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Abstract

Objective: Past systematic reviews and meta-analysises of older studies of pulsed electromagnetic field (PEMF) therapy report positive effect 
sizes favoring treatment over control. This systematic review was conducted to include the most recent studies and evaluate the clinical significance 
of PEMF compared to control.

Data sources: A systematic review of PubMed, EMBASE, and the Cochrane controlled trials Register.

Methods: Level one and two trials reporting comparison of pulsed electromagnetic fields with placebo or other control were included. Mean 
differences were compared to the minimal clinically important differences (MCID) of functional and pain outcome scores.

Results: Ten studies, including 495 patients, showed a VAS difference between groups of 11 points out of 100, and a WOMAC difference between 
groups of 9.7 points out of 100.

Conclusion: PEMF is unlikely to make a clinically important difference in knee osteoarthritis pain and function compared to placebo and control 
groups.

Keywords: Pulsed electromagnetic field; Knee; Osteoarthritis; Systematic review

Introduction
Knee osteoarthritis is a common ailment, impacting greater 

than 15% of adults over 45 years old. The associated chemical 
inflammation and degradation of the articular surface is associated 
with pain, stiffness and loss of function. Common treatments 
include weight-loss in overweight patients, physical therapy 
including weight-bearing exercise, oral medications, injectable 
treatments and arthroplasty. Pulsed electromagnetic field therapy 
is a less common, non-pharmacologic treatment option [1].

PEMF devices are solenoids. Through the electromagnetic 
properties of electric current in a coiled wire, create a magnetic 
field that can induce a current in a neighboring material. This is 
the same principle used in common devices like wireless phone 
charging stations. Pulsing the current in the original solenoid, 
and the resulting pulsed magnetic field, create a pulsed voltage 
potential. Electromagnetic bone stimulators use these principles, 
and demonstrate associated changes in osteoblast activity and 
subsequent closure of non-union fractures. In vitro studies also 
found changes in the synthesis of glycosaminoglycans from 
chondrocytes in porcine knee joints.

Although not a common treatment for osteoarthritis, PEMF is 
the subject of three past systematic reviews and meta- analyses. All 
three cautiously support the use PEMF to improve knee function, 
and only one supports PEMF use for knee pain. Reported effect 
sizes were small and have the disadvantage of being difficult for 
clinicians to interpret for patients. The purpose of this systematic 
review was to 

1.	 Include the newest trials in a systematic review and to 

2.	 Report on the clinical responsive of a patient pain and 
function using the minimal clinically important difference 
(MCID).

Effect size is a statistical tool used to determine the difference 
in pooled groups before and after an intervention, calculated from 
the difference in pooled means and a denominator derived from 
the standard deviations. It is akin to the statistically significant 
differences between pooled group. The MCID is the average 
magnitude of change that must occur in a functional test, like a 
patient-reported outcome, before it is considered a meaningful 
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difference. The MCID is akin to the clinically significant difference 
and is derived from longitudinal validity studies. The MCID 
values for the visual analog score (VAS) and the Western Ontario 

and McMasters Universities Osteoarthritis Index (WOMAC) are 
established values; 20 out of 100mm and 12 points out of 100, 
respectively.

The author performed a systematic online review of PubMed, 
EMBASE, and the Cochrane Controlled Trial Register. The search 
terms used were “pulsed electromagnetic field”,” osteoarthritis, 
and “knee osteoarthritis.” The bibliographies of identified reports, 
systematic reviews/meta-analyses and published clinical reviews 
were also searched for additional papers. The searches ended 
October 1, 2018. The subsequent eligibility criteria and study 
selection are displayed in the study flow diagram (Figure 1).

Eligibility criteria & study selection
A single reviewer (LS) screened the candidate papers for 

specific inclusion criteria. This screening was limited to English-
language, randomized control trials and prospective cohorts trials 
that evaluate the use of pulsed electromagnetic field devices for 
the treatment of osteoarthritis in the knee. The study populations 
were adults with osteoarthritis determined by radiographic and 
clinical criteria, excluding inflammatory arthritis. Interventions 
were limited to low pulsed frequencies, from 50Hz to 1000Hz. 
This determination was to avoid ranges commonly associated with 

radiofrequencies (>4000Hz), which may have different physiologic 
effects, if any at all. Also, low frequency pulsed magnetic waves 
are commonly used in orthopedics tools like bone stimulators. 
Comparison groups were limited to placebo or common therapies 
for knee osteoarthritis including standardized physical therapy. All 
studies needed to present results that included patient reported 
outcomes, validated for knee osteoarthritis, including visual 
analog scores (VAS) for pain and functional measures including 
the Western Ontario McMasters Universities Osteoarthritis Index 
(WOMAC). All studies are from after 2000 to ensure the most recent 
clinical trials. Other systematic reviews are limited to studies up to 
2005 only.

Abstracts were reviewed to complete this screening. When 
abstracts did not have sufficient information, the methods and 
materials for each study was reviewed. Trials that were not 
available online to download, reviews, meta- analyses, in-vitro 
studies and commentaries were then remove, leaving ten trials 
for this systematic review. The characteristics of the studies, the 
populations, and treatments are in (Tables 1&2).

Methods 
Information sources

Figure 1: Study Flow Diagram.

Table 1: Characteristics of the treated populations.

 
Study design

Comments
Total  Age  % Male

Control
Design PEMF 

n
Control 

n
PEMF 

Ave (SD)
Control 

Ave (SD) PEMF

Bagnato et 
al. [8] DBRCT   30 30 69 (12) 67 (10) 30 27

Dundar et al. 
[9] RCT No statement on patient 

blinding 20 20 57 (14.5) 58 (14) 30 25

Iannitti et al. 
[11] PC

Right knee received active 
treatment, left knee received 

the control treatment
28 28 70 (8.0) 70 (8.0) - -
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Nelson et al. 
[10] DBRCT

 

12 12 56 (2.5) 58 (2.5) - -

Ozguclu et al. 
[12] DBRCT 20 20 61 (7.7) 62 (8.2) - -

Ay et al. [13] RCT No statement on patient 
blinding 27 20 59 (8.8) 58 (6.5) 30 24

Laufer et al. 
2005 PC

 

27 31 73 (6.7) 73 (6.9 9 34

Thamsborg et 
al. [14] DBRCT 42 41 60 (8.7) 60 (8.6) 39 53

Callaghan et al. 
2005 DBRCT 9 9 63.5 (7.9) 58 (7.3) 56 44

Pipitone et al. 
[15] DBRCT 34 35 62 64 65 80

Note: DBRCT = Double blind randominzed control trial, RCT = Randomized control trial, PC = Prospective cohort.

Table 2: Characteristics of the treatment.

 

PEMF  

Magnetic field 
strength 
microT

 

Tissue voltages 
mv/cm

Time

 

Additional treatments

 

Control

 
Frequency 

Hz

Bagnato 1000 0.03  
12 hours/day x 
7 days/week x 4 

weeks
  Placebo

Dundar 50 100   20 min x 5 days/
week x 4 weeks PT/TENS/Heat Placebo + PT/ TENS/

Heat

Iannitti 6-100 5000   30 min x 3 days/
week x 6 weeks NSAID NSAID

Nelson   140 340 30 min x 7 days/
week x 6 weeks   Placebo

Ozguclu 50 3000   30 min x 5 days/
week x 2 weeks

20 min hot pack + 5 min US 
+ isometric HEP

20 min hot pack + 5 
min US + isometric HEP

Ay 50 105   30 min x 5 days/
week x 3 weeks PT/TENS/Heat Placebo + PT/ TENS/

Heat

Laufer 300     60 min x 7 days/
week x 3 weeks   Placebo

Thamsborg 50   1-100 120 min x 7 days/
week x 6 weeks   Placebo

Callaghan 400     20 min x 3 days/
week x 2 weeks   Placebo

Pipitone 3-7.8 50   30 min x 7 days/ 
week x 6 weeks   Placebo

Data extraction
The author extracted data using an institutional systematic 

review (Appendix 1).

Risk for bias
The papers were reviewed for selection bias – random sequence 

generation and allocation concealment, performance bias related 

to blinding, detection bias, attrition bias, and other forms of bias 
including selective reporting, funding sources or other biases not 
previously covered. (Table 3) shows the bias assessment for each 
paper. Either the paper clearly stated the methods used to mitigate 
bias (+) or the paper either failed to protect against a form of bias, 
or omitted a statement all together (-).
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Table 3: Risk of bias.

  Bagnato Dundar Iannitti Nelson Ozguclu Ay Laufer Thamsborg Callaghan Pipitone

Random sequence generation + - - - + + - - + +

Allocation concealment + - - - + - - - + +

Blinding of participants & person-
nel + - - + + + - + + +

Blinding of outcome assessment + + + + + + - - + +

Complete data sets & >70% of 
participants assessed + - - - + + - + - +

Other bias + + - + + + - + + +

Synthesis of results
Being a systematic review, and not a meta-analysis, this paper 

will report of the trend in functional outcomes without forest plots 
or reported effect sizes.

Results
Ten trials were included using the methods noted previously 

(Figure 1). Four of these studies have not been included in any 
previous systematic reviews or meta-analyses.

The outcomes are displayed in an effort to simplify and 
standardize the reported pain and functional changes in the 
trials (Table 4). The VAS and WOMAC total scores are normalized 
to a 100-point scale. The changes in outcomes from baseline 
to final follow-up are reported. The outcomes are shortened 
to two significant figures. Standard deviations and confidence 
intervals were not converted to the normalized 100-point scale, 
and not included the (Table 4). The author did not have access to 
statistical programs to ensure accurate conversion of the variances. 
Statistically significant differences between the treatment and 
control groups are reported, as well [2-7].

Vas
Seven of the studies reported VAS as a clinical outcome. The 

average change in the VAS score in the PEMF treatment groups 
was 26 out of 100 points improvement (range 10-50). The average 

change in the control groups was 15 out of 100 points (range -5.0-
32). Three of the seven studies report a statistically significant 
change in the VAS scores between the PEMF treatment groups 
and control groups. The PEMF treatment groups’ average change 
from baseline exceeded the MCID, 20 out of 100 for VAS. However, 
only four of the seven trials reported a change in VAS in the PEMF 
treatment group that met or exceeded MCID. The average difference 
between PEMF treatment group and control groups did not reach 
the MCID, with only the lowest evidence study demonstrating a 
clinically significant difference between groups.

Womac
Seven of the studies reported WOMAC as a clinical outcome. 

The average change in the WOMAC score in the PEMF treatment 
groups was 14 out of 100 points improvement (range 0.0-52). The 
average change in the control groups was 5.3 out of 100 points 
(range 0.3-15). Three of the seven studies report a statistically 
significant change in the WOMAC scores between the PEMF 
treatment groups and control groups. The PEMF treatment groups’ 
average change from baseline exceeded the MCID, 12 out of 100 for 
WOMAC. However, only two of the seven trials reported a change in 
WOMAC in the PEMF treatment group that met or exceeded MCID. 
The average difference between PEMF treatment group and control 
groups did not reach the MCID, with only the lowest evidence study 
demonstrating a clinically significant difference between groups.

Table 4: Active and control outcomes.

 
△VAS

Control Diff
△WOMAC

Control Diff
PEMF PEMF

Bagnato 17 3 Yes 11 1.3 Yes

Dundar 40 30 No 16 15 No

Iannitti 50 11 Yes 52 8.3 Yes

Nelson 27 11 Yes - - -

Ozguclu 24 32 No 7.9 7.9 No

Ay 16 20 No - - -

Laufer - - - 0 0.3 No

Thamsborg - - - 3.7 3.2 No

Callaghan 10 -5 No - - -

Pipitone - - - 5.1 1 Yes

Note: Diff = statistically significant difference between the PEMF and control groups.
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Discussion
Summary of evidence

The primary finding from this systematic review is that PEMF 
does not create a clinically significant improvement in pain or 
function for patients with osteoarthritis relative to the control 
group. Although three of the four previously unanalyzed trials 
report statistically significant improvements in pain or function, 
and previous meta-analyses report statistically significant effect 
sizes in favor of PEMF for pain or function, clinical significance is 
likely not met using MCID as our measurement of responsiveness 
to treatment.

Limitations
Six issues limit the strength on evidence from this systematic 

review; the use of MCID, the absence of measures of dispersion in 
the results, the short duration of treatment, the variance between 
PEMF tools, and outlier results from one lower evidence trial [8-
13].

The MCID is an accepted measure of how responsive a patient 
reported outcome is for a given clinical issue. The primary benefit 
is the ability to communicate the average expected benefit a person 
would experience from an intervention because the measure 
is validated longitudinally in similar populations. However, the 
MCID often varies based on the amount of time has elapsed since 
an intervention occurred, with studies demonstrating varying 
values at 2, 6, and 12 months out from an intervention to treat 
knee osteoarthritis. The method for calculating the MCID also has 
various methods, yielding different results. These are two reasons 
why many advocate for the use of effect size calculations, which 
only rely on the data set used, and not subject to the validity of 
outside studies.

The trials run for no longer than 6 weeks. It is possible that 
longer trials of treatment could expose a clinically significant 
difference between treatment groups. Unfortunately, none of the 
studies elected to treat for a longer duration.

Another limitation is reporting only an average change in 
the outcomes, without reporting the measures of dispersion (e.g. 
standard deviation confidence intervals). However, the fact that 
the average difference between groups did not meet the MCID 
already satisfies the objection of this report; PEMF does not create 
a clinically significant improvement in the clinical outcome scores 
of patients with knee osteoarthritis.

The PEMF tools appear to have a significant amount of variance 
in the technical specifications (Table 3) and intended methods 
of action. Two of the studies (Callaghan et al. & Laufer et al.) use 
devices which have the effect of creating heat within the treated 
body-part, while the other studies use devices that do not create 
an appreciable sensation of heat in the body during the treatment. 
Bagnato et al. [8] tested a device the a magnetic field three orders 
of magnitude weaker than the next lowest recorded device. It 
is difficult to reconcile that this variance in PEMF devices allows 
them to provide the same clinical impact or work through the 
same mechanism of action. It is possible that a subset of the PEMF 

tools has a positive statistically and clinically significant impact on 
knee osteoarthritis pain and function. However, this review cannot 
strongly support any one device [9-18].

In addition, Ianitti et al. [11] produced results that appeared to 
be lie outside of the range produced from the other included trials. 
That trial also used the lowest level of evidence study design in the 
grouping.

Conclusions
Pulsed electromagnetic field therapy is unlikely to provide 

a clinically significant improvement in pain or function in as 
measured with the MCID of VAS and WOMAC total scores in people 
with knee osteoarthritis.
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