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Prevention of osteoporosis by pulsed electromagnetic fields.
Rubin C. et.al. Dep. of Orthopaedics, State Uniterf New York

Using an animal model, we examined the use of dudsectromagnetic fields, induced at
a physiological frequency and intensity, to prewdptosteoporosis that is concomitant
with disuse. By protecting the left ulnae of turkégom functional loading, we noted a
loss of bone of 13.0 per cent compared with th&cintontralateral control ulnae over an
eight-week experimental period. Using a treatmegimen of one hour per day of pulsed
electromagnetic fields, we observed an osteogearge-desponse to induced electrical
power, with a maximum osteogenic effect betweet @id 0.04 tesla per second. Pulse
power levels of more or less than these levels veseeffective. The maximum
osteogenic response was obtained by a decredse lievel of intracortical remodeling,
inhibition of endosteal resorption, and stimulatadrboth periosteal and endosteal new-
bone formation. These data suggest that short garipds of exposure to appropriate
electromagnetic fields can beneficially influenbe behavior of the cell populations that
are responsible for bone-remodeling and that tiseme effective window of induced
electrical power in which bone mass can be comialh the absence of mechanical
loading.

Bioelectromagnetics. 1998;19(2):75-8.

Clinical report on long-ter m bone density after short-term EMF
application.

Tabrah FL, Ross P, Hoffmeier M, Gilbert F Jr.

University of Hawaii School of Medicine, DepartmaftPhysiology, Straub Clinic and
Hospital, Honolulu 96813, USA. hbo@aloha.net

A 1984 study determined the effect of a 72 Hz girlgeelectromagnetic field (PEMF) on
bone density of the radii of post-menopausal (geieusis-prone) women, during and
after treatment of 10 h daily for 12 weeks. Boneeanal densities of the treated radii
increased significantly in the immediate area effibld during the exposure period and
decreased during the following 36 weeks. Bone dgdsitermination of the radii of these
women, remeasured after eight years, suggestsgetéom changes. The bone density-
enhancing effect of PEMFs should be further studawmhe and in combination with
exercise and pharmacologic agents such as thedsigpbnates and hormones, as



prophylaxis in the osteoporosis-prone postmenopavmaan and as a possible block to
the demineralization effect of microgravity.
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The preventive effect on bone loss of 50-Hz, 1-mT
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Abstract:

Abstract. Osteoporosis is a common health problem, especially in the elderly and in women
after menopause. Although there are some treatment methods, they impose serious side
effects. Recently, the use of an electromagnetic field (EMF) has been a promising candidate
for better treatment of osteoporosis. In the present study, we investigated the preventive
effects of low-frequency (50 Hz), low-intensity (1 mT), and long-term (6 weeks) EMF on bone
loss in ovariectomized rats. We used 18 female albino Wistar rats (8 unexposed and 10
exposed) to assess the effect of EMF. We examined the mineralization and the morphology
of the tibia in control and EMF-exposed rats. The cortical thickness of the tibia was increased
in EMF-exposed rats (p < 0.002). The levels of Na and K in the tibia were significantly
increased in rats exposed to EMF (p < 0.001; p < 0.002, respectively). We also observed an
increased blood alkaline phosphatase (ALP) level after EMF exposure (p < 0.05). No
significant differences in the levels of Ca, Mg, Li, or creatine were found between the
exposed and unexposed groups. Our data support the notion that an EMF may prove to be
an effective treatment method for osteoporosis and other abnormalities related to bone loss.

Arch Oral Biol. 1993 Jan;38(
Autoradiographic study of the effects of pulsed electromagnetic
fields on bone and cartilage growth in juvenilerats.

Wilmot JJ, Chiego DJ Jr, Carlson DS, Hanks CT, Moskwa JJ.



Department of Orthodontics and Pediatric Dentidthyiversity of Michigan,
School of Dentistry, Ann Arbor 48109.

Application of pulsed electromagnetic fields (PEMi&s been used in growth and
repair of non-union bone fractures. The similasitietween the fibrocartilage
callus in non-union bone fractures and the secgneiatilage in the mandibular
condyle, both histologically and functionally, leadturally to study the effects of
PEMFs on growth in the condyle. The purposes afshidy were: (1) to describe
the effects of PEMFs on the growth of the cond@mg autoradiography, [3H]-
proline and [3H]-thymidine, and (2) to differentdietween the effects of the
magnetic and electrical components of the fieldleMaie-adolescent Sprague-
Dawley rats (28 days old) were divided into thrgpezimental groups of five
animals each: (1) PEMF-magnetic (M), (2) PEMF-eleat (E) and (3) control,
and were examined at three different times-3, 7lahdays of exposure. Each
animal was exposed to the field for 8 h per dagtdlogical coronal sections
were processed for quantitative autoradiograpldetermine the mitotic activity
of the condylar cartilage and the amount of borodiion. The PEMF
(magnetic or electrical) had statistically sigrafit effects only on the thickness
of the articular zone, with the thickness in theV#EM group being the most
reduced. Length of treatment was associated wétigtable significant changes
in the thickness of the condylar cartilage zonastae amount of bone
deposition.(ABSTRACT TRUNCATED AT 250 WORDS)

Int Orthop. 1991;15(4):341-6.
Effects of pulsing electromagnetic fields on cultured cartilage cells.
Sakai A, Suzuki K, Nakamura T, Norimura T, TsuchiyaT.

Department of Orthopaedic Surgery, School of MediclUniversity of
Occupational and Environmental Health, Kitakyushapan.

In order to evaluate the effects of pulsing elentgnetic fields (PEMFs) on cell
proliferation and glycosaminoglycan (GAG) synthesisl to study the action site
of PEMF stimulation in the cells, we performed geseof experiments on rabbit
costal growth cartilage cells and human articutatilage cells in culture. A
PEMF stimulator was made using a Helmholz colil. &igpe pulse burst electric
currents with a burst width of 76 ms, a pulse wiolt230 microseconds and 6.4
Hz were passed through this coil. The magnetid fs&length reached 0.4 mT
(tesla) on the average. The syntheses of DNA an@ @Are measured by 3H-
thymidine and 35S-sulfuric acid incorporations. Hffects on the cells treated
with lidocaine, adriamycin and irradiation werecatseasured using a colony
forming assay. The PEMF stimulation for the dumatd 5 days promoted both
cell proliferation and GAG synthesis in growth dage cells and intermittent
stimulation on and off alternatively every 12 hremsed them most significantly,



while, in articular cartilage cells, the stimulatipromoted cell proliferation, but
did not enhance GAG synthesis. PEMF stimulatiomyied cells treated with
lidocaine more significantly than with other agersese results present
evidence that intermittent PEMF stimulation is mefiective on both cell
proliferation and GAG synthesis of cartilage céfian continuous stimulation,
and that the stimulation could exert effects nohbygleus directly, but by the
cellular membrane-dependent mechanism. This stumydes further basic data
to encourage the clinical application of PEMF station on bone and cartilage
disorders.

J Bone Miner Res. 1989 Apr;4(2):227-33.

Stimulation of experimental endochondral ossification by low-
ener gy pulsing electromagnetic fields.

Aaron RK, Ciombor DM, Jolly G.

Department of Biochemistry and Biophysics, Univigrsif Rhode Island,
Providence.

Pulsed electromagnetic fields (PEMFs) of certainfiguration have been shown
to be effective clinically in promoting the healinffracture nonunions and are
believed to enhance calcification of extracellutatrix. In vitro studies have
suggested that PEMFs may also have the effect dffyag the extracellular
matrix by promoting the synthesis of matrix molesulThis study examines the
effect of one PEMF upon the extracellular matrid aalcification of
endochondral ossification in vivo. The synthesisartilage molecules is
enhanced by PEMF, and subsequent endochondrdiaation is stimulated.
Histomorphometric studies indicate that the matonadf bone trabeculae is also
promoted by PEMF stimulation. These results in@i¢hat a specific PEMF can
change the composition of cartilage extracellulatrir in vivo and raises the
possibility that the effects on other processesnofochondral ossification (e.g.,
fracture healing and growth plates) may occur tghoa similar mechanism.

Osteoarthritis Cartilage. 2003 Jun;11(6):455-62.

M odification of osteoarthritis by pulsed electromagnetic field--a
mor phological study.

Ciombor DM, Aaron RK, Wang S, Simon B.
Department of Orthopaedics, Brown Medical SchoodyviRlence, Rl 02906, USA.

OBJECTIVE: Hartley guinea pigs spontaneously dgveldhritis that bears



morphological, biochemical, and immunohistochemszatlilarities to human
osteoarthritis. It is characterized by the appeagant superficial fibrillation by 12

months of age and severe cartilage lesions anchatiom by 18 months of age. This
study examines the effect of treatment with a plidectromagnetic field (PEMF) upon
the morphological progression of osteoarthritithis animal model. DESIGN: Hartley
guinea pigs were exposed to a specific PEMF foddahfor 6 months, beginning at 12
months of age. Control animals were treated idahlyicbut without PEMF exposure.
Tibial articular cartilage was examined with hisigital/histochemical grading of the
severity of arthritis, by immunohistochemistry f@artilage neoepitopes, 3B3(-) and BC-
13, reflecting enzymatic cleavage of aggrecan,gndnmunoreactivity to collagenase
(MMP-13) and stromelysin (MMP-3). Immunoreactivity TGFbeta, interleukin (IL)-
lbeta, and IL receptor antagonist protein (IRARj)badies was examined to suggest
possible mechanisms of PEMF activity. RESULTS: PEM&tment preserves the
morphology of articular cartilage and retards teeaedlopment of osteoarthritic lesions.
This observation is supported by a reduction incirtilage neoepitopes, 3B3(-) and BC-
13, and suppression of the matrix-degrading enzyomsagenase and stromelysin. Cells
immunopositive to IL-1 are decreased in number)eviit AP-positive cells are increased
in response to treatment. PEMF treatment markedieases the number of cells
immunopositive to TGFbeta. CONCLUSIONS: TreatmeithWEMF appears to be
disease-modifying in this model of osteoarthriisice TGFbeta is believed to upregulate
gene expression for aggrecan, downregulate maetalfoprotease and IL-1 activity, and
upregulate inhibitors of matrix metalloprotease, stimulation of TGFbeta may be a
mechanism through which PEMF favorably affectsileey¢ homeostasis.

Bioelectromagnetics. 2003 Apr;24(3):189-98.

Pulsed electromagnetic fields prevent osteoporosisin an ovariectomized
femalerat model: a prostaglandin E2-associated process.

Chang K, Chang WH

Department of Biomedical Engineering, Chung-Yuamisian University, Chung-Li,
Taiwan, Republic of China.

With the use of Helmholtz coils and pulsed electgnetic field (PEMF) stimulators to
generate uniform time varying electromagnetic selthe effects of extremely low
frequency electromagnetic fields on osteoporosissenum prostaglandin E(2) (PGE(2))
concentration were investigated in bilaterally eeetomized rats. Thirty-five 3 month
old female Sprague-Dawley rats were randomly diyiai¢o five different groups: intact
(INT), ovariectomy (OVX), aspirin treated (ASP), RE stimulation (PEMF + OVX),
and PEMF stimulation with aspirin (PEMF + ASP) gosuAll rats were subjected to
bilateral ovariectomy except those in INT groupstdimorphometric analyses showed
that PEMF stimulation augmented and restored praliibial metaphyseal trabecular
bone mass (increased hard tissue percentage, bbmaespercentage, and trabecular
number) and architecture (increased trabeculamateir, trabecular thickness, and



decreased trabecular separation) in both PEMF + @KPEMF + ASP. Trabecular
bone mass of PEMF + OVX rats after PEMF stimulafmm30 days was restored to
levels of age matched INT rats. PEMF exposure asmuated the higher serum PGE(2)
concentrations of OVX rats and restored it to Is\@#IINT rats. These experiments
demonstrated that extremely low intensity, low frexcy, single pulse electromagnetic
fields significantly suppressed the trabecular bose and restored the trabecular bone
structure in bilateral ovariectomized rats. Weréfi@e, conclude that PEMF may be
useful in the prevention of osteoporosis resulfiogn ovariectomy and that PGE(2)
might relate to these preventive effects. Copyrfld3 Wiley-Liss, Inc.

J Spinal Cord Med. 1999 Winter;22(4):239-45.

The effect of pulsed electromagnetic fields on osteopor osis at the kneein
individualswith spinal cord injury.

Garland DE
Rancho Los Amigos Medical Center, Downey, Califara0242, USA.

The purpose of this study was to determine theceffef pulsed electromagnetic fields on
osteoporotic bone at the knee in individuals wihhoaic spinal injury. The study
consisted of 6 males with complete spinal cordrinat a minimum of 2 years duration.
Bone mineral density (BMD) was obtained at bothdenat initiation, 3 months, 6
months, and 12 months using dual energy X-ray gtisonetry. In each case, 1 knee was
stimulated using The Bone Growth Stimulator Mod#3 from American Medical
Electronics, Incorporated and the opposite kneeesleas the control. Stimulation ceased
at 6 months. At 3 months BMD increased in the skataa knees 5.1% and declined in
the control knees 6.6% (p < .05 and p < .02, raspdy). By 6 months the BMD

returned to near baseline values and at 12 mowtisknees had lost bone at a similar
rate to 2.4% below baseline for the stimulated kane# 3.6% below baseline for the
control. There were larger effects closer to the @i stimulation. While the stimulation
appeared useful in retarding osteoporosis, thepaw®d exaggerated decline in the
control knees and reversal at 6 months suggestriyimy mechanisms are more
complex than originally anticipated. The authorkdye a local as well as a systemic
response was created.

U.K. J Orthop Res

M odulation of bone loss during disuse by pulsed electromagnetic fields.
Skerry T. et.al. Dep. of Anatomy, University of 8ol

The effect of pulsed electromagnetic fields (PEMéishone loss associated with disuse
was investigated by applying 1.5 Hz repetition8®fims bursts of asymmetric pulses,
varying from +2.5 to -135 mV, to bones deprivedhadir normal functional loading. The
proximal portion of one fibula in each of a grodpwariectomised adult female beagle
dogs was isolated from functional loading in viyogyoximal and distal osteotomies.
Comparison of these prepared bones with their irtiaatralateral controls after 12
weeks, showed a 23% reduction in cross-sectioeal. &n similarly prepared bones



exposed to PEMFs for 1 h per day, 5 days per wbekbone loss was substantially and
significantly reduced to 9% (p = 0.029). There wasvidence of any new bone
formation on the periosteal surface of preparedldié in treated or untreated situations.
PEMF treatment was not associated with any sigmtichange in number of osteons per
mm2 formed within the cortex of the bones, thetiahclosure rate, or their degree of
closure. The modulation in loss of bone area aasetiwith exposure to PEMFs can,
therefore, be inferred to be due to a reductioegorption on the bone surface.

J Bone Miner Res. 1990 May;5(5):437-42.

Bone density changes in osteopor osis-prone women exposed to pulsed
electromagnetic fields (PEMFs).

Tabrah F.
University of Hawaii School of Medicine, Straub @t and Hospital, Honolulu.

To determine the effect of a 72 Hz pulsating eteotrgnetic field (PEMF) on bone
density of the radii of osteoporosis-prone womba,tondominant forearms of 20
subjects were exposed to PEMF 10 h daily for aoplesf 12 weeks. Bone density before,
during, and after the exposure period was detemiyeuse of a Norland-Cameron bone
mineral analyzer. Bone mineral densities of thatee radii measured by single-photon
densitometry increased significantly in the imméslarea of the field during the
exposure period and decreased during the follo®thweeks. A similar but weaker
response occurred in the opposite arm, suggestiogss-talk” effect on the nontreated
radii, from either possible arm proximity during@sp or very weak general field effects.
The data suggest that properly applied PEMFs aiiescfor whole-body use, may have
clinical application in the prevention and treatineihosteoporosis.

J Bone Joint Surg Am. 1989 Mar;71(3):411-7.

Prevention of osteoporosis by pulsed electromagnetic fields.

Rubin CT
Musculo-Skeletal Research Laboratory, DepartmeQrtfiopaedics, State University of
New York, Stony Brook 11794.

Using an animal model, we examined the use of dudsectromagnetic fields, induced at
a physiological frequency and intensity, to prew@etosteoporosis that is concomitant
with disuse. By protecting the left ulnae of turkégom functional loading, we noted a
loss of bone of 13.0 per cent compared with tha&cintontralateral control ulnae over an
eight-week experimental period. Using a treatmegimen of one hour per day of pulsed
electromagnetic fields, we observed an osteogearge-esponse to induced electrical
power, with a maximum osteogenic effect betweet @id 0.04 tesla per second. Pulse
power levels of more or less than these levels veseeffective. The maximum
osteogenic response was obtained by a decredse lievel of intracortical remodeling,



inhibition of endosteal resorption, and stimulatairboth periosteal and endosteal new-
bone formation. These data suggest that short garipds of exposure to appropriate
electromagnetic fields can beneficially influenbe behavior of the cell populations that
are responsible for bone-remodeling, and that tiseme effective window of induced
electrical power in which bone mass can be comialh the absence of mechanical
loading.

Wiad Lek. 2003;56(9-10):434-41.
[Application of variable magnetic fieldsin medicine--15 year s experience]

Sieron A.
Katedra i Klinika Chorob Wewnetrznych, AngiologiViedycyny Fizykalnej SAM, ul.
Batorego 15, 41-902 Bytom. sieron@mediclub.pl

The results of 15-year own experimental and climesearch on application of variable
magnetic fields in medicine were presented. In erpental studies analgesic effect
(related to endogenous opioid system and nitrogeteactivity) and regenerative effect
of variable magnetic fields with therapeutical paesers was observed. The influence of
this fields on enzymatic and hormonal activity efiexygen radicals, carbohydrates,
protein and lipid metabolism, dielectric and rheptal properties of blood as well as
behavioural reactions and activity of central dopemeceptor in experimental animals
was proved. In clinical studies high therapeutf@aty of magnetotherapy and
magnetostimulation in the treatment of osteoaribr@dnormal ossification,
osteoporosis, nasosinusitis, multiple sclerosigkiRson's disease, spastic paresis,
diabetic polyneuropathy and retinopathy, vegetatimerosis, peptic ulcers, colon
irritable and trophic ulcers was confirmed.

Arg Bras Endocrinol MetaboR005 Dec;49(6):891-6. Epub 2006 Mar 16.

[Evidences of physical agents action on bone metabolism and their
potential clinical useg]

Lirani AP
Departamento de Medicina, Universidade FederalagdeP&ulo, Sao Paulo, SP.
analirani@fcr.epm.br

The action of physical agents such as low levarl#serapy, low-intensity pulsed
ultrasound and electrical and electromagnetic $ield bone have been often studied,
showing that they are able to promote osteogenmsig|erate fracture consolidation and
augment bone mass. The use of these therapeutalitrexiwas first based on the

finding that bone is a piezoelectric material, tim&ans it can generate polarization when
deformed, transforming mechanical energy into éleenergy, and this has widen
therapeutic possibilities to bony tissue. The pressrk aims to present evidences of



physiologic effects and mechanisms of action o$¢hghysical agents on bone
metabolism, based on articles published in intésnat scientific literature.

J Orthop Res. 2005 Jun 2; [Epub ahead of print]

Pulsed electromagnetic field treatments enhance the healing of fibular
osteotomies.

MiduraRJ, Ibiwoye MO, Powdl KA, Sakai Y, Doehring T, Grabiner M D, Patter son
TE, Zborowski M, Wolfman A.

Department of Biomedical Engineering, The Orthopa&#&search Center, Lerner
Research Institute of The Cleveland Clinic FouraigtCleveland, OH 44195, USA.

This study tested the hypothesis that pulsed @eetgnetic field (PEMF) treatments
augment and accelerate the healing of bone traimized micro-computed
tomography imaging of live rats that had receiviatéral 0.2mm fibular osteotomies (
approximately 0.5% acute bone loss) as a mearssésa the in vivo rate dynamics of
hard callus formation and overall callus volumerttg 5days post-surgery,
osteotomized right hind limbs were exposed 3h dailphysio-Stim((R)) PEMF, 7days a
week for up to Sweeks of treatment. The contraddieind limbs served as sham-treated,
within-animal internal controls. Although both PEM&Nd sham-treatment groups
exhibited similar onset of hard callus at approxeha9days after surgery, a 2-fold faster
rate of hard callus formation was observed theeeaitPEMF-treated limbs, yielding a
2-fold increase in callus volume by 13-20days aftegery. The quantity of the new
woven bone tissue within the osteotomy sites waisifstantly better in PEMF-treated
versus sham-treated fibulae as assessed via bane thistology. The apparent modulus
of each callus was assessed via a cantilever leshdrnd indicated a 2-fold increase in
callus stiffness in the PEMF-treated over shamt#ctéibulae. PEMF-treated fibulae
exhibited an apparent modulus at the end of 5-wtektsvas approximately 80% that of
unoperated fibulae. Overall, these data indicaeRysio-Stim((R)) PEMF treatment
improved osteotomy repair. These beneficial effeatbone healing were not observed
when a different PEMF waveform, Osteo-Stim((R))swaed. This latter observation
demonstrates the specificity in the relationshipeen waveform characteristics and
biological outcomes.

J Orthop Res. 2005 May 20; [Epub ahead of print]

Pulsed electromagnetic fields stimulation affects osteoclast for mation by
modulation of osteoprotegerin, RANK ligand and macrophage colony-
stimulating factor.

Chang K, Chang WH, Huang S, Huang S, Shih C.

Department of Biomedical Engineering, Chung-Yuami€ian University, Chung-Li
32023, Taiwan.



Electromagnetic stimulation has been documentéekéad recalcitrant problems of
musculoskeletal system. Yet, the underlying medmsiare not completely understood.
In this study, we investigated effect of pulsedttamagnetic fields (PEMF) with
parameters modified from clinical bone growth stiaor on osteoclast formation, bone
resorption, and cytokines associated with ostetog@sesis. Marrow cells were
harvested from both femora and tibiae of 6 weekraick and cultured in 8-well

chamber slides or 16-well calcium phosphate apatisdged multitest slides. After 1-day
incubation, marrow cells were exposed to PEMF frdint electric field intensities for
2h/day and continued for 9 days. Osteoproteger®PG¥) receptor activator of
NFkappaB-ligand (RANKL) and macrophage colony-stating factor (M-CSF)
concentrations of each group were determined BEMF stimulation. Osteoclast

identity was confirmed by both tartrate resistantl phosphatase (TRAP) stain and bone
resorption assay. A statistically significant irase and decrease of osteoclastogenesis
and bone resorption areas were found when expodeHMF with different intensities.
Besides, consistent correlations among OPG, RANWICSF, osteoclast numbers, and
bone resorption after exposure to different inteesiof PEMF were observed. These
data demonstrated that PEMF with different intéesicould regulate osteoclastogenesis,
bone resorption, OPG, RANKL, and M-CSF concentretim marrow culture system.

Int J Artif Organs. 2004 Aug;27(8):681-90.

Current trendsin the enhancement of biomaterial osteointegration:
biophysical stimulation.

Fini M, Giavaresi G, Setti S, Martini L, Torricelli P, Giardino R.

Department of Experimental Surgery, Research utstiCodivilla-Putti, Rizzoli
Orthopedic Institute, Bologna, Italy.

To enhance bone implant osteointegration, manyesfies for improving biomaterial
properties have been developed which include opétian of implant material, implant
design, surface morphology and osteogenetic caatdther methods that have been
attempted to enhance endogenous bone healing abiamdterials are different forms of
biophysical stimulations such as pulsed electroretigfields (PEMFs) and low intensity
pulsed ultrasounds (LIPUS), which were initiallyweped to accelerate fracture
healing. To aid in the use of adjuvant biophysthaftapies in the management of bone-
implant osteointegration, the present authors resteexperimental and clinical studies
published in the literature over the last 20 yearshe combined use of biomaterials and
PEMFs or LIPUS, and summarized the methodology ta@ghossible mechanism of
action and effectiveness of the different biophghksstimulations for the enhancement of
bone healing processes around bone implanted béialat

Int J Low Extrem Wounds. 2002 Sep;1(3):152-60.



Electromagnetic fieldsfor bone healing.

Pickering SA, Scammell BE.

Department of Orthopaedic and Accident Surgeryyersity Hospital, Queen's Medical
Centre, Nottingham, UK. simonpickering@tiscali.do.u

Electrical stimulation has been applied in a nundfafifferent ways to influence tissue
healing. Most of the early work was carried outothopedic surgeons looking for new
ways of enhancing fracture healing, particularkysth fractures that had developed into
nonunions. Electrical energy can be supplied t@aetdire by direct application of
electrodes or inducing current by use of pulsedteenagnetic field or capacitive
coupling. Many of these techniques have not besamdsirdized, so interpretation of the
literature can be difficult and misleading. Despites, there have been a few good
laboratory and clinical studies to investigateeffect of electrical stimulation on fracture
healing, which are reviewed. These do not pernsibmanendation or rejection of the
technique per se; however, there is some roomgimegm. The authors present some of
the guidelines for using this treatment modality $suggest that all treatment should be
carried out as part of a clinical trial in ordergenerate reliable data.

J Foot Ankle Surg. 2004 Mar-Apr;43(2):93-6.

The effect of pulsed electromagnetic fields on hindfoot arthrodesis: a
prospective study.

Dhawan SK, Conti SF, TowersJ, Abidi NA, Voagt M.

Department of Orthopaedic Surgery, Interfaith Mati€enter, Brooklyn, NY 11213,
USA. drdhawan@hotmail.com

The aim of this study was to evaluate the effeqiud$ed electromagnetic fields in a
consecutive series of 64 patients undergoing hotdichrodesis (144 joints). All

patients who underwent elective triple/subtalanradesis were randomized into control
and pulsed electromagnetic field study groups. &tbjin the study group had an
external pulsed electromagnetic fields device apptiver the cast for 12 hours a day.
Radiographs were taken pre- and postoperativeliyradiographic union occurred. A
senior musculoskeletal radiologist, blinded totleatment scheme, evaluated the
radiographic parameters. The average time to raapbgc union in the control group was
14.5 weeks in 33 primary subtalar arthrodeses.e€lverre 4 nonunions. The study group
consisted of 22 primary subtalar arthrodeses amediSions. The average time to
radiographic union was 12.9 weeks (P =.136). Tleage time to fusion of the
talonavicular joint in the control group was 17.6eks in 19 primary procedures. In the
pulsed electromagnetic fields group of 20 primarg 8 revision talonavicular
arthrodeses, the average time to radiographicriuses 12.2 weeks (P =.003). For the 21
calcaneocuboid arthrodeses in control group, tleea@e time to radiographic fusion was
17.7 weeks; it was 13.1 weeks (P =.010) for théu$®ns in the study group. This study



suggests that, if all parameters are equal, thenatiye use of a pulsed electromagnetic
field in elective hindfoot arthrodesis may increttse rate and speed of radiographic
union of these joints.

Am J Orthop. 2004 Jan;33(1):27-30.

Pseudarthrosis after lumbar spine fusion: nonoper ative salvage with
pulsed electromagnetic fields.

SimmonsJW Jr, Mooney V, Thacker I.

UTMB, Galveston, Texas, USA.

We studied 100 patients in whom symptomatic psehbdzsis had been established at
more than 9 months after lumbar spine fusion. Atignts were treated with a pulsed
electromagnetic field device worn consistently 2itsoa day for at least 90 days. Solid
fusion was achieved in 67% of patients. Effectisswas not statistically significantly
different for patients with risk factors such aso&img, use of allograft, absence of
fixation, or multilevel fusions. Treatment was ellyiaffective for posterolateral fusions
(66%) as with interbody fusions (69%). For patiemith symptomatic pseudarthrosis
after lumbar spine fusion, pulsed electromagnétid fstimulation is an effective
nonoperative salvage approach to achieving fusion.

J Am Acad Orthop Surg. 2003 Sep-Oct;11(5):344-54.

Use of physical forcesin bone healing.

Nelson FR, Brighton CT, Ryaby J, Simon BJ, Nielson JH, Lorich DG, Bolander M,
Sedlig J.

Henry Ford Hospital, Detroit, MI, USA.

During the past two decades, a number of physicalatities have been approved for the
management of nonunions and delayed unions. Inmgdédirect current stimulation is
effective in managing established nonunions ofetkteemities and as an adjuvant in
achieving spinal fusion. Pulsed electromagnetid$i@nd capacitive coupling induce
fields through the soft tissue, resulting in lowgnaude voltage and currents at the
fracture site. Pulsed electromagnetic fields magdeffective as surgery in managing
extremity nonunions. Capacitive coupling appeatsa@ffective both in extremity
nonunions and lumbar fusions. Low-intensity ultkasd has been used to speed normal
fracture healing and manage delayed unions. Ité@ently been approved for the
management of nonunions. Despite the different ma@sims for stimulating bone
healing, all signals result in increased intradaficalcium, thereby leading to bone
formation.

J Pediatr Orthop. 2003 Jul-Aug;23(4):478-83.



Effects of pulsed electromagnetic field stimulation on distraction
osteogenesisin therabbit tibial leg lengthening mode!.

Fredericks DC, Piehl DJ, Baker JT, Abbott J, Nepola JV.

Bone Healing Research Laboratory, Department didgpdedic Surgery, University of
lowa College of Medicine, lowa City, lowa 52242, AlRlouglas-fredericks@uiowa.edu

The purpose of this study was to determine whetkposure to pulsed electromagnetic
field (PEMF) would shorten the healing time of regeate bone in a rabbit tibial
distraction model. Beginning 1 day after surgerid-shaft tibial osteotomies, stabilized
with external fixators, were distracted 0.25 mmcewilaily for 21 days and received
either no exposure (sham control) or 1 hour peredgnpsure to low-amplitude, low-
frequency PEMF. Tibiae were tested for torsionargjth after 9, 16, and 23 days post-
distraction. PEMF-treated tibiae were significargtyonger than shams at all three time
points. By 16 days post-distraction, the PEMF grbag achieved biomechanical
strength essentially equivalent to intact bone n&hdid not achieve normal
biomechanical strength even after 23 days postadisbn. In this tibial distraction
model, short daily PEMF exposures accelerated diolasion of regenerate bone.
Clinical usefulness awaits testing.

Int J Adult Orthodon Orthognath Surg. 1997;12(1)583

Effects of static magnetic and pulsed electromagnetic fields on bone
healing.

Darendeliler MA, Darendeliler A, Sinclair PM.

Discipline of Orthodontics, Faculty of DentistrynlVersity of Sydney, Australia.

The purpose of the present study was to evaluatbehling pattern of an experimentally
induced osteotomy in Hartley guinea pigs in thespnee of static magnetic and pulsed
electromagnetic fields. The sample consisted dfi@flley guinea pigs 2 weeks of age
divided into 3 groups: pulsed electromagneticjstatgnetic, and control. An osteotomy
was performed in the mandibular postgonial arealligroups under general anesthesia.
During the experimental period of 9 days, the alsmaere kept in experiment cages 8
hours per day, the first two groups being in thespnce of pulsed electromagnetic and
static magnetic field, respectively. Based on tagfic results, both static and pulsed
electromagnetic fields seemed to accelerate tleeofdtone repair when compared to the
control group. The osteotomy sites in the contniimels consisted of connective tissue,
while new bone had filled the osteotomy areas th Inoagnetic field groups.



How can pulsed electromagnetic field therapy assist in the healing of bones
and ligaments?

Dr. D. C. Laycock, Ph.D. Med. Eng. Westville Conants.

Bone is essentially calcium structure which corgairace elements. One particular
element recently identified is Alpha Quartz. Thestihe same type of material used in
computers and digital or electronic watches. Whieis material is compressed, it

develops a voltage across its two compressive fageghenomenon known as the
piezoelectric effect. The old crystal pickups ocarel players used this effect to generate
electrical sound signals. Gas appliances and sogae tghters also utilize the same

effect to generate a spark for ignition.

In bone, areas of stress generate small electaogels which are greater than those of
less stressed areas, so that polarized bone-laghsg (osteoblasts) are believed to be
attracted to these areas and begin to build up é&xine material to counter the stress.

With bone injuries, bleeding occurs to form a hatme in which capillaries quickly
form, transporting enriched blood to the injuryesiPulsed Magnetic Field therapy of a
base frequency of 50Hz, pulsed at above 12Hz, sauasodilatation and capillary
dilatation, so helping to speed up the processatfix formation. Within the bone itself,
pulsed electromagnetism causes the induction ofll sedly currents in the trace
elements, which in turn purify and strengthen thestal structures. These have the same
effect as the stress-induced voltages caused bglpha quartz and as such, attract bone
cells to the area under treatment. This can, tbezghiccelerate the bone healing process
to allow earlier mobilization and eventual full ani Ligaments and tendons are affected
in similar ways to solid bone by pulsed electronegn therapy, since they are
uncalcified bone structures in themselves.

J Bone Joint Surg Am

The effect of low-frequency €lectrical fields on osteogeness.
McLeod K. et.al. Dep. Orthopaedics, School of Meui¢ State University of New York,

An in vivo animal model of disuse osteopenia wasduto determine the osteogenic
potential of specific components of electrical d®l The ability of a complex pulsed
electrical field to inhibit loss of bone was comgérwith the remodeling response
generated by extremely low-power, low-frequencitgén, seventy-five, and 150-hertz)
sinusoidal electrical fields. The left ulnae ofrthiadult male turkeys were functionally
isolated by creation of distal and proximal epipgfaisosteotomies and then were
exposed, for one hour each day, to an electrield that had been induced exogenously
by means of magnetic induction. After a fifty-sigydprotocol, the remodeling response
was quantified by a comparison of the cross-seati@ea of the mid-part of the
diaphysis of the functionally isolated ulna witlatlof the intact contralateral ulna. Disuse
resulted in a 13 per cent mean loss of osseougetiggich was not significantly different
than the 10 per cent loss that was caused by disested with inactive coils. Exposure



to the pulsed electrical fields prevented this @gémia and stimulated a 10 per cent mean
increase in the bone area. The osteogenic influeht®e sinusoidal electrical fields was
strongly dependent on the frequency; the 150, sgvere, and fifteen-hertz sinusoidal
fields, respectively, generated a -3 per cent,petbcent, and + 20 per cent mean change
in the bone area. These results suggest a tissisdigey that is specific to very low-
frequency sinusoidal electrical fields and they lynghat the induced electrical fields
need not have complex waveforms to be osteogemceS8he frequency and intensity
range of the sinusoidal fields producing the gr&tatsteogenic response are similar to the
levels produced intrinsically by normal functionattivity, these results support the
hypothesis that electricity plays a role in theen¢ion of the normal remodeling balance
within mature bone.

Med Biol Eng Comput. 1991 Mar;29(2):113-20.

Compar ative study of bone growth by pulsed electromagnetic fields.

Gupta TD, Jain VK, Tandon PN.

Department of Electrical Engineering, Harcourt BuiTechnological Institute, Kanpur,
India.

Pulsed electromagnetic fields have been widely @setteatment of non-united fractures
and congenital pseudarthrosis. Several electrizalation systems such as air-cored
and iron-cored coils and solenoids have been Usedorld over and claimed to be
effective. Electrical parameters such as pulseeshrapgnitude and frequency differ
widely, and the exact bone-healing mechanismlissii clearly understood. The study
attempts to analytically investigate the effectees of various parameters and suggests
an optimal stimulation waveform. Mathematical asayof electric fields inside the bone
together with Fourier analysis of induced voltageveforms produced by commonly
used electrical stimulation wave-forms has beefopmed. A hypothesis based on
assigning different weightings to different freques for osteogenic response has been
proposed. Using this hypothesis astonishingly sineffective values of electric fields
have been found in different systems. It is shdve &ffective electric field rather than
peak electric field is the main parameter respdasdr osteogenesis. The results are in
agreement with experimental findings made on hub®ngs by different investigators.

Vestn Khir Im | | Grek. 1989 Feb;142(2):63-6.

[Rehabilitation treatment of patients with uncomplicated fractures of the
spine at a hospital rehabilitation center]

[Article in Russian]

Bagaturiia GO, Chanov VL, Kutushev FKh.




The authors make an analysis of treatment of 188mia with noncomplicated
compressive fractures of the vertebral column entbloracolumbar part performed at the
stationary rehabilitation center. The course ofardive treatment was as long as 31-40
days and included individual and group trainingexsdrcise therapy, massage,
hydrokinesotherapy, thermo-, electro-, photo- argmetotherapy. Results of the
treatment were followed in 81 patients. Excellemd good results were obtained in 43
patients (53%), unsatisfactory--in 7 patients (8.6¥he period of follow-up observation
was from 1 month to 1 year.

Crit Rev Biomed Eng. 1989;17(5):451-529.

Fundamental and practical aspects of therapeutic uses of pulsed
electromagnetic fields (PEMFs).

Bassett CA.
Department of Orthopedic Surgery, Columbia Univgrdiew York, New York.

The beneficial therapeutic effects of selected énergy, time-varying magnetic
fields, called PEMFs, have been documented witleasing frequency since
1973. Initially, this form of athermal energy wased mainly as a salvage for
patients with long-standing juvenile and adult nmoans. Many of these

individuals were candidates for amputation. Théeady documented resistance
to the usual forms of surgical treatment, includimgne grafting, served as a
reasonable control in judging the efficacy of tlmew therapeutic method,
particularly when PEMFs were the sole change inepatmanagement. More
recently, the biological effectiveness of this aggmh in augmenting bone healing
has been confirmed by several highly significantilde-blind and controlled

prospective studies in less challenging clinicalcuwinstances. Furthermore,
double-blind evidence of therapeutic effects in eotltlinical disorders has
emerged. These data, coupled with well-controllethotatory findings on

pertinent mechanisms of action, have begun to @&dFs on a therapeutic par
with surgically invasive methods but at consideydess risk and cost. As a result
of these clinical observations and concerns ab&dtremagnetic "pollution”,

interactions of nonionizing electromagnetic fieldish biological processes have
been the subject of increasing investigationalvagti Over the past decade, the
number of publications on these topics has risgorantially. They now include

textbooks, speciality journals, regular reviews ggvernment agencies, in
addition to individual articles, appearing in th&® spectrum of peer-reviewed,
scientific sources. In a recent editorial in Cutr€ontents, the editor reviews the
frontiers of biomedical engineering focusing one®cie Citation Index methods
for identifying core research endeavors. Dr. Gatfeghose PEMFs from among
other biomedical engineering efforts as an exangflea rapidly emerging

discipline. Three new societies in the bioelectrgneics, bioelectrochemistry,



and bioelectrical growth and repair have been arganduring this time, along
with a number of national and international comeat and conferences. These
activities augment a continuing interest by theBEBE the U.S. and the IEE in the
U.K. This review focuses on the principles and pcadbehind the therapeutic use
of "PEMFs". This term is restricted to time-varyingagnetic field characteristics
that induce voltage waveform patterns in bone simib those resulting from
mechanical deformation. These asymmetric, broadHpaises affect a number of
biologic processes athermally. Many of these preeeappear to have the ability
to modify selected pathologic states in the muskdtetal and other
systems.(ABSTRACT TRUNCATED AT 400 WORDS)

Spine. 1990 Jul;15(7):708-12.

A randomized double-blind prospective study of the efficacy of pulsed
electromagnetic fields for interbody lumbar fusions.

Mooney V.
Division of Orthopaedic Surgery, University of Gafnia, Irvine.

A randomized double-blind prospective study of pdiglectromagnetic fields for lumbar
interbody fusions was performed on 195 subjecterdlwere 98 subjects in the active
group and 97 subjects in the placebo group. A bcacgaining equipment to induce an
electromagnetic field was applied to patients ugdieg interbody fusion in the active
group, and a sham brace was used in the contrapgia the active group there was a
92% success rate, while the control group had a §886ess rate (P greater than 0.005).
The effectiveness of bone graft stimulation wita trevice is thus established.

J Cell Biochem. 1993 Apr;51(4):387-93.

Beneficial effects of electromagnetic fields.
Bassett CA.
Bioelectric Research Center, Columbia UniversitiyelRlale, New York 10463.

Selective control of cell function by applying speally configured, weak, time-
varying magnetic fields has added a new, excitingedsion to biology and
medicine. Field parameters for therapeutic, pudedtromagnetic field (PEMFS)
were designed to induce voltages similar to thasdyred, normally, during
dynamic mechanical deformation of connective tissée a result, a wide variety
of challenging musculoskeletal disorders have lessated successfully over the
past two decades. More than a quarter million ptgivith chronically ununited
fractures have benefitted, worldwide, from thisgscally non-invasive method,



without risk, discomfort, or the high costs of ogtére repair. Many of the
athermal bioresponses, at the cellular and sulbbaelkvels, have been identified
and found appropriate to correct or modify the pktgic processes for which
PEMFs have been used. Not only is efficacy suppdiethese basic studies but
by a number of double-blind trials. As understagdih mechanisms expands,
specific requirements for field energetics are gelafined and the range of
treatable ills broadened. These include nerve gdion, wound healing, graft
behavior, diabetes, and myocardial and cerebraémi (heart attack and
stroke), among other conditions. Preliminary datnesuggest possible benefits
in controlling malignancy.



