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Abstract

Objectives. This trial aimed to test the effectiveness of a wearable pulsed electromagnetic fields (PEMF)

device in the management of pain in knee OA patients.

Methods. In this randomized [with equal randomization (1:1)], double-blind, placebo-controlled clinical

trial, patients with radiographic evidence of knee OA and persistent pain higher than 40 mm on the

visual analog scale (VAS) were recruited. The trial consisted of 12 h daily treatment for 1 month in 60

knee OA patients. The primary outcome measure was the reduction in pain intensity, assessed through

VAS and WOMAC scores. Secondary outcomes included quality of life assessment through the 36-item

Medical Outcomes Study Short-Form version 2 (SF-36 v2), pressure pain threshold (PPT) and changes in

intake of NSAIDs/analgesics.

Results. Sixty-six patients were included, and 60 completed the study. After 1 month, PEMF induced a

significant reduction in VAS pain and WOMAC scores compared with placebo. Additionally, pain toler-

ance, as expressed by PPT changes, and physical health improved in PEMF-treated patients. A mean

treatment effect of�0.73 (95% CI� 1.24 to� 0.19) was seen in VAS score, while the effect size was �0.34

(95% CI� 0.85 to 0.17) for WOMAC score. Twenty-six per cent of patients in the PEMF group stopped

NSAID/analgesic therapy. No adverse events were detected.

Conclusion. These results suggest that PEMF therapy is effective for pain management in knee OA patients

and also affects pain threshold and physical functioning. Future larger studies, including head-to-head

studies comparing PEMF therapy with standard pharmacological approaches in OA, are warranted.

Trial registration: ClinicalTrials.gov, http://www.clinicaltrials.gov, NCT01877278
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Rheumatology key messages

. Pulsed electromagnetic fields therapy is safe and effective in improving knee osteoarthritis symptoms.

. Pain threshold increases after pulsed electromagnetic field therapy in knee osteoarthritis patients compared with
placebo.

Introduction

OA affects a large proportion of the population, especially

the elderly, leading to pain and disability [1]. Knee OA is the

most common form of joint disease [2] and the major cause

of pain and physical disability among middle-aged and

elderly people [3]. To relieve pain, many patients, in order

to avoid the side effects of long-term use of conventional

therapies, are turning towards non-pharmacological
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therapies [4]. Several non-pharmacological interventions

for OA are in different stages of development, investigation

and application. Conservative and effective approaches for

relieving pain are needed for knee OA patients and, among

these, pulsed electromagnetic fields (PEMF) are emerging

with promising results. In vitro studies have demonstrated

that PEMF therapy is effective in reducing chondrocyte

apoptosis and MMP-13 expression of knee cartilage in

ovariectomized rats [5] and in favourably affecting cartilage

homeostasis [6].

Nonetheless, data from human studies are contradict-

ory [7�9], suggesting that further studies using different

types of electromagnetic devices, treatment protocols

and patient populations are warranted to confirm the effi-

cacy of PEMF therapy in OA. A recent review, comprising

482 patients in the treatment group and 448 patients in the

placebo group, highlighted that in trials employing high-

quality methodology PEMF therapy was effective in redu-

cing pain and improving function [10]. When the efficacy

of PEMF was evaluated for function, a significant improve-

ment was observed 8 weeks after initiation of treatment,

and no significant association was found between the use

of PEMF and the occurrence of adverse events.

The aim of the present study, therefore, was to evaluate

the efficacy for reduction of pain intensity, measured by

visual analog scale (VAS) and WOMAC, in patients af-

fected by knee OA treated for 1 month with a wearable

device using PEMF. The secondary aim was to evaluate

the pain threshold, measured by an algometre, the im-

provements in quality of life and the changes in intake of

NSAIDs/analgesics.

Methods

Patients

This randomized, with equal randomization (1:1), double-

blind, placebo-controlled clinical trial, parallel group

study, was approved by the ethics committee of the

Faculty of Medicine at the University of Messina. The

trial was performed in compliance with the Declaration

of Helsinki and ICH-GCP. All patients provided their writ-

ten informed consent. This trial was registered on

clinicalTrials.gov (NCT01877278).

Eligibility criteria were: a diagnosis of primary OA of the

knee according to the ACR criteria, including radiological

evidence of OA [11]; age>40 years; symptomatic disease

for at least 6 months prior to enrolment; persistent pain

despite receiving the maximal tolerated doses of conven-

tional medical therapy, including acetaminophen and/or

an NSAID, with persistent pain defined as a minimal

mean score of 40 mm on the VAS for global pain (0�100

mm range for each); daily pain during the month prior to

study enrolment; ability to attend follow-up appointments;

and no change in pain medication during the last month.

Patients affected by secondary causes of OA, DIP joint

OA, local or systemic infection, secondary FM, diabetes

mellitus, systemic arthritis, coagulopathy, patients on anti-

coagulant therapy and patients who had received previ-

ous intra-articular steroid injection or with avascular

necrosis of bone were excluded. The study took place

at the rheumatology outpatient clinic of AOU G. Martino

Policlinico Universitario of the University of Messina from

June 2013 to December 2014.

Randomization and blinding

Both the placebo and the PEMF devices were provided by

Bioelectronics Corporation. Before the randomization and

blinding procedures, every device was tested through an

electromagnetic field detector in order to allocate each

device to the proper group.

Randomization and blinding of treatment was con-

ducted by the research coordinator, which ensured simi-

larity between preparations. Devices were consecutively

numbered for each patient according to the randomization

schedule. For allocation of the participants, a computer-

generated list of random numbers was used.

An outcome assessor maintained the randomization

codes in sealed envelopes, while another assessor,

blinded to the randomization codes, dispensed the de-

vices. Each patient was assigned an order number and

received the device in the corresponding pre-packed en-

velope. Patients continued to remain blinded to the ori-

ginal treatment allocation. Outcome assessors and data

analysts were kept blinded to group allocation of patients.

Treatment groups

Patients were randomly allocated to one of two treatment

groups, either placebo or PEMF wearable device. Patients

in the treatment group were given a PEMF wearable

device (PEMF group). Patients in the placebo group

were given a device with no electromagnetic properties

(placebo group).

The device is manufactured by Bioelectronics

Corporation, MD, USA (www.bielcorp.com), and is com-

mercially available. The device used in the present study

is a pulsed radiofrequency energy device (ActiPatch) that

emits a safe form of non-ionizing electromagnetic radi-

ation. The carrier frequency is 27.12 MHz, the assigned

Federal Communications Commission medical frequency,

and it has a pulse rate of 1000 Hz and a 100 ms burst

width. The peak burst output power of the 12 cm antenna

is �0.0098 W and covers a surface area of �103 cm2. The

circuitry consists of low-voltage (3 V) digital/analog elec-

tronics that control all timing functions to produce the

therapeutic radiofrequency field, with the antenna field

placed directly above the therapeutic site. This closed-

loop system of the antenna, low-energy signal generator

circuit and battery power supply transfers the radiofre-

quency energy to the tissue. The placebo devices do

not emit a radiofrequency electromagnetic field but are

identical to the active devices, including a light-emitting

diode light showing operation. The energy from the active

device is not felt by the user, and the active device cannot

be distinguished in any way from the placebo device.

Study procedures and assessments

Patients were trained in the use of the PEMF device,

which was worn consecutively for a minimum of 12 h,
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mainly at night, with the antenna placed over the knee.

The device was kept in place with a wrap and switched off

when not in use. Patients were asked, during the enrol-

ment phase, to record wear/hours per day and to report,

at the end of the study, the hours per day of device use.

Study end points and outcome measures

Each patient was re-evaluated at 4 weeks, to assess the

safety and efficacy of treatment, by an assessor who was

blinded to the treatment. The primary end point for as-

sessment of efficacy was set at 1 month. The primary

outcome measure was the pain score improvement re-

sponse to treatment from baseline to 1 month in the

VAS and in WOMAC. In addition, in order to complete

the core set of three primary efficacy variables, recom-

mended by the Outcome Measures in Rheumatology

Clinical Trials group [12], quality-of-life assessment

[36-item Medical Outcomes Study Short-Form 36 version

2 (SF-36 v2)] was performed.

The secondary end point was to evaluate pain threshold

measured by a pressure algometre applied on the anterior

aspect of the thigh and at the DIP joint. The algometre

consists of a mechanical digital pressure component car-

rying a sharp section, which could evoke a major painful

stimulus. The device, powered by electricity, has a pres-

sure-sensitive terminal connected to an electronic con-

verter that records on a display in real time the amount

of pressure in Bar as units of measurement (Wagner FPX

25 Algometer; Wagner Instruments; http://wagnerforce.

com/). One rheumatologist, trained in quantitative sensory

testing, performed all testing.

The pain threshold test was performed twice on the

same day, with 2�5 min separating tests. The first test

was designated as a trial run, to accustom participants

to the testing procedures. The second test was desig-

nated as the test run, from which all data were ob-

tained. The tests were performed on the same day to

minimize heterogeneity caused by daily changes in en-

vironment, disease activity and mental status. Previous

studies have indicated that pressure pain thresholds

(PPTs) are highly reproducible when testing is done

on the same day [13]. The pain threshold is defined

as the pressure at which the participant first feels

pain. The pain threshold was measured in two distinct

anatomical areas, namely the DIP joint of the second

finger and the anterior portion of the quadriceps

muscle.

Another secondary outcome measure was to analyse

the change in daily intake of NSAIDs per week at baseline

and after 4 weeks of treatment. Patients reported anal-

gesic and anti-inflammatory medications taken in the

last week prior to each assessment.

Statistical analysis

Statistical analyses were performed using SPSS version

21. We used analysis of covariance on the post-interven-

tion values to assess the group differences with P-values,

mean difference and 95% CI. Baseline values were

included as covariates. A value of P < 0.05 was

considered to be statistically significant. It was calculated

that a sample size of 66 (33 in each group, allowing for

10% withdrawals) was sufficient, with a power of 80%

using a two-tailed test with a level of 0.05, to detect a

10-point difference in VAS, WOMAC total score and SF-

36, set as primary outcomes of the study. Calculations

were based on standard deviations data from Nelson et

al. [14] (Pain VAS), Pipitone and Scott [15] (WOMAC total

score) and Iannitti et al. [16] (SF-36).

Results

A total of 72 patients affected by knee OA were as-

sessed for eligibility. Two patients with concomitant dia-

betes mellitus, one patient with concomitant DIP joint

OA, two patients with persistent pain lower than 40 mm

on the VAS and one patient with symptomatic disease

for <6 months were not enrolled. Sixty-six patients were

recruited into this study. Participants attended clinic

visits at the time of randomization (baseline) and at 1

month for a total period of 1 month. Three patients

from the PEMF group and three patients from the pla-

cebo group were lost to follow-up. Thus, each group

comprised 30 (in the PEFM group) and 30 (in the placebo

group) completers (see Fig. 1 for flow chart of partici-

pants). Baseline characteristics, such as, sex, age, BMI,

duration of disease and outcome parameters are re-

ported in Table 1. During the study, the rates of compli-

ance with the different devices were similar. Patients

from PEMF group reported an average use of

11.3 ± 0.8 h/day, whereas patients treated with the pla-

cebo device reported 11 ± 0.7 h/day. No statistically sig-

nificant difference was observed in daily use of the

devices between the two groups. No adverse events

were detected during the study.

PEMF treatment reduced pain intensity and improved
physical functioning

In the initial analysis, we sought to compare the primary

outcome in the PEMF and placebo groups. In patients

treated with the PEMF device, we found that VAS pain

and WOMAC pain scores decreased significantly after 1

month of treatment compared with placebo. Consistently,

WOMAC stiffness and function scores improved after

PEMF treatment (Table 2).

After 1 month of treatment, there was a 25.5% reduc-

tion in VAS pain scores for subjects treated with the PEMF

device and a 3.6% reduction in those who received pla-

cebo, with a standardized effect size of �0.73 (95% CI

�1.24 to �0.19) in VAS score.

There was a 23.4% reduction in WOMAC pain subscale

and 18.4% reduction in WOMAC total score compared

with 2.3% reduction for both WOMAC pain and total

in the placebo group. The standardized effect size

was �0.61 (95% CI�1.12 to �0.09) for WOMAC pain

and �0.34 (95% CI�0.85 to 0.17) for WOMAC total

score (Fig. 2).
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FIG. 1 Flow chart of knee OA patients recruited in the trial

Among 72 eligible patients, 6 were excluded (diabetes mellitus, OA of DIP joints, pain duration <6 months, persistent pain

lower than 40 on VAS). A total of 66 patients underwent randomization and 6 patients (3 for each group) were lost to

follow-up. A total of 60 subjects, 30 for each group, completed the study. The primary outcomes, VAS and WOMAC, and

the secondary outcomes, quality of life measured through the 36-item Medical Outcomes Study Short-Form version 2

(SF-36), pain pressure threshold, measured through a pressure algometer and intake of NSAIDs/analgesics, were

assessed at baseline and after 1 month for statistical analysis.

TABLE 1 Baseline demographic and clinical characteristics of patients affected by knee OA treated with pulsed elec-

tromagnetic fields or placebo device

Characteristic All patients (n = 60) PEMF (n = 30) Placebo (n = 30)

Age, mean (S.D.), years 67.7 (10.9) 68.6 (11.9) 66.9 (10)

Gender (female/male) 43/17 21/9 22/8

BMI, mean (S.D.), kg/m2 27.4 (4.3) 27.7 (4.6) 27.1 (4.1)
Disease duration, mean (S.D.), years 12.1 (8.2) 12.4 (9.1) 11.9 (7.4)

Pain score (100 mm VAS), mean (S.D.), MM 65.3 (15.8) 67 (16.6) 63.6 (15.1)

WOMAC total score, mean (S.D.) 132.9 (45.2) 136.6 (49.6) 129.2 (40.8)
SF-36 v2 physical health, mean (S.D.) 52.1 (6.8) 52 (7.4) 52.2 (6.2)

SF-36 v2 mental health, mean (S.D.) 41.1 (5.9) 40.4 (5.8) 41.8 (5.6)

DIP PPT, mean (S.D.) 3.3 (1.3) 3.4 (1.4) 3.3 (1.2)

QDR PPT, mean (S.D.) 12.3 (5.8) 12.4 (6) 12.4 (5.8)
NSAIDs, n (%) 21 (35) 10 (33) 11 (36)

Analgesics, n (%) 26 (43) 12 (40) 14 (46)

PEMF: pulsed electromagnetic fields; PPT: pressure pain threshold; QDR: quadriceps femoris; SF-36 v2: 36-item Medical
Outcomes Study Short-Form version 2; VAS: visual analog scale.
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Pain threshold and physical health improved during
electromagnetic treatment

Our results showed that both measurements of PPT im-

proved in OA patients after 1 month of treatment with the

PEMF device compared with placebo. Next, we assessed

whether quality of life, measured through the SF-36 ques-

tionnaire, was modified by the treatment. Only physical

health scores improved in the PEMF group (Table 2).

PEMF treatment reduced intake of NSAIDs/analgesics

Given that recruited patients continued to take prescribed

analgesic therapy as needed, we analysed the changes in

intake of NSAIDs/analgesics. Among the patients from the

PEMF group, eight patients (26%) stopped previously pre-

scribed medications, whereas in the placebo group one

patient (3%) stopped and 3 (10%) started a new therapy

for chronic pain (Table 3).

Discussion

In this randomized clinical trial, PEMF therapy improved

pain and dysfunction in knee OA patients. Although pre-

vious studies have reported contradictory results on the

efficacy of this non-pharmacological approach, our results

support previous high-quality randomized clinical trials.

In our study, the electromagnetic therapy was applied

TABLE 2 Effect of electromagnetic field device therapy on pain and clinical status

PEMF (n = 30) Placebo (n = 30) Estimated mean
group difference

(95% CI) P-valuesOutcomes Baseline 1 month Baseline 1 month

VAS, mean (S.D.) 67 (16.6) 50 (16.1) 63.6 (15.1) 61.3 (15) �13.6 (�19.3 to� 7.9) 0.0005

WOMAC pain, mean (S.D.) 28.2 (9.9) 21.6 (9.6) 27.6 (7.4) 26.8 (8.2) �5.6 (�8.4 to�2.9) 0.0005

WOMAC function, mean (S.D.) 97.6 (39.9) 81.7 (37.9) 91.2 (36.7) 89.7 (34.4) �13 (�23.3 to� 2.8) 0.013
WOMAC stiffness, mean (S.D.) 10.8 (4.2) 8.1 (3.8) 10.4 (2.9) 9.6 (3.1) �1.7 (�2.9 to�0.6) 0.004

WOMAC total, mean (S.D.) 136.6 (49) 111.5 (48) 129.2 (40) 126.2 (39) �20.8 (�32.6 to� 8.9) 0.001

SF-36 v2, physical health, mean (S.D.) 52 (7.4) 55.8 (6.1) 52.2 (6.2) 53.1 (6.2) 2.7 (0.3 to 5.2) 0.024

SF-36 v2, mental health, mean (S.D.) 40.4 (5.8) 43.8 (3.6) 41.8 (6.0) 43.6 (4.7) 0.5 (�1.5 to 2.6) 0.6
DIP PPT, mean (S.D.) 3.4 (1.4) 4 (1.6) 3.3 (1.2) 3.4 (1.2) 0.6 (0.1 to 1) 0.015

QDR PPT, mean (S.D.) 12.4 (6) 13.5 (6.2) 12.3 (5.8) 12 (5.3) 1.4 (0.7 to 2.1) 0.0005

Differences between the groups in post-intervention (1 month) values were evaluated with analysis of covariance, with baseline
values as covariates. PEMF: pulsed electromagnetic fields; PPT: pressure pain threshold; QDR: quadriceps femoris; SF-36 v2:

36-item Medical Outcomes Study Short-Form version 2; VAS: visual analog scale.

FIG. 2 Changes over time and standardized effect size of VAS pain, WOMAC pain and WOMAC total score

(A) The percentage reduction in VAS pain, WOMAC pain and WOMAC total in knee OA participants according to the

group of treatment. (B) The standardized size effect induced by PEMF treatment is higher for the parameters evaluating

pain (VAS score: �0.73 (95% CI �1.24 to �0.19); WOMAC pain: 0.61, 95% CI� 1.12 to� 0.09), while the effect size

associated with an improvement in WOMAC, considering all the subscales, is �0.34 (95% CI� 0.85 to �0.17). PEMF:

pulsed electromagnetic fields; VAS: visual analog scale.
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for 12 h each day for a treatment duration of 4 weeks,

whereas previous studies ranged from 20 min in nine ses-

sions for 3 weeks [17] to 2 h a day in 30 sessions for 6

weeks [18]. Thus, the absence of a standardized treat-

ment protocol limits the comparison with previous

studies.

Additionally, the pulse frequency and duration

were different among the randomized clinical trials

available, further limiting the possibility of comparing

efficacy and safety. Significant pain reduction has

been observed in trials using both low pulse frequency

and duration (3�7.8 Hz and 10 ms) [15] and rela-

tively high pulse frequency and duration (145 Hz and

400 ms) [19].

In order to explore pain perception, in addition to the

self-reported pain scores, such as the VAS and WOMAC

scores, we measured pain threshold using pressure

algometry, which is the most commonly used quantita-

tive and objective sensory testing method used in

rheumatic diseases [20]. It has been clearly shown that

patients with rheumatic disease, including OA, have

decreased pain thresholds [21�26]. We compared quan-

titative sensory testing scores, performed on an osseous

anatomical surface, the DIP joint, and a muscular ana-

tomical site, the quadriceps muscle, between baseline

and 4 weeks of treatment, and we found that pain thresh-

old increased in the PEMF group compared with pla-

cebo. The induction of changes in the neuronal sensory

mechanism underlying pain perception and threshold re-

mains debated and complex. Exposure to PEMF can in-

crease pain thresholds toward an analgesic response,

without affecting thermal sensory threshold, in healthy

subjects [27, 28]. Recently, it has been demonstrated

that exposure to PEMF can reduce the pain threshold

in lateral epicondylitis [29] and also in refractory carpal

tunnel syndrome [30]. Neuromodulation could be related

to nociceptive C and large A-fibre activity, probably

through ion�ligand binding modifications or through

changes in the excitability of cell membranes [31].

Another interesting aspect of the interaction between

electromagnetic fields and pain is related to opioid func-

tion; it has been demonstrated in mice that the induction

of analgesia by electromagnetic exposure was equiva-

lent to a moderate dose of morphine [32].

Patients with knee OA have significantly poorer quality

of life compared with healthy controls, and this is related

to functional disability and chronic pain [33]. We assessed

quality of life using the SF-36 v2 questionnaire, as a sen-

sitive health status measure for clinical evaluation, and we

found that physical health improved after the exposure to

PEMF.

OA is the most prevalent form of joint disease, and the

incidence is rising because of the ageing population [1].

Although NSAIDs remain the gold standard for the treat-

ment of pain in OA, there is an increasing need to find

conservative and alternative approaches, in order to

avoid the toxicity associated with the chronic use of the

analgesics, mostly in the elderly population [34]. In our

study, OA patients treated with the PEMF device signifi-

cantly reduced their intake of NSAIDs compared with the

placebo group. Given that the factors influencing pain per-

ception in each individual patient remain complex, an at-

tempt to define the mechanisms of pain modulation of this

form of therapy in relationship to previously described bio-

logical effects remains speculative. Our data on the evi-

dence for the regulation of pain threshold at two different

anatomical sites indicates the need for specific studies

designed to explore neuronal adaptation in a pulsed elec-

tromagnetic environment.

Given that our data are limited to a low number of par-

ticipants, and the long-term efficacy of the wearable

device is unknown, the generalizability of the results

needs to be confirmed in a larger clinical trial with a

longer duration of treatment. However, the use of a wear-

able PEMF therapy in knee OA can be considered as an

alternative safe and effective therapy in knee OA,

providing the possibility for home-based management of

pain compared with previous studies.

Taken together, these results suggest that PEMF ther-

apy is a plausible option for the treatment of chronic pain

in knee OA. The possibility that some of the effects of

this therapeutic approach might be derived from neuro-

modulation of the pain mechanism needs to be explored

further in order to identify the interactions between car-

tilage function, pain perception and electromagnetic

fields.
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TABLE 3 Changes in intake of NSAIDs/analgesics

NSAID/analgesic intake
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(n = 30)
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(n = 30)

Subject’s daily drug intake
at 1 months
NSAIDs, n (%) 6 (20) 12 (40)

Analgesics, n (%) 8 (26) 15 (50)
Changes in drug intake at

1 month follow-up
Started NSAIDs/

analgesics, n (%)
- (0) 3 (10)

Stopped NSAIDs/
analgesics, n (%)

8 (26) 1 (3)

At the end of the trial, 46% subjects from the PEMF group
and 90% patients from the placebo group were under treat-

ment with NSAIDs/analgesics. In the PEMF group, 26%

(n = 8) stopped the pharmacological therapy compared with

baseline, whereas in the placebo group 10% (n = 3) started a
new therapy with NSAIDs/analgesics and 3% (n = 1) stopped

previous treatment. PEMF: pulsed electromagnetic fields.
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