Visitwww.pemfnow.céon more information

Benefits of Pulsed Electro-Magnetic Field
(APEMFO) Therapy

Reduced pain

Reduced inflammation

Increased range of motion

Faster functional recovery

Reduced muscle loss after surgery
Increased tensile strength in ligaments
Faster healing of skin wounds
Enhanced capillary formation
Accelerated nerve regeneration

Reduced tissue necrosis
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Many benefits of Pulsed Eldtaignetic Field to choose from accogdint o t he vari ous
(APEMFO) therapy have biedevidualdheariesnMost hightpavdr PEMIFrdevices hay
than 2,000 Universityseledoubtblind, medical studiesuser variable control of the frequency.

done in many countries with many different PEMF § Duration of Treatment

therapy devices. Some of the positive effects of PEMipending on the power level of the PEMF device, the
t herapy were well est abtleatmdntaddratibnycantbdfeom thieedminltesdtdhdws .

entered.the it in thg early .190.05' Thgse Were US€fihical evidence shows that PEMF therapy reduces pe

medical devices to doctors. The first commercially degeneration
produced high power PEMF devices entered the marRet - N N
around.975. They focused on the health of bones, PEMF therapy improves these conditions diffesamyt
muscles, nerves, tendons, ligaments and cartilage 8Acurrent ways including mechanical, chemical, electr
reducing pain and on cellular and tissue regenerati®id magnetic processes within the cells of the body.
Medical PEMF therapy has been accepted in manyln 1995, Siskin and Walker prOVIded a summary of clini
countries around the world. The US FDA accepted fgults oBoft tissue damagihey observed adverse
useof PEMF devices in the healing -afrimm bone effectsand the ftowing positive effects were reported:
frqcture; in‘1979, urinary incontinence and musclle% Reduced pain
Istlmullahtlon in 1998& ahnd deprefssllzol\r)”?réd an|e]Ey in ¢008.quced inflammation
srael has accepted the use o evices for ¢ | reased range of motion
migraine headaches. Canada has accepted PEMF :

) ) Faster functional recovery
devics for many uses. The European Union has m

duced muscle loss after surgery

including healing and recovery from trauma, ncreased tensile strength in ligaments

degeneration and the treatment of the pain associajedr aster healing_of skin_wounds
with these conditions. T Enhanced capillary foromat

Differences in PEMF Therapy Devices T Accelerated nerve regeneration
1 Reduced tissue necrosis.
1 Power Level

The magnetic energy produced by the various PEMFn t he fABenefici al effect
devices can be as | itt | € BmdectticiRasearch EenterhGoluntba Univiersity, N
field to more than 10,000 times as powerful. The loh@$) applied timerying pulsed magnetic fields

power devices are generally used for cellular healtldasigned to induce \g#wsimilar to those produced
bone healing. The higlevegr devices are generally normally during the dynamic mechanical deformation o
used for recovery of trauma from accidents, sports connective tissues in an effort to control cellular functio
injuries and surgery, as well as for control and and understand the mechanisms by which PEMF treatr
improvement of degenerative diseases. Both low poperates and concludedss a r esul t |, a
and high power devices help reduce pain, but the hihh#enging musculoskeletal disorders has been treatec
power devices arermeffective in doing so. successfully over the past two decades... Many of the
1 Continuous or Pulsed Waveform athermal bioresponses, at the cellular and subcellular
Although there are exceptions in both types, most I®wvels, have been identified and found appropriate to
power PEMF devices have a continuous waveform aatiiect or modify the pathologic pescts which

most high power PEMF devices have a pulsed wavefertdFs have been usedé As

f Shape of Waveform mechanisms expands, specific requirements for field
The continuous wavefBEMF devices can produce &nergetics are being defined and the range of treatable
square, a saw tooth, a sine or a custom waveform. meadened. These include nerve regeneration, wound
pulsed output PEMF devices usually produce a biph&siing, graft behavior, diabetelsmgocardial and

acceptances for the use of PEMF therapy in many dre

short duration pulse. cerebral ischemia (heart attack and stroke), among oth
f Control of Frequency conditions. Preliminary data even suggest possible
Many low power PEMF devices have preset frequeBceg € f i t' s i n control ling m



PEMF Therapy and Nitric Oxide Production Overall PEMF Mechanism
Many cells in the body produce nitric oxelesrhisv T
production by the vascular endothelium is particularl Cazs & CaM Ca?+CaM
|mporta_nt n the r.egul_atldm(mjt:I flow. Abn(.)rmal ) PEMF increases Ca?* binding to CaM (milliseconds)
production of nitric oxide, as occurs in different disea e T NS \o
states, can adversely affect blood flow and other vas@SSEs

. . - . . a2*CaM binds to eNOS, catalyzes NO release (seconds)
functions. Nitricaeis one of the few gaseous signalin Anti-inflammatory: increased Blood & Lymph Flow
molecules known and is additionally exceptional due Pain/Edema Decrease (seconds/minutes)

fact that it is a radical gas. It is\ekepratbiological __ (seconds/minutes)
messengeplayl_ng arolein blo!oglcal processes. NBE = CGMP — Growth Factors (hours/days)
The March/April 2009 Aesthetic Surgery Journal pub FGF-2 (VEGF) Angiogenesis (hours/days)

a st udy-BasedBseiofdPelsed EHectromagneti TNF-a  Collagen/Granulation (days)

Field Therapy in Clinical®t i ¢ Sur geryo IR R cnodsling (days/weaks)

the evolution in the understanding of the physiologica\itric oxide, known asehddtheliaterived relaxing
effects of PEMF therapy on cells and tiades factor or 'EDRF, is biosynthesinedgenously fram
emerged suggesting that PEMF could modulate the arginingoxygemndNADPHby variousitric oxide
production of growth factors and began to focus on eggMtR8sENOSEnzymesDr. Richard E. Klabunde explains

systems ith weitharacterized calciunt{La the synthesis of nitric oxide froamiine acidarginine
dependence. By the-i880s, researchers were by the enzymatic action of nitric oxide synthase (NOS).
investigating the effects of electrical and PEMF signaifgr@are two endothelial forms of NOS: constitutive NC
intracellular &g specifically the binding &f ©©a (cNOS; type IlI) and inducible NOS (iNOS; type I1). In

calmodulin (CaM), using the knowledge that CaM  addition to endothelial NOS, there is a neural NOS (nNC
depenent cascades were involved in tissueliie@air.  type [jhat serves as a transmitter in the brain and in
most recent studies of the PEMF transduction pathwayfferent nerves of the peripheral nervous system, such
have concentrated upon the Cal€adMdentitric nonadrenergic, naholinergic (NANC) autonomic nerves
oxide cascades, the growth factor cascades involvedtiiat innervate penile erectile tissues and other specializ
tissue healing. It is within this systene i ttiveness tissues in the body to prodasedilation.

of PEMF is now understood to function. PEMFs modugigt&ndotheliuinner lining) obod vesselses nitric

the calciutbinding kinetics to calmodulin. oxide to signal the surroursirapth musdie relax, thus
Calcium/calmodulin (Ca/CaM) then activates nitric oxig@leulting inasodilaticend increasing blood flow. Under
synthase (NOS) in several different isoforms. When ipjghiial conditiongrinioxide is continually being produced
occurs, large amounts o€ mikide are produced by Iongpy ¢cNOS in the blood vessels. The activity of cNOS is
lived inducible nitric oxide synthase (INOS). In this cagggdeMiependent and produces vascular relaxation wh
tissue levels of nitric oxide persist and the prolonged the endothelium is intact. The activation of the other isof
presence of this free radical is proinflammatory, whiclf endothelial NOS is iINOS is not capiendent. Under
accounts for the leaky blood vessels assoitigtathwi normal conditions, the activity of INOS is very low. The
and swelling. In contrast, the endothelial and neuronaldiYil§ of iINOS is stimulated during inflammation by
oxide synthase isoforms (respectively eNOS and nN@g&gterial endotoxins or cytokines such as tumor necrosi
produce nitric oxide in short bursts that can immediatg{¥tor (TNF) and interleukins. During inflammation, the
relax blood and lymph vessels. These short bursts ofgiideint of nitogide produced by INOS may be a 1,000

oxide also ldao the production of cyclic guanosine  fold greater than that produced by cNOS.
monophosphate (cGMP), which in turn drives growth

) : . ; i HOCI
production. Interestingly, INOS is not dependent on C lschZ:?aT,:;a;f;usion |
while the constitutive or cNOS (eNOS or nNOS) casc Diabetes e
dependent on the binding of Ca/CaM. Theeames!d Anglotensin | Catalase _ i
H,O = H,0, === «OH

accelerate Ca/CaM binding, therefore, should impact Obesity \‘+
phases of tissue repair, from initial pain and swelling . S—
blood vessel growth, tissue regeneration, and remod: XO, COX, NOS ;
As shown in the following diagram, this mechanism h 0, » <0 1

been proposed asvorking model for PEMF therapeuti + = ONOO"

L-Arg = +NO
NOS

SOD
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Intracellular Mechanisms treatment of erectile dysfunction. Increased cGMP also
When nitric oxide forms, it is highly reactive (having aan important aptatelet, ardiggregatory effect.
lifetime of a few seconds), yet diffuses freely across (Cardiovecular Physiology ConcepRichard E.
membranes, primarely becauseroxide anibas a Klabunde, Phpublished in 20@0&yw.cvphysiology.com
high affinity for nitric oxide. Superoxide and its producisdatad in 2008
have vasoactive activities in addition to their tissue
damaging effects; superoxide anion has another prodemty t he Di s c us sPulsedtleciren a st
that makes it very important in cardiovascular patholdgpgnetic Fields Affect Local Factor Production and
and pathophysiology. Superoxide anion, with its unparednexin 43 Protein Expression HYMOGteocytike
electron, very rapidly binds to nitric oxide, which alsod¢ells and ROS17/2.8 Osteoblasts like,Celle o0 h ma n
an unpaired electron. Because nitric oxide isavery etalst at e: fAThis study show
important vasodilator sulostathe reaction between  junction formation, localymtaoh of nitric oxide, TGF
superoxide and nitric oxide effectively scavenges nitrend PGE2. Osteocytes potientially regulate the bone
oxide thereby reducing its bioavailability. This leads teemodeling through signaling molecules like nitric oxide

vasoconstriction, increased platelethelial cell PGE?2 but also through the local releasebdf TGF
adhesion, platelet aggregation and thrombus formation, _
increasd |eukocy.mdothe|ia| cell adhesion’ and The above studies demonstrate that PEMF therapy affe

morphologic changes in blood vessels, such as cell many transduction pathwaysraperticular the Ca/€aM
proliferation. Nitric oxide also avidly binds to hemogldlaR@ident nitric oxide cascades. The CaM dependent
red blood cells) and the enzyme guanylyl cyclase, wHi@gggdes are involved in tissue repair. By modulating th
found in vascular smooth musclarm@lisost other cells calciunbinding kinetics to calmodulin (intracellular

of the body When nitric oxide is formed by vascular C§+/CaM), the endothelial and neuronal nitric oxide
endothelium, it rapidly diffuses into the blood where iiH@gse isofos (respectively eNOS and nNOS) produce
to hemoglobin and subsequently broken down. It alsditric oxide in short bursts that can immediately relax blc
diffuses into the vascular smooth muscle cells adjace®i@ymph vessels. As a highly reactive gaseous molec
the endibelium where it binds to and activates guanylfitric oxide makes an ideal trapsiemringpetween
cyclase. This enzyme catalyzes the dephosphorylatigififcent cells) amatocringwithin a single cell) signaling
GTP to cGMP, which serves as a second messengerfgfecule that has direct and indirect vascular action,
many important cellular functions, particularly for sigrigftfling the following:

smooth muscle relaxation. 1 Direct vasodilon (flow dependent and receptor

NO-d dent i
Blood Flow Vasc?cﬁllaar;c&f; mediated) hihiti i
Shearing Forces 1 Indirect vasodilation by inhibiting vasoconstrictor
Inflammation — =———— + influences

o

P i RO T i i 1 Antithrombotic effeénhibits platelet adhesion to the
[ L Ca R .
\ k\ ik, M vascular endothelium

l's‘ iNOS cNDSL" + \I 1 Antiinflammatory effenthibits leukocyte adhesion to
\ Endothelial f;’l vasculaendothelium; scavenges superoxide anion
L Cell NO i 1 Antiproliferative effeathibits smooth muscle
—— hyperplasia.
sk H““x‘ By increasing the production of nitric oxide when its
< Smaoth + ) SR : . . e
s NO—==GC —» cGMP ) production is impaired or its bioavailability is reduced, P
. Celf ( f,-” therapy can successfully hgdpove conditions and
- GTP - . . . . . -
R A diseases, including those associated with vasoconstricti

— (e.g., coronary vasospasm, elevated systemic vascular
resistance, hypertension), thrombosis due to platelet
Becaus of the central role of cGMP in nitric oxide aggregation and adhesion to vascular endothelium,
mediated vasodilation, drugs (e.g., Viagra®) that inhihififiamation dteeupregulation of leukocyte and
breakdown of cGMB K Riependent phosphodiesterasgndothelial adhesion molecules, vascular hypertrophy a
inhibitodsare used to enhandeic oxide mediated stenosis, and consequently hypertension, obesity,
vasodilation, particularly in penile erectile tissue in thelyslipidemias (particularly hypercholesterolemia and
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hypertriglyceridemia), diabetes (both type | and Il), hedrbsylation of proteins, a process of pratiicamm
falure, atherosclerosis, tissue repair and aging. involved in cell signaling and the control of many cell
processes including DNA repair, protein sulfhydryl gro

A recent study on postoperative recovery led to thepirgsylation, another protein modification process, an

conclusion that PEMF therapy significantly reduced;,yp, regulatory factor activation.

postoperative pain and narcotic use in the immediajgying a lifetime of a few seconds, nitric oxide is high
postoperative period by means of a PEMF efféict on g, qtive and diffuses freely across cell membranes.
oxide signaling, which could impact the speed and thege attributes make nitric oxide an ideal transient
quality of wound repBiot{de et al., June 2009, Plastifaracrine (between adjacent cells) and autocrine (witt
& Reconstructive Surgery, Columbia, NY single cell) signaling molecule. PEMF therapy is prove

Nitric oxide is one of the few gaseous signaling to effectiyely stimulate paracrine and autocrine
molecules and a key vertebrate biological nressengg®Mmmunication.

that plays a ‘role in a variety of biological ProCesSeSniitric oxide is also generated by phagocytes (monocy
Recent studies uncover how PEMF therapy St'mUIaFﬁécrophages, and neutrophils) and, as such, is part o
and rebalanc_es many Of thes_e_proc_esses. the human immune respoiBtric oxide has been

The mechanisms by which nitric oxide has been  jomonstrated to activateNE i n peripher
demonstrated to affect the biology of living cells argygnonuclear cells, an important protein complex that
numeras and include oxidation oftiataining controls the transcription of DNA and a transcription

proteins such as ribonucleotide reductase and aconi{age. iy iNOS gene expression in response to
activation of the soluble guanylate cyclase, a singlgnflammation.

transmembrane protein, ADP (adeneshasphate)

signals

Y
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receptor A degradation
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Nitric oxide plays a key role in regulating the immurood flow and provide muscle relaxation maybe with
response to infection and is implicated in processed@ter oxygenation of the muscle tissue.

synaptic plasticity and memory (see diagram abov . .
The endothelium (inner lining) of blood vessels use he Dynamics of Pain and PEMF Therapy

nitric oxide to sigtiae surrounding smooth muscle to or most individuals, aside from the multiple benefits «
relax, thus resulting in vasodilatation and increasin he therapy, one of the most relevant effects of PEMF

blood flow. As blood flow increases, so does the ox\EAPY i the improvement of painful conditions

intake. PEMF therapy has proven to effectively incr %r]dless of_ther|g|n. Pain mechanisms are complex
a ave peripheral and central nervous system aspe

Chemokines,
Hormones,
Survival Factors Transmitters Growth Factors

(€.9. IGF1)  (eg. interleukins,  (e.g. TGF, EGF) Extracellular
l serotonin, etc.) l l

J

/ 500 ‘ /Integrins
RTK | RTK_ cdeaz /
l ﬂLC Grb2i80f/ Fyn/She l

Wht
- J o /
PIfK <—l— G-Protein Rfs FAK Dishellelled4— :%
4, Src Q
Akt \TDKC/-¢1 Raf GSK-3p
+ Adenylate * * Hedooho
5 Ao cyclase MEK APC genes
a NF-xB /
g PKA / y
Cytokines e — - JAKs kB MEKK  MAPK MKK B-catenin D
(9. EPC) < TN STAT35 / A\ | ToF g
g / 7 2
> o
(@] Myc: = Mad: .
Bel-xL Max — Max ERK JNKS B-catenin: TCF < I
i Jun 2
Cytochrome C CREB PR
+ —
Caspase 9 Ez* ~
\ \ Gene Regulation |
Caspase 8 — ( Apoptosis CDK2
¢ d 2 Cell
FADD Bcl-2 —'\ 1 mam ProI|ferat|on N
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Abnormallty Bim
asR  gsensor —*

Death factors
(e.g. FasL, Tnf)

Overview of signal transduction pathways

During the last 100 years, theories of pain mechanisma hesgptor, and ends with a change in cell behavior.
evolved from specificity and summation models to th&8ransrambrane receptors move across the cell membra
popular Gate Control Theory. The latter pain theory, with half of the receptor outside the cell and the other he
proposed by Melzack/Wall/Gagaly and Melzack, 1989inside the cell. The signal, such as a chemical signal, bi
has become the most important development in the fieldhef outer half of the receptor, which changes its shap
pain management. Pain perception is no longer a  and conveys anotheraigmside the cell. Sometimes there
straightforward afferent transmission sijpai. is a long cascade of signals, one after the other. Eventu
the signal creates a change in the cell, either in the DN/
In biology, signal transduction is a mechanism that caheartgcleus or the cytoplasm outside the nucleus. In the
a mechanical or chemical stimulus to a cell into a spediiionic pain state, pain signal genezan actually occur
cellular response. Signal transduction starts with a sigméhéocentral nervous system without peripheral noxious
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stimulation. In pain management, modulation of the palacebo group getting no treatment. Some studies
signal transmission is a far better choice than neural focused on the rapid, steorh relief while others
destruction, and this can be achieved with PEMF.  demonstrate the leéegm effects. The effectiveness of
Scientific evedce shows that acute persistent pain PEMF therapy has been demonstrated in a wide varie
eventually sensitizes wide dynamic neurons in the a@dpsahful conditions.

horn of the spinal cord, the-wpnzhenomenon, Il n a st udy -bénd, placebietrdlled A D o
constituting the basis of developing chronicpain st udy on t he treat erman o f
syndromefKristensen, 199Pgrsistent and excessiveet al.(Orthopedic Surgery Service, Madigan Army

pain ha no biological good or necessary function. Ithdedical Center, Tacoma, WA) &l@RAiated 42

actually harmful to our-lihg. Therefore, pain needsubjects who met the Intemedtideadache Society's

to be treated as early and as completely as possiblergeda. During the first month of-éqlesth exposure

not to be left alofedams et al. 1997). to PEMF, 73% of those receiving actual exposure,
The primary symptom in most patients withhslisordereported decreased headaches with 45% a substantia
affecting the soft tissue is pain. In many patients, daégrease and 14% an excellent decrease. Ten of the
activities are limited as inflammation causes pain asdpjects who hagteived actual exposure received two
with it, a restriction of the range of movements. Cawsttitional weeks of actual exposure, after their initial

of soft tissue pain can be depicted as nskstedal, month. All showed decreased headache activity with &
neurologic, vasculardaeferred viscesalmatic or a substantial decrease and 38% an excellent decreas
articula(Cailliet, 199Barly reports of applying Sherman R. et.al concludece#tpaisure to PEMFdor
electrical current to treat pain date back to before 18@Bt 3 weeks is an effective,&rartintervention for
(Ersek, 1981). migraine

PEMF therapy has successfully been used for the clorgehseat al. (1994 International Pain Research

of pain associated with rotator cuffitenanultiple Institute, Los Angeles, CA, Stadjed the effects of
sclerosis, carpal tunnel syndrome, aiadtipetis PEMF on ti ssue tUnusualipa an
(Battisti et al., 1998; Lecaire et al., A891). effective and lofagting féef of pelvic pain of
improvement was observed in 93% of patients suffegymgcological origin has been obtained consistently b
from carpal tunnel pain and in 83% in cases of rotagitort exposures of affected areas to the application of

cuff tendinitis. PEMF d@bgrwas also used for magnetic induction device. Treatments are short, fasti
treatment of migraine, chronic pelvic pain, neck paiagcting, economical, and in many instancebViated
and whiplash injur(@osch et al., 2004). surgery . Patients with typioc
In a March, 2003 publication on Pain Management dygmenorrhoea, endometriosis, ruptured ovarian cyst,
PEMF Treat ment , D r Magnafiicl hcuta lowelPuainary wakt infectigrdparsttives : 0
fields affect pain perceptiomany different ways. haematoma, and persistent dyspareunia who had not

These actions are both direct and indirect. Direct effecesved analgesic medication were treated with pulse
of magnetic fields are: neuron firing, calcium ion  magnetifield treatment and evaluated. The results
movement, membrane potentials, endorphin levels,shitnieed that 90% of the patients experienced marked,
oxide, dopamine levels, acupuncture actions and nemen dramatic relief, while 10% reported less than
regenerain. Indirect benefits of magnetic fields on complete pain.

physiologic function are on: circulation, muscle, eddteaén RPilla AA(2008 Depament of Plastic Surgery,
tissue oxygen, inflammation, healing, prostaglandinStockholm, Swedstydied the Effects of pulsed
cellul ar met abol i s mterann d eleceandgnetcriiedds gnypostogeratévé i@ in Breastr
effects are thought due to a decreasesiol eodi augmentation patients. St
noradrenaline, and an increase in serotonin, endorphaysbe experienced after breast augmentation surger
and enkephalins. Longer term effects may be due tdespite advancessurgical techniques, which minimize
CNS and/or peripheral nervous system biochemicalrawina. The use of pharmacological analgesics and
neuronal effects in which correction of pain messagearcotics may have undesirable side effects that can «

occur; and the pain is not juskedbas inthecaseof t o pati ent morbidityo. TI
medi cati ono. determine if PEMF could provide pain control after bre
PEMF Therapy Reduces Pain awgmentation. Postoperative pain data were obtained

Many studies have demonstrated the positive effec&8fved that pain had decreadke imeated patient

PEMF therapy on patients with pain, even as oppo<E@4@ by nearly a factor of three times that for the con
receivingaditional treatment as well as againsta  9r0Up. Patient use of postoperative pain medication
correspondingly also decreasety leage times faster
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in the active versus the sham grélgoen RndPilla  timevarying dynamic magnetic field stimulation to the
AAconcludedi P u | s e-nhageeticdield thempy, wrist can reduce subjective neuropathic pain and
adjunctive to standard of care, can provide pain comtrfthence objective electrophysiologic parameters of
with anoninvasive modality and reduce morbidity dugatients with carpahnel syndrome, Weintetudd.

pain medication after brepsttaogmMEMFatkpossuegel
The Clinical Rheumatology Journal, vokime 26 syndrome provides statistically significardarshort
January 2003gringer Londaeported on the longterm pain reduction and mild improvement in
Effectiveness of PEMF therapy in lateral epicondylitbdjegtive neuronal functions.

KaanUzunca, MurBirtane and Nureffia Kk t e k i rIn a 2009 eviderdoased analysis thre use of PEMF
(Trakya University Medical Faculty Physical Medici therapy in clinical plastic surgery, Setaai¢ginstein

and Rehabilitation Department, Edirne)Tuikiy College of Medicine, Bronx, NY), USAXx Pura i n:
aimed to investigate the efficacy of PEMF in lateralobjective was to review the major scientific breakthrou
epicondylitis comparing the modality with sHam PE and current understanding of the mechanism of action
and | ocal Patientsavithdaterah | e ¢c PEMFthergpé The results show
epicondylitis were randomly and equally distributedhas been used successfully in the management of
three groups. One group received PEMF, another <postsurgical pain and edema, the treatment of chronic
PEMF, and the third group a corticosteroid + anestwounds, and in facilitating vasodilatation and

agent injection. Pain levels d@shgarctivity, angiogenesisé with no Kknc¢
nighttime, resisted wrist dorsiflexion, and forearm adjunctive, noninixe&s nonpharmacologic management
supination were investigated with visual analogsceof post operative pain anc
(VAS). Pain threshold on elbow was determined wirapid advances in development of PEMF devices wha
Algometer. All patients were evaluated before treathas been of most significance to the plastic surgeon is
at the third week and third month. Pain levels were the laboratory and clinical confirmation of decreased f
significantly lower in the group treated with the locecandswe | i ng f ol |l owi ng i njur:
steroid at the third week but the group treated with BEdAkise of the interaction between the biological

had lower pain during rest, activity and nighttime thapstems and natural magnetic fields, PEMFs can affec
thegroup receiving steroids at the third month. pain perception in many different ways.

Lau §chool of Medicine, Loma University, USA .

reported on the application of PEMF therapy to the PEMF Therapy Blocks Pain _ _
problems of diabetic retinopathy. Patients were tredtédF therapy has shown to be effective at gaiocing
over a &veek period, 76% of the patients had a  Poth in the shderm and in the letegm. The ways by
reduction in the level of numbness and tingling. All Which PEMF therapy relieves pain include pain blockir
patiets had a reduction of pain, with 66% reporting gdegreased inflammation, increased cellular flexibility,

they were totally péiee. increased blood and fluids circulation, and increased
Sanseverinet al (1999, Universita di Bologna) Italy ISSu€ oxygenation. _
studied the therapeutic effects of PEMF on joint Thetransme mbr ane pot e naltagal , (

diseases, in chronic and acute conditions of more tHfgrence (etectrical potentitfference) between the
3,000 patientsver a period of 11 years. Fojjowas  interior and exterior of a cell. An electrochemical grad
pursued as constantly as possible. Pain control, red§¢&Hg from a spatial variation of bekacamcal

of joint mobility and maintenance of the improved Potentiaand a chemical concentration across a
conditions represented the parameters for judging thEmbrane. Both components are often due to ion
results as good or poor. Thequhdre test was éipd gradients, par_tlcularly proton gradients, and the resuIF
in order to evaluate the probability that the results dPe of potential energy available for cellular metaboli
not casual. A general average value of 78.8% of gobfiS can be lrallated as a thermodynamic measure, ar
results and 21.2% of poor results was obtained. Th&ljFPchemical potential that combines the concepts:
percentage of good results obtained and the absoll®8€ergy stored in the form of chemical potential, which
absence of both negative teand undesired side ~ accounts for an ion's concentration gradient across a
effects led to the conclusion that PEMF treatment i€@Hular membrane, and electrostatics, whicksgocoun
excellent physical therapy in cases of joint diseasegifWion's tendency to move relative to the TMP.
hypothesis is advanced that external magnetic field@ifferences in concentratioonsbn opposite sides of
influence transmembrane ionic activity. acellulamembrangroduce the TMP. The largest

In a 2008 randomized clitiizd to determine if a contributions usually come omun{N&) and
physicdased combination of simultaneous static anghlorid€Cl) ions which have highaemtrations in the
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extracellulaegion, angotassiurtKt) ions, which depolarizatiohthe interiamoltage rises (say fra

along with largeoteiranions have high concentrationsV to65 mV), or layper polarizatidgrihe interior

in thantracellulaegion. Opening or closing of ion  voltage becomes more negative (for example, changir
channels for ion transport, (@d*, K, Cl) in and out from-70 mV te80 mV).

of cells at one point in the membrane produces a lolcaéxcitablcells, a sufficiently large depolarization can
change in the TMP, which causelgeinic currettt evoke a shddsting atbr-nothing event calledaation

flow rapidly to other points in the membtaseetina  potentialin which the TMP very rapidly undergoes a

with the movement of electrons. large changeften reversing its sign. Special types of
7 voltagedependent ion channels that generate action
(Cell membrane) potentials but remain closed at the resting TMP can b

= . @ induced to open by a small depolarization.
- | Protein
—_——— In a lecture on Pain Reduction, Dr. D. Laycock, Ph.D.
Med. Bg. MBES, MIPEM, B.Ed., inspired by the works
@ Adamet al (1997 explains how PEMF therapy affects
pain transmission at the levels of the néufohs. i s
-, hecessary to understand the mechanism of pain
% transmission to understand how pain blocking can tak
@ place with PEMF therapy. Pain is transmitted along tf
nerve cells by an electric signal. This sighal encountel
__ o synapti_c gaps at intervals. The pain _signals_ are
- transmitted along nerve cells {&ypeptic terminals. At
these terminals, channelsdrcell alter due to a
movement of ions. The TMP changes, causing the
_ _ _ release of a chemical transmitter from a synaptic vesic
In electricalgxcitableells such aseuronsthe TMP is contained within the membrane. The pain signal is
used for transmlg_lalgnals from one part_of a cell to_chemically transferred across the synaptic gap to
another. In naxcitable cells, and in excitable cells iRnemical receptors on trepmaptic nerve cell. This
their baseline states,'ﬂMP is held ata relatively all happens in about 1/2000th of a second, as the
stable value, called tlsting potenti&lor neurons,  gynaptic gap is only 20 to 50 nm (nano meters) wide. .
typical values of the resting potential rang®ftom  {he nain signal, in chemical form, approaches the posi
80 mV (mill Volts); that is, the interior of a cell has &ynaptic cell, the membrane changes and the signal i

+
I$ aF

@ =

Extracellular

Intracellular

negative baseline voltage. Each axon has its transferreduring quiescent times, cells possess a sm:
characteristic resting potential voltage and in each 6A8%ge of aboi®OmV between the inner and outer
the inside is negative relative to the outside. membranes. When a pain signal arrives, it temporaril
More Extraceliular  depolarizes the nociceptive cell and raises the cell TV
L. to +30mV. This increase is sufficient tthapeels in
Positively the cell membrane allowing the exchange of the sodiu
Charged |® Ion: Channel (Na+) and potassium (K+) ions.

When an action potential begins, the channels that all
crossing of the Na+ ions open up. When the Na+
channels open, the depolarization occurs, the Na+ rus
in because both of the greater concentration of Na+ o
Cell Membrane the outside and the more positive voltage on the outsi
More of the axon. The flow of positively charged ions into th
axon leads the axon to become positively charged

Negatively relative to the outside. With pasttively charged Na+
Charged Intracellular ion that enters the axon, another positive charge is ins
and one fewer negative charge is outside the axon. Tt
lon Channels and Sodium Transport together the inside grows increasingly more positive a

the relative concentration of Na+ inside the axon relat
to outside the axon grows greater. This initial phase o
the action potential is called the depolarization phase.

Opening and closing of ion channels can induce a
departure from the resting potential, called a
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Now as the depolarization phase progresses, the siatosder to fire an action potential via neurotransmitter
of the two physical forces that have been discussedut it only achieves to raise the cell TMP to an
changes. At the end of the degatlan phase, the approximate +10mV. This potential is well below the
voltage of the inside of the axon relative to the outsideeshold of +30mV necessary to release the relevant
positive and the relative concentration of Na+ ions imswdetransitters into the synaptic cleft and the pain
the axon is greater than at the beginning of the actieni g n a | i's effectively bl ¢
potential. The inside of the axon becomes sufficiently

positie, about +30 mV as an average value, the Na+

channels close. This closing of the Na+ channels will

greatly limit the ability of Na+ ions to enter the axon. In

addition to the Na+ channels closing, the potassium (K+)

channels open. Now K+ ions are fressaite

channels and now leave the axon due both to the greater

concentration of K+ on the inside and the reversed

voltage levels. The action potential is therefore not the

movement of voltage or ions but the flow of these ion

channels opening and clasiogng down the axon.

By causing a hyperpolarized state at the neuronal
membrane, PEMF therapy effectively blocks pain as it
prevents the threshold necessary to transmit the pain
signal to be reachdud the same way, PEMF therapy
effectively increases the TMP of damaged cells thus
allowing them to recover their functions, heal and imp!
their metabolism.
The Encyclopedia of Nursing and Allied Health define
This movement of the ion channels explains why the s € of A EI e ct rfasteficetiveatp y 0
action potential is transferred slowly relative to the manage both acute and chronic pain.
normal flow of electricity. The normal flow electricity it t he fnGate Model 06 of p:
the flow of electrons in an electrical field and the the signal for pain and those that carry the signal for
electronsavel at the speed of light while the movemigisprioception (body and limb position) are mediated

of these ion channels opening and closing is through the same central jun&emrause signal _
considerably slower. These are mechanical movem@agsmission along pain fibers is slower than transmis;
that cannot move as fast as the speed of light. along proprioception fibers, the Gate model suggests

The exchange of the sodium (NA+) and potassium {Rtepse stimulation of proprioception fibers can block t
ions then g@ers exocytosis of neurotransmitters viasloweimoving pain signals.

synaptic vesicles. These neurotransmitters diffusetll_.p

the synaptic gap. Once this process has occurred, QEI“”:I ]:I'herapy Redqus Inﬂar;rmatlo.n includi
cell depolarizes back to its previous V@M. everal factors may contribute to inflammation includir

Research by Warnke established that theiappiicat MU"Y tissue damage, a poor localized circulation with
PEMF therapy has an effect on the quiescent poter?‘f?émgft'qn_‘)f edema. Inflammation causes pain. Swelli
the neuronal synaptic memi&laenke, 1983:; Warnke2nd bruising is an inflammation and discoloration of st
et al. 1997)it suggested that the effect is to lower thiSSU€ caused by an impgaty or trauma. It can also

potential to a hyperpolarized lev@dmiV.i Wh e n igsult from surgery. . .
pain signal is receivib, TMP has to be raised againT'Ssue cells are inherently like tiny electrically chargec
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