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Effects of Pulsed Electromagnetic
Field Therapy on Pain, Stiffness,
Physical Function, and Quality of
Life in Patients With Osteoarthritis:
A Systematic Review and
Meta-Analysis of Randomized
Placebo-Controlled Trials
Xiaotian Yang, Hongchen He, Wenwen Ye, Thomas A. Perry, Chengqi He

Objective. Pulsed electromagnetic field (PEMF) therapy is a potentially useful treatment
for osteoarthritis (OA), but its effectiveness is still controversial. This study aimed to
examine the effects of PEMF therapy and PEMF parameters on symptoms and quality
of life (QOL) in patients with OA.

Methods. Cochrane Central Register of Controlled Trials, PubMed, CINAHL, EMBASE,
PEDro, clinical trial registers, and reference lists were searched until April 2019. This
study examined randomized, placebo-controlled trials, patients with OA, symptom and/or
QOL related outcomes, and articles published in English. Two authors extracted data and
completed quality assessment.

Results. Sixteen studies were included in our systematic review, while 15 studies
with complete data were included in the meta-analysis. Our primary outcome was the
standardized mean difference, which was equal to the treatment effect in the PEMF group
minus the treatment effect in the placebo group divided by the pooled standard deviation.
For pain, the standardized mean difference was 1.06 (95% CI = 0.61 to 1.51), for stiffness
0.37 (95% CI = 0.07 to 0.67), for function 0.46 (95% CI = 0.14 to 0.78), and for QOL 1.49
(95% CI = −0.06 to 3.04). PEMF parameters did not influence symptoms.

Conclusions. Compared with placebo, there was a beneficial effect of PEMF therapy on
pain, stiffness, and physical function in patients with OA. Duration of treatment may not
be a critical factor in pain management. Further studies are required to confirm the effects
of PEMF therapy on QOL.

Impact. Our study suggests that PEMF therapy has clinically significant effects on pain
in patients with OA. The current evidence was limited to the short-term effects of PEMF
therapy.
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O steoarthritis (OA) is a chronic degenerative joint
disease that occurs most commonly in people over
45 years. OA is characterized by articular cartilage

loss, synovial inflammation, and the remodeling of
subchondral bone.1 OA has been shown to be associated
with joint pain,2 stiffness,3 loss of function,4 reduced
quality of life (QOL),5 and mortality.6,7 OA affects up to
240 million people globally, approximately 10% of men
and approximately 18% of women over 60 years of age.8

Treatment of OA traditionally comprises nonpharmaco-
logical and pharmacological management, though if
symptoms persist, surgery may be considered.9 Current
treatments for OA are limited by small effect sizes and
adverse side effects. In recent years, there has been much
emphasis on nonpharmacological management such as
education, physiotherapy, and exercise therapy to relieve
symptoms and improve function in those with OA.9–12

Pulsed electromagnetic field (PEMF) therapy, which uses a
time-varying magnetic field generated by electrical current
passing through a conductor,13 has been proposed as a
potential treatment for OA. PEMF therapy has been shown
to prevent cartilage degeneration14 and maintain
subchondral trabecular bone microarchitecture.15 Further,
there is some evidence to suggest that PEMF therapy may
reduce pain in those with OA by limiting the catabolic
effects of pro-inflammatory cytokines16 and increasing
extracellular matrix production,17 cytokine release, and
chondrocyte proliferation.18

Evidence from previous systematic reviews is conflicting.
A previous systematic review by Li et al suggested that
PEMF therapy may reduce pain but was ineffective in
improving physical function and QOL in those with OA.19

In contrast, 2 separate systematic reviews, by Negm et al
and Ryang et al, showed that PEMF therapy was effective
in improving physical function but did not reduce pain in
those with knee OA; they did not explore the effect of
PEMF on QOL.20,21 One explanation for the discordant
results could be due to the inclusion of multiple therapies
other than PEMF, including pulsed electrical stimulation
and pulsed shortwave. The mechanisms of PEMF, pulsed
electrical stimulation, and pulsed shortwave are different.
Pulsed electrical stimulation22 is delivered through
capacitive coupling relying on the direct application of an
electrical field. Pulsed shortwave therapy23 involves the
delivery of high-frequency electromagnetic energy in an
intermittent mode and produces thermal and nonthermal
effects.

PEMF parameters including frequency, intensity, treatment
period, waveform, and geometry of exposure need to be
considered when using PEMF therapy.24 Exposure to low
frequency (0–300 Hz) PEMF is extensively used for the
treatment of diverse diseases, including osteoporosis,25

low back pain,26 bone nonunion and delayed union,27 and
oncology.28 Low-intensity magnetic field is usually defined
as <100 mT.29 A previous systematic review has further

explored the effects of 4 or more weeks PEMF therapy use
on symptoms and QOL19 in people with OA, which
showed a reduction in pain. Low-frequency (≤100 Hz)
PEMF therapy has shown a beneficial effect on physical
function in another systematic review.20

The primary aim of this study was to investigate the
effects of PEMF therapy, compared with placebo, on pain,
stiffness, physical function, and QOL in patients with OA.
The secondary aim was to describe the effects of PEMF
parameters on symptoms and QOL in patients with OA.

Methods
Data Sources and Searches
Our methods conform to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines,30 and
our study protocol has been published in the PROSPERO
International Prospective Register of Systematic Reviews
(CRD42018109786). The search strategy was defined using
the Population, Intervention, Comparison and Outcome
method: (P) patients with OA; (I) PEMF; (C) sham PEMF
or other intervention(s); and (O) pain, stiffness, physical
function, and/or QOL-related outcomes.

Two authors (X.Y. and W.Y.) independently searched for
relevant titles in the following electronic databases:
Cochrane Central Register of Controlled Trials (The
Cochrane Library, 2019 issue 4), PubMed (1966 to April
2019), CINAHL (1982 to April 2019), EMBASE (1988 to
April 2019), and PEDro (1929 to April 2019). Further, we
manually searched reference lists of all relevant articles
and searched 3 clinical trial registers (ClinicalTrials.gov;
Current Controlled Trials; WHO International ClinicalTrials
Registry Platform). An example of the search strategy used
in PubMed is provided in the Supplementary Appendix.

Study Selection
Studies were included if they met the following inclusion
criteria: (1) were randomized, placebo controlled trials
published in English; (2) adults (≥18 years) with OA
(self-reported or clinically diagnosed); (3) PEMF therapy
(or in combination with usual care) was the primary
treatment intervention; and (4) pain, stiffness, physical
function, and/or QOL outcomes were assessed. The
following were excluded: studies where the population
had a primary diagnosis of rheumatoid arthritis or other
musculoskeletal disorder (eg, gout, inflammatory
arthritis), studies where participants had a history of
OA-related surgery and/or injury, review articles,
abstracts, conference reports, and book chapters.

Data Extraction and Quality Assessment
Two authors (X.Y. and W.Y.) independently extracted
outcome data from eligible studies; this included pain (ie,
visual analogue scale [VAS], the Western Ontario and
McMaster Universities Osteoarthritis Index [WOMAC] pain
subscale), stiffness (ie, WOMAC stiffness subscale),
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physical function (ie, WOMAC function subscale, the
Lequesne index), and QOL (ie, EuroQoL and 36-item
short-form health survey [SF-36]). We also extracted details
of type of study, participant characteristics, treatment
protocol, follow-up time, and other relevant information.

Risk of bias was assessed by 2 researchers (X.Y. and W.Y.)
using the “risk of bias” tool31 in accordance with methods
recommended by the Cochrane Collaboration. We
assessed bias across 7 domains:

1. Random sequence generation
2. Allocation concealment
3. Blinding of participants and personnel
4. Blinding of outcome assessment
5. Incomplete outcome data
6. Selective reporting
7. Other bias

Studies were scored as low, unclear, or a high risk of bias.
The Grade of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) system32 was used to
evaluate the overall quality of the evidence. In cases of
conflicting scores between the 2 reviewers (X.Y. and W.Y.),
a third expert (C.H.) reviewed the text and made the final
decision.

Data Synthesis and Analysis
Meta-analysis was performed using Review Manager
(RevMan) software (The Cochrane Collaboration, version
5.3).33 For continuous variables, the mean difference was
calculated when the outcome was assessed using the
same scale across all studies. Alternatively, standardized
mean differences (SMD) were calculated when continuous
outcomes were measured using different scales across
studies. The results of meta-analysis were presented as
forest plots.

We used I2 test statistics for evaluating heterogeneity; the
outcome of this statistic can be interpreted as the
proportion of variation in the sample estimates that is due
to study differences.31 To test whether significant
heterogeneity existed, we used the Chi2 test of
homogeneity. Heterogeneity was considered significant
when the P value was <.10.34 Where there was evidence
of heterogeneity (I2 > 25%), random effects models were
used.

We categorized treatment duration into <4 weeks
and ≥4 weeks in accordance with previously reported
methods.19 The range of treatment durations identified
through our systematic review was used to inform our
categories.

A sensitivity analysis was performed, excluding data
obtained from high intensity and frequency.

Role of the Funding Source
This research was supported by the National Natural
Science Foundation of China, which played no role in the
design, conduct, or reporting of this study.

Results
Our search returned 473 articles; 238 articles were
removed due to duplication. Of the 235 remaining articles,
202 articles were excluded after title and abstract
screening due to failing to meet the inclusion criteria.
Following full paper review, 16 articles35–50 remained. Only
15 articles35–44,46–50 were included in meta-analysis (Fig. 1);
1 article45 was excluded due to incomplete data (only
medians were reported for the outcomes of interest).

The total population studied across the 16 studies was
1078, comprising 554 participants in the treatment group
and 524 participants in the control group. The mean age
of patients was 59.5 years. Treatment time varied from
10 days to 6 weeks. Two different treatment durations
(<4 weeks and 4–6 weeks) were used in the subgroup
analysis. The longest follow-up time was 12 weeks.
Osteoarthritic sites studied included the knee
(N = 14),35–39, 41–45,47–50 ankle (N = 1),35 hand (N = 2),35,46 and
cervical spine (N = 2).36,40 Treatment intervention types
included PEMF therapy35–40,42,45,47–49 and PEMF therapy in
combination with routine physiotherapy.41,43,44,46,50 Control
intervention types included sham PEMF therapy, routine
physiotherapy combined with sham PEMF therapy, no
treatment, and medical therapy (eg, analgesic use when
needed). The characteristics of the included studies are
listed in the Table.

The overall assessment of the methodological quality is
presented in the Supplementary Figure. Of the 16 studies
included in our systematic review, only 2 studies40,49 were
consistently classified as ‘low risk of bias’ across 6 of the 7
domains. Other studies (N = 14) were judged as ‘unclear
risk of bias’ for at least 2 aspects or ‘high risk of bias’ for
at least 1 aspect. The results of our GRADE quality
assessment are presented in the Supplementary Table.
Overall, the quality of the evidence included in the
analysis was either low or very low.

Pain
Fifteen studies,35–44,46–50 comprising a total study
population of 985 participants, had data on pain as
assessed using VAS and/or the WOMAC pain subscale
(Fig. 2). The overall inverse variance pooled SMD for VAS
and the WOMAC pain subscale combined was 1.06 (95%
CI = 0.61 to 1.51, P < .00001) in favor of PEMF with
evidence of statistically significant heterogeneity (I2 = 90%,
P < .00001). Eight studies,37,40–44,46,48 comprising a total
study population of 505 participants, with a duration of
treatment shorter than 4 weeks showed a statistically
significant beneficial effect of PEMF therapy for relieving
pain. The pooled SMD for VAS and the WOMAC pain
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Pulsed Electromagnetic Field for Osteoarthritis

Figure 1.
Study flow diagram. RCT = randomized controlled trial.

subscale combined was 1.13 (95% CI = 0.44 to 1.83, P =
.001) with evidence of statistically significant
heterogeneity (I2 = 91%, P < .00001). Seven
studies,35,36,38,39,47,49,50 comprising a total study population
of 480 participants, assessed the effects of PEMF therapy
on pain for 4 and 6 weeks. The pooled SMD for VAS and

WOMAC pain subscale combined was 1.00 (95% CI = 0.38
to 1.63, P = .002) in favor of the significant beneficial
effects of PEMF therapy; with statistically significant
heterogeneity (I2 = 90%, P < .00001). No statistically
significant changes in heterogeneity and overall effect
were observed in the sensitivity analysis in which we
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Pulsed Electromagnetic Field for Osteoarthritis

Figure 2.
Forest plot analysis of the effects of PEMF therapy on pain (WOMAC pain subscale and VAS) compared with control.

stratified by intensity and frequency of PEMF therapy
(high intensity [105 mT]48 and high frequency [1000 Hz,
6.8 MHz]47,49).

Stiffness
Seven studies38,39,42–44,48,49 (total study population, N = 404)
assessed joint stiffness using the WOMAC stiffness
subscale (Fig. 3). The overall inverse variance pooled SMD
was 0.37 (95% CI = 0.07 to 0.67, P = .02) in favor of PEMF
with evidence of statistically significant heterogeneity
(I2 = 53%, P = .05). Studies of <4 weeks PEMF therapy
(study population, N = 192) (SMD = 0.40, 95% CI = −0.10
to 0.89, P = .12) and 4 to 6 weeks PEMF therapy (study
population, N = 212) (SMD = 0.36, 95% CI = −0.08 to 0.79,
P = .11) showed no evidence of a statistically significant
difference in stiffness after PEMF therapy compared with
the control group, respectively. Heterogeneity was
statistically significant for studies of both <4 weeks
(I2 = 61%, P = .05) and 4 to 6 weeks (I2 = 60%, P = .08). In
sensitivity analysis, the overall inverse variance pooled
SMD was 0.28 (95% CI = −0.02 to 0.57, P = .07) in favor
of PEMF therapy without evidence of statistically
significant heterogeneity (I2 = 42%, P = .12) when we
excluded 1 article49 with high-frequency (1000 Hz) PEMF
therapy.

Physical Function
Eight studies38,39,41–44,48,49 comprising a total of 457
participants assessed physical function using the
Lequesne index or WOMAC function subscale (Fig. 4).
Overall inverse variance pooled SMD for the Lequesne
index and WOMAC function subscale combined was 0.46
(95% CI = 0.14 to 0.78, P = .005) in favor of PEMF; there
was evidence of statistically significant heterogeneity
(I2 = 63%, P = .009). Five studies,41–44, 48 including 245
participants, of <4 weeks of PEMF therapy duration
showed no significant differences in physical function
compared with the control group. The pooled SMD for the
Lequesne index and WOMAC function subscale combined
was 0.55 (95% CI = −0.03 to 1.13, P = .06) with an I2 value
of 77% (P = .001). Three studies38,39,49 including 212
participants assessed the effect of 4- to 6-week PEMF
therapy on physical function. The pooled SMD for the
WOMAC function subscale was 0.38 (95% CI = 0.11 to
0.65, P = .006) in favor of the PEMF without evidence of
statistically significant heterogeneity (I2 = 0%, P = .59). No
statistically significant changes in heterogeneity and
overall effect were observed in the sensitivity analysis.

Quality of Life
Three studies38,46,49 comprising a total study population of
179 participants assessed QOL using the EuroQoL or SF-36
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Pulsed Electromagnetic Field for Osteoarthritis

Figure 3.
Forest plot analysis of the effects of PEMF therapy on stiffness (WOMAC stiffness subscale) compared with control.

Figure 4.
Forest plot analysis of the effects of PEMF therapy on physical function (Lequesne index and WOMAC function subscale) compared with
control.

scale (Fig. 5). The overall inverse variance pooled SMD for
the EuroQoL and SF-36 scale combined was 1.49 (95% CI
= −0.06 to 3.04, P = .06) with statistically significant
heterogeneity (I2 = 95%, P < .00001). Only 1 study,46

including 50 participants, of <4 weeks of PEMF therapy
showed that there was statistically significant difference in

QOL between PEMF and control groups (SMD = 3.62, 95%
CI = 2.70 to 4.55, P < .00001). Two studies38,49 including
129 participants assessed the effect of 4 to 6 weeks PEMF
therapy on QOL. The pooled SMD for the EuroQoL and
SF-36 scale combined was 0.49 (95% CI = 0.14 to 0.84, P =
.006) in favor of the PEMF therapy; there was no evidence
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Pulsed Electromagnetic Field for Osteoarthritis

Figure 5.
Forest plot analysis of the effects of PEMF therapy on quality of life (EuroQoL and SF-36 scale) compared with control.

of statistically significant heterogeneity (I2 = 0%, P = .33).
No statistically significant changes in heterogeneity and
overall effect were observed in the sensitivity analysis.

Discussion
Our study suggests that PEMF therapy, compared with
placebo, has a beneficial effect on pain, stiffness, and
physical function in patients with OA. Further, there was
no observed association between PEMF therapy and QOL.

In our study, PEMF therapy was associated with a
reduction in joint pain in those with OA compared with
placebo. Our results are in keeping with the findings of a
previous systematic review,19 which found that PEMF
therapy provided moderate pain relief in those with OA.
Here, they only included studies of a duration ≥4 weeks,
whereas in our study we also assessed studies of duration
<4 weeks. Our study showed that PEMF therapy provided
significant reductions in pain when used from 10 days to
6 weeks.

There is some evidence that at least 4 weeks of treatment
are required based on biological plausibility.19 We tested
this theory by stratifying the included studies into these
classes of treatment duration. There were no subgroup
differences between the 2 treatment durations (<4 weeks
and 4–6 weeks) for pain. Both <4 weeks and 4 to 6 weeks
PEMF therapy showed a beneficial effect on pain. This
would suggest that the duration of treatment may not be a
critical factor in pain management. We further conducted a
sensitivity analysis to describe the effects of high-intensity
PEMF therapy (105 mT)48 and high-frequency PEMF
therapy (1000 Hz, 6.8 MHz)47,49 on pain in those with OA.
Our sensitivity analysis showed no statistically significant
changes in levels of heterogeneity and overall effect on
pain, thus confirming the stability of our results. PEMF

device settings varied widely across studies; this may
explain, in part, the high observed levels of heterogeneity.

In our study, a statistically significant improvement was
observed for stiffness in patients with OA when using
PEMF therapy, which was in contrast to the findings of a
previous systematic review.51 Here, the previous
systematic review51 included only 3 articles with stiffness
data in those with knee OA, whereas in our study we
included 7 articles with stiffness data in those with knee
OA, which may have increased our ability to observe an
association where one existed.

There was no evidence of statistically significant
subgroup differences between 2 different treatment
durations (<4 weeks and 4–6 weeks) for stiffness;
data were available from 10 days to 6 weeks. In the
subgroup analysis, no statistically significant improvement
on stiffness was observed for <4 weeks and 4 to 6 weeks
PEMF therapy for OA, which was in contrast to the findings
of overall effect for stiffness. However, the direction
of effects of <4 weeks (SMD = 0.4) and 4 to 6 weeks
(SMD = 0.36) PEMF therapy was the same with overall
effect for stiffness. The absence of statistical significance
may be due to small study numbers of <4 weeks
(N = 4) and 4 to 6 weeks (N = 3) for treatment duration.
Our sensitivity analysis showed statistically significant
changes in levels of heterogeneity and overall effect.

Our data suggest a beneficial effect of PEMF therapy on
physical function in people with OA. In contrast to our
findings, a previous systematic review19 showed no
statistically significant improvement on physical function.
Here, the previous systematic review19 included studies
with both PEMF (N = 1) and pulsed electrical stimulation
(N = 2) with evidence of statistically significant
heterogeneity, whereas in our study we only included
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PEMF therapy, which may explain, in part, the conflicting
results.

In our subgroup analysis, a statistically significant
improvement on physical function was observed for 4 to
6 weeks’ use of PEMF therapy for OA but not for
<4 weeks use. These results considered together suggest
that 4 to 6 weeks of use of PEMF therapy may be a
potential treatment approach for improving physical
function in those with OA. Our sensitivity analysis showed
no statistically significant changes in levels of
heterogeneity and overall effect, thus confirming the
stability of our results.

We observed no association between PEMF therapy and
QOL in people with OA, which was similar to the findings
of a previous systematic review19 (SMD of 0.09 [P = .69]
and our study SMD of 1.49 [P = .06]). Data on QOL were
available in only 3 studies, which may have limited our
ability to detect an association between PEMF therapy and
QOL. Three studies with 179 participants were included in
our study; 2 studies with 139 participants were included
in a previous systematic review.19

In our subgroup analysis, 1 study of 10 days46 and 2
studies of 4 and 6 weeks38,49 showed a positive effect of
PEMF therapy on QOL in those with OA. Considering the
subgroup difference, the duration of PEMF treatment
might be the potential reason for heterogeneity in
treatment effects of QOL. However, the subgroup
difference might also be explained by different
osteoarthritic sites. The study with <4 weeks PEMF
therapy included patients with hand OA; 2 studies with 4-
to 6-week PEMF therapy included patients with knee OA.
Our sensitivity analysis showed no statistically significant
changes in levels of heterogeneity and overall effect.
Further studies are required to validate our findings.

To assess the clinical utility of a therapy, the amount of
improvement that is important to patients must be
determined.52 Minimal clinically important difference
(MCID), reflecting clinical significance,53 is defined as the
smallest difference in score in the domain of interest that
patients perceive as beneficial.54 The MCID can be
standardized; they are traditionally presented as effect
sizes of which the most commonly used are the
standardized response mean and the SMD.52,55 Angst et al
suggested that the MCID, expressed as the SMD, for
improvement on the WOMAC pain scale was 0.47.53

Hence, the observed effects of PEMF therapy (SMD = 1.13
for <4 weeks, SMD = 1.00 for 4–6 weeks) on pain in our
study were both statistically significant and clinically
important. However, the effects of PEMF therapy on
stiffness and physical function were not considered to be
clinically significant based on existing thresholds. Angst et
al suggested that the MCID, expressed as the SMD, for
improvement in WOMAC stiffness subscale was 0.90 and
for improvement in WOMAC function subscale was 0.93.53

Therefore, the observed effects of PEMF therapy on
stiffness (SMD = 0.37) and physical function (SMD = 0.46)
in our study were only statistically significant but not
clinically significant.

There were several strengths to our study. Firstly, while
our primary aim was to explore the effects of PEMF
therapy on symptoms and QOL, to our knowledge we are
the first to examine the effect of PEMF parameters,
including duration, frequency, and intensity, on symptoms
and QOL. Secondly, we exclusively examined the effects
of PEMF therapy on outcomes, whereas previous studies
have examined PEMF, pulsed electrical stimulation, and
pulsed shortwave. Further, our review compared the effect
estimates with MICD to determine whether our results
were clinically significant.

There are several potential limitations in our study. Firstly,
high levels of heterogeneity across the outcome measures
made harmonization difficult; however, in sensitivity
analysis, we consistently observed a relationship between
PEMF therapy and pain, physical function, and QOL,
which would support the robustness of our findings. The
main limitation to our study was small study numbers,
particularly for sensitivity analysis when exploring the
effects of different PEMF parameters. For instance, there
were few data on high-intensity (N = 1) and -frequency
(N = 2) PEMF therapy. In addition, the maximum PEMF
treatment duration was 6 weeks and the longest follow-up
time was 12 weeks across our included studies. Only
short-term PEMF treatment effects were observed due to
limited evidence, which limits the clinical relevance of the
findings. Further, long-term follow-up studies are needed
to explore the long-term effects of PEMF therapy. Further,
we only included studies published in English;
subsequently, relevant studies published in other
languages may have been missed. Another potential
limitation was that many of the included studies did not
follow an intention-to-treat (ITT) analysis. There is
evidence to suggest that trials that do not follow an ITT
analysis show larger intervention effects than trials that do
use an ITT analysis.56 We consistently observed similar
effect sizes in both the primary and sensitivity analyses,
and the direction of effects was similar across our
included studies, which would support the accuracy of
our findings. Further, the magnitude of the associations
was highly significant, which again would support the
accuracy of our results.

In conclusion, this review suggests that PEMF therapy,
compared with placebo, has clinically significant effects
on joint pain in individuals with OA. Further, we observed
a statistically significant beneficial effect of PEMF therapy
on joint stiffness and physical function. We did not
observe a relationship between PEMF parameters and
symptoms. Our data suggest that the duration of treatment
may not be a critical factor in pain management. However,
the evidence was limited to short-term effects (up to
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3 months). Further studies are required to confirm the
effects of PEMF therapy on QOL in patients with OA.

Author Contributions

Concept/idea/research design: X. Yang, H. He, T.A. Perry, C. He
Writing: X. Yang, T.A. Perry
Data collection: X. Yang, W. Ye
Data analysis: X. Yang, H. He
Project management: H. He, T.A. Perry, C. He
Fund procurement: C. He
Providing facilities/equipment: C. He
Providing institutional liaisons: H. He, C. He
Consultation (including review of manuscript before submitting):

X. Yang, T.A. Perry, H. He, W. Ye, C. He

T.A. Perry and C. He contributed equally to the work presented.

Funding

This research was supported by the National Natural Science
Foundation of China (ref. no. 81572236).

Systematic Review Registration

This study protocol was published in the PROSPERO International
Prospective Register of Systematic Reviews (CRD42018109786).

Disclosures

The authors completed the ICMJE Form for Disclosure of Potential
Conflicts of Interest and reported no conflicts of interest.

DOI: 10.1093/ptj/pzaa054

References
1 Lories RJ, Luyten FP. The bone-cartilage unit in osteoarthritis.

Nat Rev Rheumatol. 2011;7:43–49.

2 Fu K, Robbins SR, McDougall JJ. Osteoarthritis: the genesis of
pain. Rheumatology. 2018;57:iv43–iv50.

3 Gustafson JA, Gorman S, Fitzgerald GK, Farrokhi S.
Alterations in walking knee joint stiffness in individuals with
knee osteoarthritis and self-reported knee instability. Gait
Posture. 2016;43:210–215.

4 Calders P, Van Ginckel A. Presence of comorbidities and
prognosis of clinical symptoms in knee and/or hip
osteoarthritis: a systematic review and meta-analysis. Semin
Arthritis Rheum. 2018;47:805–813.

5 Briani RV, Ferreira AS, Pazzinatto MF, Pappas E, De Oliveira
SD, Azevedo FM. What interventions can improve quality of
life or psychosocial factors of individuals with knee
osteoarthritis? A systematic review with meta-analysis of
primary outcomes from randomised controlled trials. Br J
Sports Med. 2018;52:1031–1038.

6 Cleveland RJ, Alvarez C, Schwartz TA, et al. The impact of
painful knee osteoarthritis on mortality: a community-based
cohort study with over 24 years of follow-up. Osteoarthritis
Cartilage. 2019;27:593–602.

7 Turkiewicz A, Kiadaliri AA, Englund M. Cause-specific
mortality in osteoarthritis of peripheral joints. Osteoarthritis
Cartilage. 2019;27:848–854.

8 Nelson AE. Osteoarthritis year in review 2017: clinical.
Osteoarthritis Cartilage. 2018;26:319–325.

9 Zhang W, Nuki G, Moskowitz RW, et al. OARSI
recommendations for the management of hip and knee
osteoarthritis: Part III: changes in evidence following
systematic cumulative update of research published
through January 2009. Osteoarthritis Cartilage.
2010;18:476–499.

10 McAlindon TE, Bannuru RR, Sullivan MC, et al. OARSI
guidelines for the non-surgical management of knee
osteoarthritis. Osteoarthritis Cartilage. 2014;22:363–388.

11 Hochberg MC, Altman RD, April KT, et al. American College
of Rheumatology 2012 recommendations for the use of
nonpharmacologic and pharmacologic therapies in
osteoarthritis of the hand, hip, and knee. Arthritis Care Res.
2012;64:465–474.

12 Fernandes L, Hagen KB, Bijlsma JW, et al. EULAR
recommendations for the non-pharmacological core
management of hip and knee osteoarthritis. Ann Rheum Dis.
2013;72:1125–1135.

13 Grodzinsky A. Field, Forces and Flows in Biological Systems.
Garland Science: New York, USA; 2011.

14 Zhou J, Liao Y, Xie H, et al. Pulsed electromagnetic field
ameliorates cartilage degeneration by inhibiting
mitogen-activated protein kinases in a rat model of
osteoarthritis. Phys Ther Sport. 2017;24:32–38.

15 Yang X, He H, Zhou Y, et al. Pulsed electromagnetic field at
different stages of knee osteoarthritis in rats induced by
low-dose monosodium iodoacetate: effect on subchondral
trabecular bone microarchitecture and cartilage degradation.
Bioelectromagnetics. 2017;38:227–238.

16 Ongaro A, Varani K, Masieri FF, et al. Electromagnetic fields
(EMFs) and adenosine receptors modulate prostaglandin E(2)
and cytokine release in human osteoarthritic synovial
fibroblasts. J Cell Physiol. 2012;227:2461–2469.

17 Fassina L, Visai L, Benazzo F, et al. Effects of electromagnetic
stimulation on calcified matrix production by SAOS-2 cells
over a polyurethane porous scaffold. Tissue Eng. 2006;12:
1985–1999.

18 De Mattei M, Pasello M, Pellati A, et al. Effects of
electromagnetic fields on proteoglycan metabolism of bovine
articular cartilage explants. Connect Tissue Res. 2003;44:
154–159.

19 Li S, Yu B, Zhou D, He C, Zhuo Q, Hulme JM. Electromagnetic
fields for treating osteoarthritis. Cochrane Database Syst Rev.
2013;12:Cd003523.

20 Negm A, Lorbergs A, Macintyre NJ. Efficacy of low frequency
pulsed subsensory threshold electrical stimulation vs placebo
on pain and physical function in people with knee
osteoarthritis: systematic review with meta-analysis.
Osteoarthritis Cartilage. 2013;21:1281–1289.

21 Ryang We S, Koog YH, Jeong KI, Wi H. Effects of pulsed
electromagnetic field on knee osteoarthritis: a systematic
review. Rheumatology. 2013;52:815–824.

22 Fary RE, Carroll GJ, Briffa TG, Briffa NK. The effectiveness of
pulsed electrical stimulation in the management of
osteoarthritis of the knee: results of a double-blind,
randomized, placebo-controlled, repeated-measures trial.
Arthritis Rheum. 2011;63:1333–1342.

23 Al-Mandeel MM, Watson T. The thermal and nonthermal
effects of high and low doses of pulsed short wave therapy
(PSWT). Physiother Res Int. 2010;15:199–211.

24 Ganesan K, Gengadharan AC, Balachandran C, Manohar BM,
Puvanakrishnan R. Low frequency pulsed electromagnetic
field—a viable alternative therapy for arthritis. Indian J Exp
Biol. 2009;47:939–948.

25 Zhu S, He H, Zhang C, et al. Effects of pulsed electromagnetic
fields on postmenopausal osteoporosis. Bioelectromagnetics.
2017;38:406–424.

26 Lisi AJ, Scheinowitz M, Saporito R, Onorato A. A pulsed
electromagnetic field therapy device for non-specific low back

1130 Physical Therapy Volume 100 Number 7 2020

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/100/7/1118/5816580 by guest on 09 January 2024



Pulsed Electromagnetic Field for Osteoarthritis

pain: a pilot randomized controlled trial. Pain Ther.
2019;8:133–140.

27 Assiotis A, Sachinis NP, Chalidis BE. Pulsed electromagnetic
fields for the treatment of tibial delayed unions and
nonunions. A prospective clinical study and review of the
literature. J Orthop Surg Res. 2012;7:24.

28 Vadala M, Morales-Medina JC, Vallelunga A, Palmieri B,
Laurino C, Iannitti T. Mechanisms and therapeutic
effectiveness of pulsed electromagnetic field therapy in
oncology. Cancer Med. 2016;5:3128–3139.

29 Hong I, Garrett A, Maker G, Mullaney I, Rodger J, Etherington
SJ. Repetitive low intensity magnetic field stimulation in a
neuronal cell line: a metabolomics study. PeerJ. 2018;6:e4501.

30 Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. J Clin Epidemiol. 2009;62:1006–1012.

31 Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook
for Systematic Reviews of Interventions. 2nd ed. Chichester,
UK: John Wiley & Sons; 2019.

32 Atkins D, Best D, Briss PA, et al. Grading quality of evidence
and strength of recommendations. BMJ. 2004;328:1490.

33 Review Manager (RevMan) [Computer program]. Version 5.3.
Copenhagen. The Nordic Cochrane Centre. The Cochrane
Collaboration. 2014.

34 Sedgwick P. Meta-analyses: what is heterogeneity? BMJ.
2015;350:h1435.

35 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;20:456–460.

36 Trock DH, Bollet AJ, 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;21:1903–1911.

37 Jacobson JI, Gorman R, Yamanashi WS, Saxena BB, Clayton L.
Low-amplitude, extremely low frequency magnetic fields for
the treatment of osteoarthritic knees: a double-blind clinical
study. Altern Ther Health Med. 2001;7:54–64 66–59.

38 Pipitone N, Scott DL. Magnetic pulse treatment for knee
osteoarthritis: a randomised, double-blind, placebo-controlled
study. Curr Med Res Opin. 2001;17:190–196.

39 Thamsborg G, Florescu A, Oturai P, Fallentin E, Tritsaris K,
Dissing S. Treatment of knee osteoarthritis with pulsed
electromagnetic fields: a randomized, double-blind,
placebo-controlled study. Osteoarthritis Cartilage.
2005;13:575–581.

40 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;26:320–324.

41 Ay S, Evcik D. The effects of pulsed electromagnetic fields in
the treatment of knee osteoarthritis: a randomized,
placebo-controlled trial. Rheumatol Int. 2009;29:663–666.
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