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Summary
Background Osteoarthritis (OA) is a chronic degen-
erative disease of multiple joints with a rising preva-
lence. Pulsed electromagnetic field (PEMF) therapy
may provide a cost-effective, noninvasive, and safe
therapeutic modality with growing popularity and use
in physical medicine and rehabilitation. The purpose
of this study was to synthesize the current knowledge
on the use of PEMF in OA.
Methods A systematic review of systematic reviews
was performed. The PubMed, Embase, PEDro and
Web of Science databases were searched based on
a predetermined protocol.
Results Overall, 69 studies were identified. After re-
moving the duplicates and then screening title, ab-
stract and full text, 10 studies were included in the
final analysis. All studies focused on knee OA, and
four studies also reported on cervical, two on hand,
and one on ankle OA. In terms of the level of evidence
and bias, most studies were of low or medium qual-
ity. Most concurrence was observed for pain reduc-
tion, with other endpoints such as stiffness or physical
function showing a greater variability in outcomes.
Conclusion The PEMF therapy appears to be effective
in the short term to relieve pain and improve func-
tion in patients with OA. The existing studies used
very heterogeneous treatment schemes, mostly with
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low sample sizes and suboptimal study designs, from
which no sufficient proof of efficacy can be derived.
A catalogue of measures to improve the quality of fu-
ture studies has been drawn up.

Keywords PEMF · Magnetic field therapy · Arthrosis ·
Umbrella review

Introduction

Osteoarthritis (OA) is a degenerative disease that af-
fects one or more joints and is associated with inflam-
matory processes in the synovium, loss of cartilage,
and alterations of bone structure. An OA can manifest
clinically as pain, swelling, deformity, instability, or
impaired function in the affected joints. Typical local-
izations include knee, hip, hand, as well as lumbar and
cervical joints [1]. The prevalence of OA is expected
to increase in the coming decades due to the aging
general population. Globally, the prevalence of knee
OA in people aged 15 years and over is around 16%,
while the prevalence in people over 40 years of age is
much higher at around 22.9%. The pooled global inci-
dence is 203 per 10,000 person-years in those over the
age of 20 years, with females and people with obesity
being more likely to be affected. Knee OA is the most
prevalent form of OA accounting for 75% of the world-
wide OA burden [2]. In addition to invasive, operative
interventions, a multitude of conservative treatment
options are available, especially in the field of phys-
ical medicine, including but not limited to physio-
therapy, transcutaneous electrical nerve stimulation
(TENS), acupuncture, local heat and cold application,
as well as pharmacological analgesia, e.g. with non-
steroidal anti-inflammatory drugs (NSAID) [3].

Pulsed electromagnetic field (PEMF) therapy is an
emerging modality for the treatment of musculoskele-
tal disorders with a wide range of indications for use
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and has been approved by the American Food and
Drug Administration (FDA) [4]. The PEMF involves
time-varying magnetic fields that are generated by
strong electrical currents passing through a coil. The
frequency, intensity, and shape (i.e. shape of intensity
change over time) of these magnetic pulses can be de-
termined and manipulated by physicians [5]. Some of
the key advantages of PEMF are the high tolerability
due to low side effects, its non-invasive nature and the
relatively simple therapeutic applicability. Regarding
clinical use, PEMF can be effective in relieving pain
and improving functionality in patients with OA, as
well as accelerating wound healing, reducing inflam-
mation and treating soft tissue injuries [6]. Although
several randomized controlled trials (RCT) have been
conducted over the past few decades, there is no con-
sensus or guidelines to help physicians tailor the treat-
ment regimen to their patients, particularly in terms
of duration, frequency, and intensity of PEMF therapy
sessions.

The evidence for the use of PEMF in patients diag-
nosed with OA is sparse because the quality, amount,
and conclusions of RCTs, as well as systematic reviews
do not show conclusive results or the conclusions are
based on low level clinical evidence. The aim of the
present paper is to provide an overview of application
modalities and of the effectiveness of PEMF therapy
in patients with OA, to summarize the current state of
knowledge and to provide a catalogue of measures to
improve the quality of future studies.

Methods

This systematic review of systematic reviews was con-
ducted based on a preapproved protocol and on the
guidelines recommended by the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [7]. The review protocol was not
registered.

Search strategy

The databases PubMed, EMBASE, PEDro, and Web
of Science were searched from inception up to 1 July
2021, using a combination of the following terms:
“magnetic* field* therap*”, “puls* electromagnetic*
field* therap*”, “low* field* magnetic* stimulation*”,
“*PEMF”, “*LFMS”, and “osteoarthrit*”, with filters
set to only include systematic reviews and/or meta-
analyses.

Inclusion criteria

The inclusion criteria for the studies included in this
analysis followed the PICO (population, intervention,
control, and outcomes) model:

� Population: patients with OA of one or multiple
joints who underwent PEMF therapy alone or in
combination with other therapeutic modalities.

� Intervention: studies reporting on the influence of
PEMF alone or in combination with other modali-
ties.

� Outcome: studies reporting on the influence of
PEMF or any outcome associated with OA.

� Study designs including systematic reviews and
meta-analyses of RCTs.

Exclusion criteria

Studies were excluded for the following reasons:

� Design other than a systematic review (narrative re-
views).

� Unavailability of data to be extracted, in this case
the corresponding author has been contacted. If no
information was available from the corresponding
author, the study was excluded.

� Systematic reviews of observational studies.
� Systematic reviews of non-clinical studies or animal

model studies.
� Full text articles in a language other than English or

German.

Study selection

Two independent reviewers (LM and BW) conducted
a title and subsequent abstract screening. If the inclu-
sion criteria were met, or if further information was
needed to determine whether the inclusion criteria
were fulfilled, studies were evaluated in full text form.
Disagreements between the two reviewers were re-
solved by discussion and, if necessary, through a third
independent reviewer (RC).

Data extraction and critical appraisal

An extraction plan was created based on the consen-
sus of the authors. Data were tabulated and a nar-
rative synthesis was carried out. The following cate-
gories are included in Table 1: name of the first au-
thor and year of publication; databases; number and
type of studies included; participants: sex, mean age,
diagnosis, description and duration of the interven-
tion; control condition; anatomical site of PEMF ap-
plication; quality assessment tool and its outcomes;
outcomes and outcome measures; general conclusion
and limitations.

Results

Our systematic review includes 10 systematic reviews
that focus on the effect of PEMF on a variety of out-
comes in patients with OA, as presented in Table 1. An
overview of the literature search and selection process
are presented in Fig. 1.
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Fig. 1 Flowchart of sys-
tematic literature search
and selection according to
PRISMA guidelines
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In terms of localization, all systematic reviews in-
clude results on knee OA [8–17], with four reviews ad-
ditionally including cervical spine [8, 11, 13, 17], two
studies reporting on hand OA [8, 11], and one on ankle
OA [8]. All included reviews report on the outcomes
of individual studies in adults, with a mean age range
between 25 and 73 years.

All included systematic reviews reported outcomes
on disability or physical function and used the West-
ern Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) [18] as a measurement for physical
function or disability. One study additionally reports
on activities of daily living. Out of 10 studies, 5 report
positive outcomes associated with the application of
PEMF in patients with OA [8–11, 17] and 1 study re-
ports no statistically significant effect of PEMF ([14];
Table 1).

Pain was assessed as an outcome in all of the sys-
tematic reviews, with all reviews reporting results of
the visual analogue scale and one not reporting which
scale was used. In total, five studies report that PEMF
had significant effects on pain reduction in patients
with OA [8, 9, 11, 15, 17].

Joint stiffness and quality of life were assessed in
two reviews reported here [8, 14]. Joint stiffness was
assessed using the WOMAC stiffness subscale and
quality of life using the SF-36 and EuroQol scales [8,
11]. Overall, reviews report no positive effects on
quality of life in patients using PEMF and only one re-
view found significant improvements in joint stiffness
[8].

Treatment protocols were very heterogeneous. One
review limited the devices studied to full-body mats
[12]. The PEMF field intensity varied between 3.4 mcT
[9, 13, 14] and 105 mT [8–10, 13, 17], with most of the
studies being carried out in the millitesla range. Sev-

eral studies used other units to state magnetic flux
density such as Gauss, V/cm or V/m. Treatment fre-
quencies ranged from 0.1Hz [8, 13] to 27MHz [14].
Two trials did not provide any information on the
field intensity and frequency that was applied [11, 16].
Waveform, if indicated, again was quite different in
the respective trials.

Regarding the duration of the intervention, treat-
ments were applied for 6 min [8] to 12h a day [8,
9, 11], daily [10] to three times a week [10] and over
a time period of ten [8] to 45 [9] days.

Discussion

Since previous systematic reviews and meta-analyses
of RCTs often reported contradicting evidence regard-
ing the effectiveness of PEMF in patients with OA, we
aimed to provide a comprehensive literature synthe-
sis through a systematic review of systematic reviews
in order to gain more insight into the current state of
research. Overall, our results show that there is some
degree of congruency between studies in the effec-
tiveness of this type of therapy in terms of physical
functioning or reduction of disability and pain; how-
ever, the discrepancies on the reported outcomes on
effectiveness among studies are large and do not al-
low unequivocal conclusions on the effectiveness of
PEMF. The main results and characteristics of the in-
cluded studies are presented in Table 1.

Previous studies [11, 16] have reported conflicting
results on physical function outcomes; however, the
majority of the systematic reviews included in our re-
view suggest a positive effect of PEMF. Some stud-
ies have reported the potential mechanisms by which
PEMF can relieve pain, emphasizing its role in di-
minishing proinflammatory cytokines, as well as in-
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creasing chondrocyte proliferation and extracellular
matrix production. Reducing pain may also be one
of the reasons for improvement in physical function-
ing and reducing the level of disability. When com-
paring studies and interpreting the results, the spe-
cific physical parameters of electromagnetic devices
must be taken into account [19]. Necessary details
that characterize an electromagnetic device, such as
the type of the field, the intensity of the induction,
frequency, rise and decline of the pulse rate, pulse
shape and vector or exposure time, are rare infor-
mation and vary between different treatment proto-
cols. Therefore, comparisons between existing stud-
ies and qualified ratings are often difficult [19]. This
was confirmed through the results of our analysis. Al-
though most studies focused on knee localization and
used the WOMAC scale, the differences between in-
tervention protocols (duration, intensity, and frequen-
cies of the magnetic field) preclude the possibilities of
further meaningful comparisons. Given these differ-
ences, a meta-analysis was not possible either. Special
features of the various devices only allow a compar-
ison with respect to comparable physical parameters
[19].

Moreover, there are few studies using high inten-
sity magnetic fields that are most likely to produce
a physiological response.

There are no guidelines or a clear professional
consensus on the use of PEMF in the treatment of
OA. Reporting the duration of the exposure to the
electromagnetic field is particularly important, as
a recent study on mesenchymal stem cell differentia-
tion pointed out that the expression of chondrogenic
markers was greatest with treatments lasting be-
tween 5 and 20min [20]. There is evidence to suggest
that PEMF can induce cellular signaling transduction
within 5–10min, while signaling is largely depleted
after 30min [21–23].

While most studies reported outcomes on knee OA,
those that reported on cervical OA mostly found mi-
nor effects for this patient population. This may be
due to the neural and vascular structures that may
compress the cervical canal and lead to a number of
symptoms including numbness of the limbs, falls, and
pain in the nerve root of the upper limb [24, 25]. There
is no evidence that PEMF can reduce the formation of
osteophytes, which often lead to compression of the
nerve root and resulting pain and loss of function [26,
27].

The limitations of our systematic review are mostly
related to the individual limitations of the included
reviews, which are predominantly due to the small
number of participants in the included studies and
the high heterogeneity of the interventions and out-
comes. The main limitation of this systematic review
of systematic reviews is the small number of studies
that could be included. Moreover, we only included
studies that were published in English and German.

Conclusion and implications for future research

The results of our review suggest that the use of PEMF
is a safe and noninvasive therapy option for patients
with OA that can lead to improvements in pain and
physical function.

Future studies should aim to:

� Further improve the quality of future studies, for ex-
ample by aiming for amoremeticulous study design
and by ensuringproper blinding and randomization
in larger and better defined samples, in order to fur-
ther improve the quality and level of evidence for
the use of PEMF in patients with OA.

� Conduct future trials with homogeneous outcome
assessment (to enable future meta-analysis).

� Achieve an international consensus on the uniform
reporting of themagnetic flux density of the applied
electromagnetic fields, such asmicrotesla/millitesla
or Gauss, in order to be able to better compare study
protocols.

� Standardize additional therapeutic modalities, such
as physiotherapy, hyperthermia, TENS, or ultra-
sound if these modalities are used in conjunction
with PEMF to enable meaningful comparisons be-
tween groups.

� Provide sufficient information on the treatment
protocol (e.g. frequency, intensity, waveforms,
treatment duration) and on therapy adherence.

� Evaluate the optimal type, frequency, intensity and
duration of PEMF interventions in order to develop
standardized protocols. It can make sense to ho-
mogenize interventions according to the particular
physical parameters of the applied electromagnetic
fields as well as according to the duration of treat-
ment and treatment indication.

� Evaluate the effect of PEMF on osteoarthritic con-
ditions other than the knee, for example in patients
with coxarthrosis

� Continue to evaluate the safety of PEMF interven-
tions (especially when high-intensity protocols are
used over a long period of time)

� Evaluate a shorter duration of the electromagnetic
fields in RCTs, as there is limited evidence that they
affect cellular changes. Similarly, evaluate protocols
using high-intensity magnetic fields in themillitesla
range that allow sufficient penetration of body tis-
sues as they are likely to produce a stronger physio-
logical response.
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