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ELECTROVAGNETI C TREATMENT APPARATUS FOR AUGVENTI NG
WOUND REPAI R AND METHOD FOR USI NG SAME TECHNI CAL FI ELD
wahbdog/ouqesenti on rel ates to augnmenti ng wound r ePEl/IS1006/008000

humans, plants, and animals by altering the
interaction with the el ectromagnetic environnent of
living tissues, cells, and nol ecul es. The invention
also relates to a nethod of nodification of cellular
and tissue growth, repair, naintenance and genera
behavi or by the application of encoded el ectromagnetic
I nf or EELCTROMAMNES TR AT REATHENT YA PEARRGUSNFER AGEBMENTING
provi des for _an_application of highly specific

el ect r ondfieH 3EPgEﬁu%ﬂ%yM§Tﬁ99??P Péﬁﬂﬁ BAME erns to
one or nore body parts by surgically non-invasive
reacti ve coupling of encoded el ectromagnetic

i nformation. Such ZBEHENEGAL HIFID el ectronmgnetic

wav ef1f 451 @ HYBRN - BRE IR 1o m@n@%gt 8984 dpeagﬂwn

structures such as cells, organs, tissues an
hiypt et RIS tEan 286r veinal edhardéewdnadthepaiteraction with the

té%TeI_O@rb‘ﬁrﬁexﬁE JOSt i QW EESQ#&%CyceEl'\_’LFs hagq

e
been in ‘conjunction wth applicatrons of bone repgair
NAHRIC R -| nGheAdngaehioENH ssaveflates anda custlent of
githopadis, ¢ld pieal s yse oL comprise .
mrelatively IOM/%rg%d%%é?ﬁigﬁggﬁgﬁggégﬁgFafeq%%”a“@épﬁenance
anGvg il behdudpngonestieanaprélieetiosabt femdatsed n a

1 o r. et er (mv/c range. at. frequengies .
< P eRE REOHMBLEL (LerhaERNg Sl S € SBuson
Peepl H fprapnebppl ioctiem cdl hiodel specetic rendptaneagnetic

£ j Gl r.ange of. ENME . waveform patterns for which
%%%g%ggtﬁsngg tgb%p%& égﬁggnﬁsgBa &% %ﬁdﬁ”ﬁh%Ody parts by
sassirrptlivomohhatveel ve neydertdanes coaptis@est fdrealdey i on

i ndi at structures .in or on cell_penbranes, are a
oM By SRR A " s2Rp Sbe P S ¢ %
e detterariangea icangee 66 rmaved Hunpar amtens tan wWhheh @frget
éqggged electric field could couple electrochemcally
PREEY SHTNCEFTS Gy FUCR, 28 CH- & s FHPenpltdyrrgs and
ol diages, dependente ki BeénieshcEXIRM @Rpaif- this |inear
nodel involves Lorentz force considerations that
eventual | y denonstrated that the magnetic conponent o
f EMF coul d pl ay BACKGROUND ART

The use of most low frequency EMF has been in conjunction
with applications of bone repair and healing. As such, EMF
waveforms and current orthopedic clinical use of EMF waveforms
comprise relatively low freguency components and are of a very
low power, inducing maximum electrical fields in a millivolts
per centimeter (mV/cm) range at frequencies under five KHz. A
linear physicochemical approach employing an electrochemical
model of cell membranes to predict a range of EMF waveform
patterns for which bioceffects might be expected is based upon an
assumption that cell membranes, and specifically ion binding at

structures in or on cell membranes, are a likely EMF target.
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significant role in EMF therapeutics. This led t o the
ion cyclotron resonance and quantum nodel s t hat

w@e@dioetosd benefits from conbined A C and DC nag@HUanzmmmm
ul se

ki of fegts. at v f cy_r.anges .
eohi il LogkRel igbin Lo [heauanarianoes L A pused, oo,
PRFpIiERits nfous Wiimh wave insedetiore Deepritd SSﬂ@ldliJeQ'ﬂglu'lg couple
i in-the ior _a f diatherny. A pul se _
ST e U T -
Ve brge etbnenslean ekimﬁﬂimnagnetmxtéﬂsﬂﬁ%fCapabbﬁ?ﬁ flinear model
el 1citd -therpal biological effect in e
i S o L R SR ——
deterddpedEcc wppl | tati oagnbave bepponeper bed meF L8G4 play a

[ i c_and post-operative paln
-LEER 05y B0sh, LSBT SR Ros OB Ve e o
CYFledtmment yesmhmer Vend egeaetal | B8deThe taRR! i GAdiR 50 Senerits
R Lar reggl ion o f traumatic edema has becone
flncreagPﬁ%?y é@edﬂFg Pecetidnfddrs. fRekdl e§fecsdatte very low
fuesjuegchREahgeani mal and clinical studi es suggest that

b, e asurably reduced from such o

gﬁgggrgﬁ%%%%thgé?irﬁﬂ%ﬁ&en?ﬁe_OQRHﬁﬁﬁ i Akgnel olsirgved from a

2’hagednrparoriviioplysi éaheandyani;agk %u!d'cﬁ%§€t Ral gy e th.ealing is
attribute effectiveness o f ceII-to-ce! onmmuni cation

KOS s esPF&EFuPéE'O§eﬁ§?¥¢%ﬁ%$ﬁt_R)ﬁHﬂﬂﬁ%ﬂ$gﬂddB39@Sof the

diand oGighad Gl &HiS:inA1Mat o nal ysis, using .
2 T eadt qne of 5 5 onal "t Rof SEORK fo - SNl J i smetic

Ligdferc2geiital f oo Nefise rRat 2 onpn PoermaENRb J o bugl ¢t esffect in

thehet hegtdevit siognal srappldred to é&Hé&ﬂ?e%%ﬁ??ﬂyP%F. therapeutic
structures such a s cells, tissues, organs, an

apﬁ@!F@@E"r%%? drgedebeer abiapcatiede fher rmide nokdecpi@SERtE post-

Nei bi ndi .Lon. _Prio rt of EMF ,
trgggfﬁe?rg%gi ng?gFggg%E?%tém§%C6%ﬁ 898?%0€fﬁc?°ft tissues,
"OBRBpetadlddde fhermstecstnent ur esd radies t&:!@@faﬁétt@ti@{.t The
b b4 p i o.fr utilizin ielectric
apﬁ?%%%%%ﬁég&? ?ggi??§ér€885P?%%£o?fe:%‘¥%%ﬁé@ﬁgﬁpe has become
1nGaees Ry coied dor edchbytopeans zi MeSNR sand B@E@rug%ﬁb PRF in
e i cad,,valiu Luat ed at t.arget pat hway
ot & oo amnansd 8L A5 S tAae P measuranly
TeRtmeth, L1aw malchardept aotagredtis; satganss.ti ssues and
nol ecul es for exanpl e post-surgical and traunmatic

vvounde rﬁP@ilfn ﬁ%rﬂ%@ﬁ%é’béé@d ol\épeodn bl|01000p §Pselrcfa Slaonrgzi animal
vasodi | ati on, vasoconstriction, edena
studies that attribute effectiveness of cell-to-cell
communication on tissue structures’ sensitivity to induced
voltages and associated currents. A mathematical analysis using
at least one of a Signal to Noise Ratio ("SNR”) and a Power
Signal to ©Noise Ratio (“Power SNR”) evaluates whether EMF
signals applied to target pathway structures such as cells,
tissues, organs, and molecules, are detectable above thermal
noise present at an ion binding location. Prior art of EMF

dosimetry did not taken into account dielectric properties of

tissue structures, rather the prior art utilized properties of
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reduction, enhanced neovascul ari zati on, bone repair,
tendon repair, |liganment repair, organ regeneration and

w@ado/onese ef . Wound repair enhancenent resul t SPET/O82006/008000
i ncreased bl ood fl ow and npdul ati on of angi ogenesi s

PR YRAMERELRA E oR ek RS20 | AR19F o Dt RePPRRHSvedreactive
cOhgef{ecti ve1 pEOESESaSe t RECANM e Kin¥ CabntiSRiIRId by optimizing

non-i nvasi ve PRF at radi o frequenci es has used pul sed

SHir s08 ofowe7SHB WIAEheTALSE Halvokies, SHImag@seat a target
pRUESy IRically exhi Bhtingk a MLAth ef vSikXbYsfii¥8nds in human,

m cr oseconds and havi ng approximately 1,700 sinusol da
apiedbs sk PURSE, el sM t lPrganBoust beswes r @pet | mpbacules for

| [ ; ; : :
eﬁ%ﬁ e 5gé¥u¥ﬁﬂ§¥aﬁﬁaan%EQ§ﬁh%aQHES%§u9& Lepair, anmgiogenesis,

el ectromagneti c waveforns having a frequency in
ipppeeedfblred trenes ilundrvedodddahéenz Thbyonskrhcllian edema

0Q pul r, b ' 3. bur peti]
<9000 PUARRGRE DUESIaa PO I L 0 BHERPELLLLER,  condon
rappliedltgahanan regaiimal @nkrpl apdemetdisioror gads pain relief.
W \#r§<§u§%pﬁ%d g%gr%] b TG ML ages anpl 1. tude MRl 8P% 1oy ang
of each pulse burst is a function of a random
modulegulcar , oOr aotgiemehekés vandabhegvafddetnivattion as well as

rovi.de a broad ectr ensity within the burst
R A PR e LD L e Pl
functéens t hatidiadkel | ntise acedunt ngi-gnalastioet heprml at  radio

noi se r.atiaq and Power SNR.in specific target p way, :
Ry s Uy oPHEREC a e IREs: Hece t ¢ DAuID Yinusoidal
wave/] ngaerl bugsewdurseoneydida 1ancerepditingPad t WEHLRr of sixty

applications of thes ignal s include, but are Egt , ,
£ i TEETCECERAANCITY (VA fenEPBToBHIRRLY misdfls, sinusoidal
cy @l 8 PerSkiur sandahdi witPoslr iSukgbeakt ancbd il irGtes.

wound repair, angi ogenesis, inproved bl ood perfusjon,

oé%ﬁ§

|
vasatid%at i Bif,° LRV bS5 e BEmE FEUHERRBRECIC Waveforns
n&phan e drNeme@seuliar ithat irdRgePBRech8Pab! onk €AUAAred megahertz

DR Ty 4 9RTERC JpRy organ regenerationt p ULl e
repetition rate of 0.01 to 10,000 Hertz (Hz), are selectively
applied to human, animal and plant cells, organs, tissues and
molecules. The voltage—amplitude envelope of each pulse burst
is a function of a random, irregular, or other like wvariable,
effective to provide a broad spectral density within the burst
envelope. The wvariables are defined by mathematical functions
that take into account signal to thermal noise ratio and Power
SNR in specific target pathway structures. The wavéforms are
designed to modulate living cell growth, condition and regpair.
Particular applications of these signals include, but are not
limited to, enhancing treatment of organs, muscles, Jjoints,
skin and hair, post surgical and traumatic wound repair,
angiogenesis, improved blood perfusion, vasodilation,

vasoconstriction, edema reduction, enhanced neovascularization,

bone repair, tendon repair, ligament repair, organ regeneration



10

15

20

25

30

35

G Pa I R ¢
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application of the within el ectromagneti c wavef orns

weam79ernse t o enhance heal i ng of vari ous woundBCT/US2006/008000

enbodi nent of the present, i nvention a '

e Ui 1 HiGhePPs pdcth@ e yeles romagnetic
wilieE ogfubi eh8NEEYvE ouplentanden a0k agi 68l Ly r{&h&Vidiings.

di el ectri ¢, pat hways,, such as cel |l ular nmenbrane

r eceptoPET P Ont i Heli TP AT ERF| GF aFN@n2yeRNt afention a pulse
rgeRer ahvenaps mrbangcpotRRlkah changesy é@neqﬁﬁg'QEQﬁciently
according to the present invention increases the

FTURDEr T8 PRYEgadAEyCEbhporRif %Rt alistiectedct pakbieyant such as
ceahlubar iabhways rJesebikng sidy %irﬁ{i%gf Eﬁn%l%lar enzymes,
bi ophysi cal phenonena applicable to known healing '
SfechaPi STl béconRPRgratees spsitentiatl udiangesnhanced embodiment
aRREYEBNGC Vi ke OhPUALY aﬁk@%n{:fégasi%&%%s%%t o't(l:xg.e number of
rel ease. By increasing burst duration and by applying
TaepafEe corroreils hipfnypddedalt dersdisvanényelldpéart pathways,
burs p O, . |- pgl .
e Yo Fucor iy pal ses Mt Hldhensaspe applicanie
tel eknpve fheddndetivsd@mnliG=6 ahdcdfingl tacqrersible, including
Lagt c : th tisty detectabilit .
B P emon s sochr i Aa o S Gt BOVET: SR SACRordd eytokine
refehet enBy ahdcgeaaiter bﬁﬁ&ﬂﬂdunmnﬁdnbanacbyempﬂ%gmn? a random,
i 0 {.cal .heal |n rocesses.applicable to both so
ogndé)ﬁgérrg tﬁlgguegp‘?%gﬁa&nar%?séﬁ mel's anf® sl ahts @ Pulse burst
engslbpe ngfi moan—-aoceldrabilan Q%c%ﬁﬂ@ﬁlifpakrsiﬁ?@oida% pulses
S invention.relates to_kno nmechani syt o un
e Ty B o E e n A B AR Yot Ren Roraged of tHets per
ceppiogteat ¢vgeow hahactbatorsagylseki R tetaBehi s ageqf rements

a%@8£gkng to SNR or Power SNR, a more efficient and greater

Accordi ng to

effect could be achieved on biological healing processes
applicable to both soft and hard tissues in humans, animals and
plants resulting in an acceleration of wound repair.

The present invention relates to known mechanisms of wound
repair that involve the naturally timed release of the
appropriate growth factor or cytokine in each stage of wound
repair as applied to humans, animals and plants. Specifically,
wound repair involves an inflammatory phase, angiogenesis, cell
proliferation, collagen production, and remodeling stages.
There are timed releases of specific cytokines and growth
factors in each stage. Electromagnetic fields can enhance blood
flow and enhance the binding of ions which, in turn, can
accelerate each healing phase. It is the specific intent of this
invention to provide an improved means to enhance the action of
exogenous factors and accelerate repair. An advantageous result
of using the present invention is that wound repair can be

accelerated due to enhanced blood flow or enhanced biochemical
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repair as applied to humans, animals and pl ants.
Specifically, wound repair involves an inflammtory
\V@hmsm4ﬂmmgiogenesis cell proliferation, coIIHanSﬂmwmmmm

and r | ta t]
ﬂﬂag ég@gggflgﬁgﬁﬁ%f ‘%&f%%ﬁ%esggaéeg VT o %JE?|3$OVlde an
inpachest agansElert pomagasitic theld$teadednhﬂﬁﬁetmload improve

.ow and enhance the, bi ndi i ons ich n_tu

e catnShast | rhlanir St EHE, Wreidnttl fng groutn
fadﬂo&@tr@iev@mS toeath eRate pfammd&i&@paﬁmnoved nmeans

to enhance t tion of exogenous .factors and

accOFBFATE PERALE. SAn BiRaRTaTEous LPESUNEoD! 1sithy CREsS and
addegsentei MeaNEhaN dfs diadn WO Lichrid®Ppaslicic ads b@labetlc ulcers,

accel er at ed due t o enhanced bl ood ro or enhance
VeRoYShetPAEAS) iMLCeZS s t RFSPPERSI RPTES aP i fegrges bn‘? pREnds of
aﬂ@r@&@ggnlnventlon t o provide a n |nproved neans t o

accelerate the intended effects o r inprove efficacy

s wePPthex ebhest etf &t szefsepﬁelev%ﬂ%slsanﬂwg? éRM ﬁ‘pplymg

a f BELRT spheheyantadnsq t§aci stage Onte MpNdakenal fiodulating or
Anot her object o f the present inventioni s t o cause

puds@-RuEet eCafénhBdl PRGFeBeECENPEAPETWRUNES siith 3pd Power SNR
redguq%hlestgl CRlfve v €DRYS: SRS UEBE! Ssudl e3AHEEa$88 €uration
nd non- heallng wounds o f anx ori gin. Another object
pué-s& thier Priesemt  Paverigdd iragtinatoney &gy Mpta Rfgiphorter
pﬁ%%(:tbﬁﬁlstgeﬂﬁriﬂgvﬂf@&e ARYEhoPRea s§mél AL & Iiﬁ%a%gre, this
pul se-burst defining paraneter according t o SN
repovEs SKRIy aquir efERCs e ponet Clikiedli vlenerraesly sigglponents to
41N dur ati ts e sig
R R o g A e
admamitiagethe 9dme ehhquedcytranmlt’qdﬂ s dassiglette vf r ¢ relevant

oG Sy N0 .1 LRSSy Samneai ke e

acideaetiages, o f enhanced transnitted dosinmetry t o

rel eyant 9' glectrig oPaetx'} Selpga}rgr%)pdaerca %%Sgﬂdpg"‘ﬁéthod

reqU|renen Sar®e achi eved a need exi
tHegr mare aﬁﬁamtdv&ﬂynatqfhawahed waandnnegaxﬂfxﬂnhumany animal

Ierate mound repaif. | n and pl ant
Mo Elnty ‘P eatle Gitr i ao asToelikary o Tre

I NVENTI ON The use o f nost IOM/frequency EMF has been
''n conj uncti Ofl ARy OF THE INVENTION

The use of most low frequency EME has been in conjunction

with applications of bone repair and healing. As such, EMF
waveforms and current orthopedic clinical use of EMF waveforms
comprise relatively low frequency components and are of a very
low power, inducing maximum electrical fields in a millivolts
per centimeter (mV/cm) range at frequencies under five KHz. A
linear physicochemical approach employing an electrochemical
model of cell membranes to predict a range of EMF waveform
patterns for which biceffects might be expected is based upon an
assumption that cell membranes, and specifically ilon binding at

atructures in or on cell membranes, are a likely EMF target.
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with applications o f bone repair and healing. A's
such, EMF waveforns and current orthopedic clinical
woIs@70440SEMF wavef orns conprise rel atively | owpCT/US2006/008000

mreaguency .conponents and are o Lo r
P HRRGUGH RG] HEX G BGEL P Sal 11 GTEST I a®m 111 ol £5 "avefosm

papemecenti neirer whhdh cragn r andeced t efleequeacifiselundesuld couple
five . i near physi.cochem ¢ approach enpl ayin .
elf%ﬁ??@%ﬁ%@hjéfﬁ 8§I anoéla%lu 5 et ar?gl’rbrsauncgls t° o!oy ciloying
vqltediecticpeniange xiheEMEswavekatenpadbherars fratswhiibear model
. bigeffects might b expected i, s based upon, an
o0 RBr | oNOPRAEE col FORRRDr afdast SR i © ) Gy | Gentually
delﬂioiﬁ@il(:@lgt@@ ShedCtiHeSndgietld Eomb&eddt NBAbEsFeS o e play a
a like EMF target.[i t . "|["iS, 1]( . ..ih)yaGessar .
Sl&“&éﬂ&?ﬁ?nema}era {jeELS“F V\}é%?%?%tﬂ&rsanet érd St gie%itf?h the ion
cy¥ ochddced RIngakEl Grld edighaoll dné®id ethat predicts benefits
el ectrochemcally at a cellular surface, such as b

£ xoff | GG D] 66 gE Tl pRRAROTREAE | S L S PETRT o F very low

fhAdenkineakgemdel involves Lorentz force
consi derations that eventually denonstrated that the

nmagRet PELhpsaehe dfFreavenedul d iy aSsPimt f idgaRved from a

27.9ke My EMniRerareuthes wa¥bi §sk8d £b@ tBepi @Assue healing is
cyclotron resonance and quantum nodels that predicts
knganefing $her emiesnbrhedt ASL AP IO nadhdtt e sd éugcessor of the

disfhechs atigheny oW J/igauensy hapgesedAaRUlSehkTad Qmagnetic
f C PRET) f 12 M

requency signal derived froma 27.

ficdnt iTrredps-esiofe @dvelltised & oncdethbetissublintagieryt i sffect in
no ' Il O iath l.sed ;

e et R OinBE i nsl P e RS OCPRE therapeutic

aprépoeteédnas lmaveel betnonegpratties f ferd Wepalbedugtion of post-

Licitin non-.t h l..:hiol aogi cal _eff in th ,
BRI i 00 ol ik D St assues,
woappl | tedlions hhvenbasrateport edarfdr nehee r edgetiegatopn. The

t.te I C d st -operatjve_paj . ede [
<elLaL BUTRECrS00:R0S S AR SR PELI AN SUEI B necone
inegensengl v onsed hien applandatyicamsof RRFuitts tesddtd iverdngf PRF in

t.ralimati C cfdema as, becone incrga%g,{glgdused in re%lent
|

B N TR R e %%%@elfsisﬁlggﬁﬁ A2 BnTREle i DS Measurably

regluiceidc akost sgiie = stiggestghbat c esteimu ey be neasurabl y

The within invention is based upon biophysical and animal
studies that attribute effectiveness of cell-to-cell
communication on tissue structures’ sensitivity to induced
voltages and associated currents. A mathematical analysis using
at least one of a Signal to Noise Ratio (“SNR”) and a Power
Signal to ©Noise Ratio (“Power SNR”) evaluates whether EMF
signals applied to target pathway structures such as cells,
tissues, organs, and molecules, are detectable above thermal
noise present at an ion binding location. Prior art of EMF
dosimetry did not taken into account dielectric properties of

tissue structures, rather the prior art utilized properties of
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reduced from such el ectromagnetic stimulus. The within
i nvention is based upon bi ophysi cal and ani nmal studies
W0 b@t/oatosy i but e ef fecti veness of cell-to-cell PCT/US2006/008000

t.i,-Qn on tls ruct ures' nsitivity.t .
PG B e TGRS AR e Pt o L anrs P gPertals, reactive
aﬁ@ﬂh&g&bﬁc&Uﬁ&ﬂddwa@aemicn@a&bfbeastconélgﬁradSbgnMptlmLZlng

B0 50 ¢ Bobass i Porvai i oFelnd FRRerbRrRR 88 o terger

pammpbyedtt@ct@WQeﬁnpaﬁhmmyesképainr@s ﬁamib&E;W&ﬂddS 1n human,
t.i ssues, nol ecul es, are detectable a

or gans, ﬂ
aniflt e Ao rﬁie§§ £5at FIFSH bitdEERG Sl oRBEi IR eciles for
eRBnpQle @oktotuElEcdDshnet t yaghsk notwdaken-dgdia, a%@l@ul’dgene51s,
di el ectric properties of tissue structures, rath he
imgrogieda Pl ogli PRFEUSpPBpel BF RSt q0 svaﬁchnﬁﬁrl[ctlon' edema

rddtRit ilon, ! t bh®athced [fedvasdueidizzbnengdi eb&ed rikepair, tendon
propertjes, reactive, coupling of electromagnetic
raRay &t or HEd AT gﬁ?%ﬂlﬁy 869?ﬁ1£@ﬁ§nSNRtéﬁ8 Batter PENR relief.

Wdﬁ%@hﬁﬁ%hh%a@ﬁ%&h%éﬁeﬁﬁa&@@&@@saEr@mt@h@@éa&@ihmﬁaod flow and
structure can enhance repair o f various wounds in

Mok OBniafal 2RBRHCPIRMTITefPd, ToPFARSILEF S5 eomngs well as

£ eeukesefRin &AMl R Mestisurgi&alsand traumtic
wound repair, angiogenesis, inproved bl ood perfusion,

vasBereaEi orflipasaéonstd ct PBn, Ne@eARVREHVEL | GRF at  radio
:ﬁ%ﬁﬂ@ﬂ%@gs”@8&a§9£&9rbéf%é@”bu99ﬂ§ E?p%ir27tﬁfdﬁﬁz Sinusoidal

repair, Ilganent repailr, organ regeneratlon and paln
warve‘l,u efach\pinkise eparst erfivancehent ckBSOLESNg r emwidth of sixty

fl'vrécrﬁﬂéfgsé’é fIa \of aﬂgvm u'a@ﬁaﬂr%@%lr afteﬁl?g' 99’?@?5'ﬁn soidal

and neovascul arization as om ot her” enhance
cygileef Pectbwestpr cusbsdsh Retéaus dhurdtcalepgsétoon rates.

nong [ nck e l.s
burs ga Seﬁg‘gfi‘ &Fﬁgﬂsﬁgnu‘gg | S%Na \é/;éé‘@éré{ﬁaggﬁ%‘i Sveforms
hdmimgtatﬁpeqabhyyexnlbheln@n@evwﬁtdnqﬁtQNOHQ/Hundxed megahertz
ro n d v r.Qxi el /0 n I dal _
lrE eantiar burs: 102n008, BRECEY; BB s ol (Y3, 8 pusst
repatesloﬂrmadespﬂrtQAKLdE@SHGyoberEStmf( z), are selectively

electr agr etlc wav.ef a ggueng m t he.
an g %P one" 6%8‘%ﬂ1r s %%g%%e?? Edatls; "Bissues and

molecules. The voltage amplltude envelope of each pulse burst
is a function of a random, irregular, or other like wvariable,
effective to provide a broad spectral density within the burst
envelope. The variables are defined by mathematical functions
that take into account signal to thermal noise ratio and Power
SNR in specific target pathway structures. The waveforms are
designed to modulate living cell growth, condition and repair.
Particular applications of these signals include, but are not
limited to, enhancing treatment of organs, muscles, Jjoints,
skin and hair, post surgical and traumatic wound repair,
angiogenesis, improved blocd perfusion, vasodilation,
vasoconstriction, edema reduction, enhanced neovascularization,

bone repair, tendon repair, ligament repair, organ regeneration
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(MHz), with 1 to 100,000 pul ses per burst, and with a
burstrepetition rate of 0.01 to 10,000 Hertz (Hz), are
waedeotdosel y applied to human, ani mal and pl aneCT/@eb1086/008000
ey gans, tisssues .and mol-ecules, T ol t -.anmpl4 t ude :
o O G o e Bl S B oFs B et g gt tmagnetic
wavafdams icenegalae, torerdidiere |hické ingr bdblreriefis ectunds.
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envel BB he-Vat] aBl &5 A8 d8ri i8a B § Hht nehEtidqn @ puise
bufrc tdrong obbato ft akieyHeit seteunt dehghal fcad trelemadfficiently
noi.se . ratio and Power SNR jn specific target t hway
BB Ge i ERYSFRECHATRE BY oo hr e tfost &P T BT Hpds, such as
cém\a:l_ag m_@lxdbrghf@wt%ce;ﬁ@dist,i l()irbr@nld?rﬁcgiﬂﬁj L to Pajellilqubar enzymes,
i cations of these signals include, but are not ,
aqa@ﬂoﬁp?aar%, CERRSAETRGAET e HIERT16F OF RS nuschies embodiment
adRirdtisg Ské N taRd PaésentOsinveutgbial i b dde@dUMBhéC number of
wound repair, angiogenesis, inproved bl ood perfusion,
IreEUGarY atPBRONa5D cbR3TFTEL §S6h, C e defree adfuctg dnilar pathways,
re@Rnanegd ineqvaseukar ikaabb o8y BOBENTSNA T , pHENGRMa applicable
repair, |iganment repair, organ regeneration' a c 'ISS a
tao | knowiy thﬁﬁlln%pdm$?ﬁﬁq%ﬁmﬁj foecpBipPt higcessible, including

er@la@CbHOMBONRl CaMeief OF M5 geaprserriethe enhante headi RGtokine
o f various wounds. Accorglng t o an enbodi nent o f

retdiR@spr eS¥NENPRYRAIDNCE Pul SEAFHOS 28KV Elvoperdl thgRerandom,
orSPeehEA! rgiegnﬂfs}éeE?PaﬂDro%r%fift&C'Sﬂéﬂoﬁé%uplt% te pulse burst

physiologically relevant dieléctric pathways, such
engellPpPacim@itoan e dreptcdes, demtabiordiRng oo sdalusgliidpl pulses

tHERZ VA 'C _a%aggen@feadt §ANSIEA r%etw%%tnerﬂd._ala cpaf@e§olts per
A n enbodi ment according to the present invention
cengdmedses (Memhunisar dfhatr espieicly cmporietid ity requirements
ac.tc%%ﬁflgt tied 4igp 1 glevant, ceblul a[E. @ﬁo%mgffiéf Y téﬁ greater
in a rger range of Dbiophysi'cal phénonena applicable
eﬂﬁﬁcknownuhéalbag aebhamé@nso@ecph¢lqpimwdesgkbﬂdng processes
apkﬁﬁ%ggiggtgngggﬁegogngng ﬁg}évﬁiééuégw%%!%ﬁ&g%%oranimals and
el'ease and cytokine rélease.” B y |ncrea3|ngabu(st
plaéartat resudnthd yn spplagicefeaataomon] wonunot hepahigh

spectral_Jdensity.envel ope, to ? pul se burst. envel ope
Th t t h
£ Bhos R B polar ectang ar’ 5“§¥ﬁh38?8aﬁnbﬁT%eéﬁp wound

rehdt: | nthace peaklebectthec faehdslbet weened CTéedewlsd Oof the
volts.per centinpeter %g/ cm nd that satisf

2EREPRETADY | OFy " Flauiraint atlET bty 8 SRRN 7-¥aeft wound
reBRr asnapplebti aoemuramd , graeanal sebheactpleotsd Bpecifically,
ac@ieved,on,biokogical hegihﬂg rocesses , ,

wound repair involve€s an inflammatory phase, angiogenesis, cell
proliferation, «collagen production, and remodeling stages.
There are timed releases of specific cytokines and growth
factors in each stage. Electromagnetic fields can enhance blood
flow and enhance the binding of 4ions which, in turn, can
accelerate each healing phase. It i1s the specific intent of this
invention to provide an improved means to enhance the action of
exogenous factors and accelerate repair. An advantageous result

of using the present invention is that wound repair can be

accelerated due to enhanced blood flow or enhanced biochemical
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applicable to both soft and hard tissues in humans,
animal s and plants resulting in an accel erati on of
\V&MMHMmm&pair The present i nvention rel ates tBCRDS206/008000

f {
- RRR L) BEBEDS COPYER I bt GPP, BFS B bueh T eihy fof rovide an

m@)tto@ksdnmaams emhasteg@faté woendntepsaied aefsfea:gtrsl ied improve
mans, nals Ia Spe |f cal mound

o ASAET R oIS BREeR) BRES.c PPEe Lhed e cdBUlland growtn

famaokspreﬂeé&mfﬂtdnhaohobkagenoﬁrwmunﬁ|ﬂmpaland

n es. There are ti rel eases o f

spe %% gyF%QlﬁgsCghduﬂ?oﬁfﬁs?%%t6P¥e?ﬁl%%cﬁssﬁﬁbe?ause and
acEea@taeaa@@eUnﬁgf icfH dshreatl ce naness bé@cewl Bkowiabdtic ulcers,

enhance the binding o f ions which, g turn cin
VERCHE| éﬁéseér‘clﬁeﬁéal g pHaS e °CFE®i 38 tﬁléms'BSé'W% wounds of
aniyntenlin.f this invention t o provide an inproved

neans to enhance the action of exogenous factors

accePeFaeE PRpFY .o theadiFaieagedt el??s‘iﬂtl%f%l?ﬁﬁ ﬁjé’ applying

a LRegPr epeBt rhNVeRliQRyi Folthdfe Wossh RPabkk GANmBdGlating or
accel erated due t o enhanced bl ood flow o r enhanced

PUiSECRBAPEalCSE LRABI pPEsBRE L PRV BREPBATED pPoViNFe 2hfl Fower SNR
relgiRk-eMedt FraN e acegheFatdhdherbnt ended ehtecsise®r duration
i nprove efflcacy as well as other effects of the
PUPEO IS SaneP Yy r Bt 1 1TAEESFINE &Y e@HETt FhedcH-ttaget oshorter
de%én@uEEEQ'ﬁavﬁﬁ&tﬁEﬂséEHﬁ¥%hlﬁftBQesQﬁSSf%%qdéﬁﬁyﬂﬂéN@e, this
I's to cause and accel erate healing of chronic wounds
resydiysag r@mapericefiféetent venlesing af sfiagwnsy components to
a pr or g of an
B R e e o e T
adyppityong, a hfghespencedl dearsnittel tab@lémtélﬁlopéoas rglevant
; L LN r d ar. gg@ '
dlgg%%haggngﬁggl Shﬁﬁ?ezﬁ?rgﬁgg%gge@ YGQUI§%§%$%{¥¥S are
achgrevedeh increased duration pul se bursts can be
Si OnihLEBRLLY, |.OURl. ] A0 SE0ako 07 SNONEr AUl §haPUMBlhod
havi ng pul' ses’ w t € sane requ cy range; this
theésobts éfﬁawtmn&iyﬁdboeaematﬂatwhﬁm@ ofpdirequereynan, animal
nts, {9 rel evant, cel | ul_ar/ ul ar process.
ﬁf 8?ngﬁ%? t he %%%ah?ﬁﬁggwm % ng%gé 14 Fansnitted
d03|netry to relevant dielectric pathmays and of

decr eased povgL: LEQJ-RTBRL S %S AR SR INGs

Preferred embodiments of the present invention will be

described below in more detail, with reference to the
accompanying drawings:

Figure 1 is a flow diagram of a method for accelerating wound
repair in living tissues, cells and molecules according to an
embodiment of the present invention;

Figure 2 is a view of control circuitry and electrical coils
applied to a knee joint according to a preferred embodiment of the
present invention;

Figure 3 1s a block diagram of miniaturized circuitry

according to a preferred embodiment of the present invention;
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Therefore, a need exists for an apparatus and a method

that nore effectively accel erates wound repair in
whoonangss0ani mal and plant cells, organs, tissueBCBEDS2006/008000

nol ecul es. BRI EF DESCRI| PTI ON OF THE DRAW NGS Prefe_rred

enb@%iﬁi%ﬁi% e e for L4B%t GFAVARY I 68 Vi | TIER gBiériSHER as an
ibehevot n dmbeddegaido W t fré@f@lRNCOMbOIIRG Lt of the present
.acconpanying drawings @ Figure 1 is a flow diagram of
LAVEREHOY for accel erating wound repair in living

tisspegurLel 45 aBd a0l Bl @8.,AGLOT i NG 19e8Mp1e magnetic wire

enbodi ment of the present invention; Figure 2 is a
AGFeHAHI doner BreEeFisn tampodanert exf rihealPr e8Pl apprnitedn;

to apkpess | 9 Akpaccor di fd Leo Ay Prel srdad eppodi meng of vy

t he %(%gent invgnti on; Fi gur% 3is a %‘lgégjck di agr an?%?_pa way
Sh AP iR IS9€8 @Preunt¥srudeeordl hy tissaeppef ergad according to a
oIPOM SR80 hbS: RILSR phBYE | Qe 1br® S - 144

ii"4 i blinedrawing of a wre coil Suchas anfF

nLJ Figund |4 144UTO tiev iofductpesiddonidongevice asuch as a wrist

r |, meny f e [ L on;

° Igéﬁs%%é;%?ﬁgﬂg [ ne%dr g&mggapggéar%ﬁbg% g'?}éjc rradgfnettlhg present
ipveretimvording t o a preferred enmbodinent o f the

pres I.hventjon; Fj e depicts.a wavef oy m.

del i%e ueﬂofnt $o %Sot ar gt patO%ma%stproﬁ’&fcﬁ?reu% cf?reglgea such as  a
mapteead epadeldgondiggueoora grgeieraedortdbngitenta of the present
: rred enbodi ment o f the present invention; Figure
l!g\l}?l]i%log]’vi ew o f a positioning device such a s a wi st

suppBrdurzc Goridi ng tiew aPrefmrgsiad camhgdusente Osfict hes a chest

sent_ jnvention; Figure 7 i s iewo f a | L

TEEETH GG HY | b USROS et &égspﬁaae% doVEPhgOR

0 a prefrer Pedseabgodapent 1 10:dt ddte npr ﬁ&ﬁgﬁalweiﬂidr%%;sed myosin

Fi qur e i,.s a_.view o f_a positionin evice such a s
p%ogﬁé%ﬁy%ﬁiﬁgnfoﬁc%o?%%gs%%a&n “eRbOBAPRBH AP I A to an
es@samint RFeRhie0preFbPtirenddtisnd graph illustrating

maxi mal |y i ncreased nyosin phosphorylation for a PVRF

signal configured accordingt o a n enbodinent o f the

present i NVRODESNFOR CARRYING OUT THE INVENTION

An embodiment according to the present invention provides a
higher spectral density to a pulse burst envelope resulting in
enhanced effectiveness of therapy upon relevant dielectric
pathways, such as, cellular membrane receptors, ion binding to
cellular enzymes and general transmembrane potential changes. An
embodiment according to the present invention increases the
number of frequency components transmitted to relevant cellular
pathways, thereby providing access to a larger range of
biophysical phenomena applicable to known healing mechanisms,
for example modulation of growth factor and cytokine release,
and ion binding at regulatory molecules. By applying a random,
or other high spectral density envelope, according to a
mathematical model defined by SNR or Power SNR in a transduction

pathway, to a pulse burst envelope of mono- or bi-polar
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MODES FOR CARRYI NG OUT THE | NVENTI ON A n enbodi nent
according t o the present invention provides a higher
wa@p@cnat density t o a pul se burst envel ope rasnbshngmmmm

”ﬁ%ﬁ&fﬁﬂiggc p@éfﬁéﬁlvsggi ibgstqﬁﬂﬁﬁ &ngngke%i rlc fields

baﬁweept@@s an@nl@|vmﬂtg;gen)aaMthmbaerenvyum& antgreater effect

C%ﬁgo & agrans ﬁgag Fﬁ? Iggl%P%S %g f%%e%¥ Feses applicable
td memeaseSttmmjnunhﬁﬁiesﬁeﬁrequency conponents

t tted, t | th t her eb
o1 o TAP R AERERI 0 Faber P aEBot T B iptiyereats that by

apphenagena app@mca@@@:t%raq kla@lv:@flhyal vagt%@@haaﬁkxmmfotas the
e e modul atjon o gr actor and cyto

noPiaRsas Sl PORSBTN G SOt PUGl Br6RYHel eoareerdy to 2

madpRhyt NgaB hedEOMhe A edotyeEnhi gh speet ralr dens tﬂ/kansductlon

envel ope, according t o a mathenati cal nodel defined
PARFIERE o TRPoRSICENRE FH F eRts dbet | o Pat ARBYL T 199 alodulated

pualslesebbyéﬁg e@a&el Od%lé %llfgnlri}rf&l@anely b1 oot art[halrl' |>that €of an
\Y .., lt lu " S

unmodgifaltj%doma‘él%uﬂ%%s‘a ndeSiAGRpRAK kbt wigtipds the  same
rriefeeed 1Pangd. and AQ-otQlitgiper €88t I ABRELLc{MLMof  @nhanced

reater effect coul d be acconpllshed on bi ologi ca
trﬁélémftﬁge%r%%@sr&%fsrswm itheblceleyapbt Alebeetmif t pathways

anb!S%QesdeéQe§g¥§nt§9§QPS E@&ﬁ&Eeﬁgngrm%ﬂge§§ﬁheved Another
invention, is that by applying a high spectral density

advgptag@ @ﬁv§hgpgrg§emhelnventlon is the acceleration of wound

repair.
Known mechanisms of wound repair involve the naturally
timed release of the appropriate growth factor or cytokine in
each stage of wound repair as applied to humans, animals and
plants. Specifically, wound repailr involves an inflammatory
phase, angiogenesis, cell proliferation, collagen production,
and remodeling stages. There are timed releases of specific
cytokines and growth factors in each stage. Electromagnetic
fields are known to enhance blood flow and to enhance the
binding of ions which, in turn, can accelerate each healing
phase. It is an object of this invention to provide an improved
means to enhance the action and accelerate the intended effects
or improve efficacy as well as other effects of the cytokines
and growth factors relevant to each stage of wound repair.
Induced time-varying currents from PEMF or PRF devices
flow in a target pathway structure such as a molecule, cell,
tissue, and organ, and it is these currents that are a stimulus
to which cells and tissues can react in a physiologically
meaningful manner. The electrical properties of a target pathway

structure affect levels and distributicons of induced current.

11
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nodul ati ng or pul se-burst defining paraneter,
according to a mathemati cal nodel defined by SNR or
WEowen4488R i n a transducti on pat hway, the powePCT/US2006/008000

Ledui rement_  f.or. suct litude | at pul;se bursts .
‘mggg&ggggﬁ@éfﬁ%f&ﬂﬁﬁ%ﬁﬁgabr tﬁan t gf o%ggn%ﬁﬁhogﬁlalédlnduced

cpulreetbpashwepntarniay rillsesinMa lgap tjhectdame contact. Ion or
f.r en range. Accor.di ngl t.ne advant ages of

ARt AR GO ety Bt I Pltarlipooules that may
réisébecton & t asgetampat bwayscandref vddtngasedppadent processes,

requirenent are achieved. -Another advantage o he .

B SRR o B PO TS e cor Bt Lo o SSkRING FEpat, Lnduced
cKpownoneghei s nBiefd witnd) [ egaiduceavdurechiie atiwiedl |3t these
timed rel ease of the appropriate rowﬁh factor or )
SeyEBKIThR F nSeEH e 10F L olRA FEpat 1° & Si5p1Ge gt gells in a
chuﬁaﬁﬁ,paﬁhﬁayffaﬁée§|&ﬂtﬁﬁmﬁ@%@iﬁhﬁﬂbhi, wound Tfp@é&ay more
i nyql ves, an i nfl anyat or ase, angi ogenesis, ce ,
rﬁPbg#YeWéFPoﬁ}m%oRPEéEhybfoﬁ%%ﬁib%,d%%dtPeﬁBdéﬂﬁﬁG electrical

isbagesce THEr GeBI® 1R Un&mbLARE ScafaSREGICE 6naYk@kkN@Snstants
and grow h factors in each stage. Electromgnetic

of| AiFsiare WRoWTCE ATHAREE BILOSAEEVBWISHET 8BS eRRARBESES such

akhReRbPgh 10 fnds Which, in turn, can accelerate
each_heal ing phase. It is an object of_ this invention

to pPBVHHR-HH | AbP Ve teafbr €0 lenRiafets t KEPEEEPRHL R various
nBR68hRE ahfy t hign dqiLnded REEECESH BT g h PR QR @ficCBe¥na8erived.
wel | as other effects of the cytokines and growh _
FPact 63TPePevaht t BaéatWtst 40éa of ) wobABdiepai rthe  change  in
cbRdugeda - yaryh g cegFents Jf nom HEM sqrtePFéﬁlﬁd% C&Sduced F
flowin a target pathway structure such as a nol ecul e,
mag| | pet | §eaeriked ofmyare afkduency t Wegeisur b¥nt nt hampedance

e§596§8§5¢qu§§ t.Q which cells and tissues can react in
a physio oglcaﬁly meani ngf ul manner. The el ectrica
properties of a target pathway structure affect |evels
and distributions of induced curreqt.dud organs are

all in an induced currefif(epath)pay—sueh as cells in a
gap junction contact. lon or |igafdd.nteractions at

bi ndi ng sites on macronol ecul es that may reside on a
menbrane surface are voltage dependent processes, for
wbxahphes etlect fooheni calsertikat reahst esponchdariamnce electrical

i nduced el ectromagnetic field (LI_E") . Induced
SGHFY%%?HEUQ%RﬂﬁétatWPﬁé?em is angular’ frequency defined as 2=nf,

where f is frequency, i = -1% Z,(®) is the binding impedance,
and Rijon and Cijon are equivalent binding resistance and
capacitance of an ion binding pathway. The value of the
equivalent binding time constant, Tion™ RionCion, 18 related to a
lon binding rate constant, ky, via Tion= RionCion= 1/ky. Thus, the
characteristic time constant of this pathway is determined by
ion binding kinetics.

Induced E from a PEMF or PRF signal can cause current to
flow into an ion binding pathway and affect the number of Ca®'

ions bound per unit time. An electrical equivalent of this is a

12
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sites via a surrounding ionic medium The presence of
cells in a current pathway causes an induced current
W@ 2744009 decay nore rapidly with tine ("J(t)"PCT/UB2086/008000

[ ue t added_ el e tric%é.' ? e of cells f.rom .
1 eRreR. e ket i e i YAREAA S Oind Map Liedlbe oo,

whdtherisvodt dgeesensietisvuee nefbridre @tacesses slehtascal charge
lent electric cir

nemr ane fransport. .Equiv cuit, .
StHRAa) O% CproodnEaGoar SRETREBF e SEny e nBFgEartional to
suirtibeef acaceantigiumt bbnsatiavenbeen deei weddikorsite, that is
exanple,_in Calcium("Cg2+" bi ndi n the change in
S ATt PRI HT DBuTHERHehE bl Aot 08 dUgs r othex
chiaftdyeedsieditys bendesel i beguitfhaes r egdengyneoid bylaktrical
. 1 mpedance exgression such ai: Zb(w%fR,on +- 1w C which
IMRSEAPRE fERARIGFTENSRr i 88 MESilst3ihcRt Cipackidncy® analyses of

pigbeeyri eate equbval£ils,Ci pedivt deWIesBL ¥ | SE@NJWidMe constants
frequency_defined as ng , Wwhere f is frequency, i =
necessayy (whor s IR IBPRAr G i MipeddncEMFanye b AndCc dytch a

ba@dgaybvabent t bt NG Jtesia§t aBeguahs-£apaciance1abwdn for a
i on binding pathway. The val ue of the equival ent

regPhdPAg TEPAR SéndEAtenEioh=IRT oAty oF 18N éPdtERCt B Hyaveform

folr0BpRE ALl NG UL £ RRStaRLet KPy é’da%de@n_ Rni QBqJe%Bp_ .
OIr/ kg . Thus, E?lhle gghalr actgerai sti% time cgr?st ant of théilsss

pat hdRy R dHérder kP netP By AtOR Ybi Relt ki heticsa IFpmreat EMF
taEgEEme%_rp%H@rlep%%zs'kg:ﬂﬁlin‘%_jant&a&‘ac’fm&&ulri%t RICRZ )?.W Use of

into an ion binding pathway and affect the nunber of
th¢a2 patdmaybdindedr@md upen t peecleyptalasctef chlssue repair, for

ex§ﬂ5h¥a}b%ﬂte ane gﬁ&? iw%u%a aJltrJ Q'H.ai@ a S.C,S g{ repair of
equi val ent bi A ing capacitance € n , whi i< a direct
mogegsliee, ofelhe, changeesn ehdctrpeab dhatgdnyiodved mypdulation

| i | i di - ti |
OECHPPNEE Caneehtr Aion et WoroFanaY ) REPRES,PHGERghex? crowen
fasitbes t hathi sast opdgeebddt chdegerds emawdl edffadtor  (“PDGE”),

fi%&%i‘g&o f.ol.ens At gthe “E‘?;‘%ap%JEd rrc’cpeg%féexg{]afe!;:!:owth factor
surtaces and junctions. Elect ¥ cat | npedance
(“"BeaSuUr erentsl 1l asnwelvedsadi rectagpmgtiiatanadtyses of healing.

BTG L8 £ 00 AN A B TS O LTt v cisoue
gromyvef amml t oepmiticha@d can be modulated by PME. All of these
factors are Ca/CaM-dependent.

Utilizing a Ca/CaM pathway a waveform can be configured for
which induced power 1is sufficiently above background thermal
noise power. Under correct physiological conditions, this
waveform can have a physiologically significant bioceffect.

Application of a Power SNR model +to Ca/CaM requires
knowledge of electrical equivalents of Ca*" binding kinetics at
CaM. Within first order binding kinetics, changes in
concentration of bound Ca®?' at CaM binding sites over time may be
characterized in a frequency domain by an equivalent binding

time constant, Tion= RionCion, where Rion and Cien are equivalent

binding resistance and capacitance of the ion binding pathway.
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bandpass of target pathway structures. This allows for

a required range of frequencies for any given induced
weE200awefos? m f or optimal coupling to target i nmpRPUEOSIN6/008000

B SHGR. handpass. ol ofodi pdl §ohd 0L egul | geul .
! ipﬁ;"jéﬁﬂ{r’@e' i ‘J@ﬁ/%‘ far get, for e(%(aﬁ'pl e (gg%%r%lnggi ﬁcﬁ’t gﬁa Tion
Reafivadut { e - ('BopltiphedUgalegs t P pat tamythen boseenpbored in a
accel era) il fJ $34e,Lepal r ! ~
Cr epai r,ﬁv\ound repair, lﬁai ?aélg%a§£,ca r@%a?%ﬂglage tnduced by
anBriectr &8l ddl Ithermipds Géyotamd @rggaims wdlakgenwol ¥eSaM binding
mdul atjan.9f grgyy%? fagto eased ip.various
stages gf_7 Fepair. olv\gt%%L f{afl%%%%é g%)gh gngI% HHfpee, such as
Vet vl Qgr owt h f actsec™(," PDGF") , [CaBtlotd. &, growth  Ky=30uM,

actor. (»FGE"), ., an pi dermal growt h factor ("EG
[é? e&S\Qi‘ﬁ‘%‘%ﬁvéd [%F%éﬁ'aéfﬁne&ﬁ?i §P=e6§§ ag8&cof Weal Fngk-5 msec).
sl 9oenesd %f&nq;iorr]le scul ari ' ar, I integral .
to tjssue growh angé{?e}ggi%ﬁ%n écqglﬁnbéa%n%&%%g%gaa ySauivalent
chvit 1fasf tihesebfindings wirilCa/tCatdrdepiRdentalysis can  be
Ll hyay yeformcan b e
pco%%%%ﬁ%&% ggé]\s\:ﬁly\]éﬁﬁlg nducé:g]c\g%\lﬁgf is sufficiently
abovicdsadiggoune tidrer mmbodiohee: pafer théndere ¢ora e¢hvention a

i.ql.aqi cal ndi.ti ons hi s wavef orm can have . a
mpEysﬁ%lgchgllOF%?sg(d%i fgf%{% ]{e bT oBf F ATt iecqéjtaliéﬂnof‘nd or a
seriRewerf 3NRheodelcad CuifaMnsequainr e krowigdged ofo assimilate

e [ I, equival.ents of Ca2+ hi.ndi ki netics at
e A B e S o A " e Ba8hy porocesses
argbneepreathon of houidue airathoCaM bégeh Fgnesitt €660VEStablish
%Hél\]?e cEar acteri.zed in g freguency donai n
| ént " bi

| . b
a%eiﬁrﬁrl%t Af ngF TR GoMeEaRpatiem= Hosive itBﬁtV\%%ﬁ?Jgesents a

iva
miRigmmanthr@shondaneqeguematiento bieREaPYi $18ShataRs®: aBGR can be
c cafpaci t@nge of the ion binding pathway. R onCion=|/k .
PUBIUEREAV al e FoPORBE cSHPGHen Benehby ffedhiesmal cepise such
LRt ayoRogels I i BHR npag n 9861
indu%ed by gggggggi dl*ﬁetglgl?gl'tl%r(ﬁgf ﬁ%c?&é?#%%s%loﬁse can  be
SRR3EESGE @af: a CaM binding site. Enploying nuneri cal
val ues for PMF response, such as Vmax=6.5xl1 O 7 sec 1,

[Ca2+]=2. 5 ,)KDZ_ , 2+CaM =KD
([Ca2+]l—|-[Carr%|]'(0§ , ﬁg%%@bes sec 1 (tion = 1.5
nsec). Such a value for i0n can be enployed in an

whelrect izl G8loequis/aleebrel E£UI tifigareR bbrdi Bg Whid&a pathway
power SNR anal ysis can be perfornmed for any waveform
stg:HCG&rGr eX 1s a dimension of a target pathway structure and Re

denotes a real part of impedance of a target pathway structure.

Zy (X,®) can be expressed as:

R.TR+R
ZM(x,a))—“-[—e—’———é’- tanh(jx)
This equation clearly shows that electrical impedance of
the target pathway structure, and contributions from
extracellular fluid resistance (“Re”) , intracellular fluid

resistance (“Ri”) and intermembrane resistance (“Rg”) which are
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According to an enbodi nent of the present invention a

mat hemati cal nodel for exanple a nmathematical equation
wa@pah7on4089 seri es of mat hematical equati ons canP@EUS2006/008000

configured to assim./late that thermal i se i r esent
eeATEE PRkbLY DAREIGESERdeh? oF 0CETIES aﬁagﬁgﬁ¥e§%h1§%5res’ all
cof: Bk BuAR Ly esdidled riegui-i egent to establ i sh adequate

SNR. For, exanpl e a mat hemati cal nodel that represents 1

a nfniYRiRahPEBRRBRER retfVPeNBRE O ooésgt P8R Adetfttarte VAHe

orSNR-680 Re: £ b our eflid )0 icagkudel payer gpeet L8l calculated by
density of thermal noise such that power spectra

tagdngi & ySaRFe( Wpot of ahdMFerrAbieR Tan be expr essed
S,,Z?»Zé%‘))f [ékpéggi'\é&é& 17 f%’@éﬁ&ngﬂ\éé Xe1Wrah® to either

ctrical“t nce of a target pathway structure, x
complatéi mansi=er ebspotss gelr pat haagwisttrtuctfuretangeRepathway

denotes a real part of inpedance_of_ .a target pathway
stEEFGEFar e. 5%V ,£ﬁ/?X %$%§§ g%p?e@%%ﬁf‘as: Thi s
equation clearly sho that electrical inpedance of
the target pagj .Hégﬁﬁﬂlure, and contributions from
extracel lular flui dRAMSI stance ("Re" ) , intracellular
fluid resistance ("R ") and internenbrane resistance
wHerBY'| I, Wi |Ch sakglihud drglgeludpabhwayl isideletueash atdquency as
contribute to noise filtering. A typical approach to
deddaPaaS BN DICPSRROLSEESEO T g Sh0al HEITT BRePdar MERiFtare-

SQUALE L BYBInd9t S&-Adiageto THhS plesaltcuhatediby comprises
taking a square root of an integration of S,,%$z>) -
a gRERe] PUTEL > WWIIORY ERVAND fr BgRIE d £Fant tYp SO that

el L8k EoBP! &t &r IBRIRRE theSPANSCanOTd i Landw ghbhwdys,
a target pathway structure. SNR can b e expressed by a

suclt iagy Whel el {yMqWrjanies TRERPREAT artT tAdE 168 F6I faterlar
erflynach b §aLEpcy 3% ielhypenad Aﬁa%%bﬁmsma%\é@f,ow to

e target "pathway structure. odi nent_accordi ng
ertftanded . pResendingiventy dmcesapinges A% @ hdrsauency

oRHEL0ES ORI U1 SRICIERL SEPS pRprihge,theraco:
reatehwdy biophysical phenomena, such as modulating growth factor
and cytokine release and ion binding at regulatory molecules,
applicable to known tissue growth mechanisms is accessible.
According to an embodiment of the present invention applying a
random, or other high spectral density envelope, to a pulse
burst envelope of mono- or bi-polar rectangular or sinusoidal
pulses inducing peak electric fields between about 107® and about
100 V/cm, produces a greater effect on biological healing
processes applicable to both soft and hard tissues.

According to yet another embodiment of the present
invention by applying a high spectral density voltage envelope
as a modulating or pulse-burst defining parameter, power
requirements for such amplitude modulated pulse bursts can be

significantly lower than that of an unmodulated pulse burst

containing pulses within a similar frequency range. This is due
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such as, cellular nmenbrane receptors, ion binding to
cellular enzynes and general transnenbrane potentia
\V@h@ﬂ@eﬂﬁ9is enhanced. Accordingly by increasi pgr/as2006/008000

Bl LS SOTPOnen 8 905 1.6, 0, LSRN

tr@ﬁaBOﬁbmaugBﬂChaBﬁumndw&aIimnbsﬂﬁﬂNhh fogct an amdregular, and

cyt okj ne release and Jon binding at reqgu
orab Rl s “RERrY ¢ TR AR OLT | SbgE JfBaLd, btherwise be a
suﬁ@%ﬁﬂﬁhél@yl Sna¢eessiphliee Accerdi igrdidpan em@dbﬂ@mgly, the
of the present invention applying a random or, othe

duﬁﬁghagﬁéEF?%?sdeﬁ§qtf”%ﬁ@@FGpetr?Bs%ﬁiﬁﬁ%e‘%ﬁ?§? ry to the

re@BY8hepeiefcBPRD: PhtibhaiR0lAd rect @l e Ofpower requirement
si nusoi dal pul ses i1 nducing peak electric fields

argefpfiBéAVaBout 10~8 and about 100 V/cm produces a

greatecrpifecto an firel agi gRb HedldiNG A ACe8S8SFlow diagram
applicable to both soft and hard tissues. According to

ofy gt MgRBPAeRCEMISHAIdERt 2Bf eThedrerenE itheeREFBANByLNVention,

FoRPREY¥EDG- B 1P mo?ﬁ%lck(éﬁhlg%‘f | 4o MR A1RGE 8BV LOREG S i
nodul ati ng or” pul se-burst detining parameter, power

sigagdpr eheht @21t dre w@ﬁeénptctw@%mﬁtéww ﬁargétwsstsslch as
m?lénaﬁs ﬂ@é‘ﬂ]éé cantlybewer g hag.dhat %%HQE@QH@%%

pu se burst containi ng pul ses Wlthln a Slm ar
pripaylentyc ramgeeseFhi §argeturgtiivgy |Sftefalq%wmeal canjalso

1nk§ugg b %ogr cgghﬁm§¥%hetﬁnﬁfg§hé§”) 'Ve ggﬁg and

trarns roug y rnpositiond o N egul ar,
modndupeef er abl y random anplitude onto mhat woul d

ot her n I |l se. b
oo EPHb LT WIS S WL ANGR D8 one
waaaﬁanmeﬁaramammmrﬁke@edosupbedytd thdltargeteyahhway structure

Suchelectglc gq&hLégs angageébféffgased power

requi Prenent “ar e I"ev ring t o Figure 1
whereenafi Yeaet bre @a&eﬁbﬁMIpﬁEﬂméﬂEn)ﬂ% achlethed to maximize
I rent resent |nven§10n

accor to.an enbo

5 GF2RECRTr o | D VA POBar TS B3 WOFTUR RGroT SO to
Nogkectaohagheta ccxiggnapathhay sﬁﬂudxuzepwbsedatta0waveform is

ar ath structures such a s ions %n q%
I R o A e PO EREr SR e SaRA oS ophg | T ound
aclﬁblkrﬁ!ﬁ§e$staiargﬁgt ma\tchvvay B secing aﬁqeacamalfsactﬁ@tm in

but are notl t o tissues, cells ggﬂ;, and
volSPERUREY. LGl PRI ATeatt e REFoPOF Y REV g 2 ure
thbt|§é§&n@n@pon a state of a cell and tissue, that is whether
the state i1s at least one of resting, growing, replacing, and
responding to injury to produce physiologically beneficial
results. To be detectable in the target pathway structure the
value of said at least one waveform parameter is chosen by using
a constant of said target pathway structure to evaluate at least
one of a signal to noise ratio, and a Power signal to noise
ratio, to compare voltage induced by said at least one waveform
in said target pathway structure to baseline thermal
fluctuations in voltage and electrical impedance in said target

pathway structure whereby biceffective modulation occurs in said
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wavef orm paraneter t o b e coupled t o the target
pat hway structure such a s ions and |igands (Step 101)
WO 2001e4@59 | east one waveform paraneter i s sSePerUSINE008000

0 Ximze a t. |l east one o._f [ .t 0o noise rat,io
AR T PP ST o TR Ber A | BT & Far GYET8RE ity
mesdimietngessid dthdteastwanef of nslgrsaldetecicdlblee renidhend Power

pat hway structurgﬂabov s bac roug? activit

targe . e i
51082 R0 RO S BISEiR e DHATTATS i GCUAL FOREST Fthway
straktage.and el ectrical inpedance at a target pathway
structure that depend upon_a state f a.cell and .
L1 SBuBTCERETST TUTRLIRAE Pho? e ates Bl oAeRoBhet b
sifgnb@StkNgom@f DY GE ephast ngf ansh 1:R5POR@VRFokmE having at
igjur¥ t o produce physiologically beneficial results.
lepss phE YarettHbhIReLaFetRE ?Be:’tn%]&lqﬁ/%f Strgeture the

frefudecy) Eospbikerd r=2RShgOREoMeMES O M Rar &Feter abost 100 MHz
chosen b y using a constant o f said target pathway

vheredgr Ghe” PLeralvidiistfe TAPIRERSY WP W R Spjhafies i@ Power

SNEOmSEell al kOep a6k ) ROWRbLeSi AL 41U nERl0si§ndL can be
conpare voltage induced by said a t |east one .
IREFel-6Ffnt PT e xRl q dPGRCTtpEEhayr TR el Ye from said

c@sglir-Bg Lhefdml: IdCtMabrons (Sc0lige aRd clectromagnetic
electrical inpedance i n said target pathway structure ‘
sighalebpnbp 629 R tiafe HePetLt Yon B wrisatyogagastkcisgnal is

co{lpileel gosaaté.u_ccfrie@ ﬁatfhiwaly gtf‘uétﬁrg Qidh B i%ﬁsoafadslfgands
by output of a coupling device such as an electrode or an
inductor, placed in close proximity to the target pathway
structure (Step 105). The coupling enhances blood flow and
modulation of binding of ions and ligands to regulatory
molecules in molecules, tissues, cells, and organs thereby
accelerating wound repair.

Figure 2 illustrates a preferred embodiment of an apparatus
according to the present invention. The apparatus is self-
contained, lightweight, and portable. A miniature control
circuit 201 is coupled to an end of at least one connector 202
such as wire however the control circuit can also operate
wirelessly. The opposite end of the at least one connector is
coupled to a generating device such as an electrical coil 203.
The miniature control circuit 201 is constructed in a manner
that applies a mathematical model that is used to configure
waveforms. The configured waveforms have to satisfy Power SNR so
that for a given and known target pathway structure, it is
possible to choose waveform parameters that satisfy Power SNR so
that a waveform produces physiologically beneficial results, for
example bioeffective modulation, and is detectable in the target

pathway structure above its background activity. A preferred
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referred enbo i ment
<1Epg

I t gnalel at st ononoei sweavr eat foli
ormabndy Power signal t o noise ratio, wthin a
whacdpassy o f said target pat hway structure. APCT/US2006/008000

ener at ed Iectro ]gnetlc

08 Snb Srasel ASEnigh: hap

......

R 29
mabavehoi 851 haodeﬂg ) hnblaastaomemz\ae:fyefn@ pagaseierfidiat and a
tl| ncl udes a pl urz%l [ t)é & freq%i%&y g&ﬁnents ranging .

FRORPEBORA DLOL 2 Thebdabbit HPEi ACEHE
asPhdhal bhy Lidaddscquenpyisonpaneiits sat itsf kBsud Rpoveisec
bursts of about 1 to about 100 microsecond rectangular pulses
repeating at about 0.1 to about 100 pulses per second. Peak
amplitude of the induced electric field is between about 1 uV/cm
and about 100 mV/cm, varied according to a modified 1/f function
where f = frequency. A waveform configured using a preferred
embodiment according to the present invention may be applied to
a target pathway structure such as ions and ligands for a
preferred total exposure time of under 1 minute to 240 minutes
daily. However other exposure times can be used. Waveforms
configured by the miniature control circuit 201 are directed to
a generating device 203 such as electrical coils via connector
202. The generating device 203 delivers a pulsing magnetic
field that can be used to provide treatment to a target pathway
structure such as tissue. The miniature control circuit applies
a pulsing magnetic field for a prescribed time and can
automatically repeat applying the pulsing magnetic field for as
many applications as are needed in a given time pericd, for
example 10 times a day. The miniature control circuit can be
configured to be programmable applying pulsing magnetic fields
for any time repetition sequence. A preferred embodiment
according to the present invention can accelerate wound repair
by being incorporated into a positioning device 204, for example
a bed. Coupling a pulsing magnetic field to a target pathway
structure such as ions and ligands, therapeutically and
prophylactically reduces inflammation thereby advantageously
reducing pain, promoting healing in targeted areas. When
electrical coils are used as the generating device 203, the
electrical coils can be powered with a time varying magnetic
field that induces a time varying electric field in a target
pathway structure according to Faraday’s law. An electromagnetic

signal generated by the generating device 203 can also be
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SNR nodel (Step 103) . A repetitive electromgnetic
signal can b e generated for exanple inductively o r
w@apaoidiosvel y, fromsaid configured a t | east BPOEUS2006/008000
veform (Ste 04) .. The.el ectromagnetic.signal, ca
B LD BB S IR T o Eo 00 by oS et Pe P GRaTge 7o
irS ddeepkedoht ool Wiargetkipab hwayoistenictuttee elehtaisalins

and li,gands b output .o f coupl i ng .devi.ce such, a. s
CoRGELER PORIIFS OF R FATHEE oSt DB ot FiCH SRt 11
ant@¢irmeih¥olimedthedargehgpab ey siddemitunevebtepn 108)e

. The coupl i ng enhances bl ood flow and nodul ation p f 0
e LBk dPRgIBSFLF oHC ad IePgaREs Py %eglﬂea&eaﬁ;lﬂ& Sentes 203
cadn R1RB| BeULES1idd S548%, etekl SostuiEh Or@ARS ihgewBbyein an air

accel erating wound repair. Figure 2 illustrates a
9apy EFePEEIPBRBRM feeETEtANE APPLEatafs &8C8r 8PngPt etectrode

anlde REeSEeRt phtMeNt iAtuctieecaPRaK A diSidnsS and ligands. An
sel fcontai ned, lightweig and portable. A mniature

ht
adgemtrer efr bie (PZEIRLTes eBhpREmett RePqTddRg §of the(present

i3St oANes CONDECHY AQ2,SYEhh Busi Y &1avewel kibiaturized
control circuit can also operate wirelessly. The
i ﬁé@rﬁpg treatment

cigppésictveadhdr of §r (e &ith| easmon neh Loiftrec

RLedst 2Ry i JNgndeNi GEowUEh BiiS &elief, and ti
nmgggbtriga? cg?? 203. The nini%t%re céﬁ?}olecﬁfcui?HZOI}ssue
and orgensheatied jis WesipaAneint Hdvanld@s gesult of

‘ he ' fiduteto th t
a@é&??ﬁ% Q%’hfé@%?rﬁelt%%r&gg &g%é?%}%{g‘@h&g%) et sfy Presen
inPened o8NRs stlatt halts sfusr gaogikenrepri knowd r@lgéenance can be

r u j Lo i e
DERIL U e i 0uBOSR B I QOB e onamone
whidee tarimi pg oglucas qhysitochogpchel yvbeinef. dedl anesbérts,
or .exanple_biogeffective.nodul ation,, and i .

B TRRR s “F R PR, Tarpor L Rar Ry St e g SadoTpginent
isatkgr gundthct tapdiy:, Anpr ehénteddhee priesedtecuieent cohls,

appl i thenmt i cal_model to.ind i me-varyj
ciRiter ) U] BF A ARG PoBCyaPy ChY et G SCTrarg Fhaere

aricagetnpat hwpyf st reucinrle stche adriwaiisy andalrd gandstching
tegloq;pri.si ng about 0.1 to about 100 nsec bursts of about
o°abBut 100 mi crosecond rectangul ar pul ses
r epedgiuig at dabouts OalbtochbouigdDd pfil sesrepdsriseromthodiment
Peak .anplitude of the induced electric field.is

AQNEER abBut TS uWFERRRd ABBTRAGY MW cfhy Bhpidipre  control
ciaceardi d.0 anedidieidhtlire f uekiron wkereufit= 300 produces

W;yg?%%%gcxjuﬁ:mgggégrg?configuned using a preLerred , )

generating device suc as wire coils
described above in Figure 2. The miniature control circuit can
be activated by any activation means such as an on/off switch.
The miniature control circuit 300 has a power source such as a
lithium battery 301. A preferred embodiment of the power source
has an output voltage of 3.3 V but other voltages can be used.
In another embodiment according to the present invention the
power source can be an external power source such as an electric

current outlet such as an AC/DC outlet, coupled to the present

invention for example by a plug and wire. A switching power
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enbodi nent according to the present invention may be
applied to a target pathway structure such as ions and
wo pgandsss or a preferred total exposure tinme oPCTIOEBN6/008000
m nut e 240 minutes daily. However other exposure
s '1‘""ntﬁ::é@%bgﬁmmﬁmmla@ﬁﬁ cbff i uredcky-qdngroller 303. A

pﬁbﬂé@kéd‘ieeﬁ%ﬂin@nt(:iorfc%hé %@ér@tcgorgﬂf&?feq_’d F08 dses an 8 bit 4
enerating device 203 such as electrical coils via

SnAEGE O C2nsroher géfdr Aitngtdeyi del R0BHEelcowbisation micro-
pHE 8bNe FRORGYT Gof | @3&h  hat o can; bey ised rQyj
treatment to ] tar get pat%ﬁm%yggrlgg?grr?g £h8eR Sefly 202 arso
deheVART R afFEckbnt Fol etprave appbhiesterpul 804y A preferred
pBgashe: i difor cri ' cap ,
eaut omatically repea@je%g]l%yi %g‘?t %Mga %%%S rr%%%lé?qec capacitors
hpyerd for 238 rdhyocappht cauitonstizsr apetpeededtam e used. The
gh¥epti riod, far e e 10 tines a day. Th
“ni nig?ur%g?%%ﬁlt%o%% R Sk b%l%%nflrgelﬂuée& o Balses to be
dpt by aetmbd e aapplupiligopulesiing rmghetasc fh@heisofor (Mg Shown) .
LN, et it quence. A preferred_enbodi ment
Ta%gfg%%?ﬁg&f%ﬂt el%g:r é?gnt%llsﬁvgﬁ#g%i%aﬁ gggﬁ?e?%?peer 305 and a
pwbtRdrhepai Fihindbecomt falc 03 (or dtted pult 0= asipasdd i 0T Nghd pulse

L C&. for .ex a.bed. Coupli a pul sin ,
P grg%énef& ilggﬁ Pl nttgmgrrtpiaoreé"gefle At ey QPE g%t l?llglé‘p%c%’ua%gt width,
bipss andelbgandhapeherapeubicat | yepadi piophybasti eal | ¥ntegral

inflammtion thereby advantageously reduci ng
wgp‘%?flng]g%r nott ng” HealP'ig 3% t &r ge€d B Bas CTwripitrary number

getecirarcal ceoi | alave weed @ascdripergesar atiNg FEWGR  specific

03. the ectrjcal coils can be powered with a tine
wrEamly’ ngi’ﬂ_ca?? eiﬂv‘?lrswa‘?oﬁl\ﬁm SRRl A M7 controls

varying e
ae| eatluicedf ifled d Ndeliviget pat hways s§dtICHHERWAGCARGFHRGure. A

to Faraday's | a An_el ectromagnetic si gnal generated
S SR G aRa At H° BYIRES 205 Sk ol SeTBELRPE, @Nelitude to be

de pigrefd e @d rqachen o ! ingtawher eldyveleat RRdes AL st one
in direct contact with skin or another outer

CRRICHHS TP oRdtet Pe Bouitiliaros -f e arbeto parivway ler 303

cat ralcddiréntYell idtanothghsgpbodiments agcg{%m £ ddi@nt of a
resent invention, the electromagnetic signal

LYt RUBY 1HEUGEHERasIRG devixenPoTwWan aledd béissue, and
odPpl.i ethdishivg 8186t rQsiabhc ﬁ%%ﬂht”%o%%fgg' ri)eancoeﬂsrté:rlilcted to

gap exists between a generating device such as
b @R9EGBNEREC a 30 gAPPRaL hdayPetsing umagsethcasfiehs for a

pﬁﬁﬁéﬂﬂﬂ&@n@imeAﬁnédﬂén$éﬁﬁhégid§T§yp&SE85£erSf?Eﬁgrgﬁg pulsing
according to the present

magnetic field for as many applications as are needed in a given

time period, for example 10 times a day. A preferred embodiment

according to the present invention uses treatments times of

about 10 minutes to about 30 minutes.

Referring to Figures 4A and 4B a preferred embodiment
according to the present invention of a coupling device 400 such
as an inductor is shown. The coupling device 400 can be an
electric coil 401 wound with single or multistrand flexible

wire 402 however solid wire can also be used. In a preferred

embodiment according to the present invention the wire is made
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invention is that its ultra |ightweight coils and
mniaturized circuitry allow for use with comon
w@baogioc®wbo t her apy treatment nodalities and at BEUSZH06/008000

QIR R P 252005 H1SHE SIS ARNe miteicirane

flapplileatmagmedfia helpr ef€Br exhadgniieedi thent edecordcngotid 401 to
rese i.oventi I.s. that tissue growth, repair .
R R abs e e R S BB anEBaas = Limb or
Jjeimpwhef e anduatnamy | apimédr exappkeenhed e chiviodtingnd of the
car. .or. wat chi t el evi sion., Yet _ anpother ady eous
eiessare §° Ea%@?i%%?ﬁrolr?eﬁf afbﬁél%p}eggr?%‘autén]o@@é § £ about
0 .tHatmrg rewtdhoute gailr mrandl dgicetrerandeach mMleed @Sngle magnet
.cells,, tissues, and organs .can be acconplished and ,
i AR B R RNEF 0 AIFTRE Sy Er mio ROy CRuapt o W Jy circular
fottni \HaRdna ear oQte!t\/aﬁﬂﬁkhélt?eﬁ e&ﬁ%ﬁmg&boﬁtg@r.@ %mg%ﬁacb%out 50
a.bl ock. diagramof a_preferred enbodi nent according to
CM Pt PSRt HROSAE | Oh DATSE 7 df Lide BORISEST SoPREUTE Used. A
pr3d@rribe Jibbbamehe eant¢d eiléesutic 300ipr aducesan be encased
w,\é\%lyeforrrs that drive a generating device such as wire

1% HESTYTHéEd Bovee P FGtrBud othfie mPRrAPEFe moulds can

aleents®l usblCUiTheCadl 28 3¢t | vt BdChY aN¥oactd Vahi@Pporated in
means such as an on/off switch. The mniature control

ArEPELnPEr 3RONAS A pIRSTeRGEr cAsLcRTRRT a StitpRituRes typically

uslat Fekywdda A-dHelerred enbodi ment of the power
source has an output voltage of 3.3 V but other

vol tagesR%%?Flﬁé?%s’%.?iW@]oﬁ hap embodiRent aceerdimy to the
prE%ehHeiﬁggﬁﬁiEn'BfthW§be&@npﬂﬂﬁﬁj?QﬁﬁR%t%@@eg?tﬂnpulse 501

. external power source such as an electric curren ‘
1somereptsdcishsnap RorpE 848 éhatcbapl ed fleitke duration 503.

ThRY €589t 1 bAVERE T 08 Loty ee@@aﬂolae&y%giccg)rﬁi%oﬁpgcw'sggn ﬁe defined

swi tchi ng powervoltage to a mcr r
asppefréfiedoenpoes trehiragfionhgonségoat arerodd ers 3IB3wgeesabout 1

toanal:ﬁ)_@ tlé"S!VHé {Br%rf%'r%%t re%lvg_rimérgg QEI:OJ?&H)?QL P&t tMe_IZ present
conbli nation mcro controll'ers may be used. e
ing@ntedi ngt pbiwes spippldp 30X talngoldel ilVersiawseenndt pulses for

pulbQ 8¢ GRRAFLYOLe 304 6 PLelebLed pOBOdi RNl OLoLBes) nsec
présent invention uses storage capacitors having a 22
havknguepudbiitedt Aéf eumppitsdcamnbelarsedi0 Thendtvidgea finite

co§3PR0L1965 S04 LB o, f SOUSORBULECS: (9B gpori 0.1
an8he@weut. 10 seconds but other waveforms, envelopes, and burst
periods may be used that conform to a mathematical model such as
SNR and Power SNR.

Figure 6 illustrates a preferred embodiment according
to the present invention of a positioning device such as a wrist
support. A positioning device 600 such as a wrist support 601 is
worn on a human wrist 602. The positioning device can be
constructed to be portable, can be constructed to be disposable,
and can be constructed to be implantable. The positioning device

can be wused in combination with the present invention in a

plurality of ways, for example incorporating the present
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The m cro-controller 303 also controls a pul se shaper
305 and a pul se phase timng control 306. The pul se

wa baper40395 and pul se phase timng control 306PCT/US2006/008000
det er mi ne, pul se shape burst width, burst envel ope

PR B R Sk PRI G 0P R Or Aedican IPht egREPLoR B oE#sching,

a GeNLl Ry thespees@st a1 SyEe: NN €orio aEL T EBE Ve UG £
generator can al so be incorporated to p]?ow de speci efvtlce ot

chalRtorng. ValobPPagand ebeldirmvErsi preseit: cireentti®07in place
b g 0B A AN dghdueedof i €f shdg) 'd\é%&%@ £8 A t@ﬁ%ﬁé

pat hway structure. A switching Hexfet 30
pul s&% ¥rormd opreinand i acdE doohe detieepedsemt invention,

tl@élt@f'éseofg_g trf%tntlgHt E3n ApdaY, d%%ﬂo&%cﬁtﬁgl %a%ttagggalone device

coupling device such as an In
ofi @pY- Edder oliitdy SO3wEkrP Wl so @Qnutgbnim ableekposute be used

arﬁi}ﬂ?el%f %o%' r%teﬁnﬁlr eata cirr%f arage 18%&9""3 d‘: Of‘ag treatment

structure suc tISSUG
CaHecy ritet Lt dammtsr- oI dTh&:umztlSiO(ertte &Odnsianudieednade with

I g
ath Q%iﬁrnﬂg;raﬁn%g 39%0 au (5 su,c% g%gggtg%%%&e go:.ls 603

for a prescri be mati ca
al@pnyte@mmd puhsd nghﬁagzmetsrtc sfupgloattf (‘ﬁ’OlaSsmI@mythat a signal

re.ne ed in a |vent|rre per fo
cexandpﬁ%% oar%l% g &5 ecqf prerery dlrbvr%’g&loﬁéntfor example the
wageeioradi m:@m@ttehle 1pr @sgntel Byehsi appluses ff@ﬁtaim(ﬂ‘dzssal portion
of, about 1 inutes to,about 30 mn
Uﬁ%rsr %%gt go%i 88r g‘é%ﬂ%ﬁ% X8 & ;?F@Pgraffe@%ﬁﬁ%l reAt is the
bedguor dofig the t el pr esENtrb-AyENidiantyof 684 cQupl dfihched to the
uch as_ an induct shown. The coupling

4
o8 490 such,gs en Lnductop, s chow The Coupiing ',

asSlVl@ch:d@‘ mulidt strand) flmd Qhﬁ:ﬁ/@l—fcﬁr%QLZtBQ\A@_\éerco%9|lbg to one
s0o. be used. In referred enbodi nent

|
enacc%lf’ d‘fa"1 ga £85th&"Br €§8H?CFH§} nEFBHCR h8UGRr 85i & fd@@ibe wire

605.a The® bpHBEEfnal Soraphde avBedddte smbt bshhaBing device is

f XI bI nggnetlc wire 402 enables the electric coil
tc% PmPSLSpfdFi Cthitt ot iRBHIS gaFRFHIY to the

plﬁalwmtain&ehtﬂbnoéfl Bhdtp i@ AURBN4e%1adi [rﬁl:lucﬁ knee, elbow,
prefsq d enbodl msnt of the electric coil 401
1 a§§% Ldpry o A4h6Ht 2POGONEGrAs YsRPAboBRI0 2@PagmL Such

adt @ja&ﬁl@bltsg) ﬁa@fﬂic@ﬂ HRIBkoal ek eastq 0NG1Qfa el Ngl e magnet
wire and multistrand nagnet W re, wound on an

i ni (PAPFYIRYr b arf ¥99¢m havi ¥y @mbesti@endi apecerding to the
prglween; AboMt i & 5 &M apd @Pé’c%ro?%g%@tqgt %Eggtmé}wb%rp%aratus

of turns and wire di aneters can
integrated into a mattress pad 700 is illustrated. A mattress

can also be used. Several lightweight flexible coils 701 are
integrated into the mattress pad. The lightweight flexible coils
can be constructed from fine flexible conductive wire,
conductive thread, and any other flexible conductive material.
The flexible coils are connected to at least one end of at least
one wire 702. However, the flexible coils can also be configured
to be directly connected to «circuitry 703 or wireless.
Lightweight miniaturized circuitry 703 that configures waveforms

according to an embodiment of the present invention, is attached
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preferred enbodi nent of the electric coil 401 can be
encased with a non-toxic PVC nould 403 but other

woor7nerwse nmoul ds can al so be used. The el ect r PCT/TS2006/008000
can al so be incorporated in dressjngs, bandages,

tmaﬁmrﬁ%fﬁn%m IRghEst rerd urés 3 caltl yIR¥EH f 6 Whi#Rr When
accor gﬁntthe ﬁl%fhrckigg gh® i QUL €410 A &gl 703 configures

I'ng to the preSent invention of a waveform 500
wavefiorhgsttmtted 2rA plilzact®ol te ridweaféexidisi goalpur 6101) to

cr%%?l:et h%k%ﬁﬁassfg%lut yt %hglﬂr a%l Chég%le@etgur gti 19£‘rg@:3 pathway

suc at a cycle n be defined as™ a
stnﬂqUuref burst duration to signal period is between

abOlIJ{t 1r¥t9&1§bto e o7 g%entA prgrﬁerénﬁn%oﬁﬂ{%ggl ngm:or%lng to the

accord I'nvention i'Zzes pse
pﬂaaanangmhaenﬂibnn cﬁbseoondlngEnmaqhmtlpulSeeabment inductive

I|ed i.n 502 for ut
avﬁﬁﬁsalﬁngflédéli?to o ? se E%%EE&’%%§O4S§QBHES ﬁ bra is
ild Jsititiateddur étdvemai03 lcncgkrta&yighdl nglieou@lbur stoipler i 0801 are

. of be en : bout out, .10 .seconds hut, ot her

lé@ﬁ%?%? e?ogﬁ %%1:pe95%d§%hay%%e USEds can be

cdﬂlzairu@:ﬂmfior mrba afimé hefdeX1¢ﬂJe madeHustthe aswBNR ambnductive
Power SNR. Fi gu rates a referr

hEEE0Y diR ?Bytﬁghﬁ?etL %ﬁéﬁ?ﬁgﬁ ot ® mﬁ %r%ngnﬁﬁﬁlglGlele

cHlaW CersUehhmsciteaM t St aBUppast. oAepesid iami ag meusteone wire
600 such as a MﬁISt s port 601 is wor n

h
BG4 SHOTE T THE oG T O o U (T afti B2 PonSPRanPRERd to be

dﬁx‘écbﬁ.ypoéérﬁté@cecﬁ aﬂo b%l@’%&ﬁ:&yﬁm t erbesidiespesabl ®ightweight
nd can be constructed to bhe I nplantable. The

mﬁﬁﬁﬁqﬁnéﬁﬁﬁgcaéVW&érEaﬁ OFe W¥dd TR IcEHRSTat 1D IATR dRFording

tPr 88eRbbAYRSLE OB i iR Phi AL yifertyh, fO4 @xam@i to at
i ncorporating the presentj ito i .7iJ. tlonlng?deV|

leasit epgmprreepy °8ti eEhday’ % fisastg oPh¥ipPestihgn activated the

11\9}1 (g‘?i@ BQEQaEHﬁLQ&)‘?'éiﬁ&?il‘%gryd%‘@t%c%o&@ig@%é@%@véﬁbrms that
elcro and hol ding the present invention in place

ansyy %Jd?ﬁme@cttmg:htehélﬁééwﬁoﬁphbsdé%@%)e £ %eaetf@aslfl’%F signals
tddt 3t Q%ﬁp?@ﬁogb e N5 AR Rgal Ost RecRIRsent

I nvention, the present T nvention can be constructed as
a stand- alone device of any size with or without a

E&g%ﬂg(yur@ device, to be used anywhere for exanple at

aclinic, at a treatnent center, and
out dgorembophenamti S’Q‘CCSUCMJ@Qt B0 1teanpbesAhte iRveRtion for EME

signal configuration has been used on calcium dependent myosin
phosphorylation in a standard enzyme assay. This enzyme pathway
is known to enhance the effects of pharmacological, chemical,
cosmetic and topical agents as applied to, upon or in human,
animal and plant cells, organs, tissues and molecules. The
reaction mixture was chosen for phosphorylation rate to be
linear in time for several minutes, and for sub-saturation ca®*
concentration. This opens the biological window for ca?*/CcaM to
be EMF-sensitive, as Thappens in an injury or with the
application of pharmacological, chemical, cosmetic and topical

agents as applied to, upon or in human, animal and plant cells,
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any anatom cal and support material, such as neoprene.
Coils 603 are integrated into the wist support 601

wapai/otdeas a signal configured accordi ng to theCpUSBe6108000

inventi |l e the waveform depicted in Figure

n, for exa .
ek ﬂ%ﬁgﬁﬁﬁﬁm @@%gl%‘ﬁ%ﬁ- PRI GRS Weget penfepmed using

ngbstihe wiygst tenaidl anvar-porbhan fhatihs 1 ot '
Q&Féhﬁ wist, Mcro-circuitry 604_i2 aﬁtache ’%2)%ﬁ%£n kinase
(eSEF br bFotHeedw iSO uppEEY609 183 v a A asteasitign  mixture

cdexieee8UEH ash¥eler 86Tut AMPtcNMR): ng 1€y Hepes buffer pH
mocro-circuitry is coupled to one end of at | ea5¢ “one !

7c8Andeti Myt dBgPR@SSYEhaastatel edi BIP Wi reo60%: Fheum albumin,
oot hernyend @&eé[@e8@% Lugéggi %ﬁeEg@ﬁneﬁféQ%@vhgg Ivgffh%d in the

coupled to the coils 603 her enbodi nents accor

Ird tWé pgradgent Preentfdn opuffrripesi vkeni egtaeMisted, freshly
bBphuse knesy eLRow g OMer c shoyl.d ot her
pangtom'callwraps, and a%%a%g? %ﬁ%hgaghggﬁﬁ%nygfe added to the
bpaifi dhl Helds Sor ifesm anfifobtugaaionRefigtnirag to

Fi gufg: 7 8R-£0H0di B c di the present. .

inyentioﬁ of gﬁpehgggégﬁagﬁétF%%?%ggtégﬁ a&ﬁgaFEF&g for each
Sphteyraf egxpor onentrmtandesaspad. ig00ted ihl usoratedorions into
1MBLET 885, used. veral Lightweight . | ‘

fTexible coif?i§%%Q§fe gg%egﬁg?%§°¥¢né¥hﬁﬁa%%EF?FE%QQ reaction
npReurTheetd detergh?d®d [exirblteansttsreande cprsetiblcyedesigned

' i.ol. onducti v i I, onductive thread, .

wéggggﬁéggtﬁgﬁ%#?éﬁﬁélg%cd%GU%tﬁ%é %a%@?i%ﬂqStﬁﬁg' perfusion of

Wi texi iy ewapuields bar pacengectietbidh af Bigastr oRE<a0drOE Bddel 900
However, the flexible coils ca

st Lre 702. : ) n .
3 soEﬁg%%gﬁ%ﬁguréEFQ?fﬁagrﬁir%%?lﬁm@&ﬁﬁéﬁéedw¥ﬁl a thermistor
pedbeuisucy 798 ar @blelmasned i gbiivei ghtionbni at gedd in one
' Itry. 703 that configures waveforns_according to =
Exg#f]érg&_rc%i P %?r t'he %‘iles%}ﬁ?el? RS- on, RPRCEPactRtietiil tiated
wiofh saisd 1@t IZAATIN M evas Wiehpaat wahedather s Sample Buffer
[ 703 confi gures

[ightweight mniaturized circuitry 7
&%%ve(%ﬁr§§n%ﬁ&P189egéiP.c@%&ﬁt(nalﬁénﬁﬂ@%iBﬁeféﬁﬁlglank samples
weF) Ijoutrear at effVesplegiabstl N8laRks COMPI AL & & otal assay
mgﬁéggtdgathma§ structure. Referring to Figure 8 an

Shoodi ment"actBFdity t'° t RE“pYesEATOPRGRRE | 67 of @M, MLC or
Migtrect T:ofmginednte tfeatweidn | Bouet | ¥§uAPPalab¥Snigher than 300

integrated intq a chest garnent 800, such as a bra is

CH% Fstr &5GC 88y er BROPRPE NS TGN HREXRDLewedi te Botceed for 5

midl &énd was evaluated by counting P incorporated in MLC using a
T™ Analytic model 5303 Mark V liguid scintillation counter.

The signal comprised repetitive hursts of a high frequency
waveform. Amplitude was maintained constant at 0.2G and
repetition rate was 1 burst/sec for all exposures. Burst
duration varied from 65 qpsec to 1000 usec based upon
projections of mathematical analysis of the instant invention
which showed that optimal Power SNR would be achieved as burst
duration approached 500 psec. The results are shown in Figure 9
wherein burst width 901 in psec is plotted on the x-axis and

Myosin Phosphorylation 902 as treated/sham is plotted on the y-
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integrated into a bra. The lightweight flexible coils
can b e constructed fromfine flexible conductive
wownse/4menduct i ve thread, and any ot her fl exi bP@T/US2006/008000
conductive material. The flexible coils are cgnnected
EHBFay Hagst Bhe§5R, 5Pkt theaB¥F onblert 8022 Hohedérg to Calt
apBeochlrxd bl £ LOW%iGaR ah60 18 LARHLIMISd s D Bec, sust as
directly connected to circuitry 803 or Wwireless.
i gRt iRt RfhtohithicararpEe@NRimeddt.-ry 803 that configures
vavernrde AGAd) M8nke AN IO TR SObnke PEEEERLeq

invention, is attached to at |east one ot

asapydang |easin embadimenheh et iprstsedtt hevenghomeivghtld

ai. nhat i-qg%: IC Ui f | hat
mare di}fl%clte et%oS % ﬁghP %ﬂe%g%?%ogoﬂl ?ls%&?éo\f?xg%g%pgé% éjalant

CPEMF, stigmilssy thistsuaseandupd kebule sa fioar et spatwelyions

: le 1 : i ren ccording.to the .

e oo S ST Er ac Pt omeric
fheén amelditordecal ci um dependent nyosi n phosphoryl ation

in a standard enzyne assay. This enzyne pathway is

known to enhance the effects of pharmacol ogi cal,
chenkxaipledneti ¢ and topical agents as applied to,

upon, or _in human,_ _ani nal. .and plant_cells, organs, _,

ti ss%%%oréﬁnldl% edtl & Oﬁ'}gepgaé’?i %Hempﬁﬁ?‘ét WaBVehosEh use of
af dowelrosgN®r ybael orvarsat eutithdr eveétNeded | Ant ide EOr vive wound
several mnutes, and faor suyb-saturation Ca2+ ,
rEBREAITSRY o A YOUBENECPRiE Bttt diS Wi ridGwAFbprized both
bCadstizaM da0 1Iye dM--isengidnivall@s BAEPeRS iusedN il thds study.
or %h the applicati gn of ghar macaol ogi cal , chem cal,

EILIRY i UMY PpilEamadgeRPEoase diiisdd 86S WFeAnsRg| Rore than
3bonpramAnid vandipkant cel l's, Experinents were

perfornmed using nyosin |ight chai n_é’\l\/LC")_ and myosin

| i ghtPe A aser " MIRPPrilgef aéah f ABmipGFREgTitoneal dose
o Z@edrfhneA TEAL/IKGN aRNX MU S SRNSI ed SOfmg‘?kgas' ffter adequate
sol uti on containing 40 nM Hepes buffer, pH 7.0; 0.5 nM
apEYHERT idm Beet Reen rIhj/ariednoviife deFEWT aWBEM Tha o prepped

wit¥ V)a Tween,&0; rRrdqlnbivh EGTks 1 F%Qﬁx@ﬁ%ﬁ,“aénﬁarhﬁgp%@ using

the 1-7 nMrange. Once Ca2+ buffering was established,
stebh yrshepared 79sime caMld6oeaimeNl.Caan§-2mn VM EK incision

wAET e Aeldet d a HrR gRashe %QEHtHQQQtQOfgﬂQ1fa%éfgj?@ the dorsum

reaction m xture. "The reaction m xture was resh
O%r%ﬁﬁ#eﬁ?tdaﬁmﬁ ferndgefoes were bluntly dissected to break any

remaining dermal fibers, leaving an open wound approximately 4
cm in diameter. Hemostasis was obtained with applied pressure to
avoid any damage to the skin edges. The skin edges were then
closed with a 4-0 Ethilon running suture. Post-operatively, the
animals received Buprenorphine 0.1-0.5mg/kg, intraperitoneal.
They were placed in individual cages and received food and water
ad libitum.

EMF exposure comprised two pulsed radio frequency waveforms.
The first was a standard clinical PRF signal comprising a 65 psec
burst of 27.12 MHz sinusoidal waves at 1 Gauss amplitude and

repeating at 600 bursts/sec. The second was a PRF signal
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series of experinments and was aliquoted in 100 nL
portions into 1.5 m Eppendorf tubes. Al Eppendorf
wWOo pdpem4ment ai ni ng reaction m xture were kept apChO8006/008000

thep, transferred.to speci-al | ¥ _desi gped wat er bath .
e Ry TeEra T 1, SOy R PaRE BB P bt hudpgention.
Fopr enmbs neithriay. pagsageautdtiouglvad Enshessd&titentadooc pﬁ’@debnd the

900 heat exchanger.. Tenperature was nonitored wt
APt G GBBCEEIC D S Eo| SePar hroifigel 611025, and 5
bukBveS S8l raseae: kppenNdardr t uhe dpplngd altbrexyer hi®itss twice

..Reaction was initiated with 2.5 mMM 32P ATP, and was
da%iLY)pped with Laemm i Sanple Buffer solution containing

30 PMEDA. ArdhgtRuUNMeé fpaerdnank SARPhEs:a¥S € after wound
counted in each_experinent. Blanpks conprised a total

SXGLEW i xt M@ ni nugh oG t RETHRT | V& cBlpBnete caFansected
peEpdha MG 07 tM e SXDErdRntsch OdamphicCAnhl a8ka GQUMeS sure the
were hi gher than 300 cpra were rejected. ,
LePRBED HOrSANRERoA™ Wed/ T8I | owe RS t B HiRsc Bedef oFc5sehiffoanghe same
ar¥RS; eVl atgd By £oUMd RGn32E: LAGPTROLREEAr&ReM-C The strips
using a TM Anal ytic nodel 5303 Mark V |iquid
WeEe| ﬁ@?ﬂl%ﬁ%ﬁ_%@ﬁn?e?.enw@egnal Tbénﬁﬂfﬂé_&j wegsetliopded at 10
mmPHE$t 8naf tBehih@Rifhqaueney Wauetordn AUpLid UdRe WRSung pulled
mai ntai ned constant at 0.2G"and repetition rate was 1
appuF stds ecedandedl- | TekpbsialesterBuist sduergionfamrdaggarison was
0. S n jectd .of
B At e R e R S b R
peshowed Tt hhe opt isvalipPofiern SNR wemedwburd achi eved as

b d [ 0} w L I
bur be Uil on AERLRCS18t. 00, e, THSSHEPH 19,50, o5 paec

Iﬂ];:ilograms

INn nNBec 1S
1 phobse@RBNsibeak-exs s1am Wy ésBnkBPhosphboy| Bhé oax90Ped group

a reated/ | S _plotted on th , be L. p . .
ve.r.g?%]af?t(ﬁe’ g{%ﬂeﬂfq/gﬁ %Cr)}rcﬂé%&%llecngllngglioug égﬁ/l'm) s which is
a dBpr caches siet. s Imaxdanimeaatt , approoxavatatey SO0 gecstyarsith for

as hLhlustrated,b t he wer, SNR npodel. These_ results
i RPPPPERGL San ENECS: RAI CLEBRF ghr BE-ALCST i g 16y to @0
embnd endoodi e nthefpidemr éssrhtinvensing, awbowdr SNR model was

21 BB LY LAY 03E MRUNY L SPRl oL TR, ST S,
(pduoal i @pe suHd | coentol Qraahj ewdiept iiml a Power SNRdGle. The
regug{.:é/el%ogagc eet | i(::wcf>i esli%ngggl iv}elffdee'no%:xaggggigicantly different
from each other.

Non-invasive, non-thermal pulsed magnetic fields are
successful therapies for healing non-union fractures, the
palliative relief of pain and edema and the healing of chronic
wounds. The two radio frequency EMF devices used in this study
differed by burst duration, envelope, amplitude and repetition
rate. That second radio frequency produced nearly identical
results to those produced by first radio frequency demonstrates
the wvalidity of the EMF signal configuration according to the

present invention.
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According to an enbodi nent of the present invention
use of a Power SNR nodel was further verified in an in
wo 2ao/owmend repair nodel. A rat wound nodel haBCh®81006/008000
wel | . characteri z bot h_ bi onmechani cally and . o
b CORBIERTAT A TRed TRACEAYS 2 GAYSHed ¢ fyinical and
bagangEmMH ul st uddles . SpABELE fpWceyY reat S I igRithg, MOFat is the

.than 300 gra re,utjlized. The aninals were
s gRed: at F2BACHRERC aif' | FRT AR 110N "Hog 8 thH 2Ket KREngtate of
théb vaygkg ardcMpdetonidenaeBrbe NBkkarratter age@Yatfirrounding
anest hesi a had been achi eved, the dorsum was shaved,
nO§P@§:pé>&f\ﬁ 4P Rttt 8RR AR/ & NG Fa9dReRY dignificant
madhaped ebehng tab@hh! e itechBigi@es UstNg as#h9 SERFPeliosage as

an 8-cmlinear incision was perfornmed through the skin ,
Ceddiin TSI e f HaRi ArdFEHIRe desumhef seaen oearrsTRer cells in

cuneund edgesinere Lliiideycdi sgeet editio byeak atWate of tissue

remaining dernal fibers, |eaving an open wound .
reRBproRPRatidly eXiiRgad ldilakecorcepbhpEiani efwasns/ligands has
beeft aipedrwht h appld edimPness U &40 13vald ec,dtar@rge‘ﬁltlg later

the skin edges. The skin edges were then closed with a
stagesephi YOS UrRFiadd - suBlir €omPasi seperathydinpwnt fpd omechanical
heB B! Sukpeekyed  BUBr RBQLONI N Bay 1p0. c3FBLKO.d that the mwr

intraperitoneal. They were placed in individual cages
trgpfedeceinds TOUE avdenaecerchad theiendnsiEde exposund repair,
ap 98R5h§@91§vﬁp 50% %%gtgfdjclgalg rte %@1%}41 ﬁ?}é&%or ms. The

Pirst was a standard cli nical F signa onprising a

65 AtseleboeSiubdir 2?2 M FHaRds Gicdal M@Ves tat ehhance TGF-B

uss, anplitude and repeating at_600Q bursts/sec. The .
pr§§88ﬁﬂoﬁgs %M%R??SFB%a.¥p?!u 4 ¥41MRqng gepady sggndficantly

inBredbedg chdethaBl eabodenentt fultiratpbasefta | p¥8M IO ation, as
For this signal burst duration was increased to 2000

vepke@satdPrrElafpl bradeh afidctepebiti obnr atereer eAdditionally,

vkeduGedat o 026G and a1 0ULSt $L8eC-heSPEERIVELY. JPRE 1WA oyt
a pligda%or §0 ninuggéggmnce gal?y. T§n3§¥§ést?enggﬁﬁg OCYEe

regartpes f or dewon sipvedi atde| VEME t ecamounddexei sitba. Twdlammatory

L dt h ' f [ ransect ed. perpendi cul ar.

re BT odTid P e D el AT R R B0 mocen,

accehsideedtheigity iwoukgl e acthevsty i petefeorxei seduction of

tirfn%oq_]nt hc%esa %ﬂr@ﬂaﬂor}ftye.ap%%sreatargé) gﬁ gercgué:n nsclacszct:e eCJyation of
of neasuremnent. e stri’ps

collagen production. The production of growth factors has been

reported to be Ca/CaM (calmodulin) dependent and an EMF signal
has been shown to accelerate Ca2+ binding to calmodulin. The
electric field induced at tissue level from the EMF signal
utilized has been shown to contain the proper frequency spectrum
to be detected at Ca/CaM binding pathways. It has also Dbeen
demonstrated that inductively coupled EMF bone healing signals
can increase osteoblast proliferation in-vitro by direct
modulation of Ca/CaM.

These results demonstrate that an embodiment of the present

invention allowed a EMF signal to be configured that could be

27



10

15

20

25

30

were then nounted on a tensioneter. The strips were
| oaded at 10 mm m n and the maxi num f orce generat ed
W(bedoome405¢1e wound pul I ed apart was recorded. TheT/Us1086/008000
f@dmgns rmn by .
'Fkg%é Wﬁe :::: al éi‘lg@%%)% t he rrax?%l‘j%%fo ﬁmkl I%glgr angr  signal
corfigiebfacdssding &or iaps eﬁrﬂD@mlthetsaﬁeth/eupdes@ﬂn’e invention,

a h f t
Casthin oG R ags, SATEMS AL A0ALL IR 08 Boy: manner

V%&ﬁb%eﬁh@? ofiprver susinti®a0 EMF5 Kigfrrah zvﬁmht&ec@mrtaruﬁd wound
, [ S Yol ncrease. In_con Sst,

e aver ag %éﬁgﬁ ggg r%fri}lag 8t Tor’ ersz@&omﬁggélcﬁgﬁ more power
t@amssith signal, configur ed according to an
enbodi nent of the present invention using a Power SNR
nodekx 2132 5.6 kgymm 2 for the treated group
ver sus 4.1 kg/mm 2 (p<.01) for the control
gro@ﬁuﬁMhB¢MdyS deﬁdﬁ&tﬁxmaﬁs&heTh%fE%&u|t&ff0é1é6€romagnetlc

[ S were nat si n|f| cant | erent from each
f£élhlfzder gt%fon |grl11\lf§sweccﬁs heral %rﬂlij Sfegnetf ¢ the present
ifveltdeonanecsliecassftdnddierapbes {0rahealiwnigonaryadni on

fractures, the palliative relief of pai n and edema and

theﬂ&%'ﬁa of n dlofre uenc
EMF dev:gcesuuselggll[% % i's” st %%W%Pf Fer ebl Vi i sI?aa Weight of

3¥urat ivste é?ﬂﬁélt@}@élzaﬁantUdenamdtrewlﬁqmlraumejectlon of a
cek@h 296084+ Ladk regu odu nearly identical

eresulntz to thoseﬂ?ogr og%cglg(}%f’/%l?s%% 54 Sllf()réequengf;?e Achilles
tefsisonsveat edishepved i ding ofepshiecBMF ssgn@I sterlle surgical

f: o} C t i nventi on.

&Qﬁ q%% 'ahqﬁpcg[t?tﬁe{%%io sefge}é(gﬁi“%{c nljcrécf T bAT cmade over

tf@lvpflﬁth@dﬂeé‘;llAppl yengonow}nebe ﬂmmmts@meﬂdmtj iy tﬂl%x1ng the
n S de b I n the EMF-sensitive path

r thgt Zéocéft "t he al%rfge{j T M hel™ s neS g %eSSPaEF‘F%CFhe tendon

frphusl;hesmllmmmdlglgndnmﬂuebonmmewa’mtthi@fsp@ﬁﬂns&:t@ed at the

: i ol Qgical Ly significant nner nthou it
mlﬁé%%l veggbﬁe Sane c%??ﬁ OSage%g‘ eﬁq%%ﬁtlfe?,sue PAORhewas then
lnmealctaueeysme@aﬂhe Sr,ameh oGear Snjlta;rn celitsrd NueUhbUr£ modified
state of tissue

a ,depende on ceII cl e,
Ke\rg%ga ir Séltnlat ?ekﬁe ex{ﬂﬁ AN &Fléon MGt "eF ofitvided and not
repamsédlgam@& B&Snb@%ﬁ repeitadovdRUShEMreRas r¥hr tdahbY using
stages of wound repair. By

ln%%n%fgéf%% %{)Ee@lﬁmrﬁronec%c chilles  tendon was not

immobilized. Postoperatively, the animals received Ketoprofen

for pain control.

On the first postoperative day, all animals were randomly
assigned to four treatment groups with 10 animals in each group.
Randomization followed the parallel group protocol wherein each
animal was randomly assigned to one treatment group until there
were ten in each group. Animals remained in their assigned
group. There were three active groups that received specific
EMF treatments for two 30-min sessions per day over a period of

3 weeks, and one identically +treated sham group. The EMF
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healing curve for this nodel, it may be estimated that
the EMF treated wounds woul d have reached the end
wat@age4o69 wound repair, approximtely 1.5 X faBCEUSI006008000

t he sham_gr.qup. t . the cellular |evel .PMF_have been
RN e LT bR F cRu I ERREY FRBUSREY | wavefom
coupetlsing koneepepitivesi gorstcarft | 71 h2r 8@edsinusoidal waves

tubul i, zation a

endot helial c d prgliferatjion S
mEFPUagY | Br oBVBSY TR aBTOr b 20 Pn UPEy jirations were
emgddgte'aonali'rlye E:E]Esﬁj gRak sgean fodalratp anticdiPrised a burst

i ndi ng at nphocyte receptors, dempnstratin ME can
duradhes tfe i%ﬁ|5ﬁﬁﬁwor§69%'ﬁﬁﬁéeﬁgmﬂgﬂgEmhu%ﬁéﬁia%s with —an
am%@.@ﬁﬁdé Nat hiiSe ClErANEO WS rYRUNEr NDdghusaccet gr.at @the second PRF

eal ing woul d be achi eved, both froma reduction of
waRHRTRNCPRRE 13 AnhtiSity GRS eCAnTt st diigsr repeating at 5

bu@eesl 8eat @RhOTnCoddgigamr aduct hoNteAhsn pPragdueti @F 06.05 ¢,
grom h factors has been reported to be Ca/ CaM

aseearABdid nfreEpeRdeddand- lanCEMRSSigRE! Has B 3-  Sham

an%ﬁgm@,FQo , zﬁLah%rGagés@%ﬁgﬁﬂg>k&d% | godul in. The
electric field induced at tissue |evel fromthe EMF

si gpal |1ized has been .shown tp coptain the proper .
HER e AR e T B R LI R SR
nopatbdays. drahas =al siarheen deronstaatied ddgd, with all metal
i nductively coupl ed EMF bonge heal j ng.signal.s ca .
PorhAPEAs S BEVEshI ast ol PReraibi | Ribhiho By dfpectcoil was
lodadubati.en iefchca/ GaMveThesrl nesuldontdensrst rate thadr of the
an enbodi nent _of the present |nvention aI%o d,thNF ,
cagegnail "Fo BELEnf Gl 8l ERATAEDUIE Del bR e%ﬁWkF - °pfig coil.
EMPRFs isjrgnal anganfuger efhAceREckdiy t 9i g iendedi Meide ofithin the
t he present invention, accelerated wound repair in the
rafattyRsd@entn 9% v Fover fraRRERa Y erénget Iift Fr Fovement was

ungrbRincab EMbssi gpabnihi ebnacsedpated Weundikapak byt There
required nore than two orders of nagnitude nore power
Wers prisdusaes Bxafitpl €03 Thes sbelidypdendfiistfeat ety and each

caBbf eahqof ; ek eci{ ompgneli ¢ cbhiehdsp@pnf gy fd-ACCYdehd  EMF
an enbodi nent of the present invention accelerate | ,
tregh@entr épai FArRLM PHE VIV TOREILY Young Caduint segiséons until
sachh 2gHE: Dawl S¥arh ata%irrﬂltsh %eggant}f‘@ég&ﬁ Cifr_l 3_51Qi£1_taical cages
were anesthetized with an intraperitoneal injection of
eggipped with identical coils.

At the end of the 3-week treatment period, the Achilles
tendon was harvested by proximally severing the muscle bellies
arising from the tendon and distally disarticulating the ankle,
keeping the calcaneous and foot attached. All extraneous soft
and hard tissues were removed from the calcaneous—Achilles
tendon complex. Tensile strength testing was done immediately
after harvest. The tendon, 1in continuity with the calcaneal
bone, was fixed between two metal clamps so as to maintain a
physiologically appropriate foot dorsiflexion, compared to the

vertically oriented Achilles tendon. The tendons were then

pulled apart at a constant speed of 0.45 mm/sec until failure,
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ket am ne/ mnedet om di ne 75 ng/ kg/ 0.5 ng/ kg m xture. The
Achill es tendon was di srupted and repaired. Using

wsnmjoumssur gical technique, a 2-cmmdline  PCT/US2006/008000

I on t udi nag i nci sion was nmade over the ri 1%ht Achill es
"'sat”@n & AR P Sri T st T et1ed by2F | éRFRgIeRe rifht analyzable

teoabnsBl #ak 18HSSget | AheWaHUAHat 0 SeRALBEE I LRE 18REON tanaie
from the surroundi ng tissue, which was then transected

SIFEPAE R g en usd ngt‘%?aécaloﬁel 38Theendons | escneendonivable for
anaensipmedi ately repaired with 6-0 nylon suture using

a nodified Kessler stitch. The plantaris tendon was

ai re%1 The skin was_ sytured qver

d d
e HERA, PRH LERIGATRERG. (Mer FOPRRES: 8°H MAGh. TAg at 3

the répaire
wAehsI Ipestt eaddnnvva&aneéctmmbhhd zegta F’Qéi@p@ﬁ@lﬁré@iy, Tensile

he,apimals recei ve rofen for pain control. On _
EE n(f‘flrst‘”"ﬁ"ﬁos Jg R y,t%Imﬁﬁtﬁﬁl‘s%P@Pgnﬁﬁ%ﬁgth in

kafssgagme@l toef OUér&ﬁ@ﬂiéﬁ&fﬂon@ﬂouﬁ&e\éﬁ thnl0 bRl S cbRtimeters,
foll owed the parallel group

u ndo tio
Tené?%%o? g%%ﬁ%@ St raiSSfas gm0 d89%hed ke 2 mean
b@E&kiﬂi@a&mﬁﬁgﬂfQiﬂJ gmtzﬂ I+ tiherse K ER2t EBnbAr&AChs 80.6 + 16.6

p- n;;l s remained in their assigned grou Ther e
kaé?% tﬁ% tFRANGISRISS FECUPedBi F&AUBpAei f ToiENMFepresented
at reat nerreaker inop by SeSSd RS PEY. daye O¥EL @ group at 21

eri od of 3 weeks, and one identically treated sham
SY%UD THe EWFOGpSteitAgtace bhet 5 tanid Isanst (9F.0%5)12 Tendons

£bbiz 8irBuUsei dalaeaves epbitsd QYtﬁ PNE- %%%f g &gﬁerldals, had

Two, confl %ur ations were enployed. The first, assig
SLEREE AP TLY, RbIRAT sBEaR bueskider AUrendbhs6®mEeey.4 + 27.8

kgepeating als .G0Q byrgts &2 &b l-i t.ude jat, the _.
?endon target of 1 gausé;b V\J; @%e%gggoﬁdggalzb 17€ signats,
rHERSF oY ldonpts s etha bh@st eagpaumng@@uaoeo fBec,16.6 kg/cm2.

Tﬁ@pﬁaghngt%nétﬁgr%§/ %CthWéJF‘ougﬁdagghgi @ér h%oo and 693

t endon target assi

hpghe G | r&§§ﬁghwem Grad'uptBe @tcamOinl aansaekmo @tfgn’ai:eatment
ag:é'gsstgn do u The sj gnal

%\gﬁgl vered w t Sﬁ%ﬁ I%e%I B8op CgIEFE OUn eaéet ol%nglgffgngth was

s&3 Erddrag 1h at sf;ﬂ%lg-tfl(l‘}aoage(,p<\AII010|51):;ll howetrak, pﬂllhbl afiSference in

m%%gg;/g%l |nc daebg\r/]:kgee% aedwgr%rzoourﬁ gle OIa?%g fl oS not
s’@aptjtsﬁ.‘elc@é@g_ ﬁgﬁ@ﬂﬂ@@@lty (am4ig .ani mies defeetdrertedin mean
t%stitleea&ﬁe%%itlh' between Group 1 (65 psec burst) and Groups 2
and 3 (2000 psec burst) was statistically significant (p<.05 ).
The results presented here demonstrate that non-invasive
pulsed electromagnetic fields can produce up to a 69% increase
in rat Achilles tendon breaking strength vs. sham-treated
tendons at 21 days post transection. All signals utilized in
this study accelerated tendon repair, however greatest
acceleration was obtained with waveforms configured according to

& transduction mechanism involving Ca2+ binding.

In a manner similar to bone and wound repair, tendon repair

for both epitenon and synovial-sheathed tendons begins with an
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EMF signal anplitude was checked. Signal anplitude
within the rat treatnent cage over the nornmal range of
wo ado7pienent was uniformto 10% Signal consi BCEDS3006/008000

. s verified weekly. There wer W0, cages each

A HOERC I LTI IS, S70 BAChY calB A { cpt 1l tretion of

inMmdimtbdoay ceded EMrcexposumecsysh®yas EMnetteapnend, and T-
was carried out tw ce

f 30-m n sessions untj,
LERReETFh: - b ant el SO dT I3 oo arAa e | Eibroblast

preadesregubppedaniit hcbdengbcal me@hlg. Aypthe 1and ofprddd@ction.
3-week treatnent perjod, the Achilles, tendon was

FiRatrdst SEIB5 mroki R3S Tevetihig e kel &° parhigye maximun

me@hlaaueglfg@%ﬁ&&ten@ﬁ@s@nghgség ably disartigubahénNgnd wound
t he ankl e, keeping the cal caneous and foot attached.

reRpAf fex iPa@dee t ARl FRRRRTSS6Es SMErEtPenBREdIFRbRFLY 1n

intfhemgatsa j?eoéﬁgﬂﬁg@nlels@§ t Ao LOMUAX Fel@RSbhestages.
strength testing was done i mredi ately after harves

The_ten n contan|ty wi.t.h the .cal caneal ,bone S .
M SR E S e A SO L gifng 1n
rq@mlstokpgpaﬁ%%aygumnvnmvlabeg&omthdﬁastérprmenne Production
are the v al | orlente Achill es tendgn, .
R tor e e e U0 Aiar s SR o Sr RP o phag tissue
gx@fwta. 4 dMi§RaG AUNts |dé;69éﬂdﬁrﬁ:. WS coraiad. cfimodulin.  EMF has
apal yzabl e tendogs failed at the ori |naI ection

bt TEHBI £6 SEFONTTE (S & B e ERAB, Sonwr ghe 005

an@{V@i habl e1f041 anad yiSized Mearntensthey stEenHdhMRired using a
nﬁﬂred for each group at 3 weeks post tendon
Cat/lC seEFRBAIYHT Yat AHENE Yanal§s edoPTRFS: % dt3%n§n produce

suEs c¢ahtulated ras the reximpim diRaking: stsendd, i within the
kil ograns per cross-sectional area in_square

fregRef et SeSPOTERdGHs Freht BAngies- thém%Esnﬁ@ElgléﬁéPlt in a

1owerGoeierl hAek %Ml%e@lﬁbﬁglst r@ﬁ&tﬂo@él Wordbnet4abed that
kg/ cn conpared to 80.6 6 kg/cn2 for the

migKRReEPRAL E4RGROULSH @I&P&WHS T?rﬁfswrféfpr*éfsééﬁﬂ edbegybges at

an%ﬁ%%ﬁéé@ ip Preakipg étkgﬂgéh V§hetbelsaa@ag£9ypw§5 géded to
was not statisfically gni ficant (p=. 0B5)

assuTéncfckﬁ@ f‘Fl"eﬁ'n rabps s2zand3 th@ réated:emdpﬁ tecgryooiid not

c g [ y. b
e Tl S R

for _the 0.05 G and 0,1 G signals,
EMEF  accelerates bone répair by accelerating return to

intact breaking strength. The sham-treated fractures eventually
reach the same biomechanical end point, but with increased
morbidity. Biomechanical acceleration in a linear full-thickness
cutaneous wound in the rat was observed. EMF accelerated wound
repair by approximately 60% at 21 days, with intact breaking

strength achieved about 50% sooner than the untreated wounds.

Having described embodiments for an apparatus and a method
for enhancing pharmacological effects, it is noted that
modifications and variations can be made by persons skilled in

the art in light of the above teachings. It is therefore to be
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respectively, vs. the sham exposure group 80.6 16.6
kg/cn2 . The nean strengths for both G oups 2 and 3

woweee/060% and 69% hi gher, respectively, at theP€ndSwbe/@8000

uHBks c0bq [1RAL TG, CONPAr £l L.01d e %ﬂ%n})%@ YRy S

i ncrease I n strength was statlstlc I'can
e@badQGQDtSrﬂﬁMaha'lnwhetdomfégsnwnﬁadnwheah EE@SWﬂEhln the

SSHEEAND BEAGET Dy S A0S 5,00 1 BL1 S B

Céﬁneﬂgth between Group 1 (65 nsec burst) and Gioups 2
and 3 (2000 nsec burst) was statistically significant
(p<.05 ) . The results presented here denonstrate that
non-i nvasi ve pul sed el ectromagnetic fields can produce
up to a 69%increase in rat Achilles tendon breaking
strength vs. shamtreated tendons at 21 days post
transection. Al signals utilized in this study

accel erated tendon repair, however greatest

accel eration was obtained wth waveforns configured
according to a transduction nechani sminvol ving Ca2+
binding. In a manner simlar to bone and wound repair,
tendon repair for both epitenon and synovi al - sheat hed
tendons begins with ani,n.|.lpiipmatQ.3/ ,

,Staae.,,,, ...that generally involves infiltration of
i nflammatory cells such a s nmacrophages, neutrophils,
and Tl ynmphocytes . This is followed b y angi ogenesi s,
fibroblast proliferation, and collagen mainly type
I1l, production. Finally, cells and collagen fibrils
orient to achi eve nmaxi mum mechani cal strength. These
phases all occur in bone and wound repair, in which
EMF has denonstrated effects, particularly in

i nfl ammat ory, angi ogenesis, and cell proliferation
stages. A n EMF transduction pathway invol ves ion

bi nding in regul atory pathways involving growth factor
rel ease. Production o f many o f the growh factors
and cytokines involved in tissue growmh and repair i s
dependent on Ca/ CaM cal nodul i n. EMF has been shown t o
accel erate Ca2+ binding t o calnodulin. The 0.05 and
0.1 Gsignals utilized in this study were confi gured
using a Ca/ CaM transduction pathway. The objective was
to produce sufficient electric field anplitude that i
s dose, within the frequency response o f Ca2+

bi nding. This would result in a
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| ower power, nore effective signal. The nodel
denonstrated that m crosecond range burst durations

W@ 2007954954 hese obj ectives at anplitudes in thePOI/0520@/008000

range. The 0.1 G signal was added to assure that the
Whatshmldlagmed ig:f the rat tendon target did not limt the

i nduced current pathway and reduce the expected dose.
1) BEvmexbed|fmratesiepbitey wewad repair aosgtenating return to
stepsndmct breaking strength.  The shamtreated fractures

ea&yglggulyg a@ag&sgshghcfstqgg/ge%r%nggham cal, endeqpm nt, but

v ¥\n i ncreased O Teehad 2alteaeE S8 at i on
AL PPFARH®Tf ul | -t hi ckness cut aneous wound in the rat
el eshiey vedalW@\VELagtial et dleadt o gaveRai pdrajeter
of sappraaxiemitelbye 6A%eabrn? td wWaNS - NMlh1bdd@ehe Rizegki ng

sign&i r@%bs@%'&'t?é(%@dag%ke »O20.g00ner ,Lhan the untreated
escrib n‘go Iments Tof an ‘appar at us

Vi n

t&”‘gggd""1 }S‘ﬁ%‘f h&&u?‘b enhanC| ng phar macol ogi cal effects, it
i Usingosatf ehateansdpts careétore it warimizesnsaicaatb e

leastregie bifya pagsanoskéddeedaiid bhe@ Arbweh dibghi 8 foildae

rati8bQYQ %@9&4%' Bgéxwag( ;.txjuétlgneer %Loge%eggtéa &nd e tod ,t h

n b‘e made in the particul ar
elecg%maahﬁ%lrl $ Sn?l't ﬁe§| nvent| on di scl osed which are
VIR AR R idcRARSTAPIP 98B +S tsighak e pRvERFOTE gathway
strudefiened dccoglthe-cappendednednant@ms. What is clained is: 1
) et hod for augmenting vvound repair conprising the

nfigurin | east qne wavef or m havi ng

2 T§ E%h °of§e90v\fa“§/e1f ovfhr%r%‘ér At P92 18BF S|PAY FSval ue of
incl‘s%ﬁSd a&t 1??@&3?%% WeRref BEan-parerRecEiagizas i at | east
vasogiietwaved Omar e tiay i Hin2e @dowkBasdctons, @hdan&iugAding O
angiBgreRikatio and a Power signal to noise ratio, in a0

target pathway structure; Using said at |east one

wavef orm that maximzes said at |east one of a signal
3Vt TPNBRERCT &F Laifidl o WDERRY" SPREMAT £82Foi°8® ratio in a
wavef ey ek rpettenainguiee tayr deadto oge e at Ece@mency
compSh&tt! barm@et i thati §0diguadi s8: £QUPLEAG: Sak d.aaveform

to rs%eeactt agmqegﬁ&t Fgaaa'mt msgsgut %g%goat hbwayf) The

ructure to accel erat |n nmechani
smpl it dto 47 Bt %Fa?%afetewe?te. fr?léa‘rﬂ ahélarlwr@th%%}ﬂam SIS

defined amplitude function, a burst width parametezr that varies
at each repetition according to a mathematically defined width
function, a peak induced electric field parameter varying
between about 1 pV/cm and about 100 mV/cm in said target pathway
structure accerding to a mathematically definedlfunction, and a
peak induced magnetic electric field parameter varying between
about 1 pT and about 0.1 T in said target pathway structure

according to a mathematically defined function.
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i ncludes at |east one of blood flow,
neovascul ari zation, 0 vasodil atation, nodul ati ng human
w@reamosact ors, and nodul ati ng angi ogenesi s. BC¥)/US1086/008000
method of claim1l , wherein said at. |east n waveform
4 Ther arebed afnclaed arhreelt S9AE defipely agpbieipes
functiGONpantadeParanedar ohbabt conf/irgdgesnsaicdnatidogagat one
1ogaer@%§f:°Eﬁ%ét%£epﬁém@‘ﬁ&%ﬁ%&%ﬂt Qné)]an'_%xgtﬂﬁerﬁqgw 100
|1t ude envel ope’par amet er ol | ows
f““Ct’zi’“rrathenatlcally defined anplitude function, a . burst
wi dth paraneter that varies at each repetition
5) ﬁfech@%w Jfo c@amtlhemkgﬁl Issélqeéwge& e a0
unctlon i nduced electric fiel ar amet er
structpps iRgt 'b‘?eet%é‘énl%ﬂf&ufni ﬂ%“b%egﬁ &b goo“‘rﬁ?/“@ﬁh n
organsaiidnsar Yedandat havaghroniacvenral adéabeliitguicen venous
stastlQ%gatﬂ)ﬁﬁJsllﬂ‘ed@cfﬂeneq hamotd QR ngakshra, Peakadyiduced
gnetic electalc fleld par anet er var |n ?etmeen
wound /e RPS T HEARE BB 010 | h B4 AP ORAY huay
structure 5 according to a nathenatlcally def i ned
6)  ThemeErsa. of S8 hetHeEReT WREAPAY SFePETR sai d
of bimkifignédnanpld fLugendunct reguiattirydesledulleeatd oweeafea
healig%jgyggggggy function, a logarithmc function, a
aotic function, and an exponential function. 5 ) The
met hod of claim 1 , Wherein said target pathway
7)  Bie wetthre dhclladestatwhesast Trig bindieedl &3ns e s,
llgan&é SiS88des 1V@AREind P33 citih 0EN A2 I mBdEIHHO BE Baiveind,
di abetic ulcer, venous stasis ulcer, pressure sore, a
non- heal i ng mound an acute wound, a post-surgica
8)  vEhmerethed of FO3LTtauRETABUNTRLd% bInde B8t hoep gd
1igan@éE&dﬁl%desfmuahhet1ﬁgn§auwshngad&uz pteguaiioni nali turgeans
athw tru%%nds to regul atory nol ecules to increase
P fb 7|ng processes 7 ) The nmethod of claim6 , wherein
said binding of ions and Iigands includes nodul ati ng
9) T GidtiotiooCaduaasiubj nieiredhnga il bindimy net hods ofndcl ai m
llgangs dlr}/gl%dggr}ncscﬁilgtjb.#adéﬁg)kQEedggﬁu%@goxl\'ﬁ@QQJ?gé@Cl udes

atin row h factor pro on in target pathway
PathwéYriRﬁqﬁFé§es 9 ) The nethod of claim6 , wherein said

bi ndi ng of ions and |igands includes nodul ati ng
10) @Mé %ﬁ%dpggd&patiho@, hﬁ'lér@&gegaid binding of ions and
ligands includes modulating growth factors and cytokines

relevant to tissue growth, repair, and maintenance.

11) The method of claim 1, further comprising the step of
applying of standard physical therapy modalities.
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pat hway structures. 10) The method of claim6 ,
wherein said binding of ions and |igands includes
wonaaloatosng growt h factors and cyt oki nes rel eve@r/Usm06/008000
ti ssue growh, repair, and mai ntenance. 11) The nethod
12) @hechegihgrd lof cllait Har wenrphin sitrgdéie pbyeipraof tiappEpyi ng
modaQf v séANdalhdahy6i1Gak tHRr 3pYndiR(add i, ESomb2lsJ1th, Met hod

mas<af C%;?d mdl.; wherein standard physical therapy
mBdal'iti s includes at |east one of heat, cold,

conpressi on, massage and exerci se, 13) The nethod of
13) @haimathod $rchabr 1 ofpriubsrneprpres Bicephofstappdsfi ng of
applyhAf e deidli-aahediBEl afHeREpidet) The nmethod of claim

13 wherei n standard nedi cal therapies includes at

ast one of tissue transplants and organ transpl ants.

14) i%‘? MEher et FORHY et | YRt HeRte Hhpsratals thorepies
incladgaeatt lngstwonades apasye coapsilanhy and qepsef or m
trarRp@&ied.i on nmeans that produces at | east one waveform

havi ng at | east one wavef orm paraneter capabl e of

bei ng selected to naximze at | east one of a signal] to
15) ABi SPEPTA ST & POWIER E sTRIRAR 1 *ROi LW PR Y i“’%
repaigr geneydaitivay structure while in a repair cycle; and

ARCONE ot flRdhEE BOREST @Hat @roabdbsway efe@ks one

wavﬁoggl&gxﬂflge JEBQQ§SJ %e ewfam r&r%@el egl L OABI0L e ng

% romsaid | east one waveform t%{t maxi m zes
selechPd W ™PEHE*°0Rk ’ﬁFSE\ WAeGRAI? 69T $8 PUCFo RS I°

a Piugwerigiagntd nedseciaséorit |aot¥we§aP®tWan@tmﬁaﬁﬁNay
whilsd AHCE WepaiBGcl®r a@aupl i ng said el ectromagnetic

S'Aggakpﬂl ?S@vch LGk c0at ey, st w&éé&ﬁ MRLepYorsai d
tar strycture rega IS accgl er at ed.

r

“‘ea’fG)f ?h nSF%%‘t oRRGHEETE TR T ﬁt1 appar%\T 784812l ai m
leasits ongheavef prs &hgt rariebats A \dv eFEnPPRAPANRt Bional
to ndiGkUtRS catind @astwaneigiala threfisentacicoMpcrédt target

patrg@ryag?&%rtukgatanﬁofgﬂ g:H{u?lSﬁ. aéﬂ@%lé@&%ﬁa&ﬂﬁlﬂayﬁjrﬁﬁ.m
to reg%aat et ween about

abo
o SHCOFUTITS P‘?Jt}%‘i'aﬁaﬁfé’ﬁg?l ta febr?'cts |éuLd PRIBUFS 2oL
strughyirpt trke ieessiiepts gaFakereérdt hat fol l ows a

mat hemati cally defined anplitude function, a burst

16) il Ql&@c&%@‘:i& Rata MAdHLe Sppra€a€ b e 8PSl ibPNvherein
said at least one waveform parameter includes at least one of a
frequency component parameter that configures said at least one
waveform to repeat between about 0.01 Hz and about 100 MHz
according to a mathematical function, a burst amplitude envelope
parameter that follows a mathematically defined amplitude
function, a burst width parameter that varies at each repetition
according to a mathematically defined width function, a peak

induced electric field parameter varying between about 1 uvV/cm
35
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according to a mathematically defined width function,
a peak induced electric field paraneter varying

woednrpensabout 1 nVv/ cm 3Sand about 100 nV/ cm i PCHAEBZNO6/008000

target pathway structure according to a mathematically
and adefti ned rvuattinossidandrgetpgakhwayditadtibg nRicbedRlgeebr i C

a matﬁéﬁeltqcaﬁfﬁqekﬁfedvaazyatrignb%tn\éesrbe%hzomduﬂcem nad about
aid tar wa ructuIe accorg tgtoa

crectiie Eial RS S e THEEBreoor) | losns

T in é?’e?cttﬁéﬁfﬁgﬁéfli‘@}’t Femncriert agspadiaouse of nﬁpmwtieally

definpfiefuecnigal d defined anplitude function includes at
| east one of a I/frequency function, a |ogarit hrri c

17 cl | chao |c funct ion, .and n ex on nt
) T%e e cgr maigstlfhE tme a ta us (o) nen app%ﬁﬁ?tus

said 8ff‘cﬂe&| W@Btu%éPéFW%‘aFﬂc%"éﬁﬁeﬁt 68??1‘%/\/&’?93?# dcture
1/ frefiprriayd ésnctioh eas logne tohiariuecti@s, aceladosjcti ssues,
funct@6AR8d dr0RSpordn@dltSsunzdidir oni ¢ 5 wound, diabetic

ul cer, venous stasis ulcer, pressure sore, a

non- heal i ng wound, an acute wound, a post - sur%| cal
18) The FIFCEEIMITRS i Cr P AGRE WHIAACUSLOf Fifdm 15, wherein
said pherttr padgRet storucreat AeRludeppat afeast ofnechai m 15,
molecWed,eiB11k,t BeshiREP! b:RAnILVIES, | NiGlHASS Atnt&AS Oone of

wound@ &ﬁ%guy%legypweﬂgusd%\ég%s w3he d¢ ndgggs'u $e gguf?' Lng

: I've cou

“°“‘h5?’o’éﬁeﬁ?’if’£ awﬁurﬁg*%“é‘er caep°2mwrﬁé°aé1 évewcémagﬁeat ic

post-traglEneedndappar at us of claim 15, wherein S the
coupling device couples said signal to said target

19) TRétJD@g¥r5ﬂ£5Hé§Jér€f§é%mG99LQp%E$%é§%|SkLHFaQ%rEE ngher61n

n ulin | ectr netic treat
© QPP ISP BRI dRRierhe (He 2 cHRANERY C&é@%&g
devicgougl ésdwugtiige stqypalng clesdtel eargmicipitehwayplingt r uct ur e
devickp M| BicRhahida@aséulhag afev@geowt h factor and cyt oki ne
production relevant. 22) The el ectromagnetic treatnent
paratus of claim?2l, wherein the growh factor

20) T?%c?’ﬁ&%%"“‘é‘?mfte‘&sF“?ﬁwté‘eﬁ? FPBFOHast Cdﬁdwlrﬁ alPeTEn

the cppriisbetevdcri SAWPIGE oWt $iedr &0 @addi truort eradibmayr owt h

structatd @bSmedud3dte Thecehedinoimgnetcanbaeatnent appar at us
of claim 15, wherein the coupling device couples said

[ to sai.d target pat hwa strut re to nodul ate
) The 9419 gichasfiecic PicbtneRl SpplYachsl ok iclll
FS heovas cPAr T 24t im 15, wherein
the coupllng device couples said signal to sald target pathway

structure to modulate at least one of growth factor and cytokine

production relevant.

22) The electromagnetic treatment apparatus of claim 21, wherein

the growth factor includes at least one of fibroblast growth
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24) The el ectromagnetic treatnent apparatus of claim
15, wherein the coupling device couples said signal to
waasd/osmsget pat hway structure to nodul at e hunpOT/gsNE/H08000

factor production- 25) The el ectromagnetic treatnent
fachgpysar ptaislet delraved Mrowvhelaetord had coipkisgideyitRn
facsadsd Signal to said target pathway structure to

augnent cell and tissue activity. 26) The
23 el ectronmagneti c treatnent apparatus of claim15,

P WS 8RB RE EDT TG HeRAtc BPRGap e s at ek L §natherein
the sgivglimy geviqarhwelesstaltsiipeal @oi sicideastyerephthway
strpaftk afd ABduikél dMA oBLRESIONRINRLLSsdngal JRAL .

apparatus of claim15, wherein the waveform production
2q) TRANS the connecting neans, and the coupling device

) e EHTRFOIATEaTtD THE VIt FRRAGREYS Mfdehort ABl ewhezein
the Mrurdl e fevirggRetplest Febt reatalappassidusanfetChainnalb,
strodteEei b hbeu1saYehalm PrOAUCELAR NEARG I }e connecti ng

means, and the coupling device are incorporated into
25) &k, least one of a mattress, a mattress pad, a bed, and

a Pt itERR LRy MR raF et tPE ofkjfel ¢ wherein
the tqoupl iendeninsasatdisighak|tal mi2B ravdrsr ehthdayestructure
to HEskht GRLDGMdEYEssud RELUdes. at | east one of an

anat om cal support, an anatom cal wap, and apparel.
26 grg) \H’:e el ectromagnetic treatment apparatus of claim

P 79 THTEFETIRIBSTF AppATERti IRATARYS SF FuSt Ldnehgrein
the meupbinigs detiwehrovplzscesBbsiesrl andsdidotavares. Bddhwihe
strgdcaed renagnehse ddieabepniatappar at us of. cl ai m 15,

wherei n the wavef orm producti on neans i s programabl e.
27) :’%{)e ;I'he el ect ro,n%a\gneti c treatnent apparatus of claim
157 TS EPIROPRE 02T BIT pPRG Rt DRI neHE b2 “PBFEimat
the |waysfomnBreAYcs Loy MeARACtthe Sopeatimumearp aand the
courflriagdedeafime nad tbiEigusdd)d tbhBe alig&tw&igagneliddC pbfatgent
apparatus of claim 15, wherein the waveform production
ans, delivers at |east one pul sing _magnetic signal
26) Fe| Sl CRroneRaR Ry (FREs Ry THE TRV O ORflet fc Wherein
the azafemnProgysaien feans - dhai penpScting phars.conpribei ng a
coumdéhy v caears ifiairpstandai dcphysiealt bherapy
matdP48] id k§Srredl) pddlC aCLELT LANBOREL G LERAIBILs.
apparatus of claim 34, wherein said standard physi cal
herapy nodalities includes heat,
29) The electromagnetic treatment apparatus of claim 28, wherein
the positioning device includes at least one of an anatomical

support, an anatomical wrap, and apparel.

30) The electromagnetic treatment apparatus of claim 29,
wherein said apparel includes at least one of garments, fashion

accessories, and footware.
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col d, massage, and exerci se.

WO 2007/044059 PCT/US2006/008000

31) The electromagnetic treatment apparatus of claim 15, wherein

the waveform production means is programmable.

32) The electrcmagnetic treatment apparatus of claim 15, wherein
the waveform production means delivers at least one pulsing

magnetic signal during a predetermined time.

33) The electromagnetic treatment apparatus of claim 15, wherein
the waveform production means delivers at least one pulsing

magnetic signal during a random time.

34) The electromagnetic treatment apparatus of claim 15, further
comprising a delivery means for standard physical therapy

modalities.

35) The electromagnetic treatment apparatus of claim 34,
wherein said standard physical therapy modalities includes heat,
cold, massage, and exercise.
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