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REVIEW

Pulsed electromagnetic field therapy for osteoporosis

Aroona Devi Mudoo,YU Le-hua

[ Abstract ]

Osteoporosis is becoming a great social and medical problem due to the elderly population. Various

forms of prevention and treatment are needed to deal this problem. It has been found that pulsed electromagnetic

field therapy is safe and effective in treating osteoporosis. This review thus concentrates on the progress of recent

studies done so far on pulse electromagnetic therapy in the treatment of osteoporosis.

[ Key words ]

INTRODUCTION

Osteoporosis is a state in which the bone becomes frag-
ile due to decreased bone mass per unit volume in oth-
erwise normal bone. It can be classified into primary
and secondary osteoporosis. Primary osteoporosis being
the one in which no specific etiologic mechanism is
known. Osteoporosis is typically a “silent disease” un-
til fractures occur. Secondary osteoporosis is ‘mainly due
to chronic medical conditions, medications and nutri-
tional deficiencies'’. Osteoporosis is becoming a major
health problem worldwide due to the increasing elderly
population'?!. Thus so far several studies have been
conducted to find the best way to treat this systemic
skeletal disease. Among these studies pulsed electro-
magnetic field therapy ( PEMF) has been one of medi-
cal doctors’ interests because of it being safe and effec-
tive.

PEMF has been in use in orthopaedics for treating
non-union and delayed fracture healing™’ for the past
thirty years or so. It has now been found that the weak
electromagnetic fields can initiate several healing
processes'*!. This type of therapy was first conducted
following the observation that physical stress on bone
causes the appearance of tiny electric currents ( piezoe-
lectric potentials) that are believed to be the mecha-

nism of transduction of physical stresses into a signal

osteoporosis ; pulsed electromagnetic field

(561 Bone metabolism is

that promotes bone formation
affected both in vivo and in vitro on application of elec-
tromagnetic fields. Bone mineral density ( BMD) and
biomechanical properties are increased whereas the
bone resorption process is slowed in vivo. Both path-

ways of bone metabolism are affected ,in vitro, it helps

" the process of osteoblast while decreases the formation

of osteoclast thus shifting the balance towards osteogen-
esis'®!. The purpose of writing this review is mainly to
observe the recent progress in the studies conducted on
pulse electromagnetic magnetic fields in the treatment

of osteoporosis.

BASIC RESEARCH

Pathological Test

To begin with several studies were done to prevent oste-
oporosis in ovariectomized female rat models'” "'"'. Low
frequency electromagnetic fields were used to find their
effect on osteoporosis and serum prostaglandin E2 con-
centration in bilaterally ovariectomized rats. One stud-
v consisted of thirty-five, three month old female
Sprague-Dawley rats which were randomly divided into
several groups including a control group. Bilateral o-
variectomy was performed on them sparing the control
group. The experiment showed that PEMFstimulation

increased and restored proximal tibial metaphyseal
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trabecular bone mass and architecture after 30 days of
exposure in the PEMF exposed groups. PEMF exposure
also attenuated the higher serum PGE 2 concentrations
of the ovariectomised rats and restored it to the level of
the control group. This experiment thus showed that
PEMF exposure can decrease loss of trabecular bone
and restore the trabecular bone structure. So this study
clearly states that osteoporosis can be prevented by u-
sing PEMF.

Another study!""! using a canine tibial model to
show the effects of PEMF on late bone healing phases
of its osteotomy gap was performed. Twelve adult
mixed-breed dogs on which transverse mid-diaphyseal
osteotomy with 2 mm gap was done unilaterally and sta-
bilized with external fixation. They were divided into
two groups randomly and were treated with PEMF for
one hour daily during eight weeks excluding the control
group. It was found that the periosteal callous area in-
creased at six weeks and thereafter following surgery
and that of the control group at eight and ten weeks af-
ter surgery. Histomorphometric analyses showed greater
new bone formation in the osteotomy gap tissue and in-
creased mineral apposition rate and decreased porosity
in the cortex adjacent to the osteotomy line in the
PEMF group. Thus this study revealed that PEMF did
enhance callous formation and the maturation in late
phase of bone healing.

121 rabbits were used as

In the following study
models to investigate the effect of PEMF during consoli-
dation phase of limb lengthening. Mid-tibial osteotomy

was performed on eighteen adult New Zealand White

rabbits. External fixators were applied to stabilize the

limbs. The animals were divided into a control and a
treatment group randomly. The tibiae were distracted
0.5 mm every 12 h for 10 days after a 7-day latency
period. During 20 days the treatment group received
PEMF for one hour. Radiographs were taken regularly
every week. At the end of 3 weeks radiographic analysis
showed no obvious difference in regenerate callous area
between the 2 groups. But there was significant positive
difference in mineral apposition rate between the
groups during the interval 1 ~2 weeks post-distraction.
There was increased osteoblastic activity in the cortical

bone adjacent to the distraction site.

Biochemical Tests

In one study'™’ the effect of whole body exposure to
magnetic fields on calcium level of bone and blood was
carried out. In all 50 Guinea pigs were divided into 5
groups (A,B,C,D and E) randomly. Group E being
the control group and groups A ,B,C and D were ex-
posed to S0 Hz,0.2 mT magnetic .field for 30 days.
Group A was euthanized immediately after exposure,
group B was left for 15 days, group C was given the
drug Centrum for 15 days after exposure while group D
got the drug Centrum during the exposure. After the ex-
periment both the level of calcium in blood and bone
were analysed. It was shown that there was a significant
increase in blood calcium level in the exposed animals
compared to the control group. There was a significant
decrease in bone calcium concentration level in group
A and an increase in bone calcium level in group C
and D respectively ,thus indicating the role of trace ele-
ment as a compensatory agent of magnetic field damage
and as a radio-protecting agent during the exposure pe-
riod.

! using neonatal rat calvarial bone

A bioassay'"*
was used to determine the early effects of PEMF expo-
sure in vivo and in vitro on bone metabolic calcium ex-
change. Whole body exposed animals (0 ~4 h) showed
a long exposure time-dependant average increase in net
calcium uptake in the 0% ~ 50% range in the bone
discs. They also showed a decrease in serum calcium
and there was no increase in serum calcium even after
administration of exogenous parathyroid hormone. Un-
treated rats’ bone discs exposed to PEMF in witro
showed increase in net calcium uptake in a similar
magnitude and refractory to the calcium releasing effect
of parathyroid hormone. Unexposed bone discs respon-
ded normally to parathyroid hormone by decreasing net
calcium uptake. On treating the calvarial bone discs
with calcitonin or acetazolamide, both of them inacti-
vate osteoclasts, it made the bone refractory thus further
increasing calcium uptake by PEMF. These results
show that PEMF exposure produces parathyroid hor-
mone-refractory osteoclastics and has a relatively rapid
effect on increasing net bone calcium uptake , putatively
due to a decrease in parathyroid hormone or paracrine-

mediated bone resorption.
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Experiment was done to investigate the preventive
effects of low frequency (50 Hz), low- intensity
(1 mT) and long duration (6 weeks) EMF on bone
loss in ovariectomised rats'®). Eighteen female albino
Wistar rats were used. Ten of them were exposed to
EMF and the rest served as the control group. The min-
eralization and the morphology of the tibia were ana-
lysed in both groups. It was found that the cortical
thickness of the tibia was increased in the EMF ex-
posed group. Also the level of sodium and potassium in
the tibia were significantly increased in the rats ex-
posed to EMF. An increase in blood alkaline phospha-
tase was as well noted in the treated group. These find-
ings support the idea that EMF proves to be an effective
method in the treatment of osteoporosis and other ab-

normalities related to bone.

Bone Mineral Density

Bone mineral density ( BMD) being a very important
factor in diagnosing osteoporosis, many studies have
been conducted till now to show the effect of PEMF on
BMD. In one such recent study'™! the authors showed
how PEMF stimulation affects BMD and local factor
production of rats with disuse osteoporosis. To perform
this experiment,80 4-month old female Sprague-Dawley
rats were used. They were randomly divided into the
control group, the disuse osteoporosis group, the calcito-
nin-treated group and the PEMF stimulated group. The
control group was left intact whereas others had their
right hind limbs immobilised by tibia-tail fixation. Cal-
citonin was injected daily in the calcitonin-treated
group while the PEMF group was exposed to PEMF. At
the end of first, second, fourth and eighth week the
BMD, serum transforming growth factor-beta 1 ( TGF-
beta 1) and interleukin-6 (IL-6) concentration were
analysed. It was found that BMD and TGF-beta 1 con-
centration increased significantly after the eighth week
in the PEMF group. IL-6 concentration was found to be
elevated in the disuse osteoporosis group while it was
significantly lower in the PEMF group. Thus showing
that bone mass loss can be prevented by PEMF stimu-
lation. And eventually by promoting TGF-beta 1 secre-
tion and inhibiting I1-6 PEMF can affect bone remode-

ling process. In one study>'® the authors tried to

compare the effect of estrogen therapy and estrogen
combined with PEMF and PEMF alone on the bone
mineral density of patients with postmenopausal osteo-
porosis. The experiment was carried out for three
months on a random basis. It was noted that the bone
mineral density of the patients increased in the com-
bined group, estrogen therapy group and the PEMF a-
lone group but no comparison was made between the

(3:17.18] yere performed using

“groups. Other experiments
calcitonin alone and combined with PEMF. The results
were positive but with no equivalent test.

There were few observations about the long term
effects of PEMF on bone mineral density of osteoporosis

(3:19] the patients were given

patient. In one such study
PEMF treatment during 30 days for 3 times. It was
found that the bone mineral density had been increased
significantly 2 ~ 6 months after the therapy. In another

i
(3.20] jt was found that the bone mineral

similar study
density was higher than the control group 3 ~4 months
after 30 days of therapy. So it can be concluded that af-
ter PEMF therapy the increased bone mineral density
can last for at least 3 ~4 months implying that osteopo-
rosis patient need not be treated daily. Most of the stud-
ies have used low frequency PEMF and the duration of
therapy being approximately 30 days to increase bone

mineral density in osteoporosis patient*].

CLINICAL APPLICATION OF PEMF FOR PA-
TIENTS

Till date many'®’ scientific and clinical studies have
proved that PEMF help in bone unification; reduce
pain ,oedema and inflammation ; increase blood circula-
tion; stimulate immune and endocrine system.
PEMF™®") have also been useful in treating chronic pain
associated with connective tissue ( cartilage, tendon,
ligaments and bone) injury and joint associated soft tis-

(2.7) there are two ways to stimu-

sue injury. Basically
late PEMF non-invasively on biological systems :capac-
itive or inductive coupling. In capacitive coupling, op-
posing electrodes are placed within a conducting medi-
um for example in contact with the skin overlying the
tissue concerned. Inductive coupling does not need di-
rect contact with skin or biological system. It is the

time-varying magnetic field of PEMF that induces an e- -
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lectric field ,thus producing a current in the body$ con-

ductive tissue. PEMF™! signals have a variety of de-
signs for its clinical use. That is the sine wave type sig-
nals ,the rectangular type of signals and the pulsed sig-
nals. Most of the EMF signals used in research and as
therapeutic modalities have been chosen in some arbi-
trary way. Very few studies examined the clinical and
the biological value of different signals by comparing
the physical or biophysical dosimetry and biological or
clinical outcomes. There are at least two ways of using
these signals, mainly by building an elliptical or spheri-
cal coil that can move around the patient body and by
" applying a magnetic field on the upper or lower limbs.
New magnetotherapeutical devices are being designed
using the computer technology. Modern medicine'®’
has started using magnetic energy for treating physical
and mental disorders. NASA found that in order to
maintain bone density and normal health for the early
astronauts it is mandatory to install magnetic field gen-

erators in manned space ships. MRI is one of the most

important ways of using magnetic energy in convention- °

al medicine. Other approved devices are the EEG ,MEG
and SQUID diagnostic equipment. A special form
of ] electromagnetic therapy, repetitive transcranial
magnetic stimulation ( RTMS) have shown promise in
the treatment of Parkinsons disease, auditory hallucina-
tion schizophrenia , obsessive compulsive disorder, tinni-
tus, eating disorders, migraines,, pain management and
other mood disorders. It has also been found that®

nighttime magnetic field therapy can stimulate the pro-

duction of melatonin which is an anti-stressful , anti-ag-

ing and anti-infectious hormone and it thus induces .

sleep and relaxes the brain and the body.

PEMF'®) has been shown to be effective in heal-
ing non-union fractures and stimulating the formation of
new bone thus helping osteoporotic and patients with
arthritis. In very short time periods it has been found
that there has been significant increase of bone densi-
ty. Thus decrease in pain, healing of existing fractures
and preventing further fractures as bone density is re-
. stored. Bone density has been documented to increase

by 5. 1% in three months in one study.

EXPLANATION FOR THE MECHANISM

Several cellular studies have shown the effects of elec-
tromagnetic field on signal transduction pathways. The
cellular membrane acts as a primary target for magnetic
field action!®’ . It has been found that selected magnet-
ic fields can affect the signal transaction pathways via
alteration of ion binding and transport. Calcium ion is
the main player in such alterations. A series of stud-
ies®) conducted by Markov et al. on calcium-calmodu-
lin dependant myosin phosphorylation demonstrated
that specific static magnetic fields, PEMF and
27. 12 MHzpulsed radiofrequency electromagnetic field
could modulate Ca®* binding to CaM to a twofold en-
hancement in Ca’* binding kinetics in a cell-free en-
zyme preparation.

There is also the”®! concept of “biological win-
dows” which has been in use for the past three dec-
ades. It is said that during evolution Mother Nature cre-
ated preferable levels of recognition of signals from ex-
ogenous magnetic fields. The * biological windows”
could be identified by amplitude, frequency and their
combinations. It has been found that at least three am-
plitude exist: at 50 ~ 100 microT
(5 ~10 Gauss) ,15 ~20 mT (150 ~200 Gauss) and
45 ~50 mT (450 ~500 Gauss). By using cell-free my-
osin phosphorylation to study a variety of signals , Mark-

windows

ov et al. showed that the biological response depends
strongly on the parameters of applied signals and thus
confirming the validity of the last two “windows” .

CONCLUSION -

Till date,bone density indeed increases in animal mod-
els and patients who are prone to osteoporosis after ex-
posure to pulsed electromagnetic fields. Thus it can be
implied that pulsed electromagnetic field therapy can
become one of the important methods to treat osteoporo-
sis and other related bone diseases. It can be used as a
first line of treatment in these conditions. It provides a
noninvasive ,safe and easy method to directly treat the
site of the body concerned and can save many people
from undergoing surgery. The only side effect if any that
has been reported till now is hypotension. But then
there is still room for further studies in concerned with

the frequency, intensity which needs to be standard-
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ized. Due to lack of equivalent tests in some of the
studies performed it is difficult to give a strong state-
ment about its effect. More controlled , randomized and
double-blind studies are needed to evaluate the effect

of pulsed electromagnetic field for the best treatment.
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