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ELECTROMAGNETIC TREATMENT APPARATUS AND METHOD 5
TECHNICAL FIELD This invention pertains generally to an apparatus and
a method for treatment of living tissues and cells by altering their
interaction with their electromagnetic environment. This invention also
relates to a method of modification of cellular 10 and tissue growth, repair,
maintenance, and general behavior by application of encoded
ERPECTROMACGNE TIQ TREATMANE ARBRRRTIYIhENDVMETHORates to the
application of surgically non-invasive coupling of highly specific
electromagnetic signal patterns to any number of body parts. In 15
particular, an embodiMTEMENTOAINE IE I present invention pertains to

s HSIIG pUISIng electiomagneti felds (PEME) to enhance Iving tissue o110
growhan repdair via angiogenesis and neovasculia Ion by affecting

for the pegouesdrs tofgrowith factors iardietherasytokine$ lsuckvas ishtigandg their
. binditng such as £ Iciurp 20 binding to calmodoulin, BACKGROUND ART .
interactron W1l %. gﬁ%r ? ectro?a%nﬁtlc environment. This
[t s now well established that application of weak non- therma
inveglettromagneticfields-€EMEY) canmesiditih 25 physiclogically meaningfidllular
and 'PY¥VQ.andinyitre bioefiscts, EME has been used i applicglions,ofpone. s o 1y,
repair and bone healing. Waveforms comprising low frequency
applésmpénents @fd love soneechre curfeHtlyusedia torthopedideltiies. ion.  More
par+Qginsafpsing,3Q bone fepair signalsbegan by considering thatan cation  of
electrical pathway may constitute a means through which bone can o
Surgagaptivély respond fERMFSignalsS Aliesr physicoEhemicalHpproach specific
e1ec%m&l%?93%@@leg&fgﬁlaqmmkwgﬁgof&ceéwemprgﬁlcwjfl parts. In
range of EMF waveform patterns for which bioeffects might be 35

Partdgplddd, Siite SRERTISHBlaneFASECKeY EMF thRfet, REE BeBAme nvention

perthacessary tofindrange of waveform-paramelgesfor whichansindugeghvir7)  to
electric field could couple electrochemically at the cellular surface, such
enha§§90“5@gﬁﬁébeﬁdﬁﬁ%ﬂmeﬁ¥%9Wth and "~ repair via angiogenesis and

neovascularization by affecting the precursors to growth factors
and other cytokines, such as ion/ligand binding such as calcium

binding to calmodoulin.

BACKGROUND ART

It is now well established that application of weak non-
thermal electromagnetic fields (“EMEF") can result in

physiologically meaningful in vivo and in vitro bioeffects.

EMEF has been used in applications of bone repair and bone
healing. Waveforms comprising low frequency components and low
power are currently used in orthopedic clinics. Origins of using
bone repair signals began by considering that an electrical
pathway may constitute a means through which bone can adaptively
respond to EMF signals. A linear physicochemical approach
employing an electrochemical model of a cell membrane predicted
a range of EMF waveform patterns for which bioceffects might be
expected. Since a cell membrane was a likely EMF target, it
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Extension of this linear model also involved Lorentz force 5 analysis. A
pulsed radio frequency ("PRF") signal derived from a 27.12 MHz
continuous sine wave used for deep tissue healing is known in the prior
art of diathermy. A pulsed successor of the diathermy signal was

becagiiqindfiy FE6rted ashn elettromaghBlig 10 field CHpabie bFeliEfRgaeters  for

whicRonsthermalbielagicaleffect th thedieatment ef irfections. BREct rochemically
therapeuﬂjﬁrﬁ lications_have been reported for reduction of

* poSt-tra d POSLGErative  fhlin artd SHeiE Fsot BSEUS  ouht =t o5 -
Extehedling, bofn trelatment andarervesageneration. Applicationdof EMEdfot z  force

analthscfzirgs,oIution 15 of traumatic edema has become increasingly used in
recent years. Results to date using PRF in animal and clinical studies

suggest that edema may be measurably reduced from such

eRctiofiatfifetict dfimalud vt erteondiderftiohs cHEME Hosimetrydfavefrom  a

27 . 1notiakenc- 2Rnteaceountidielectric propastiesrof tisgue structd® @S healing is
opposed to the properties of isolated cells. In recent years, clinical use of

knowgon:ihvaEive PRPEt @fo freqiéRtiBs toinpriséd BShG Plistdbirsswr of the
diatarfwk? MHZnsinuseidai wave.iwhernsjn eaghopulsel burst compkises@romagnetic
£ lWidth of ZSlsixty-five mjcroseconds, having approximately 1,700 c _
Lo Lginf<onf 16y cleS p&r'Burst Hhd varidtSburstrepetition 13t Byuse of TSt 11
the asuhstartially sihglenoitage amplituelerenvetopepwith eachadpREibursi,ons have
one was limjting frequency components that could couple to relevant .
oo R e Sty It fistuued 30 TrhbUARnG Sledtronagterererat ive
painfields] caniprisingt mectarfgular ivasefarmsweuchdas pedsing glectromagneticatment
fields, and sinusoidai.waveforms such as. pulsed.radjo_frequency fields ,
A R bt e oTs 10 A BLG e 1 arSbeiia0 Mtz DHangg ootution
of tareuwimically béaehcialbwhéreused as anradjenctiyeythesgpy fon anerietyr vears.

ReSu%%@“%%“%%%gﬂggfﬁgmﬁﬁwdi80%%9%@% and clinical studies suggest
that edema may be measurably reduced from such electromagnetic

stimulus.

Prior art considerations of EMF dosimetry have not taken
into account dielectric properties of tissue structure as

opposed to the properties of isolated cells.

In recent years, clinical use of non-invasive PRF at radio
frequencies comprised wusing pulsed Dbursts of a 27.12 MHz
sinusoidal wave, wherein each pulse burst comprises a width of
sixty-five microseconds, having approximately 1,700 sinusoidal
cycles per burst, and various burst repetition rates. By use of
a substantially single voltage amplitude envelope with each PRF
burst, one was limiting frequency components that could couple
to relevant dielectric pathways in cells and tissue.

Time-varying electromagnetic fields, comprising
rectangular waveforms such as pulsing electromagnetic fields,
and sinusoidal waveforms such as pulsed radio frequency fields

ranging from several Hertz to an about 15 to an about 40 MHz
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Beginning in the 1960's, development of modern therapeutic 5 and
prophylactic devices was stimulated by clinical problems associated with
non-union and delayed union bone fractures. Early work showed that an
electrical pathway can be a means, through which bone adaptively _ _
Fangfaspdtids tomhelaricarinptt "Eary tiferapBUfic deVies ud ifplantéd vnetive
therapd senidpvasiye 16,electrodes defivering siretbeusei(aDC") thduries  and
fracture site. Non-invasive technologies were subsequently developed
condiding &ectrical and electromagnetic fields. These modalities were
omginathyhareatetrto previde a hon;invasive tiantauch'omeansi ef indtcitgapeut ic
2nd anrele triﬁ%‘é e%hagical,v(\:/gvefor[ansatgceJTllltifg e &5 evel. Iinrilcaé 21 problems
a%pﬁ)ga fons of thesé ?éfc]hnofogivés in oﬁﬁoﬁae ics have led 1o a|cl)prove&3
as soapplications bylregotatenyn bodiesamor|dwide=fpe treatmentof fractaresractures.

such as.non-union d fresh fractures, as well as spine fusion. Presentl
Barl % and fresh fractyres, as well as spi esently
A L oAl EME davices constitite the standard armamentanum of . - @ means

throoghopagdic 20 dlimical pmd@tjmte#meﬂrgatmeﬁp@frdiﬁiquucto heatfractures. input.
Ear1JNe SHecess rate for ﬂngaesx?i%%vécesu@aﬁsdpeei@niﬁrgrpd%% T'&%’atasb&%ff%vasive

Is indication Is large enough to enable its recommended use as a safe,
e lechgrpdarich lnorrinvasive lalterhativertocfirst(Go8e’ grafto Addifiogalt ure site.
Non-GlHNicAl 2odndications for these teghnologieghave beepreporied imdouble ;<1 ng
blind studies for treatment of avascuiar necrosis, tendinitis, osteoarthritis,
e leclyblifd tepairchlodd TiretlEie A amdsain fiom carthritis gs welleslgthek 1es  were

or i gTSeUIpskeietal injuries. Cellylag studies have, addressed gfiects giveake ans of
low 30 frequency electromagnetic fields on both signal transduction

indugathay3dand grofkn factor §ithedid e tan Heshowithat EMp  cell/tissue

1evestimulates; secrgtion of ggowth factorssaftera shortyttigger- likedifatioyies  in
lon/ligand binding processes at a cell membrane are generally

or thegisdered artfitial EFIE tdrfet PRIVAKESS stioRture 2 FAORfnicay regulatory
bodikelevapee o treatmests for exampla ofo3 bene repaik is upregulationnon-unions

and %ﬁ?éﬁ;@ggggﬂggb?“%gwggll as spine fusion. Presently several
EMF devices constitute the standard armamentarium of orthopaedic
clinical practice for treatment of difficult to heal fractures.
The success rate for these devices has been wvery high. The
database for this indication is large enough to enable its
recommended use as a safe, non-surgical, non—-invasive
alternative to a first Dbone graft. Additional clinical
indications for these technologies have been reported in double
blind studies for treatment of avascular necrosis, tendinitis,
ostecarthritis, wound repair, blood circulation and pain from
arthritis as well as other musculoskeletal injuries.

Cellular studies have addressed effects of weak low
frequency electromagnetic fields on both signal transduction
pathways and growth factor synthesis. It can be shown that EMF
stimulates secretion of growth factors after a short, trigger-
like duration. Ion/ligand binding processes at a cell membrane
are generally considered an initial EMF target pathway

structure. The clinical relevance to treatments for example of
3
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factor production as part of normal molecular regulation of bone repair.
Cellular level studies have shown effects on calcium ion transport, cell
proliferation, Insulin Growth Factor ("IGF 5 II") release, and IGF-II receptor
expression in osteoblasts. Effects on Insulin Growth Factor-I ("IGF-I1") and

POne|GESPRave alddbeBR deibiistratel irftht fraciire C¥IfS! Slittfation®df Irowth

factibansfenaingarewthhfactorbeta €166 messeagel RNA-EMRNA)oWItBE bone
PEMF in a bon§ induction model in a rat has been shown. ég Studies

rePafive also demonstratsd GpreGuiation of IGES niRNA by SPERIE ih hothaf® t 1™
ion asteohiastlike cedlline desiphatethMz63, Wheteinihereavere increases (“IGE-

in IGE-R1 colla_%ﬁg, agg osteocalcin synthesis, PEME stimulated an

I )incrrgals?eaﬁhelGF th hyperfr%%ﬁi% and a?r%}aﬁf?:scséﬂgrfrorﬁrhur%aﬁeOblaStS )

Ef fentr-urion Imtissuen Fuither studiesdemeristradtétdcan-intieasadih bdofir—-II have

2150/ GBI, MRNA and protein in ostegblast cultures resufting rom gudiredt ;o o
effect of onaca C|um/(l:a|modulln-depen5ent pathway. Cartilage ce

t ranstidiesihayeshomihsimilat tncreases in IGERIPMRNA andifeteiiRNA  (“mRNA”)
synthesis from EMF, demonstratiﬂ_:\g a therzghﬁuti,c 20 application to joint

W1t hrepAirVatidus stiidids conciids tidt dprégiiation of grofth fadfor °=n  shown.

studR@guatigndmaybea cammes: dereminater injthetissyg leyel tcr-p mrNA by
mechanisms underlying electromagnetic stimulation. When using specific
PEMFinhibitors EME catca@hrotghd ddifhodtfin-tependént (Aswayatrds MG-63,

wherR86N 25/eyiously reported that specific PEMF and PR signals, aswell, - ang

as weak static magnetic fields, modulate Ca 2+ binding to CaM in a
ostecelkfree @nzymetpreparatioPEAGditanally ] apregulatiohrof remédNA for TGF-B1 in

Lot nBMP2 and BMP4 with PEMF in osteoblast gélfb res agdouprelgglaéion of . union
IGF-RT i bone and ca‘ratlrllage fith F havé been 30 démonstrated.

t i ssewevery prer-ars tuthistield aes Hiot serliguse wavefermsbaseddmpon Tcr-B1
a ion/ligand binding transduction pathway. Prior art waveforms are

MRNA L BfidieRt SihEe PrioPart WaveRiriit agply uthetedsari high Gnigitiue direct
effeand payyer taliwing tissues 4 calcium/calmodulin-dependent pathway.

Cartilage cell studies have shown similar increases in TGF-fB1
mRNA and protein synthesis from EMF, demonstrating a therapeutic
application to joint repair. Various studies conclude that
upregulation of growth factor production may be a common
denominator in the tissue level mechanisms underlying
electromagnetic stimulation. When using specific inhibitors, EMF
can act through a calmodulin-dependent pathway. It has Dbeen
previously reported that specific PEMF and PRF signals, as well
as weak static magnetic fields, modulate Ca”’binding to CaM in a
cell-free enzyme preparation. Additionally, upregulation of
mRNA for BMP2 and BMP4 with PEMF in osteoblast cultures and
upregulation of TGF-f1 in bone and cartilage with PEMF have been
demonstrated.

However, ©prior art in this field does not configure
waveforms based upon a ion/ligand binding transduction pathway.
Prior art waveforms are 1inefficient since prior art waveforms

apply unnecessarily high amplitude and power to 1living tissues
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and cells, require unnecessarily long treatment time, and cannot be

generated by a portable device. Therefore, a need exists for an apparatus

and a method that more effectively modulates angiogenesis and other 5

biochemical processes that regulate_tissue growth and repair, shortens
and gr&dthient tiffEs! Afid HESTF6ratés iMattni28d "GiRkaitRPaid figftSweight! cannot
be gapplicaters thys allewingdbe capparatus .to be portable and if desired
disgosable. A further neeéi exists for aggpgaratus and method that more

n

efféctivelyt 1DFnodulaieargidderesi®and diriiocHenticar srotelsds 04
t hatthabd regulafe issue-growib @andaepair ashortensrieeatment imesh and

. __incorporates miniaturizecjE ircuitry and light weight applicators that can be,
bioc o fo b6 IMpANAbG T2 BISCLOSURE OF MVERTION At =21

shorapparatussanchamethodder, electiomagnetio treatnsemtiof ikving fissues
. __and cells by, altering their.interaction with their electromagnetic
O AN Goar ol B BN S ot TR B8 B 20
appatreatirg & selectabile bady ¢egiod with dfax path domprsiagle sucdssidgmer
neecOLEWERUISes haying 3 minimum wirth characterislic, of alleastao s ve 1y
0.01 microseconds in a pulse burst envelope having between about 1 ang
modugladiitsl 00RO pelses per burst ohhahichiae vbkage am plittdecsfetopaieft
reguidif Pulseshiyst is 25, definediby asandomiy varyingparameteripwhiche s, ang
. instantaneous minimum amplitude thereof is not smaller than the .
incoppRimims amplitutiethersst byla faetdrof onettehtBblsaititi thépalsecators
£ hatDWISErepetition sate can.vary drom abgut Q.91 tgabout 10,000 Hz. A
mathematically definable parameter can also be employed 30 to define
an amplitude envelope of said pulse bursts. By increasing a range of

frequency compangiis eremite drgEsieyan cellular pathways, access
to a large range of blophysmalghenomena applicable to known healing

meth&AiBAE2 Blifclfbihg BnRERC&T erAimerddtRity Argronts falctgia tent  of

livi@@d tissues and cells by altering their interaction with

their electromagnetic environment.

According to an embodiment of the present invention, by
treating a selectable body region with a flux path comprising a
succession of EMF pulses having a minimum width characteristic
of at least about 0.01 microseconds in a pulse burst envelope
having between about 1 and about 100,000 pulses per burst, in
which a wvoltage amplitude envelope of said pulse burst is
defined by a randomly varying parameter in which instantaneous
minimum amplitude thereof 1s not smaller than the maximum
amplitude thereof by a factor of one ten-thousandth. The pulse
burst repetition rate can vary from about 0.01 to about 10,000
Hz. A mathematically definable parameter can also be employed

to define an amplitude envelope of said pulse bursts.

By increasing a range of frequency components transmitted
to relevant cellular pathways, access to a 1large range of

biophysical phenomena applicable to known healing mechanisms,



10

15

20

25

30

cytokine release, is advantageously achieved. According to an

embodiment of the present invention, by applying a random, or other high

spectral density envelope, to a 5 pulse burst envelope of mono- or
, bi-poiar rectangular or sinusoidai pulses which induce peak electric fields
inclyghivegn 19761 o vaItE g8 Ecentmetdr (WemP amorEétitignt aiftor  and
cytogreaterr effectszan he aghieved agdiolevicakhealingprocesses

applicable to both soft and hard tissues in humans, animals and 10 plants.

Afulse byrst envelope, of higher speciral density can, advaniageqush c ion, by

and efficiently couple to physiologically relevant dielectric pathways, such
app 1y4. reellalaF AieHiBraner reteptots Nof birhrg t6 edllufarendymes apngopre, to a
pulsgengial fransmembrape potentialchangestberepy medulating ectangular  or

~angiogenesis 15 and neovascuiarization. By advantageously applying a »

sinugighdpeciraldsisity vokdge BhveRpBeEka mbltlafing of palkeshurstween 10

and definjRg parapeeter cpewekkegtiretnents for sugh mrodutated pulse BWstSyreater
can be significantly lower than that of an unmoduiated pulse. This is 20

effegile toTRbre eftftientmatéhing of tRE fredlenty TonfoneMSdd thg  Processes
app lretevsind cellulayd/molecitar pracessa Agcardinghys she dualuadvantagesiefals and
enhanced transmitting dosimetry to relevant dielectric gathways and of

plang&ereasingboiwer réduifentents & ackibved 28K prefstrad 21 density can
advaembgdimertiaccasding todhe presert igventiosupliizes adPowehSighal togically

Noise Raéio (“Power, SNR") approach to configure bioeffecti Piwf?\veforms
relev%?t 1clectric, —pa W%%F %HC as c%ﬁ ular_, .membrane
and ihcorporatés miniaturized circuitty and lightweiglit flexible coils. This

receatvardageously alloivsia device that utlizes sePowemSNReapproachy  general

miniaturized 30 cjrcuitr nd lightweight flexible coils, to be,completely. .
a2 D O e Sl ogenesis
and desirststodexcomnstiucted as implantable. Specifically, broad spectral

?n%;‘ Si:;};{uc%‘%%ﬂ;%n%{; egol getiomagnefic;waveforms, configured 19 aGIGVE + v vo1tage
envelope as a modulating or pulse-burst defining parameter,
power requirements for such modulated pulse bursts can be
significantly lower than that of an unmodulated pulse. This is
due to more efficient matching of the frequency components to
the relevant cellular/molecular process. Accordingly, the dual
advantages o0of enhanced transmitting dosimetry to relevant
dielectric pathways and of decreasing power reqgquirements are
achieved.

A preferred embodiment according to the present invention
utilizes a Power Signal to Noise Ratio (“Power SNR”) approach to
configure bioeffective waveforms and incorporates miniaturized
circuitry and 1lightweight flexible coils. This advantageously
allows a device that utilizes a Power SNR approach, miniaturized
circuitry, and lightweight flexible coils, to be completely
portable and if desired to be constructed as disposable and if
further desired to be constructed as implantable.

Specifically, broad spectral density bursts of

electromagnetic waveforms, configured to achieve maximum signal

6



10

15

20

25

30

power within a bandpass of a biological target, are selectively applied to
target pathway structures such as living organs, tissues, cells and
molecules. Waveforms are selected using a unique amplitude/power
comparison with that of thermal noise in 5 a target pathway structure.

P ,
PovegioRais cdmptisB DTSR BT afleadt Bre Jo?%ﬁw%%id%ﬁ?@&gnglﬂéﬁ chgdtictively
app lardirandom-wave shapashhaye feaqueney costentuaia range ofiabef organs,
. 0.01 Hz to about 100 MHz at about 1 to about 100,000 bursts per second, .
15 SH5F have™d Burst Fépefition ate fiom aBotto o1'ts abow 1660365 1sing @
unighuerststseconddPeak signaktamplittiteat avtarget pathway £ steuctutessuchoise in
2 i dssus, ies na range of about L vim o about100mylem Bach, o 1coq
S|8na brs e%v%lope may bea ranadm }uncﬁon%r&vﬁing% means Fo
one adcomimadaie dlifferente electroniagnetic bhatacteristics afdresling tisswe. shapes,
A preferred 15 embodiment according to the present inyention.comprises
have S A Ok 100 miliocond i e Biret BOREISITG bt 15 2oput 100
MHz aboub200 mickrosecondbsyinmetrica) 0P asymmietricakbpulsesc pepbating@t have a

burs%b‘)”&%&%%t/%f’ﬁpf&ﬁloo llogertzyitiin the purst. The Burstgnyelopg,isa 1400

modifie function and is applied at 20 random repetition rates between
bur salso e 0y andPalsdut 100012l Firaw tdpatition rates can alsetsetsedrathway
st ruRGleen about 0,1 Hz.and, aboyt 1000 Hz. An jnduced electrc field from, ¢, ¢,
SH6Ut0.051 MViEm 6 about 100 mv/cih is genera?ed. Anoftier K
abouembdiliment accordingdb the presentlinventior comprises amgbobt0.61 random

funcr@llllsecond ]'_;%95155 about 10 millisecond bucrst of hl%h fre%e accvbe t 186ffere“t

S|ﬁ8§oidallc\)/vaves, “Suth as27.12" l@lﬂ%s repea?lng af'about 1 to abou
elechurstsger secondhAnandecedselectic fi€ld froal abgut 0iG0IumY/cin toreferred

emboARQUL 100 My/cmyis, generated, Resylting wavelorms can be dgliygredvia ;¢
inductive or capacitive coupling. 30 It is an object of tﬂe present invention
0.1 toprevide tmddiflativhlofieectrordagnetisallysarsitive vagulatoryg about 1 to

abouRocesses g fne gell membrane and apjunctional interiaces between;  pyises

cells. 7 It is another object of the present invention to provide an
repeating at about 0.1 to about 100 kilohertz within the burst.

The burst envelope is a modified 1/f function and is applied at
random repetition rates between about 0.1 Hz and about 1000 Hz.
Fixed repetition rates can also be used between about 0.1 Hz and
about 1000 Hz. An induced electric field from about 0.001 mV/cm
to about 100 mV/cm is generated. Another embodiment according to
the present invention comprises an about 0.01 millisecond to an
about 10 millisecond burst of high frequency sinusoidal waves,
such as 27.12 MHz, repeating at about 1 to about 100 bursts per
second. An induced electric field from about 0.001 mV/cm to
about 100 mV/cm 1is generated. Resulting waveforms can Dbe

delivered via inductive or capacitive coupling.

It is an object of the present invention to provide
modulation of electromagnetically sensitive regulatory processes

at the cell membrane and at junctional interfaces between cells.
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electromagnetic method of treatment of living cells and tissues
comprising a broad-band, high spectral density electromagnetic field. 5 It
is a further object of the present invention to provide an electromagnetic
method of treatment of living cells and tissues comprising amplitude

mbtiulatiod o alfSifls@ Bt ferivelopeiofRiFéietiromAgRatic SignathRE O ide an

elecWillindyee eauplingt wih adnaximuat Aumbenaf releyantEMEISensiive tissues
pathways in 10 cells or tissues. |t is another object of the present

COMBihYaRtioh 1B poVdE: iNcBased HIG6d vy to Affdctatrfisstiel by - =t romagnetic

fielmodulating angiogenesis and neovascuaiarization. It is another object of
the present invention to provide 15 increased blood flow to enhance

vigbilitys growgh, and diffarentiationof implagtedscells, such.as stem eglisprovide
tissues and organs. It is another ggject of the present invention to provide
an  mkreaseiIend iof intHrdicvasedlar HiseasBs by medulating 129 cells and

t i ssarRgiogenasis-ard ngovaseyaigrization. Hjg.angtherobject of the present  burst
invention to improve micro-vascular blood perfusion and reduced

envegahsudatiort Nt i§ EHotETBHIEG of the’présdnt ihlérition td provideigs coupling
withtreatmeakehmaladiesioé the benerandeothet hargitissue by t25mo@Hatingys in
angiogenesis and neovascuiarization. It is a still further object of the
cellsedbntinVhfidi to provide a treatment of edema and swelling of soft
tissue by increased blood flow through modulation of angiogenesis and
nédvascuiaialiBRrs IiIasdthetfobjekeofitlhe prédentinventidPio to provide

incrRroyide anbgtgggom@@%;ic ”E%hOdanﬁé%aég@m Qﬂ@@@e‘?“ and ti%ﬁH@ﬁlating
that can be used for repair of damaged soft tissue. It is yet another object

angigpipeGiteSetifveltiontdCE itdeage bigtr-flow to damaged tissue by
modulation of
It is another object of the present invention to provide

increased blood flow to enhance viability, growth, and
differentiation of implanted cells, such as stem cells, tissues

and organs.

It is another object of the present invention to provide
increased blood flow in cardiovascular diseases by modulating

angiogenesis and neovascualarization.

It is another object of the present invention to improve

micro-vascular blood perfusion and reduced transudation.

It is another object of the present invention to provide a
treatment of maladies of the bone and other hard tissue by

modulating angiogenesis and neovascularization.

It is a still further object of the present invention to
provide a treatment of edema and swelling of soft tissue by
increased blood flow through modulation of angiogenesis and

neovascularization.
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vasodiiation and stimulating neovascuiarization. It is a yet further object of
the present invention to provide an apparatus for modulation of
angiogenesis and neovascuiarization that can be operated at reduced
power levels 10 and still possess benefits of safety, economics, portability,

antd réduced Sidttforiagiatic iftterfeRénder 9§ Bh objedt of Hid predeR Ovide an

e lecifiventiomto-cenfiguteadpayrer spestiuinef aoraveform dy srathematieal t 1 ssues
simulation by using signal to noise ratio ("SNR") analysis to configure a

thaty &38tohn 15°55timized 15 Mddulate sgisgs&isis 8Ad nedVsstuaiarization

then coupling the configured waveform using a generating device such
ad bitra FghtiRfightawieé B61Fs that 28€ poweFed bya wavefgem- 1nvention to

increQnfiguratiogdevice sugh as minighufiz gﬁle%rpggcu@rw%ry- Itisenather on  of
object of the present invention to modulate 20 angiogenesis and
vasofddstiifarizaftors by evaftiating PSSR IBF Sy tarjet pathway
structure such as molecules, cells, tissues and organs of plants, animals
add hunsans using arfyumpbewvavéfoenteven if electricalkeguivalents’arec ion  to

provigiklinegt as in.a Hodgkin-Huxley memgrane;madel. 5 It IS anathet .51 s ang

object of the present invention to provide a method and apparatus for
neovgeatingplants; apimadls ahd hkamans Wsing electroatagheticifields power levels

and Sglectad hyontimizing, a,power speetrum pf QI%A'I aV%fé’éWotf‘Rifo’s@ppﬂ%q RBility,

biochemical target pathway structure to enable modulation o

and grgiBgeResid antl BUREHVRSEGiatizaior ®RitRiGRelecules, cells, tissues

ang organs, of a plagt,animal, and hyman. Itds angtberobjgctof theonrigure a
present invention to significantly lower peak amplitudes and shorter pulse _
powedyralsR TS Cdn Be YedGHhpRshet by maltHTg viaPowerSNRE o0 Py using

signfiequency & @nge in asigpatigzirequensy yesponse and sensitivity of ayaveform
target pathway structure such as a molecule, cell, tissue, and organ, of

OPTIBRARS arifalRUH AtiRarfs @ SHEIE rbddRtlo 6O ¥AGIoG_MESS Zhgl o then
coupN@MASEUIANzalioNi gured waveform using a generating device such

as ultra lightweight wire coils that are powered by a waveform
configuration device such as miniaturized electronic circuitry.

It is another object of the present invention to modulate
angiogenesis and neovascularization by evaluating Power SNR for
any target pathway structure such as molecules, cells, tissues
and organs of plants, animals and humans using any input
waveform, even if electrical equivalents are non-linear as in a
Hodgkin-Huxley membrane model.

It is another object of the present invention to provide a
method and apparatus for treating plants, animals and humans
using electromagnetic fields selected by optimizing a power
spectrum of a waveform to be applied to a biochemical target
pathway structure to enable modulation of angiogenesis and
neovascularization within molecules, cells, tissues and organs
of a plant, animal, and human.

It is another object of the present invention to
significantly lower peak amplitudes and shorter pulse duration.

This can be accomplished by matching via Power SNR, a frequency
9
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5 The above and yet other objects and advantages of the present

invention will become apparent from the hereinafter set forth Brief

Description of the Drawings, Detailed Description of the Invention, and

Claims appended herewith. 10 BRIEF DESCRIPTION OF THE . . .
rangsRrAWING S Préfeired BmboGiHETRS 8f thE PReSET indBftion Wi be1Vity of a
t ar géescpbed helpwsinrere detaik with referencado ke laccompanying i ssue, and

drawings: 15 Figure 1 is a flow diagram of a method for electromagnetic |
X I3hsanfibntdt itiG tistRE KhiPcefts accBlifiyto 4R embBlintent'oriieatton ©f
angipreseatinyention; fdgures2 isla viexaaficantrol circuitry ----- according to a

preferred embodiment of the present invention; 20 Figyre 3 js a block

Ciagram BT HAatOded KU AoborctAg o 5 prefbied SRR ERCof
presthetpresertimiention;l Figure dadepicipaawaveforiir deliveined toeaxrtargetfter set

athway structure such as a molecule, cell,.tissue aor organ accarding to a .

o Bt g brecont PRt ion o MODRS PO - e otion of
the CARRMING OUNIHELINVENTIQNIAdgdcetetimevanying 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 30 cells and tissues can react in a physiologically

meaningiydl T FIRNHRE RSS! eEHI 3P HpE itapitRgget pathway
s affect fevels and distbutions of induced cu

structure % iSOt arrent. Molecules,
célisS fissuee arrrorgdngare all 4 al ducedsqititent patiiayP such s be
desctalisdA agap.unciion sontagtJgn or ligand, 1Qinteragtions gt bipding
sites on macromolecules that may reside on a membrane surface are
accoyppayeldeheticeit protesses, that is electrochemical, that can respond to
ap induced elestramagpgtie sfield L1E"3 Anduged cyrrenptarrives at these

sitesviaa o .
electromagnetic treatment of living tissues and cells

of the

according to an embodiment of the present invention;

Figure 2 is a view of control circuitry —-———- according to a
preferred embodiment of the present invention;

Figure 3 1is a block diagram of miniaturized circuitry
according to a preferred embodiment of the present invention;

Figure 4 depicts a waveform delivered to a target pathway
structure such as a molecule, cell, tissue or organ according to a

preferred embodiment of the present invention.

MODES FOR CARRYING OUT THE INVENTION

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 1is these currents that are a stimulus to which
cells and tissues can react 1n a physiologically meaningful
manner. The electrical properties of a target pathway structure
affect levels and distributions of induced current. Molecules,
cells, tissue, and organs are all in an induced current pathway

such as <cells in a gap Jjunction <contact. Ion or ligand
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5 surrounding ionic medium. The presence of cells in a current pathway
causes an induced current ("J") to decay more rapidly with time ("J(t)").
This is due to an added electrical impedance of cells from membrane
, capacitance and time constants of binding and other voltage sensitive ,
Interaiiorane pfdceBedsidtch &5 et and A0 A port Equivalknt may reside
on celecthical giteuitmodglsdepresentigvariougcmentsane ardebarged, that is
interface configurations have been derived. For example, in Calcium ,
ele%&%ﬁﬁ%ﬁa‘iﬁg, thBThafige in” CoRCAHtratiBn dF boulitEa 2+ 7 tromagnetic
fielbindirgesite. due tolinckeeddn A banay berdescebeddn a freguencydamain via a
by an impedance exrgr%ssion suﬂ} as: 1 7Zb 9’\9 = Rifn +L CiO C10, 20
SUELRhich has the'form of & series resﬁan%lé?c%%acﬁan%e el(é%tlncal e
pathegyivatentscireuit Whiere 0} éslangutardrequericy’ defined ds 2ayf, wheee frapidly
wieniSigqueney, i3 51, ZL) Is the binding impedange, jand Rign and giaf o 4.cc
are equivalent binding resistance and capacitance of an 1on binding
of cpdthwayrThe valueroitke 25@guivaientdirding tilmeeconsteritaTion=0of binding
and %%ﬁ&%”bgi%? gdg%%s%@f@gmH%$%§é§@SE¥%ég€ggET@ﬂ%h as .membrane
RionCion= 1/ki,."Thus, the characteristic time constant of this pathway is
trangeterrhined by ion binding kinetics. Induced E from a PEMF or PRF signal
can,cause ewrrent to. 30, flow intoan- ignskindingspathway and affect the  ar i ous
number of Ca 2+ ions bound per unit time. An electrical equivalent of this
membigaehaife iHPSIERR dctdsy frrcequivaléatbihdingCapatiairceCpn, derived.
ror Whighis.adirectieasure of the changgain-glecticalcharge LLstoredibynge  in
C. Electricaf charge is directly proportional to a_surface concentration of
conceqiaphstin the biftiRG sife? thabis storagebfehargels equivalént tgnduced E

may Stlg@gecfl%fé@}%@e@theri&ha%gedﬁpg&@érwyce%@%ﬁ@ﬁ apgl jungtionsmpedance
Electrica
expressign such as:

current

1
iwC.

won

Z, (=R, +

which has the form of a series resistance-capacitance electrical
equivalent circuit. Where ® is angular frequency defined as 2mf,
where f is frequency, i = -1% Z,(®) is the binding impedance,
and Rion and Cion are equivalent binding resistance and
capacitance of an ion binding pathway. The wvalue of the
equivalent binding time constant, Tion= RionCion, 1s related to a
ion binding rate constant, ky, via Tion= RionCion= 1/k,. Thus, the
characteristic time constant of this pathway 1is 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
change in voltage across the equivalent binding capacitance Cion,

which 1s a direct measure of the change in electrical charge
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5 impedance measurements, as well as direct kinetic analyses of binding
rate constants, provide values for time constants necessary for
configuration of a PMF waveform to match a bandpass of target pathway
structures. This allows for a required range of frequencies for any given
storpdudd & wavefonnctd f6rdptifiyt t8ipling tgﬁﬁéFﬂﬁpeﬂjéﬂBé’Fng
sur rhardpass clontiiadingto regutaiory molecules isedresiuent EdyIFs target, that is
for example Ca 2+ binding to caim ("CaM") . Use of this pathway is

dulin
Storpgsed UporAedsi&ration of %ﬁﬁaigﬁﬁir, ft eXaRifid Borerepair that™ Cther

charipwalvespaeduationn aof growth factors 2o ¢eleased in variatisistages oklectrical
. g%)air. Growth factors such as plateielt derive%, rovvg: fﬁctor "PDGF"%I,l £
P fisroblast growth Factor (*FGF") and epidérmal growth factor ("EGF") are’ °<° ©
bindalhgnvoleedat avappropriate stageof diealings JAngiogenesis andne constants
neceg%méascul ril;ation g)ge alsoaigtle%r]al tg %Nouand ir anéjvcéafno?% 20 natch  a
moduiate %y PME Al 8F these Tactors aré C aM-aﬂependent. Uﬁﬁzing
banda£afCahipathway atwaveformcan betconfiguredsfor Which inducedws for a
requi QU 18 shificiently ahave packarqundinerna) nIRR ROWRIG UILE! 5 aveorm
correct physiological conditions, this waveform can have a physiologically
for sighificant bioeffectnas Wpplieatimt ofiaPotwat SNR swodel 2 CafGdlbess .
requires knowledge.of electrical equivalents,of Ga 21 binding kinetics At e pur
CaM. Within first'order blnglng kinetics, changes in concentration of
targpsundia 2-,a8TCRAMDIRGINg Sitexlover tifrfe @y Be eharactdrizedinla Use of

th1sirequengy gdomain by an eaquivalenthinding 30:timg constapt, HaN=repair, for
RionCion, where Rion and Cion are equivalent binding resistance an
examnggsacitafice 6FtHe i6n biktifg peatiway.c Tidhas elate o &ibn Himdig Factors

reletaie gonstant, kb; viasTion=; KRianCign=-dkh. ;Rublighed,valuesfor kb sansuch  as
then be employed in a cell array model to evaluate SNR gé/_com aring
[

plat@ditdge iRftcetEpy 355 PRE sigrif i@ therrhal RitlationstinkiohBgé ata 9rowth

facteaM binding 12 site, Employirg numericabvalbesHor PMF respanse) are all

, such as Vmax=6.5x10-7 sec-1, [Ca2+] =2. 5pr, KD=30pM, , ,
involved at an appropriate stage o healing. Angilogenesis and

to a

neovascularization are also integral to wound repair and can be
modulated by PMF. All of these factors are Ca/CaM-dependent.
Utilizing a Ca/CaM pathway a waveform can be configured for
which induced power is sufficiently above background thermal
noise power. Under correct ©physiological conditions, this
waveform can have a physiologically significant bioeffect.
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 Ri,n and Ci,n are equivalent
binding resistance and capacitance of the ion binding pathway.
Tion 1S related to a ion binding rate constant, Kk, via Tion=
RionCion= 1/kp. Published values for k, can then be employed in a
cell array model to evaluate SNR by comparing voltage induced by

a PRF signal to thermal fluctuations in voltage at a CaM binding
12
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[Ca2+CaM] =KD ( [Ca2+] + [CaM] ) , yields k],=665 sec-1 (Y10=1.5
msec) . Such a value for 'C,,, can be employed in an electrical equivalent
5 circuit for ion binding while power SNR analysis can be performed for
any waveform structure. According to an embodiment of the present
Sltemveﬁ%’& QY e matical iddel dah bE Bonfigired tfasdimikethgy Such  as
Vnax=thesmab roise is presest i1 g)l voltage depgndent processes and Kp=30uM,
represents 10 g minimum threshold requirement to estapllsh adequate

[Ca” SiH] PBwekCapettraf aiidity, S= AT Of thethfal n6ige can'Be-expredsed msec) .
sucn®% S {Ga) =4KT RelZM (x, wl ;V%Iﬁ’é%@%% %r{s glectrical.impedance of o1 ent

a target pathway strlcture, x is a target pathway structure
circand Ref ¢5 dehotes digal patt of whpédanceooka tar§eRpathnayysis can  be
perf%tE‘xhCéHref o@\"QﬁQ) a0 Dexpressedas; 2M (x, 0)) R+RI+R 8 tanh(yx)

his equation clearly shows that electrical impedance of the target
péﬁtﬁmﬂﬂ:tuﬁ‘eo andrcordiigiorasiidm 20 extlacellarfigidtresistaifeecion  a

mat helRek Aayaceliplar flyid fesistance, ¢ Rj)-apd iptermemirane fesistanee thermal

("Rg") which are electrically connected to a target pathway structure, all
noisgonthibateerndise filtefing VAR tFiesl aittaclk s evalnafion ©F SNR usegresents

a mid single valkes¥s of arogh meansauare (RMS)noise valtage s ISy, power
calculated by taking a square root of an integration of S"((t)) = 4kT Re[ZM

speci;&))] dveralt freqgbieles refevamt toneithero complete entranessed as:
response, or to bandwidth of a target pathway structure. SNR can be

expressed by (355 Jz?ky?%“eﬁ% ) | xSH = RMS where VM(G))I is
maximum ampli ”tude of voltage a each requency as delivered by a

chosen waveform to the target pathway structure. An embodiment
wheraccdrding to)the jresentdnventionlcompnigesance of a target pathway

structure, x is a dimension of a target pathway structure and Re

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

Zu(x,®) can be expressed as:

+R
Zu (5,00) = [%} tanh(jx)

This equation clearly shows that electrical impedance of

the target pathway structure, and contributions from
extracellular fluid resistance (“R"), intracellular fluid
resistance (”“R;”) and intermembrane resistance (“Ry”) which are

electrically connected to a target pathway structure, all
contribute to noise filtering.

A typical approach to evaluation of SNR uses a single value
of a root mean square (RMS) noise voltage. This is calculated by

taking a square root of an integration of
S, (@)=4kT Re[Z, (x,®)] over all frequencies relevant to either

complete membrane response, or to bandwidth of a target pathway

structure. SNR can be expressed by a ratio:

13
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5 a pulse burst envelope having a high spectral density, so that the effect

of therapy upon the relevant dielectric pathways, such as, cellular

membrane receptors, ion binding to cellular enzymes and general

transmembrane potential changes, is enhanced. Accordingly by

increasing a num@erofWedﬂé cy 10 components transmitted to relevant

cellular pathways, a larg& Mange of biophysical phenomena, such as

modulating growth factor and cytokine release and ion binding at
wherkegliatay molecwes.iapplicale t@ knewnhealingagechanismsis frequency as

_accessible. According to an embodiment of the present invention applying
deliqafidolY of 16 6i5E hih Spectrdl dendifFemEigne, B PURE pirstCture -

envelepd wf inema- ordi-podartectangulas as séiisetdai pulsesinuciagprises

Reak %Iectr;:c fields getwe n ahout 10- anﬁl about 100 V/cm, ,rgduces T
& pugrse%terué%ﬁect on bio 88%a ﬁéfé%% Srocé sess]oa%%ﬁ&:a%]le 5 B&th-<oft &7d -
the bdrbdissues. 20 Aceordingtonyetranotlkarcambadithent of thel presenhways,
suchMyENion by applving & biah spectral density voltage envelope @8 . ) oy

modUIa%ng or pulse-burs eﬁnlng paramet€er, power requwéj{'nents or
enzysych amplitweleanedulatethpulselbussts can then significandy devwer than

t fa moduiated pulse. bur containin ses within a similar
h ai e Pes3 R RuLSes withy W
e afjr\jegc%l(?encyég%ae.l T%is IS elto%a él%gsltaﬁtiagl r?zguctlorn in dut§/: %%Jlg V\%l\f]hin
comprapetitive buest strains erodght :abbav by impedition of andtrégulas and large

rang@egﬁagpb 99@&gﬁn@E@%%BQEHWhQH%BU@éﬁﬁ%gﬂ?%pﬁ rowth factor
30 dt

substantially uniform pulse burst envelope. Accordingly, the ual
and gaantages, of enpafced ansmitted ddsimedt to tivel refevarit dielextric €S,

app1RAMWAYS andQf deereasedipowersequiferient are achievednid . according

Referring to Figure 1, wherein Figure 1 is a flow diagram of a method for
Lo agelrfering EledtforRagnéit SigRASHS anyicgenesis arglying a random, or

ot heReQVageuigrization fargetRathwaysfructires suchasionsandigands:ofe1ope
plants, animals, and humans for 5 therapeutic and prophylactic purposes
of m@&ﬁﬁdm@tB%ﬁHQ%BBdmﬁﬁﬁangUlar or sinusoidal pulses i1nducing

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
to a substantial reduction in duty cycle within repetitive burst
trains brought about by imposition of an irregqular, and
preferably random, amplitude onto what would otherwise be a
substantially uniform pulse burst envelope. Accordingly, the
dual advantages, of enhanced transmitted dosimetry to the
relevant dielectric pathways and of decreased power requirement

are achieved.
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of the present invention. A mathematical model having at least one
waveform parameter is applied to configure at least one waveform to be
coupled to a angiogenesis and neovascuiarization target pathway

structure such as ions and iiggnds (Step 101), 10 The configured ,
waGEform Slisfies B'SNR Or PowerBNR mEAEST" tHat f6r & givenartt 297 am

of aknewmangiogeneasis angieqyascuiatizatienytanget pathyvaylsirdciure it is
possible to choose at least one waveform parameter so that a waveform
[

ANgiRICERABIENthE SAhgiSGeHesis ARd heBvastuiarizdtioh tafet pattivay €S
suchstauctirents abave itsbackgrefind lactivity, (SteprddPy sueh asthasetine for

enerJSImal fuctuations in voltage and electricalimpedange ata, (rget g nent
pgt%way struc ur%]iﬁgth d’ependl upéon astate ‘of a el and tissde, thatis

of twhethes the stateiscatdeast.orfe ofrelsting,t grawingorepladiag;iangd at least
responding to injury. A preferred 20 embodiment of a generate

one A SREEPE Comae S a Dl ot ey Savaans o7

wavelfaving at Idast onemavefdrm parameterdhatsineluged anplaraditroflarization

targlayLnay.campenents fanoing from.aboyt 0-01.Hz 19 abgut 160G g&%g 101) .

wherein the “plurality of frequency components satisfies a Power
The modél2s(StepE0R LATepetitivesdlectromaghéticosighalican bégenerted so

tnatfOF &xamplg indiictively of sapacitivaly from-sald configlred é?é JEaSLANE £ 5 on

waveform(Step 103). The electromagnetic signal is coupled to a
targghgibgéhasiy ahtl Nieovascuializatonafdet pethway Strefiteuchesst one

wavelP98andiioands by aupytofia coypling30-device such as amelegtrode, or

“an inductor, placed in close proximity to the target pathway structure
anglEstepa 94y THe coBpiing erharcesrhodilation Of biftfitd Bfions Engcture

abovigands tgaragulaignsmelecule inliving tissuesandseells. Flguse £e1ine
illustrates a preferred embodiment of an apparatus 35 according to the

thergatehtinveridH: A miriatire toRtsl Rt 15 Doalis ToupEIxoHEndt 2
targefatdeastene comestar202-such as pures The-eppositeand oftthg ate11 and

tiSSIeast one connector is coupled to a ene,ratingtdevice such as a pair of
E@CUR%FEOMfZ&?ether the state is at least one of resting,
growing, replacing, and responding to injury. A preferred
embodiment of a generated electromagnetic signal is comprised of
a burst of arbitrary waveforms having at least one waveform
parameter that includes a plurality of frequency components
ranging from about 0.01 Hz to about 100 MHz wherein the
plurality of frequency components satisfies a Power SNR model
(Step 102). A repetitive electromagnetic signal can be generated
for example inductively or capacitively, from said configured at
least one waveform (Step 103). The electromagnetic signal is
coupled to a angiogenesis and neovascularization target pathway
structure such as ions and ligands by output of a coupling
device such as an electrode or an inductor, placed in close
proximity to the target pathway structure (Step 104). The
coupling enhances modulation of binding of ions and ligands to
regulatory molecule in living tissues and cells.

Figure 2 illustrates a preferred embodiment of an apparatus

according to the present invention. A miniature control circuit
15
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The miniature control circuit 201 is constructed in a manner 5 that applies
a mathematical model that is used to configure waveforms. The
configured waveforms have to satisfy a SNR or Power SNR model so that
for a given and known angiogenesis and neovascuiarization tar

et
201 dsthiyrstittuirg, s fossibe t8tch?d%%t\N8vne%ﬁﬁrb%?§ﬁ18fer% tifatSuch as
wiresatishy Shfp ok Powes SINR sothat £0-a waveforsnis deiaetabtecin the coupled
angiogenesis and neovascuiarization target pathway structure above jts
eh Rkt Bécord

to 3y band Kty A prefeirad @bodimeht Sécdrdmgth the préems 203
The mnyentaenapplesa mathematcaltnadel to sndugesa imeswaryihg a manner

enacMEgnets eld and a tme-varying electic feld in.g 15 angiogenesisand,
né&vascuiarization arget pathway structureé” such as ions and ligands:
wavectampssinglaboud 1@ tgabedt W00 afsecmbuitstsref alboutalttosalyout 1O0R or
mi econd rectangular es repeating at about 0.1 to abaut 10 pulses
P AL O Phak i 1 the LGS Secthe 1 & bekuEen Bbogy ™
neova sidra20zartd aboitl00m \Pernhvaryeds accordimgeto almodifigaolible to

cho oféjg C%%@ e"%lg%rlg fp:agggxlé%%qys At‘ﬁ’g\éefg QP iCQP{}g'éR?}g %Szm% &Per & feﬁ\?}g so that

embodiment according to the present invention may be applied to a
a wagrdgiogendsis datseovhdcuiatizdtion tanget patneay stractdre such as

neovi208.angyligands for a preferred total gxpasure tme of 25 ypder; dEniBHt@kground

'to 240 minutes daily. However other exposure times can be used.
act iwaveforiestigured by e fhiAiattire 2coimist irBuit 201 are Bireetedto

inved 9eDArating device, 203 such, As; elegtricgheqilsivia conNecton 202, I& 4 -y ing

generating device 203 delivers a pulsing magnetic field configured
magngécdtdihgtd@ 30 athémficalihadélJtiat eah beudetProdprovide

angiteaiment 40 anangiogenesis andineovaseuiagzation targetRafhway ucture
structure such as a heart in a chest 204. The miniature control circuit
suchapsliesd BuRity hagheficfieldTora préstibRbtite Afdcanabout 100 msec

bur s@dtonTaticaliy, tepeat applying theopulsing raagnelicfield forag35 Mayulses
applications as are needed in a given time period, for 16 example 10

LePChihéE% ddy. ZOpieferled ehfhodithght dbordihg s ther 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 angiogenesis and neovascularization 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 wvia connector 202. The generating device
203 delivers a pulsing magnetic field configured according to a
mathematical model, that can be used to provide treatment to a
angiogenesis and neovascularization target pathway structure
such as a heart in a chest 204. 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 period, for
16
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present invention can be positioned to treat the heart in the chest 204 by

a positioning device. Coupling a pulsing magnetic field to a angiogenesis

and neovascuiarization target pathway 5 structure such as ions and

ligands, therapeutically and prophylactically reduces inflammation thereby
exa ci]n% palifl ahd? pfohioted HEafinG T WHENBIBATEAIRDils Hre Usad g to the
prester genekating slevieen? 3 the electrical goils car bepoweredavthe ain the

time varying magnetic field that induces a time varying 10 electric field in a .
che st rgétpatiway Birtictute AtBordiliy to° Fard@aiPs taw? Ah Biéciiomaghatectc
fielsignal genetateddanthei generating deyvicesdQ3-can alsorbe- applied usingway

strufigcirachemical, coupling, wherpin elegtrodes are.in direct contact with
Skin‘or another'uter ercéc?rlcally conductive boun ary of a%arg\ét 15

proppathaayistrictyrer ¥ étimeanatheérl embedintent tdceordiyg tethec preserdin and
invention, the electromagnetic signal generated by the generating device
PO b 68 ApLled Wene Slac it aplils whe i oA o Gap
genegxistsrisetwern @egetittating devite c203 sadh as ah=lectrodeapdacred with
2 +1f0i0genasis apd A0.naovaseuiazalion targel palbway skictue syeh as
lons and” ligands. An advantage of the preferred embodiment according to
electheisreSentlidvemion isahateits wlerblightveighticdilsrand enipiatonized: o

raraBIGHILY allow faruse with comman physical, therapy freatment modalities

and at any body location for which 25 pain relief and healing is desired. An
geneg@aritagebusiiesult ©F applicatier oPthepieidimel embodimemctrochemical

coupdasaydingio the present dpyention isdhata living organsms.angiogenesis », or
and neovascuiarization can be maintained and enhanced. Figure 3
anot@epicted BlocR tragrantef'd preferted erittiment Straccotdifig te tHet

pathRiegentinyention of g minigture contiol cireyit 30Qe 1 he miniaturecontol the
circuit 300 produces waveforms that drive a generating device such as
Presgite child destribed dbovE it Figur@2I TRk rinfatd Hrdl eirelitdary the

geneb@ activatad by anysactivatian meansauchas ar @nloff switeh. 35 hestatic

c ouprlnirr]ll%tu{r% ggre]tirgl Callrrg:ugigpogg%s %)E(i)\s,vteg Sgg[ccm?eseurghaasgg nerating device
203 such as an electrode and a angiogenesis and
neovascularization target pathway structure such as ions and
ligands. An advantage of the preferred embodiment according to
the present invention is that its ultra lightweight coils and
miniaturized circuitry allow for use with common physical
therapy treatment modalities and at any body location for which
pain relief and healing is desired. An advantageous result of
application of the preferred embodiment according to the present
invention is that a living organism’s angiogenesis and
neovascularization can be maintained and enhanced.

Figure 3 depicts a block diagram of a preferred embodiment
according to the present invention of a miniature control
circuit  300. The miniature control <circuit 300 produces
waveforms that drive a generating device such 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
17
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17 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 5 current outlet such as an
LithARTH BYutiEr Codpled 18 the 5reSEnt thvehiion totexantple bya phiy'and Source
has wife.Aiswiiehing pewege supply 302 wonthils yvoliage toa tuefo=contivllere used.
303. A greferred embodiment of the micro-controller 303 uses an 8 bit 4,

N §1S% Bicro-cBREOIEISY3 bAEGie? bit MHLcombiafidit ifidto 1g7vention the
poweeoniralletsmayrbeadseth Thetswitchingjpower supphy-302also delivetselectric

currSqffentto storage capacitors 304, A prefert rf‘b%%{}’e%g” € PIGSeN,  esent
Invention uses storage capacitors having a uF outp% ut other
inveatitpots cnibe agedplke stprage cdpacitarsa304vallew high feeguencyng power
ulse§502be 15 dceliv%red to a cou ling device such as inductgrs g!ot
€ - 303. A
SUPPE ) “The Ricro-aontrollar 303 also cantrols & B3 SHaber 305 and a
prefpulse phasetidiing contedl 306 The pulsecshaper B0SrantPpulseephase 8 bit 4

e UIng soptipl 30§ determie pulse shape, busst width,  burst gnvelone, , ;i cro-

shape, and burst repetition rate. An integral 20 waveform generator, such
contge alsies wavayor agbitkerghumbee generator can alzewssincorporatedig2 also

de1iRAOVide specific wavefarms, Ayoliage level,conversion syl-Lircuit308, o rerreq

controls an induced field delivered to a target pathway structure. A _
embog\witeHitg Hexfet 368 al6®s Pulses ofanbomized amplitidetose 25capacitors

havi@%‘iy%{'edZtQCPUt@P't_393‘59@50%%%@ waveformitoalleast ong, couplingseq.  The
device such as an inductor. The micro-controller 303 can also control

storgal expodBarelfie df aifgle reafitientofH targEEFEMEY stRichies to be

de1i4Gheas a moleculeueall tigsuge andeorgannr hgdniniatirecontrol QirgHit shown) .
300 can be constructed to 30 apply a pulsing magnetic field for a

The prbeepePiimedntrto dltonfatically ropeaPasplfing tHe pulsigiRagrcte and a
pulsfieldforas many@applicationsasare needed ipa giventimeperiodsfosnd pulse

phase A A e A Y- A e e AN O N arst  width,
burst envelope shape, and burst repetition rate. An integral
waveform generator, such as a sine wave or arbitrary number
generator can also Dbe incorporated to provide specific
waveforms. A voltage level conversion sub-circuit 308 controls
an induced field delivered to a target pathway structure. A
switching Hexfet 308 allows pulses of randomized amplitude to be
delivered to output 309 that routes a waveform to at least one
coupling device such as an inductor. The micro-controller 303
can also control total exposure time of a single treatment of a
target pathway structure such as a molecule, cell, tissue, and
organ. The miniature control circuit 300 can be constructed to
apply a pulsing magnetic field for a prescribed time and to
automatically repeat applying the pulsing 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.
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present invention uses treatments times of about 10 minutes to 35 about
30 minutes. 18 Referring to Figure 4 an embodiment according to the
present invention of a waveform 400 is illustrated. A pulse 401 is

repeated within a burst 402 that has a finite duration 403. The duration
4ég§ifse§d‘dﬂ%at SYuty EFEIE Which caR beTBIRY S RS a REGOTDURE T the

pre seuration{@ signahpesodds hetweaen-aboltd tosabout d8:A preferecbulse 401
embodiment acco,rdin% to the present invention utilizes_pseudo

s reREhgttar 16 mictosecottf fliséS for ‘plitde 20T applied it abufdtgdzton 403

The feuabeublO twogbaik 58unsect having adunodifieg dlfcamplitutde eavelope defined

404 gg% wﬂp L%flnlte 10 dura}ctlon 403 corres oPdln to a burst period of

25 Spdtiieen aboubd1® and'About 18 sedorids Exanpie 1°t5 The Powsr SNRPOUt 1

to approach for PMF sigrei configuratitnoiascbeendesteddexperimentaly orpresent

i veSigiUM denedent myosin, phosphonylation in & slendard enzyme 238y, o o
e ceII-Pree reac%lo mixture was C ogen f"or phosphorylation rarﬁe t(PBe

pulsknedPin tzimelf@eé_evémal mimte_s,tanfwfbr $@b—s&ﬂu@aﬂnn@a 2e28bout 50 msec
havié%?cgntﬁ%t&)ﬁ irgc&s Olp%.' S é@%? P&%%fgal g‘ﬂ'{}%‘i‘éﬁé@ %%244-/%%'}4' t%it%% a finite

F-sensitive. This system IS not responsive to PMF at levels utilized in
durathiostudlyif Carrcisprzaturation levelswith respecttoCaMeangen about 0.1

and Bagtionqig ngt slowed to a minute time range. Experiments were
performed using myosin light chain 25 ("MLC") and myosin light chain

kinase ("MLCK") isolated from turkey gizzard. A reaction mixture

consisted of a basic solution containing 40 mM Hepes buffer, pH 7.0; 0.5

mM magnesium acetate; 1 mg/ml bovine serum albumin, 0.1% (w/v)
Exampl@ecd 80; and 1 mM EGTAL2. Free Ca 2+ was varied in the 1-7 pM

rafge. @neeCa 2530 hyffering-wasrestablishedsfreshly prepared,; i@ &M on  has
CaM, 160 nM MLC and 2 nM MLCK were added to the basic solution to .
beentornt& Stk realiigitiixiGre: TheYow MLC/MITKC LD allGiFeFTinga:  myosin

phostihebehaviosin thesminute imeryange. This pyevdedssay. The cell-free
reaction mixture was chosen for phosphorylation rate to be
linear in time for several minutes, and for sub-saturation ca?t
concentration. This opens the biological window for Ca®'/CaM to
be EMF-sensitive. This system is not responsive to PMF at levels
utilized in this study if Ca®*" is at saturation levels with
respect to CaM, and reaction is not slowed to a minute time
range. Experiments were performed using myosin 1light chain
(“MLC"”) and myosin light chain kinase (“MLCK”) isolated from
turkey gizzard. A reaction mixture consisted of a basic solution
containing 40 mM Hepes buffer, pH 7.0; 0.5 mM magnesium acetate;
1 mg/ml bovine serum albumin, 0.1% (w/v) Tween 80; and 1 mM
EGTAl2. Free Ca?" was varied in the 1-7 upM range. Once Ca*
buffering was established, freshly prepared 70 nM CaM, 160 nM
MLC and 2 nM MLCK were added to the basic solution to form a
final reaction mixture. The low MLC/MLCK ratio allowed linear
time Dbehavior in the minute time range. This provided
reproducible enzyme activities and minimized pipetting time

errors.
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reproducible enzyme activities and minimized pipetting time 35 errors. 19

The reaction mixture was freshly prepared daily for each series of

experiments and was aliquoted in 100 pL portions into 1.5 ml Eppendorf

tubes. All Eppendorf tubes containing reaction mixture were kept at OoC

thentrah§RWetI0 a’Spetidfiy 5 UeSigried fater batimanftainétfatd7 for each
seri1@dCJIy eonstanitmperusiomafl water prewaistediby passageihrogght#ions into

Fisher Scientific model 900 heat exchanger. Temperature was monitored

L-> fith HYREFMIStor prBBE Such &d a COIRPAIHer niotist 811607 lifiiérsbde ct+on

mixtinrene Eppendorétitbe duringall experdmentsr Reacttor dQ wasinitiatedpecially
.with 2.5 32P ATP, and was stopped with Laemmli Sample Buffer
deSlg&IS ion \Egrl%t%lrnil%%kbM wg.aﬁxpﬁelgimuarhﬁ of%n\ze Elan@'spémcgleé eré:onStant
per foaunted iréactvexperimente Blanksdonmprisedaa tetabassayrmixttire a Fisher
. _minus.one of the actjv mponents.Cat+, CaM, MLC or MLCK. .
s A L bR SRS WA Figher TA Rk 300 Gpr aerdion tored
withrejectethePhosphoryigtiopheasallowedito proceeefo? Srmierandavas. 8110-20,
mme$(Aate by coupfing 336, ipcarporated, in ML using.a IM Angyic
lmmemodel 5303 II\l/Ieark quu% rscintiﬁz%on cgunli!\ér. The g%r%a%comprised
was repetitive bdrstsiefa Righ fidguerey 20Rvavafernydmplitodeadswith Laemmli
sampT@MIAREd.CONSIAR 8L0-2G. ARd RPN IAIe WASTROUISHSR (Bf:lin o £ive
exposures. Burst duration varied from 65 psec to 1000 psec based upon _
blangrofefiBRs Sof Power SNR aadlysis wHich: siouired et optimBlLPBWwer comprised
a toNR would, beachieyed asurst dyrationappigached 50Q p%%cfnﬂ_cg‘@ents ca?’,

results 25 are shown in Figure 7 wherein burst width 701 in psec is plotted

CaM, oiftie eaxilart: MyssiRPRSphryiaton 70z Bs freatdtl/stiaih s pittterl higher
thanon3be y-a¥is. Iteanbeseenthatithe PME effecton Ca2sbinging ta CaMied  to

approaches its maximum at approximately 500 psec, just as illustrated by
Proceipdwer SNRIModaId 30 Thesd testitisShrifivm IRAEE PME sigRaftncorporated

in @@nfigurgdiaccording tovan embadiment ofthedfresent imyventiognswould  1iquid

scintillation counter.

Reaction

The signal comprised repetitive bursts of a high frequency
waveform. Amplitude was maintained constant at 0.2G and
repetition rate was 1 Dburst/sec for all exposures. Burst
duration varied from 65 usec to 1000 usec based upon projections
of Power SNR analysis which showed that optimal Power SNR would
be achieved as burst duration approached 500 psec. The results
are shown in Figure 7 wherein burst width 701 in psec is plotted
on the x-axis and Myosin Phosphorylation 702 as treated/sham is
plotted on the y—-axis. It can be seen that the PMF effect on ca®*
binding to CaM approaches its maximum at approximately 500 usec,
just as illustrated by the Power SNR model.

These results confirm that a PMF signal, configured
according to an embodiment of the present invention, would
maximally increase myosin phosphorylation for burst durations
sufficient to achieve optimal Power SNR for a given magnetic

field amplitude.
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maximally increase myosin phosphoryiation for burst durations sufficient
to achieve optimal Power SNR for a given magnetic field amplitude. 35 20
Example 2 According to an embodiment of the present invention use of a
Power SNR model was further verified in an in vivo wound repair model.
Exam ound model has been well characterized both 5 biomechanically
and bochemically, and was dgedimthissstudye Heakhy, young adult male use of
Sprague Dawley rats weighing more than 300 grams were utilized. The
* PGfiihals Nere Bidsther st wi s FrapErTonedt doskiof Kbtatfine 757° ound
repamg/kgpaird Medetomidines0.d mgikgl Afiesadegiater<l0 angsihesiadatzed both
b be%n achieﬁd, the f(gor um was sha eld, pr%prp(fd with a dillge .
+OMSétadineralcoRol sofution, and le%lf)% uPéfng sterilvéatgch%?c?ue. USin
Hea l#1Y scalpelanSdcmdineai imciiore yvas perfdraedrthteughethelskimydowne than
300 tortgggasci% on the log&gn of each rat. The wound edges were bluntly
disSeéted 1 brea anyi remaining dermal fibers, leaving an open
Thwowrd approxingately ah eat inediameterviHemostasiswas pbtaifethwith dose of
Ket ofIRNEd PSSRty ayoid any.damage 19 theskin gdges, The skin edoes, ¢ .t
were then closed with a 4-0 Ethilon running suture. Post-operatively, the
ane sghiatals rebeidedByprerrorphinedil-0.Bhiy/kgointraperitorreals 20VRtby prepped
witnWere plaged inindiyiduah eades and received faod;and watstad bty ysing
PMF exposure comprised two pulsed radio frequency waveforms. The
sterfirbpwhS @$taAdard cliARBNPRE digRal comiptising 8853568 blrsiegfr incision
was $ei2dMbesinusoidalwavesatk Gaugs amplitudeand2arepeating ahe dorsum
00 bursts/sec. The second was a PRF signal reconfigured according to
of earBmbvEimencofMRe preseft ivefiolr. PoPHI BighaPs@stadrationbreak any
remaWa$ ereased1o 2000 4sec andthe; amplityde god repatitign rale welenately 4

reduced to 0.2G and 5 bursts/sec respectively. PRF was applied for 30
cm lﬁnﬂ&é&ﬁﬁ@é- Hemostasis was obtained with applied pressure to

this study.
ga

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.

PME exposure comprised two pulsed radio frequency waveforms.
The first was a standard clinical PRF signal comprising a 65 usec
burst of 27.12 MHz sinusoidal waves at 1 Gauss amplitude and
repeating at 600 Dbursts/sec. The second was a PRF signal
reconfigured according to an embodiment of the present invention.
For this signal burst duration was increased to 2000 usec and the
amplitude and repetition rate were reduced to 0.2G and 5
bursts/sec respectively. PRF was applied for 30 minutes twice
daily.

Tensile strength was ©performed immediately after wound
excision. Two 1 cm width strips of skin were transected
perpendicular to the scar from each sample and used to measure the
tensile strength in kg/mm?. The strips were excised from the same

area in each rat to assure consistency of measurement. The strips
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30 daily. Tensile strength was performed immediately after wound

excision. Two 1 cm width strips of skin were transected perpendicular to

the scar from each sample and used to measure the tensile strength in
/mm 2. The strips were excised from the same 35 area in each rat to

Kk
wereaddtive dBRLRtLy T redstténidht e stripsS2f WelB théiPhiouhtédon 2t 10

mm/madensiametel The stripsiwveredoadegatchts dM/mia enethe Raximuwnd pulled
force generated before the wound pulled . apart was recorded. The final |
aParfa it strefgihfor m%%r@&ﬁ@xi’ast88r°‘e3r3n?nesat6$?§5}r?g 1€ averdgeof °o" Wes
det etheimaxintym dead igkilagramsed pee nuh 2rofthedwonstrps tsam the kilograms
same wound. '{he rescults showed a\tlgrage tensile strgngth for the 65 }sec
Per 1Gauss sivé%aﬁwﬁéFﬁ. 53 kg mnt 2'tor %%uélxp'osed group versus
13 0e 35kgimns 2 fopthedcontrat greupt@ss0l)e whichesga 8% increases 5> psec

In contrast, the average tensile strength for 10 the 20 Olf}s 0.2 Gauss
L | e ot cortig - emBoont O the frescmPoSed. group
ver sinventfordusing a®PowemBRIREmodehwas 212 o8.6 kgfmm?2 (fox tHel treatedich is

a 4%0”%‘6%%%{%%3-71%-15%4{‘8@3#9<-9Mmé@%%%téo'Qé%téoi_f‘éhiﬁgwé%@ngth for

% increase. The results for the two signals were not significantly
the difféfenta5droin eadtrother. Aitiese rasuits, deptonstiate Bt agcording to an

emboa%ﬁ?QHiE“%‘E OEHE &!?é%%’&f‘v%%@léﬁ%‘?{e%@ﬂ%v BRE%%@' Qﬂ%e model was

configured that cchuId be produced with significantly lower power. The ,
21 . 2PRF signaf Lokfigufed aédsidingae wrcerabediment bFthe présentt 4.1 kg/mm

(p< . iyentiep, - 20:accelegted wound iepair ingherat madelin 81w ROWeL ase.  The
manner versus that for a clinical PRF signal which accelerated wound

resudepair batredudifed hitte thadtkborde?s of Magnitdde iidré poinelvto different

fromPrOguge cEXxample 3 25 In this example Jurkat cells react to PMF
stimulation of a_T-cell receptor with cell cycle arrest and thus behave like

NOTARAT-ATBhbCS e SHmMAAteatsy atiend at FRPLAIent of the present

invention allowed a new PRF signal to be configured that could
be produced with significantly lower power. The PRF signal
configured according to an embodiment of the present invention,
accelerated wound repair in the rat model in a low power manner
versus that for a clinical PRF signal which accelerated wound
repair but required more than two orders of magnitude more power
to produce.
Example 3

In this example Jurkat cells react to PMF stimulation of a
T-cell receptor with cell cycle arrest and thus behave 1like
normal T-lymphocytes stimulated by antigens at the T-cell
receptor such as anti-CD3. For example in bone healing, results
have shown both 60 Hz and PEMF fields decrease DNA synthesis of
Jurkat cells, as is expected since PMF interacts with the T-cell
receptor in the absence of a costimulatory signal. This 1is
consistent with an anti-inflammatory response, as has Dbeen
observed in clinical applications of PMF stimuli. The PEMF
signal is more effective. A dosimetry analysis performed

according to an embodiment of the present invention demonstrates
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receptor such as anti-CD3. For example in bone healing, results have
shown both 60 Hz and PEMF fields decrease DNA synthesis of 30 Jurkat
cells, as is expected since PMF interacts with the T-cell receptor in the
absence of a costimulatory signal. This is consistent with an |
"hY  R5RHamhiaten responses hsHas0een BbterV8y in Thfftal Spgicationg?ave 2
grea®kPME stiawdi. The:REWE- signal isymore efiective rA gosimetrnysanalysiShe most
_performed 35 according to an embodiment of the present invention
EME -3 EMBnStRs 955 WhY Bigth $ignals are effective and why PEMF signals
havenaagreater effett thars6th&zrsignals @n Jurkat cellsdn the giostls  employed

MF-sensitive algcrovvth st get.kg:eomlpat{ison of dosimetry from the tw
[

anOSEHE%gIs %‘rfnapjiélyedl S involves évaluation ofotﬁe Fa 10 of the Power s?gcerclf%mOf the

therofthe nthesmakndise yeltagesthat is FowerrfSNRRto that afithe induicedle induced

voltage at thg EMF-E%?EnSitive target gathcwary structure. The target
1t h ~ L h t . Th
Ve Sgtle"lwa?/ structure used is 1on Bfgh}fng at raecg[e)tor dites on gurkagggl?s ure ©

targsuspenadeday?2 rimmof tulture msedium sTheoaveragel 10 peak eleetrierfietd sites
on }E‘PS@'%%&‘%§'t%ﬂ‘{§’£é%£é%f\"'i§'gf%mc° 8NG FMSEGOUISLOf 2000 4 yerage

sec pulses repeating at 15/sec, was ImV/cm, while for a 60 Hz signal it
peakwasIBrpVicm. Example atn thissexamplelalgctrontagnéticofieldeen&igyt signal

comp‘g’ﬁé ys6d shastostimplate ngevaseylarizationdn ando vivodpgdel, Iwg, 15/ 5¢c,

ifferent signal were employed, one configured according to prior-art and

was 3BEéeHd cohfiguted @ecerdiny ran iemBaditterit®$ the) preséat -
Exam'ﬁygntpn. One hundred and eight Sprague-Dawiey male rats weighing 20
approximately 300 grams each, were equally divided into nine groups. All

aritdls weré anBBthetized Aith Aamaarelef T1eld energy was used

to sketamine/acepromazine/sStadol af 0l 66/gaHsing sierils sgical Two
techniques, each animal had a 12 cm to 14 cm segment of tail artery

diffRaRBEted BEIRY niiEroRuRJIER WEhiq & STHE Aty 55> as fiushed Witht©
prio80 ml gfhepariiized salinentoirgmaeue aMkording to an

embodiment of the present invention.

One hundred and eight Sprague-Dawley male rats weighing
approximately 300 grams each, were equally divided into nine
groups. All animals were anesthetized with a mixture of
ketamine/acepromazine/Stadol at 0.1 cc/g. Using sterile
surgical techniques, each animal had a 12 cm to 14 cm segment of
tail artery harvested using microsurgical technique. The artery
was flushed with 60 U/ml of heparinized saline to remove any
blood or emboli.

These tail vessels, with an average diameter of 0.4 mm to 0.5
mm, were then sutured to the transected proximal and distal
segments of the right femoral artery using two end-to-end
anastomoses, creating a femoral arterial loop. The resulting
loop was then placed in a subcutaneous pocket created over the
animal’s abdominal wall/groin musculature, and the groin
incision was closed with 4-0 Ethilon. FEach animal was then
randomly placed into one of nine groups: groups 1 to 3

(controls), these rats received no electromagnetic field
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blood or emboli. These tail vessels, with an average diameter of 0.4 mm

to 0.5 mm, were then sutured to the transected proximal and distal

segments of the right femoral artery using two end-to-end 30

anastomoses, creating a femoral arterial loop. The resulting loop was
treafipRpiscéd éi”%ﬁﬁcg‘téﬁéﬁff]s PocKet created dver tHE Fhimal® oups 4 to 6,
30 mabkdorvineh wadigreindnuseulatuse,angstheqgroini ingisien Wwaseclesednwithet ic

4-0 Ethilon. Each animal was then rand,omlLEIaced into, gne of nine

FlelgdubSr groups 1 67535 (coirols), tResdRts rdteivedng 1e¢ 2t 4. 8, and
12 welertomagnptic fielde 23 treatmentgrancbwere kiled at 40 8mand 12 weaksent s
. _groups 4 to 6,, 30 min, treatments twice a day using 0.1 gauss
A GHEIE el TOT A B and 19 oo mls Wt I & 419, 0
12 wamed s12(weeks, respectively)ldrdigeaups, 7 & 9230IMiR. treathents 5
res tV\(/:i ea %\2/ using 2.0 gauss electromagnetic fields for 4, 8, and 12 weeks
p?anlmaﬁs ér'e killed at 4, 8, and 12 weeks, respectively). Pulsed
electromagaétic energyonas appketctosthevtreated rgroegs usinghe devieeted

grou%%”sﬁré‘f ed aceprdingto anepbadiment of 19 for%eégngmvgg%%%iment of

nimals in the experimental groups were treate 0 minutes twice a

the @axeategithérro@rg*aygsorQ@@@h@s}@iﬁ@%h@ﬂ@t@éﬁ@bﬁk@@@@s were
t reaMSECESL-12VHZ LAnimals were positioned on tap,af the applicator hgad, g

and confined to ensure that treatment was properly applied. The rats .
gausgweré1$3 pearfasthétiZedLGits kdtanfifefacepromiazinéStadol - 12 MHz. Animals

werQnH§E§@E%@@@y§Hd@£pl&¥9§ﬁgegﬁﬁﬂf@§%5¥KW§QdU§E@ N8 fined to

previous groin incision, the femoral artery was identified and checked for

ensusgtehby tTHe fetaralitailafery 1661 WAE thet idGiatedBroximalRy it e

reandistallyfroya the,anastomoses sites cand- 20 ihe vessal yasiclamped off.
Animals were then killed. The loop was injected with saline followed by

intrgBeilioR ot of coltted Ydtek thfowth A9Bgauyel cdtiigany sty - Using
the ¢lampesdudhgaverying-abdeminal skinnwas carefullyresectedsanddhe i ried

and %%%Eﬂégp%ggspatency. The femoral/tail artery loop was then
isolated proximally and distally from the anastomoses sites, and
the vessel was clamped off. Animals were then killed. The loop
was injected with saline followed by 0.5 cc to 1.0 cc of colored
latex through a 25-gauge cannula and clamped. The overlying
abdominal skin was carefully resected, and the arterial loop was
exposed. Neovascularization was quantified by measuring the
surface area covered by new blood-vessel formation delineated by
the intraluminal latex. All results were analyzed using the
SPSS statistical analysis package.

The most noticeable difference in neovascularization
between treated versus untreated rats occurred at week 4. At
that time, no new vessel formation was found among
controls, however, each of the treated groups had similar
statistically significant evidence of neovascularization at 0
cmz2 versus 1.42 £ 0.80 cm2 (p < 0.001). These areas appeared as
a latex blush segmentally distributed along the sides of the

arterial loop. At 8 weeks, controls began to demonstrate
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exposed. Neovascularization was quantified by measuring the 25 surface
area covered by new blood-vessel formation delineated by the
intraluminal latex. All results were analyzed using the SPSS statistical
analysis package. The most naticeable difference in neovascularization

neOVRSlektteatbd VerstiRAitidted Fatd otciinld Gt wekk 4. AtO36 tateated

groutiBeano nevwsassehiprmatinn avassiodnd ameng cortrpls, 1 heweverseaclly
. of the treated groups had similar statistically significant evidence of
s1gnddvaithlatiZation ab ' dm2Ver& i@t 4296 8o ez (F¢ d%éiﬁi%e%é 3.07 %
1. 82areas appeatedas .ad lajex bhishrsegmenallyodistibuted-alongdbe sidesfor the
of the 35 arterial Io%pc. Ait28 weeks, controls hegan to emonst{q:tglm

2-0 Aéovascalatization meastréd at 0.7 6@“@%5. é(r)ltht réeat(éangroupsgaﬁ%up
dispwegkslagainthad approximnetelyfequad statisticallyl signifioant (he:06G1)the 0.1
outcroppings of blood vessels of 3.57 ,1.82 cm2 for the 0.1 gauss,grou
s A e 3 s oA 12 ke, Br
grouthestontrall glouid) displayEd T8 0952 0f néovascedarizbtion, Again, both

treaPBEreasns 0.4 ,dauss arqup demansiiated.» 95 §&5C%T§Xa@%*}q %h'locant

&
gauss” group showed 6:20 3.95 cm2 of arborizing vessels. Again, bot
findtreated groupd displayedisomparablecstatistically significant 10 findings (p

<£:001) quep contrals, Thess gxperimental findings demansirate that

electromagnetic field stimulation of an isolated arterial loop according to
e lecan enstehent 6fthépresemunvention iféreaBes Ihéameurmgierial loop

accodvantiiaple neovascularizatien Bran inviyodakls madel 1pewasedcreases

angiogenesis was demonstrated in each of the treated groups at each of
the gedHetifieé dates) No differéhces owere ot FetiveBh thé résultsbf theo rat

modetW0 gauss-leyelsdestedas; predicted hysthedeachings ot theipresgph, of the
invention. Having%described embodiments for an apparatus and a method

treasqforgetiveing elettomaynetic tretment tofurah Sanimal and L pasE ences
wereMolaceS, sellsdissuaand-organs, ibis nated thal gauss levels tested as

predicted by the teachings of the present invention.

Having described embodiments for an apparatus and a method
for delivering electromagnetic treatment to human, animal and
plant molecules, cells, tissue and organs, 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
understood that changes may be made in the particular
embodiments of the invention disclosed which are within the
scope and spirit of the invention as defined by the appended

claims.
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modifications and variations can be made by persons skilled in the artin

light of the above teachings. It is therefore to be understood that changes

may be made in the particular 25 embodiments of the invention disclosed

which are within the scope and spirit of the invention as defined by the
WhatygSerded BRims 530 35 25 What is claimed is: 1) A method for

electromagnetic treatment of living tissues and cells by enhancing
1) aRAgingehesis fpd rebvascuiasizatdn S tomptisiagtthe Stepswafng tissues and

ce11&0Nfiguring at least one Wavea‘i%ﬁglg&eg%réjé“i%to a %%themﬁéi‘c‘%'a?%%'arization
having 4t least one waveform parameter, said at least one waveform to
compiyé sdopletite asarrgisgerfesis and neovascuiarization target pathway

structute, 10:Ghoosing a value of said at least aneswayeformparameter <o 4

so that said at [east waveform is configured to be detectable in said .
mathgRgibgendsisiand hebvaseltarizatiorrafiet pathwayy skrocfureabeweter, said

at Pagkgroupdeactiyify in-said angjoggnesis afdh agovascuianization iygeksis  and
pathway structure; 15 Generating an electromagnetic signal from said

neovesigtred Zt téast oneiwavefBrh diy CotpHRdg sail/electromagnetic

signahbioisaid angiogenesis and Aegvasciliarization target patvayarameter so
structure using a coupling device. 20 2) The method of claim 1, wherein

thatssia Hf Iedst brigSlvaveformFatamet&rinéihioes &t Idadt BRe Gfaectable in

saidfreguancye gempongptiparasieierihat configures saig-atdeast-aneiay
waveform_ to repeat between about 0.01 Hz and ahout 100 MHz, a burst

ST USE URe IR ENIGEE parHHleer tHaf folows'a dtRe HaticafF Hefingd 2nd
neovamplituge fuaetian, ackurgtwidia parameter thatvaries

Generating an electromagnetic signal from said configured
at least one waveform; and

Coupling said electromagnetic signal to said angiogenesis
and neovascularization target pathway structure using a coupling

device.

2) The method of claim 1, wherein 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, 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 pV/cm and about 100 mV/cm in said target pathway
structure according to a mathematically defined function, 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.

26



10

15

20

25

30

35

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 30 structure according to a
mathematically defined function, and a peak induced magnetic electric
3) Thadparameétvarying hetwedh Hbott 1551 9nd 2P06E6 1°F irfs&id farget
neovpaiBwaystrtigtirenaecording toa mathematically defined dunction. 26 3)east
The method of claim 1, wherein said angiogenesis and

one Rdovaditiatiation trgetpathway structure includes at least one of ions
and ligands. 5 4) The method of claim 1, further comprising the step of

) Thding.ipns and ligands tq requistory molecyles injliving cells. and tisgues
ereby modulating-angiogenesis an nNEovVaSCUianization. iOS'St)eﬁqe
bindmethadofsclaimi4 lwhereis said biadingaofdans and digahds includés ing cells
modulating,Calcium to Caimadulin binding. 6) The.method of claim 4,
T GetRY Ch L A4 TH g S Ao odtiching arowth
neoviagtorjproduetionon Jiving 15 cells and tissues. 7) The method of claim 4,
wherein said binding of ions and ligands includes modulating cytokine
production in living cells and tissues. 20 8) The method of claim 4,
5) Tivheresy Baid bifdingaofriorts amd: digands $rclddés. mbdutating growsh and

lig aﬁz@&éo)@ And gylokines, relevaptto-angiogenesis and peqyascyliay Eﬁﬁga’ﬂg :

5 9) The method of claim 4, wherein said binding of ions and ligands
includes modulating angiogenesis and neovascuiarization for treatment of

6) TE%”%Q%E%G%QV‘@ disprders. 1Q)Fhe method of ¢laim,4, whereig said g

~ binding of ions and 30 ligands includes modulating angiogenesis and
L1gapesvasttigfization For reathiént ot Cardioastuldr diseasest 12PThe 11ving

ce11methed oficlain 4, wherein said binding of ions and

7) The method of claim 4, wherein said binding of ions and
ligands includes modulating cytokine production in living cells

and tissues.

8) The method of claim 4, wherein said binding of ions and
ligands includes modulating growth factors and cytokines

relevant to angiogenesis and neovascularization.

9) The method of claim 4, wherein said binding of ions and
ligands includes modulating angiogenesis and neovascularization

for treatment of bone fractures and disorders.

10) The method of claim 4, wherein said binding of ions and
ligands includes modulating angiogenesis and neovascularization

for treatment of cardiovascular diseases.

11) The method of claim 4, wherein said binding of ions and
ligands includes modulating angiogenesis and neovascularization

for treatment of cerebral diseases.
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ligands includes modulating angiogenesis and neovascuiarization 35 for
treatment of cerebral diseases. 27 12) The method of claim 4, wherein
said binding of ions and ligands includes modulating angiogenesis and
neovascuiarization for treatment of cerebrovascuiar disease. 5 13) The
12) " fethdrsagine 4, wherdin Said"biRtiny ofi6rsand Nigards fhclages 2nd
1igam@dulatingangiogenesissand geavasctinrizaton fonireatmentparipheralat ion
vascular disease. 14) The method of claim 4, wherein said binding of ions

for La&1bT5aRdS IncilidehadaiktRd Zhgibyenasiz and neovascuiarization

for treatment of diseased or ischemic cells and tissues. 15) The method of

13) JRIM 4. pherein said binding of ens and ligands.includes modulating
angiogenesis and neovascularization for treatment of an acute or
11 gachirenicnsaftitisstienwourich t1i6) J henméthpehefclaineddwherema saidlarization
£ Qindintqmof igns and_lj andf includeﬁ modéjlatinaq angiogenesis and
or rea enec. gerlp {a vasc# ar .adlsease. .
neovascuilarization “for treatment ot sprains strains and contusions. 20 17)
An electromagnetic treatment apparatus for plants, animals, and humans

14) Prenhance anaiggenesis.and neovaseyl aQé%P%‘i%’HEﬂ?”%’fAi qvetorm
configuration means for configuring at least one 25 waveform to be
ligapeimpled td adhgicyehiesstand neovHsedRirization dafgetparaway larization

for FUUCHISAGCOing g amathematical mogel havingatlgastong e .

waveform parameter capable of being chosen so that said at least one
waveform is configured to be detectable in said angiogenesis and

15) ReQvascuiagizatien targer3Q strygire ahove backaroynd activity: igsaid ng
~angiogenesis and neovascuiarization target pathway structure; An .
Ligagigetromagnetic signargenerating medtEcohnetted o BafMaaefoan1zation

for deviee hy.at least gpeLonpecting meaps for geperatingar: wound.
electromagnetic signal from said configured at 35 least one waveform;

and
16) The method of claim 4, wherein said binding of ions and

ligands includes modulating angiogenesis and neovascularization

for treatment of sprains strains and contusions.

17) An electromagnetic treatment apparatus for plants,
animals, and humans to enhance angiogenesis and
neovascularization comprising:

A waveform configuration means for configuring at least one
waveform to be coupled to a angiogenesis and neovascularization
target pathway structure according to a mathematical model
having at least one waveform parameter capable of being chosen
so that said at least one waveform is configured to be
detectable in said angiogenesis and neovascularization target
structure above background activity in said angiogenesis and
neovascularization target pathway structure;

An electromagnetic signal generating means connected to
said waveform device by at least one connecting means for
generating an electromagnetic signal from said configured at

least one waveform; and
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28 A coupling device connected by at least one connecting means to said
electromagnetic signal generating device for coupling said
electromagnetic signal to said angiogenesis and neovascuiarization
target pathway structure. 5 18) The electromagnetic treatment apparatus

of cI&MTR 7, -WHe & Sid GPIEASTHRE Waliefdrm! faramétBrinchitesEt 9

me anl€asbone ofia cfTequensycompanent parametps that-configures/said ator
least one waveform to repeat between about 0.01 Hz and about 100 MHz
courta RdcSidihty fo's ﬁmtaﬁﬁgk%%ﬂéajfﬁn&fo?{l%?bl}rgt ShphiudRErvefdpeS s and
neovpatanieier that followsaa rathematically definedmamplitude function, a
burst width parameter that varies at each repetition according to a
mathematically defined width function, a peak induced electric field
18) paramdtervaryingbetwieenalkeutrdepV/caphs mandabout 100anM/chy jn wherein

sa1a538 afiglogensels and neoyascyiarizaion falget paway syeie. 5. of 4
according toamathematlcaﬁllf/1 defined “function, an apea induced
fregmagnetic eteetricsfigld parameterrvarying betneeawbout 4l dndabbetst one

waveQ-&Jnir’c%aigeaé‘%ocg%‘eeﬂ?eé‘ﬂd oyaseuigrzation targelpatiway o vy,
structure according to a 20 mathematically deflneéafunctlon. 19) The
accogldctronfagnetigsignaingénerating wiasnsoof,clainP 17 swherein- theusignainve Lope

paratndiductively.caupied taliving cells. aad ;Ussues where '&E‘e%?"gﬂﬂﬁ!;‘l binding
to Caimoduiin is modulated. 25 20) The electromagnetic signa

funcgémerating vediis oficlaim PrriwReient tHe signalds tapaditively €ouprigetition

acco@d‘%"%;g cells;and, tisshes whereip Caleium.Bindingt0 GRIMAAUIA IS 5 peak

. modulated. 30 21) The electromagnetic signal generating means of claim

indugzdyRérit thetsigratis imfictively CoupfedrtIVimFEsIRSan ¢ tikked 1V/cm

and WhHerein giewth/factors.anckGyiokings selevantite angiogenesisendarization
neovascuiarization are modulated. 29 22) The electromagnetic signal .
targ@éné@ﬁHa§ﬁééﬁgqﬂqﬁﬁﬁ¢2fccordlng to a mathematically defined

function, and a peak induced magnetic electric field parameter
varying between about 1 pT and about 0.1 T in said angiogenesis
and neovascularization target pathway structure according to a

mathematically defined function.

19) The electromagnetic signal generating means of claim 17
wherein the signal is inductively coupled to living cells and

tissues wherein Calcium binding to Calmodulin is modulated.

20) The electromagnetic signal generating means of claim 17
wherein the signal is capacitively coupled to living cells and

tissues wherein Calcium binding to Calmodulin is modulated.

21) The electromagnetic signal generating means of claim 17
wherein the signal is inductively coupled to living cells and
tissues wherein growth factors and cytokines relevant to

angiogenesis and neovascularization are modulated.
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wherein the growth factors include at least one of fibroblast growth
factors, platelet derived growth factors and interieukin growth factors. 5
23) The electromagnetic signal generating means of claim 17 wherein the
signal is capacitiveiy coupled to living cells and, tissues wherein growth

22) feifors Hnd

IIAES Fel&vaht 46 *dAn GG TesTs Ad hedbascutarizativh 2*

wherarenmedulated W1Hh24)aBreelectronagnetie signak genenating meansofblast
claim 23 wherein the %rowth factors include at least one of fibroblast

I* VGOt FActbrs, prtéle

UEHvEF GroWii AP And fitERETiA growtty S Leukin

growfaetdrsct®25) The electromagnetic signal generating means of claim 17
wherein the signal is inductively coupled to living cells and tissues to
modulate growth factor production. 20 26) The electromagnetic signal

23) Qgéreralieg meanscofatdim §7 ombhérepethersignalds capacitiveiy coapledl 7

wher

to,lving,cells.and fissues Lo modulate rowth actor mrodudlon. 271 The . 41
electromagneﬁc &gnaﬁgen«?raﬁng mea 5 At

oocll1 im Wherel he

t 1 s ssignalis énduictivelyccouplethtotivirng eelts and dissues tamoeladate to

angi®YeKIDg prodyction, 8%!@@_%%‘3%%0&%%'}9“&%9% | generating means of
claim 17 wherein the signal is capacitively coupled to living cells and 30
tissues to modulate cytokine production. 29) The electromagnetic signal

24) 9eferating meansofclaim Hﬁ@@%ﬁ&%@@%}s dnduetively coupled -

living cells and tissues to mo

ate angiogenesis and neovascuiarization

wherfol thé BS treatieht 6Pisoe fadtfdsialnd disof@erst 30r30)othef i broblast
growdleCramagpetic signalgenerating means of claime1 ¢ whereip, the; $jgaal cuk in

is capacitiveiy coupled to living cells an

tissues to modulate

9T OWahgi6GENESiS and neovascuiarization for the

25) The
wherein

tissues

26) The
wherein

tissues

27) The
wherein

tissues

28) The
wherein

tissues

29) The
wherein

tissues

electromagnetic signal generating means of claim 17
the signal is inductively coupled to living cells and

to modulate growth factor production.

electromagnetic signal generating means of claim 17
the signal is capacitively coupled to living cells and

to modulate growth factor production.

electromagnetic signal generating means of claim 17
the signal is inductively coupled to living cells and

to modulate cytokine production.

electromagnetic signal generating means of claim 17
the signal is capacitively coupled to living cells and

to modulate cytokine production.

electromagnetic signal generating means of claim 17
the signal is inductively coupled to living cells and

to modulate angiogenesis and neovascularization for the

treatment of bone fractures and disorders.
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treatment of bone fractures and disorders. 5 31) The electromagnetic
signal generating means of claim 17 wherein the signal is inductively
coupled to living cells and tissues to modulate angiogenesis and
neovascuiarization for the treatment of cardiovascular diseases. 10 32)
30) FhE efeltrontayiiic Sigral GerBrAtingTheans o diafr A7 wherdin g 17
whersignalis €apaeitively touplasttoiliving=cellscand tissuestomeditatec11s and
. _angiogenesis and neovascuiarization for the treatment of cardiovascular
tlssb‘i%%a €5.11%783) e BlAETrGFRNEHE s’MAl §ERSATIAY Midars of G&int °F the
treathanherem thersigmalds tndictivelycodpledriadiving cells and tissues to
modulate angiogenesis and neovascuiarization for the treatment of
cerebral diseases. 20 34) The electromagnetic signal generating means of
31) clain dYewherein ¢he sigpakisgapacifveiyrcaupterd tosliving oéllssardm 17

ahex {39810 Madate angiogenesis and peguascuializalon O e o1 ang

{féatment of carsbral diseases. 25 3 >ZI'hceoéjlgctromagnetlc Sig
tissgerserating.mealistef claigi g emkerein thedsigealis induttivelycouptedftor the

treaM’%%Ee'Jasfa'&%&isf?%é%Hlan}"%f%aé‘Qé%gﬁ”eSis and neovascuiarization
. !

or the treatment of cerebrovascuiar disease. 30 36) The electromagnetic
signal generating means of claim 17 wherein the signal is capacitiveiy

32) §eupled to.living cells and tissues fo modylate;angiogenesis,and ) 45 17

neovascuiarlzatlon fqr the treatment of cerebrovascuiar disease. 3531
wherg7yThé elethroRmgnbtic SigtRt §eagRting frRERISET dlaim 1ying cells and

tissues to modulate angiogenesis and neovascularization for the

treatment of cardiovascular diseases.

33) The electromagnetic signal generating means of claim 17
wherein the signal is inductively coupled to living cells and
tissues to modulate angiogenesis and neovascularization for the

treatment of cerebral diseases.

34) The electromagnetic signal generating means of claim 17
wherein the signal is capacitively coupled to living cells and
tissues to modulate angiogenesis and neovascularization for the

treatment of cerebral diseases.

35) The electromagnetic signal generating means of claim 17
wherein the signal is inductively coupled to living cells and
tissues to modulate angiogenesis and neovascularization for the

treatment of cerebrovascular disease.

36) The electromagnetic signal generating means of claim 17
wherein the signal is capacitively coupled to living cells and
tissues to modulate angiogenesis and neovascularization for the

treatment of cerebrovascular disease.
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wherein the signal is inductively coupled to living cells and tissues to
modulate angiogenesis and neovascuiarization for the treatment of
peripheral vascular disease. 5 38) The electromagnetic signal generating
means of claim 17 wherein the signal is capacitiveiy coupled to living cells
37) ARG s5GES IeRHTte AndichesE ATt AEIVEECIRAZALGH férRe™ 17
wherteatmend of pgripheraé vascularndisease. df.39)ethe electromagnetic 1s and
. _signal generating means of claim 17 wherein the signal js in,ductivelg
tlss&%fpl&? t8'iHg Ceffs ARE (RE0eS 16 Mnddtitatdshtisgehedis 4nd + o0 for the
treafeevascui@rizatiomferthe treatment of diseased or ischemic cells and
tissues. 15 40) The electromagnetic signal generating means of claim 17
wherein the signal is capacitiveiy coupled to living cells and tissues to
38) Modukate ahgogenesisiandsiepvascuianzation foy the atneatment bfim 17
wne-d5gased oLischemic cels and tissuss, 20 41) The plecromagnefic signal
generating Means of claim L7 wherein the S|gﬁa is inductively c%up?e to
tisshivisg tellsnand ltssaes 1 hokiate ahgiogenesisvarntnéevascaiarizatiopr the
crealghdhe treatment of.an acute.or chygpic spft tissue wound. 25 42) The
electromagnetic signal generating means of claim 17 wherein the signal
is capacitiveiy coupled to living cells and tissues to modulate
39) 3hdogenesis gpdgeovasculatzatipnon e IEAMRELAAN ACUe L 17
chronic soft tissue'wound. 30 43) The electromagnetic signal generating
whermeans ot cRimiiErL wieréinhe sigital ¥s ipelbethrsly eeupied tedivisgcefisand
riss@ad tissugs to modulate angingenesis apdineevascuianization forithe for the

treatment of sprains strains and contusions. 35
treatment of diseased or ischemic cells and tissues.

and

40) The electromagnetic signal generating means of claim 17
wherein the signal is capacitively coupled to living cells and
tissues to modulate angiogenesis and neovascularization for the

treatment of diseased or ischemic cells and tissues.

41) The electromagnetic signal generating means of claim 17
wherein the signal is inductively coupled to living cells and
tissues to modulate angiogenesis and neovascularization for the

treatment of an acute or chronic soft tissue wound.

42) The electromagnetic signal generating means of claim 17
wherein the signal is capacitively coupled to living cells and
tissues to modulate angiogenesis and neovascularization for the

treatment of an acute or chronic soft tissue wound.

43) The electromagnetic signal generating means of claim 17
wherein the signal is inductively coupled to living cells and
tissues to modulate angiogenesis and neovascularization for the

treatment of sprains strains and contusions.
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32 44) The electromagnetic signal generating means of claim 17 wherein
the signal is capacitively coupled to living cells and tissues to modulate

angiogenesis and neovascuiarization for the treatment of sprains strains
and contusions. 5 45) The method of claim 1, wherein said mathematical

44) ogef Wtided ariastone o8 iyt 16 Noise Ralis Micde ang ' 10 17
wherBowet hignal ¢ AoisesRatie model. k01 46)-the methed of elaimd, ce11s and
wherein said step of choosi%%a valye of at least one waveform

b1 sShSrantteP ifthe? ol ikt heStes of HODdsiNG R 94168 G shicParelst °r the

t rea@ne maveforapparametertoa satisfyacSigoat tosNoise Ratio model. 15 47)
The method of claim 1, wherein said step of choosing a value of at least
one waveform parameter further includes the step of choosing a value of

45) Said atdedstdnefwavieiarm paramhetes o sadisty anfomenSignal 1o MNgisd

. Ratio made]. 20 48) The method of claim .1 wherein said step of
S C M s s ot T it TSI
Powegerseratien of saldcaleetréraagreticosighal. 49) The method of claim 1,

wherein said step of generating an 25 electromagnetic signal further

includes the step of capacitive generation of said electromagnetic signal.
46) SOEThe hietHod 6f claimn, Wherdiasaid stepict coupling Saichocosing a value

of aflecigmagpstic signakfurthes inclydes. the step of coupling, 3058id,e step of

electromagnetic signal electrochemically to said target pathway structure.
choosiyphé niethod of Elaiim 19 wheréinasalid Sep ofxorphng shigr ameter to

sat18legtrgmagnes signal further inpludesihestep of coupling 33 said
electromagnetic signal electrostatically to said target pathway structure.
52) The method of claim 1, wherein said coupling device includes 5 an

47) MEHCYREhod of claim 1, wherein said step of choosing a value
of at least one waveform parameter further includes the step of
choosing a value of said at least one waveform parameter to

satisfy a Power Signal to Noise Ratio model.

48) The method of claim 1 wherein said step of generating an
electromagnetic signal further includes the step of inductive

generation of said electromagnetic signal.

49) The method of claim 1, wherein said step of generating an
electromagnetic signal further includes the step of capacitive

generation of said electromagnetic signal.

50) The method of claim 1, wherein said step of coupling said
electromagnetic signal further includes the step of coupling
said electromagnetic signal electrochemically to said target

pathway structure.

51) The method of claim 1, wherein said step of coupling said

electromagnetic signal further includes the step of coupling
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53) The method of claim 1, wherein said coupling device includes an
electrode. 10 54) The electromagnetic treatment apparatus of claim 17,
wherein said mathematical model includes at least one of a Signal to
Noise Ratio model and a Power Signal to Noise Ratio model. 55) The

. : )
saldefetfromagheic freafméntApbaratis Of chini 7, Wneréin 4 5%4id at ’Fadf

patheag wayeforauparameter capable of being chosen includes at least one
waveform parameter chosen to satisfy at least one of a Signal to Noise
Ratio model and a Power Signal to Noise Ratio model. 20 56) The

52) elestromagoeatio treatnment apparakis<ofclaigity,aehgreim gaitkeoupdingncludes

.d vic% includes an inductive generating coupling device. 57) The
an inau or . . . . .
e ectcromagnetlc treatment apparatus of claim 17, wherein 25 said

coupling device includes a capacitive generating coupling device. 58) The

53 lg,-ctromt netic freatment apparatus of cIaim.%?, wherein sagj coucplincl; 1ud
) dBuicd aildes an indutlor. 30 56 The clectiomSgHaiie tentant - Tnoludes
an eappdratsof claim 17, wherein said coupling device includes an

electrode. 34

54) The electromagnetic treatment apparatus of claim 17, wherein
said mathematical model includes at least one of a Signal to

Noise Ratio model and a Power Signal to Noise Ratio model.

55) The electromagnetic treatment apparatus of claim 17, wherein
said at least one waveform parameter capable of being chosen
includes at least one waveform parameter chosen to satisfy at
least one of a Signal to Noise Ratio model and a Power Signal to

Noise Ratio model.

56) The electromagnetic treatment apparatus of claim 17, wherein
said coupling device includes an inductive generating coupling

device.
57) The electromagnetic treatment apparatus of claim 17, wherein
said coupling device includes a capacitive generating coupling

device.

58) The electromagnetic treatment apparatus of claim 17, wherein

said coupling device includes an inductor.

59) The electromagnetic treatment apparatus of claim 17, wherein

said coupling device includes an electrode.
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