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Since the first uses of cosmetic 
radio frequency (RF), devices 
have proven the efficacy of this 
energy when treating rhytides, 
laxity, focal fat and cellulite.  
Inconsistencies in temperature 
and maintaining goal therapeutic 
temperatures have proven to be 
the main challenge with 
traditional radio frequency 
devices.  Pulsed Magnetic Fields 
(PMF) have proven to accelerate 
angiogenesis, heal cutaneous 
wounds, decrease post-surgical 
pain, reduce edema, negatively 
influence bacterial and tumour 
cell growth and repair both bone 
and nerves, but little has been 
known of its application in 
cosmetic medicine until now.  . 
The blending of these two 
energies has produced a 
synergistic thermal and non-
thermal action inducing long term 
collagen remodelling and 
adipose tissue reshaping. Venus 
Freeze is the first device to 
deliver a unique algorithm of 
multi pole RF, allowing the 
maximum amount of energy to 
be released while the patient 
experiences no discomfort due to 
this deep heating matrix.  Each 
electrode has the potential to be 
both positive and negative and 
the rotational system allowing 
this change to occur one million 
times per second allows for the 
treatment to be comfortable and 
tolerable for patients. The non-
thermal PMF energy is emitted 
simultaneously and continuously 
throughout the treatment. 

Therapeutic threshold is defined 
as 39 to 41 degrees centigrade 
on the face or neck and 42 to 45 
degrees centigrade on the body.  
When the tissue is heated to the 
proposed therapeutic 
temperature this increases fat 
cell metabolism and accelerated 
triglycerides egress from the cell.  
Increased tissue temperature 
increases vascular perfusion, 
which further enhances lipid 
turnover.1   Reduction of the 
convex distension is also partly 
due to shrinkage of the tissue.  
Immediate collagen contraction is 
achieved by the denaturisation of 
the collagen fibril which 
subsequently leads to 
neocollagenesis.  The new 
collagen produces tighter tissue 
leading to more appreciable 
measurements.  

 
With the Venus Freeze we have 
reached the ideal external 
(epidermal) temperature of 41-
43°C, and a sub dermal 
temperature of 45 - 47°C 
required for optimal skin 
tightening. It is possible that the 
non invasive Venus Freeze can 
externally achieve the same 
temperatures as its predeceasing 
and more invasive energy 
assisted counterparts.2  

 
METHOD  
 
Three patients were selected to 
participate (women between the 
ages of 30 – 50 with skin type II 



would undergo a Venus Freeze 
10 minutes treatment to the 
abdomen prior to their 
abdomenoplasty or liposuction 
surgery.  Internal and external 
temperature was monitored 
throughout and recorded at set 
intervals; before the treatment, 
after 5 minutes during treatment, 
5 minutes post treatment and 10 
minutes post treatment. The 
depth of internal monitoring was 
20mm. Once the patient is under 
general anesthetic the abdomen 
program was selected with the 
preset values being 80% RF, 
continuous PEMF and the 
Octipolar hand piece. The 
treatment area was cleansed and 
glycerine was applied. The 
Octipolar applicator was applied 
to the skin and treatment 
commenced using irregular 
movement s on the skin to cover 
the area homogenously with 
heat.  After 1 minute the device 
was placed on pause and the 
temperature on the surface of the 
skin was taken using a Fluke 62 
mini IR thermometer and the 
information is recorded.  The 
treatment is then resumed for 4 
more minutes.  After 4 more 
minutes the device is placed on 
pause and the external 
temperate and the internal 
temperature were measured 
using the Fluke Digital 
Thermometer for the external 
temperature and the Thermalert 
TH-8 monitoring thermometer 
with an MT-23/3 hypodermic 
needle microprobe at 20 mm 
depth.  The treatment would 
resume for another 5 minutes.  
Once the last 5 minutes was 

complete the temperature was 
taken again in the same fashion 
with the same devices at the 
same depth.  After 5 minutes and 
10 minutes post treatment, the 
same temperatures were taken 
and recorded using the same 
devices and same depth.   
 
RESULTS  
 
The patients had consistent 
heating on the surface with no 
negative responses such as 
burns, blisters or bruises.  All 
patients reached therapeutic 
temperature in the first minute of 
treatment.  All patients were able 
to achieve and maintain higher 
internal temperatures for the 
duration of the study which was 
10 minutes post treatment.  Each 
of the participants was able to 
maintain higher therapeutic 
internal temperatures in 
comparison to the external 
temperatures at 5 and 10 
minutes post treatment. (see 
charts) 
 
SUMMARY 
 
While RF and PEMF are both 
energies which have a achieved 
success in the area of focal fat, 
collagen regeneration and tissue 
tightening, it has been 
challenging to deliver them with 
consistency and without pain.  
The Venus Freeze multipolar 
system delivers consistent and 
homogenous heating.  This 
extensive heating effect will aid in 
achieving reliable and predictable 
results. 
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Summary Corporate establishment of US Food & Drug Administration approved pulsed elec-
tromagnetic fields (PEMFs) for clinical applications has been achieved. However, optimization
of PEMFs for improvement in efficacy for current indications, in addition to the expansion into
new indications, is not trivial. Moving directly into a clinical trial can be costly and carries little
guarantee for success, necessitating the need for preclinical studies as supported by this re-
view of the extensive corporate preclinical experience by Orthofix, Inc.

The Translational Potential of this Article: This review illustrates the need to gain enough
in vitro/in vivo knowledge of specific PEMF signals and its target tissue interaction to enable
a high success rate in clinical trials.
ª 2017 The Authors. Published by Elsevier (Singapore) Pte Ltd on behalf of Chinese Speaking
Orthopaedic Society. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction and background

Contemporary development of magnetic and electromag-
netic field applications as therapeutic modalities started
immediately after World War II with designing and
manufacturing of various types of electromagnetic signals
[1]. During these years, it was established that symmetrical
waveforms are less effective than asymmetrical or pulsed
signals [2]. These pulsed electromagnetic field (PEMF) sig-
nals are inductively coupled to the treatment site and
porated, 3451 Plano Parkway,

fix.com (J.T. Ryaby).

.02.006
hed by Elsevier (Singapore) Pte Lt
license (http://creativecommon
therefore noninvasive [2,3]. The PEMF signals contain a
wide range of spectral components allowing for potential
coupling to a variety of possible biochemical signalling
pathways [4].

The possibility of treatment using electromagnetic fields
for various disorders drew corporate interest, in part due to
the ability to noninvasively induce an electric current in the
target tissue. While electromagnetic studies have included
disorders such as major depressive disorder (using trans-
cranial magnetic stimulation) [5], fibromyalgia [6], and
osteoarthritis of the knee [7], the only Class III electro-
magnetic field devices approved by the US Food & Drug
Administration (FDA) have been within the category of
bone growth simulation/ostegenesis stimulation. Within
this category, Orthofix Inc. (Lewisville, TX, USA) originally
d on behalf of Chinese Speaking Orthopaedic Society. This is an open
s.org/licenses/by-nc-nd/4.0/).
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developed three PEMF devices for osteogenesis stimulation:
Physio-Stim�, Spinal-Stim� and Cervical-Stim�. Each of
these devices incorporates a specific set of triangular sha-
ped PEMF signals (Figure 1). The particular set of signals
takes advantage of having its polarization and depolariza-
tion within the positive magnetic field range as signals
within both the negative and positive part have been found
to be less effective [2,8]. While PEMF signals can be varied
through alterations of their pulse period, burst period,
amplitude, and number of pulses/burst, the specific pa-
rameters for the three devices were selected based on
preliminary preclinical studies (unpublished data) com-
bined with PEMF field parameter limitations due to engi-
neering considerations such as battery life and device
portability.

As mentioned, common for all the approved commercial
electromagnetic field devices for osteogenesis stimulation is
their classification by the FDA as a Class III device (Table 1).
A Class III device requires the establishment of safety and
Figure 1 Representation of the Orthofi

Table 1 US Food & Drug Administration (FDA) approved c
stimulation.

EMF Device Manufacturer Indication

Physio-Stim Orthofix, Inc. Treatment o
secondary t
vertebrae a

Spinal-Stim Orthofix, Inc. Adjunct tre
and as a no
for salvage

Cervical-Stim Orthofix, Inc. Adjunct tre
spine fusion
high risk for

CMF SpinaLogic DJO, LLC Adjunctive
lumbar spin
one or two

CMF OL1000 DJO, LLC Treatment o
acquired se
excluding a
bones

EBI Bone Healing System Zimmer Biomet, Inc. Treatment o
failed fusion
pseudarthro
system

EMF Z electromagnetic field.
effectiveness of the device through valid scientific evidence
before approval by the FDA can be achieved. This is done
through the initial FDA approval of an investigational device
exemption (IDE) allowing for the device to be used in a
clinical study collecting safety and effectiveness data. This
data is required to support a premarket approval (PMA)
application which upon approval, enables the device to
enter the market. This process ensures that safety issues
such as hardware failure, inadvertent exposure of incorrect
target tissues, incorrect exposure (amplitude, duration
etc.), and unanticipated adverse events etc. are considered
and evaluated.

The first Orthofix device to receive FDA approval was the
Physio-Stim device (Figure 2), which was designed for the
treatment of an established nonunion acquired secondary
to trauma, excluding vertebrae and all flat bones, where
the width of the nonunion defect is less than half the width
of the bone to be treated. Note that a nonunion is consid-
ered to be established when the fracture site shows no
x Pulsed electromagnetic field signal.

ommercial electromagnetic field devices for osteogenesis

Description

f nonunion acquired
o trauma, excluding
nd all flat bones

A series of 5 different EMF single
coils for various skeletal locations.

atment to spinal fusion
noperative treatment
of failed spinal fusion

Dual coil (coils placed anterior and
posterior to spine) acting as a
Helmholtz coil at the lumbar spine

atment for cervical
surgery in patients at
nonfusion

Single coil placed posteriorly to
the cervical spine

treatment to primary
al fusion surgery for
levels

Single coil worn posteriorly at the
lumbar spine

f nonunion fractures
condary to trauma,
ll vertebrae and flat

A series of 5 different EMF coils
(single or dual coil) for various
skeletal locations.

f fracture nonunions,
s, and congenital
sis in the appendicular

A series of 12 different EMF single
coils for various skeletal locations.



Figure 2 Physio-Stim pulsed electromagnetic field (PEMF) device.
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radiographically progressive signs of healing for at least 90
days. Five different Physio-Stim device models were
developed to treat nonunions at different anatomical sites:
tibia, ulna/radius, humeral head, hip, and the clavicle. The
PEMF signal for the Physio-Stim device is characterized by a
fundamental (burst) frequency of 15 Hz, a pulse frequency
of 3.85 kHz, and magnetic field amplitude of 1.19 mT.

For the FDA approval of the Physio-Stim device, an IDE
clinical study was performed investigating the long-term
follow-up of fracture nonunions treated with PEMF [9].
Specifically, established nonunions (no evidence of healing
after 9 months) for 181 individuals (193 fractures) were
treated with PEMF for a minimum of 8 hours per day for 6
months or until union. A cohort of 139 patients (149 frac-
tures) completed their treatment. Patients treated with
PEMF less than 3 hours/day only had a success rate of 36%,
whereas treatment of more than 3 hours/day led to a
significantly higher success rate of 80%. The treatment
success was unaffected by long bone versus short bone,
open fractures versus closed fractures, or duration of
nonunion prior to surgery. Long-term follow-up at 4 years of
patients treated with PEMF for more than 3 hours/day
Figure 3 Spinal-Stim pulsed elect
showed no significant change in success rate. In addition, it
was concluded that the Physio-Stim device was deemed
safe, based on the reported adverse events.

The second device, Spinal-Stim (Figure 3), is a noninva-
sive electromagnetic bone growth stimulator indicated as
an adjunct to spinal fusion to increase the probability of
fusion success and as a nonoperative treatment for salvage
of failed spinal fusion, where a minimum of 9 months has
elapsed since the last surgery. The PEMF signal for the
Spinal-Stim device is characterized by a fundamental
(burst) frequency of 1.5 Hz, a pulse frequency of 3.85 kHz,
and magnetic field amplitude of 0.68 mT.

A randomized double-blind prospective IDE study of
PEMF (Spinal-Stim) as an adjunct to lumbar fusion was
performed for patients (n Z 195) undergoing initial lumbar
fusion surgery [10]. Following surgery, patients were
instructed to wear the PEMF device for 8 hours daily until a
successful fusion or nonunion was determined by the
physician and an independent radiographic reviewer. For
the active PEMF group, the success rate was 83%, which was
statistically significant compared to the placebo-treated
group (65%). In addition, stratification of consistent users
romagnetic field (PEMF) device.
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(i.e., more than 2 hours/day of PEMF treatment) revealed a
success rate of 92% versus 68% (placebo), while non-
consistent PEMF users (< 2 hours/day) show similar fusion
rates as the placebo (65% vs. 61%) [11].

A second clinical study, conducted using the Spinal-Stim
PEMF device on 100 patients, showed that PEMF was also an
effective treatment specifically for chronic pseudoarthrosis
following lumbar fusion [12]. Specifically, patients with
chronic pseudoarthrosis after lumbar fusion who underwent
2 hour daily PEMF treatment for at least 90 days showed a
67% fusion success rate which was comparable to reopera-
tion rates for pseudoarthrosis [12].

The last device developed was the Cervical-Stim device
(Figure 4); the only osteogenesis stimulator approved by
the FDA as a noninvasive, adjunct treatment option for
cervical spine fusion surgery in patients at high risk for
nonfusion. The PEMF signal for the Cervical-Stim device is
characterized by a fundamental (burst) frequency of 15 Hz,
a pulse frequency of 3.85 kHz and magnetic field amplitude
of 1.19 mT.

The safety and efficacy of the Cervical-Stim device as an
adjunct to arthrodesis after anterior cervical discectomy
and fusion was examined in a randomized, controlled,
prospective multicentre IDE clinical study. The study
involved 300 patients with risk factors for nonunion [13].
Radiographic evidence showed that PEMF stimulation
increased fusion rates at 6 months (84% vs. 69%), which was
statistically significant. The fusion rates at 12 months,
however, were not different, and the authors conclude that
detailed analysis of subgroups was ongoing. Based on
anticipated and unanticipated adverse events, Cervical-
Stim was also determined to be safe.

With the establishment of three FDA approved signals for
osteogenesis stimulation, Orthofix, like many other com-
panies within the electromagnetic corporate community,
Figure 4 Cervical-Stim pulsed electromagnetic field (PEMF)
device.
has been looking to optimize the PEMF signals for im-
provements in efficacy for the current indications in addi-
tion to expanding the types of applications that PEMF can
be utilized for. Moving directly into a clinical trial can be
costly and carries little guarantee for success without
additional knowledge of how a target tissue reacts to a
specific PEMF. The investigative challenge lies in deter-
mining the full range of tissue and cellular states normally
present during the healing process of the target tissue.
Each pathological stage may require different PEMF pa-
rameters for optimal dosage and may even vary widely
between different tissues.

Thus, in order to progress the clinical field of PEMF ap-
plications, it has been necessary to take a step back and
examine a variety of target tissues for various PEMF con-
figurations. Specifically, osteogenesis has been studied
extensively both in vitro and in vivo for fracture healing,
signalling pathway determinations, osteoporosis treatment,
and anabolic/catabolic effects. Recently tenogenesis,
myogenesis, and in vivo tendon repair have also been
examined in relation to potential PEMF applications for
rotator cuff repair. Back pain and the associated interver-
tebral disc inflammation have also been targeted for PEMF
application and research. In another approach, several
finite element models for PEMF exposure have been
developed to determine the variations and application of
PEMF at various spinal targets. Further, in this review of
corporate PEMF research activities, we will describe some
specifics of these studies both for needs of clinical appli-
cation and for search of mechanisms of action.

Osteogenic experiments

In vitro signalling pathways

A series of studies have been performed in search of basic
science evidence for the potential mechanism(s) of action of
PEMF. Specifically, Patterson et al [14] reported that PEMF
(Physio-Stim, 10 hours/day for 2 days and 10 minutes, 30
minutes, and 60 minutes of single exposure) exposure of
murine preosteoblasts (MC3T3-E1) might function in a similar
manner to soluble growth factors through the activation of
specific signalling pathways including the PI-3 kinases/mTOR
pathway within minutes of PEMF exposure (Figure 5) [14].

In a mature osteoblast-like cell line (UMR106-01), it was
also found that the anabolic effects of PEMF (Physio-Stim;
2.5e30 minutes exposure) might be mediated by activation
of the proteins, insulin receptor substrate-1, the S6 ribo-
somal subunit kinase, and endothelial nitric oxide synthase
[15]. The activation of similar proteins was found for the
anabolic peptide parathyroid hormone (PTH) [15], indi-
cating that PEMF might act through a similar signalling
pathway.

Performing microarray analyses of PEMF stimulated
(Cervical-Stim, 4 hours/day) human bone marrow stromal
cells, Partridge et al [16] showed significant regulation
during proliferation (131 genes), the differentiation phase
(37 genes) and the mineralization phase (173 genes). In the
proliferation and differentiation phase, PEMF regulated
osteoblast gene expression predominantly involved upregu-
lation of cell adhesion and binding proteins (matrix



Figure 5 Model of mTOR pathway activation following short-term PEMF exposure (minutes) and immediate examinations.
Adapted from Patterson et al [14]. mTOR e mechanistic target of rapamycin; PEMF e pulsed electromagnetic field; PI3 kinase e

phosphatidylinositide 3-kinase; P85 e regulatory subunit of PI3 kinase; P110 e catalytic subunit of PI3 kinase; LY294002 e specific
reversible inhibitor of PI3 kinase; Wortmannin e specific irreversible inhibitor of PI3 kinase; mTOR (FRAP) e mechanistic target of
rapamycin (FKBP12erapamycin-associated protein); Ser2448 e phospho-mTOR; P70 S6kinase e ribosomal protein S6 kinase beta-1;
Thr389 e phospho-p70 S6 kinase; Col1 e collagen-1; ALP e alkaline phosphatase.
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metalloproteinase-1 (MMP1), protein regulator of cytoki-
nesis 1 (PRC1), and actin-related protein 2/3 complex sub-
unit 5 (ARCP5)) and transcriptional regulators (microRNA21
(MIR21) and cyclin dependent kinase inhibitor 3 (CDKN3)).
For the mineralization phase, the effect was mainly seen
through downregulation of transcriptional regulators
(MIR21), proteases (plasminogen activator inhibitor-1 (SER-
PINE1), and BCL2 associated athanogene 2 (BAG2)), cell
adhesion and binding proteins in addition to cytoskeletal
and structural proteins (collagen, type I, alpha 2 (COL1A2),
fibronectin 1 (FN1), vimentin (VIM)). Of the genes that were
upregulated, in particular the transforming growth factor
beta (TGF-b) signalling pathway was affected by PEMF with
TGF-b2 upregulated during differentiation and mineraliza-
tion and TGF-b1 upregulated during differentiation.

Furthermore, Affymetrix microarray analysis of human
bone marrow stromal cells showed that PEMF increases
phosphorylation of Smad2 in the differentiation phase, but
not as much in the mineralization phase [17e19]. No Smad3
phosphorylation due to PEMF was found for either phase.
This was supported by pan-TGF-b antibody blocking the
PEMF-induced Smad2 effect. In addition, the authors found,
similar to their previous studies, that microRNA21 (an
osteogenic miRNA) was increased by PEMF in differentiating
human bone marrow stromal cells, indicating that PEMF
affects bone metabolism through regulation of microRNA21
leading to a decrease in Smad7 in order to activate the TGF-
b pathway, which in turn regulates Runx2 mRNA expression
(Figure 6) [19].

In vitro anabolic and catabolic proliferation and
differentiation

In isolated rat primary osteoblast cells it was found that
both BMP-2 and PEMF (Spinal-Stim, 4 hours daily) increased
cell proliferation, differentiation, and mineralization (using
assays for alkaline phosphatase, procollagen-1, and osteo-
calcin), which was additive when both BMP-2 and PEMF
were used [20]. This suggests that BMP-2 and PEMF may
work through different pathways.

PEMF (Physio-Stim, 4 hours daily) has also been shown to
significantly stimulate extracellular signaleregulated ki-
nase (ERK) activation and proliferation of preosteoblasts in
young women (< 33 years old) with less of an effect of cells
from older women (> 33 years old) [21e24]. However,
interestingly it was shown that PEMF had a significant
inhibitory effect on osteoclast formation and gene expres-
sion (cathepsin-K, nuclear factor of activated T-cells
(NFAT), and tartrate-resistant acid phosphatase (TRAP))
for older women, which was even greater than the
inhibitory effect for young women. Through RNA
sequencing, the inhibitory effects were further found to
potentially be indirectly regulated through action on
osteoblast lineage cells [24].

Osteotomies/fracture repair

Ibiwoye et al [25] reported that bone was preserved in a
critical-sized osteotomy exposed 3 hours daily to PEMF
(Physio-Stim) for 10 weeks [25]. Specifically, bilateral, mid-
diaphyseal fibular osteotomies were performed in aged rats
that achieved a nonunion status within 3e4 weeks which
was followed by PEMF exposure. Unilateral PEMF exposure
preserved the fibulae bone mass as measured by micro-
computed tomography (micro-CT) relative to the contra-
lateral control fibulae bone.

In another study by the same group, PEMF (Physio-Stim)
was shown to enhance healing of fibular osteotomies in a rat
model, where unilateral PEMF exposure was done for 3 hours
daily for 5 weeks following noncritical sized (0.2 mm)



Figure 6 Model of TGF-b pathway activation following long-
term PEMF exposure (days). Adapted from Selvamurugan et al
[19]. TGF-b e transforming growth factor beta; PEMF e pulsed
electromagnetic field; ERK e extracellular signaleregulated
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osteotomies [26]. It was shown with mechanical testing that
hard callus formation was increased two-fold revealing that
the apparentmodulus of the osteotomies approached that of
unoperated fibulae (80%). While using a similar exposure
protocol with another PEMF signal with a higher pulse fre-
quency (63.00 kHz vs. 3.85 kHz), and lower fundamental
frequency (1.5 kHz vs. 15 Hz) and magnetic field amplitude
(0.02 mT vs. 1.19 mT), no effect in osteotomy healing was
found, indicating that the biological outcome is dependent
on the specificity of PEMF waveform parameters.

Similarly, it was shown that PEMF (Physio-Stim)
enhanced healing of fibular osteotomies in a rat model for
osteoporosis [27]. Specifically, full body PEMF exposure
(Physio-Stim) for 3 hours daily for 6 weeks was done
following noncritical sized osteotomies (0.2 mm). It was
shown that the hard callus elastic modulus for the ovari-
ectomized group was normalized using PEMF as compared
to sham controls. These results indicate the potential
benefit of using PEMF as a treatment modality for osteo-
porotic patients following fractures.
Osteoporosis

In an osteoporosis prevention rodent model, rats were
ovariectomized and underwent 3 hours daily PEMF exposure
(Physio-Stim) within 3 days of ovariectomy and followed for
6 weeks, 12 weeks, 18 weeks, and 24 weeks [28,29]. Other
groups received bisphosphonate treatment instead
[alendronate (Fosamax); 3 subcutaneous injections per
week; 10 mg/kg body weight]. Micro-CT showed significantly
more trabecular bone remaining at the L4 vertebrae for the
PEMF group relative to the sham (30% more, relatively).
However, the alendronate alone and alendronateþPEMF-
treated groups had similar bone preservation with signifi-
cantly more bone than both of these groups.

In another study, an osteoporosis reversal rodent model
was used where rats were ovariectomized followed by 4
weeks of estrogen deficiency bone loss [30,31]. Subse-
quently, they underwent 3 hours daily PEMF exposure
(Physio-Stim at various slew rates, 10 T/s to 300 T/s) for 6
weeks. The positive control group received bisphosphonate
treatment instead [alendronate (Fosamax); 3 subcutaneous
injections per week; 10 mg/kg body weight]. Micro-CT
showed significantly more trabecular bone at the proximal
tibia for specific PEMF slew rates (30 T/s) relative to any
other PEMF group. In addition, the 30 T/s signals ability to
mitigate the bone loss was similar to the alendronate
group, indicating that the application of PEMF to various
tissues is waveform specific.
kinase; BMSC e bone marrow stromal cells; TGF-b2 e trans-
forming growth factor beta 2; miR21-5p e microRNA21-5p;
TGF-bR I e transforming growth factor b receptor-I; TGF-bR II
e transforming growth factor b receptor-II; TGF-b2 e trans-
forming growth factor b2; SMAD2 e mothers against decap-
entaplegic homolog 2; SMAD4 e mothers against
decapentaplegic homolog 4; SMAD7 e mothers against decap-
entaplegic homolog 7; P e phosphorylation; RUNX-2 e runt-
related transcription factor 2; Col1 e collagen-1; ALP e alka-
line phosphatase.
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Tenogenic and myogenic experiments

In vitro differentiation and proliferation

The effects of PEMF (Physio-Stim) on tenocyte and myocyte
proliferation and differentiation have been studied in vitro
using human rotator cuff tenocytes and C2C12 murine
myoblasts, respectively [32]. Three hours of PEMF exposure
daily for 2 weeks enhanced gene expression of growth
factors in human rotator cuff tenocytes (COL1, TGFb-1,
PDGFb, BMP12 and TIMP4) and myocytes (MyoD) under in-
flammatory conditions [10 ng/mL interleukin-1 (IL-1)] but
not under normal conditions. In addition, it was found that
myotube formation was increased under both normal and
inflammatory conditions (10 ng/mL IL-1). The implications
from these results may be the potential use of PEMF as a
nonoperative treatment to improve clinical outcomes
following rotator-cuff repair.

In vivo tendon healing

Daily PEMF exposure (3 hours of Physio-Stim) has been shown
to improve tendon-to-bone healing in an acute rotator cuff
repair model in rats [33]. Specifically, the tendon modulus
increased significantly at early time periods (100% and 60%
at 4 weeks and 8 weeks, respectively) with increased
maximum stress (4 weeks) and subsequent improved bone
quality at 16 weeks (increased bone volume fraction,
trabecular thickness, and bone mineral density). This may
indicate a potential new usage for PEMF as an adjunct
treatment to surgical rotator cuff repair to prevent post-
operative re-tears. Further investigations [34] revealed that
using PEMFs with varying fundamental frequencies (3.85e40
kHz) or exposure durations (1 hours/day, 3 hours/day, or 6
hours/day) led to improvements in tendon properties for
both types of PEMF and all exposure durations. However
early (4 weeks) improvements in tendon modulus was only
found for PEMFs at lower fundamental frequencies (for all
exposure durations).

Intervertebral disc experiments

In vitro anti-inflammation

The effect of PEMF (Physio-Stim) on intervertebral disc
(IVD) biology was examined by Miller et al [35] who studied
the effect of PEMF on IVD gene expression in normal and
inflammatory conditions. Human annulus fibrosus (AF) and
nucleus pulposus (NP) cells were exposed to IL-1a and
stimulated with PEMF for 4 hours daily for up to 7 days.
Results indicated that PEMF lessened the IL-1a-induced in-
flammatory effects (25% IL-6 decrease in NP cells; 26% MMP-
13 decrease in AF cells). PEMF was also found to signifi-
cantly decrease IL-1a-induced gene expression of IL-17A
(33%) and MMP2 in NP cells and nuclear factor kappa B
(NF-kB) (11%) in AF cells. The results indicate that PEMF
does have an effect on inflammatory disc cells which could
potentially be helpful for patients with IVD degeneration.

In human annulus fibrosus cells a GFP-tagged MS2 reporter
system was also used to visualize and quantify dynamic
changes of IL-6 mRNA transcription in response to inflam-
mation andPEMF (Physio-Stim) stimulation [36,37]. Thenovel
cellular model showed that the reduction in IL-1 induced IL-6
expression could be observed in real-time within the initial 4
hours of PEMF exposure. Further work [38] has shown that the
reduction in IL-6 and other inflammatory genes in the disc
cells by PEMF (Physio-Stim) is mediated by NF-kB, a key
proinflammatory signalling pathway.

In an acute inflammation rat IVD model (single disc stab
of the Co6-7, Co7-8, and Co8-9 vertebral levels and
observed 4 and 7 days later) it was found that PEMF (Physio-
Stim) reduces IL-6 and IL-1b at the gene and protein levels
[39,40]. This indicates that PEMF may have an anti-
inflammatory effect in disc degeneration; however
accompanying histologic results did not reveal any signifi-
cant differences between PEMF and sham treatment. The
authors concluded that, although the results are promising,
further long-term studies using a long-term inflammation
animal model should be examined.

Finite element modelling

Power attenuation in tissues

Experimental examinations of power attenuation of
different types of PEMF (Physio-Stim, Spinal-Stim) for
transverse magnetic or electric field have previously been
done by Zborowski et al [41]. It was found that the observed
1 dB power attenuation of the exposed tissue is comparable
to the threshold of body sensitivity to sound. In addition, it
was found that the transverse magnetic field leads to higher
energy absorption which may be used to optimize the PEMF
targeting through manipulation of PEMF coil geometry.

Field visualization and strength comparisons

Electromagnetic field visualization has previously been
performed for FDA approved PEMF for lumbar fusion (Spi-
nal-Stim) [42]. Specifically, two-dimensional field line cal-
culations and field magnitude contour plots were compared
to three-dimensional field isosurfaces, which in turn were
verified through experimentally measured field strength
values within the treatment zone of the PEMF device. The
agreement between the models and the experimental
measurements allows for future field visualizations of
custom PEMF fields.

Finite element modelling of two FDA approved magnetic
stimulation devices for lumbar fusion (SpinaLogic, DJO
(Vista, California, USA), and Spinal-Stim, Orthofix) has also
been performed using a three-dimensional toroidal shell
model [43]. The electric field and current densities were
calculated at the target tissue (lumbar vertebrae) and
compared to an FDA approved electric stimulation device
(SpinalPak, Biomet (Warsaw, Indiana, USA)). The local
maximum electric field and current density generated at
the virtual vertebrae were found to be twice as high for the
SpinalPak device relative to the Spinal-Stim device, which
in turn was several orders of magnitude higher than the
SpinaLogic device. However the Spinal-Stim device expo-
sure was shown to be more uniform radially across the in-
dividual vertebrae in addition to being the only device
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exposing the vertebrae to a magnetoacoustic pressure
which was calculated to be within the audible range.

Conclusions and recommendations

PEMF therapy has been shown to be safe and effective in a
clinical setting as an adjunct to lumbar and cervical inter-
vertebral fusion and for long bone nonunions. However, the
success of optimizing PEMF signals for current indications or
applying PEMF for new indications hinges on a significant
amount of research involving the careful use of both virtual
(finite element modelling), in vitro and in vivo models prior
to moving into a clinical trial. While practically all existing
therapeutic PEMF devices have been empirically designed,
recently, the analytical approach for new devices has been
proposed [44]. Any clinical application should start with the
correct diagnosis and clinical estimates of the parameters
of PEMF needed to treat the specific pathology/injury
which would be followed by extensive preclinical research
of the desired PEMF. This is particularly important since, as
the review illustrates, specific optimal PEMF waveform
parameters exist which may not carry over between target
tissues. In addition, although initial signalling pathway
models have been proposed for short- and long-term PEMF
applications for osteogenesis (Figures 5 and 6, respectively)
the specific pathways are not complete and no specific
PEMF receptor(s) have been identified. Thus, the degree
and specificity of which PEMF may act is not completely
understood. In addition, pathways may differ between
target cell types, further underscoring the importance of
thorough preclinical research into the desired target cell/
tissue type. It is thus advisable to gain enough in vitro and
in vivo knowledge of the specific PEMF signal and its target
tissue interaction to enable a high success rate in a clinical
trial. Finally, considerations should also be given to the
engineering challenges of designing a device that may have
to be portable or fit a certain anatomy while enabling the
exposure of a specific PEMF waveform.
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Background

This is an update of a Cochrane review first published in 2002. Osteoarthritis is a disease that a�ects the

synovial joints, causing degeneration and destruction of hyaline cartilage and subchondral bone.

Electromagnetic field therapy is currently used by physiotherapists and may promote growth and repair of

bone and cartilage. It is based on principles of physics which include Wol�'s law, the piezoelectric e�ect and

the concept of streaming potentials.

Objectives

To assess the benefits and harms of electromagnetic fields for the treatment of osteoarthritis as compared

to placebo or sham.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library 2013, Issue

9), PreMEDLINE for trials published before 1966, MEDLINE from 1966 to October 2013, CINAHL and PEDro up

to and including October 2013. Electronic searches were complemented by handsearches.

Selection criteria
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Randomised controlled trials of electromagnetic fields in osteoarthritis, with four or more weeks treatment

duration. We included papers in any language.

Data collection and analysis

Two review authors independently assessed studies for inclusion in the review and resolved di�erences by

consensus with a third review author. We extracted data using pre‐developed data extraction forms. The

same review authors assessed the risk of bias of the trials independently using the Cochrane 'Risk of bias'

tool. We extracted outcomes for osteoarthritis from the publications according to Outcome Measures in

Rheumatology Clinical Trials (OMERACT) guidelines. We expressed results for continuous outcome measures

as mean di�erence (MD) or standardised mean di�erence (SMD) with 95% confidence interval (CI). We

pooled dichotomous outcome measures using risk ratio (RR) and calculated the number needed to treat

(NNT).

Main results

Nine studies with a total of 636 participants with osteoarthritis were included, six of which were added in

this update of the review. Selective outcome reporting was unclear in all nine included studies due to

inadequate reporting of study design and conduct, and there was high risk of bias for incomplete outcome

data in three studies. The overall risk of bias across the nine studies was low for the other domains.

Participants who were randomised to electromagnetic field treatment rated their pain relief 15.10 points

more on a scale of 0 to 100 (MD 15.10, 95% CI 9.08 to 21.13; absolute improvement 15%) a�er 4 to 26 weeks'

treatment compared with placebo. Electromagnetic field treatment had no statistically significant e�ect on

physical function (MD 4.55, 95% CI ‐2.23 to 11.32; absolute improvement 4.55%) based on the Western

Ontario and McMaster Universities osteoarthritis index (WOMAC) scale from 0 to 100 a�er 12 to 26 weeks'

treatment. We also found no statistically significant di�erence in quality of life on a scale from 0 to 100 (SMD

0.09, 95% CI ‐0.36 to 0.54; absolute improvement 0.09%) a�er four to six weeks' treatment, based on the SF‐
36. No data were available for analysis of radiographic changes. Safety was evaluated in four trials including

up to 288 participants: there was no di�erence in the experience of any adverse event a�er 4 to 12 weeks of

treatment compared with placebo (RR 1.17, 95% CI 0.72 to 1.92). There was no di�erence in participants who

withdrew because of adverse events (measured in one trial) a�er four weeks of treatment (RR 0.90, 95% CI

0.06 to 13.92). No participants experienced any serious adverse events.

Authors' conclusions

Current evidence suggests that electromagnetic field treatment may provide moderate benefit for

osteoarthritis su�erers in terms of pain relief. Further studies are required to confirm whether this treatment

confers clinically important benefits in terms of physical function and quality of life. Our conclusions are

unchanged from the previous review conducted in 2002.
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Plain language summary 

Available in English  Español  Hrvatski  日本語  한국어  த�ழ்

Electromagnetic fields for the treatment of osteoarthritis

Review question

We conducted a review of the e�ect of electromagnetic fields on osteoarthritis. We found nine studies with

636 people.

Background: what is osteoarthritis and what are electromagnetic fields?

Osteoarthritis is the most common form of arthritis that can a�ect the hands, hips, shoulders and knees. In

osteoarthritis, the cartilage that protects the ends of the bones breaks down and causes pain and swelling.

An electromagnetic field is the invisible force that attracts things to magnets. This invisible attraction can be

created using an electrical current that may a�ect the cartilage around the joints. In osteoarthritis,

electromagnetic fields are a kind of therapy using electrical currents applied to the skin around the joints.

Small machines or mats can be used to deliver electromagnetic fields to the whole body or to certain joints.

A doctor or physiotherapist can perform the therapy and some machines can be used at home.

Study characteristics

A�er searching for all relevant studies up to October 2013, we found nine studies that reviewed the e�ect of

electromagnetic field treatment compared to a sham or fake treatment in 636 adults with osteoarthritis for a

duration of 4 to 26 weeks.

Key results

Pain (on a 0 to 100 scale; higher scores mean worse or more severe pain)

‐ Electromagnetic fields probably relieve pain in osteoarthritis.

‐ People who received electromagnetic field treatment experienced pain relief of 15 points more compared

with people who received fake treatment (15% improvement).

‐ People who received electromagnetic field treatment rated their pain to be 26 points lower on a scale of 0

to 100.

‐ People who received fake treatment rated their pain to be 11 points lower on a scale of 0 to 100.

Physical function

‐ Electromagnetic fields may improve physical function but this may have happened by chance.

Overall health and well‐being

‐ Electromagnetic fields probably make no di�erence to overall health and well‐being.

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003523.pub2/full/en#CD003523-abs-0005
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003523.pub2/full/es#CD003523-abs-0007
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003523.pub2/full/hr#CD003523-abs-0008
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003523.pub2/full/ja#CD003523-abs-0009
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003523.pub2/full/ko#CD003523-abs-0006
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003523.pub2/full/ta#CD003523-abs-0010


7/31/2019 Electromagnetic fields for treating osteoarthritis - Li, S - 2013 | Cochrane Library

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003523.pub2/full 4/26

Open in table viewer

Side e�ects

‐ Electromagnetic fields probably make no di�erence to whether people have side e�ects or stop taking the

treatment because of side e�ects, but this may have happened by chance.

We do not have precise information about side e�ects and complications. This is particularly true for rare

but serious side e�ects. Possible side e�ects could include skin rash and aggravated pain.

X‐ray changes

There was no information available on whether electromagnetic fields show any improvement to a joint

with osteoarthritis on an X‐ray.

Quality of the evidence

‐ Electromagnetic fields probably improve pain and make no di�erence to overall health and well‐being and

side e�ects. This may change with further research.

‐ Electromagnetic fields may improve physical function. This is very likely to change with further research.

Authors' conclusions 

Implications for practice

The current, limited evidence shows a moderate clinically important benefit of electromagnetic field

treatment for the relief of pain in the treatment of knee or cervical osteoarthritis.

Implications for research

More trials are needed in this field. New trials should compare di�erent treatments and provide an accurate

description of the length of treatment, dosage and the frequency of the applications. Larger trials are

needed to confirm whether the statistically significant results shown in the trials included in this review

confer clinically important benefits.

Summary of findings 

Summary of findings for the main comparison. Electromagnetic field treatment compared to placebo for the treatment of
osteoarthritis
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Electromagnetic field treatment compared to placebo for the treatment of osteoarthritis

Patient or population: patients with osteoarthritis

Settings: out‐patients recruited from healthcare facilities in Australia, Denmark, UK and the US

Intervention: electromagnetic field treatment

Comparison: placebo

Outcomes Illustrative comparative risks* (95% CI) Relative
e�ect
(95% CI)

No of
participants
(studies)

Quality of
the
evidence
(GRADE)

Comments

Assumed risk Corresponding risk

Placebo Electromagnetic
field treatment

Pain 

100 mm VAS

Scale from: 0 to 100

(Higher scores

mean worse pain)

Follow‐up: mean 6

weeks

The mean change

in pain in the

control groups was

10.7

The mean change in

pain in the

intervention groups

was

15.10lower 

(9.08 to 21.13 lower)

434

(6 studies)

⊕⊕⊕⊝
moderate

MD 15.10 (95%

CI 9.08 to 21.13)

Absolute risk

di�erence: 15%

(95% CI 9.08%

to 21.13%)

Relative per

cent change:

21.03% (95% CI

12.65% to

29.43%)

NNT: 2 (95% CI

1 to 6)

Physical function

WOMAC function

Scale from: 0 to 100

(Higher scores

mean more severe

limitation)

Follow‐up: mean 3

months

The mean change

in physical function

in the control

groups was

1.7

The mean change in

physical function in

the intervention

groups was

4.55lower 

(2.23 lower to 11.32

higher)

197

(3 studies)

⊕⊕⊝⊝
low

MD 4.55 (95% CI

‐2.23 to 11.32)

Absolute risk

di�erence:

4.55% (95% CI ‐
2.23% to

11.32%)

Relative per

cent change:

268% (95% CI ‐
131% to 666%)

NNT: not

statistically

significant

1

2
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Quality of life

SF‐36 item

Scale from: 0 to 100

(Lower scores mean

worse quality)

Follow‐up: mean 16

weeks

The mean change

in quality of life in

the control groups

was

2.4

The mean change in

quality of life in the

intervention groups

was

0.09 lower 

(0.36 lower to 0.54

higher)

145

(2 studies)

⊕⊕⊕⊝
moderate

SMD 0.09 (95%

CI ‐0.36 to 0.54)

Absolute risk

di�erence: 1%

(95% CI ‐2.92%

to 4.37%)

Relative per

cent change:

30.38% (95% CI

‐121.5% to

182.25%)

NNT: not

statistically

significant

Radiographic
progression

Bone scintigraphic

examinations

Follow‐up: mean

2.5 months

See comment See comment Not

estimable

78

(1 study)

See

comment

No related data

were available

Number of
patients
experiencing any
adverse event

Follow‐up: mean 1

month

167 per 1000 195 per 1000 

(120 to 320)

RR 1.17 

(0.72 to

1.92)

288

(4 studies)

⊕⊕⊕⊝
moderate

Absolute risk

di�erence: 3%

(95% CI ‐6% to

12%)

Relative per

cent change:

17% (95% CI ‐
28% to 92%)

NNT: not

statistically

significant

3

4
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Number of
patients who
withdrew because
of adverse events

Follow‐up: mean 6

months

27 per 1000 24 per 1000

(2 to 376)

RR 0.90

(0.06 to

13.92)

78

(1 study)

⊕⊕⊝⊝
low

Only 1 study: 1

participant

withdrew from

each group

because of

adverse skin

reactions

unrelated to the

therapy

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding
risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative e�ect of the

intervention (and its 95% CI).

CI: confidence interval; MD: mean di�erence; NNT: number needed to treat; RR: risk ratio; VAS: visual analogue scale;WOMAC:
Western Ontario and McMaster Universities osteoarthritis index

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of e�ect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of e�ect and may

change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of e�ect and is likely to

change the estimate.

Very low quality: We are very uncertain about the estimate.

Downgraded for moderate heterogeneity (I  = 55%); unclear risk for random sequence generation (Zizic 1995), allocation

concealment (Zizic 1995), blinding of outcome assessors (Fary 2011; Nelson 2013; Zizic 1995), selective reporting (all six studies)

and high risk for incomplete outcome data (Zizic 1995).

Downgraded for considerable heterogeneity (I  = 84%); Zizic 1995: unclear risk for random sequence generation, allocation

concealment, blinding of outcome assessors, selective reporting and high risk for incomplete outcome data. Fary 2011: unclear

risk for blinding of outcome assessors and selective reporting. Garland 2007: unclear risk for selective reporting.

Fary 2011: unclear risk for blinding of outcome assessors and selective reporting. Pipitone 2001: high risk for incomplete outcome

data.

Unclear risk for random sequence generation (Thamsborg 2005; Zizic 1995), allocation concealment (Zizic 1995), blinding of

outcome assessors (Thamsborg 2005; Zizic 1995), selective reporting (all four studies) and high risk for incomplete outcome data

(Garland 2007; Thamsborg 2005; Zizic 1995).

Only Zizic 1995 reported this outcome. Downgraded for imprecision (wide confidence interval and few events); unclear risk for

random sequence generation, allocation concealment, blinding of outcome assessors and selective reporting and high risk for

incomplete outcome data.

Background 

5

1 2

2 2

3

4

5
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Description of the condition

Osteoarthritis is a progressive rheumatic disease which occurs most commonly in older populations. It is

becoming increasingly common due to the ageing population in many societies. The degeneration and

eventual loss of articular cartilage causes changes in periarticular bone, synovial tissue and other

periarticular so� tissue structures such as ligaments and muscles. This causes the pain, swelling, tenderness

and sti�ness that characterise osteoarthritis, especially in the weight‐bearing joints of the lower extremities.

Description of the intervention

Current osteoarthritis treatment options include pharmacological and non‐pharmacological procedures to

decrease progression and treat the pain associated with this condition. They include:

1. oral pharmacological medications: analgesics such as acetaminophen, aspirin, non‐steroidal anti‐
inflammatory drugs (NSAIDs); symptomatic slow‐acting drugs for osteoarthritis (SYSADOA) such as

glucosamine sulphate (Towheed 2005), diacerein (Fidelix 2006) and the non‐saponifiable oils of avocado

and soya; and the newer disease‐modifying osteoarthritis drugs (DMOAD);

2. topical therapies (applied as gels or creams), including NSAIDs and capsaicin;

3. intra‐articular therapies, including corticosteroid and hyaluronic acid injections (Bellamy 2006a; Bellamy

2006b);

4. non‐pharmacological therapies, including aquatic exercise therapy (Bartels 2007), balneotherapy

(Verhagen 2007), physical therapy (Rutjes 2010), occupational therapy, strengthening exercises (Fransen

2008; Fransen 2009), wedged insoles and braces and orthoses (Brouwer 2005); and

5. surgical treatment: joint replacement (Singh 2013a; Singh 2013b) and arthroscopic debridement

(Laupattarakasem 2008) of the a�ected joint.

Management of osteoarthritis of the knee aims to relieve pain, maintain or improve mobility, and minimise

disability. However, these goals are seldom achieved through drug therapy alone, as many treatments are

ine�ective or lead to serious adverse e�ects, including the potentially lethal complications encountered

with selective NSAIDS (Blower 1996). Di�erent modalities in physiotherapy have been shown to help

improve clinical symptoms and function in knee osteoarthritis, generally with fewer adverse e�ects than

medical treatment (Brosseau 2003; Rutjes 2010). Electromagnetic fields are among these non‐invasive

therapies, already considered a proven adjunct therapy for delayed union fractures (Bassett 1974). Interest

in electromagnetic field stimulation began a�er observing that physical stress on bone causes the

appearance of tiny electric currents called piezoelectric potentials that are thought to act as the

transduction signals to promote bone formation. In vitro studies showed that chondrocyte proliferation and
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matrix synthesis are significantly enhanced by pulsed electromagnetic field stimulation (De Mattei 2001; De

Mattei 2003; De Mattei 2004; Fioravanti 2002; Pezzetti 1999). A number of multicentric randomised and

double‐blind clinical trials have been carried out with promising results (Fini 2005).

Electromagnetic fields can be delivered to biological systems by the direct placement of an electrode or

non‐invasively by two means:

capacitive coupling, in which opposing electrodes are placed within a conducting medium, that is, in

contact with the skin surface overlying a target tissue (e.g. bone, joint, wound);

inductive coupling, in which a time‐varying pulsed electromagnetic field induces an electrical current in

the target tissue. This technique does not require direct contact with the skin or biological system.

Although the former relies on direct application of an electrical field rather than creating induced current

through magnetic impulses, they act by the same mechanism. Thus both pulsed electromagnetic fields and

pulsed electrical stimulation are considered electromagnetic field interventions in this update.

How the intervention might work

Three basic principles of physics are proposed to explain how electromagnetic fields may promote the

growth and repair of bone and cartilage: Wol�'s Law, the piezoelectric e�ect and the concept of streaming

potentials (Shupak 2003).

Electromagnetic field stimulation first garnered interest as treatment for osteoarthritis following the

discovery of evidence that stimulation of chondrocytes increased the synthesis of the major component of

the cartilage matrix, known as proteoglycans (Aaron 1993). Experimental studies suggest that

electromagnetic fields may interact with ligands on the chondrocyte cell surface membrane, potentially

leading to changes in internal calcium concentrations which trigger proteoglycan synthesis (Graziana 1990;

Lee 1993).

Electromagnetic field treatments might also help to preserve extracellular matrix integrity in the early stages

of osteoarthritis by down‐regulating proteoglycan production and degradation (Ciombor 2001; Liu 1997) and

by increasing chondrocyte DNA replication and cell proliferation (Pezzetti 1999; Rodan 1978).

Through these improvements in bone and cartilage maintenance and repair, pulsed electromagnetic field

stimulation could influence the osteoarthritic disease process by decreasing inflammation and providing

temporary relief from pain (Darendeliler 1997; Lee 1997; Trock 2000).

Why it is important to do this review

Electromagnetic field therapy is already being widely used for the management of joint pain associated with

osteoarthritis and has a promising theoretical basis for clinical application. Clinical trials evaluating its

therapeutic e�ectiveness have been conducted recently, but with inconsistent results. A 2002 Cochrane
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review suggested that pulsed electromagnetic field therapy led to improvements in all measurements for

knee osteoarthritis, but concluded that further studies were required to confirm whether the statistically

significant results shown in these trials conferred important benefits to patients (Hulme 2002). The optimal

frequency, duration and intensity of electromagnetic fields for osteoarthritis were also yet to be determined.

This update of the 2002 review will include new clinical studies which have since been published.

Objectives 

To assess the benefits and harms of electromagnetic fields for the treatment of osteoarthritis as compared

to placebo or sham.

Methods 

Criteria for considering studies for this review

Types of studies

Randomised controlled trials or quasi‐randomised trials which examined the e�ects of electromagnetic

fields for treating osteoarthritis, with four or more weeks treatment duration.

Types of participants

Participants over 18 years of age, with clinical or radiological confirmation of the diagnosis (or both) were

considered. The diagnosis of osteoarthritis was defined using the American College of Rheumatology (ACR)

criteria for classification of osteoarthritis (Altman 1986; Altman 1997). We excluded trials where participants

had received any previous surgical intervention for the treatment of osteoarthritis.

Types of interventions

All types of pulsed electromagnetic fields and pulsed electrical stimulation were included. Trials that

compared the intervention group using electromagnetic fields to usual care were included, as well as

placebo‐controlled studies.

Types of outcome measures
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The primary measure of e�ectiveness was pain relief, as suggested by the third Outcome Measures in

Rheumatology (OMERACT) conference (Bellamy 1997). We included the other outcomes from this conference

for analysis. According to OMERACT 3 (Bellamy 1997) (last reviewed in OMERACT 6) (Pham 2003)

standardised, validated instruments, such as visual analogue scales (VAS) (Carlsson 1983) and the Western

Ontario and McMaster Universities osteoarthritis index (WOMAC) scale for pain (Bellamy 1988) and the

Lequesne Functional Severity Index (Lequesne 1987), should be used to evaluate these outcomes.

Major outcomes

1. Pain

2. Physical function

3. Health‐related quality of life measure

4. Radiographic joint structure changes

5. Number of patients experiencing any adverse event

6. Patients who withdrew because of adverse events

7. Patients experiencing any serious adverse event

Search methods for identification of studies

Electronic searches

We identified relevant studies by searching the Cochrane Central Register of Controlled Trials (CENTRAL)

(The Cochrane Library 2013, Issue 9), PreMEDLINE for trials published before 1966, MEDLINE from 1966 to

October 2013, CINAHL and PEDro up to and including October 2013. We used the search strategies

recommended in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). Details of

the search strategy can be found in the following appendices: MEDLINE (Appendix 1), CINAHL (Appendix 2),

EMBASE (Appendix 3), CENTRAL (Appendix 4) and PEDro (Appendix 5).

Searching other resources

We complemented the electronic searches with handsearching:

bibliographic references; and

abstracts published in special issues of specialised journals or in conference proceedings (American

Orthopaedic Physicians Annual Meeting; Asia‐Pacific Orthopedic Society for Sports Medicine Meeting).

We contacted the Trial Search Co‐ordinators of the Cochrane Rehabilitation and Related Therapies Field and

the Cochrane Musculoskeletal Group.
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We manually searched conference proceedings, used the Science Citation Index to retrieve reports citing

relevant articles, contacted content experts and trialists, and screened the references of all articles obtained,

including related reviews. We did not use abstracts if additional data could not be obtained.

Finally, we searched several clinical trial registries (www.clinicaltrials.gov, http://www.controlled‐trials.com,

http://www.anzctr.org.au/, www.umin.ac.jp/ctr) to identify ongoing trials.

The last update of the manual search was conducted on 3 October 2013.

Data collection and analysis

Selection of studies

Two review authors (SL and BY) independently screened the abstract, keywords and publication type of all

publications obtained from the searches described. We obtained all studies which might be eligible RCTs, or

quasi‐RCTs, in full and independently assessed these. The two review authors independently selected trials

according to the selection criteria.

When necessary, we sought information from the authors of the primary studies.

Data extraction and management

Two review authors (SL, BY) extracted data using a standard, pre‐developed form that we pilot‐tested. We

extracted details of trial design, patient characteristics, treatment duration and the mechanics of the

electromagnetic field device used, and established baseline and end of study outcomes. We resolved

di�erences in data extraction by referring back to the original article and by establishing consensus. A third

review author (CH or JH) was consulted to help resolve di�erences. Where the method of randomisation or

allocation concealment was not clearly described, or where data were missing, we contacted the authors of

the study to clarify the issues.

Assessment of risk of bias in included studies

The review authors assessed the risk of bias in the included studies using The Cochrane Collaboration 'Risk

of bias' tool (Higgins 2011). We considered six domains: random sequence generation, allocation

concealment, blinding of participants and personnel, blinding of outcome assessors, selective outcome

reporting and incomplete outcome reporting. We expressed the judgements simply as 'low risk', 'high risk'

or 'unclear risk' of bias.

We assessed two components of randomisation: generation of allocation sequence and concealment of

allocation. We considered the generation of sequence adequate if it resulted in an unpredictable allocation

schedule; mechanisms considered adequate included random number tables, computer‐generated random

numbers, minimisation, coin tossing, shu�ling cards and drawing lots. We considered trials using an

http://www.clinicaltrials.gov/
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unpredictable allocation sequence to be randomised. We considered trials using potentially predictable

allocation mechanisms, such as alternation or the allocation of patients according to date of birth, to be

quasi‐randomised.

We considered concealment of allocation adequate if both the patients and the investigators responsible for

patient selection were unable to predict allocation to treatment or placebo groups. Adequate concealment

included central randomisation and sequentially numbered, sealed, opaque envelopes.

Since the primary measure of e�ectiveness was patient‐reported pain relief, we considered blinding of

patients adequate if experimental and control preparations were explicitly described as indistinguishable or

if a double‐dummy technique was used.

We considered analyses adequate if all randomised patients were included in the analysis according to the

intention‐to‐treat principle. We further assessed the reporting of major outcomes.

Measures of treatment e�ect

For continuous data, we presented results as a mean di�erence (MD). However, where di�erent scales were

used to measure the same concept or outcome, we used standardised mean di�erence (SMD). For

dichotomous data, we used risk ratio (RR) (Hennekens 1987; Petitti 2000). Only if a comparison resulted in a

statistically significant di�erence and baseline values were reported did we calculate the clinical relevance,

i.e. the number need to treat to benefit (NNTB) or harm (NNTH).

Unit of analysis issues

If we identified cross‐over trials presenting continuous outcome data which precluded paired analysis, we

did not plan to include these data in a meta‐analysis to avoid unit of analysis error. Where carry‐over e�ects

were thought to exist, and su�icient data existed, we planned to include only data from the first period in the

analysis (Higgins 2011).

Dealing with missing data

We contacted the study investigators for missing data via email. Where possible, the analyses were based on

intention‐to‐treat data from individual clinical trials.

Assessment of heterogeneity

We assessed statistical heterogeneity by examining the I  statistic (Higgins 2011), a quantity that describes

approximately the proportion of variation in point estimates due to heterogeneity rather than sampling

error. If considerable between‐group statistical heterogeneity was detected (i.e. an I  value of more than
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75%), we explored the causes of heterogeneity (Higgins 2011). In addition, we employed the Chi  test of

homogeneity to determine the strength of evidence that the heterogeneity is genuine. We considered

heterogeneity significant when the probability (P value) was < 0.10.

Assessment of reporting biases

We planned to assess reporting bias by screening the clinical trials register at the International Clinical Trials

Registry Platform of the World Health Organization (http://apps.who.int/trialsearch/) (De Angelis 2004) to

determine whether the protocol for each RCT was published before recruitment of patients for the study was

started. Furthermore, we planned a comparison between the fixed‐e�ect estimate and the random‐e�ects

estimate, as well as a funnel plot if data were available, in order to assess for the possible presence of small

sample bias and reporting bias, respectively.

Data synthesis

We planned to pool clinically homogeneous studies using the fixed‐e�ect model for meta‐analysis. When

there was important heterogeneity (I  > 25%), we pooled studies using the random‐e�ects model for meta‐
analysis.

Subgroup analysis and investigation of heterogeneity

We planned to conduct subgroup analysis to examine the e�icacy of electromagnetic fields with di�erent

application methods and modalities, including frequency, length of treatment and di�erent techniques, if

data were available.

Sensitivity analysis

We conducted a sensitivity analysis based on the methodological quality of each trial. We undertook

sensitivity analyses to explore the impact of studies with poor ratings for domains described in the 'Risk of

bias' table. We planned a priori sensitivity analyses for:

1. concealment of allocation;

2. blinding of outcome assessors;

3. extent of drop‐outs (we considered 20% as a cut‐point).

'Summary of findings' table

We presented key findings in a 'Summary of findings' table. These included the magnitude of e�ect of the

interventions examined, the sum of available data on the main outcomes and the quality of the evidence.
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For dichotomous outcomes, we calculated the absolute risk di�erence using the risk di�erence (RD) statistic

in RevMan (RevMan 2012) (RR ‐ 1 calculated the weighted relative per cent change). We calculated the

number needed to treat to benefit (NNTB) or to harm (NNTH) from the control group event rate (unless the

population event rate was known) and the risk ratio using the Visual Rx NNT calculator (Cates 2004).

For continuous outcomes, we calculated the absolute benefit as the improvement in the treatment group

(follow‐up mean minus baseline mean) less the improvement in the control group (follow‐up mean minus

baseline mean). We calculated the relative di�erence in the change from baseline as the absolute benefit

divided by the baseline mean of the control group. We calculated NNTB or NNTH using the Wells calculator

so�ware available at the CMSG editorial o�ice. We determined the minimal clinically important di�erence

(MCID) for each outcome for input into the calculator.

We used GRADE to describe the quality of the overall body of evidence (Guyatt 2008; Higgins 2011), defined

as the extent of confidence in the estimates of treatment benefits and harms. The GRADE approach specifies

four levels of quality (high, moderate, low and very low).

Results 

Description of studies

Results of the search

The search strategies retrieved 2037 articles (Figure 1). The literature search identified 25 potentially

relevant articles. Of these, only nine studies met the inclusion criteria (Fary 2011; Garland 2007; Nelson 2013;

Nicolakis 2002; Pipitone 2001; Thamsborg 2005; Trock 1993; Trock 1994; Zizic 1995) (see Characteristics of

included studies table). Sixteen studies were excluded for the reasons given in the Characteristics of

excluded studies table (Alcidi 2007; Ay 2009; Battisti 2004; Danao‐Camara 2001; Fischer 2005; Fischer 2006;

Hinman 2002; Jack 2006; Jacobson 2001; Kulcu 2009; Liu 2004; Ozgüçlü 2010; Pavlović 2012; Rigato 2002;

Sutbeyaz 2006; Tomruk 2007).
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Study flow diagram.

Included studies

The eligible RCTs collectively involved 327 participants in active electromagnetic field treatment groups and

309 participants in placebo groups.
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Six trials used pulsed electromagnetic fields (Nelson 2013; Nicolakis 2002; Pipitone 2001; Thamsborg 2005;

Trock 1993; Trock 1994) while three studies (Fary 2011; Garland 2007; Zizic 1995) used pulsed electrical

stimulation.

One study used a pulsed electromagnetic field signal consisting of a 7 ms burst of 6.8 MHz sinusoidal waves

repeating at one burst/s and delivering a peak induced electrical field of 34 ± 8 V/m in the knee from a

portable battery‐operated device (Palermo, Ivivi Health Sciences, LLC, San Francisco, CA). Patients were

treated for 15 minutes twice daily for 42 days (Nelson 2013).

Another study reviewed a pulsed electromagnetic field device (Medicur) that generates pulses of magnetic

energy via a so� iron core treated with 62 trace elements. Pulses are selected at base frequencies of 3 Hz, 7.8

Hz and 20 Hz and have a rise time of 1 μs, a low magnetic output (< 0.5 gauss) and a range of activity of up to

30 cm around the unit. The Medicur device runs on batteries, requires no wires or electrodes, and only needs

to be held close to the area to be treated. Patients were treated for 30 minutes per session three times a day

for six weeks (Pipitone 2001).

In one study a pulsed electromagnetic field was administered to the whole body using a mat which

produced a field from 1 Hz to 3000 Hz with a mean intensity of 40 μT (wave ranger professional, program 12,

Mediscan GmbH, Bad Haller Straße34, 4500 Kremsmünster, Austria). The frequency of the pulsed

electromagnetic field ranged from 1 Hz to 3000 Hz. Patients lay on the mat for 30 minutes per session twice a

day for six weeks (Nicolakis 2002).

A fourth study measured the e�ect of a pulse generator that yields G50V in 50 Hz pulses, changing voltage at

3 ms intervals. This results in a maximal electrical gradient of 1 to 100 mV/cm as sensed by charged particles

in the tissue, depending on the distance from the coils. As a result of this current, the coils become slightly

warmer than the surroundings a�er 30 minutes (28 to 35 °C). Treatment was given for two hours daily, five

days per week for six weeks (Thamsborg 2005).

Two other trials used a non‐contact device that delivered three signals in a stepwise fashion, ranging from 5

Hz to 12 Hz frequency at 10 G to 25 G of magnetic energy (Trock 1993; Trock 1994). These studies exposed

the a�ected knee to nine hours of stimulation over a one‐month period.

In one study a commercially available TENS stimulator (Metron Digi‐10s) was modified by a biomedical

engineer to deliver pulsed electrical stimulation current parameters as follows: pulsed, asymmetrically

biphasic, exponentially decreasing waveform with a frequency of 100 Hz and pulse width of 4 ms. Current

was delivered via 120 mm x 80 mm multiple‐use conductive silicone electrodes inserted into larger calico

pockets. The participants were asked to wear the device seven hours daily, preferably overnight, for 26

weeks (Fary 2011).

Two other pulsed electrical stimulation studies used a pulsed electrical device to deliver a 100 Hz low‐
amplitude signal to the knee joint via skin surface electrodes. The patients were exposed for 6 to 14 hours a

day for three months and 6 to 10 hours a day for four weeks, respectively (Garland 2007; Zizic 1995).
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All studies reported on patients with knee osteoarthritis and Trock 1994 also included patients with cervical

osteoarthritis, with their results reported separately. The main outcome measures related to pain (Fary 2011;

Garland 2007; Nelson 2013; Nicolakis 2002; Pipitone 2001; Thamsborg 2005; Trock 1993; Trock 1994; Zizic

1995). The major outcomes were assessed using the WOMAC osteoarthritis index: severity of joint pain,

sti�ness and limitation of physical function (Garland 2007; Nicolakis 2002; Pipitone 2001; Thamsborg 2005),

ability to conduct activities of daily living (ADL) in terms of pain or di�iculty (Trock 1993; Trock 1994), joint

pain on motion (Trock 1993; Trock 1994), patient's overall assessment (Garland 2007; Trock 1994), patient

evaluation of function (Zizic 1995) and physician's global assessment (Trock 1993; Trock 1994; Zizic 1995).

The UK 36‐item short form of the Medical Outcomes Study (SF‐36) and the EuroQol (Euro‐Quality of Life, EQ‐
5D) were also considered (Pipitone 2001).

Excluded studies

We excluded nine RCTs with a shorter duration than four weeks since this time frame may be too short to

assess harms and benefits based on biological plausibility (Alcidi 2007; Ay 2009; Battisti 2004; Jacobson

2001; Kulcu 2009; Liu 2004; Ozgüçlü 2010; Pavlović 2012; Sutbeyaz 2006;Tomruk 2007). We excluded one RCT

because it included patients with cervical spondylosis and shoulder periarthritis without separately

reporting results and we could not extract data on cervical osteoarthritis (Rigato 2002). We excluded four

other studies because they were not RCTs (Danao‐Camara 2001; Fischer 2005; Fischer 2006; Jack 2006). We

excluded one study because the aim of the study was to assess the e�ect of static magnetic fields for chronic

knee pain but not specifically for osteoarthritis (Hinman 2002). We excluded one study because the

treatment period was only 10 days (Pavlović 2012).

Risk of bias in included studies

Two review authors (SL, BY) assessed risk of bias independently. Di�erences were resolved by consensus

with a third review author (DZ).

The overall assessment of the methodological quality of the trials in this review was as follows: we judged

seven studies (Fary 2011; Garland 2007; Nelson 2013; Nicolakis 2002; Pipitone 2001; Trock 1993; Trock 1994)

to be at a low risk of bias for random sequence generation, and two studies omitted a description of the

randomisation process (Thamsborg 2005; Zizic 1995).

Nine of the included studies met the allocation concealment criterion (Fary 2011; Garland 2007; Nelson

2013; Nicolakis 2002; Pipitone 2001; Thamsborg 2005; Trock 1993; Trock 1994).

Seven trials (Fary 2011; Garland 2007; Nelson 2013; Nicolakis 2002; Pipitone 2001; Trock 1993; Zizic 1995)

had appropriate, well‐described placebo treatments and we assessed them as low risk of bias for blinding.
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We assessed seven studies (Fary 2011; Garland 2007; Nelson 2013; Nicolakis 2002; Thamsborg 2005; Trock

1994; Zizic 1995) as low risk of bias for incomplete outcome data; six trials reported loss to follow‐up ranging

from 5% to 20% (Garland 2007; Nicolakis 2002; Thamsborg 2005; Trock 1993; Trock 1994; Zizic 1995),

balanced across compared groups, while one trial did not report the loss to follow‐up (Pipitone 2001).

No information on selective outcome reporting was found in any study.

See the 'Risk of bias' graph (Figure 2) and 'Risk of bias' summary (Figure 3).

Figure 2

'Risk of bias' graph: review authors' judgements about each risk of bias item presented as percentages across all included

studies.

Figure 3
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'Risk of bias' summary: review authors' judgements about each risk of bias item for each included study.

E�ects of interventions

See: Summary of findings for the main comparison Electromagnetic field treatment compared to placebo

for the treatment of osteoarthritis
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In the nine controlled trials included in the analysis, a total of 636 participants were randomised: 327

participants to electromagnetic field treatment and 309 to a placebo device. The pulsed electromagnetic

field treatment trials lasted approximately four to six weeks, with treatment duration ranging from 27 hours

to 60 hours (Nelson 2013; Nicolakis 2002; Pipitone 2001; Thamsborg 2005; Trock 1993; Trock 1994). The

treatments in three other pulsed electrical stimulation trials were more intensive, involving 26 weeks of

seven hours treatment daily (Fary 2011), four weeks of six hours per day treatment (Zizic 1995) and three

months of 6 to 14 hours per day, respectively (Garland 2007). These trials did not provide the statistical

details required for inclusion in meta‐analysis, therefore the analysis of the relative e�ects of treatment

times, frequencies and modes of treatment delivery was limited (see summary of findings Table for the main

comparison).

Electromagnetic field treatment versus placebo for osteoarthritis

Pain

The combined results from the six included studies of electromagnetic field treatment which measured pain

as an outcome (Fary 2011; Garland 2007; Nelson 2013; Trock 1993; Trock 1994; Zizic 1995) showed a

statistically significant beneficial e�ect for patient pain relief (mean di�erence (MD) 15.10, 95% confidence

interval (CI) 9.08 to 21.13). People who received electromagnetic field treatment rated their pain to be 15.10

points lower on a scale of 0 to 100 (15.10% absolute improvement and 21.03% relative improvement)

(Analysis 1.1).

Physical function

Three studies including 107 patients in the electromagnetic field treatment group and 90 patients in the

placebo group measured function as an outcome (Fary 2011; Garland 2007; Pipitone 2001). Improvement of

function was not statistically significant in electromagnetic field‐treated patients compared to control group

patients (MD 4.55, 95% CI ‐2.33 to 11.32; 4.55% absolute e�ect and 10.13% relative e�ect) (Analysis 1.2).

Health‐related quality of life measure

Two studies including 68 patients in the electromagnetic field treatment group and 71 patients in the

placebo group measured quality of life as an outcome (Fary 2011). Improvement in quality of life was not

statistically significant in electromagnetic field‐treated patients compared to control group patients (SMD

0.09, 95% CI ‐0.36 to 0.54; 9% absolute e�ect and 100.8% relative e�ect) (Analysis 1.3).

Radiographic joint structure changes

Only two studies (Thamsborg 2005; Trock 1993) mentioned radiographic joint structure change but no data

were available.

Number of patients experiencing any adverse event
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Adverse events were presented in four studies with 156 participants in the intervention group and 132

participants in the control group (Garland 2007; Pipitone 2001; Thamsborg 2005; Zizic 1995), although

specific definitions of adverse events were not provided in any study. The total number of adverse events

was not statistically significantly increased in electromagnetic field‐treated patients (19.9%) compared to

16.7% of placebo‐treated patients, a�er six weeks (RR 1.17, 95% CI 0.72 to 1.92) (Analysis 1.4).

Patients who withdrew because of adverse events

Specific reasons for withdrawals were unrelated to the therapy except in the case of adverse skin reactions

which were encountered in Zizic 1995 and occurred in patients receiving both placebo and active electrical

stimulation treatment. There was no significant di�erence between groups (RR 0.90, 95% CI 0.06 to 13.92)

(Analysis 1.5), suggesting that there is no di�erence between the active treatment and placebo in terms of

adverse e�ects.

Patients experiencing any serious adverse event

No study reported any serious adverse events.

Subgroup analyses

We did not conduct the pre‐planned subgroup analyses of the most e�ective means of delivering therapy

due to the small number of trials and insu�icient data.

Sensitivity analyses

We undertook sensitivity analyses to explore the impact of studies with poor ratings for concealment of

allocation, blinding of outcome asessors and extent of drop‐out and there was no change in the direction

and significance of the e�ect sizes (results not shown).

Discussion 

Summary of main results

Osteoarthritis is the most common of the rheumatic diseases. With an estimated 40,000 new cases of

osteoarthritis diagnosed each year, it is the third leading cause of life‐years lost due to disability and is

associated with high morbidity and healthcare utilisation (March 2004; Towheed 2004). The range of

treatments for osteoarthritis is continually increasing as conventional therapies, such as pharmaceutical

management, physiotherapy and joint replacement surgery, are coupled with emerging and established

complementary therapies.
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Osteoarthritis results from a failure of chondrocytes within the joint to synthesise a good‐quality matrix and

to maintain a balance between synthesis and degradation of the extracellular matrix. The change in the

quality of the matrix is mainly the result of dedi�erentiation of chondrocytes, whereas the imbalance

between synthesis and degradation of the extracellular matrix is caused by increased synthesis of

proteinases and decreased anabolic e�ects of growth factors, mainly from chondrocytes but also from

synovial tissue and subchondral bone. The biochemical reasoning behind the electrical stimulation of

cartilage has been clearly demonstrated in vitro; its value in the treatment of delayed union fracture has

been proven over two decades of use and it has been established as a standard of care (Aaron 1989; Baker

1974; Bassett 1974). The question remains as to whether it provides a financially accessible, clinically

significant alternative to current therapies for osteoarthritis. The purpose of this systematic review was to

evaluate the e�ectiveness of electrical stimulation treatment. However, its major limitation is the small

number of contributing studies that could be included; this also prevented the planned subgroup analysis of

variations in treatment.

All of the studies' participants had osteoarthritis of one or both knees, or cervical osteoarthritis, diagnosed

by clinical symptoms and radiographic evidence, and the osteoarthritis was painful despite medical

treatment.

The protocols for pulsed electrical stimulation or pulsed electromagnetic field device setting and application

varied widely between studies, as did the outcome measures. Some pulsed electrical stimulation devices

delivered a low‐frequency (100 Hz), low‐amplitude, voltage sourced (mean = 6.2 peak volts), monophasic,

spiked signal to the knee via skin surface electrodes (Fary 2011; Garland 2007; Zizic 1995). In Nelson 2013 a

pulsed electromagnetic field signal consisting of a 7 ms burst of 6.8 MHz sinusoidal waves repeating at one

burst/s delivered a peak induced electrical field of 34 ± 8 V/m to the knee from a portable battery‐operated

device. Other devices used in the included trials generated a pulsating electromagnetic field with a mean

intensity of 40 μT (the frequency of the pulsed magnetic field ranged: 1 Hz to 3000 Hz) (Nicolakis 2002); or

generated pulses of magnetic energy via a so� iron core with base frequencies (3 Hz, 7.8 Hz and 20 Hz)

(Pipitone 2001), G50V in 50 Hz pulses changing voltage in 3 ms intervals (Thamsborg 2005) and extremely

low‐frequency pulsed waves at 5 Hz, 10 to 15 gauss for 10 minutes, 10 Hz 15 to 25 gauss for 10 minutes and

12 Hz 15 to 25 gauss for 10 minutes (Trock 1993; Trock 1994). Characteristics of the devices, such as

electromagnetic field modes, and application characteristics, such as duration, could not be evaluated in

this systematic review due to the small number of trials.

Pain relief was measured using visual analogue scales (VAS). We pooled this outcome from six trials and

found a significant di�erence between the electromagnetic field and placebo‐treated groups (Fary 2011;

Garland 2007; Nelson 2013; Trock 1993; Trock 1994; Zizic 1995). All were randomised controlled trials with

appropriate blinding and they had appropriate, well‐described placebo treatments (see Characteristics of

included studies). There was moderate heterogeneity in the results. The intervention and its duration also

di�ered between the studies.
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The improvement in physical function in patients with knee osteoarthritis treated with pulsed

electromagnetic fields was not statistically significant (Fary 2011; Garland 2007; Pipitone 2001). There was

high heterogeneity in the results. This might be due to the di�erent measurement tools used in the included

studies. Two studies (Fary 2011; Garland 2007) used WOMAC physical function (on a 100 mm VAS) to measure

the e�icacy variable, while one study (Pipitone 2001) used the WOMAC disability score on a 20 cm VAS of the

EuroQol. The intervention duration also di�ered among these studies.

Quality of life was not statistically significantly di�erent between the treatment and placebo groups (Fary

2011; Pipitone 2001). This might be explained by the small sample sizes of the included studies measuring

these outcomes, the wide variation in electromagnetic field devices and application protocols, or the

inadequate intervention periods.

There were no life‐threatening events reported among participants exposed to electromagnetic fields.

Overall completeness and applicability of evidence

A comprehensive search of the literature revealed a number of studies of electromagnetic field interventions

for osteoarthritis. Although the studies presented di�erences between placebo and active treatment for

osteoarthritis for some outcomes, these e�ects did not meet the generally accepted criteria for clinical

importance. There are currently insu�icient data to draw conclusions about the e�icacy of electromagnetic

field interventions in the management of osteoarthritis, thus highlighting the need for larger independent

studies that focus on the OMERACT core outcomes with complete documentation of results.

In summary, electromagnetic field treatment has a moderate benefit for patients' pain relief. There is

inconclusive evidence that electromagnetic field treatment improves physical function, quality of life or

radiographic joint structure. No serious adverse e�ects of electromagnetic field treatment were reported in

the included trials. This might be because of the relative safety of electromagnetic fields compared to

physiotherapy, which could be an advantage. This meta‐analysis did not reveal clinically important results

overall and the analysis was limited by the paucity of literature on electromagnetic fields for osteoarthritis.

However, the statistically significant benefits seen here do support the undertaking of further large‐scale

studies to allow definite conclusions to be drawn.

Quality of the evidence

The quality of the evidence of all included trials was moderate or low. Six trials described generation of

allocation sequence or concealment of allocation, or reported whether primary outcomes were specified a

priori. All trials described double‐blinding of patients and physicians or assessors. Four of the trials were

analysed according to the intention‐to‐treat principle. We also downgraded for heterogeneity and

imprecision.

Potential biases in the review process
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We believe that we identified all relevant studies. We devised a thorough search strategy and searched all

major databases for relevant studies, and we applied no language restrictions. Two review authors

independently assessed the trials for inclusion in the review and for risk of bias, with a third review author

adjudicating if there was any discrepancy. The biggest limitation of the review process was the

heterogeneity between the trials and the lack of data in a form that could be extracted for meta‐analysis.

Agreements and disagreements with other studies or reviews

A systematic review has assessed the e�ectiveness of pulsed electromagnetic fields compared with placebo

in the management of osteoarthritis of the knee (Vavken 2009). Nine studies, including 483 patients, were

pooled. They reported that pulsed electromagnetic field treatment improved clinical scores and function in

patients with osteoarthritis of the knee and that it should be considered as an adjuvant therapy in the

management of these patients. However, there is still equipoise regarding the evidence in the literature for

an e�ect on pain.
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a  b  s  t  r  a  c  t

Background:  Low  back  pain  is  a worldwide  prevalent  musculoskeletal  condition  in the  general  population.
In this  sense,  the  pulsed  electromagnetic  fields  (PEMF)  therapy  has  shown  significant  clinical  benefits  in
several  musculoskeletal  conditions.
Objective:  To assess  the  effectiveness  of  the  PEMF  therapy  in reducing  pain  and  clinical  symptomatology
in  patients  with  low  back  pathological  conditions.
Methods:  It was  performed  a comprehensive  database  search  using  Pubmed,  Scopus,  Cochrane  Library
and  PEDro  databases  to  assess  the  effectiveness  of the  PEMF  therapy  in  reducing  pain  and  clinical  sym-
ptomatology  in  patients  with  low  back  pathological  conditions.  The  search  was  performed  from  January
2005  to  August  2015  and  conducted  by  two  independent  investigators,  which  scrutinize  the reference
list  of most  relevant  studies.  The  methodological  quality  was  assessed  by the  PEDro  scale  and  the  level
of  evidence  was  set  according  Oxford  Center  for Evidence-Based  Medicine  scale.
Results:  Six  studies  were  eligible  inclusion  on the  qualitative  analysis  and  five  into  the  quantitative  analy-
sis, scoring  an  overall  6.8 points  according  the  PEDro  scale.  The  studies  showed  heterogeneity  concerning
the  intervention  protocols.  Nevertheless,  the  effect  sizes’  indicated  a  clear  tendency  to reduction  of  the
pain  intensity  favoring  the PEMF  groups,  reaching  a  minimal  clinically  important  difference.
Conclusion:  PEMF  therapy  seems  to  be  able to relieve  the  pain  intensity  and  improve  functionality  in

individuals  with  low  back pain  conditions.  Further  research  is needed  regarding  PEMF  effects  on  the
different  conditions  of  low  back  pain,  with  standardized  protocols,  larger  samples  and  adjustment  for
low  back  pain  confounders  in  order  to achieve  stronger  conclusions.

© 2016  PBJ-Associação  Porto  Biomedical/Porto  Biomedical  Society.  Published  by  Elsevier  España,
S.L.U.  This  is an open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/
Abbreviations: PEMF, pulsed electromagnetic field; NSAIDs, non-steroidal anti-infla
eta-Analyses; PEDro, Physiotherapy Evidence Database; CI, confidence intervals; CEBM, C
∗ Corresponding author.

E-mail address: espregueira@dhresearchcentre.com (J. Espregueira-Mendes).

http://dx.doi.org/10.1016/j.pbj.2016.09.001
444-8664/© 2016 PBJ-Associação Porto Biomedical/Porto Biomedical Society. Publishe

icense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
licenses/by-nc-nd/4.0/).

mmatory drugs; PRISMA, Preferred Reporting Items for Systematic Reviews and
enter for Evidence-Based Medicine; MCID, minimal clinically important difference.

d by Elsevier España, S.L.U. This is an open access article under the CC BY-NC-ND

dx.doi.org/10.1016/j.pbj.2016.09.001
http://www.portobiomedicaljournal.com/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pbj.2016.09.001&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:espregueira@dhresearchcentre.com
dx.doi.org/10.1016/j.pbj.2016.09.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Biomed. J. 2016;1(5):156–163 157

I

u
I
e
r
d
d
p
h
m
o
a

c
t
p
i
a
t
d
l
t
a

r
a

i
a
c
a
g
A
P
s
fi
a
o

a
t
s
t
t

M

S

f
(
t
p
t
(

P
e
r
p
m
c

Table 1
Example of search strategy for Pubmed database.

Search Search term(s) Results

#1 Search pulsed electromagnetic field therapy 342
#2  Search back 86,722
#3  Search spine 82,093
#4  Search spinal 120,484
#5  Search lumbar 43,342
R. Andrade et al. / Porto 

ntroduction

Low back pain is a very common health problem in general pop-
lation and one of the major reasons for medical treatment seeking.

t is expected that between 60 and 80% of the world population will
xperience low back pain during lifetime,1 with 65% being recur-
ent and longstanding episodes. Low back pain can be caused by
ifferent etiologies, such as muscle or ligament strains, herniated
iscs, arthritis, alteration in the curvature of the spine or osteo-
orosis related fractures but, the majority of the patients do not
ave a clinically identified problem.2 Despite the variety of treat-
ents available, no modality or therapeutic approach has stand

ut as a definitive solution.3 Thus, there is still a demand for new
pproaches, less invasive and free of side effects.

The risk/benefit ratio in pharmacotherapy for low back pain
onditions often does not have strength enough to persist with
he drugs usage. Moreover, the risk of pharmacologic addition,
otential side-effects and adverse events, as well as long-term tox-

city may  weaken the potential benefit of the pharmacotherapy
pproach.4,5 In this sense, the pulsed electromagnetic fields (PEMF)
herapy can play an important role in the pain relief since is a
rug-free, non-thermal, with low risk that works to enhance cel-

ular activity healing and repair.3 Therefore, it could be an option
o the non-steroidal anti-inflammatory drugs (NSAIDs) medication,
voiding several potential side-effects from chronic NSAIDs usage.

The PEMF therapy is based in low frequency signal, with a wide
ange of frequencies, which will produce membrane disturbances
nd activation of multiple intracellular pathways.6,7

It has been reported that PEMF therapy yields several benefits
nto the bone unification, acute pain relief, wound healing, edema
nd inflammation control, as well as, chronic pain associated with
onnective tissue (cartilage, tendon, ligaments and bone) injury
nd joint-associated soft tissue injury, osteoarthritis, fibromyal-
ia, osteoporosis, skin ulcers and further potential applications.8–11

long this line, many reviews have been performed to assess the
EMF effectiveness in several conditions. In this sense, the PEMF
howed moderate7 or no benefits in knee osteoarthritis,12 a bene-
cial tendency on the bone growth stimulation in acute fractures13

nd efficient in relieving pain and enhancing bone formation in
steoporosis.14

Although the use of PEMF therapy in low back pain is growing
nd there is substantial investigation on this topic, a systematiza-
ion of its effects on the low back pain is still lacking. Therefore, this
tudy aims to search for randomized controlled trials that assessed
he effectiveness of the PEMF therapy in reducing pain symptoma-
ology in patients with low back pathological conditions.

ethods

earch strategy

The systematic review was conducted according the Pre-
erred Reporting Items for Systematic Reviews and Meta-Analyses
PRISMA) statement, which aims to improve the standard of repor-
ing of systematic reviews and meta-analyses.15 Additionally, the
rotocol for this review was à priori registered in the Interna-
ional Prospective Register of Systematic Reviews (PROSPERO)
http://www.crd.york.ac.uk/prospero/; ID: CRD42015025308).

It was conducted a comprehensive database search using
ubmed, Scopus, Cochrane Library and PEDro, searching for rel-
vant studies that assessed the efficacy of the PEMF therapy on

educing pain on individuals with low back pain. The search was
erformed according the following key-words: pulsed electro-
agnetic field therapy; back; spine; spinal; lumbar; and further

ombined with the Boolean operators (AND; OR). An example of
#6  Search (#2 OR #3 OR #4 OR #5) 237,516
#7  Search (#1 AND #6) 32

the search can be seen in Table 1. The reference list of most rele-
vant studies was scanned for additional studies in order to achieve
the greatest number of available studies on the scientific litera-
ture. All searches were comprised to the period of January 2005 to
August 2015 and were conducted by two  independent investigators
(R.A., H.D.), which confronted both results to check for overlap-
ping; any disagreements were discussed by until consensus was
reached.

Study selection

All titles and abstracts from the selected databases were
screened. After, the potential relevant studies were selected and
retrieved, full texts were read in order to apply the eligibility
according the following inclusion criteria: (1) assessment of pain
outcome; (2) use of pulsed electromagnetic field therapy; (3)
prospective design; (4) randomized controlled trials; (5) English
language studies. For exclusion criteria it was  determined: (i) other
reviews or meta-analyses; (ii) clinical commentaries or expert
opinions; (iii) case series; (iv) non-randomized controlled trials;
(v) animal studies; (vi) skeletally immature population.

Data collection and extraction

Two  independent investigators (R.A., H.D.) retrieved all the
information and matched for consensus. The main outcome of
interest was the quantification of intensity of pain overtime. Thus,
after the application of the eligibility criteria and the included
studies were determined, the studies were analyzed based on sam-
ple demographics, study’s aim, statement of conflict of interest,
study duration and follow-up (period of time and percentage),
PEMF devices used, treatment window, intervention protocol,
parameters assessed (clinical and functional) and most significant
results.

In addition, the figures of pain intensity and the Oswestry Dis-
ability Index were assessed based on their means and standard
deviation values and calculated their mean differences, i.e., dif-
ference between the study’s end-point and baseline values.
Additionally, the Cohen’s effect size, within the 95% confidence
intervals (CI) was calculated. The effect sizes were computed by
subtracting the experimental group mean to the control group
mean and further divided by the pooled standard deviations of
both groups.16,17 Thus, a positive effect reflects a greater decrease
on the pain intensity toward the experimental group. The 95% CI
provides information concerning the variability of the observed
effect size, its precision, as well as the accuracy with which the
interval contains the population parameter (i.e., the true value).
The standardized Cohen effect sizes were interpreted according to
the guidelines established by Cohen17 in which values <0.20 are
trivial or not substantial, 0.20 and 0.49 are small but substantial,

0.50 and 0.79 are moderate, and ≥0.80 are large. In case of missing
values (means and/or standard deviations), the authors from the
respective studies were contacted in order to obtain them.

http://www.crd.york.ac.uk/prospero/
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Records identified through
database searching

(n=91)

Additional records identified
through other sources

(n=3)

Records after duplicates removed
(n=54)

Records screened
(n=54)

Full-text article assessed
for eligibility

(n=12)

Studies included in the
systematic review

(n=6)

Records excluded
(n=38)
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No pain intensity evaluation, n=1

German language, n=1

Fibromyalgia, n=1
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Non-radomized controlled trial, n=2
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Fig. 1. PRISMA flow diag

ethodologic quality assessment

The PEDro scale in order to assess the methodological quality
external validity, internal validity and statistical reporting) and the
evel of evidence was set according the Oxford Center for Evidence-
ased Medicine (CEBM) scale.18 PEDro scale has been reported to
e a valid and reliable tool to measure the methodological quality of

nterventional clinical trials.19,20 These parameters were indepen-
ently assessed by two authors (R.A., H.D.) and all disagreement
ere resolved until consensus was reached.

esults

tudy selection

The database and hand search yielded 91 titles, which were
educed after duplicates removal and title/abstract reading to 12
ull-text articles that were screened for eligibility. After screening,

 studies were excluded21–26 which the reasons for exclusion are
ighlighted in the PRISMA flow chart (Fig. 1). The remaining 6 stud-

es were eligible inclusion on the qualitative analysis and 5 into the
uantitative analysis.

escription of studies
In Table 2 are presented the characteristics of the 6 included
riginal studies. Overall, the studies included a total of 210 par-
icipants (90 men  and 120 women), with an overall mean age of
f the eligibility process.

43.3 years old. All the included participants reported complains of
low back pain, however with different etiologies: generalized low
back pain27; acute non-specific low back pain3; discogenic lumbar
radiculopathy28; failed back surgery syndrome pain26; chronic low
back pain.4,29

The inclusion criteria varied across the studies. Nonetheless,
across the included studies some similarities were found. All of
the studies were performed in adult populations with clinically
evaluated low back pain. A visual analogue scale above 5 points
and a numeric rating scale above 4 points were also considered
in Park, Sun, Lee, Kang, Lee, Hwang and Cha30 and Lee, Kim, Lim,
Lee, Choi, Park, Lee and Lee29 studies, respectively. The presence
of a cardiac pacemaker or other electronic implants were the only
exclusion criteria enclosed in all studies. Other exclusion criteria
were study-specific related comorbidities.

Generally, the studies enrolled the use of different devices, how-
ever with the same objectives and principles of PEMF therapy
application. Their description can be seen in Table 3. The PEMF
therapy was  often compared with placebo interventions (compris-
ing sham devices) or analgesic medication. Moreover, the studies
showed heterogeneity concerning the PEMF therapy protocols,
where the duration of the application ranged from 5 days to 3
weeks, and the frequency of the application from 4 times a day
to just twice a week. The follow-up period also showed hetero-

geneity, ranging from 3 to 7 weeks,3,4,29,30 or in some cases it was
not reported.27,28 The follow-up percentage was  very satisfactory,
being above the 85%, excepting Oke and Umebese27 study which
did not report the follow-up.
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Table 2
Characteristics and main results of the included studies.

References Demographics Aim Duration/
follow-up

Intervention protocol Treatment window Parameters assessed Results Follow-up
(%)

Krammer et al.3 n = 40
20M/20F
33 y.o.

Explore the additional
benefits of PEME used
as  an adjunct to
physiotherapy in
treatment of acute
non-specific low back
pain

1  weeks
4 weeks

Experimental group:
physiotherapy and PEME
Control group:
physiotherapy and placebo
7 days of PEME and
physiotherapy 2×/week for
4 weeks

During 7 days ODI; NPRS; Patient
Specific Functional
Scale; Level of
Function

Both groups showed
improvements on ODI,
Patient Specific Functional
Scale and NPRS scores over
both follow-up periods
(p < 0.05); however,
without any significant
differences between them
(p > 0.05)

100

Park  et al.30 n = 38
11M/27F
32 y.o.

Investigate the efficacy
of PEMF on the lumbar
myalgia

2 weeks
3 weeks

Experimental group: PEMF
Control: sham device
6 times, 3×/week for 2
weeks

10 min day, 3 days a
week, during 2 weeks

VASB; VASP; Korean
version of: ODI;
SF-36; EQ-5D; BDI;
RMDQ

Significant decrease of
VASB (p < 0.007), VASP
(p < 0.015) and RMDQ in
PEMF group in comparison
to the control group

100

Oke  et al.27 n = 16
9M/7F
42.8 y.o.

Assess the therapeutic
efficacy of PEMF in
treatment of back pain

5–9 days
N.R.

Experimental group:
analgesics + NSAIDs and
PEMF
Control group: analgesics
Both groups received soft
tissue manipulation with
an analgesic gel
4×/day (2 h)

4 times a day during
2 h (Min 5 days and
Max  9 days of
treatment)

NPRS; Modified
version of Functional
Activity Scale

Significant differences on
experimental group on
pain rating scores
(p > 0.061) and functional
activity score (p > 0.000)

N.R.

Omar  et al.28 n = 40
11M/29F
38.8 y.o.

Evaluate the effect of
PEMF in patients with
discogenic lumbar
radiculopathy

3 weeks
N.R.

Experimental group: PEMF
every day for 3 weeks
Control group: standard
medical treatment and
placebo

20 min day, during 3
weeks

VAS; ODI;
Radiological
evaluation;
Somatosensory
evoked potentials

Significant reduction in
pain severity (p < 0.024)
Significant improvement in
modified OSW (p < 0.001)
Improvement of SSEPs
(p < 0.05)

100

Harden et al.4 n = 40
20M/20F
40.3 y.o.

Evaluate the TEMF on
chronic low back pain

2 weeks
6 weeks

Experimental group: TEMF
Control: sham device

40 min session, 10
sessions in 3 weeks

VAS; MPQ-SF; BDI;
STAI; QPDI; Physical
performance tests

Although both groups
improved over time
(p < 0.05), the experimental
group improved
significantly over sham
treatment during the
2-week follow-up period
(20.5% reduction in pain,
p = 0.003)

100

Lee  et al.29 n = 36
19M/17F
75 y.o.

Study the effect of
PEMT in patients with
chronic low back pain

3 weeks
7 weeks

Experimental group: active
PEMT
Control group: placebo
3×/week for 3 weeks

The 15-min treatment
3 times a week for 3
weeks

NPRS; Revised ODI PEMT reduced pain and
disability in patients with
chronic low back pain
(p < 0.05)

100

PEME – Pulsed Electromagnetic Energy; PEMF – pulsed electromagnetic fields; TEMF – Therapeutic Electromagnetic Fields; ODI – Oswestry Disability Index; NPRS – Numeric Pain Rating Scale; M – Male; F – Female; y.o. – years
old;  N.R. – not reported; VAS – visual analogue scale; VASB – visual analogue scale for discomfort for low back pain; VASP – visual analogue scale for pain intensity; SF-36 – Short-Form 36; EQ-5D – EuroQol-5 Dimension (Korean
adapted); BDI – Beck’s Depression Inventory (Korean adapted); RMDQ – Roland-Morris Disability Questionnaire (Korean adapted); NSAIDs – nonsteroidal anti-inflammatory drugs; IL-4/IL-6 – interleukins 4 and 6; MPQ-SF –
McGill  Pain Questionnaire – Short Form; BDI – Beck Depression Inventory; STAI – State-Trait Anxiety Inventory; QPDI – Quebec Pain and Disability Index.
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Table 3
PEMF devices used across the included original studies and its reported characteristics.

References Devices Additional reported information

Krammer et al.3 RecoveryRx (BioElectronics Corp) Carrier frequency of this device is 27.12 MHz. Pulse rate of 1000 pulses p/s and
a  100 �s burst width. Magnetic flux density or field strength of the device is
0.03 mT

Harper et al.26 Provant Therapy System Model 4201 (Regenesis
Biomedical Inc., Scottsdale, AZ, USA)

Carrier frequency of this device is 27.12 MHz. Pulse durations are 42 ± 4 �s
repeated every 1000 ± 25 �s

Park  et al.30 NUGA MRT-II (NUGA MEDICAL, Wonju, Korea) The maximum strength of PEMF was 820 mT with pulse frequency of 8.56 kHz
Oke  et al.27 EMpulse, Model 301 (EM-Probe Technologies, USA) Non reported
Omar et al.28 NR Field strengths ranged from 5 to 15 Gauss (G) and the frequency ranged from

7  Hz to 4 kHz
Saggini et al.24 NR Electromagnetic fields of low intensity with inferior frequencies at 100 kHz
Lee  et al.29 CR-3000 system (CR Technology Co., Kyungki-do,

Korea)
Carrier frequency of this device range from 1 to 50 MHz. The magnetic pulse
produced is biphasic and has a pulse width of 270 �s. Maximum output
amplitude of 2 T

Table 4
Quantification of pain intensity and effect sizes by group.

Reference Control Experimental Effect size (95% CI)

Mean ± SD Mean difference Mean ± SD Mean difference

Krammer et al.3 b 0.77 ± 1.19 −4.14 0.91 ± 0.81 −4.09 −0.14 (−0.76, 0.49)
Park  et al.30 a 6.29 ± 1.33 −0.53 4.53 ± 2.29 −2.1 0.94 (0.25, 1.59)
Oke  et al.27 b 1.63 ± 0.74 −6.62 1.38 ± 1.51 −6.37 0.21 (−0.78, 1.18)
Omar  et al.28 a 5.8 ± 2.7 −1.2 3.6 ± 1.5 −3.5 1.01 (0.33, 1.64)
Lee  et al.29 c 5.4 ± 1.2 −1.1 4.5 ± 1.2 −2.2 0.48 (−0.19, 1.14)

a Visual analogue scale.
b Numeric Pain Rating Scale.

O

i
p
t
p
6
c
s
s

i
D
v
s
I
w
t
e
o
e
I

T
O

c 11-Point numerical rating scale.

utcomes of interest

The main outcome of interest was the quantification of the
ntensity of low back pain. All studies reported reduction on the
ain intensity, at least, on the experimental group. When assessing
he mean difference on pain intensity from baseline to the end-
oint, it was found a reduction on the pain intensity from 2.1 to
.4 points out of 10 on the visual analogue scale or on the numeri-
al rating pain scale (Table 4); however, when analyzing the effect
izes, two studies showed a small effect size27,29 and two  studies
howed a large effect size.28,30

Regarding the functionality assessment, several scales and
ndexes were used to quantify the participant’s function: Oswestry
isability Index3,28–30; Patient Specific Functional Scale3; Korean
ersion of Roland-Morris Disability Questionnaire30; Modified ver-
ion of Functional Activity Scale27; Quebec Pain and Disability
ndex.4 When focusing the Oswestry Disability Index alone, which

as the most commonly reported scale for measuring the func-
ionality, despite its large mean differences from baseline to

nd-points (Table 5), the effect sizes were small (<0.20). The study
f Omar, Awadalla and El-Latif28 was an exception, achieving a large
ffect size (>0.80), however using an adapted Oswestry Disability
ndex.

able 5
swestry Disability Index and effect sizes by group.

Reference Control 

Mean ± SD Mean difference 

Krammer et al.3 6.5 ± 9.08 −28.7 

Park  et al.30 a 16.06 ± 8.79 −13.83 

Omar et al.28 b 48.2 ± 10.09 −25.60 

a Used Korean version of Oswestry Disability Index.
b Used Modified Oswestry Low Back Pain Disability Questionnaire and presented the re
Methodological quality

The mean score of methodological quality of the included stud-
ies was  6.8 ± 1.9 (range 4–9) out of 10 points according PEDro scale
and the level of evidence was 1b in all studies (Table 6).

The most common methodological limitation across the stud-
ies was  the lack of “intention-to-treat” analysis, which was  only
performed by Park, Sun, Lee, Kang, Lee, Hwang and Cha.30 Another
major methodological issue was the concealment of the random-
ization, which also only performed in two  studies.3,30 Lack of
subjects and the assessors blinding was  also a methodological limi-
tation across the studies, especially when concerning the therapist,
once only two  studies blinded the therapists.3,29

Discussion

The main finding of this systematic review is that PEMF therapy
seems to reduce the pain intensity and enhance better functionality

in individuals with low back pain.

When used alone, the PEMF seem to have great effect in reducing
the pain intensity in low back patients, independently of the low
back pain condition.28–30 However, when added to other standard

Experimental Effect size (95% CI)

Mean ± SD Mean difference

5.7 ± 6.03 −29.9 0.10 (−0.52, 0.72)
14.47 ± 12.39 −13.37 0.15 (−0.49,0.78)

33.4 ± 9.04 −42 1.54 (0.81, 2.21)

sults in percentages.
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Table  6
Methodological quality of the included studies.

References Study design PEDro Oxford CEBM Conflict of interest

E 2 3 4 5 6 7 8 9 10 11 Total Level of evidence

Krammer et al.3 Randomized, double-blind,
placebo-controlled trial

+ + + + + + + + − + − 8 1b None

Park  et al.30 Randomized, double-blind,
placebo-controlled trial

+ + + + + − + + + + + 9 1b Corporations
funding

Oke  et al.27 Randomized controlled trial + + − + − − − − − + + 4 1b Missing
Omar et al.28 Randomized controlled trial + + − + − − − + − + + 5 1b None
Harden et al.4 Randomized, single-blind,

placebo-controlled trial
+ + − + + − + + − + + 7 1b Missing

Lee  et al.29 Randomized, double-blind,
placebo-controlled trial

+ + − + + + + + − + + 8 1b None

E: eligibility criteria (this item is not used to calculate the total score); 2: random allocation; 3: concealed allocation; 4: baseline comparability; 5: participant blinding;
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:  therapist blinding; 7: assessor blinding; 8: <15% dropout; 9: intention-to-treat 

tatistical measures.

herapies (such as, standard physiotherapy3 or analgesic therapy27)
eems to do not add additional effect to the standard therapy.

Measuring the intensity of pain related to the different low back
onditions plays a key role in following up the patient’s recov-
ry. However, because of the subjective nature of pain, clinical
mportance is not always easy to determine.31 In an effort to over-
ome this variability, measures of improvement usually adjust
or the individual’s baseline by calculating raw change or percent
hange.32

The PEMF therapy has been pointed out as an effective and rel-
tively safe tool for conservatively treat the low back pain.4,27–30

urthermore, it has a high potential of compliance due to its low
isk of side-effects and high tolerance.29 In fact, when analyzing
he pain intensity alone, the included studies effect sizes indicate

 tendency to a greater reduction on pain intensity for the PEMF
roups. Nevertheless, when compared to standard therapies (such
s, physiotherapy3 or analgesic therapy27) seemed to produce a
ow effect or no effect at all. Considering the minimal clinically
mportant difference (MCID) – minimal change in an outcome score
hat is clinical meaningful for the patients – all studies showed that
he PEMF was able to produce a clinical meaningful pain reduction
ince the mean differences were higher than the minimum 2-point
uggested by Childs, Piva and Fritz.33

Several scoring systems are frequently used in the clinical envi-
onment in order to measure the disability related to the low back
onditions, which should be reliable, valid and sensitive to clinically
elevant changes, taken into account both patients’ and physi-
ians’ perspective and is short and practical to use.34–37 Although,
mpairments such as decreased range of movement or reduced
traight leg raise can be clinically observed by physiotherapists, the
irect observation of activity restriction is not sufficient. Therefore,
he physiotherapists have the need to rely on the patient’s self-
eport assessment to measure the impact of low back pain on daily
ctivities.34

Several studies have been demonstrating the PEMF effective-
ess in reducing the disability related to the low back pain.27–30

egarding the studies included in this systematic review, the dis-
bility assessment was mostly made by the Oswestry Disability
ndex,38 showing improvements after application of PEMF ther-
py, however with small effect sizes. Nevertheless, the MCID’s
ere above the minimum recommended by Ostelo, Deyo, Strat-

ord, Waddell, Croft, Von Korff, Bouter and de Vet39 – between 6–10
oints or 12–20 percent – indicating a meaningful improvement
n the patient’s functionality. On the other hand, Omar, Awadalla

nd El-Latif28 showed a large effect size toward the PEMF group
d = 1.54, 95% CI: 0.81, 2.21) using the Modified Oswestry Low Back
ain Disability Questionnaire, obtaining a 42% mean reduction after
aily applications of PEMF therapy for 3 weeks. Still, some caution
is; 10: between-group statistical comparisons; 11: point estimate and variability

should be taken when considered this study since they used an
adapted score.

Other usual subjective scores – generic and disease-specific –
to evaluate the low back functionality have already been explored
during the last decades and are currently available for orthope-
dic clinical and research practice.35 In this sense, beneficial results
were reported in the included studies using different scores: Patient
Specific Functional Scale3; Korean version of Roland-Morris Dis-
ability Questionnaire30; Modified version of Functional Activity
Scale27; Quebec Pain and Disability Index.4 Although the studies
showed improvements from the baseline to the study’s end-point,
two studies did not achieved significant improvements toward the
PEMF group when compared to the control group.3,4

Due to the comprehensiveness and complexity within the low
back pain umbrella and allied to its associated multiple etiolo-
gies, specific attention should be directed to the characteristics
of subgroups of responders.4 In this line, the studies included
in our systematic review explored the PEMF therapy effective-
ness in different conditions of low back pain: generalized low
back pain27; acute non-specific low back pain3; discogenic lum-
bar radiculopathy28; lumbar myalgia30; chronic low back pain.4,29

Due to the high heterogeneity of the different low back pain condi-
tions of the original studies included in this systematic review, and
the small sample sizes (ranging from n = 16 to n = 40), no strong rec-
ommendations can be drawn regarding the non-specific low back
pain or its several conditions.

Moreover, it was  found high heterogeneity between the proto-
cols of PEMF therapy of the different studies, differing in the devices
used and its parameters (frequency, pulse rate and width, magnetic
flux density, among others), duration and frequency of application
(4 times a day until 3 times a week) and type of application. Hence,
considerable caution should be taken when comparing the results
from the different studies, highlighting the importance in achieve
the most effective dosage and standardized protocol parameters.
In this line, future studies should shift their focus on analyzing
the different mechanisms of action (e.g., myofascial, radiculopathic,
among others) and subgrouping (acute or chronic, specific or gen-
eralized, mechanical or idiopathic) the individuals with low back
pain in order to evaluate the effects of PEMF therapy in these dif-
ferent groups of low back pain and identify the responsiveness of
each specific group. Thus, it will be possible to achieve the most
effective PEMF protocol to the most suitable subgroup of patients.

Generally, the studies showed a good methodological quality
according the PEDro scale, with a mean of 6.3 points out of 10 pos-

sible, which is above the recommended by.40 The studies showed a
good methodological quality, i.e., good external and internal valid-
ity, providing sound interpretation of the data. However, precisely
in the internal validity, some limitations were found across the
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tudies that could provide additional bias to the results: lack of
intention-to-treat” analysis; lack of randomization concealment;
ack of blinding of subjects, therapists and assessors. Moreover,
nother important limitation was the statement of conflict of inter-
st, where only three studies stated that had no conflict of interest
t all. Two other studies did not make any statement about conflict
f interest whatsoever and two studies reported funding upon the
tudy’s conduction.

tudy limitations

To the best of our knowledge, no other systematic review has
nvestigated the therapeutic effects of PEMF specifically on low
ack pain. Moreover, it was used 2 independent reviewers for
creening and critical appraisal and registered our protocol which
ould have reduced the bias within the systematic review. Still,
here are some limitations that are needed to be pointed out. Firstly,
he low number of studies available on the scientific literature that
nvestigates the effectiveness of PEMF on low back pain is scarce,
nd even fewer if we consider de low back pain subgroups. Another
imitation is the small size of the studies samples, which should be
arger in order to provide power to the conclusion taken from the
esults. Also, the lack of data (means and standard deviation val-
es) was a limitation in some studies, and the wide range of devices
nd low back pain conditions, precluded the systematization of the
uantitative data. The search was restricted to English language
tudies; however, previous work demonstrated that the restriction
o English language studies on systematic reviews does not provide
dditional bias.41–44 Furthermore, the studies did not made an
djustment for confounders (e.g., volume of analgesic medication
onsumption or psychosocial variables), which could lead to fur-
her biased results. These confounders may  mix  with the primary
xposure or outcome and bias the true relationship of interest.45

onclusion

In conclusion, the evidence within this systematic review
emonstrates that the PEMF therapy seems to be able to relieve
he pain and improve functionality in individuals with different low
ack pain conditions. However, when added to a standard therapy,

t seems to do not add any beneficial effect. Nonetheless, due to the
ow risk associated, it can be a potential alternative to the conven-
ional pharmacological therapy. The lack of studies in this theme
arrants further research on PEMF effects on the different condi-

ions of low back pain, with standardized protocols, larger samples
nd adjustment for low back pain confounders in order to achieve
tronger conclusions.
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Early application of pulsed electromagnetic field
in the treatment of postoperative delayed union
of long-bone fractures: a prospective randomized
controlled study
Hong-fei Shi, Jin Xiong*, Yi-xin Chen*, Jun-fei Wang, Xu-sheng Qiu, Yin-he Wang and Yong Qiu
Abstract

Background: Pulsed electromagnetic field (PEMF) is reported to be an effective adjunct for the management of
nonunion long-bone fractures. Most studies implement PEMF treatment after 6 months or longer of delayed union
or nonunion following fracture treatment. Despite these variations in treatment, the early application of PEMF
following a diagnosis of a postoperative delayed union has not been specifically analyzed. In this study, the
outcomes of postoperative delayed union of long-bone fractures treated with an early application of PEMF were
evaluated as compared with a sham-treated control group.

Methods: In this prospective, randomized controlled study, a total of 58 long-bone fracture patients, who
presented with delayed union of between 16 weeks and 6 months, were randomly split into two groups and
subjected to an early application of PEMF or sham treatment. Clinical and radiological assessments were performed
to evaluate the healing status. Treatment efficacy was assessed at three month intervals.

Results: Patients in the PEMF group showed a higher rate of union than those in the control group after the first
three months of treatment, but this difference failed to achieve statistical significance. At the end of the study,
PEMF treatment conducted for an average of 4.8 months led to a success rate of 77.4%. This was significantly
higher than the control, which had an average duration of 4.4 months and a success rate of 48.1%. The total time
from operation to the end of the study was a mean of 9.6 months for patients in the PEMF group.

Conclusions: Fracture patients treated with an early application of PEMF achieved a significantly increased rate of
union and an overall reduced suffering time compared with patients that receive PEMF after the 6 months or more
of delayed union, as described by others.

Keywords: Electromagnetic field, Delayed union, Fracture healing, Long-bone fracture
Background
Despite recent improvements in fracture management,
delayed union and nonunion remain as intractable
complications following surgical reduction and fixation of
long-bone fractures. It is estimated that 5–10% of all
fractures show impaired healing [1]. Surgical management
is usually preferred in the treatment of an established non-
union, especially in those fractures that are accompanied
* Correspondence: dr.xiongjin@gmail.com; dr.chenyixin@gmail.com
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reproduction in any medium, provided the or
by infection, deformity, shortening or bony defect. Other-
wise, nonsurgical methods are considered for delayed
union to facilitate osteogenesis, osteoinduction, as well as
osteoconduction and thus stimulate the healing process
[2,3]. Among the reported therapeutic methods, the use of
biophysical interventions, such as pulsed electromagnetic
field (PEMF) therapy, has attracted the attention of clini-
cians in the past decades, because of their noninvasive
characteristics [4,5].
PEMF was introduced in the mid-1970s as a beneficial

tool for fracture healing [6]. Although the mechanism
remains poorly understood, PEMF provides an effective
. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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Figure 1 Flowchart of the study.
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adjunct for the management of un-united long-bone
fractures [7-10]. However, the indication and treatment
strategies for the use of PEMF vary within the literature.
The majority of investigators do not start PEMF treat-
ment until an established nonunion is diagnosed
[11-14], and others consider a late stage of delayed
union (over 6 months after fracture) as the indication
for its use [15-17]. Very few studies have addressed the
early application of PEMF immediately after diagnosis of
a delayed union (at about 16 weeks after fracture) [18],
and no reports have specifically investigated the efficacy
of the early application of PEMF.
Long-bone fracture healing has been recognized as an

orchestration of prompt hematoma formation, inflam-
matory response, cell proliferation and differentiation,
followed by a long-term process of ossification and
remodeling [19]. Since the healing process is not consi-
dered to be accomplished in the case of a delayed union
in orthopaedic terms, the early intervention of PEMF
possesses the theoretical advantage of reactivating the
biological process of bone repair, thereby facilitating
fracture healing and possibly shortening the treatment
duration. In the present study, the authors aimed to
evaluate the efficacy of early-applied PEMF on post-
operative delayed union of long-bone fractures. We
hypothesized that the early application of PEMF in
patients with delayed union might lead to an increased
rate of fracture union compared with sham-treated
patients. The outcomes of postoperative delayed union
of long-bone fractures in patients treated with an early
application of PEMF after the delayed union diagnosis
were evaluated and compared with the placebo-treated
controls.

Methods
Patients
This prospective study was approved by the Medical
Ethics Committee of Nanjing Drum Tower Hospital
(Ref. No. 070321). A flowchart of the study is presented
in Figure 1. Between April 2007 and September 2010,
patients with postoperative delayed union of long-bone
fracture were recruited from the outpatient clinic. Dur-
ing the baseline assessment, anteroposterior and lateral
radiographs were taken to address the fracture healing
status and the fixation method. Data on the demo-
graphic characteristics, comorbidity, medication history,
lifestyle habits, fracture type, soft tissue condition were
collected, as was information on the surgery and post-
operative rehabilitation. Delayed union was defined as a
failure to heal after at least 16 weeks and not more than
9 months following surgical reduction and fixation of
the fracture [12,18]. Radiographically, healing failure was
identified when callus bridging was not observed in
more than three cortices on biplane radiographs. The
exclusion criteria consisted of implant loosening or
failure, infection, established nonunion (healing failure
after more than 9 months, without any clinical or radio-
graphic sign of progression to union within the last
3 months) [20], a fracture gap greater than 5 mm, and
the presence of the implant within the fracture gap [11].
Patients with metabolic disorders were excluded as were
those patients who received medications that could
affect fracture healing [18,20].
The authors had intended to initiate intervention

16 weeks after fracture for each patient, but not all
patients were referred to the clinic in time. Therefore,
patients were included in the study if they were enrolled
between 16 weeks and 6 months postoperatively. A
power analysis was conducted to estimate the sample
size, with reference to a previously reported randomized
controlled trial that achieved a union rate of 89% in
PEMF-treated tibial nonunion cases compared with a
50% union rate in the sham-treated controls [13]. To
detect the similar change in union rate with 80% power
in our study, we required more than 48 patients.

Interventions
Once included in the study, the patient was blindly
assigned into the PEMF treatment group (Group 1) or
the control group (Group 2) according to randomly
generated numbers. In Group 1, PEMF treatment com-
menced immediately after enrollment. An electromag-
netic field was delivered through a coil (Orthopulse® II,
OSSATEC, Uden, The Netherlands) centered over the
fracture site for 8 h/day (Figure 2), with the signal speci-
fication adjusted according to Punt’s study [14]. In
Group 2, the coil was applied for 8 h/day with a sham
signal generator from the same manufacturer. Therefore,
patients were blinded to the treatment. Protected weight



Figure 2 The portable treatment equipments used in the study. (a) A set of Orthopulse® II stimulator consisted of different sizes of coils,
signal generator, batteries, and removable fixation band; (b) Patient in Group 1 received pulsed electromagnetic field treatment with the coil
centered over the fracture site.
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bearing was encouraged unless it compromised the sta-
bility of the fractured area. All patients were requested
to record their potential discomfort and the duration of
the treatment. They were also asked to refrain from
smoking, alcohol abuse, or additional forms of therapy
during the study period. Biweekly contact through
phone calls was performed by two research assistants to
exclude patients with poor compliance.
Outcomes
Clinical and radiological assessments were performed
monthly following commencement of the treatment.
Clinical evaluations of pain when stressed and motion at
the fracture site were carried out by two senior surgeons
(JFW and XSQ) independently, who were blinded to the
grouping information. The consensus was derived from
further discussion if necessary. Another two blinded



Table 1 Patient demographics and results

Treatment
group

Control group P
Value

No. of patients 31 27

Age (Yr.)* 41.1 ± 14.5
(range 19 to 68)

38.4 ± 11.6
(range 20 to 62)

0.450

Fracture Site
(No. of patients)

0..439

Femur 10 14

Tibia 16 9

Humerus 3 2

Radius and/or Ulna 2 2

Methods of Fixation 0.430

Plate 18 12

Intramedullary Nail 13 15

Elapsed Time before
Treatment (Mo.)*

4.8 ± 0.9
(range 4 to 6)

5.1 ± 0.8
(range 4 to 6)

0.238

Duration of Treatment
(Mo.)*

4.8 ± 2.3
(range 2 to 12)

4.4 ± 1.6
(range 2 to 7)

0.489

Rate of fracture union
(3 Mo.)

38.7% 22.2% 0.256

Rate of fracture union
(Endpoint)

77.4% 48.1% 0.029

Total Time from Operation
to Endpoint (Mo.)*

9.6 ± 2.3
(range 7 to 17)

9.5 ± 1.5
(range 7 to 12)

0.849

* presented as mean ± SD.
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surgeons (JX and YXC) reviewed the anteroposterior
and lateral radiographs of the fracture to assess cortical
bridging. Union was considered positive when there was
no pain during joint stressing or during motion at the
fracture site, and callus bridging was present for three out
of four cortices on orthogonal radiographs [21]. Treat-
ment was ceased in all patients when union was achieved
or no radiographic progress to union was observed for a
continuous three-month period (Figure 1).

Statistical methods
Group demographics were compared using independent
t-test or Fisher’s exact test. The successful rate of
fracture union was calculated after three months of
treatment and at the end of the study in each group,
with the difference between groups compared with
Fisher’s exact test. SPSS version 15.0 software (SPSS Inc,
Chicago, IL) was used and the level of significance was
set as 0.05.

Results
During the study period, 92 patients with delayed union
were recruited, with 64 patients meeting our inclusion
criteria for early PEMF or sham treatment initiated
16 weeks and not more than 6 months postoperatively
(Figure 1). Four patients dropped out after a short
period of treatment, and another two patients, who
received herbal supplements during the study, were
excluded. The remaining 58 patients were included for
statistical analysis. Patient demographics (Table 1) were
comparable between the two groups, with no significant
differences determined for patient age (P = 0.450), fracture
site (P = 0.439), or method of fixation (P = 0.430). The ori-
ginal fracture sites included the humerus (5 cases), the
ulna and/or radius (4 cases), the femur (24 cases), and the
tibia (25 cases).
A total of 31 patients received PEMF treatment, whilst

the remaining 27 cases were assigned to the control
group (Table 1). Before treatment, the average elapsed
time since fracture operation were 4.8 months and
5.1 months in the two groups, respectively (P = 0.238).
Following three months of treatment, 12 cases achieved
union with a success rate of 38.7% (95% confidence
interval (CI), 0.21 to 0.57) in Group 1 (Figure 3). Mean-
while, the fracture union success rate was 22.2% (6 out
of 27, 95% CI, 0.08 to 0.42) for Group 2, which was
slightly lower than that for Group 1 (P = 0.256), but not
statistically significant. The relative risk of fracture union
was 1.74 (95% CI, 0.76 to 4.01). Radiographic progress
to union was observed in 17 patients in each of the
groups, who subsequently received extended PEMF or
sham treatment. At the end of the study, the average
lengths of treatment were 4.8 months and 4.4 months in
the two groups (P = 0.489), with a union rate of 77.4%
(24 out of 31, 95% CI, 0.58 to 0.90) in Group 1 (Figure 4)
compared with a union rate of 48.1% (13 out of 27, 95%
CI, 0.28 to 0.68) in Group 2 (P = 0.029, Table 1). The
relative risk of fracture union was 1.61 (95% CI, 1.04 to
2.48). The total times from operation to the end of the
study were averaged at 9.6 months and 9.5 months in
Group 1 and Group 2 respectively (P = 0.849). No
discomfort was reported by the patients in either group
during treatment.

Discussion
In this randomized controlled study, we investigated, for
the first time, the clinical efficacy of the early application
of PEMF treatment in postoperative delayed union of
long-bone fractures. Following three months of PEMF
treatment, patients showed a higher rate of union
(38.7%) than the sham-treated patients (22.2%), but this
difference failed to achieve statistical significance. At the
end of the study, PEMF treatment, conducted for an
average duration of 4.8 months, led to a success rate of
77.4%, which is significantly higher than that in the
control group (48.1%).
Clinically, the concepts and techniques surrounding

the surgical management of long-bone fractures have
evolved rapidly in recent decades. By comparison, the
ensuing individual progress of fracture healing, in terms



Figure 3 Delayed union of tibia fracture treated with PEMF. (a) A delayed union of tibia fracture was observed in a 65-year-old male patient
following close reduction and intramedullary fixation 16 weeks ago. PEMF treatment was initiated; (b) Fracture union was observed after
3 months of treatment.
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of biological and mechanical changes after surgery, has
been poorly examined, despite the impaired healing rate
of 5-10% in long-bone fracture patients. Among the
multidisciplinary approaches explored to treat delayed
union and nonunion fractures, the majority of studies
employ the use of invasive procedures, such as surgical
debridement, bone grafting and harvesting, or local
injections [22,23], and hence, these procedures have
been primarily examined in established nonunions. For
delayed unions, noninvasive interventions, such as
Figure 4 Delayed union of femoral fracture treated with PEMF. (a) PEM
reduction and intramedullary fixation 5 months ago; (b) Radiographies sho
united after 8 months of treatment.
PEMF, are preferred before further invasive procedures
are considered [4,24].
The original aim for this study was to instigate PEMF

treatment immediately after the diagnosis of a post-
operative delayed union (at 16 weeks after fracture). In
our opinion, an earlier intervention is likely to be more
effective because of the potentially deteriorated state of
the biological environment after 16 weeks of delayed
union or nonunion [25,26]. However in most published
trials, PEMF stimulation was deferred until 6 months or
F treatment was started in a 59-year-old male patient who received
wed progress to union following 3 months of treatment; (c) Fracture
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later after fracture, with very few studies addressing the
early application of PEMF in patients with delayed
union. Sharrard conducted a randomized controlled trial
with PEMF treatment initiated on patients with tibial
delayed unions at 16 to 32 weeks after fracture [18].
Although the results revealed a significantly higher rate
of union than the control, the authors did not specify
the information and outcomes pertaining to the patients
who received earlier intervention. A case series by
Bassett addressed the effect of PEMF on 125 cases of
delayed union and nonunion [27], with the earliest inter-
vention started at four months after fracture. However,
here again, the author only presented the overall success
rate of the patients treated with PEMF within the nine
month study period, without clarifying the impact of an
early application of PEMF treatment. Similarly, in a
report by Colson, there was a lack of consideration of
the early effects of PEMF amongst 33 cases of long-bone
delayed union or nonunion with treatment commenced
from 2 to 120 months after fracture [28]. As such, our
study provides pertinent evidence for the early applica-
tion of PEMF on the delayed union of long-bone
fractures.
The success rate following PEMF treatment in delayed

union or nonunion varies dramatically (15.4–93.9%)
across published studies due to different parametric
settings and treatment strategies [28,29]. Considering
studies with more than 30 subjects enrolled for PEMF
treatment (a total of 12 studies, as summarized by
Griffin), the average success rate was 80.1% (ranging
from 67.6% to 93.9%) [10]. Using the same instrument
as that used in our study, Punt examined a case series
on established nonunions and achieved a success rate of
76–79% [14]. These results are comparable with the final
success rate in our study (77.4%), demonstrating the
similar stimulative effect of PEMF on delayed union,
despite its earlier application in the present study.
Therefore, our “sooner rather than later” hypothesis did
not necessarily prevail for the clinical efficacy of PEMF.
A recent report by Adie on the negative effect of PEMF
on acute tibial shaft fractures further supports this [30].
Considering the treatment duration, no significant

difference was observed between the groups in our
study. However, the total time from fracture surgery to
the end of PEMF treatment was obviously shortened in
our study (9.6 months on average) compared with that
in other studies who initiated PEMF stimulation after a
postoperative window of 6 months, or longer in some
cases (over 17.1 months in Heckman’s study, and
11.6 months in de Haas’s study) [15,16], not to mention
the studies wherein PEMF treatment was applied in
established nonunions. The early application of PEMF
treatment, therefore, benefitted the patients by reducing
the fracture suffering time. In clinical practice, PEMF
treatment for delayed unions should be considered and
initiated as early as possible, making patients fully aware
of the success rate but also the increased cost.
At present, a definitive reason for the occurrence of a

delayed union remains far from conclusive [31]. Both
systemic and local factors are believed to be involved
[23,32]. In our study, strict inclusion and exclusion cri-
teria were set with reference to previously published
clinical trials to rule out the interference of confounding
variables such as metabolic disease, medication, smok-
ing, alcohol abuse, infection, and unfavorable reduction
or fixation from previous operations [11,18,20]. How-
ever, there were several factors constrained by practical-
ity that may have influenced the outcome. For instance,
the degree and extent of local damage caused by the
accident or previous operation was difficult to trace.
Further, patient activity levels, as a subject-related factor,
could not be standardized during the study period,
despite our recommendations for protected weight bear-
ing. Another limitation of the present study was the rela-
tively small numbers of patient for each fracture site or
fixation method. We therefore could only draw an over-
all conclusion. Besides, serum biochemical markers were
not measured in this study, which may potentially shed
light on the biological mechanism of the early applica-
tion of PEMF treatment.

Conclusions
In conclusion, within the limitations discussed above,
the early application of PEMF treatment promotes frac-
ture healing and leads to a significantly increased rate of
union compared with the sham treatment. Even though
the final success rate in this study was not superior to
that measured in other PEMF trials, we show that our
patients benefitted from a reduced overall suffering time
between fracture and repair.
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RF AND PULSED MAGNETIC FIELD COMBINATION: AN INNOVATIVE APPROACH TO 

EFFECTIVELY ADDRESS SKIN LAXITY, BODY RESHAPING AND CELLULITE.

Leonardo Marini, MD, Trieste, Italy

Many different RF devices have claimed clinical efficacy in rejuvenating the skin through controlled dermal 
and subcutaneous fat bulk heating. Multipolar RF has shown to be superior to monopolar and bi-polar RF 
in effectively inducing a sequential electro-thermal tissue stratification effect improving patient comfort and 
decreasing side effects. Pulsed Magnetic Fields (PMF) have proven to accelerate angiogenesis, cutaneous 
wound  healing, bone and nerve repair. PMF also decrease post-surgical pain and edema as well as negatively 
influence bacterial and tumoral cell growth. 

The association of these two technologies seems to produce a synergistically effective dermal-hypodermal 
tissue functional improvement inducing long term collagen remodelling, adipose tissue reshaping and cellulite 
regression. Venus Freeze is the first technical example where these two innovative bio-medical strategies are 
intimately associated. 

Temperature-induced intracellular synthesis of stress proteins could theoretically stand as the very base 
of the tissue bio-stimulation leading to optimization of cellular function. PMF-induced cellular and around-
cell positive micro-environmental changes ideally contribute to speed up and consolidate tissue functional 
improvements. Long term results are very promising and can be progressively visible 2-4 months after one 
series of 6-10 treatments. 

Patient satisfaction is very high (85% of treated patients); fair-to-acceptable (10%); minimal (5%). Minimal 
transient side effects were reported and were considered absolutely acceptable by both patients and 
physicians. More studies are nevertheless required to further understand the full potential of this extremely 
innovative technique.
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