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ELECTROVAGNETI C TREATMENT APPARATUS AND METHOD

TECHNI CAL FI ELD This invention pertains generally to
waprooappasat us and a nethod for treatnent of |iRCTYS2005/013301

tissues and cells by altering their interaction with

their el ectromagnetic environnent. This invention also

relates to a nmethod of nodification of cellular and

ti ssue grow h, repair, maintenance, and general

[ W@WW#% tron eI at es

to the application of surgically non-invasive coupling

of highly specific el ectromagnetic signal patterns to
any nunber of bodwﬁméﬁﬂi cular, an embodi nent
CPL L 58S Yad | 0P, PgL i
ThiBfPEELREIOR, PSRCBARE e G "Rl WPalRekE Md a methoa
for | tu:ﬁzgttmeﬂxueogr dxﬁtﬁmmdtrlsgaies vandampbbendsi sadhdring their

neovascul ar| affecting the precursors to .
inegebia o AR O leBEaR | ool o AP heReBEER LS Bk Fopmant . This
inwidididw SusH %&lﬁﬁb@l WH bangieéobio o8l MBdeektAtion of cellular

BACRSRO D ART It is now well established that

aﬂChp‘Taii’%‘é‘Pi gHOWENne ARPASE t M iRIICANGe r cRREnEENEIRile bghavior by
" h i i i .
l'%\él%f O{%I o fesuéhgbaepf %is?éé?gkﬂ@ﬂégisieggé”' ”Qﬂgb}:&rﬁtlon, More

i'VO an Vitro broe €N use
paxztppdub‘catlpnstttﬁs bohmverphion andlbBbaes héal i ipe application of

sl SRR Y [ SBHBIGhComaRent Sy 2gfh O

ele@ﬂﬁirﬁ&gr&gti@'é‘:gg@é?ﬁe?éﬁﬁéthss*t%m&rﬁr begi@e BYof body parts. In
consi dering that an electri cal gat way rra constitute

Paréillﬁ,lblr%rrt hﬁ@ugﬁmhﬁdemeabnea%mr t iteel §z speagert invention

errplf oy| ng an g‘é roc%ﬁﬁca% “&#"a ceII Elr(rj’gr a|(1“PEMF” to

enharamh cﬂ.e.drlagr ahgssxmé [ﬁ%w&ﬂveénﬂmmaﬁrnyﬁmrambnobene31s and
bi oeffects ght be expect ed. nce a cell rane

neqab G I 3ak My (SF BRet T FhBCBREcHEcoEL Ay ffowth factors

andf'cﬂﬂxélrréﬁﬂékﬂﬁe%Vgﬁ@hma%ar?&Elﬂéaﬁ&rblndlng such as calcium

binding to calmodoulin.

specific

BACERGROUND ART

It is now well established that application of weak non-

thermal electromagnetic fields (“EME" ) can result in

physiologically meaningful in vivo and in vitro bioceffects.

EMF 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 1linear 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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whi ch an induced electric field could couple
el ectrochemcal Iy at the cellular surface, such as
wo obosagasglependent ki netics. Extension of thisp¢T/meE05/013301
nodel al so involved Lorentz force analysis. A pul sed
radio frequency PRF") signal derived froma 27.12 Mz
becon#t i nacassairge mavefilmledaf oranigep aff syavefex ngarameters for

Whlcrﬂlo I q td%%% eo%g?% ﬁ? f dl raLt hec{on&/]‘.d cBHéiSd qlfctrochemically

succ ssor was original

at repertesibgian @zﬁ@ﬁd@mgmbhc ésd@bbmmﬂ-@@éndent kinetics.
eI iciti n% a non-thermal biol qggical_ effect
fof thifectiBRET PRRIPherapati ! Yﬁ"éatg“b?%ntz force
deen reported for reduction of post-traumatic and
an 31‘691
st-operative pain and edema in soft tissues, wound
heal ing, burn treatnent and nerve regeneratiqn.

Apft | PRLFER oFagke requrRnGRsd RN ofiP8dnetiprived from a

27 %ermbaéoﬁegﬁqsusn%&%slmé/ 4sed igd s /eIy ¥2358e healing is
Results to date using PRF in animal and clinical

knostrudirestBeggedort hat @rfematﬁgem-nea&upub'agdr stgcegsor of the

il AL THRE SR HERThY, R R Hakeh isestromagetic

flea_@ouapaduél -Qfft I &TipivprGt I£Sn0ﬁ—th§m13tﬁzuﬁtdljﬂ:£$ effect in
pposed to the properties of isolated cells. In recent
th%/e%F%at’E?Pﬁl Of iRECOFLORT. | BRksi WRETAREUE1G ggPglications have

beefm% S ?P%é&&étﬂéh”&f%b%%dt@éh&b%i%f FA® ok -operative

wave, wherein each pulse burst
paiconand s estemani it h sSofftsi m:'ysties%e wiogngs etm&:imgh abunrg treatment

an P68 "Bhkbebab10rE] NG BLabLEh 5P B 5E A0 resorution

of Hkaingt i@l dderh Nghe M@bbﬂée1ﬁﬁ’&ba‘suﬂ§l§n‘ﬂ@e@pimﬁébent years.
each PRF burst, one was |imting_frequency conponents

Resipdis c‘&l%ﬁ‘é%u‘ﬁﬁ’bngoPBEI &Danninad| icd ipdiGMayitydies suggest
tha?l‘.e +§eﬁ5 n‘B’rS% m-erégﬁraﬁﬂgy'z'&tﬁl&ftff’&ﬁggﬁkhc electromagnetic

I sing rectangul ar wavetorns such
stipuilsisng el ectronagnetic fields, and sinusoi dal
wavef orms such as pul sed radi o frequency fields

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-—iﬁvasive PRF at radio
frequencies comprised using pulsed bursts 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 1limiting £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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rangi ng fromseveral Hertz to an about 15 to an about

40 MHzrange, are clinically beneficial when used as an
wadjoanaeiisye therapy for a variety of nuscul oskeCEUS2005/013301

injuries and conditions. Beginning in the 1960's,

devel opment of nodern therapeutic and prophyl actic

rang®s cérenaslininalivedoeyetichnkalwhrnbl agSocaat egdjunctive
' non-uni on a e ed io I L.&S. ARV
enghiddy (dot! O SRR AT o) ChupRlioigtEaE FRilkies  ana

cordiitoilggis whi ch bone adaptively responds to nechani cal

input.. Early therapeutjc devices used i npl anted. and .
serfCd I eLB] EBEr dRAD"gH | Ye¥e FPePECP i MadsRn therapeutic

and " Beaopniyd AR tHilACHETeck! GyadOns iRHAH MRI t @5NNEL 9881 problems
were subsequently devel oped using el ectrical and
asxiaiatetmghidili c nonefudd.ommhagd nggipyedesupdpa bone fractures.
rigrnakly Satk e PLQVi ON-4 N j o-tough
sl BT VIR0 ikt oy Fadt il TG (CAf T, 2 means
thmowd | Mhistue boaeel ad@bitdivedly appkpoatisonsoofmé¢dieseical input.
t.echnol ogi es i n orthopaedi cs have

Jled to approved .. .
Earisp| i eae %%UWreB%VgFEFy H&§8Fes Wi%%ﬂg seml-invasive

e1ddeidENt 01 1 FEALAY 83 réeh A gt UPiBee) apd & €ficture site.
fractures, as well “as spine fusion. Presently severa

NorEMmasd s tonknPlogbeshewsrgnd sulpseavanddvar idewadfoped using
or.t ho di i Rical ti for treat f . s
el%ﬁ?#%éﬁﬁ: %hd: é%é% F %ﬁgﬁﬁ% %Ee&d%. nﬁﬁéﬁ% f%?dalltles were

0 hea ac he“sucCéss
oridiasel Oevicestddstbeprovedy hi abn-Ineaddivabaspfuwuch” means of
this indication is, |large enough to enable its

inquekidrerftfed RQFESI G YARRChaRECRr gIREPTOMBN-#hv R veell/tissue
leviiernail ¥g dm a fAgsli EoPeods af tor Addijdonal hémiSBbgies  in

i ndi cations for these technol ogi es have been reported
oriilrophedies bhiawe stedi eeof @ppraactreappdficardongl aby regulatory

g R S W A —

andt heeshugedtoakeket als iwgll | £8. spehbulfasishudimedwmMiy several
addressed effects of weak | ow freguency

EME | Y163 gReRPELENER dEhEN SEnRagry ﬁd?mw &f orthopaedic
cl%ﬁ%ﬁﬂ%%é;ﬁ@éiSéOWbQ1E¥§éﬁméﬁﬁn$@5&§ffikuiﬁnt@ﬁHﬂgﬂwfractures.

The success rate for these devices has been very high. The
database for this indication 1is large enough to enable its
recommended' use as a safe, non-surgical, non-~invasive
alternative to a first bone graft. Additional clinical
indications for these technologies have beeh reported in double
blind studies for treatment of avascular necrosis, tendinitis,
osteoarthritis, 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
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stimul ates secretion of growh factors after a short,
triggerlike duration. lon/ligand binding processes at
wa@2@siib2isenbr ane are general |y consi dered an i PCT/U82005/013301
EMF target pathway structure. The clinical relevance
to treatnents for exanple ofbone repair, is
bongr Rk T on ishic Mpregwdd@ilisn osuchf gsommdﬁéattopn, of growth

facgio neuéﬂ)&QCElﬁ%gIa%ul g%rfn,orolplno %Clﬂl eélﬁ% ézgx?% Jfon of bone

epair- evel i'es have sh
repm.mal mm:ﬁmlmztraesemr tstwkilds phatref esrraiwmneffes:ubl lon calcium
ow h Fac%or el ease, and | G- 11 tor .
lméx'ﬁ?%%%?fiﬁ C U oL Bﬁu?'ﬁguﬁrr? viigptor  (“IGF-

II"?aCtx@l'e'as(e | (%nh")l@i‘dl_’[ Grddeptaye @x%&e@@ﬁ'bn in fosteoblasts.

nmonstrated in rat fracture callus mul ati on
Effecrsf oni hgsyl o ExXattor Feeter-ITGE BGFy Ifks si@edGF-II  have

al@wb% HR%Hon\S%%:%tP @g/': ﬁnrgtbq{}:%dif gﬂ:% H?del éaﬂ]m?ulatlon of

rat has been ud| es have fate

+ ras Bskh B d OgrQﬁtﬁ'CfaEtHB'\%e% RE%E—B@J%senger RNA (“mRNA”)

osteobl ast-Ti ke cell |ine designated 63, wherein
witthhePEMReria | acboasesinguqigronpmodedol imgan, raitmdhas been shown.

eocal cin synthesis. PEM- stinul ated an |ncrease in
StudiSD| BATeD0RkoRy PETITHTAL St ST RIHAL 10 | OFf (ER-P mRNA by

PEMW”%”OHmHQhonoﬁtééHQasEuﬁil@r ydi eg gRMNML A8 ad MG-63,

an increase in both TG MRNA and protein in

whersd aobl asieraul t weee resmd:reageéromra dmeeepief f eeblobgen, and
EMF on a cal ci unl cal nodul in-dependent pathway.
ostzpcalcipe syhthesisi esPEMVe sthiowdatied lbar inureasesin MMGF-B1 in

botf iR rapic g oAt FRPATR T cR1td, dorq fuman  non-union

tidHpal rE‘ui’é‘ﬁéE“%tﬁH%be%éi&HQﬁid&éJ‘aén UEﬁéQ&h@b' G% Hoth TGF-PL

growt h factor production may be a common denom nat or
mRNA anhd pretedn| é.melosmamlrasﬁnscwhmréql ngsulting from a direct

al drelostistt
e i B8r g'ﬁﬁé Bhn o PRSI SadioRlaiRr Reaensientn, pathvay.
CafPi WGy - cbh 1hase ph%%oufﬁdwﬁeQQ&ﬁﬁgrt hﬂcf@ﬁgég' Gn TGF-P1

PEM- and PRF signals, as well as weak static nagnet
mRNA ehnd , pnotieiat sy@hﬁesbsncﬁmgl E'MECaMenmrmunaﬂmga therapeutlc

B el e T A A L
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 hés been
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-Pl1 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 inefficient since prior art waveforms
apply unnecessarily high amplitude and power to living tissues

4
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

upregul ation of TGF-bl in bone and cartilage with PEMF
have been denonstrated. However, prior art in this
wo c@sdorises not configure waveforns based uponP@r/us2005/013301
ion/ligand binding transduction pathway. Prior art
waveforns are inefficient since prior art waveforns
andapgill sunmespeis idnnagegsanbly t Lloeg ahdepbWentt §1mpyi ggd cannot

i el_| I [ cessarily long treatnent
be %’fgn%%g?}% ggnﬁo?%éﬁg)eliﬁ%r%a%%%eeo‘y a portabl e device.
TheMhkaefore , nactheext & Fiy for appapdarattrsl andre hoekhod

that nore effectivel dul at es angi ogenesi s and .ot her
thaf; GRSy RIHECHIEs BOTHAT S AN TR
biokgBalilca 1S BIORRAS S %@Erﬂg diRS A¥bUd @FRARtAs repair,

mniaturized circuitry and 1ight weight applicators
shorfied saltreatngnthd imesar &angd insarpqratesd iR urized

. Iy I [ I Alfur rs '
c1eESYE AT, feiine b RS Rl Afforfthg cne
appaigitegenesive pottabler dviddfercslray etiegsesaltal A further
regul.ate tissue growth and repair, shortens treatpent .
need; ped Steh oo %@Pﬁ‘t‘?@éﬂ%ﬁ ARt S difatuimeze ectively

modlih 3Me Maingh b g@RRIS i GRS drtdir EGHbARERRSE 'dd &k dds Denat
I mpl ant abl"e. "DI SCLOSURE OF | NVEKTI ON An appar at us and

regaladehdd.ssae grovithodaghdipaiit,eghantiensd tyeatment times, and

_ \ el | TR . : .
inchi e et s e ded ST Lottt e cators
thaenked Mo icodistidietRidesentbd nngrlidamiably. treating a

sel ectabl e body region with a flux path conprising a
successi on of EMF pul ses having a m ni mum w dt h

charact eri st ipysefodoreeoE BRGHTIO 1 M croseconds in

a pul se burstenvetrope maving perween about 1 and
abdm GHRGONH A sapaethedstfor reldthomagnet hge treatment of

..anplitude envel ope of [ u tJ fi . .
1 3R LS8Ry RS S0 P bR B, R e Blofion wien
thelimigleBatalagnedd d kenddformental smal l er than the

maxi mum anpl i tude thereof by a factor of one

teg\:ctc%%%%%dt P e RYLESiment 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 voltage amplitude envelope of said pulse burst is
defined by a randomly varying parameter in which instantaneous
minimum amplitude thereof is 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 large range of

biophysical phenomena applicable to known healing mechanisms,
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burst repetition rate can vary fromabout 0.01 to

about 10,000 Hz. A mathematically defi nabl e paraneter
wa@aosabxss be enpl oyed to define an anplitude epPeBUSPES5/013301

of said pulse bursts. By increasing a range of

frequency conponents transmtted to rel evant cellul ar
inGlattivey s, emtzecsd t oeazymege acdriga tyf  Bgphygkewth factor and

i cabl k i ng.
Y KR AT HRA G GRS HESRTI Yty and

growt h factor and cytokine rel ease i advantageously
achicooediingr cordiay eobadisenadi oEntthd presengsennvention, by

i.nvention, by applyi a_rand r er. hi
2ol TG oty el At RE88 b e o ettty sngpiore. to a
pul@le NMPiDrstOr dhvdldpd rSEt angHbar oF sbi+peildal dEemgular or
~ which induce peak electric fields between 10 6 and 10 -
sinpgioigdadepiebses nehkeh (Vpdrye, Pk laghsis chieldg between 10
rHept f [ n Qi [ : '
and 0 RS 0r AN IR G PGPy 2.0088 S Eath hna greater
effeamnscanni et s agbipiedt s.ol\ pllisddgircstl eniehdprgof processes

2ol HEHAATS BOtRI GOFD BRVCTEoh: 9o ot by Bfifans, animals and
pladite) CCAT iph iRl lveys: eucRlape Cof | Higheierdpa@fttral density can

receptors,_ ion bindi ng to_cel lul ar enzimes, and . .
advgerraagoudiihs memer aneL foEeaNLAY chefBRset hef@by Physioclogically

relgg’%ﬁtat i 8%@?8&99& neﬂgﬁ;)—ﬁ.}kﬂi’&ewéﬁﬁw arjzat i 8t8§l§¥ar membrane

ant ageousl'y appl yirng a dh spectral” densi
recepticage, envehopeiadiagnodud at ced lelapul ssniymes, and general

eSS AT il LRI el groaenests

'and halowfsan aviymndulai ed pul se. This is due to nore

efficient matching of the frequency conponents to the
r elBay ARAVaIRTAgeRHT k| BPRLYANGr Gc 3kIh ABRBFERrAY| @engidky voltage

d t age ced.tr L, Lof dosi t
ensRlifRanEY el SERARI0r ! (R bu R0 (TR barameter,
powear) Uireeeinteneartess adurevenichA preedwekatedti erfpddiereribursts can  be

o B Oy SRS A D S, ey e 7nis 10
due to more efficient matching of the £frequency components to
the relevant cellular/molecular process. Accordingly, the dual
advantages of enhanced transmitting dosimetry to relevant
dielectric pathways and of decreasing power requirements 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 minilaturized
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
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configure bioeffective waveforns and incorporates
mniaturized circuitry and |ightweight flexible coils.
wabeos/1exds@ant ageously all ows a device that utilPZEES®05/013301
Power SNR approach, mniaturized circuitry, and
lightweight flexible coils, to be conpletely portable
powan withlosi a ebandphescofsta usietogical spasgbte amg ifelectively
further desired to be constructed as inplantable . .
SPEUSEE | E0al 19T 0P UPIY 1 & USSP bitishs 6f Living organs,
tisehRed,r ogellst i sndawRflIdilesCONTAGEESEMEO A6 @Qected using a
_naxinun1squgéfomer wi thin a bandpass of a biol ogica

uniBey AP bk 14 RIS K e FYTBPPLPER Ho thartdtt ot nflgrmal noise in
a %Dxfd‘é% %@@h@%gg?%?ul:\:ﬁk@g %&g@t‘&gg ldidehse C6hESc8N8f at least

ecul’es. orns are sel usi ng a uni que
oneanpf | sinespbdel, coepirngul am,t lehduitiof anderaatiomoiweare shapes,
i n t arget pat hway, structure. Signal,s conprise_bursts
havg' EreqRenay oFRRERaL; Misgi dANTS S gt ar 0- Rhaliti GO about 100
MHZANSk I apea8) aveo shepas. 1TDJ0 eeuesey peit &cdiy,@ and have a
range of about 0-01 Hz to_about 100 MHz at about 1 to

burgiout repetobaopur statger Sx¥Bnd 2 haPe 03 bukst about 1000
i $d rat 0 0. t. ut_,,100
purlddddih. ﬁéé%knéﬁgﬁgﬁ a%ﬁh%ﬁf att009 target pathway

ursts/second. ude at a target

st Rt SherChr & idiile, 251168540, 4 1 8Sngd off AHMOf1 pv/em to
about 1 mM/cmto about 100 mM/cm Each signal burst
abasityell BBe M CTBe EBachnddh9Rahctiwistor 60VEilAGea Mt o2 random
ygrod i ent _el e ghetic c Lkl CS 4
fun?ﬁheal i %P?‘?}éési%zé A Sr ef g%e{ace}g%aen‘g%%i me%? E%@%‘%‘F%i%%g t(§i ifferent
elddtarqueepmttic nebaraobecdspicseso@bbeallng tio sshoat AOPpreferred
m|.lisecond pulse burst conprising ahout .t o about

embs Tt 2EEBRAET iR r £E8I  BFSSEYmaiiverti o, elbrises about
o.1ret&saébaatatlo@b%ﬂlﬁiéeé&x&bﬁulséo@ulﬁdtom%:ﬁ&m\f%iﬁ& Nabout 1 to

the burst. The burst envelope is a nodified 1/ .
abaquinct 288 afdgzpsaasnckd ayTwghgsaBlep @y ti aAYFEEESical pulses

0 1 d 0 p.xed. <414
rerte i 4n vhelt out T AR, TP anEEET i ehip he bumst.
Thearmhedbio ent@DOpelz i sAn medlideEcde| oA rfendétedn dndmis applied at

R O T8RO 00 MG S SEReL B0 2000 sz,
FideFdras] ibboited. £dn "hi kbSBE0AdetiOpatween 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 0.0l 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 1induced electric field from about 0.001 mV/cm to
about 100 nV/cm is generated. Resulting waveforms can be

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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about 10 m|lisecond burst of high frequency
si nusoi dal waves, such as 27.12 VHz, repeating at

w@bastioisg o about 100 bursts per second. An i nBOT/@2005/013301
electric field fromabout 0.001 nV/cmto about 100
nv/cmis generated- Resulting waveforns can be
deliyeiedandehendblsieye OF tRpaprrbseatCawRidntd.on ttd provide an

an okggct of the present invention to f[ovi de

SlGHRAMAIIHF BeEeed oftfighectmany nstY{RIr 65dH& Grp tissues
cou&fﬂ@ﬁ?gesaatbfm—%%dd,mﬂﬁ?ﬁn sk Al | 4apkhegal e]t.ehcetromagnetic

_interfaces between cells. It is another object of
figddbsent invention to provide an el ectromagnetic net hod
of treatnment of living cells and tissues conprising a

br ogd- pangd, shirghesPestyicdlt Qﬁnsti:ﬂfié(tﬁké§éﬁ9”§ﬂ%hitcion to provide

field. It is a further object o e present invention
an t @echvicragnetdlecmetiogheifc heeR6nedt t péat héningf cells and
. Jd.ving : ti risi [tu
e S5008 A5, SBMEYSSPET RO AL E 5 purse b
envd i 0OROAAL e eitgdiaginkati avdigrnakiueiRatouwpliilng ndude coupling
.a maxi mum nunber of relevant EMF-sensitive pathways in ]
witde| Bs BRELONEAUMGRT | Q%n&eﬁ@r"a&ﬁj eBlFpPepfétivesepathways in
cel W&t oy g Provi de increased blood flow to affected
t1ssues by nodul ati ng angi ogenesi s and

neovascual ari zation. It is another object of the, )
pr ésentSi ARHedh BIpFbvicde FhRr PESSETH oHRVIRBIPRoLO pProvide

i &H}Taéw VbaBll! tYs1 & Oy, angedbfbar entiAidd of dulati
o I nplanted cells, such as stem ceH:s, tislsues and ¥ modutating
angirggraTesis and aenteascwhlactizafieome present invention

to provide increased blood flow in cardiovascul ar

di sgases by, JEiy act)ﬂ)f?c@n%ifo S.Pi'e%_%‘iixt i vel?]tion to provide
neovascual ari zation.” It i s another object of the
inqesssmd | bleotdi onflawi nooveeniignoevascdteirl idlvpod growth, and

. rfusi.on and reduced transudation. It is_another .
as SRR G RS BF CBREahkeE o Bidhi 32  BebPoahdm, tissues
andPforgdm#] es of the bone and other hard tissue by
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
inc¢reased blood flow through modulation of angiogenesis and

neovascularization.

8
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nodul ati ng angi ogenesi s and neovascul ari zation. It is
a still further object of the present invention to
w@e@3silomEsa treat ment of edema and swel ling of BOTS2005/013301
tissue by increased blood flow t hrough nodul ati on of
angi ogenesi s and neovascul arization .1t is another
objctisfandighgr eskeject ne€nthenpresgndviideremtion to provide an
el.e etic t hod _of treatnment of _Livin l.ls .
o1 R 1l TR B rrsr s e F o5t blanaged and Eissues
thatnfdad ilmsUfsed tfdis Hha BROS Pedatheat softt bespugsent
invention to increase blood flow to damaged ti ssue by

no atsion_of vasodilatiop.and stimulatin . .
ne§3gséﬁiapﬁ§at989ghﬁf i?gaefgt Pgrtkg? oﬁf%%?ngf thgention to
ingeassnt bhuedt i gNowo preVvi damagedppariaizite f by modulation of
nodul atj on of _angi ogenesi s and neovascul ari zati on t hat
vasoth YAk i 3Rt S ey RRAEASFRL BT EZARHCRY | | |
possess benefits of safety, economics, portability,
andiy edgcedl gerct rerEHEE! idbjduter ber erge. priesdemtdnNinvention to
obj ect of the present invention to configure a power .
PrOHEl® r uAf of 2RPREREIST m B9 mafRsivdatdan siofil apngdogpnesis  and

nedds 4881902 £6h NG SE Eghi%epgﬁggk#g%gqgﬂskédhged awer levels

configure a waveform optim ze | at e angi ogensi's
andandtmnédvasrimdss | beniedi tisheof cagfiatng t beonomicgyr ubrtability,

wavef orm usj ng a gener.ating device such as ultra
and TR, i G S ¢ M UEGECREE T b5 o L orm
confd gusatdronoBg¥EEe SRICAhAS gidiaritil HaQdneh8at &) €onfigure a

circuitry. It is another object of the present
POWaH TRETH WY bl WaBehagRog¥nEatiemagical simulation by using

: \% ul gk Lzati Y (o Alat i r . "
mi}larggt'fsgpgt8 %\%éy Ils?tq%j}gt ﬁfgeﬁ%ughbg‘g . %}%cu e?‘f&g% ?Q?\fe a waveform
opttiimsisaeat tod morddE:of apgaogensasi rald nedvhsceaiawizagion then

any. i nput wavefor ven if_electrical equivalents aje .
coub¥ing ndis ' GenrRodted HRVRIGEN B R aHERRBEEARS) fevice such
as 191 8R9t NegheReeghtOlwildee @ EELNEhERY &IHd Poddrdd OB waveform

a_method and apparatus for treating plants, aninmals ]
COTHRG YA (faviFe | ugh cradhitiaturered eleekregipycircuitry.

OM&ﬂ“f&”Qnatﬂgﬁe%bject 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 wusing 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 1is 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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spectrum of a waveformto be applied to a biochem ca
target pathway structure to enabl e nodul ati on of
wapgsagasesi s and neovascul ari zation w t hin noPeT/UBB®5/013301

cells, tissues and organs of a plant, animl, and

human . It is another object of the present invention,
rang® dingnidf isdamaly teowsregwghcynpresneBseaPkhdppeitivity of a
tar%%%sgagﬂﬁg Q rdqyﬁiéxghgﬁ Q%C%fpﬁbﬁggglgy PRh6Ni NG ssue, and

ia Power SNR, "a fréguencyrange 1n a signal to
orgdnpquehcylangppnsmimal sseandt imitgnef ta tengielepaddaehation of

tructure su&h as a nolecule, .cell, tissue, and organ,

[

S .
ang}pogNeRt s, andi ARPYERBLALHEAE1PB enabl e nodul ation of
angheJeNests i NgaYassthari Zahiebts Thtndbadaitthgedd of the
ot her objects and advantages of the present invention
present phavemsigppariddt Heanfe hephRerenrhaffrem e theyeinafter set
i gf.: Deseripti-on. AW . t ad . o
rorfh Bri R, BEsBr1BRi8h, ol ish Billfing%; hefiied pescription of
the hefieah t hon BRoEE OESGRE PAppbin@RdTHE rBRRVENGS Pr ef err ed
enbodi nents of the present invention will be described
below in nore detail, with reference to the
acconpanyi ng drawings: Figure 1 is a flow diagramof a
met hod for electromagnetic treatnent of l[iving tissues
P JESCRAT & SUNNOE 3 PN he present

. . . - F. i 9 . = . e |. . . .
TSP RBo oHESfab e RO h SR i ve
destAVIesdi baloWw gHr modei detabli pckithagedarence noatie zed

circuitry according to a preferred enbodi nent of the
ACCOFRIABKLNINFERYLBAS Fi gure 4 depicts a waveform

dexfid&‘fédl ti?f % AP RAYIAM6 S W Wt $eeh as a
nol ecul e, cell, tissue or or gan accordi ng to a
eleqprrdmagrdtaghbaeatmendbf ofhéd ipiage i sistesnaindn celIRES

aco by Sor Yo, S5 eheRalnyie, e MAC B A8 o,

parhgayeSkr st dr ¢iswcbrasontmollecirenieey! ~~++ssuecording to a

preferred embodiment of the present invention:
Figure 3 is a block diagram of miniaturized circuitry
according to a preferred embodiment of the present invention:
Figure 4 d@picts_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 currxents from PEMF or PRF devices flow
in a target pathway structure such as a molecule, cell, tissue,
and organ, and it is these currents that are a stimulus to which
cells and tissues can react in a physiologically meaningful
manner. The electrical properties of a target pathway structure
affect levels and distributions of induced current. Molecules,
cells, tissue, and organs are all in an induced current pathway

such as cells in a gap Junction contact. Ion or 1ligand

10
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

and organ, and it is these currents that are a
stimulus to which cells and tissues can react in a
w@bgositadisgi cal | y neani ngf ul manner. The el ect r PCBIUS2005/013301
properties of a target pathway structure affect |evels
and distributions of induced current. Ml ecules, .
integhtEionissate, bianting gahkear enamadnemeddidigsedchat may reside
ur h h C ' LuRct | .
. , h
on GoHrafS SRFeRLE L R T Liedd BebRPopitiideqses. thae 1o
ele@firgabemivizaculds:td edn NnBgspeaddéecorara imdbicadeelectromagnetic
. surfage are voltage dependent processes, that is _. .
fleéljec?\r cﬁem tBRUCERat CLaRCRES Yoy £h mﬁﬁ%d sites via a
sur8bfaHiaRuetis fdeglidn( Erhe lp¥diSbLUbECHe B4 i ¥8S a current
at thesé sites via a surrounding ionic nedium The .
pathwa¥errused asl lindurest conreantpd™lidy EQusiesayh more rapidly
..Ln d qurrent. ((mls). 10 y. Ldl ' [
el BIRE CHES ghos SR AEERd AR 400k, Frickrchit Bnpedance
of ebl1asl Ifrdnt emerRrdNea i pREicaticd cendntiné neonsbahast ©f binding
o f _binding and other voltage sensitive nenbrane

andp ofdeds O SkRFR 2SN ALY 8nBIPIANS MO TRt FREP as membrane
traﬁ'sﬁ%‘fi:i.ca' circuit nodels representing various
menbrane and charged interface configurations have
beEqudaeilead. Ebecexiopl e cincuddl clrgdelsCargpregenting various

inding, the c e | n i on u + .
memB 355 fiich§ T RBE o TR oL o5 oG BT B, derivea.
Fora faeayensy domri Cabyiam i npeckfice exyimeNsigon stid ashange in
which has the formo f g, series resistance-capacitance

congeaEratdan «fi baredt Ca'r calt 2 VALY 81hRggiug to induced E
fr e i ned s 2pf é@fé [ u Y, a

nay. 1$J%Ji %&?{sﬂ)t e |nd|gng firn'pedal\'ﬁ:ga, %%%oﬁﬂgnda&m

expaessegu \slamtaasi ndi ng resi stance and capacitance o f
an ion binding pathway. The value o f the equival ent
binding tinme constant, Rj.onQ.onr is related to a ion
bi nding rate constant, kb, via I/k p. Thus, the
characteristic time corfs{@t Renf—this pat hway is
determi ned by ion binding kineti ¢&%gmduced E from a
PEMF o r PRF signal can cause current to

impedance

which has the form of a series resistance-capacitance electrical
equivalent circuit. Where ® is angular frequency defined as 2=xnf,
where f is frequency, i = -1% Zp(®) is the binding impedance,
and Rijon and Cion are eguivalent binding resistance and
capacitance of an ion binding pathway. The value of the
equivalent binding time constant, Tion= RionCionr 15 related to a
ion binding rate constant, ¥y, via Tion™ RionCion= 1/kp. Thus, the
characteristic time constant of this pathway is determined by
ion binding kinetics.

Induced E from a PEMF or PRF signal can cause current to
flow into an ion binding pathway and affect the number of Ca?*
ions bound per unit time. An electrical equivalent of this is a
change in voltage across the equivalent binding capacitance Cions

which is a direct measure of the change in electrical charge
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flow into an ion binding pathway and affect the nunber
of C a2+ ions bound per unit tine. A n electrical
wequsaedient of this is a change in vol tage acrpEFUS1005/013301
equi val ent bi ndi ng capacitance ClOn , which is a
direct nmeasure o f the change in electrical
stockdr JustGred BleCtoicall ethargal ishaigedtd wlipeepéytional to a
or, sugfaggaconcentrat i [
surE'é?:?h ectdbn%ég'ltn%zﬂ:s %%n 5% i PR ré tg% %ﬁl%’%tq gfée, that is
stoeguiVab£nicharg oﬁag@cphvﬂ@n@r t@i hetoehge gesk speasesor other
on cell surfaces and Junctl ons. Electrjcal inpedance

chagged,r SREFIES a®Melflds FUrdeced naid. INRCFdO8Syf Electrical

impBUAA-RY rhidd £u FORSHEPD] Sasprt@é’lﬁea\éaldiﬁ?e(f:t’r ktl'n'é%lc analyses of
constants necessary tor confi guration of

bingddngf omateo m@t@u@ndusmvmet avgbuepat ﬁway time constants

nec?:% %%&nm S for %:é{\%éﬁ’rng’uce%u vvave?’%%%f%grm to match a

bandphissal o@updamtt 0 patlgedy | npetastereslUchTAss allows for a
bandpass. lon hinding to regulatory nolecules is a

reqwg&eerﬁarm: Phr d€CAUPPCigTaEN R BT+ HiVEd npdyred E waveform
for® ébﬁﬁlﬁll' Rouip@aMg +dUta et ihx%é?férﬂ:\’@)’ dirPaP AL ss .

accel eration of wound repair exa one repa| r,
t haoni nkahdéagnotol are@nlatogyomdnle«auless i®| emsditaquent EMF

variffe el oERADRRCoBh roradt Y FoctethPoR il B getr) - vse of

thigr gthwagt As (BESER) uppid agcdeémtlghovm &a&har repalr, for
("EGF") are all_involved at an appr ri ate stage
eXaRpaL ﬁ)gm%@?%?eﬁestaaﬁnanﬁr@év&& Y1akivh e9§P§§h factors

r r a c no
rej’klg%%glfajf \i??éh% orgea %SCaQ% éegggle:ndg#&sﬁ? ??A%EMES SUCh as
plaCe/leaM pmxhwad a gweordflor nfaciobe d:bEIDGQ’Oi ed fmbrmbilelst growth

Fackiraa pBREr T - niid st BEOVER CERCEBRa: (1 BT are all

invbhivedwaye!f ahm SeprdgrEatte PRsigel 0gf C kit isigdni AnhgEddenesis and
bi oef f ect.. Appl I cation of a Power_ SNR rmdel to Ca/ CaM

neovageulasigadiiaid grafakiecirregradqioy iemd pakp and can be
oS0 T o0 (N 55t 0 G oncon.
CaMthilidiimg si tG/ Galerpatihmayney 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™ RionCions Where Rjon and Cion are eqguivalent
binding resistance and capacitance of the ion binding pathway.
Tion 18 related to a ion binding rate constant, ky, via Tion=
RionCion= 1/ky. 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
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characterized in a frequency domai n by an equival ent
bi nding tinme constant, Xi0 i0 iOn where R0 and C On
wae@saopisyal ent bi ndi ng resi stance and capaci t BOT/®SZTN5/013301
the ion binding pathway. t On is related to a ion
bi nding rate constant, kb via tion= R onC on= 1/kb .
sitPubl Eshéayvaguesumerikatanvaheasbefenpl BYed refpereed such as

ar.r tel to eval uahe SNR by co +h age -
Vm“i“ﬁdu%‘:({é‘ by a PRF s%%cﬁgl' to therma{@%!v Ec?ﬂé 1ons in Kp=30uM,
[Cavfdatbﬂ%ﬁt[céz Gy ,ng§&b§dsEfﬂ2,\L7@16'5ngaé&mEf(ltﬁﬁJ = 1.5 msec).

val ues for response, “such as a .SxIO07 sec 1,
SuchCa2waliie SFad , v KD<3h 1Hé  efib@yeaM rKafl €)€a2rlital equivalent
. [CaM ),  yields kb=665 sec 1 (tiol[1l 1.5 nsec). SliCh,a
cirghife 61 tii0TaP bl HYetl¢ n BAEF ecPPRcapndlysis can  be
perStHnédl §fr GriF Walvdfdrnl At Rt RY, Whil e pover SNR

anal ysis can be perfornmed for any waveform structure. )
Acédgcdirddngo &n eahodémeodiméent heobr echat present oninvention a

ma[RapE T atodh <t SO, cobift vt opPadhtinfensunr thernal

noiBe0gespessant [RPAESeHdbtagdi déperiddiit gshetdbses and represents
requi rement to _establish adequate SNR_ Power spectral
a magaAsury theesh@ld reauigergal 6 sSTERAisE édeapaleySNR. Fower

spefhpadantaost va saibt Ha TRl iids don B FEARa as:

di mension of a target pathway structure and Re denotes

a real part @f(.)PeEPRe gy arget pat hway
structure. Z?ﬂ(( 2 W) caﬁz‘ggx’eg%ressed as: This
equation clearly shows that electrical inpedance of

whelr@e Fg(gpb)patiBwaglsttuituie, inpedeadier i bt | @ns Hfarydt pathway
extracellular fluid resistance Re") / intracellular
strpciuderess skt dmeysiom el | at BRREALr RABNNAY| StaNcEYFre and Re

dengglt@ﬁ whi ch, arg-ef eSSaflf F‘Lﬁ\?'e%n%%nr}ﬁetgdtéfggtt PF\Q%{&\ g structure.

way structure, ontribute to nol friteri

Zu (£ o) Y PhGabedppRaghedo agval uati on of SNR uses a single
val ue of a root nean square (BMS) noi se voltage. This

is calculated by takin S re root of an
i ntegrati 0'259(&@)=TM tanh(yx)
Y
This equation clearly shows that electrical impedance of
the target pathway structure, and contributions from
extracellular f£luid 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
Sa(®)=4kT Re[7,,(x,0)] over all frequencies relevant to either

complete membrane response, or to bandwidth of a target pathway

structure. SNR can be expressed by a ratio:
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over all frequencies relevant to either conplete

menbr ane response, or to bandw dth of a target pathway
wateodavaise. SNR can be expressed by a rati o: RABSIARBN®013301

| VK( } is maxi mum anplitude of voltage at each

frequency as delivered by a chosen waveformto the

target path ﬁvgtruEgQaal An enbodi nent according to

t he present ﬁtlgﬂ?gonprlses a pul se burst envel ope

havi ng a hlgh spectral density, so that the effect of

on the relevant _dielectric Egthma

th
whers IV pil Shs BREiaHE . SBpLaFare oFofol Pt At 850K Frequency as

delGS/drdabyedz VRS eaNtdagBREEAl b BRENMRARGaRED 9@&@@&1 # ructure.
changes, "i s enhanced. Accordingly by |ncrea5|ng

nu ri‘merené?romrwre rRSCshioth e sthe apsasenrbdinvereienaaomprises
| f
@ il e S AN Sy YRR PP EREE Gghorcy, wo enae

the:;etﬁﬂecne d:@lteaammndmmn tmmdraﬂ:gemﬂt edibbtotyic pathways,
nDIecuIes a B i call e to known heal i ng mechapi sns is

such @sbsiqs 1% LRCROEF meht? JPLRALRYr BQefpllinlar
enZ tdrp gwmﬁaﬁ&@aﬁﬂ&m&aﬁ ﬁét@ﬁthaﬂhcﬁ@ﬁgééal is

ensity envel ope, to a pul se burst envel ope of nono-
enh@rncmd p@tcacron@crtgahg mxarumr@am| ahumbesesf i fiveguagcy

fi b b 100
coriRBlerir S Bl A S IERO Ao Ly Pa Bk BROMLp 100 1o
raw@mm;ﬁmmﬁblgﬂxémﬂww seii¢h aasl zh@ﬂdl&tsﬁgleg‘rowth factor

According to yet another enbodlnent of the_ present
and Gk Rﬂ?kﬁ?ﬁ%ﬁﬁ ghiRbeRg rak a%ﬁ%1%90v5|m9§@cules'

appADEIARE 135 I@ndﬁ%ﬂ‘ﬂ@éiﬂ&; %e&&‘%ﬁfsrtﬂé” anpit"ué‘?%g%le' According

paranmeter, power requirenents suc
to rmdlﬂnﬁtcaﬁmﬂms@mmm Yzsee tigenfiocanapylyongrat handom, or

t hat. .of. an u ul ted ulse rst containi ul se
otrigk i, e Fenbdenife fPufde BiESE envelope
of sdhig-arir ali+meluot l:@ébttamgtm:yr cyel £inbsbidal epel sésVenducing
burst trains brought about by inposition o

peam re@gqgtamc w%ft@%qae;n AR LB g BRoBRt BOME( T,
rothK eﬁq’ope g | ngi?ey(,'sﬁjqﬁﬁ M b PG Yca heA T RY! SEoEUSSEs
appllcable to both soft and hard tissues.

According to yet another embodiment of the present
invention by applying a high spectral density wvoltage envelope
as a modulating or pulse-burst defining parameter, power
requirements for such amplitude modﬁlated 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 irregular, 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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dual advantages, of enhanced transmtted dosinetry to
the relevant dielectric pathways and of decreased
w@owsoxiegiui rement are achi eved. Referring to FPQUUS2005/013301
wherein Figure 1 is a flow diagram of a nethod for
delivering el ectromagnetic signals to angi ogenesis and
neBefeqnNing Ao iEhgurse dot vHeanedasy Bigurs uk ebs suchle diagram
i,0 | d . | apt s, ' f
of gl LU Vel Pe ARl Al RIS &,
angdogetiows azid tivasesdidrizateidn drergetgbdehved ¥ cat ructures

suco@f 4 Ash GBSO EHANt e Y RS fumans for
rhetapRled d QR FURGANRNI % FULFRRVASMAHFAZR 100 an embodiment

target pathway structure such as ions and |igands

of (theepreEseEnt imwenddm gy tRthRraieak qredel dpulmpat least
or, P f.0 [

one] e RIS TIL e i heao g e e 3 B B heast one

waveifioied Wee bd dauglerb ity a tangilhupsesis | @a$tnemeascularization
wavef orm paraneter so that a waveformis, dete tag%e in

ta *6%%@%{%%%&? aTAYh PHIPAS phrtRRy101) -

TheS Wi 2P Werd AP Al Dl aCtdNR tyr (R4ePr 1R model so
such as baseline thermal fluctuations in voltage and

thadl dor iac gliviempeduhdaant @ngrqgangsishand steerasgelarization

t hat end Q st at.e aof C [ t hat, J
rarbh R SENAEET Sa bR PR q i gdor one
wa Ve iC ipgiran®ite f exPaNEtNG tuavdafoiy . i geedefdaisle in the
enbodi nent of a generated el ectromagnetic signal is
angi@ganesd® Gnd IRTASBILariFatiey YRRt orrRtRY ngtaecture
; r ' ugdesh I i
S e R AR o (L0 o R A e
theapaldt FIOEHUEL Wine dim wdhktagerand tglettfieglemyedance at a
conpaonent s sat.isfi.es a .,Power S del (Step ,102)_._A
e EAE Rl AR T P P & iRT e 8 F opell and
tisuplhdthduc twhealne o reeapacate ves Yat fIeasSadbie of resting,
configured at |east one waveform (Step, 103) . The
groxigir FRRHAIINT rsiqfithI TSP ARSI @ oL 18] WRYt RyapeRferred

emBRAMRGRY BE ?gféx?egeeicgh (2 S0t r ANV SLE LAY €1 §UESmprised of
as 1ons and ligands by output of coupl i n
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 satigfieg 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
requlatory molecule in living tissues and cells.

Figure 2 illustrates a preferred embodiment of an apparatus

according to the present invention. A miniature control circuit
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devi ce such as an el ectrode or an inductor, placed in
close proximty to the target pathway structure (Step
wa ebp/10218he coupl i ng enhances nodul ati on of bi Pdi/Ng2005/013301
ions and ligands to regulatory nolecule in living
tissues and cells. Figure 2 illustrates a preferred
20lendbkodompidedoftammppatl atfusatademsh nthe ccotegrese2d2 such as

e B BB LSS SR L A0SR o conpien

to dhgcarRating RAritle HiRad AP O L VTG PIcAP coils 203.
coupled to a generating device such as a pair of

Theemdgigtage csiNtrdoTirme thidilatis coriFetted riyiqd manner
01.i.s:canst ' t [ .
thafoapll 180N S Wiiihdd aTHRED 'elfe RIS do configure
wavedoehs:. nEhel o mtigfumgpd edweficafne Mavavieo tsrisedfgfy SNR or

SNR _or. Power. SNR nodel_so that for a,gi ven and known
PowE oSG MRSl S biedy £ 1% A a0 GG AFRD BRFhRgenesis and

Beh e zadidS R RdiE st daYEed OTIR i
neoﬁgkane?gﬁg:Fﬁé¥§satisny%NR éﬁpPomer SNR so tﬁzﬁ %PSSlble to

chogaee Wavefosm gasamseiiarsd thate saigivger@R sorapwer SNR so that

e ul.arizat i t,ar get A ure ove its
2 w%g% g%%lur%%‘ géet%levcfoct%fl%A%%‘r etfh Zgr %\é}%)/léc?é)%%ézérrlé%targ%cor di ng
neokastthd apriesaiilon MearjatopanMdye Starust ssedbeed Doslabackground
to.induce a time-varying magnetic field and a
aCttliVﬁféYvaF‘yiH%’g*fél%?ﬁdr iCOGHMEN G, ACCarA R i EreRresent
1 nvRRRURIAC 114 10 Mt BRlr RANWBAST IUS LG SYICY Bfine-varying
ions and"I'i gands, conprising about 10 to about 100
magmesd chiistisl ginchlsotime-tvambong <osctiie ofieelbhdin a
rLect angul ar | ses_repeati.n t ahout 0.1 t.q about, 10
angjRRERRY S aell s vsEIRR  lrl o bae pidiel, S dlioture
suchl eet fiohd iarld 1 isyairisye orghoiding WBewt agl ©dabod0100 msec
cm_varied according to a nodified 1/f function

mv/
burgts, o aQofUrtec?ué?Q:)ﬁbW ! FHREBHATUI cEPEisngipr pulses
repiféra%fi%b_r ed SRafl BN RS AING ¢ Qi SeP ESEMecond. Peak

nventi on nay be applied to a angi ogenesis and
amplddvssc wiariheatinmiced gelteqiatimelisld ubs petwermh algout 1 uv/cm

and SO0 00 3, Mol HiiREAd R SRRy I Function
whe@eP TS W & AddiRi GAN 1 &raiaeitb rViousit O qlred Nds Dy el pyeferred

the mniature . ) _
embodiment according to the present invention may be applied to

a angliogenesis 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
a8 electrical coils via 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
anglogenesis 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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control circuit 201 are directed to a generating

devi ce 203 such as electrical coils via connector 202.
wab@sgexies at i ng devi ce 203 delivers a pul si ng PEQGOSL008013301

field configured according to a nmathematical nodel,

that can be used to provide treatnent to a
exanglegehekimeana dapyadcpraféradédoambadiwenpaghwmayding to the

structu ch as_a heart ip.a chest T .
orgie S HEeabioe g PE posiPiPned B0 hPerng R herrs in the
chddtel 204 Wby aa pHesTEibeing | ABvand. cepuplingrhi pallk¥ng magnetic
. repeat applying the pulsing magnetic field for as many
£ 1%% R al | YHeLadeneRlncRud dieAvasgilaRl tRE2OPetAgget pPathway
st A REEXAIPE e Oa k| 155 aax‘i*éyli@aﬂﬁf efﬁSEaEQHE%_HEEg and
according to the present iInvention can be positione
prophy¥aciticabl Venedudas t hefthmsat 20 byezebysreduping pain and
devi ce. ling_a pulsing magnetic.field to
PrG G Rt Lndn TR VRLehr BT Poh: FORLE anGEt LRalnagy the
gerdFAeing eigHide 8303 pnehand1étgandsl &berapeshi sal b¥wered with
and prophylactically reduces inflammation thereby .
a YRR Yy bRg nmagrebienbiebdhebat ngndyeen al Bénej varying
O o . . 3 _
e1ife IS (OROF EeEhd SeMERuE] ckifatna to
Faredawets cldwel An tdbectnomagesetici skgral ygegeebtedr by the

field i t th truct ding t _
genexatind Jeulrd 208 SR THLia e FEBLTEAaSyEdep Tegtirgghemical

codplEL e eftd Féin 08VéECradas Cabe 8t §0dPLe@BPLLAHaEE! RUth skin or
el ectrochem cal coupling, wherein electrodes are in

anqiihie 0@k eiegfrically epnduother bovedasyeefr gchprget
. | :
patifff) oo lRia e Mo B GEREL BRbGHRMERL UERUEE g o the

preswentimrent hen ol Eut rehaghedmegseghal signal agedekbygtbdeby the
enerati ng devic 03 can, al so be appli,ed usin .
Gerth B s (SR T8 Ef | SRR, P afPBE Ledapstapoglectrostatic
collPl MRP Wit BENET 24 | A0r Agah CEx 28Bs SHEbwasn 2l §bREVALHRG device
and a angi ogenesi s and neovascul ari zation target
20paumtnyastayceleetsode ardi ansnahegengandsand n

L S
ligantdan rAmtadvaethge refli thy prédarted ambodimbntosvoording to
théﬁ]égéégt 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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therapy treatnent nodalities and at any body | ocation

for which pain relief and healing is desired. An
wa@dwanvageous result of application of the prePer/usmos/013301

enbodi ment according to the present invention is that

a i V'§>@8q organi sm s angi ogenesi s and
9N a30bn Bapreéemzed: smhadimanteminkRa. power source

has r&lgp@@p{ﬁiﬁagebl&%‘:l@ df agr A O J¥ SFSIE jos can be used.

odi nent accordrng to the préséent |nvent| on
In nam'amelre gurddisterdi r eccbrdifig The e apmeseuuntimention the

circuit 300% duces vef or that drive a g Flerat ng 4 i
POWEE PE8 TSP 8 o %rrb%ﬂc??‘ﬁ%ﬁ ABBYESi FUENgAPedR ©tectric
currehlte didlie UsEcEORkr @QIn CAC LGt oGRNekE Qfdlip@&dt@ythe present

any activation neans such- a an on/off switch. The

1nvepgitehur 0T o¥aeIP1S r bYi t2 SOGUHaSa%dp(merfe.soar cakieping power
sup Zi\xglr o u@oﬁﬁéﬁcﬁrs}’ 30 1 elESr rSdfﬁg.ng'{-/ &{tr@fl%&?e 303. A

source has an ou age o
preveirirede embeal ive s exf ﬂtre ammire-mmbndlhenwaacusdsngn 8 bit 4

Mz, AT SR eEr Lk A0 0 IR GOV RA e BEEr Mi%, foBiyf iation micro-

con®¥bhebrEUGhaPs N AGEEC qtﬁé egmﬁ@ﬁ@hgd pé&wdhe spl §znt302 also

invention for exanple by a plug and wre. A svvltc
deligaas sUPISRIBD2 &ont rBlarads t agapagigors 304. A preferred

emb@difn%n%on{)gf°| izer %eséh@r ﬁ%érg@}&gb %ﬂ%zégmst%r capacitors

m cr o- control uses an
havitingr oacd2@ oldeer o8@puliut bot hestlmt Mutpmardbi eahl obe used. The

trol,l d. The switchin ower
StOZagh y CHEPCHGT el Wor A LURY erRi9h sEEPAIENETpabriges to be

del3%rell ST 8T rsupIiinsli B8R LAl dded PASS %H{ddcﬂ:‘éﬁfg | ot  Shown) .

uses storage capacitors having a 220 uF out put but
Theomﬁérrmﬁqusﬂclar b30JselsoThentrodsge @ipkas t9apg04305 and a

pul%lolugivﬁﬂeght{ E%ﬁt&gllsf?z)é 'Pﬁed&lg\éghgs\(zln%p%!_aﬁ%S and pulse

ng dévicé?su as’i ctors (
phaiecr oimbng r adrtrad0338k6s deoatmbhe pyldseshhpper BObst width,
and a.§e£se phase tim ng control 306. The pul se shaper

burggs en ‘aP%e t R gb‘&’éﬁrd:lepﬁ'ﬁuﬂ‘éf%r FENE-pfiRe integral

wavelfdRf HUASEavbEl N sltH shenyel it shaRR 8Rd PHSStrary number
repetition rate. An integral waveform generator, such

gengrazogi neca@ve adsaur bber aripanpmgated  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 s8uch 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 fleld 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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generator can al so be incorporated to provide specific

wavefornms. A voltage |evel conversion sub-circuit 308
wa@oeonsnediss an i nduced field delivered to a targeCT/US2005/013301

pat hway structure. A switching Hexfet 308 all ows

pul ses of random zed anplitude to be delivered to

outBpefeBping hakor odiigera whvelnr nembodimenhstaocgerding to the

[ k C s an.indu ro._T
prefdif! DavBRLI0n 8403 WPt ohad) o5 Lituetapsasty & pulse 401
istrepeated siittylia t4 coipEnt 402 aH=Ar gedspat BdaVite duration 403.
structure saﬁg as a nplecule, cell, tissue, and organ.

Thern@upRhi QR uR 83 dft FACT i Tk 12 38BL¥afYiFd & dihsyGhu i@y Pe defined

as 2 ARPLY 8f pAvhbel RErARIBE! ke Wijhthil Yot B CBETHOERken about 1
time and tQ automat | call'y repeat "appl yi ng the pulsing

to magaeti cl87 el & f prefernedy empoldiownitonscasrdirg néeddthe present

i dh L PR [ SIS, 190! BB Atk funses cor

puligweapl oappieedt rieatarebbssti 402 Formbabdud 0101 W &dux 50 msec
about 30 m. nutes.Referring t o Figure 4 an enbodi nent

hagindyr g FPdfdechel 1o eFBRLLIRIRNERIR1IEPE AWhvandr wikho 2 finite
La1Si A | r I [ i +hy
A D R e P S a65 o TRE "l ey 2bout: 0.1
and@auts Huceadmts.a duty cycle which can b e defined a ‘
s aratio o f burst duration to signal periodis
bet ween about 1 t o about 10"5 . A preferred
enbodi nent according to the present invention utilizes
pseudo rectangular 1 O m crosecond pul ses for pul se
lied in a burst 402 for about 1 O to about 5 0

ns ay i f a it Vi e
Wi ?ﬁ] é; ?loﬂ%tlg gﬁ?\ata}%%%h c?rEJI rIJ esg%ﬁd%}]' agloacégl?%g“ @ation has
begrer i dieskdd betempariatnitaldlyl aweh abeaflcidimsecdegenddheé myosin
Power approach for PM- signal configuration S
DhGRIO T B R bh nnt BEPPOGT O ATt tihT 281 ncell-Eree
reROSEROMA L AR Iwhd Wdf%&z)’ﬁiﬁo%?‘h@bylﬁﬁon rate to be
or

.cell-free reaction m xture was chosen i 2t
Lingas phBr LA FPF ofevesab aipuses. iandi fierf subseaspzation Ca

coff S8 510, 9 SURERAL Al O SR CONCETLAGY 98 car*/cam o
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 1is not slowed to a minute time
range. Experiments were performed using myosin light 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 uM 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 1linear
time behavior in the minute time range. This provided
reproducible enzyme activities and minimized pipetting time

errorsg.
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b e EM--sensitive. This systemis not responsive t o

PMF at levels utilized in this study if C a2+ is at
waatdnezison | evels with respect to CaM and reRCT/USI005/013301

s not slowed t o a mnute tine range. Experinments were

performed using nmyosin light chain PML.C* ) and osin

| i §he crRAetienagéxtuveciwas ifseishilad pr@mreakgally for each

VA t . .
serdeST U AL Jhd' Hob AINSAEA Al PoPPgtOpogtions into
1. Smlwmypmdﬂnﬂdmmisﬁ, IAhY/ Bbpondone Sebem a:lolnumn'm,lng reaction

\ en 80:; dli M EGTA12.. Free, Ca 2+
mi gt ERe YSPE B - OvGe, e GIABPTRIEE | 45 b BPecially
deséghebl | ¥hedr f HRATHN Y rRreRARtd GIMELAM: 160 1" My constant
and 2 nM ML.CK were added to the basic solution to form
per£U1BP—ﬁ>a4 p@actwaﬁenn AEFWAITRG | MPESRRAR r fhreugh a Fisher
v e r e
Sciliprd¥3C WATEl 0BT RGN/ LnaNabRe RdliiddddRe "#08° noni tored
withi rd ntaedmpispert i rgrcbberesebhor&T ha redet+Rarmextmodel 8110-20,

. was freshl ared daily for each series of
LImERSER i QR P REIEHY (RS PRIIG0SNL FAPPFRENfAro Reaction
wasl i9%iHi e neord iubeﬁm Able EARENGa{d Jtéx@%téﬁﬁé@' ’6}'1‘&9. Laemmli

reaction m xture were kept at OQoC then transferred
Samplep Switdery s(pélsxtgmu GertEinnd i MaEREl. at Asminimum of five

t [ t d .

blafk SomM P AD cRERLUS' 30 Uodifl SlpBERBLIEInbinks comprised

a wﬁ&nan@ssamipmmeurmm onoi o edhai tal@tavbhefdmgsdm:snts ca®*, .
robe such _as a Col e-Parner podel 8110-20, imersed in

CaMy ) MLE, G T FK + Jrekimenf- 3| ToR Wi Fhehiankreguntgn were higher
S3hfi t e th 32P A

e Do | "Garpl £ BT T or 5ol Ut SR CaTk oo, S0 i -iowed o

proeeeEd fAanmisimimasid fwase @V@hlkatqﬂrpbys cmnélagu gR2&d iingorporated

expet rrent nk r| se sa .
in o R R T ApS IR S P 538 SMark v Liquia
sc:LMt(ilthl!b(ﬁKco@mﬁn ments for which bl ank counts were

&her than 300 cpm vvere rej ected- Phosphoryl ation was

&ﬁe@’t(}d” oETHAr } 3P 5TRPREARAVRaPUEERL R R b igh frequency

ave poraked rdl M s N9 cBndbhARal Wd € 0.26  and
wave@ii. 0 NarEMé||quu o
repetition rate was 1 burst/ sec for all exposures. Burst

duration wvaried from 65 usec to 1000 psec Dbased 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 psec, just as illustrated by the Power SKNR
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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scintillation counter. The signal conprised repetitive

bursts of a high frequency waveform Anplitude was
woreodtiedised constant at 0.2G and repetition raPerMmam03/013301

burst/sec for all exposures. Burst duration varied

from65 nsec to 1000 nsec based upon projections of

Power SNR anal ysi s which showed that optinmal Power SNR

gggﬁgégggge achi eved as burst duration approached 500
—The results are shown in Figure 7 wherein burst
W Gidroiding) @ eani empbadimetton i heha - pxeseahd idpesition use of

PhosEhor | ati on 702 as treaﬁed/ sham.is. plotted on the
a POUREs SHR mgdede Wasn PREtheRe ViONE ctilor@Egit vivo wound

regliWinhd 0, @M-RPPReasACRolES ABS BHaBnAtyAPPIche Fld 8 ¥ized both
500 nsec, just as illustrated by the Power SNR nodel .
bicpeshanically endf binahemiceliw, sigAamascdileduind this study.

ne e R 8 R AR hy Bk BrBIERO A ¥ 4o more than

3000 Wreing weatd anisi Bidddici ent to achi eve optinal Power
SNR for a given magnetic field anmplitude. Exanple 2

The AHHTRLE oK ABSHRETHL 200 ('Hie-Tpr BB eARLIrAPERTtGReal dose of
Ketdafiid #5 PR kSNR AP IRlaMRnildiHd 186 . B ek | N a3el adequate

vivo wound repdir nodel. A rat wound nodel has been
anemstiesiar haderbeen Buthiiawashechhri cdbryuan@was shaved, prepped

.. biochemcally, in.this.study. Healhy .
with O TRty BOEaERe SRk sP IRty ad Naraped using
stdriie U1 Bade Weres iibdrl 8z2¢0d0 Thalpeilnalas @+¥@n linear incision

anesthetized with an intraperitoneal dose of Ketam ne

wa sy D eATRETeR dt MEGRIRTEREN & K315 QRTk GEO AFPEY Tag6d@a® the dorsum

anest 'a.?ﬂg aghihe¥ederth e b

ot prepped W th a g?ﬁﬂ?eggggédiﬁg%apggﬁbﬁggg utf%ﬁ%¥§ﬂﬁl reak any

remiyiapiedy udengadt diiblegrst,echeavyieg Bsi mapen #¥Qusdalapgiroximately 4
an 8-cmljnear

cm

i 7 G ST B B RR, WU B K fessure o
avdiingneddemagey ecdl thel Bxdins sefdensl. t 0 Mhccakk By 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.

PMF exposure comprised two pulsed radio frequency waveforms.
The first was a standard clinical PRF signal comprising a 65 psec
burst of 27.12 MHz sinusoidal waves at 1 Gauss amplitude and
repeating at 600 bursts/sec. The second was a PRF signal
reconfigured according to an embodiment of the present invention.
For this signal burst duration was increased to 2000 psec 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
21
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remai ni ng dermal fibers, |eaving an open wound

approximately 4 cmin dianeter. Henobstasis was
wobdoailoads Wi t h applied pressure to avoid any dpOBYS2009013301

the skin edges. The skin edges were then closed with a

4-0Q Ethilon running suture. Post-operatively, the )
aregniifaCeche &gty 6@ BIFREROFPABASLENEYCEpRgUrement. The strips

Nt RRe Eﬁﬁ%?%a' The [+ d igd neli i glugl )1
‘Nrer'jaeng:rrecgtll ve 00! %nﬁzeﬁtlg)rn@g%&lqi biitrhljim PN#Jexpeofs%re ded at 10
mm/odamprazd d theo naxtisenh r fdrce f gegesatpdndvefarersth@&@heround pulled

first was a s dard cl.i ni.cal PRFE signal npLising a .
apagt’ Hosh U The I R don (arison was
deteplinktdd &yt KigRe AhieN GrviirRfe) dIUrdis/maeimih el SRE0W kilograms
was ,a PRP S|gnal reconfigured according to an
percFBbdPfeRie ofwe het hiRs dhfom hat5a3me wdmdhi s si gnal
bu [ e t t
A G ed [ SranEde | befdble (RETSAREN ' 2x the 65 naec
1 Gaums SPBF sedgnaipeasi idl )8 PRE.Baskgfpt’i eftbrf oth@0exposed group

m nut j C ajly. Jensile strength.was perfor ] .
verBiiud Snbi$ St ckolEh o S5 cFaf oRORIREL152R d@if 01), which is
a £4%1 Bhctkasld.n Merechizasest echdeppardgeul@dnd 01d Ngtrength for

scar from each sanple and used to neasure the tensile

thest3@yt BSeE 0glmBaussThRRE silgaader c @i sweed raarehding to an
' h .cQNsist enc
ersh A2 4 EA8TDERbR? ARSI USAH Sbyer Sum mocel was
21.ensi®net kg/mihefst rilps teeatbdadedupt vhEsuy M7 andd.1 kg/mm?
tg)g‘rrmﬁiarmmforce enerated before the, wound pulle
(P<a )t

Il ed
T (e FORLTPhe FFOUP, ¢ il 48 hgttY orncrease. The

restQWRAr ESEN VRS FQbEr S1HRE18Y dakd nﬁotthesf?‘ﬁiﬁﬂ@aﬂflirh%ifferent
maxi mum | oad in kilograms per nmm2 of the Two strips

from e@aath@twe wound. The results showed average

o2 AR 8o 0 RS Lo BBGEGEROBY, g prosent

invént kgl mPléwedt Ae neantPRE gignal( e M8 , cohftfuirsdathat could
8% i ncrease. | n cont

be SPEOICRG oiiite S9BDLALERTGLY GLQYSLPRPONREna The PRE signal
conFAurHY eseAERRTAY NEot AndRefiREGSIEN o Of thBe P38 invention,
i nvention using a Power SNR nodel was

accalerated 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.
Ezample 3

In this example Jurkat cells react to PMF stimulation of a
T-cell receptor with cell cycle arrest and thus behave like
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 is
consistent with an anti-inflammatory response, as has been
observed in clinical applications of PMF stimuli. The PEMF

signal is more effective. A dosimetry analysis performed
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21.2 5.6 kg/m®2 for the treated group versus 13.7

4.1 kg/mm 2 (p<.01) for the control group, which is a
woakdsiimsease. The results for the two signal SPeEUS205013301

significantly different fromeach other. These results

denpnstrate that an, enbodi nent of the present

ACGIRARYT P P oRBROAIHERLPRE SR BTG e W GhRRL lemonstrates

whﬁrh%t@@u‘s;ﬂgﬁslgroélf@edeﬁ’ﬁé&isﬁ}egn!afnidcaﬁh&y PENMEI AQMRI1s have a
he PRF signal configured according to an enbodi ment
grefgtepecpfesbntthan ol | Ha, wiareils aphd Inalad repbls ip the most

EM§I§%£§§F{§§§§Eﬁ%ﬁ§|éﬁ%égomer manner versus that for a

clinica h accel erated wound repair but

r e(Commeth e tdein dowimsthey s Hfomugrive udewaoreiqguosks employed
. to produce, T.r Tnp Xe 3 In this exanple Jurkat cel]|s
inyQLes t gVAREALirRuIk | BRe off 3t 1P RF| gﬁ&ce‘?ﬁ"fﬁr V\FPﬁCL‘r"m of the

th&Bhd1 CY61 S a4bEEEgANENERUS HERAYEr | SR, NBEMRhat of the induced
T-1ynmphocytes stimul ated by antigens at the T-cel

volteagpt ;at sudte afEMimsercEBt 1w r bxegpt e patipome structure. The
heal i n resul ts h S bot.h . . ENVE f e .
vl BEEHRR ettt S By B B Bdng X, refidlipor sites

esl’s ce , s expec
on STueeaPMelDs esagpendetihihhe frcelf didaemMmddidle The average
absence of, a costinmul atory signal. This i s consistent

PegK t @%% - i’fﬁ?!lgnn‘%? ort}fer e 89 481kRgs %‘"é@h a PEMF signal
co@fwgéié%ngﬁséh' uadle appl beat i oéuf%sSEbgghtingheat 15/sec,

I's nmore effective, A dosinetry analysi$s
wapelfivf amdadebleli igrta af Brbsdgnaht 1bf wake50r p¥émn.

i nventjon denonstrates why both signals are effective
§§2ﬂ§i§h§ PEMF signals have a greater effect than 60 Hz

si gn@l shDs gl e Ce1&6t rombfRetiet fENEdSEfigrYVRas used
growm h. stage. Conparison of dosinetry fromthe two

toS$E&@N%@%ﬁmﬁ%@%@s¢%¥%F%%§t§QHI&&t?ﬁn}&fvﬁﬁg mggpd - offwo
a1 ERERERU GRS AU Okt 6,235 DAL EghBgpUobhegEchiging o
pridf-sensandva secged pavnhigyredraccordingheot anget
ora BB SLE UEhY" S-H888: T $0bQR BLATI NY at Teceptor

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. Each animal was then
randomly placed into one of nine groups: groups 1 to 3
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on Jurkat cells suspended in 2 mmof culture nedi um
The average peak electric field at the binding site
wo c@sie21BEM- si gnal conprising 5nsec burst of PODURBE®013301
pul ses repeating at 15/sec, was InvV/cm while for a 60
Hz signal it was 50 nW/cm X T TTPXO In this exanpl e
(cenieee tohmgiese Fakf drefreiggdwae adegtremagnfkps dield
£ r SSNAFCY | FAZALLOM | 1188 LP Y Y@,”Qgﬁ' 12T¥3%e§ibf;f g&%ﬁbs 4 to 6,
signal were enployed, one configlred according t
30 primy Breataments sewbnd sodaiygusitdgabedr dangst electromagnetic

X odLnment of the present.inyention. One hundred and
£ SR G by e (2 )2 nEPEP ol SRIBRGR RGT8pBrSsernal ¢+ 8/ and
12 3Rkl AMBe SPEEE i VETR) pOdAl| Yréipsdedrbonb) BONRIGILOWRSatments

Al animals were anesthetized wth a m xture of
th@ﬁeﬂn¢@ya%%pm@n%z@n@&gﬁadeleatremégeetgc Bipdgs for 4, 8, and
12 %@éﬁé €SIk £l wed éhmgysa,aeash gni gl Had,Bekg,cm

to 14 chmsegnent of tall artery harVested using
regpeciosweyral technique. The artery was flushed with

60 h inized [i t | pod

entorrsSt et anahetle Sherfy AP aoRP R Rt anbg, treated
gréipd dsify 1 Qevid®) cOREErhheagsHEEbedihg tBean embodiment of

transected proxi mal and distal segnments of the right

the wepeenbrieygnutong Anbmahy- ip- Ehe anpsrémesEal groups were
[ a l_ar Lal Sl . a4 hgs I tyi RO

tr%éé?@h@%rp?@ceg ?%e% éﬁ%ggtgngggsagoéﬁgﬁégrgé?egggggrOr 2-0
galde, ansimy' shabdopnhaéswél| mgeoi honk8cmbatr 27 .A2dMHze Animals

roin jncisign was closed with 4.0 Ethi]on. Each )
Weé%ﬂ?@ﬁly%ﬁn? e r 50 ygBFaEBEl?ﬁ? Osnéea? ﬁpﬁeéonfln9d to
endifd Pehall PHPStHeh © WaS0PLEBLEly LPBSCcHAl PhECEaIYCHere

no el ectromagnetic field treatnments and were killed at
reanesighet hped 19iviecketagi pepscapromszingdSkpdol

snd ERLEFRL e} 147558 HOU6 D GrindBsso sy SELLOMRMNLE  vsing
thd prévicamdyi@inetksisienapetheveeypraandryeeypwas tidedtified
an%|%ﬁ%g%%%ghéfﬁégggégg;m?ﬁgerg%¥r§igggi%'gr%ggasloop 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 skiﬁ 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
cm2 versus 1.42 + 0.80 cm2 (p < 0.001). These areas appeared as

a latex blush segmentally distributed along the sides of the
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12 weeks (animals were killed at 4 , 8 , and 12 weeks,

respectively) . Pulsed el ectromagnetic energy was
wapmsiterist o the treated groups using a devi ce PCT/US2005/013301

constructed according to an enbodi nent of the present

invention. Animals in the experinental groups were
arggrEale AW - 3R huwerkswi eentreby hedant her demenghugse

s US| I 2 C 20 C
e p RIS R UREA BV 657 (201BECchS, DpIRRC rcace

grams it rwernis Tmlaiim dmidl napbtoxEnste byt hquc‘;]lir shahieatically
: ] | T . t.het |
o1 R R U £ O 0T SoFer SoRiatee Fof rBEPR, Bhadfly of 3.57

1. 8D ESH kthof0 hepgauss | gEs@y e@sdy . 3UsTNg t01e82 cm2 for the

qorevi ous groin incision, the fenoral artery was
2.0 #HST i FPuhd HMHecked"eFs parieyls The tRaorantral| group

i Il | 0075 WS 198 or® Y21 RLOPL O IBEL Yo P00nd Gh8kkYs the 0.1
rom t he ‘anastonpbses sites, an e vessel"wa$ ¢ an‘pea
gausd grmimudauonsieratmn Xi®d etl. 312 ¢rodp and theeRt @dgauss

grqiin SRRAD P Dot vdt e e R P MG easSifie. Again, both
tre@id Wrieiph APl y &k | Conisr SsY &f st ti s£8681 8¢ s8§Hificant

the arterial |oop was exposed._ Neovascul arization was

fingiadts flined B- AVeTy EMEBUT ace area covered by
Pﬁﬁr%ﬁ%%ﬁiﬁeeégﬁi% Is&g\/\gélgg%‘ﬁ%‘:%/gg%a ll:JSi ng

eleadtaroBRBedtiat | Site Jah| strival hest sorpask cape. i Ibka®@dtarterial loop
notj,ceahl e difference i,n neovascul ari zatj on between

2c R S At SR TR T, TSR ot IVRBRIGR  Tpgreases

the! Rlodnt ™ LAV MESFRL ﬂé&%dﬁhﬁ@.@a{%&@diﬁgggin vivo rat

controls, however, each of the treated groups !
modgilyi | dinceased g iqgensiy ivamtdenonreated in each of the
: Mfﬁ; i tof SR - 1.4 80 <
tre(r%&%\é% . eés?éar%%r?aop%ear eaél %ésrsfaﬁr%? e%a’%%%'sh §8%atPrSrences
weree giomnih [Herwhiest rilaitrebwl tongp i Hehesitdes gduddhebstel s atested as

| Qop. 8 eks, caontrols_began to denonstrate
pregiotedt b e Genr s e PTESPBIIRYN T ERR K
tr gRAK P RS e MVBiIR S 5¢ 8APLBPLFBEESY and a method

equal statistically
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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significant (p < 0.001) outcroppings of blood vessels

of 3.57 1.82 cnR for the 0.1 gauss group and of 3.77
waz2@2/1e188 f or the 2.0 gauss group. At 12 weeksSPCHEDBSI05/613301

in the control,group displayed 1.75 0.95 cnR of
Whﬂ%o%%sﬁﬁ?ﬁ??gafgbn, whereas the 0.1 gauss group

denonstrated 5.95 3.25 cnR, and the 2.0 gauss group
1) shomete®h@d £ W sirofaidiGld ZimGitvesselst AgAinY tissues and

both treated groups displayed conparable statisticall i i
Ce%l@nifpganteﬁgﬁapﬁﬁg (p 3RIGOIEPESAPer EBHE r ol REOVFRGeLarization

oS PEL{ HEn | bdi ngs. demonstrate that el ectromagnetic
coﬁ?eﬁd %?i%%%a%#%ﬁéogﬁan isolated arterial |oop
accordfhgutbign ertbodilgest of otibe préegEfdrii nvaéaddaiding to a
lhcreases. t he anount . of anfifiable .
e CRER br FOURT oM R o VT94 rabe niage foFfl MaFempter, sald
at an@LHeeneseS wasederRNStoatigd idbgady okd hg ts88i8enesis and
groups, at_each of the sacrifice dates. No differences

neQERECY RRHZdet oR PR EFRE rR8LNVaY 0Bt rReteu®: gauss | evel s

te%ﬁ%@&&{é%ﬁ&@ &y %%g itﬁcf%ﬂnéén ée%%%v%%gﬁﬁ%armeter 50

i nventi on. ving descr enbo
thappsabd ust ahel st medheflc for i detbn et fngedl eotbondgbettable in
Iteatnent to human, ani mal and plant nolecules, cells,
5214 AR OFRNGT HARIY | O EARGH Lar L At LAB AT FFEat | BAChEAY
st M@Et @k OAISoFa L DEIFBEenBYal ikhed i "
YRS RS A IRIENEIAREL 00, B LAl Ay Lageftbyy and
negyrRiRe¢Gldozahbon changrs payhvay nedeuchurde particul ar

e I 0 f_the J ' di scl.ose i.ch are .

o T TREE "L RS LA PIRELAPHIR 88%a conTiqured
at deddase by wide=tppendseddcl ai ns. What is clained is: i )

A net hod, for el ectromagnetic treatpent_o f |iving

ti ssAERt g F21F SHECHERENP Antl SiRhek sSak anglogenesis
and SVGPEIRT 4 LRI A ONof OPRES St NBadiifa gt §PFullure usin ipLit
nC‘onfigurlng at %east onéémagg?orn?gccord?%%r?ou%;ng & coupling
devwetdienat i cal nodel having at | east one waveform
paraneter, said at | east one waveformto b e coupl ed
to a angi ogenesis arid

2) The method of claim 1, wherein said at least one

waveform parameter includes at least one of a frequenay
component parametér that configurés said at leéast one waveform
to repeat between about 0.01 Hz and about 100 MHz, a burst
amplitude envelope parameter that follows a mathematically
defined afiplitide fifction; & BUFEE WidEh parameter tHEE Varids
at each repetition according to a mathematically defined width
function, a peak induced €lectric field parametér varying
between about 1 pv/cm and about 100 mv/cm in said targét pathway
structure aceording to a mathematiecally defined function, and a
peak induced magnetic éléctric fieéld paramétér varying bétween
about 1 pT and about 0.1 T in sdid target pathway structure

according to a mathematically defined function:
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neovascul ari zati on target pathway structure; Choosing
a val ue of said at | east one waveform paraneter so

wo bas/16a88l at | east waveformis configured to BCT/US2005/013301
detectable in id angi ogenesis and neovascul ari zati on

3} tREIRbtRaEh¥RY ShiMCEUr fhabays Qagagaﬁgmgg@ﬁbszst&nan
sai d angi ogenesi s and neovascul ari zati on tar

neopéﬁﬁuéyrSﬁﬁU¢Pnr§arQ§hepéthWQYaﬁtépéﬁﬂﬁénégﬁ uﬁ@s at least
Onesggn ngrggas§|s Qflgured at | east one waveform and
ng sard-e ronagnetlc signal to said
anglogene3|s and neovascularlzatlon target pathway st

0) 456 GnbRefnod.Fadtn eadirbherasbuPBLaLps: et aEeD OF

blnﬁﬂﬁbuﬁéﬁsa&ﬁhe§§§aﬁ&§ 23 §e§ﬁ§§€%ﬁ?em69589@§%tln living cells

parameter that configures said ast one waveformt
andotmspeas bbewebm abdulabiog engiggenebdst ando MHz, a
e envel ope paraneter that follows a

necﬁ%?ﬁ@ﬁ%?? %Fy defined anplitude fiiatin a biirsst

Wdth paraneter that varies at each repetition

according to_a mathematical |y defined width function/
3) BhpcARthRduEEJCERER: Ay cWRREEANpERAREPARAIAPy PRgions and

ingﬁ&§E§Hc§Qﬁé§ &oﬁﬂﬁﬁﬂhﬁgdcéﬁeH mlP8 &M&ﬁb&%linsﬁhﬁ

target pathway structuré according t a nat enatlca
defined function, and a peak induced magnetic electrlc

6) §hS' AePRORIRE FLraR) AparRusy ot FactuPARdERE, ?ngops gd

11ggnabeﬂnbua@ébym@@ﬁnaeﬂnéqubWQEbe¢EB@ pebhgdrebnchal Mving
wherei n sai d angi ogenesi s and neovascul ari zati on

091¥§rgéﬁ BABBWAS-structure includes at |east one o f
ions and ligands. 4 ) The nmethod of claim1l - ffther
conprising the step of binding ions and |igands to

7) Teguhatbog bﬁleﬁaiﬁs4inWheremg Sahﬁsbandlngssﬁeions and

1ioangs ) e ERaEe Tl SE PSR Y Eo king: BEROGEFAcH: A fgvoRS oells
andi B05sa88 .

8) The method of claim 4, wherein said Binding of ions and
ligands includes modulating growth factors and cytokines
relevant to angiogenesis and necovascularization.

9) The method of claim 4, whérein said binding 6f ions and
ligands includes modulating angiogenesis and neovascularization
for treatment of bone fractures and disorders.

10} The method of claim 4; wherein sdid binditig 6f ions and
ligands includes modulating angiogenesis and neovascularization
for treatment of cardiovascular disecases:

11) The method of claim 4, whéréin said binding of ions and
ligands includes modulating angiogenesis and neovascularization
for treatment of cerebral diseaseés.
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I i gands i ncludes nodul ating Calciumto Cal nodulin

bi nding. 6 ) The nethod of claim4 wherein said
wa@eovditogss i ons and | i gands includes nodul ati nECTUS20$013301

factor production in living cells and tjissues | _) The

12 )it deatinqd fimclaimhdteiviang i A Rinding RE aieps and
114&1’@“&%& Q&éﬁ;ﬁ@:ﬂ%ﬁ{d g&%&%éﬁd@ré}ﬁi‘%é&%é&larlzatlon

I'ving ce t1ssues of claim4
Fomtieresitmezdi bbicwiidhyafadarisantiddéampmds i ncl udes

nodul ating growth factors and cytokines relevant to

angi ogenesi s and neovascul ari zation 9 ) The net hod of

13 \CImadNdh MRt e S ian bl NdirOifn | isd afintin@anEisions and
I ncl udes nodul ati ng angi ogenesi s and

i‘qaébiﬁamlaad%tm sh e ing enAaiensis b ind mea@ee kgization
thod. of 5 .l erein said
tozﬁﬁ%ngé} i1 ﬁlgansﬁﬁc U(gésér[\rhodulatlng
angi ogenesi s and neovascularlzatlon for treatnent of

14)cardl ove%%ﬁcgar di. se,ase I T%fmr%e%t]gcgﬂ:&gq%qal Sldns and

1ig@dy qtﬂdxg;dwIﬂﬂﬁﬂ%%@@%gw@raﬂ@tﬂé&véﬁulamzatlon
treat ment of cerebral diseases. 12} The nmet hod of claim

for| taeRtEents H1 diTrRAIRE OTF iR | Gkl Rt CrimRzes -
nmodul ati ng angi ogenesi s and neovascul ari zation for
treatment of cerebrovascul ar di sease 13) The net hod of
15)c|Riemmsthrodvhef eilnisai 4 hindienigt ofaidnsimhihd igandsis and
. includes rmdulatlngjf %%ogene3|s and

1igandm JAs g st T SRHGTERTIDIAND PGS FRtarization
foﬂltﬁ%exﬂé)oﬁ he Rt o i ahes &l N Sl Riddidng

ions and |igands i ncludes nodul ati ng angi ogenesi s
and neovascularlzatlon for treatnent of di seased o

Lo TSR, 5 S T 2 i e

1igmdid aitndmglceéwlnﬁgﬂrmim@@hgmd@rawtnmémulanzamon
treatnment of an acute or- chronic_soft tissue wound

for prepfEmand il PRI NS EXHA DI IS HFPBIHAHY of | s

and
17) An electromagnetic tregtment apparatus f£or plants,
animalé, and humans to enhance angiogenesis and
neovascularization comprising:

A waveform configuration means for configuring at ldast ond
waveform to be coupled to a angiogenesis and neovascularization
target pathway structure according to a mathematical model
having at least oneé waverorm parafietér capable of being chosen
s8¢ that sald at least one waveform is configured to be
detectable in said angiogdenesis and nedvascularization target
structure abqve background activity in said angiogenesis and
neovascularization target pathway structure;

An electromagnetic signal générating meéans connected to

said waveform device by at least oné connecting means for
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| i gands i ncl udes nodul ati ng angi ogenesi s and
neovascul ari zation for treatnent of sprains strains
wa@ar@saeisgisi ons. 1?) A n elect ramatgnetic trertTERL005/013301

ap' p&attus for plants animals, and humans to enhance _
TOTERA gbh sl < LRRE TRIREST Grd HIR3 brt RS T Gured at
1 eV e MAfdFd g 'ald dri nmeans for configuring at

' east One wavetormto be coupled to a angi ogenesis and
ne gy azvap ey aldwice arqetegzdvizly st rieasit eone covnliegting

medsth fLha et CSGOT OISRy ‘ErCth R AR e cor

codpfdsig aneLdVRRf el #onyRaifd BEREL Gdesdel eidtddeidsis and
sai d angi ogenesi s and neovascul ari zation target
eI el o Hatdst o ik Tty i gus IS d
angi ogenesi s and neovascul ari zati on target pathway
structure; A electromagnetic! signal generating nean's
18)c dliree ctled tinorggne tway tresimndevi epphyaatis| edstclade 17, wherein

.connecting neans ' forgenerating an electromgnetic
sa il G i U TR S T P ISR a5 i Of a
£ retfidl dyn G @Iu s paresiadidy it | st AL HREtdN G sast one

means to said el ectromagnetic signal generating device

wavediormp e inepesdi dedmeany ahaitetd -Olsilhand ety 100 MHz

M 5 IS ¢ asGularzation \ _—
2o AT HIRERATEN ST 4 MR Bt ¥Bhoe eavelope
pargpedeat that ddilowk/ a wanhematSaial It desfistedSBenpl itude

vef orm pa anet .includes at | east one of a frequenc Lo
FUnCOSne Mt DSt S it RAT ARG TS SR %% tedbCThiepetition
acctiEhy Md & MeRIRInANSNAAR, Uty Ok dih anth &b, WQaak
Miz according to a mathematical function, a burst = ©.
indaged eldetanive|fdgd dpadapeden varfidig desigen apout 1 uv/éi

- h hGa defined. anplitude function, a burst. |, .
and AHBRE AR LRy b So4 RO LPEGnEHTF o8k pRgRtSiiari zation
Targeto peithgralyo s riicierd ddedldad nde fon ed mddtHdhaftuneE 118N defined
.__a _peak induced electric field paraftieter varying
funsttl@len 280 8t PR Lndigedamaoassdc FOeqhpicmiielshippranster

Y la$h FReqVahk al Leak-0p . s ak0el 3
oIS BRRTS SBRCS BECULA LBSLID, 1 FORL DALY Blatogencois
and neovascularization target pathway structuré according té a

mathematically defined Function,

19) The electromagnetic sSignal geHersting mesns of claim 17
wherein the signal is inductively coupled to living cells and
tissues wherein Calcium binding to Calmodulin is modulated.
20) The slectromagnetic signal genératcifig teans of cléaim 17
wherein the signal is capacitively coupled to living cells and

tissues wherein Caloium binding to Calmodulin is modulated.

21) The electromagnéti¢ signal genérating méans of claim 17

wherein the signal is inductively coupled to living cells and

29



10

15

26

25

30

function, and a peak induced magnetic electric field
paraneter varying between about 1 nT and about 0.1 T
WO 0osaoxdsangi ogenesi s and neovascul ari zati on tBCTE52005/013301
pat hway structure according to a mathematically
tiggepadheratti orowlly) fgpeors eand ogugnkinesskghavant to

angfoieiortd, e G ST T R R Me e beiidhly- °

wherein Cal cium binding to Cal nodulin is nodul ated.
22 B n SHS G AT e oF LATL | S°RaTaE 9 VP 3 B 00BI Gl 21
wh%%%iz@%k?@'é:?@%‘kq Eaceoes WeLghe L8 pbath Dbidi 99 kforoblast

nmodul in"is nodul ated 21) The el ectronmagnetic signa
groetier Radcher seapbattd Let aler 1vedhgreioh t feckdgnaaniisinterleukin
Jdnductively coupled to living cells andtissues wherein
gré#ﬁ%w%é?%&%%Ts and cytoki nes rel evant to angi ogenesis
and neovascul ari zation are nodul ated. 22} T

el ectrorra%ggt_.i c signal generating neans of claim21
23 W HLe Pt Jrasiet 1ot iidl mm&?mnwa%@ﬁ%n@foc#am 17

Y i . ' : | |
LSRR, BRI 1t Sehies Bl SodBIA Lo Bl oo an
tisgdwey oot | grdwith ofadtaed tapdl ¢cyiokginawatébeodnt to

Jaim 17 wherein.the signal.is. capacitively. led t
G IHRELR | T LTI IR el b SroW P LEESTS and

cytoki nes relevant to atigigetie-3i and
e' vascul afizati ri afe Mdulated. 24) The L
24 )| The rolREHANRIRS il S HEiRt FenRrHenggnedng | af nelagn 23
« [ r , . st._one-o
R hd M B0 e G, Yl 8 e lorontast
grdvdit ofactmous i gtlerticaiki adapromd §eorids sEadiS)rThend interleukin
el ectromagnetic signal generating neans o f claim 17
gr%ﬁéﬁe§?£$' signal is inductively coupled to living
Gells and tissues to nodul ate growh factor

production. ) The el ectromagnetic signal generating
Z5nde feiimagrtiiersignahoeiemt ing negpeeief velaim 17

endifHifl Sthd B 1dad 1% £ YR AL d1P Ui 18s BE Y Mg a5 ana

tissues to modulate growth factor production.

2%6) The electromagnetic signal generating means of claim 17
wherein the signal is capacitively coupled ke living eells and

tissues to medulaté §rowth facdtor prodiction.

27y The electromagnetic signal generating means of claim 17
wherein the signal is induatively coupled to living cells and

tissues to modulate cytdkine productiofn.
28) The electromagnetic signal generating means of claim 17

wherein the signal is capacitively coupled to living cells and

tissues to modulate cytsking production:
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27) The el ectromagneti c signal generating nmeans o f
claim 17 wherein the signal is inductively coupled to

wo 2awsngpisel | s and tissues to nodul at e cyt oki nePCT/US2005/013301
production. 28} The el ectromagnetic signal generating

29 )reitins afeat momadiewhereimmd heyanaret ing megaei ¢Ei gbhim 17

coupled o living cells and tissues to dul af el
iR i e AT T D5 SR TR en oL LT b cells and
ti08ney ald NebdERise C&ngei@gféﬁé_f?iwﬁ&lﬁéw@s@m@imﬁion for the
i nductively coupled to living cells and tissues to
trepdipnt oty dieasiirel andvdisierdefsation for the
treatment o f boiie fractures and di sorders. 30) The
el ectromagneti c signal generating neans of claim 17

30 Wi gl ddteranignadtic capacl tdasd saciouplmsato of vebgim 17
ceills and tissues to nmodul ate angi ogenesis and, ,
WhSTENR R ST ohF (PAHE 1T Rt TR LHorie {1 HE1ng gells and
vifiidh U USRI Tate Hg Bt &0 THBHRIY LS B8 zation for the
generating nmeans of claim 17 Wherein the signal is
tregqidigtt vl oaish pf st es iing EHdRAGHR. ti ssues to
nodul ate angi cfeesis and neovascul ari zati on for the
treatment of cardiovascul ar di seases. 32) Th

31 jelmod ralragneinsg sl tginal s gaed Btgene reainsg diedd @i of 1dtaim 17
wherein the signal is capacitively coupled to |ivin
Whesdiny Hify $5 s+ &W%‘f@%r@%‘%’é@fgﬁ% Lhging eells and

v 1 ARSI Mzt Oud Ploddifsd IS AR M S s S T AVASERT £61r thé

di seases. 33) The el'ectromagnetic signal enerating
trepimenbfof | cardikvagwrlsin diseaiemal is i nductively

coupled to living cells and tissues to nodul ate

angi ogenesi s and neovascul ari zation for the treatnent
32 TRy ediett wbreRpResic G eetA0ImY Teddns sbonelain 17

generating means ' of claim 17 wherein the signal is

wheseghidt i they el honau pl e FaRR G4 WA TR E <GP ke §9 skijekng pells and
. i-Q0 Si S . ) sascul.ari i g the -~ .. ..
R P LB R AR Y AR b 6 0x e

t resl e o el et vt srapal Laye nkrsgtd e eans of claim 17

Wherein the signal is inductively coupled to living
cells and

33) The electromagnetic signal geherating medns of &laim 17
wherein the signal is inductively coupled to living cells and
tissues to modulate arigiogen&sis and neovascularization for the

treatment Of Cérebrdl Adiséasés.

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

treatment of cerebral discases.

35) The electromagnetic signal genmerating means of claim 17
wherein the signal is inductively coupled to living cells and
tissues to modulate angicgenesis and néovascularization for thé

treatment of cerebrovascular disease.
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ti ssues to nodul ate angi oge 'riesis and
neovascul ari zation for the treatnent of
waeeooshoasascul ar di sease. 36} The el ect romagnet PCT/B5pnRb13301
generating nmeans of claim 17 wherein the signal is
36)c£§&iet1iar:émommmteicc teidrnad rgprostdBimndieanssuet ¢Eim 17

wndBH! 36 A0 00enes! o 00 NRNA AL B 2814 00 [91nd M1 1 and
tislend rmwmiﬂatélmom@ i@ esnfaduld @i tadion for the
wherein the signal is inductively coupled to |iving
treadimenty f Ge e GRdH &S8R ogenesi s and
neovascul ari zation for the treatffieiit of p' r'ipl
e'fa'l vaSciilaf diSe tse. 38) The el ectromagnetic
37)3 iTreale Igeriarama gy e sl gafa Ic | g s ek iwte medam e heef sooamah 17
s ,aapaei f ei vel coupl d feo [ivin nd tissu .
WGBTS S LG b RRRASH (S DA R T and

tiddiral RN imotuiRad Fﬁtﬁjlaig‘étfb%&lé andlifaRrscBAriieion for the
el ect |F%%net|c si gnal. _generating neans of laim 17

tragidiasit &g tals Vasiicia ) ¢liBé&ssiehl ed to 1 ving
cells and tissues to nodul ate angi O eesi s and
neovascul ari zation for' the treatnment of diseased or

38)i Mmleamjdm@m:ﬂa ssigpsal 4inehtet mleaeamgnetéaim 17

g el M) It e i PRI il LRSS a0

i JERHY AP RN e o@&xé&%@%&ﬁ'r@dxﬁa@éﬂ%ﬁﬁaﬂ% f6F thé

treatnment f diseased of is emic cells and ti-tsuis'

tregimenite off eidheged: Ve ssiugeel etemasd ng means Of
claim 17 wherein the signal is inductively coupled to
living cells and tissues to nodul ate angi ogenesi s and

39 )nana stWcuHcHEgNET OIS il iysaRtrainoimadis aita pim 17
chronlc soft tissue wound. 42) The el ectromagnetic

e ot FUIRFING AV 4 OB MRl T OIS ks and
£19sUcRARAP LIl o QY 1M Rl ilal et GRIdvERA LS For the

nodul at e angi ogenesi’s d neovascul ari zati o
treptamneof ofi ssasacutcs deaitemin ceaddfa arics fuesssimmd. 43)

The el ectromagneti c signal generating nmeans of claim

17 wherein the signal is inductively coupled to living

40)Cathles car@tlrichides tie: Raduwaal eRPAdeneHeaNGr claim 17
neqvascul ari zation for the

wherein the signal is capacitively coupled to living cells and

tissues to modulate angiocgenesis and neovascularization for the

treatment of diséddéd o iSGHEMiE &élls a4Ad Fissues.

A1) The electromagnetic sighal generating means of claim 17
wherein the signal is inductively coupled to living cells and
tissues to modulate angiogenesis and neovascularization for the

treatment 6f an acduté 6r chfdnic S6ft tidsué wound.
42) The electromagnetic signal generating means of claim 17

wherein the signal is eapaaitively eoupled elo} living cells and

............

treatment of an acute or chronic soft tissue wound.
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treatment of sprains strains and contusions. 44) The

el ectromagneti c signal generating neans of claim 17
wok@saoaisg he signal is capacitively coupl ed topPtT/vs295/013301

cells and tissues to nodul ate angi ogenesi s and

43 InddrasdacEmomRITGt o s iignak canshatting maang @f claim 17
wheldid 15204 Y U Ouctively coupled to living cells and

tissues to modulate angiogenesis and neovascularization for the

treatment of sprains strains and c¢ontusions.

44) The electromagnetic signal géneérating means of claim 17
wherein the signal is capacitively coupled to living cells and
tissues to wmodulate anglogenesis and neovascularization for the

treatmeiit of Spraing SErAing aHd Sonfudions.
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