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Electromagnetic field as a pain relieving
modality: A review of the current literature
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Abstract

The therapeutic effects of electromagnetic fields (EMFs) on a variety of diseases ranging cancer to chronic pain
have been reported by many medical literatures. Different modalities of EMFs have shown significant potential
as pain relieving agents. This study aims to review the therapeutic efficacy of EMFs as analgesic modalities and
recent advances in clinical applications. In addition, the mechanisms of actions of pain relieving effects of EMFs
are discussed. The databases of PubMed (1990-2016), EMBASE (1990-2016), Web of Sciences (1990-2016),
and Google Scholar (1980-2016) were searched using the set terms of “EMFs,” “pain,” and “effectiveness.”
The obtained records were reviewed, and relevant studies were selected for comprehensive review of the current
literature. Current evidence indicates relatively high pain relieving effectiveness of different modalities of EMFs
for both in acute and chronic pains. Pulsed EMFs have shown promising therapeutic effects in reducing post-
operative pains as well as idiopathic pains have shown significantly reduced post-operative pain and also narcotic
use in the immediate post-operative period. To reach an efficient protocol for each type of pain, conducting large
sample size multi-center clinical trials is needed.
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INTRODUCTION

he idea of using electric and magnetic
Tﬁelds for disease treatment and

health promotion dated back to
early human civilization when Scribonius
Largus recommended the use of torpedo
fish for the treatment of headaches and
gouty arthritis.l'! However, the first medical
application of electromagnetic fields (EMFs)
asafield of study has started in late 18" century
when European and American scientists
began to investigate the medical application
of electromagnetism. The underpinning
concept of using electric and magnetic fields
in diseases originate in the nature of living
cells that is based on electrical and magnetic
phenomena. EMFs can easily interact with
endogenous electric and magnetic fields
which in turn result in permanent cellular
and molecular, physiological, and behavioral
changes in living creatures. One main
hypothesis for application of EMFs for the
treatment of disorders is that in any disease;
the electrical or magnetic features of the
involved cells, tissues, organs, or systems are
disrupted and applying exogenous EMFs can
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balance them to the healthy state. These changes can be
directed to treat different disorders. In this regard, different
EMF based methods have been developed for the treatment
of different disorders.

Therapeutic devices based on EMFs have been confirmed
by the US Food and Drug Administration and widely used
in various diseases such as wound healing, knee arthritis,
union of fractures, ligament and muscle injuries, chronic and
acute pain, treatment, and prevention of osteoporosis.l>!?
Different types of electric, magnetic, and EMFs including
static magnetic and electric fields, and pulsed EMFs
(PEMFs) have been used for the relief of acute and chronic
pain for centuries, but their mechanisms of actions are not
fully understood.

The ability of EMFs to relieve pain is dependent on
the origin of pain and its type such as acute or chronic.
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Mechanisms of pain are complex and may be originated
from the peripheral or central nervous system. Base on the
location and features of pain, therapies should be designed
in the individual patient. For solve the problem and provide
most effective pain management strategies especially for
chronic pain require the review and design of various and
multiple studies. Scientific evidence of static or EMFs
effects on reduce pain and other biologic problems had
not been known until recently.’¥! The main objective of
treatment is rapid pain relief. The control of pain leads to
reduction of treatment period and costs. In addition, it causes
rapid return of patients to work and normal lifestyles.!'*!
PEMFs was shown a significant effect on reduce pain and
disability in patients with chronic pain.>®! In response to
EMF exposure, a reduction of experimental synovitis was
observed.!'>19 The efficacy and optimal modes of EMF are
intensely controversial, and researchers are trying to find an
optimal therapeutic strategy with the most effectiveness and
affordable.

EMF THERAPY USE TO CHRONIC PAIN

The transcutaneous electric nerve stimulation had become a
beneficial physical therapy tool for acute and chronic pain
in the early 1970s.'1® In addition, pulsed electromagnetic
therapy (PEMT) has been evaluated for the treatment of
chronic pain, and the clinical benefits were comparable to
those of placebo.”%”1 One of the most common reasons
of referring patients for medical treatment is chronic back
pain. Based on these requirements development of effective
symptomatic treatment for reduced pain and disability is
vital.

Lee etal. in a randomized, double-blind and placebo-
controlled study evaluated the efficacy of PEMT for chronic
low back pain. Results have shown that PEMT reduced pain
and disability. They suggested that PEMT has a potentially
useful therapeutic tool for the conservative management
of chronic lower back pain.'”’ Many devices of PEMFs
were developed and reported successful outcomes in the
treatment of sports injuries sustained. Various frequencies
have shown different results for the treatment of pain.
Comparison between the results of treatment with the higher
and lower frequency of PEMF has shown that PEMF signal
with the lower frequency has better results in a reduction
of inflammation and for the treatment of pain in sports
injuries such as a better return of the tendon to histologic
normality.® Zizic et al. in a randomized study evaluated
the therapeutic effects of pulsed electrical stimulation in the
treatment of chronic knee osteoarthritis (OA). The results
reported the improvements in clinical measures for pain
and function in the patients with the active devices. They
suggested that pulsed electrical stimulation is effective for
treating OA of the knee.’” In another study, Zizic et al.
evaluated the therapeutic and cost effectiveness of pulsed
electrical stimulation therapy for treatment of knee OA in
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total knee replacement candidates. Their findings have
suggested that pulsed electrical stimulation therapy is a cost-
effective and promising therapy for relieving pain and can be
a viable alternative for unnecessary total knee replacement
surgery.?!! Perrot etal. in a randomized, double-blind
controlled study determined the effectiveness of PEMF in
painful knee OA. The results of the study confirmed the
analgesic and functional efficacy of PEMF in painful knee
OA.22 In addition, PEMFs have more benefit compared to
physical therapy for neck pain. Results of several studies
have demonstrated that PEMT can be used at home easily as
a successful treatment and without side effects for patients
with neck and shoulders pain.*% Larger studies are needed
for confirm of these findings.

EMF THERAPY IN ACUTE PAIN

Understanding the mechanisms of post-operative pain is
an important contributing factor in surgical procedures.
Several studies have demonstrated that PEMFs significantly
reduced post-operative pain.?’ Results of a double-blind
randomized pilot study showed that PEMF accelerates
postsurgical pain relief in breast augmentation patients
and also cause to decrease in the use of pain medication.*”
Jorgensen et al. evaluated the effect of PEMF applied during
electrochemical therapy on tissue trauma and pelvic pain
in 17 female patients with acute and/or chronic pelvic
pain. They observed no significant hyperthermic effect on
biological tissues and a significant decrease in resolving
pelvic pain.'¥! The post-operative use of PEMF after breast
augmentation for management of pain is new techniques
and has been improved throughout the past decade.’!-3%
Similarly, findings of a study reported the positive results
on pain reduction and swelling after distal radius fractures
with using PEMF.?¥) Weintraub (2009) in a pilot study
demonstrated that PEMF therapy can provide short-term
analgesic effects in more than 50% of individuals.’% Results
of another pilot study confirmed the efficacy of magnetic
foot pads on decreasing pain in painful diabetic peripheral
neuropathy.P Further studies with randomized placebo-
controlled design and longer treatment periods are required
to confirm the results and determine optimal treatment
approaches.

MECHANISMS OF ACTION

The effects of EMFs on living tissue in pain perception
reduction are operated in direct and indirect and indirect
mechanisms. The direct mechanisms include effect on
membrane potentials, neuron firing, endorphin levels and
nerve regeneration and indirect effect include physiologic
function such as inflammation, muscle, edema, cellular
metabolism, and cell energy levels.1%51 Exposure to
PEMF for 15-360 min has reportedly increased amino acid
uptake by 45%. PEMFs trigger or alter the releasing of




trans-membrane energy transport enzymes. The previous
studies have shown that on PEMF exposure for 2 h on healthy
humans were showed reduce pain perception and decreased
pain-related brain signals. Clinical evaluation confirmed
PEMF effectiveness on pain reduction through biochemical
changes in the blood of treated patients.['**” Results of
several studies have suggested that EMF stimulation can
influence small C-fibers and sensory neurons through
altering membrane potential.’#¥1 Several studies have
investigated the efficacy of PEMFs on pain reduction in post
breast augmentation surgery and found that these fields can
modulate Ca** binding to calmodulin and alter nitric oxide as
signaling molecule in the anti-inflammatory cascade.l?40-42!
Magnetic fields through inducing analgesia influence the
releasing of endogenous opioids as well as consumption
of exogenous opioids.***1 PEMF showed effectiveness in
stimulate neuronal repair and reduce diabetic neuropathic
pain.’*?! Although a number of features of these effects have
been established and used for pain relief, the physiological
mechanisms involved in these treatments requires
definition. 748!

CONCLUSION

One of the most important of socioeconomic problem and
an extremely urgent health issue is controlling and reducing
pain.l3 Outpatient EMF therapy, based on a few small clinical
studies, has been used as a useful adjunctive treatment for
bone and joint disorders.*!%%4%30 This technique is simple
to use and affordable for healthcare and patients. Based on
the results, EMFs have shown analgesic properties, and this
characteristic may reduce sedations with associated side
effects for postsurgical pain relief.?”?) EMF therapy is a
non-invasive method and is not associated with any side-
effects. Further studies are required to confirm these findings
and to specify biophysical and physiological mechanism of
EMF actions in living organisms for determine the optimal
treatment protocol.

REFERENCES

1. Kellaway P. The part played by electric fish in the early
history of bioelectricity and electrotherapy. Bull Hist
Med 1946;20:112-37.

2. Aaron RK, Ciombor DM, Simon BJ. Treatment of
nonunions with electric and electromagnetic fields. Clin
Orthop Relat Res 2004;21-9.

3. Yadollahpour A, Jalilifar M. Electromagnetic fields in
the treatment of wound: A review of current techniques
and future perspective. JPure Appl Microbiol
2014;8:2863-77.

4. Mostafa J, Ali Y, Zohre R, Samaneh R. Electromagnetic
fields and ultrasound waves in wound treatment:
A comparative review of therapeutic outcomes. Biosci
Biotech Res Asia 2015;12:185-95.

5.

10.

I1.

12.

13.

15.

16.

17.

18.

19.

International Journal of Green Pharmacy ¢ Jan-Mar 2017 (Suppl) ¢ 11 (1) | S78

Trock DH, Bollet A, Markoll R. The effect of pulsed
electromagnetic fields in the treatment of osteoarthritis
of the knee and cervical spine. Report of randomized,
double blind, placebo controlled trials. J Rheumatol
1994;21:1903-11.

Trock DH, Bollet AJ, Dyer RH Jr, Fielding LP,
Miner WK, Markoll R. A double-blind trial of the clinical
effects of pulsed electromagnetic fields in osteoarthritis.
J Rheumatol 1993;20:456-60.

Pipitone N, Scott DL. Magnetic pulse treatment for knee
osteoarthritis: A randomised, double-blind, placebo-
controlled study. Curr Med Res Opin 2001;17:190-6.
Lee EW, Maffulli N, Li CK, Chan KM. Pulsed magnetic
and electromagnetic fields in experimental Achilles
tendonitis in the rat: A prospective randomized study.
Arch Phys Med Rehabil 1997;78:399-404.
Yadollahpour A, Jalilifar M, Rashidi S. Antimicrobial
effects of electromagnetic fields: A review of current
techniques and mechanisms of action. JPure Appl
Microbiol 2014;8:4031-43.

Yadollahpour A, Rashidi S. Therapeutic applications
of electromagnetic fields in musculoskeletal disorders:
Areview of current techniques and mechanisms of
action. Biomed Pharmacol J 2014;7:23-32.

Pleger B, Janssen F, Schwenkreis P, Volker B, Maier C,
Tegenthoff M. Repetitive transcranial magnetic
stimulation of the motor cortex attenuates pain perception
in complex regional pain syndrome type I. Neurosci Lett
2004;356:87-90.

Foley-Nolan D, Moore K, Codd M, Barry C, O’Connor P,
Coughlan R. Low energy high frequency pulsed
electromagnetic therapy for acute whiplash injuries.
A double blind randomized controlled study. Scand J
Rehabil Med 1991;24:51-9.

Pawluk W. Pain management with pulsed electromagnetic
field (PEMF) treatment. Am Pain Soc 2003;20:23-32.

. Jorgensen WA, Frome BM, Wallach C. Electrochemical

therapy of pelvic pain: Effects of pulsed electromagnetic
fields (PEMF) on tissue trauma. Eur J Surg
Suppl 1994;83-6.

De Mattei M, Varani K, Masieri FF, Pellati A, Ongaro A,
Fini M, et al. Adenosine analogs and electromagnetic
fields inhibit prostaglandin E2 release in bovine synovial
fibroblasts. Osteoarthritis Cartilage 2009;17:252-62.
Ongaro A, Pellati A, Setti S, Masieri FF, Aquila G,
Fini M, et al. Electromagnetic fields counteract IL-1f3
activity during chondrogenesis of bovine mesenchymal
stem cells. J Tissue Eng Regen Med 2015;9:E229-38.
Trock DH. Electromagnetic fields and magnets:
Investigational treatment for musculoskeletal disorders.
Rheum Dis Clin North Am 2000;26:51-62.

Deyo RA, Walsh NE, Martin DC, Schoenfeld LS,
Ramamurthy S. A controlled trial of transcutaneous
electrical nerve stimulation (TENS) and exercise for
chronic low back pain. N Engl ] Med 1990;322:1627-34.
Lee PB, Kim YC, Lim YJ, Lee CJ, Choi SS, Park SH,
et al. Efficacy of pulsed electromagnetic therapy for




20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

chronic lower back pain: A randomized, double-blind,
placebo-controlled study. J Int Med Res 2006;34:160-7.
Zizic TM, Hoffman KC, Holt PA, Hungerford DS,
O’Dell JR, Jacobs MA, etal. The treatment of
osteoarthritis of the knee with pulsed -electrical
stimulation. J Rheumatol 1995;22:1757-61.

Zizic T, Alatis L, Hoffman K, He Y, Bluestone R,
Boling E, et al., editors. Clinical and Cost-Effectiveness
of Pulsed Electrical-Stimulation Treated Knee
Osteoarthritis in Total Knee Replacement Candidates.
Arthritis and Rheumatism. Philadelphia, PA: Lippincott-
Raven Publisher; 1995.

Perrot S, Marty M, Kahan A, Menkés CJ. Efficacy
of pulsed electromagnetic therapy in painful knee
osteoarthritis. Arthritis Rheum 1998;41:S357.
Foley-Nolan D, Barry C, Coughlan RJ, Roden D. Pulsed
high frequency (27 MHz) electromagnetic therapy for
persistent neck pain: A double blind, placebo-controlled
study of 20 patients. Orthopedics 1990;13:445-51.
Sutbeyaz ST, Sezer N, Koseoglu BF. The effect of
pulsed electromagnetic fields in the treatment of cervical
osteoarthritis: A randomized, double-blind, sham-
controlled trial. Rheumatol Int 2006;26:320-4.

Hurwitz EL, Carragee EJ, van der Velde G, Carroll LJ,
Nordin M, Guzman J, et al. Treatment of neck pain:
Noninvasive interventions: Results of the bone and
joint decade 2000-2010 task force on neck pain and
its associated disorders. J Manipulative Physiol Ther
2009;32:S141-75.

Aker PD, Gross AR, Goldsmith CH, Peloso P.
Conservative management of mechanical neck
pain: Systematic overview and meta-analysis. BMJ
1996;313:1291-6.

Hedén P, Pilla AA. Effects of pulsed electromagnetic
fields on postoperative pain: A double-blind randomized
pilot study in breast augmentation patients. Aesthetic
Plast Surg 2008;32:660-6.

Yadollahpour A. Effects of pulsed electromagnetic fields
on post-operative pain in patients with fresh fracture.
Asian J Pharm 2017;10:S787-90.

Rohde C, Chiang A, Adipoju O, Casper D, Pilla AA.
Effects of pulsed electromagnetic fields on interleukin-1§
and postoperative pain: A double-blind, placebo-
controlled, pilot study in breast reduction patients. Plast
Reconstr Surg 2010;125:1620-9.

Strauch B, Herman C, Dabb R, Ignarro LJ, Pilla AA.
Evidence-based use of pulsed electromagnetic field
therapy in clinical plastic surgery. Aesthet Surg J
2009;29:135-43.

Weintraub MI.  Chronic submaximal magnetic
stimulation in peripheral neuropathy: Is there a beneficial
therapeutic relationship? Am J Pain Manag 1998;8:12-6.
Rawal N, Gupta A, Helsing M, Grell K, Allvin R.
Pain relief following breast augmentation surgery:
A comparison between incisional patient-controlled
regional analgesia and traditional oral analgesia. Eur J
Anaesthesiol 2006;23:1010-7.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

International Journal of Green Pharmacy ¢ Jan-Mar 2017 (Suppl) * 11 (1) | S79

Metaxotos NG, Asplund O, Hayes M. The efficacy
of bupivacaine with adrenaline in reducing pain and
bleeding associated with breast reduction: A prospective
trial. Br J Plast Surg 1999;52:290-3.

Rashidi AY, Fakoor M. Effects of pulsed electromagnetic
fields on post-operative pain in patients with fresh
fracture. Asian J Pharm 2016;10:S787-90.

Cheing GL, Wan JW, Kai Lo S. Ice and pulsed
electromagnetic field to reduce pain and swelling
after distal radius fractures. JRehabil Med
2005;37(6):372-7.

Weintraub MI, Cole SP. Pulsed magnetic field therapy
in refractory neuropathic pain secondary to peripheral
neuropathy: Electrodiagnostic parameters-pilot study.
Neurorehabil Neural Repair 2004;18:42-6.

De Loecker W, Cheng N, Delport P. Effects of pulsed
electromagnetic fields on membrane transport. Emerging
Electromagnetic Medicine. New York: Springer; 1990.
p. 45-57.

Lednev VV. Possible mechanism for the influence
of weak magnetic fields on biological systems.
Bioelectromagnetics 1991;12:71-5.

Olney RK, So YT, Goodin DS, Aminoff MJ.
A comparison of magnetic and electrical stimulation of
peripheral nerves. Muscle Nerve 1990;13:957-63.

Pilla AA, Muehsam DJ, Markov MS, Sisken BF. EMF
signals and ion/ligand binding kinetics: Prediction of
bioeffective waveform parameters. Bioelectrochem
Bioenerg 1999;48:27-34.

Pilla AA. Mechanisms and therapeutic applications of
time-varying and static magnetic fields. Biological and
Medical Aspects of Electromagnetic Fields. Boca Raton,
FL: CRC Press; 2006.

Wyatt AW, Steinert JR, Mann GE. Modulation of the
L-arginine/nitric oxide signalling pathway in vascular
endothelial cells. Biochem Soc Symp 2004;143-56.

Del Seppia C, Luschi P, Ghione S, Crosio E,
Choleris E, Papi F. Exposure to a hypogeomagnetic
field or to oscillating magnetic fields similarly reduce
stress-induced analgesia in C57 male mice. Life Sci
2000;66:1299-306.

Prato FS, Robertson JA, Desjardins D, Hensel J,
Thomas AW. Daily repeated magnetic field shielding
induces analgesia in CD-1 mice. Bioelectromagnetics
2005;26:109-17.

Shupak NM, Hensel JM, Cross-Mellor SK, Kavaliers M,
Prato FS, Thomas AW. Analgesic and behavioral effects
of a 100 uT specific pulsed extremely low frequency
magnetic field on control and morphine treated CF-1
mice. Neurosci lett 2004;354:30-3.

Weintraub MI, Herrmann DN, Smith AG, Backonja MM,
Cole SP. Pulsed electromagnetic fields to reduce
diabetic neuropathic pain and stimulate neuronal repair:
A randomized controlled trial. Arch phys Med Rehabil
2009;90:1102-9.

Radzievsky AA, Rojavin MA, Cowan A, Alekseev SI,
Ziskin MC. Hypoalgesic effect of millimeter waves




48.

49.

in mice: Dependence on the site of exposure. Life Sci
2000;66:2101-11.

Del Seppia C, Ghione S, Luschi P, Ossenkopp KP,
Choleris E, Kavaliers M. Pain perception and
electromagnetic fields. Neurosci Biobehav Rev
2007;31:619-42.

Aaron RK, Lennox D, Bunce GE, Ebert T. The
conservative treatment of osteonecrosis of the femoral
head. A comparison of core decompression and pulsing

50.

electromagnetic fields. Clin Orthop Relat Res 1989;209-18.
Steinberg ME, Brighton CT, Corces A, Hayken GD,
Steinberg DR, Strafford B, efal. Osteonecrosis of
the femoral head. Results of core decompression and
grafting with and without electrical stimulation. Clin
Orthop Relat Res 1989;199-208.

Source of Support: Nil. Conflict of Interest: None declared.

International Journal of Green Pharmacy ¢ Jan-Mar 2017 (Suppl) * 11 (1) | S80




