a research assistant independent of the study
team with a hand-held Gaussmeter (model manufacturer).





