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- Abstract
[24] Cbjectives: Fibromyalgia symptoms have a significant impact on the guality of iife and respond poorly io medications. It
[25] has been hypoihesized that the use of low-energy pulsed electromagnetic field (PEMF) induces neuroprotective affects
[26] that may interfere with pain perception. We explorad the efficacy of PEMF in patients affected by fihromyalgia.
[27] Methods: Twenty-one females {median age 5% years, interquartile rangs [JQR] 16.5) affected by fibromyalgia wers van-
domized to receive pulsed eleciromagnetic field-triple energy pain treatment (PEMF-TEPT) or placeko at T0 and at
[28] 4 weeks and 8 weeks. Fibromyalgia impact questionnaire (FIQ), widespraad pain index (WP), visual anaiog score {VAS)
[29] pain, symptom severity {(38) scale, and short form 36 (8F-36) health survey questionnaire have been evaluated.
30] Results: Patients in the PEMF-TEPT group had a significantly higher reduction of WPI compared to placebe (mean
[ difference —12.90 * standard deviation {SD] 5.22 vs. —1.91 * 4,55, difference in diffsrence [DD] of —10.88; P < 0,001}, of
[31] 88 score (—4.10 % 4,85 vs, ~2.00 % 2.32; DD = =2.1; P < 0.05), of VAS pain (—48 £ 30.75 vs. ~16.82 * 23.6%; DD = =31.18;
[32] P < 1.01). They also repoited a highser improvement of FIQ and SF-36, albeit not reaching statistical significance.
133] Conclusion: In our pilot controlled study, PENIF-TEPT appeared 1o be safe and improved fibromyalgia symptoms.
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[39] Background etiology and pathogenesis of fibromyalgia remain unknown,
[40] some lines of evidence point to a role for the central nervous
[41] Fibromyalgia affects between 0.4% and 8.8% of the general  system in pain amplification and in the development of other
[42] population, with a marked female predominance, and is symptoms. At the time of onset, some patients start complain-
[43] characterized by chronic widespread pain associated with  ing of regional pain and later develop widespread pain, even in
[44] dysesthesia, paresthesia or sensation of burning, tingling the absence of an identifiable input, with a top-down process,
[45] or numbness, and stiffness, as well as fatigue, poor sleep  while others have a definite disease (i.e., osteoarthritis) and
9
[46] quality, cognitive impairments in memory and concentra- pain becomes generalized afterward, with a bottem-up pattern,
[47] tion, headache, mood disorders, and bowel alterations. The  possibly related to altered nociception and nerve connectivity.
[48] diagnosis of fibromyalgia is predominantly clinical and does From a therapeutic standpeint, fibromyalgia management is
[49] not exclude the presence of other causes for pain.®! While the  aimed at improving quality of life but anti-inflammatory and
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analgesic drugs such as opicids have marginal effects and
are generally not tolerated.™ Despite the use of muscle re-
laxants and antidepressants along with non-phamacological
treatments, ¥ symptoms are often uncontrolled, not allowing
a good quality of life.™ Amaong alternative treatments, tran-
scranial magnetic stimulation® and transcutaneous electrical
nerve stimulationt have been proposed based con data com-
ing from heterogeneous studies with high risks of bias 129

Low-energy pulsed electromagnefic field (PEMF) is based on
the use of magnetotherapy, which preduces modulatory and
neuroprotective effects!' while promoting osteogenesis and
anhgiogenasis."! While effective in preventing falls in fragile
individuals,'® PEMF had moderate beneficial effects in treat-
ing pain from osteoarthritis when applied to the whole body
or to a specific joint™ or rheumatoid arthritis and fibromyal-
gia."* ¥ In a randomized, double-blind, sham-controlled trial,
PEMF administered to the whole body was effective in improv-
ing function, pain, fatigue, and global status in patients with
fibromyalgia, and the results were maintained at 12 weeks, ¥
but in another randomized controlled trial, the PEMF system
called Bio-Electro-Magnetic-Energy Regulation (BEMER)
had ne effect on fibromyalgia."? As previous studies applied
PEMF to the brain or to the whole body with conflicting re-
sults, and based on the challenges posed by the avaluation
of patient-reported outcomes in fibromyalgia, we performed
a randomized single-blind controlied pilot study to determine
the potential benefits of PEMF on different disease symptoms.

Patients and Methods
Subjects

Twenty-one women affected by fibromyalgia based on the
2010 ACR classification criterial'® were enrolled if they fulfilled
the following inclusion criteria: a diagnosis of fibromyalgia for
at least 1 year, visual analog scale (VAS) score for pain 24
in the 2 weeks before the enrolliment, and absence of any
chronic analgesic treatment (Table 1). Pregnant or breast-
feeding patients were excluded, along with patients with a co-
existing inflammatory musculoskeletal condition. All patients
were asked not to take pain medications (including NSAIDs,
tramadol, opicids, pregahalin, and gabapentin} or antidepres-
sants during the 7 d prior to enroliment and throughout the
8 weeks of the study to avoid interference with clinical out-
comes, while the use of acetaminophen was allowed. The
study was carried aut in accordance with the declaration of
the World Medical Association, procedures were in accor-
dance with the Helsinki Declaration, and the ASL3 Genova
ethics committee approved the protocol, with all patients sign-
ing an informed consent before enroliment.

Study Protocol

We performed a single-center randomized single-blind con-
trolled pilot trial to determine the effect of low-energy PEMF
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therapy applied to target points on fibromyalgia symptoms
(Figure 1).

The chosen peints for PEMF application were based con
the acupuncture experience in fibromyalgial’® ' and the

Table 1. Inclusion and exclusion criteria for women with fibromyalgia
included in the present study.

Inclusion criteria

Fibromyalgia diagnosis for at least one year, according to the 2010 ACR criteria
VAS pain scorez4 in the two previous weeks

Age between 18-65 years

Skin integrity in the application area of electrodes

Na pregnancy and breastfeeding

Cognitive integrity

Formal consent to study participation

Exclusion criteria

A current diagnosis of infactions or musculoskeletal inflammatory conditions
Use of NSAIDs, opioids, anti-depressants, beta-blockers in the 7 days before
enroliment

Chronic or acute pulmenary, hematologic or kidney diseases

Active malignancy

Life expectancy < & months

Participation to other experimental studies in the month prior to the
enrallment

Severe heart conditions or pacemaker

Chronic abuse of illicit dreg and alcohol

Neurcpsychiatric disorders

Figure 1: Selected farget points for PEMF application in the present
study, as described in the available literature.!*¥ Briefly, points
are located as follows: LI 4 (He Gu) at the height of the mid-
point of the second metacarpal joint, af the peak formed by the
first dorsal inferosseous muscle where the thumb approaches
the Index finger; GB20 {Feng Chi) below the occipital bone, in
the depression between the trapezius and stemocleidomastoict
muscles; GB21 {fianJing} at the highest point of the shotider
haffway between the acromion and the spinous process of C7;
HT7 (Shen Menj on the flexion fold of the wrist, between the pisi-
form bone and the wina, in the depression medial to the tendon of
the ulnar carpal flexor muscle; PC6 (Nei Guan) 2 cm above the
wrist flexion fold, between the fendons of the radial flexor carpus
and palmar long muscles. PEMF, pulsed electromagnetic field.
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observed response of the parasympathetic and sympathetic
system. 2% 2 Moreover, they were chosen because they are
easy to identify and PEMF stimulation can be quickly applied.
Patients with fibromyalgia were consecutively enrolled be-
tween May and August 2019 and randomly allocated 1:1 to
receive either pulsed electromagnetic field-triple energy pain
treatment (PEMF-TEPT) (n = 10, herein referred to as ac-
tive treatment) on pre-specified points or minimal intensity
applied on scrambled points (n = 11 controls) for 20 min at
baseline (W0} and after 4 weeks (W4) and 8 weeks (W8) (end
of follow up: October 2018).

Randomization for freatment or placebo was established
by the device NewSunrise 280 P (THS — Therapeutic
Solutions, Milan, Italy) and disclosed at analysis of data.
Throughout the study, a consecutive number was assigned
to each patient and alsec inserted in the device before start-
ing a treatment session. This ensured that each patient re-
ceived the same type of treatment in the different sessions
and remained blind on the treatment allocation. In all cases,
the intervention was provided by a trained rheumatologist
in individual office sittings in a rheumatologic outpatient
clinic in Genova, ltaly, and aftendance was verified each
time. Cutcome measures were recorded at each timepoeint
by the same rheumatologist. The primary outcome was the
change observed in VAS pain, while secondary outcomes
included other indexas with an impact on quality of life, such
as fibromyalgia impact questionnaire (FIQ), widespread
pain index (WPI), symptom severity (53) scale, and short
form 36 (SF-36) health survey questionnaires. Figure 2 il-
lustrates the study flow. Adverse events were recorded at
all timepoints using a clinicai evaluation through history and
physical examination,

Statistical Analysis

A difference in difference (DD} approach was used to evalu-
ate the freatment effect on each response variable. In par-
ticular, for each patient, we calculated the difference hetween
the value assumed by the response variable at time W8 and
the same quantity at time TO. These variations were com-
pared to the average between Placebo and Treated groups
by performing 2 independent sample itests for difference in
means {difference tested on differences). Formally, let ;, be
the value assumed by the response variable Y for a specific
patient i who belongs to the treatment group g {Placebo and
Treated), measured at time t (TQ and W8). We calculated the
guantities Diff, = ¥, — Y5, @nd compared them to the
average between the 2 treatment groups {Placebo/Treated).
All the assumptions of the test have been met and checked
before performing it (i.e., normality has been checked via
Shapiro-Wilk normality test and homoscedasticity via F-test
on variance comparison).

Table 3 summarizes the outcomes of DD analysis. For each
response variable and for each group (Placebo and Treated),
the average value at the beginning of the experiment {T0), the

RHEUMATOLOGY AND IMMUNCLOGY RESEARCH

Original Article » DO1: 10.2478/nr-2022-000¢ « 1(1) » 2022 « 17

*®

Twenty.one females
I Enrolment (median age 59 vears, IQR 16.5) affected by
| fitromyalgiz
H
i .
*  FIQ (fibromyalgia impact questionnaire},
*  WPI {(widespread pain index),
*  VAS pain,
« S8 (symptom severty seale),
16 *  $F-35 {shortfomm 36 health survey questionnairs)
*  PEME-TEPT (tripte energy pain treatment) or

L placebo

FIQ (fbsomyalgia impact questionnaire),

WP {widespread pain index),

VAS pain,

85 (symptom severity scale),

SF-36 (shortform 36 health survey questionhaire)

Wi

| *  PEMF-TEPT {tripla energy pain treatment) or
placebo

IV“ e

J—

*  FIQ (fibromyalgia impact questionnaire),
= WPI (widespread pain index),

+  VAS pain,

= 58 (symptom sevetity scale),

WE $F-36 (shortform 36 health survey questionnaire)

»  PEME-TEPT (trple energy pain treatment} or
placebo

Figure 2: Study flow. For each timepoint freatment, scores assessed
are specified. 1QR, interquartile range; T, timepoint, VAS, vi-
sual analog scale; W, week.

average value after 8 weeks (W8), the mean difference, and
the standard deviation (SD) of the difference are reported.
On the right panel of the table, the DD values used to evalu-
ate the treatment effects are reported with the corresponding
F-values of the cne-sided ttest.

Results

The study included 21 female patients (mean + SD age,
59 £ 17 years) diagnosed with fibromyalgia, and Table 2 il
lustrates the baseline features of patients randomized to the
treatment groups, which did not differ significantly in terms of
age or other clinical features.

Changes hetween baseline and W8 for WIP, 88, and VAS
pain scores are illustrated in Figure 3. Between baseline and
W8, patients receiving the active treatment with PEMF-TEPT
on the target points (n = 10} illustrated in Figure 1 had a sig-
nificantly deeper reduction of WPI (mean + SD —12.90 £ 5.32
vs. =1.91 + 4.55 in controls with an observed and significant
DD = -10.99; P < 0.001) and significantly more pronounced
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Figure 3: WPI, S8 score, VAS for pain, SF-36 score, and FIQ score changes in patients receiving the active treatment and placebo {dotfed
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lines represents the expected changes in the active treatment group if no effecf was observed). FIQ, fibromyaligia impact questionnaire;
S, symptom severity; VAS, visual analog score; WPI, widespread pain index.
Table 2: Clinical features of pafients with fibromyalgia enrolled in the study, treated with PEMF or placebo. Confinuous variables are
expressed as mean t standard deviation.
Total (n=21) Active PEMF (n=10} Controls {(n=11}) p-valua

Femnale sex [N/%) 21{100%) 10 {100%} 11{100%) -

Age {years, mean+SD} 5917 55+9 62410 10
Smake (N/%) 6 (29%) 4.{40%) 2{18%) 453
Osteoporosis {N/%) 4{19%) 1(10%) 3{27%) 0.65
Osteoarthritis (IN/%) 3{14%) 2(20%) 1(9%:) 0.92
Hypertension (N/%) 4(19%) 2(20%) 2(18%) 0.65
Depression/anxiety (N/%) 5(23%) 2 (20%) 2(18%;} 0.65
Insomnia (N/%) 3(14%; 1 (20%) 2(18%) 0352
Autoimmune thyroid disease (N/%) 5(23%} 1 (20%) 3 (27%) 0.65
Irritakle bowel disease (N/%) 1 (4%} 0 1 {9%) 096
Gastroesophageal reflux disease (N/%) 3(149%) 1 {20%) 3 (27%) 065
Allergies {N/%) 2(9%) 0 2(18%) 850
Referred use of psychoactive drugs (N/%) 1T (52%) 6 (60%) 5 {45%) .81
Referred use of NSAIDs* {N/%) 5 (23%} 3{30%) 2{18%) 0.90
Referred use of pain medications* {N/%) 12 (57%) 7 (70%) 5 {45%) 0.48

*these treatments had to be withdrawn 7 days prior to enrollment.

p-values indicate comparisons of clinical features between PEMF treated patients and contral patients; t-test was used for continuous variable and Fisher's exact test

far dichotomous variables,
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Table 3: Difference in difference analysis of the clinical outcomes.

RHEUMATOLOGY AND IMMUNOLOGY RESEARCH

Original Articie « DO 10.2478/rir-2022-00cx « ‘H{1) = 2022 « 1-7

Response Placebo group Treated group DD: Treated - Placebo
variable

TO ws W8 -To* To ws W8 -To* mean SE p-value
WP 15.27 13.36 -1.91 (4.55) 16.60 370 -12.90(5.32} -10.89 215 <0.01
55 score .09 6,09 -2.00(2.32) 8.40 4.30 -4.10{2.85) -2.10 1.13 00392
VAS pain 56.82 40.00 -16,82 (23.69) 75.00 27.00 -48.00{30.75) -31.18 11.91 0.0085
FIQ 54.88 4220 -12.67 (15.06} 53.74 31.96 -21.78(19.29) =211 8.38 2.1452
SF-36 47.39 61.49 14.10(13.64) 4407 66.39 22.32(16.85) 822 6,66 01162

* Mean difference; SO of the difference in brockets.

Abbreviations. WPI: widespread pain index; 55 score: symptom severity scale; VAS: visual analog scale; FIQ: fibromyalgia impact questionnaire; SF-36: short form 36

health survey questionnaire.

reduction in the SS (—4.10 + 4.85 vs. -2.00 + 2.32 in con-
trols; DD = -2.10; P < 0.05) and VAS (—48 + 30.75 vs.
—16.82 £ 23.69 in controls, DD = —31.18; P < 0.01) scores.
Patients receiving active treatment also had improvements
between baseline and W8 in FIQ and SF-36 scores, albeit not
reaching statistical significance (Table 3).

Both active and placebo treatments were very well-tolerated
and no side effects were noted in either group; all 21 patients
completed the 8-week period of the study.

Discussion

Chronic widespread pain has become one of the major rea-
sons for physician consultation in the general population,'®
and fibromyalgia is a predominant cause with an enormous
impact on disability and quality of life. Despite numerous
studies and recent recommendations,”® the current medi-
cal management of fibromyalgia is largely unsatisfactory and
there is a need for new therapeutic options. Data from our
pilot study with a randomized singie-blind controiled design
on a limited number of subjects suggest that the use of PEMF
could provide benefits over an 8-week period on the major
indices of fibromyalgia activity.

PEMF is based on the use of magnetic fields that can be
applied to the brain, to the whole body, or to specific sites,
having a more general effect on pain. -5 No relevant side
effect has been described so far and the treatment is usually
well-tolerated.®? We observed a significant effect of PEMF
on WPI, S8, and VAS scores in treated patients compared
to placebo. These observations suppart previous reports of
possible beneficial effects of electromagnetic fields on human
pain. %

The mechanisms by which PEMF may be beneficial in fibro-
myalgia can only be speculated, and were not explored in the
current study. We should observe, however, that this lack of
background rationale is frequently encountered in most ex-
ploratory studies in fibromyalgia as the understanding of the
disease pathogenesis remains elusive and its management
challenging.”® One major hypothesis is that PEMF chang-
es brain waves® and reduces hypoxic damage in neuron-
like and microglia cells.®™ PEMF induces a direct cellular

response, promoting proliferation and differentiation of the
human osteoblast, by increasing mitochondrial activity and
activating the ERK 1/2 signaling cascade.”® Furthermore,
PEMF can promote anti-oxidative defense mechanisms and
mitechendrial repair in osteoblasts.®! It is of note that these
mechanisms have been implicated in the pathogenesis of
fibromyalgia, including brain wave alterations at electroen-
cephalography,®! mitechondrial damage associated with re-
duced nitric oxide levels in the blood, causing an impaired
circulation which is invalved in fatigue, a major fibromyalgia
symptom ! and oxidative stress.?

We observed that the application of PEMF-TEPT on selected
points can be helpful in the management of pain in fibro-
myalgia but also may have an impact on other less defined
demains such as fatigue, anxiety, depression, and muscu-
lar stiffness, which impact the quality of life and also influ-
ence the patient’s personal life in terms of their ability to work
and be active socially. The changes in S5 score, FIQ, and
WPI are of particular importance in the management of fi-
bromyalgia as these account for the predominant symptoms
of fibremyalgia, i.e., pain, sleep disturbances, and cognitive
impairment. As PEMF has been found to be helpful in the
treatment of anxiety and depression in human studies,®! we
are particularly intrigued by the effects of PEMF-TEPT on the
scores resulting from the FIQ and the SF-36 questionnaires.
These changes did not reach statistical significance in com-
parison with the control treatments, possibly due fa the small
sample size, or likely due to the fact that emotional features
are included,® which are marginally affected by PEMF.
Some issues need to be discussed to represent the strengths
and weaknesses of our data well. First and foremost, the ran-
domized single-blind design is of importance in fibromyalgia
since the placebo and nocebo effects are relevant in these
conditions, ¥ as iliustrated by the amelioration observed in all
readouts with the control treatment. We should note that the
expected changes with the active treatment group, if no real
effect due to PEMF was cbserved (represented by the dotted
lines in Figure 3), differ from those actually observed, thus sug-
gesting that the beneficial role of PEMF exceeds the placebo
effect. Second, the small number of enrolied patients due to the
inclusion of only women to minimize the variability of the cohort
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does not allow us to draw definitive conclusions, and a larger
prospective study is needed to confirm these observations.
The apparent limitation of the single-blind design was unavoid-
able since the treating physician had to be aware of the areas
to which PEMF had to be applied, but the self-reported mea-
sures of efficacy limit the impact of this potential weakness.
Further important information could be obtained by compar-
ing the effects of PEMF when applied on peripheral sites,
on the brain, or on both, by investigating which method pro-
motes better results.
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tn conclusion, we investigated the role of PEMF on specificbody
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