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Abstract—The purpose of this pilot study was to determine
the efficacy of an extremely low-frequency magnetic field
(ELF-MF) in decreasing chronic pain in fibromyalgia (FM)
patients. Thirty-seven females were recruited and randomized
into two groups: one group was first exposed to systemic ELF-
MF therapy (100 microtesla, 1 to 80 Hz) and then to sham ther-
apy, and the other group received the opposite sequence of
intervention. Pain, FM-related symptoms, and the ability to
perform daily tasks were measured using the Visual Analog
Scale, Fibromyalgia Impact Questionnaire (FIQ), Fibromyal-
gia Assessment Scale (FAS), and Health Assessment Question-
naire (HAQ) at baseline, end of first treatment cycle, beginning
of second treatment cycle (after 1 mo washout), end of second
treatment cycle, and end of 1 mo follow-up. ELF-MF treatment
significantly reduced pain, which increased on cessation of
therapy but remained significantly lower than baseline levels.
Short-term benefits were also observed in FIQ, FAS, and HAQ
scores, with less significant effects seen in the medium term.
ELF-MF therapy can be recommended as part of a multimodal
approach for mitigating pain in FM subjects and improving the
efficacy of drug therapy or physiotherapy.

Clinical Trial Registration: ClinicalTrials.gov; “Very low
frequency magnetic fields in the treatment of fibromyalgia”:
NCT02231541; https://clinicaltrials.gov/ct2/show/
NCT022315412term=NCT02231541&rank=1

Key words: chronic pain, electromagnetic fields, ELF,
extremely low-frequency, fibromyalgia, magnetic fields, mag-
netotherapy, pain, physical therapy, rehabilitation.
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INTRODUCTION

Fibromyalgia (FM) is a chronic condition that is
characterized by widespread body pain (present for more
than 3 mo, above and below the waist, on the left or right
side of the body) and pain on digital palpation of at least
11 of 18 predefined tender points. The prevalence of FM
in the general population is estimated to be 2 to 7 percent.
The chronic pain in FM is often associated with comor-
bidities, such as fatigue, depression, sleeping disorders,
morning stiffness, irritable bowel syndrome, diffuse
abdominal pain, anxiety, and headache [1-2].

Although the pathogenesis of FM is not completely
understood, it has been suggested that peripheral or central

Abbreviations: ELF = extremely low-frequency, FAS =
Fibromyalgia Assessment Status, FIQ = Fibromyalgia Impact
Questionnaire, FM = fibromyalgia, HAQ = Health Assessment
Questionnaire, MF = magnetic field, PEMF = pulsed electro-
magnetic field, TO = baseline, Tl = end of first treatment
cycle, T2 = beginning of second treatment cycle (after 1 mo
washout), T3 = end of second treatment cycle, T4 = after 1 mo
follow-up, TMS = transcranial magnetic stimulation, VAS =
Visual Analog Scale.
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hyperexcitability at the level of the spinal cord or brain
stem, changes in pain perception, and somatization miti-
gate the pain. Several studies have implicated central
pain sensitization of the brain pain matrix in the patho-
genesis of chronic pain [3-7].

The etiopathology of FM is considered to be multi-
factorial and develops through the interaction of neuro-
hormonal, genetic, and psychological factors. Conversely,
no FM-specific personality has been defined [8], and per-
sonality has been proposed to be another important filter
that modulates one’s response to psychological stressors.
Certain personalities facilitate the translation of such
stressors into physiological responses, driving fibromyal-
gic mechanisms [9].

Physical exercise and multimodal cognitive behav-
ioral therapy are the most widely accepted and beneficial
forms of nonpharmacological treatment for FM [10-14].
Yet, there is equivocal evidence regarding the efficacy of
physical therapy in FM. Chiropractic, laser therapy, mag-
netic field (MF) therapy, massage, and transcranial cur-
rent stimulation are not recommended, based on a recent
review by Winkelmann et al. [15]. Alternatively, other
studies have demonstrated relief from FM symptoms
through laser therapy [16]. MF therapy has been applied
to treat osteoarthritis and inflammatory diseases of the
musculoskeletal system, alleviate pain, accelerate the
healing of ulcers, and reduce spasticity [17]. There is evi-
dence of the effects of MFs on brain signals and certain
psychological disorders, such as headache, migraine, and
depression. Based on these findings, specific protocols
can be designed using a combination of exposures to var-
ious MFs that generate the brain signals necessary to
clinically evaluate the effects of MFs [18—19].

Extremely low-frequency (ELF)-MFs in the picotesla
and millitesla ranges are administered to improve neuro-
transmission and correct local immune pathology, respec-
tively [20]; they are effective in decreasing chronic pain in
osteoarthritis and reducing fatigue in multiple sclerosis.

ELF-MFs alter animal behavior and modulate bio-
logical variables, including gene expression, cell sur-
vival, cellular differentiation, and cerebral blood flow in
aged transgenic mice [21-22]. Alterations in inflamma-
tory responses have also been observed, but how these
activities affect human health remains unknown [23].

Other studies have indicated a beneficial effect of
ELF-MFs in a model of global cerebral ischemia, inhibit-
ing vessel growth in a specific range of amplitudes and
thus demonstrating antiangiogenic activity [24-25].

Although the precise mechanism of ELF-MFs remains
undetermined, they have unexpected short-term analgesic
effects in neuropathic pain [26-27]. No study has exam-
ined the efficacy of ELF-MFs in FM, excluding reports
on transcranial pulsed MFs [28-31].

Shupak and colleagues studied specific pulsed elec-
tromagnetic fields (PEMFs) in FM that extended from
the outer periphery of the cingulate cortex to the brain
midline (30 min duration, 200 to 400 uT, 1 kHz); PEMFs
effected a modest reduction in pain in patients with rheu-
matoid arthritis but not for those with FM versus the
sham group [28]. In contrast, Maesti and colleagues
studied the effect of very low-intensity pulsed transcra-
nial magnetic stimulation (TMS) on FM (once per week,
8 sessions, 20 min duration, 43 nT for each coil, 8 Hz)
and noted that it had analgesic and antinociceptive
effects, similar to the opioid analgesic effects in PEMF-
exposed patients [29]. Nevertheless, there is no definitive
treatment modality that is effective in FM patients, and
the results are often mixed.

Based on these studies, we wanted to expand the use
of nonpulsed ELF-MFs through total body magnetic
exposure as opposed to TMS. The aim of this pilot study
was to determine the efficacy of mild nonpulsed ELF-
MFs in mitigating chronic pain in FM patients.

MATERIALS AND METHODS

Study Design

This crossover, randomized, double-blind pilot study
measured the effects of nonpulsed ELF-MFs versus sham
therapy on chronic pain in subjects with FM (Figure 1).
All patients underwent a period of ELF-MF therapy and a
period of sham therapy, half of them in that sequence and
the other half receiving sham treatment first.

Subjects

From September 2014 to December 2014, 37 female
subjects were recruited from the Physical Medicine and
Rehabilitation outpatient clinic, Policlinico Umberto I
Hospital, Sapienza University of Rome, Rome, Italy. The
mean age (in years) was 49.50 £ 9.38 and 51.12 = 12.47
for the ELF-MF and sham groups, respectively; the mean
body mass index values (kilogram per meter square)
were 24.89 £ 5.26 and 25.85 £ 6.43, respectively. All
subjects’ FM was defined clinically per the 1990 and
2010 American College of Rheumatology criteria. We
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Assessed for eligibility (n=37) «f— Outpatient-Rheumatology Unit

Excluded (n=4)
P - Not meeting inclusion criteria (n=3)
- Declined to participate (n=1)

Randomized (n=33)

Outpatient-Rehabilitation Unit

Ratio 1:1
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B

TO: Allocated to ELF
Group (n=16)

The First Rehabilitation
Cycle (2 months)
ELF-SHAM

TO: Allocated to Sham
Group (n=17)
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sessions because of
work or family issues
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Flowchart of the study. ELF = extremely low-frequency, IMFUP = 1 mo follow-up, TO = baseline, T1 = end of first treatment cycle, T2 =
beginning of second treatment cycle (after 1 mo washout), T3 = end of second treatment cycle, T4 = after 1 mo follow-up.

Figure 1.

included all subjects with FM who experienced wide-
spread pain for more than 3 mo and pain with 4 kg/cm?
pressure at 11 or more of the 18 tender points (in every
case, the diagnosis of FM had been established by the
patient’s theumatologist), were aged 18 to 60 yr, and had
a Visual Analog Scale (VAS) score >3 for pain.

The exclusion criteria were the presence of concomi-
tant autoimmune or hematologic diseases, psychiatric
disorders (such as mild depression and anxiety with phar-
macological and psychological treatment), other causes
of chronic pain, and other diseases such as epilepsy and
tumors. Pregnant women, those with pacemakers, and
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subjects who were concurrently participating in another
type of physical therapy were excluded. Also, subjects
with overlapping painful conditions, such as chronic
fatigue and irritable bowel or inflammatory bowel syn-
drome, were excluded.

Those with comorbidities, such as myocardial infarc-
tion, lower-limb arterial disease, major neurological
problems, diabetes, gastrointestinal disease, chronic
respiratory disease, kidney disease, and poor vision, were
not included. The pharmacological therapeutic regimen
must have been stable for at least 3 mo before the patient
began treatment: acetaminophen up to 3 g/d, tramadol up
to 200 mg/d, and pregabalin up to 150 mg/d.

All patients were instructed not to take any new med-
ications during the study protocol and to avoid other
rehabilitation approaches. During the rehabilitation ses-
sions, no patient reported an increase in pain that led to
treatment discontinuation or greater use of current drug
therapy. Overall, 3 of the initial 37 recruited subjects
were excluded and 1 declined to participate. We also
excluded patients who attended fewer than 10 sessions
(n=17).

Patients were randomized into two groups. One
group consisted of 16 patients with FM who were
exposed to ELF-MFs first and then received sham expo-
sures. The other group consisted of 17 patients with FM
who received sham exposures first and were then
exposed to ELF-MFs. There were no significant differ-
ences in baseline characteristics between groups. For eth-
ical consideration, each group underwent ELF-MF
treatment.

Magnetic Field Treatment and Setting

The LIMFA system (Eywa srl; Rimini, Italy)
(ISO9001 certification number 390263) was used to cre-
ate multifrequency magnetoelectric fields with an inten-
sity of 100 puT and a low-frequency field.

Subjects participated in 12 treatment sessions, 3 times
per week for 4 weeks, in a double-blind controlled trial,
with each session lasting for 30 min. Patients were asked
to rest on a bed on a multi-low-frequency MF mattress
and exposed to genuine or sham therapy. Genuine ther-
apy comprised systemic ELF-MF with an intensity of
100 uT and a multifrequency of 1 to 80 Hz (Figure 2).

The device, a magnetic mattress, works during sham
or genuine exposure depending on the type of modality
that is specified. The observer and patient were blinded to
the modality that was activated. Active and placebo

Figure 2.
Treatment with extremely low-frequency magnetic field.

codes were randomly assigned to the groups and revealed
on completion of the study by all participants. The sham
modality was obtained by switching to a different code
on the device, resulting in no magnetic fields being gen-
erated, as if the machine were turned off.

Outcome Measures

The primary outcome was the change in chronic
pain. Subjects were evaluated at baseline (T0), at the end
of the first treatment cycle (T1), at the beginning of the
second treatment cycle (after a 1 mo washout) (T2), at the
end of the second treatment cycle (T3), and after 1 mo
follow-up (T4). T2 was considered the crossover point
for the two groups (Figure 1).

Patients were evaluated with specific FM scales. The
Fibromyalgia Impact Questionnaire (FIQ) consists of three
sections: Function, Impact, and Symptoms, which when
combined produce an overall score. The first section con-
tains 10 subitems (FIQ-Physical Impairment) and focuses
on the patient’s ability to perform daily tasks that involve
the large muscles (e.g., cooking, cleaning, walking, shop-
ping, homemaking, socializing, and mobility). The next
two sections (FIQ-Feel Good and FIQ-Work Missed) ask
patients to circle the number of days in the past week on
which they felt good and the number of days that they
missed work. The last seven items probe the ability to do
one’s job, pain, fatigue, morning tiredness, stiffness, anxi-
ety, and depression. The total FIQ score is calculated by
adding the following 10 items: the physical functioning
score, the number of days of feeling good, the number
of work days missed, the ability to do one’s job,
pain, fatigue, morning tiredness, stiffness, anxiety, and
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depression. The FIQ score ranges from 0 to 100, with 100
indicating the maximum impact of FM [32]. The FIQ has
been translated into many languages, including Italian [33].

The Fibromyalgia Assessment Status (FAS) is a sim-
ple and rapidly implemented index consisting of a “pain
map” called the Self-Assessment Pain Scale (in which
the patient is asked to indicate how much pain he or she
suffered in the previous week in 16 areas of the body,
with a grading scale that ranges from 0 to 3) and two
scales (with ratings between 0 and 10) that evaluate
fatigue and quality of sleep, for a total score of 0 to 10.
The FAS allows physicians to obtain reliable information
concerning the course of the disease and is sensitive
enough to alert them in the case of deterioration [34].

The Health Assessment Questionnaire (HAQ) is a
self-administered, 20-item questionnaire that assesses
difficulties in performing eight daily activities (dressing
and grooming, getting up, eating, walking, hygiene,
reaching, ability to grip, and outside activities). For each
item, patients are asked to rate the level of difficulty that
they have experienced over the previous week in per-
forming these activities on a 4-point scale, from 0 (no
difficulty) to 3 (unable to perform). The final HAQ score
is the average score of the eight categories and thus also
ranges from 0 to 3, with higher scores reflecting greater
disability [35].

The VAS is a simple, robust, sensitive, and reproduc-
ible instrument that enables patients to express their pain
intensity as a numerical value. Patients were asked to
mark the point that corresponded to their perceived pain
intensity on a 10 cm line, with 0 indicating the absence of
pain and 10 reflecting the most severe pain [36].

Sample Size and Statistical Analysis

Because this trial was a pilot study, no sample size
was determined. The data are expressed as mean and
standard deviation. Because the clinical scores are ordi-
nal numbers, nonparametric statistics were chosen for the
between- and within-group analyses. Percentage
improvement with respect to beginning of the treatment
for the periods in which patients received ELF-MF and
sham treatment was compared and analyzed using Mann-
Whitney U-test. Within-group comparisons were per-
formed using Friedman analysis, followed by Wilcoxon
signed-rank test, for each group with regard to changes in
scores from baseline levels (T0). The alpha level was set
to 0.05 for all analyses, with the exception of post hoc
following Friedman analysis, for which Bonferroni cor-
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rection was applied. An intention-to-treat analysis was
performed.

RESULTS

As shown in Figure 1, 33 of 37 subjects who were
screened for eligibility were enrolled into the study; 16
patients underwent ELF-MF and then sham treatment,
and 17 received the therapies in reverse order. Baseline
scores (TO) did not differ significantly for any scale.
Patient characteristics at baseline are listed in Table 1.
Thirty participants completed at least one treatment
cycle, and their data were analyzed. Throughout the
study, 7 patients dropped out; thus, 26 patients ultimately
completed the entire protocol.

The primary outcome measure was reduction in pain,
assessed by VAS (Figure 3). ELF-MF treatment signifi-
cantly reduced pain (p = 0.001), which rose after the end
of treatment but remained significantly lower than base-
line levels (p = 0.001). Short-term benefits were also
observed in terms of the secondary outcome measures,
but the medium-term effects were less significant.

Figure 4 shows the changes in FAS scale scores: sig-
nificant improvements in FAS scores were noted at the
end of treatment (T1 for the ELF-sham group, T3 for
sham-ELF group) and lasted 1 mo (T2 and T4, respec-
tively), becoming nonsignificant at T3 and T4 for the
ELF-sham group.

The HAQ scores are reported in Figure 5. Only ELF-
sham patients had significantly different scores than their
counterparts who received sham therapy at the end of
treatment (p < 0.001 at T1); this change was poorly main-
tained after 1 mo (p = 0.03 at T2, not significantly differ-
ent from TO after Bonferroni correction). Analogously, the
sham-ELF group showed a significant within-group effect
of ELF-MF only at 1 mo after the end of treatment (T4).

The within-group declines in FIQ score that were
induced by ELF-MF were significant in both groups
(Figure 6). FIQ scores recovered only after T2 in ELF-
sham patients, despite remaining significantly lower than
baseline scores at T3, but this significance was lost at T4.
In comparing FIQ subscores for the ELF-sham versus
sham-ELF groups at T1 and T2, we found that the signif-
icant changes in overall scores were attributed to
improvements in FIQ-Physical Impairment (p = 0.03 at
T1, p < 0.001 at T2), FIQ-Feel Good (p = 0.02 and p <
0.001, respectively), FIQ-Work Missed (p = 0.003 for
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Table 1.

Baseline demographics and clinical characteristics of the study population with fibromyalgia (FM) and relevant means and standard deviations
(SDs) for the extremely low-frequency (magnetic field) (ELF)-sham group, sham-ELF group, and entire sample (pharmacological regimen [PR]:

acetaminophen-tramadol = A, pregabalin = B, nothing = 0).

. Age Weight Height Body Mass Index Duration of FM .
Patient Group or) (kg) m) (kg/m?) PR (vr) Employed Married

1 ELF-Sham 48 78 1.77 24.89 B 5 Yes Yes
2 ELF-Sham 58 68 1.60 26.56 A 10 No Yes
3 ELF-Sham 61 66 1.51 28.95 A 15 Yes Yes
4 ELF-Sham 58 64 1.65 23.51 A 16 No Yes
5 ELF-Sham 49 60 1.62 22.86 B 4 Yes Yes
6 ELF-Sham 34 60 1.63 22.58 A+B 2 Yes No
7 ELF-Sham 51 55 1.60 21.48 A+B 8 No Yes
8 ELF-Sham 44 53 1.55 22.06 A 7 No Yes
9 ELF-Sham 53 115 1.68 40.75 A+B 4 Yes Yes
10 ELF-Sham 23 50 1.55 20.81 A+B 1 Yes No
11 ELF-Sham 51 76 1.70 26.30 A 6 No Yes
12 ELF-Sham 50 50 1.60 19.53 A 10 No Yes
13 ELF-Sham 53 69 1.73 23.05 A 6 Yes Yes
14 ELF-Sham 54 73 1.77 23.30 B 3 Yes Yes
15 ELF-Sham 53 85 1.65 31.22 A 6 Yes Yes
16 ELF-Sham 52 57 1.67 20.44 A+B 5 No Yes
17 Sham-ELF 51 50 1.51 21.93 0 3 Yes Yes
18 Sham-ELF 72 69 1.60 26.95 A+B 6 No No
19 Sham-ELF 44 63 1.62 24.01 0 3 Yes Yes
20 Sham-ELF 39 73 1.53 31.18 B 9 Yes No
21 Sham-ELF 57 84 1.66 30.48 B 4 Yes Yes
22 Sham-ELF 53 80 1.60 31.25 0 6 Yes Yes
23 Sham-ELF 54 50 1.60 19.53 A 5 Yes Yes
24 Sham-ELF 71 69 1.60 26.95 0 6 No Yes
25 Sham-ELF 44 80 1.58 32.05 0 4 Yes No
26 Sham-ELF 48 47 1.54 19.82 0 7 No No
27 Sham-ELF 51 70 1.72 23.66 A+B 5 No Yes
28 Sham-ELF 53 50 1.63 18.82 A 6 Yes Yes
29 Sham-ELF 21 54 1.63 20.32 B 1 Yes No
30 Sham-ELF 39 105 1.55 4371 0 2 Yes Yes
31 Sham-ELF 68 51 1.56 20.96 0 10 No Yes
32 Sham-ELF 50 76 1.70 26.30 B 5 Yes Yes
33 Sham-ELF 54 55 1.60 21.48 0 8 No No
Mean+SD  ELF-Sham  49.50 +9.38 67.44+1632 1.64+0.08 24.89 £5.26 — 6.75+4.23 — —
Mean+SD  Sham-ELF 51.12+ 1247 6624+1590 1.60=+0.06 25.85+6.43 — 5294231 — —
Mean+SD  Total 50.33+£10.94 66.82+15.86 1.62+0.07 2538 +5.82 — 6.00 +£3.41 — —

both), FIQ-Pain (p = 0.005 and p < 0.001, respectively),
FIQ-Fatigue (p = 0.003 and p < 0.001, respectively),
FIQ-Morning Tiredness (p = 0.001 and p < 0.001, respec-
tively), FIQ-Stiffness (p = 0.004 and p < 0.001, respec-
tively), and FIQ-Depression (p = 0.003 and p < 0.001,
respectively). In contrast, differences in FIQ-Anxiety
scores were not significant at T1 (p = 0.07) but became
so at T2 (p = 0.001). A summary of the scale scores is
listed in terms of mean and standard deviation and p-
values by Mann-Whitney U-test (in bold if statistically
significant) (Table 2).

Table 3 summarizes the data as percentage improve-
ment with respect to beginning of the treatment for
patients with ELF-MF and sham treatment. VAS scores
generally declined by 50 percent versus 40 percent for
FAS and FIQ scores between pre— and post-ELF-MF
treatment (i.e., T1 vs TO in the ELF-sham group and T3
vs T2 in the sham-ELF group). These values were higher
than what was observed with the sham treatment, which
was approximately —7 percent, —6 percent, and —18 percent,
respectively (average comparisons between T3 and T2 in
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Figure 3.
Mean and standard deviation of Visual Analog Scale (VAS) for

pain for patients who performed extremely low-frequency (mag-
netic field) (ELF) and then sham treatment (gray) or the oppo-
site (empty circles). Statistically significant differences are
shown with stars: filled black stars for between-group compatri-
sons, gray stars for within-group comparisons with respect to
TO values for ELF-sham group, black empty stars for within-
group comparisons with respect to TO values for sham-ELF
group. TO = baseline, T1 = end of first treatment cycle, T2 =
beginning of second treatment cycle (after 1 mo washout), T3 =
end of second treatment cycle, T4 = after 1 mo follow-up.

the ELF-sham group and T1 and TO in the sham-ELF
group). No side effects were recorded during the study.

DISCUSSION

We noted good efficacy of ELF-MFs compared with
placebo. With regard to our primary outcome, as assessed
by the VAS, ELF-MF treatment significantly reduced
pain, which increased at the end of treatment but
remained significantly lower than baseline levels (p =
0.001). The VAS results are consistent with reported min-
imal clinically important difference values of a 23 per-
cent to 35 percent improvement in pain versus baseline
values [37-38]. Short-term benefits were also observed
in secondary outcome measures, but the medium-term
effects were less significant.

Nevertheless, our results are encouraging and should
prompt a continuing investigation of ELF-MF exposure
for short-term pain relief in FM patients and the applica-
tion of this stimulation over the long term. Future studies
should compare our ELF-MF protocol (which had bene-
fits without any side effects) with other more intensive
programs, for example, daily treatment or doubling the
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Figure 4.
Mean and standard deviation of Fibromyalgia Assessment Scale

(FAS) scores for patients who performed extremely low-
frequency (magnetic field) (ELF) and then sham treatment (gray)
or the opposite (empty circles). Statistically significant differ-
ences are shown with stars: filled black stars for between-group
comparisons, gray stars for within-group comparisons with
respect to TO values for ELF-sham group, black empty stars for
within-group comparisons with respect to TO values for sham-
ELF group. TO = baseline, T1 = end of first treatment cycle, T2 =
beginning of second treatment cycle (after 1 mo washout), T3 =
end of second treatment cycle, T4 = after 1 mo follow-up.

number of sessions in a single day. Existing TMS proto-
cols for the treatment of pain in FM differ in frequency
(nearly always pulsed), intensity, duration, and setting
[28-31]; no standardized protocol for ELF-MF treatment
in FM has been developed, and there are no studies in
this area with respect to total body stimulation with the
magnetic mattress. Consistent with similar studies, our
results demonstrate an analgesic and antinociceptive
effect, similar to the opioid analgesic effect in PEMF-
exposed patients [39-40].

A limitation of our study was the lack of a biochemical
assessment of the effects of ELF-MF on pain relief in our
FM patients. We hypothesize that the opioid analgesic
effect is related to the central sensitization that characterizes
FM. One of the hallmarks of FM is the implementation of
sensory input that is mediated by central nervous system
events, similar to neuropathic pain conditions (i.e., central
sensitization [increases in Substance P, a neuronal excit-
atory substance that mediates the conduction of pain in the
central nervous system]). FM has also been proposed to
involve a reduction in serotonin (a neurotransmitter of the
inhibitory descending system) and abnormal levels of nor-
epinephrine, which modulates endogenous pain inhibitory
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Figure 5.
Mean and standard deviation of Health Assessment Question-

naire (HAQ) scores for patients who performed extremely low-
frequency (magnetic field) (ELF) and then sham treatment (gray)
or the opposite (empty circles). Statistically significant differ-
ences are shown with stars: filled black stars for between-group
comparisons, gray stars for within-group comparisons with
respect to TO values for ELF-sham group, black empty stars for
within-group comparisons with respect to TO values for Sham-
ELF group. TO = baseline, T1 = end of first treatment cycle, T2 =
beginning of second treatment cycle (after 1 mo washout), T3 =
end of second treatment cycle, T4 = after 1 mo follow-up.

pathways and affects cortisol suppression [41]. The central
augmentation of sensory input is associated with enhanced
sensitivity to pain. Also, the chronic pain and allodynia in
FM as well as in mood disorders are associated with signifi-
cantly lower levels of ATP in platelets, which has been
implicated in their pathogenesis [42—43]. Likely, ELF-MF
reduces pain by relieving peripheral input in FM patients
and has short latency effects (1 mo), even after the end of
treatment and despite the modulation of biochemical media-
tors of pain, maintaining a short biochemical memory [44].
The algogenic effect of electromagnetic fields has also
been observed with pulsed MFs in osteoarthritic disease
[45-46]. Musaev and colleagues reported that low-
frequency pulsed MFs have analgesic, vasoactive, neuron-
stimulating, and trophic effects in patients with diabetic poly-
neuropathy, which has a similar sensory profile as FM [26].
The mechanism of the effect of MF therapy on pain
remains unknown, but certain studies have shown that short-
term exposure to electromagnetic fields influences several
inflammatory cellular and neurological processes, such as
patterns of cortical activation and inhibition and the activity
of various neurotransmitters, as in multiple sclerosis [40].

Q4001
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Figure 6.
Mean and standard deviation of Fibromyalgia Impact Question-

naire (FIQ) scores for patients who performed extremely low-
frequency (magnetic field) (ELF) and then sham treatment (gray)
or the opposite (empty circles). Statistically significant differ-
ences are shown with stars: filled black stars for between-group
comparisons, gray stars for within-group comparisons with
respect to TO values for ELF-sham group, black empty stars for
within-group comparisons with respect to TO values for sham-
ELF group. TO = baseline, T1 = end of first treatment cycle, T2 =
beginning of second treatment cycle (after 1 mo washout), T3 =
end of second treatment cycle, T4 = after 1 mo follow-up.

Our results do not demonstrate a stabilization of the
effect at the end of treatment. FIQ scores worsened after
T2 in ELF-sham patients, despite remaining significantly
lower than baseline levels at T3, but this significance was
lost at T4. These results might be due to the cyclical
nature of pain that characterizes patients with FM and to
our use of a nonintensive ELF-MF protocol in terms of
duration of treatment, weekly frequency, and number of
sessions. Because this trial was a pilot study, with no spe-
cific reference protocols, we decided to adopt a noninten-
sive treatment protocol to better respect the parameters of
patient safety. However, the source of sensory input in
FM patients remains unknown; thus, the duration of the
efficacy of ELF-MF remains undetermined. Similarly,
the magnetite hypothesis, based on the induction of elec-
tric currents, appears to be an unlikely mechanism, given
that the induced fields are orders of magnitude lower than
the endogenous electric fields in tissues; a connection
between magnetite and the nervous system has not been
demonstrated [39-40,47].

Sleep quality improved, as reflected in the FIQ sub-
scales, with ELF-MF. As an MF therapy, ELF-MF acts
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Group comparisons. Scores are expressed as mean + standard deviation; p-values in the rows refer to Mann-Whitney U-test, and those in the last
column were calculated by Friedman analysis for each group over time (in bold if statistically significant).

Group and

Scale . TO T1 T2 T3 T4 p-Value
Comparison
VAS ELF-Sham 49+14 26+1.1 22+1.0 40+1.3 46+1.3 <0.001
Sham-ELF 48+12 51+14 53+1.3 23+1.5 3.1+1.6 <0.001
p-Value 0.92 <0.001 <0.001 0.007 0.02 —
FIQ ELF-Sham 58.7+11.3 31.9+11.1 19.2+73 39.5+10.4 53.9+8.7 <0.001
Sham-ELF 572+12.3 542 +134 57.9+12.5 33.0+£9.6 25.1+£8.5 <0.001
p-Value 0.66 <0.001 <0.001 0.32 <0.001
FAS ELF-Sham 6.1+£1.7 3612 32+1.2 55+1.0 6.2+1.0 <0.001
Sham-ELF 64+14 62+1.4 6.1+1.7 39+1.5 35+19 <0.001
p-Value 0.65 <0.001 <0.001 0.007 0.002 —
HAQ ELF-Sham 0.7+0.3 04+0.2 03+0.2 0.7+0.2 0.8+0.3 <0.001
Sham-ELF 1.1+£0.8 1.5£09 1.1£09 09+0.8 0.7+0.7 <0.001
p-Value 0.58 0.001 0.03 0.98 0.41

ELF = extremely low-frequency (magnetic field), FAS = Fibromyalgia Assessment Scale, FIQ = Fibromyalgia Impact Questionnaire, HAQ = Health Assessment
Questionnaire, TO = baseline, T1 = end of first treatment cycle, T2 = beginning of second treatment cycle (after 1 mo washout), T3 = end of second treatment cycle,

T4 = after 1 mo follow-up, VAS = Visual Analog Scale.

Table 3.

Percentage changes with respect to baseline for Visual Analog Scale (VAS), Fibromyalgia Impact Questionnaire (FIQ), and Fibromyalgia
Assessment Scale (FAS) scores (p-values are in bold if statistically significant after Bonferroni correction).

Scale Group and TlvsTO T2vs TO T3vs TO T4vsTO
Comparison
VAS ELF-Sham 43521234 541199 214193 01151
Sham-ELF 8.0+255 63+ 16.0 57.0+25.8 239.7+26.0
p-Value <0.001 <0.001 0.001 0.006
FAS ELF-Sham 2397+ 162 465+ 173 ~11.8+18.9 12+154
Sham-ELF ~0.7+20.9 45+208 2393+ 184 —46.9+22.8
p-Value <0.001 <0.001 0.09 <0.001
FIQ ELF-Sham 456+ 14.8 ~673+9.9 3224195 81165
Sham-ELF 464177 20474 42097 560+ 9.4
p-Value <0.001 <0.001 0.001 <0.001

ELF = extremely low-frequency (magnetic field), TO = baseline, T1 = end of first treatment cycle, T2 = beginning of second treatment cycle (after 1 mo washout),

T3 = end of second treatment cycle, T4 = after 1 mo follow-up.

on peripheral neural stimulation and regulates microcir-
culation, like laser therapy [48], interrupting pain mecha-
nisms and promoting analgesia.

Based on our results, future studies in this field
should increase the sample size and extend the observa-
tion times (up to 1 yr) and also include other overlapping
painful conditions with FM.

CONCLUSIONS

ELF-MF therapy, within the parameters of this treat-
ment protocol, can be recommended as part of a multimodal
approach to reducing pain in FM subjects for short periods
and to intensifying the results of drug therapy or physiother-

apy. ELF-MFs have analgesic effects in FM. Clinically,
determining the biological effects of ELF-MF exposure in
FM could facilitate the development of alternative treat-
ments and novel therapeutic tools. However, future research
is needed to determine the long-term repeatability of various
treatment protocols, which requires greater standardization
with regard to patient safety and the duration of the effects.
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