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EXECTROVA bHBr XC TBBNBSEWS AFPARI kKTUS M m METBOD TECB

TCM W KW Thi s invention pertains generally to an
wappanstius and a nmethod for in vitro and i n viROI/US2004/040646

t herapeutic and prophylactic treatnment of plant,

ani mal , - and human tissue,, organs, cells and

nmol ecul es. I n particular, an enbodi nent according to

the present invention pertains to use of non -thernal

time -varying magnetic fields configured for optinma

couFLBFRGAFRRIC [THEABERT aRTRFEEUS B0 METEOD

nmol ecul es, cells, tissue, and organs, using power and

anpl i tude conparison analysis to evaluate a signal to

thermal noi se ratTECENENR: )FIELY he target pat hway

structure. Anqther enbodi nent according to the present

i ekt | dRVESLatnsPeBt appF i GRG0t b%Pst%ﬂ offPparatus and a

met P! ELR Vi MaVEEQILM £l §Ct LOMRONST Ity HQNAIS & 05h8r Plophylactic
pat hway structures such as nol ecul es, cells, tissues,
treament gafisplsihg a@ntimalli gmdveigian poisabee osgphisagcells and

devj ces such_as.inductors and el ectrodes, _and driver
nol RIS DY P Rafe kN ORE PhE o EREe S Ea et S8l ok ihe present
invelevige puehaassknee, uebbol, Aowerthdaek] showlderying magnetic

~ foot, and, other anatom cal, waps, as_well as appare
fieldrh @QnfhFHERES, TS0t W M3Nd FAER bR actessdiitget pathway

strﬁ@%aﬁ&?tQﬁ&he@EPQ£8f@éuﬂ&%Prgéﬂgsﬁoﬂﬂg%&ges§ﬂ& organs, using

I nvention pertains to application of steady state
powgerandi enplghabe cformehiisoar ypneeistior ntel evatoshgnet isggnal to

signals.to target pat y. struct.ures such as
mefiflonpds® ERPE0 TRMRY “ihabiare i iEhnfrbungy structure.
AnotieF appubiemand Hepiwdiacs | Eoappld catéeast ofintBetion pertains
present invention are nuscul oskeletal pain relief, _
to BHBAACREAGE iTh, PIAEFEBaSEd FBRHITRT VoY NRSRI™ electromagnetic
Sigﬁgf§9¥85@géyég” 0 R8s f Ush-aRr RN 8PaLE, rB9RGu1Ies, cells,
Jrepair, osteoporosis tteatnment and prevention,
tissungs ogenesi sygaesvasdmoar izata orl,igrihaniced: | ponuteble coupling

response, tissue.repair, enhanced transudati,on, .and , .
cevlFR bttt A BEARNEDTTf PRS CLAEIT o0, pipariver circuitry
thaPotgi Kal iagerbsrAtegenhed reoccdtiig device such as knee,

elbow, lower back, shoulder, foot, and other anatomical wraps,

as well as apparel such as garments, footware, and fashion
accessoried.

Yet another embodiment according to the present invention
pertains to application of steady state periodic signals of
arbitrary waveform electromagnetic signals to target pathway
structures such as molecules, cells, tissues, and organs.
Examples of therapeutic and prophylactic applications of the
present invention are musculoskeletal pain relief, edema
reduction, increased local Dblood flow, microvascular blood
perfusion, wound repalr, bone repalr, osteoporosis treatment and
prevention, angiogenesis, neovascularization, enhanced immune
response, tissue repair, enhanced transudation, and enhanced
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to the present invention can also b e used in

conjunction with other therapeutic and prophylactic
w@e@msosiuies and nodal ities such as heat, col d, PCT/US2004/040646

ul trasound, vacuum assi sted wound closure wound
@39?%@§$W$Wtﬁﬁb@ﬁﬁ%ﬁ?&?%ﬁa&eﬁg@@é’rs akd @magidiglent according

n v N R n I

%S%gél g iha% app |catR§§()iéo éenﬁgé&a%%rﬁﬁnjunCtlon with

cehert rdragehitcid | elrds  ErEMREYLacad cr epubtetores and modalities

si ol al | aningful in vivo and in vitro
\E&%eﬁseg&a@c,ﬂ P3 G SHBEY r ofRfGHER | @SFi8Fgd, wound closure,
w@@ﬁ@rlakégs&ﬁggan&ﬁﬁﬁb sabavel Of 1Ba s1Ueh aq8vREkS, Ndand  surgical
el ectromagnetic fields ("PENF"), and si nusoi da
igkeerorBEORuch a s pul sed radi o frequency fields
PPRF' ) ranging fromseveral Hertz to an about 15 to an
about 40 MHz range, are clinically beneficial when
used a s an adj unctBREKERGUNDYARDr a variety of
muscul oskel et al uries and.conditions. Beginning in
t he 1966° sI“H%nggg %ﬁ' r Rt hePRpddGAE 1Q5d ©f weak non-
tps ey | acdi EcEeMhegse@s St nubaked Q“m@*'l)m Clan  result in
probl ens associated with non -union and del ayed union
PHSHEC FeEEtak s, meaning®itk diowddvehagngn ehectiteal bioceffects.
b ug ely
respondyfﬁfo ﬁgc g%?@aﬁn%ﬁaﬁf Eark%?thegggggﬁg&h¥' rectangular
wakﬁimmmsusedhlmniaptkdlagdeQHmtrdmmgMEbumeif@ld@dQSPEMF”), and

delivering direct current (MIDC fra ture site.
S Iﬁso}r#ﬁ/]g&“(fae? T oGre vt NAPIRALY fields

(USREv) ei&@éiméafr@ﬁdsé{réﬁéioﬂégﬁﬁt k6 Eheb%utT'l%S%o an about 40
modal ities were originally created to provide a non

M7 nvaRdSe XFAocildudkaldwamenefigipducilep ansed as an adjunctive
t%%f%ﬁ |C§J&necganL&§% %@yef%ﬁﬂ]a#ug Silg&gh%%gﬁ leygﬁurles and

appllcatlons t hése Kho ogres
cmndiﬁmnm&hcs have | ed to approved appllcatlons by
r di es e for treatment o _f
;?g 33§%§§§h£%stﬁ% %ﬂ%ﬁ Sns development of modern therapeutic
and prophylactic devices was stimulated by c¢linical 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 responds to mechanical input.
Early therapeutic devices used implanted and semi-invasive
electrodes delivering direct current (“DC”) to a fracture site.
Non-invasive technologies were subseqguently developed using
electrical and electromagnetic fields. These modalities were
originally created to provide a non-invasive “no-touch” means of
inducing an electrical/mechanical waveform at a cell/tissue
level. Clinical applications of these technologies in
orthopaedics have led to approved applications by regulatory
bodies worldwide for treatment of fractures such as non-unions
and fresh fractures, as well as spine fusion. Presently several
EMF devices constitute the standard armamentarium 6f orthopaedic

clinical practice for treatment of difficult to heal fractures.
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and fresh fractures, as well a s spine fusion.

Presently several EM- devices constitute the standard
wa@eevasiitari um of orthopaedic clinical practi ceCT/U82004/040646

treatment o f difficult to heal fractures.,r-;, “he/-

|H@qgc| t i,.f.pta je.;.ii,rf.f these devices has been

s P9 o PGHSRE. - TRESH afgbaddidss  devdceadikasi dredn s vieamygehigh. The

t e le LS. nded -use a s saf e, non .

aEROEE gk PRI HALESEOOIELEY HAGP SN P Duabte it

retomeegdedt. vkl tianal zlinLld, | ndiestdongidor, t hesen-invasive
t echnol o ieg?have been reported i n_doubl e _blind

2L TR EEVS or CPr edt nenE S f ba‘?/ré%cu?%@fﬁe_cr osifglditional clinical
ind O Db d SFopStRABE! MddHn1 MW HaRal ﬁeellk?: 9§ggrgte erin double

circulation and pain fromarthritis a s we .
blindcgkodkeretr | hferteent ©F |avagcetani esciewés, tendinitis,

f f k_| ow.f : .
o R P Eohng, ¥ r o R T S katinR, i pain from
arigat hvay saainde Y ovd hoflast ofusynldesdBetdl Lafubiesshown

th stinmu| ates secretion o f growh factors after
a :i%ﬁ\{ii‘?i ggerALes| kBTG aFHIe I | i YBFREDF ndPhg weak low

Fréf0ERsSe e 21 dt rnfRde RITDIARE RF ecgenssah | y%f { de{]%}qmsduction
a

ninitial EMF target pathway structure. The clinic
rafleravaneedt gsovtbatimsitayr foyngxeasid e dtf daonde ephbwn that EMF

j g ' uch- a s npdulatjion, o rowt h : _
st RSB TaT L o kAL RGP RoiredliA Short, trigger
likeegdhabtbono flobgne geepniindald upabckevek sitUdh€Sell membrane

ve shogai.rleffects o n calciumion transport, cell

h [ on, Ul
2Tr oBFREFRLEEN, GIRUIIFERE oweh FabtFiqW | G | fayget pathway
stfgd@ase, e L8inichil FEeCepLfice Br%%%'a‘éﬁle'nt% _for example of

osteobl asts. Effects o n Insulin owt h Fact or
bore' | @epailry) asd LpPEegullatibavesatBo deemabrpmsiomt edbf growth

' r cture callus . _Stinulation o transform.n
rads AR IAE S E YA or P BLILET 2L LTI or pone
repd i, PEMElilm1arbonevé Ndyetidersndele | Bhawhate fS-H0LEAn calcium
shown. Studi es have al so denonstrated upregulation o f

TOBrGEFAngPHRNA eyl PP il e tost et ldst Growke Eeptor (“IGF-

117hi necdesignat g0y MGy 635 \ﬁ%%%?tgrt h%%?r&@%f?ﬁm{r? a%%Yeoblasts.
in TG - bl , collagen, and oSteocal cin synthesris.

ETfRENF sohmilrgwidia GriomtheaBactorIGF (N MHF-I"N and IGF-II have

also been demonstrated in rat fracture callus. Stimulation of

transforming growth factor beta (“TGF-$*) messenger RNA (“mRNA”)

with PEMF in a bone induction model in a rat has been shown.

Studies have also demonstrated upregulation of TGF-f mRNA by
PEME in human osteoblast-like cell 1line designated MG~63,
wherein there were increases in TGF-B1, collagen, and
osteocalcin synthesis. PEMF stimulated an increase in TGF-Bl in
both hypertrophic and atrophic cells from human non-union
tissue. Further studies demonstrated an increase in both TGF-$1
mRNA and protein in osteoblast cultures resulting from a direct
effect of EMF on a calcium/calmodulin-dependent pathway.
Cartilage cell studies have shown similar increases in TGE~B1

mRNA and protein synthesis from EMF, demonstrating a therapeutic
3
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bot h hypertrophic and atrophic cells from human non

-union tissue. Further studies denonstrated a n
wop@sesdel i n both TG - bl nRNA and prot ei n i PCT/US2004/040646

osteoblast cultures resulting froma direct effect o f

SR cAafsth FHBhaRAIRINL Ty SepeRdeRl RRLMEYs cos (1002,

toT@yabybl amdRNK. asd maﬂaﬂﬁ1NqntbeﬁESBDOQﬁNFMéf)/to Pilla typify
denonstratin t herapeuticy >yj hkcb .pyp( jfyp
thF$§ﬁﬁE?66%)C%§|.Ft8d.1§ thegt &4 ido. 4, 315,503 (1982)
to Byalye dplzliorsartpq_tr?rﬂhil\p-fﬁefésaﬁ%%ié%ggﬁxa&gssarily high

Pilla typify the research conducted in Is fie _
ampgwEviee, prforrarar i Hot hias taedet apilvaunséocessarid,y requires

' Rt u n r.to t ar get, pat hway

o R, A Ex8 ekt driry Fong & Fo memt e
and Taemetfoper,t abheedThateler €ora aneepperastus &kt @Nmethod
apparatus .and a nethod that nore effectively nodul ates

EhBE o BRER; @&%eﬁ?:&e’ggéfegwfiﬁ%ﬁtﬁég BLecaemissde PFOGREFSandhat

refARAkLE, t3BaLLeRSERALABN E‘eF}bﬁ%? » 5B LAGOLRAERTRS  times, and
m niaturized circuitry and light weight applicators
inggerozstesupliinfagtueiizeds ciilfgs islryowindg likatappaghttuspplicators

f _desire i sposable. A further
Su%geggeggé%ggbgr8%%1585a§§983g&§8 &thgbetﬁgpaEE%QS to be
poettbtti watly ifodubates biepheabtal. pr gcesses hbal exists for an

regulate tissue growh and repair, shortens treatnent )
ap??%@%PSaﬁBdiW@EP%QrSP@§ RPERathifrEEd velyclirEpyagrg biochemical

| ' ' 0 h upl,isn Lce
T RO N b et o
trepvERTEONiBaSsappadat nsoapdratest hodibbtnrdekivetirogitry and

: i.C.sSi | h i,mal and pl
1 gh e b OUROnehl ¢ SRR bR B RO BB ED Bl Thar can be
cohsssuetaddtor pansmpoanthBnapeuti c and prophyl actic

purposes. A preferred embodi ment according to the
present invention utilizes a Power Signal to Noise

Ratio (LL PowgisShBsukm @R’ eRgRir@ofiont i gure bi oef
fective waveformsamd—Trcorporates m ni aturi zed
ci r&ui tapparatdd ghtdeighmetheri bfer delivering electromagnetic

signals to human, animal and plant target pathway structures
such as molecules, cells, tissue and organs for therapeutic and
prophylactic purposes. A preferred embodiment according to the
present invention utilizes a Power Signal to Noise Ratio (™Power
SNR" ) approach to configure Dbioeffective waveforms and
incorporates miniaturized circuitry and lightweight 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 1f further desired to be
constructed as implantable.

Specifically, broad spectral density bursts of
electromagnetic waveforms, configured to achieve maximum signal
power within a bandpass of a biological target, are selectively

applied to target pathway structures such as 1living organs,
4
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coils. This advantageously allows a device that

utilizes a Power SNR approach, mniaturized circuitry,
wa@nashosgnt wei ght flexible coils, to be conpl et BCHUS2004/040646

portable and if desired to be constructed as

Eilasise0s alled 1andanl- uFINel1 LS| iedelorhe CORSIIIOIRERE using a

“f npl antabl Spécifically, broad spectral density _ '
UNY  BL 1 ERde! PENAGNEPIPaRATEROMIED oM gof eihegmal noise in

beve L AUM S owey; Wi f-hi a a
e N
ong a® hnaynyspidady e sestremgad al,vigigparigansnfietandom wave shapes,

il gQ JS MMl xsijifrecul es. Waveforns are sel ect ed
nafl ) IR TP R B RRP 1 oo Siparf 8 O Oh fRatobout 100
MHZ hat malbonei sk t8 abbatgetoatduveyu ssf HCIUhe. s BNR! Sand have a

conprise bursts of at | east one of sinusoidal,
bungdet afGieditiHaot Fétand Feemomakais sh@pdd, have about 1000

ont in ge 0. Hz t t
R T e N M T
stangtumyesachuast tenpaid!idiesatia f4 0RaRYOULF0. Bodto 1 pv/em to

about 1000 bursts/second. Peak signal anplitude at a
abqufy géP‘OdekA)w- sERGd uPeIBUE N PaY XY sepgelbbes may abe a random
fuﬂ&@@ﬁ}oguéPQVEdin /Cg1toq§§%g 100 nwy%&%?pgﬁg%%e different

sl gna st envefope may a random f Gnc
elqutovirdigretai areahsraotactstmodatef dhébeingt tissue. A preferred

el ectrqmagneti g.characteristics of healing tissue., A _ .
e B o BB BNt Caddtt dPRGSEBTL KOTprddeR = 20 millisecond
pulepribgesta 2omprlilsisgconthdud sesburgt cmid S 88  microsecond
about 5 to about 20 microsecond synmetrical or
8 Fi Qf pUHRL FiephtPthgses bBepettingoahbsbbut0l to about
I 1.0 T u nyel ope is.a .
O S ) T Tt e o e B af P EkARRPS 18 = modirfiea
1/ f efenicttiion r ahes. 1A respliedg aﬁaverfaxrcmr@an_[etmtition rates. A
deli.vered via inductive or capacitive coupling. It is o
reséﬁtdﬁﬁgec"fa‘é?g?% brBsBRt qeﬁ\}gp@tr,egn iR chifpghitee aor capacitive
coupQvklg .spectrum of a waveform by mat hemati cal
simulation by using signal to noise ratio (W SNR')
angﬁysig ﬁ@10@hjeggr@famjua present invention to configure a

power spectrum of a waveform by mathematical simulation by using
signal to noise ratio (“SNR”) analysis to configure an
optimized, biloeffective waveform then coupling the configured
waveform to a target pathway structure using a couplng device
such as wultra lightweight wire coils, that is powered by a
waveform configuration device such as miniaturized electronic
circuitry.

It is another object of the present invention to evaluate
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 the 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
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optim zed, bioeffective waveformthen coupling the
configured waveformto a target pathway structure
waigiongsaicoupl ng devi ce such as ultra |ightwei BET/USZ0E040646
coils, that is powered by a waveform configuration
device such as mniaturized electronic circuitry. It
) (13000 oy 0 Hif@hi&asmlGthn vptewakdate a power

e NR f or any thvva ure such as

Spgg&%ﬂ E BelfEge ftt gﬂ ‘é% %é pl%ntcélosen biochemical

taﬁ@eﬁabﬁt@ﬂﬁyh%@ﬂ@cmr@gs@&h id¥pud W@&@c&{l@ e¥eNif tissue and
the electrical equivalents are non |inear as in a

OrgRygRF n2-PiRNEy ABHBRANC2RABJIBYDARt s anot her obj ect
of the 4 %re$§8£hégv%ﬁ é%fﬁtSfprt% dﬁa?sgﬁkh 480 ion to employ

_apparatus for treating plants, ani
slguhBhsaiithy' Lbwept jdeinranpd ¥t uCe s asdidshs;&h:e@t Qﬂﬂh,ya duration.

timz Lng _a power, trum of a waveformto
ToEB b abRo S B E TRh CHE L 158 ot S paPHRgy SR, a frequency
rasgé UGJnUf@ sl aas ’@oW@I@@;ﬁbﬁcyceﬂ'éspéﬁ%U%n@ndsé’ﬁgﬂf‘lvmy of a
of a plant, animal, and human. i's anot her object of

taygrt pPé§Bmay| rﬁrémqwq oS &P 69 @1 grr¥e@akrl yceoher tissue, and

r duration. This can
%e bc@gﬁé)jfl S e'd %Hgmrr%tb%h%ﬁ% 1\E;tlﬂln"§I‘|:§’goWer SNR, a frequency
r anfee i rlewd gaald t gefr e@{ueaeucy atesyprse aaad advantages of the

sensitivity, of a target path structyre such as a.
pr%%?ré%u]r%ve%gf‘?n it 3§’u$3 rg? Faht §heghigrgigatter set
foattd B@ASDedbeiphoya @ﬁdthét DQbﬁ?ahg%bJ @51 Description of

advant ages of the present invention w |l becone

they phuyikt 193 o2 eC heter mprerdedtheppwhtisr i ef
Description of the Drawi ngs, Detail ed Description of
the I nvention, and C ains appended herewith. BRI EF
DESCRI PTI GRIEF DESCRIRT DS OF cFHE rRRAWINGS i nent s of
ePa]?rfssent i nventjon wl| t_2hdescr| bed bel ow in nore
det A TEEW§h TR ERTLET T N ARy | M7 ahphgeill be

dedt S bd o 4 one ek agkam Of & Rt A0 fOce to the

accompanying drawings:

Figure 1 is a flow diagram of a method for
electromagnetic treatment of plant, animal, and human
target pathway structures such as tissue, organs, cells,
and molecules according to an embodiment of the present
invention;

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

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

Figures 4A is a line drawing of a wire coil such as an
inductor according to a preferred embodiment of the present
invention;

Figures 4B is a line drawing of a flexible magnetic wire

according to a preferred embodiment of the present invention;
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el ectromagnetic treatment of plant, animal, and human
target pathway structures such as tissue, organs,

w@edosms61and nol ecul es according to an enbodi nEPCT/U820041€40646

present invention; Figure 2 is a view of control

circuitry and electrical coils applied to a knee joint

BdE Or it a dpHéfE Bl i eapREr FRntedt veedpriss eat target pathway
MBI 1N s Uy, i l.oc inagr, of. m_ni rized .

Eici rcuidtl(ré; Sg?go:é i r?é’nt%eg:%reéf Ié%reﬁéd éﬁ%]oséllemrsgﬁ? O(;ﬁg%i eeaccordlng to
Pprarsdmriegy enbodaneRitgofeshd Avkssant i hevelitaldmg of a

W re ¢ojl such as an.inductor according to a_greferred .
enbodi TENRt %?:V%éabV5§%n? iﬁvBﬂ?FBﬁ?nF?@ugﬁgl %_?gcg as a wrist
duippordy avicegrafing fLexi bl epragistég Welfo@GhOMH Nt O he present
a preferred enbodi nent of the present invention;ip IJ;

¥Q%§%ﬁiom; l;..,, waveformdelivered to a target

pat h eSSt ug e Ul e |_q <t .
o o g S dordl ng £5teR At BeF RSO iR Y R Feased myosin
ghcesderyilazénti ofior FiguPdRE | signayl ewffiagresi t B@ALRGing to an

[ h i st support. according to a
%ﬁ%#%ﬁf% C@éggagnéﬁ?sgpgtEgv%?g%%%i #bention; Figure
7 iSE&g@&@ph8i|Hﬁﬁt%ﬁtEﬁ%ﬁﬁﬁXHﬁ@dé&:@%%&%as%g BRRAN consumption
si

phosphoryl ation for a gnal configured according !
GFPRTISRPodiSHtReTOf 2 t RE dleserindhventi én; PAME Bigueé configured

| raph.il j power sumption, .
g T80 HBb AR, 82 PO o LR B s
configured according to an enbodi nent of the present

I nventi on. A NG THE | KVENTI ON
| nduced t | me _ wha .1?}:)_ T 4 e ik W_ e‘nni- [\ WION
devi gesiiide@Wriibhed viadtydely RAUAPERYN Stardet WS WD B Yevices flow

ol ecule, cell, tissue, and organ, and it is these ‘
1@uPr éRgeth PR taAME Ya S¢uailure eiokhiach acaldiscarie, cell, tissue,

atnids%li%%n(ia%nrdea%t iisn t%e@y %u@r%%it%altlh\étn%?:rg régfsl{limulus 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 ligand
interactions at binding sites on macromolecules that may reside
on a membrane surface are voltage dependent processes, that is
electrochemical, that can respond to an induced electromagnetic
field (“E”). Induced current arrives at these sites via a
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 membrane processes such as membrane
transport.

Equivalent electrical circuit models representing various
membrane and charged interface configurations have been derived.

For example, in Calcium (“Ca*™) binding, the change in
7
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manner. The el ectrical properties of a target pathway

structure affect |evels and distributions of induced
w@osesiill Mol ecul es, cells, tissue, and or gansPEr/ESHN4/040646

in an induced current pathway such as cells in a gap

junction contact. lon or ligand interactions at
gobpdEpgtinnp o ihmpudnoaecat es thaldimy $esé deuent® induced E

menbr ane, surf.ace are vol tage dependent prqcesses, that
mays Bfectds hl IR hat cARCHABERENd COTRAT ndite impedance

expkeskroragnehi gstield ("E"). Induced current arrives
at these sites via a surrounding ionic nmedium The

presence of cells in a current pathway causes an

i nduced current ("J") to decay nore,rapidly with tine
(wJ(t)"). This is due 2§xa@n=§%y#ai_éLectrical

i npedance of cells from nenbrane t@fagitance and tine
constants of binding and other voltage sensitive
menbr ane processes such as nenbrane transport.

whEgHi Hakerheeleh igaly Jdcuid @aﬂ@@r@%ﬁ@i%ce electrical

vari ous nenbrane and charged interface configurations
eghaveléeenctlecuved. Whereemwany eangul Lol ftdfodndsp2defined as 2xf,
bi ndi ng, the change in|,P|lipfntprfc Qa;j,.fb|.i
wheref a1 fnegz@ney bi hdiﬂwg-Jé’ﬁl,t eud@e tbsi bbecédrEimgy lmpedance,
descri b in freguency domai,n an I npedance,
and DPREL] G uch s e (W LRVEONEE v LTLEh witgstance  and
capasithecéor oto &na sehi epinEShgt ARLEGRANACITIANCEa1ue of the
elec%rica ui valent circuit. Wiere w.i s angul ar

| .e )
CdY+ % %ﬂEyb&&gilﬁgd td—“ée Zﬁ@nﬁ%*er eTion™ Ribrlgguenty, related to a
io%j%iné@n&wkdﬁétéHh§HdﬁﬂnghL”pﬁﬂ§ ce, —apd R 0n %ﬂq%ﬁcghus, the

nce, -
n are equi val ent bindi ng resi statice antd ¢Epaci’t
charéacherionidi ndimeg pensiveyt Tle ualuepathwhlye is determined by

. ivalent, binding tinme constant, TiOn = Ron CcO 1,
10?28%%@%%%dk%n%t%g$bn bi ndi ng rate constant, kb, via

t onEndiGe&oEl/dedh . a ThusE tde BRAr agh@khStdth t EBBse current to
constant o f this pathway i s determined by ion
1o ndik§ W@Mhetqrsbinding pathway and affect’ the number of Ca?'
ions bound per unit time. An electrical eqguivalent of this is a
change in voltage across the egquivalent binding capacitance Cion,
which is a direct measure of the change in electrical charge
stored by Cion. Electrical charge is directly proportional to a
surface concentration of Ca?' ions in the binding site, that is
storage of charge 1s equivalent to storage of ions or other
charged species on cell surfaces and Jjunctions. Electrical
impedance measurements, as well as direct kinetic analyses of
binding rate constants, provide wvalues 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 induced E waveform
for optimal coupling to target impedance, such as bandpass.
Ion binding to regulatory molecules is a frequent EMF
target, for example Ca”’binding to calmodulin (“CaM”). Use of

this pathway is based upon acceleration of wound repair, for
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I nduced E froma PEMF o r PRF signal can cause current

to flow into an ion binding pathway and affect the
woeovbeselol f C a2+ i ons bound per unit tinme. A PCT/US2004/040646

electrical equivalent o f this is a change in voltage

across the eqU|vaIent blndlng capacitance GO , ch
SEPETA SR R RR BEAR T t ABVERERGe Madudladctan caf growth factors
I s{.or I r har, d
e Lor o4 040 Bge o811 Feal E12i0Rylh SHASERLY sucn o
pletietles bidediigdi tesouttiat fastat or AYRDGET ) chafgeroslast  growth

| ¢ to th h {0 T
ey s BheL LT Ul f Bl rceR s, TRreCt: CicE) are all
invopedance: méasuappgap@laaes yelde acF Gh&LLinki N@ldf ogenesis is

anal yses o bi ndi ng. rate constants, provide val ues
alpgr lﬂt@@%%w%mw Frst et lafiecthonP¥Ef All of these

fagygrgagggohglba%;g%F%gdgpgandpass o f target pathway

structures. This a or a required range o f
fr eﬁméﬁtiizéslgf e CanCalfi erthiwadu e dvdEraayef ocam fioe configured for

optimal .coupling t o.target i ed such S
D R LSO TR nd o EGLF APBL§Y mARF eatkggound  thermal
noﬁééquﬁﬁhﬁﬁﬂF tehget E@kr@é@”pb%ygi%idﬁﬂﬁﬁﬂmlééhdltlons, this
cal nodul i n % CaM'). Use o f this pathway is based upon
wayeEersy §PRoR3Y av@bh’élpéﬁﬁllﬂalﬂ@r sheniigang) biosfdect .
Lbi gi 2Bt denval ves, podul 0 gr h .
fact le?gkégged an%Vaﬁﬁbus sﬁ%ﬁ% qm§$£%e §&¢ C%fcﬁ%h requires
knbadedge suthehestpiaableQUdae&eadngmmﬁha?&@h@ﬁlng kinetics at

Collp el b ok - act O 4-Ear O Wl | §iAFSIPSY o Fhgnoes  in

coﬂcéﬁﬂ&@@&b@t%fsb@ﬁ%dOCE}hQﬁiNﬂﬂ%]ﬁ@ﬂﬂﬂ@§n§§t§s o§e§|§9me may be
|ntegral t o wound repair and nodul ated b y PM-.

ChpreResEiEget ofs ar efagCaney dieridenby Wl | |egUrigraéent binding
/ y rmc onf i e mhlch
lﬁ%duce F“g ¥¥?$%?%n3ﬂ§g% O%ﬁmba %f %ﬁﬁd equivalent

binﬁénngeﬂmsﬁannﬁwmndUndpacioaneetqﬁw@h@IQ@mC&hndlng pathway.
condi ti ons wavef orm can have a physiol ogically

this ‘
Tiapj glrﬁfff@gﬁ?ie& ok? f Ect LORPHHNCHADNTBEE LPHUSGRIONRKD s Via  Tion=
R;Jyedel H/cha@g%M1%%@H'R@é&ﬁﬁPWﬁﬁggﬁbOcénekﬁéhrb%a@mployed in a

equi val ents o C a2+ binding kinetics a t

cell array model to evaluate SNR by comparing voltage induced by
a PRF signal to thermal fluctuations in voltage at a CaM binding
site. Employing numerical walues for PMF response, such as
Viax=6.5x107" sec™?, [Ca?"]=2.5pM, Kp=30uM,
[Ca**CaM]=Kp([Ca®"1+[CaM]), yields ky=665 sec™ (Tion = 1.5 msec).
Such a value for 7Ti,n can be employed in an electrical eguivalent
circuit for dion binding while power SNR analysis can be
performed for any waveform structure.

According to an embodiment of the present invention a
mathematical model can be configured to assimilate that thermal
noise is present in all voltage dependent processes and represents

a minimum threshold requirement to establish adequate SNR. Power

spectral density, Sp(®), of thermal noise can be expressed as:
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CaM Wthin first order binding kinetics, changes in
concentration o f bound Ca 2+ at CaM binding sites
wW@®s/0sdime may b e characterized i n a frequenegI/Uis2vesd/omoc46
b y a n equivalent binding tine constant, tion- R o
Go f where Ru«i@f F@@@»@e qui val ent bi ndi ng
resi stance aﬁ%‘%gﬁaCIfan@%”§£?ﬂfhe i on bi ndi ng
pathway, -d on i s related t o a ion binding rate
Whe@RsSt aRix, &b , 1%l achke@RTiBal0 GmpBdandekbyrPubl i $heget pathway
val ues for kb can then b e enployed in a cell array
stp@dlure o Xevid tALISNRB Yy chmatargevopabiyeay nducedtbre and Re

RPRE, sj I ernmal fluctuations in voltage a t
Shobetm iy B8, BBy IRg ey 1t ar=Var ek Pyt ructure.
Zul 5B0NE8n HUCBxRresHEmxz8:5xI O ~7 sec " 1, [Ca 2+ ] =

2 .5nMM, KD=30nM, [Ca 2+CaM=K D ( [Ca 2+ ]+

[CaM ), vyields kb=665 QEC "g Hio =

val ue for Tié)n)g __@e T ' ;&
equi val ent Af%ﬂl flor ign binging &
analysis can b e perforned for any waveform structure.

1
Accqrding t o an enmhodinent o f the present invention
a n&@ﬁéna?%%*?l%dgﬁ Yo BREBRT itGFedS et 5E8R A 11giRedance of

thehat tbheeral RRiEsdy S FgﬁﬁﬁﬁﬁufélaJlaﬂ@!taggntrib%tions from
dependent processes and represents a mninumthreshol d

exXfEgerieHBAL t blekd abkpshshdngaat e "8NR) , Poviesrt speetrgllar £luid
' W, ise can. expr esse _
oSttt Sl Al B MLoOR At SBG P EE] whicn aro
elpatimvay 13y uctommecbed s t diarensiayeof gat@get structure, all
th ﬁ s%ructure and Re .denotes a real part of
Cogﬁﬁégg Ee tOf Y155 ge tp&thfay structure. ZMx,w) can
be gxpygseLt ASpr&EAR td &L A% Jod SR RGhsThI %};‘Lngle value

equation clearly shows that electrical i1npedance o
oft Rereak geeapastvaye st R urad seanpld@ater.i bihiiens sf ceftulated by
ace 1d_resistance (%Re "), intracellular
ta??h?dgrééﬁéfén%ég?*?#'%hgﬁ? G %? " eﬁ%%ane resi stance
S () RART REIAN2E5] &bret 1d102ldre peapgekedeli@vant 2k 88t ther
pat hway structure, all
complete membrane response, or to bandwidth of a target pathway

.5 msec). Such a
n el ectrical
ile power SNR

structure. SNR can be expressed by a ratio:

RMS

where ]Vﬁ(m)[ is maximum amplitude of voltage at each frequency as
delivered by a chosen waveform to the target pathway structure.
Referring to Figure 1, wherein Figure 1 is a flow diagram
of a method for delivering electromagnetic signals to target
pathway structures such as molecules, cells, tissue and organs
of plants, animals, and humans for therapeutic and prophylactic
purposes according to an embodiment 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
target pathway structure such as a molecule, cell, tissue, and

organ (Step 101). The configured waveform satisfies a SNR or
10
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contribute to noise filtering. A typical approach to
eval uation of SNR uses a single value of a root nean

waewanss1{RVB) noi se voltage. This is cal cul at eBCHYS2004/040646

taking a square root of an integration of Sn(i>) = 4kT

Re[ (Zxu>w ) J over all frequencies relevantto either

PS5 % ot R 1A gg'f 0&e Pryy IE &Qf £ h

it ar dget %gaa't’hy ;%t%ﬁ ucture. Slé gc%ﬁe g@p&sslecr %yg% pathway
FaryahuRVE Whey @dsaiid |ta schrodemem drgd st ustes ofaveform

V. e at_each frequency as .deljvered a chagsen

pma%vae orm to tacﬁlé—}tt & gveéiv ey 54%?&9?3@@ Ret Or}e; gt pathway

Figlrerk amiereiin S dodrtd ddd oW} ag@P ofoB such as

met hod for delivering el ectromagnetic 'signals to

Rasteye e dmRR Is thlud it Hmasraidlagaulasy} eledtrical

R 8, I Ay ' a s for

lt%erapﬁ%éeoéag %g:rggoth% actic ?Ergp@s%sreag%o%ﬁ%?nogéﬁon a state

EhtsodietEntanef tilkssus,eddratt iinvendtdrer Aatdterss iicalat least one
del .having _at .| east one waveform paraneter is Lo

Gppi%id N5 2o ge SRR YA 1o R heh ARSI B0 injury. A

preifdeed erbdaneet RA WRYerflrlt e SHGh R tic signal is

nol ecul e, cell, tissue, and organ (Step 10{[)?&% The

IR GRe P Tnay Busiah ft iadt ids arySMR VS ses SR IS (3t least one
[ . , rqet. .

et PMEChR ek Thall SARERR AR Y W requency

aeenpefenmsp acagengr Sont katowr Wavdf dantics atetactialy i wherein

he target, pat structure above its background

tg‘c?t |pb1urt?7&(l eﬁ’r%\f%)eqé]@&?ya§og§§éﬁnﬁé3 Hdrifdiies a Power SNR
riddeqt Ugtie@ns o2 .val tegRard Rl ealddiGRIndmedancs Ala1@ can be
target pathway structure that depend upon a state of a .
sesaragRg fogsegampiar lindugtdiiedsy tohve ospatad tilgredty | dasm said

. LN oW s ' n speondi ng t .
B o e e
séloeetlr dsagoepiledsitgnal ﬂaS:gE@.ﬂ‘@fait&@:dzyOfstacubiﬂu?ie @fuch as a
arbitrary ef orns having at | east one waveform . i
MG et Pty FrCEidas EepORgAR By GRtEREqGdndy coupling device

S{?\lﬁlw QREBhLS 1288 rRael L¥MaADAWuR @Y, Hp 16 @Y LM oximity
erein
to the target pathway structure (Step 104). The coupling

enhances a stimulus to which cells and tissues react in a
physiclogically meaningful manner.

Figure 2 illustrates a preferred embodiment of an apparatus
according to the present invention. A miniature control circuit
201 is coupled to an end of at least one connector 202 such as
wire. The opposite end of the at least one connector is coupled
to a coupling device such as a pair of electrical coils 203. The
miniature control circuit 201 is constructed in a manner that
applies a mathematical model that is used to configure
waveforms. The configured waveforms have to satisfy a SNR or
Power SNR model so that for a given and known target pathway
structure, it is possible to choose waveform parameters that
satisfy SNR or Power SNR so that a waveform is detectable in the
target pathway structure above its background activity. A

preferred embodiment according to the present invention applies
1
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the plurality of frequency conponents satisfies a
Power SNR nodel (Step 102) . A repetitive
web®@svsamagneti ¢ signal can be generated for eRENPE®04/040646
i nductively or capasitively, fromsaid configured at
| east one waveform (Step 103) . The el ectromagnetic
& EiphaneE i ub ippdditedalndrget apaineayasyinot magnsugh field and
e ti , .and organ. b t put a
= Eone TR TR Pl e e L RN B0F, BR2ERr "a Bl coBruBrure suen
asphapetiecunle) osel by okinsty, t anttherfangetoppthvarg about 10 to

t Step 104 The coupling enhances a
ab§?{ﬁﬁ@ gﬁ?%cmm$€ﬁt§é?ﬁsagﬂﬂttFs§9e§b?égcigpnméCfoseCORd
re@byshel 881 sal s¥s Meapb B MY anﬁﬁéutF?gyrgozabout 10 pulses per

illustrates a preferred embodi nent of an apparatus
seqekdr dF ok t e hit pieseht thavendiond Aleavhiratuféeld is between

t I CU ' d to_an. end_of at.|east
A SRR L ot fed id, Rt i S Pl iR caftefind of
modhBlied 1ehsfumnelcomnieetorfis codghetcy0 A RQURELRE configured

device such as a pair of electrical coils 203. The _
58 11 AL RF S TORTY oFIePHHFRT 264CPEALRASTP LERREPTASENT invention

mayBsdeipp edd appl 4 esa AgdBt hermbi ¢aly ppdel L h cﬁsaﬁsgdmolecule,
to configure wavef orns. e contigured waveforns have
cellr shivsys, 2BANREIaPoiRr SNR-abederedototal émposure time of

' t . struct it.is
sn o0 PR KRN A0 SR BEL I, B LN Pl Sl pyposure
tiBNR @an Roswers<SNR Statddbrmis veyef Dymrés et eed abl €1 4fure

the target pat y structure above its background
ConfE i ¢YrC tbrﬁdﬁr?% SO PR NEC a’ R @ i d deTibce 203 such

as RERs@NL1 dAV et O PPl domiedt st Ho2Dl Peid: Slp M fdevice 203
U I [#iiMinBduce a tinme v-arying magnetic el d” and
dehivere &-Rlging emmetticcffjeébmmlafi@:gm qnmdsmé@fyng to a
lecul e, ce tissue n
ma e e T WA O W RboiR MO0 e fRAEIEnt to a

tamydt aboitwaly tstraioite 19001 £4 O5REONhL 1 @Et BOUl B e miniature
ing at about 0.1t o about 1 0 fulses per

ul ses repeat \ _ 1 (
Corg%%n&lw aﬂﬁﬂlilt%@ P I iRaRsdd @l e kd fer et d

prinsAgasehalil U abadl e, ey
puliyiauergnetd avefieflal Miaords quared applications as are needed in
a given time period, for example 10 times a day. A preferred
embodiment according to the present invention can be positioned
to treat the knee joint 204 by a positioning device. The
positioning device can be portable such as an anatomical
support, and is further described below with reference to Figure
6. When electrical coils are used as the coupling device 203,
the electrical coils can be powered with a time varying magnetic
field that induces a time varying electric field in a target
pathway structure according to Faraday’s law. An electromagnetic
signal generated by the coupling device 203 can also be applied
using electrochemical coupling, wherein electrodes are in direct
contact with skin or another outer electrically conductive
boundary of a target pathway structure. Yet in another

embodiment according to the present invention, the
12
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using a preferred enbodi mrent according t o the present

invention may b e applied t o a target pathway
waermsosaiie such a s a nolecule, cell, tissue, BETUSINGHMO646

for a preferred total exposure time o f under 1 minute

t 0 240 mnutes daily. However other exposure tines
elargre stk 1 Vit E@&mé@&(ﬁj}@d‘c?@e ycéml;lm@l@%w@e 203 can
. contro ircuit 201 are directed t o a coupling device
215D AP H < 19T I CAC T S 3 COMEABIBRI R air gap
xRl Gielay i LeoR03 Aa) IveF o PH sdig, egnat ig dieldhe ang
° confi gured accordindgﬁio a nathena??%%f noggi, t%at ana a
taroat pathresd stwigrod deial ex8 memoteauke t arglet, tissue, and

h tayct ' S ee_ joint . 204. The
or it M RAE e o iRy ot LA R ) Wit imatiway
strficlubd Grudn prescmdiatylawe ﬁm,ca;ﬁ@u@??r%cﬁaﬂg’an,
th reﬁeat ,aFEI él Pag_ﬁygr&ul Si n% ,magne; :*Fc%jflllﬁe%rﬂ-fgﬁr a Sation

theWhed i iXHPRIE dhd didRsc & df@’ali;ﬁxﬁsfe%{l?récf\ﬁantabgee of the

enbodi nent according t 0 the present on can
pregesinadrsbadiganteaicadrd e dq dilve @RO¥kdnty imvention is that
: it ioni. vi ce. The pasitioni.ng device can b e
eI o R, LR o et iy atlow sor

usef writtrercotesar iftg kel lowhdddpy ef eianent ddidW &P and at any
el ectrical caoils are used a s the coupling device

When ) . . ) .
boc’é’ogv,oqéﬁemé} Q% "PHICh Al @ ieTe Pehdread g Ha desiered. An
[BVA 16 fy¢el i [ ' .
B O P e ey, e etk bpnodiment
acqorglipgr ddayrhe Irmesentn istvectriomgretitatsigialving organism’ s

rated b.y the coupli device 203 can also b e
Welg‘g’p%%‘.@g ) r%a Eredt raol@ﬁé’ﬂ‘.%@éf eéﬁl?&qeﬁjg wher ei n
el eulgodes3 ad€pidtli & Bt oe@nNtaGg et b Sk NpeFeaPOlih@hbodiment

outer electrically conductive boundary o f a target
ACCHICHRNEY $Or ubhgr ePTO8EDEN ARTEREACBHOI nent MaBdakdicey control

cirleu@t hes@s esenf i n '?#i'ea%ré hefz%ﬁ’g/??%: r 'cqlxjcgi%! "8300  produces

i.ffel'"|[CeS li1-fier ner at ed e coupling device
waveg®rgaen dhet bdeiwmppldedasphine! ebdvioss atduricoupl | Rlre coils

wher ei n nar_g exi sts between a _coupling device, .
desggd g&cﬁ%amée ath gggblﬂf?o a amllgllﬁgflrﬁatq‘f%&fd circuit can
be sidtiGiatedi Stghadys artiR8GWe mé&td | stibBSHE, HBNUon/off switch.

The miniature control circuit 300 has a power source such as a

i

¥l

lithium battery 301. A preferred embodiment of the power source
has an output voltage of 3.3 V but other voltages can be used.
In another embodiment according to the present invention the
power source can be an external power source such as an electric
current outlet such as an AC/DC outlet, coupled to the present
invention for example by a plug and wire. A switching power
supply 302 controls voltage to a micro-controller 303. A
preferred embodiment of the micro-controller 303 uses an 8 bit 4
MHz micro-controller 303 but other bit MHz combination micro-
controllers may be used. The switching power supply 302 also
delivers current +to storage capacitors 304. A preferred
embodiment of the present invention uses storage capacitors

having a 220 uF output but other outputs can be used. The
13
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organ. Coupling a pulsing magnetic field t o a target

pat hway structure such a s a nolecule, cell, tissue,
wa@pasosgan, therapeutically and prophyl acti cal PET/US2004/040646

reduces inflammation thereby reducing pain and

str@f 084 1{5&@&5@%&"@!@“@@&8&3 ﬁl%ht he: I £f %rcr dgut ses  to be

dirent according t o the pres i nv
deh‘ée{ﬁi@r &0l @hm&epéhﬂgc@elmca}dsmhl aisurimé\dcmrsw(tﬁby Shown) .

I 0 L physi thera treaf ment
ThE P rbrEe Rt IY 38 B TSUSAT ror PUkPEnopaPAE 305 and a
pul@éipﬁaaedﬂiﬁﬁlmgﬁg:cbnﬁr:cdiesls@@d Then RAVARN JYBOLS 305 and pulse
result o f application o f the preferred enbodi nent

PhagRordgdt BORRECHr Xt APROERLNEN Pukse hathapd,i vbagst width,
bua@é’tga’éh%@lo%e\"’eéhgﬁéngaqﬁf Bu?s@'f@%a pr&Perre%ancgg integral

Figure 3 depicts a bl ock diagramo
waebroe rr@@tn%;ta(t@mil nguctho dheapreteat wamenbironasbitaary number

ontro circuit 300. The ni ature contr Ql L
gerggl%%% % pr otLTes vef%?ﬂ%r?ﬂﬁ?gnﬁ?l véd% cBUpVifg Specific
wakeso 1es suah Wit ayd 160kl s caaserishes ahayecifcdd9uBes2 controls

The m ni ature contr ol CIrCUIt can b e activated by

an 5 ARONEEdy af F B nedtisl kA ate a2 n eIt pathohy Tﬁéructure A
} A 3 r r (o S r.Cc
ISNSERL Snchisiy 00502008 QUM uce o ne
deliheemtOsouitpethaBé)S’a thaut pottes| bagaveford 3td/ But least one
Ita es ca enbodi nent

d, | th
co clclonr 8th 5 t%crl'brﬁeurﬁnel W‘éﬁ?g‘gﬁ t&é‘epo%PrgoGPEErOller 303

carcadl o ec@nﬂréxt ephall peyweEuFBURGEeSUSN & Sidgle treatment of a
electric current outlet such a s a n AC/DC outl et

Cargiipl RACRWRY t BELPCESERt SURfends of syl asudiep| ecebly, atlssue, and
orgoéld‘g A Mﬁ?atﬁr@wé&mf& é%%tgpghﬁpr%%eck%ﬂ h8tructed to

vol tage t oamcrocontrol rred .
apreibodi nentsind  trheneitdico- ﬁn@lqiolﬂoef 30D msswsridbdd 8think and to

byl P coontroller, 208 BUL Gher HUME L. riota for =

marsM EePLAEapeWRE Séc@p|aie30@e@die§@ del 'é{ergsﬂ.xféﬂr%ﬁ‘.he %rlod for

stora e capacitors 304. A preferred enbodi nent
exagdsent( | WiBAS| 8ndades Ps troreife sap e ed Bment accordlng to the

present invention uses treatments times of about 10 minutes to
about 30 minutes.

Referring to Figures 4A and 4B a preferred embodiment
according to the present invention of a coupling device 400 such
as an inductor is shown. The coupling device 400 can be an
electric coil 401 wound with multistrand flexible magnetic wire
402. The multistrand flexible magnetic wire 402 enables the
electric coil 401 to conform to specific anatomical
configurations such as a limb or joint of a human or animal. A
preferred embodiment of the electric coil 401 comprises about 10
to about 50 turns of about 0.01 mm to about 0.1 mm diameter
multistrand magnet wire wound on an initially circular form
having an outer diameter between about 2.5 cm and about 50 cm
but other numbers of turns and wire diameters can be used. A

preferred embodiment of the electric coil 401 can be encased
14
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having a 220 u F output but other outputs can b e
used. The 11| tsryge[JS [)yiQa:t[5CKii"Sii4 allow high
w0 e@qusiicy pul ses to b e delivered to a coupl i POI/US0040@10646
such as inductors (Not Shown) . The micro - controller
303 al so controls a pul se shaper 305 and a pul se phase
Wil ad peoHtbeliRING Mieupdl 903 haper o3Bbrantbpul®eic moulds can
hase t| nm ng control 306 determ ne pul se shape, burst
%’ Qt 't envel ope shape, and burst repetition
rat Q%eﬁf\::ﬂrﬂj egil O 19 9eReT dnod it asacfl‘:o?dl%g to the
wave or arbitrary nunber generator can also b
Plﬁ‘?c%%tpolcfa‘f%fat%@l pPBvRd&aFeESIM & Alavied olhkusmram@agé pulse 501
e e sub u 3 ontrols an_indu
e S Ve et TR RiaS B U 1€ 88 1o 503
ThﬁMd&ﬂEt@pﬁb&@@t1308uah|mm&tpm:ﬁﬂtyﬁcyém@Oﬁhieﬂ can be defined
anplitude to b e del ed to out ut 309t,hat,routesa
SR G RO RaCRUBREL B URP| RLDURY | Eersdan e bagwecn about 1
td ndpeter.10the Ml I fe By I 8hib&Hi BO3: CakcBE9ngoNtd okhe present
total exposure tine of a single treatnent of a"target
inyandiey sthidciaps BEehdas rechehevbps, ldelmicrésewend pulses for
an, at.ur t [.C 0Q .can b
1fé%(r%stcgr(glct c:J anﬂflytaakgl; n%é)irrag&rpfét gb&? %elqcs) ?to %bOUt 50 msec
hqomels;cra bmddifnedaﬁdft mxmﬂt:dnmie caveyl gepebb4applkyiwvich a finite
g etic field for _as nmany applications a
o B S0 R SR Reun: e Shiio. BEsioBx Brphstigen about 0.1

arld Esud daysecAopasferred enbodi nent according to the
present invention uses treatnments tinmes of about 10

m ndEEdne bl BU-HAtRA e8. FReﬁffé&Hﬁa@ epbpdguess 4#ccording to
r ng t he ent
e P e No 2, Prstioedidh A& 1o, RifBrar = wrse
sup@cetﬂ]:O\/\/ré\~ pﬂmtummlngng@kemg:%(ml)tbmn i)@ anwel et sipport 601 is
00| 401 und with pul ti (ﬁéandflemble magnetic wre
O*f*heaml"‘tn?%?ra‘ﬁ’alﬂexg eBE W@y device can be

co@x@%@u%%etdh%oab%ﬁﬂdﬁcé’&lé 400 e C@é‘rﬁ@ff’ﬁxé@eé Pegi f)bcdlsposable,
anatom cal configurations such as a linb or joint of

angygas e asinglrugted to be 1mplantable. The posz.tlon:f.ng device

can be used in combination with the present invention in a
plurality of ways, for example incorporating the present
invention into the positioning device for example by stitching,
affixing the present invention onto the positioning device for
example by Velcro®, and holding the present invention in place by
constructing the positioning device to be elastic.

In another embodiment according to the present invention, the
present invention can be constructed as a stand-alone device of
any size with or without a positioning device, to be used
anywhere for example at home, at a c¢linic, at a treatment
center, and outdoors. The wrist support 601 can be made with
any anatomical and support material, such as neoprene. Coils 603
are integrated into the wrist support 601 such that a signal
configured according to the present invention, for example the

waveform depicted in Figure 5, is applied from a dorsal portion
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preferred enbodi nent of the electric coil 401

conprises about 10 to about 50 turns o f about 0.01 nm
wo eooafodittl 0. 1 nm di aneter multistrand nagnet WCEHUSZIOIOH0646

on an initially circular form having an outer dianeter

bet ween about 2.5 cm and about 50 cm but other nunbers

shpty ey resharido - BesdipEet e1 st cap ke 2 phetebhednat is the

enbodi nent _of the electric coil 401 can be
bobheRsedyi the WFigk. Mpginqaimeyitry | EYf isKaledosl to the
butigkh b e SR ESe cap @ . :
eXReférfr:i %g ?(P% Igﬁrgeugrtg 5 an(g’%trr‘oggzlL m{éﬁtgn c%o:%%ﬁcger%lng tqu1eeVlce such
aspiedenp® nvi@idt ofhowi) a BavehrapdA) tog ddy Ussr abegled to one
A p%isq65$1 i,S repeated within a burst 502 that has a i
endi fift yur&@Pbn 863 CHRECRAA | BRVEES iSUSTs R Bhdilexible wire
608Ut yriey chenahi ehcaneb hdepineth s 8nbatithfode P Stievice is
0

duration t o signal period is between about 1 t
cogpbdaf 1o-5theAqanidier PB4 . efiduimeanbadinedicsg acootdieng to the

nt | poneuti i . rectangul.ar 1
or DR L n e b 0r b BRI S e iR hmee, elbow,
10882 backabaitoulldeit, oodheut aha@ orealhayidlgs 2 ABEI fHgthrel such
1/ f anBIituge enveloge 504 and with a finite duration
38 5PATEGT T Bs pbAThgR t BCGSBEPELSPer RBE 5OPTtHREReen about
0.1 and about 10 seconds. Figure 6 illustrates a
preferred enbodi nent according t o the present
X on o f a positioning device such a s a wi st

su t. 0Skd,oni devi ce 600_such .a s .a wi st .
sugg%%t Péjg}fq‘hl é&gorér#grno%crhu%ﬁﬁ V\F@gt s61(551.‘31Thgon%lguratlon has

beposi tientiay dewipesieamtnldconshr uct@lctiuf b @ependent myosin
gortable, can b e constructed t o b e disposable, and

Phe3RPrEtabhet r utbedat §CBNEATAD| SAEYBIe. SAEY. The cell-free

rePOSibh OG- FQVI R LARR L USEH T‘@E%EB?B\%&QE#’M Nrate to be
_the present invention in a plurality o ys, for

lirganple itioer gormatsegetrak piestrs,i mehtfan snbestheration Ca®

ce for _ex stitchin af £.i xi

coPREhLHAILAR. LR, LRLARXAT & B ALLEN e R K Mo o o
be exaFPSEndi yiwel cTR &) syatdmhekdnBe tBepphesedt to PMF at levels
utﬁ;e%télgigl LQ@?%?‘}E@?@?’ %anséggct ng atﬁthesgotfllrtaltﬁrgnnglevels with
respect to CaM, and reaction is 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 linear
time Dbehavior in the minute time range. This provided
reproducible enzyme activities and minimized pipetting time

errors.
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I n anot her enbodi nent according t o the present

i nvention, the present invention can b e constructed a
w@2@sesand a-1 one device o f any size with o rPe@I/UKI®0L/040646

a positioning device, t o b e used anywhere for
exanple a t home, at aclinic, at a treatnent
b g et L Eret bbinddB R | g 26 8

Jrade et : j n uppor.t er , _suc , .
serdt I PO QT Ed, o3 el iRed et 1 i BprBions snto
1. supp@Edpstiosictuidml  aASl gppbesa@ptEQULBEsaEeAtEiAGNY reaction

. the present invention, for exanple the waveform _
m“%éﬁect &F 55 |5-<ie§&r ed 008 afbemed trpomterdscsalto a specially
desRYrdPNREirEL" BlaltiC) Ha)i%ﬂn‘é’%S%%BBW' SLO0 @ PLAntd constant

portion thaist the bottomof the mwlst._chro

perfysion t Qf 60wmber atnrzetrned tie exdesage ofhtbegh a Fisher

VY & : 6 us| a_fastening device such as )

SoiSRrarATt Tt ROt TreBReERst? o MRty i Mas monitored
witboupl eHetnieterendodbat sheastaspng coneeshirg devbser s8110-20,
._such as a flexible wire 605. The other end of the at '
LIELSER dfe WonhdRaIsp e ik idurbup| 2HL t expeeivents. Reaction
was6Q3i grbadi yent sy agepr _ r ; ,
et ron o the bosi ont na ey cod A5L @ Hlee with Tacnms
Sampligowu ffewe sBadk ons neultdaming B @hEDFA cal Avmdpsnum of five

d r s _garnpents, fashi on accessories, and i
oL e T ST Pl ko5l S aAn t or P pRRKS Conprised
a isitgnal assayi gukauiren iiatidesRet 83t atheXpEF t PBNRKLRAts ca?t,

cal ci um dependent nyagsi n phosphorylation in a standard ‘
CaMen%ﬁeoé”séﬁ&K-Tﬁ@P@éqmeﬂtﬁeéqrea@i@h biattlureowriss were higher

h f h j rat i in tine
crafhes9) Lok PRERENCHAAULRD "B LulBIANE R 14 v
progeadedtrati ovin Hids weyse resrathe ted | wgi c@ln i mglo¥2 P of ncorporated

. Mto b e EM;sensitive, This systemis not o
L e o BV T I BOBIYELE | | Rl n (IS steay iV Lliauid
scif@2t1ksiah satigeation levels wth respect to CaM and

reaction is not slowed to a mnute time range. )
ExpBBi FEANS lnsEnsdistest erpeisi migren/bstatsi giit achaigh freguency

wawv .H)JCIM.‘CI )Afrr?ﬁQt@H%Si Wrixé gh&xaﬁﬂ%%@n@dnaséaor{s/\t%n%" ) at 0.2G and
I om

I sol at ed
repetition rate was 1 Dburst/sec for all exposures. Burst

duration wvaried from 65 pusec to 1000 psec 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*t binding to CaM approaches its maximum at
approximately 500 psec, Jjust 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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turkey gizzard. A reaction m xture consisted of a
basi ¢ sol ution containing 40 mM Hepes buffer, pH 7.0;
w@2®s508dimagnesi um acetate; 1 ng/ m bovi ne ser uPCT/US2004/040646

al bum n, 0,1% (wv) Tween 80; and 1 nM EGTA12. Free
_mﬁ%ﬂx s varied in the 1- 7 nMrange. Once Ca2+

b I 7
D gyt okt P SUBLEH TG M Cal oo oc

a P@@Aan i ONRt aud@e I walsi nﬁtllr’tleax:t |Wrr1rﬁ1>etcbr en Tde |liow vivo wound

PO RAEITF et BABe TS RPES| BES PSS bAlt b LRy REL2ed Both

blOI@@&H}é(Ihid:@Sljﬂndnm mlmmlma&&ty,l n@mﬁl Wﬁseﬁfﬁcﬁ if khis study.
TM i || SIPSti:tClIPI*fire was freshly prepared daily

Healf%weaxﬁu%r peulbfmakBefPRRALS RAW LGS raltisqusiehing more than

300 Parﬂ%— tP E‘f‘liﬁé& 1.5 m| Eppendorf tubes. All
ppend or es containing reaction mxture were kept

Thaa enmahenwleuf&narmsrtémmaealgpetdnaahylde$agaedtmteeﬂ dose of

bat h tai ped t 43 1Q Lant b f f
Ketqlhi s APV hGl 89 pHeSESP el a0 RGP Sl SREPR (dequate

anemﬁi@élgoelataﬁabe@ﬁc fhﬂﬂg@'ved're”ﬁﬂéat&kﬁﬁsms wERN éﬁéﬁ@d prepped
with a therm stor probe such as a Col e - Parmer node

witig11® @@1UFﬁweP§E§dilﬁeéﬁéCEBﬁéndépﬁuft&@éhduﬁinﬁ’g ainaped using
r eac s W ! : C s

e 7St apoee i Tn L deror-TEMpIE AufFor Hear incision

was spdanf@nmedonhaonghgtﬁé liﬁmemmntMnfafscﬁbven the dorsum
bl ank_sanpl es were coynted in h erj,ment Bl anks

of i FaBa MR obar g SageR: KERPe DAL ToRl SoR e L6 break any

rem@ChiNg eempanetihdeant+, 1&aM ndl GnolodifChyo @ bb®BkS mately 4
for ich blank counts were hi gher t han 300 cpm were

cm ¥R @b@@@tephogﬁm@syﬁawowaﬁaéb PELORED Wi hp eprdd@d mrepsure to

avoﬁ%cg i 5 agﬁmfgnaﬁﬁgl%&ﬁ%ﬁ%ﬁk%%%332%h%nc :Bgrggggslaere then

closmi nwithati mmﬂﬂﬁﬂon Thensigmakueanpr. i mtr—@@@tﬂaﬁjl‘«i%ly, the

.bursts of a high fre uen - wavefaorm |tude
AN R e B O A E e T I M r 2t epaperi toneal .

ThePWisté SgLab8H @h'lﬁ&@@§&ﬁ§§ cBYE8t and received food and water
ad libitum.

PMF exposure comprised two pulsed radio freguency 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 o¢om 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
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duration varied from 65 nsec to 1000 nsec based upon
proj ections of Power SNR anal ysis which showed that
wopiososdiiPower SNR woul d be achi eved as burst PCF/ES10041040646
approached 500 nsec. The results are shown in Figure 7
wher.ei.n_ bl dth 701 in meec_is plotted on the
rredl SRl FBRGS,RoR TRERBY /85 HeSEnediet sname strips

werd SHEOMR N tde ¥ -BedSiondteaan g ef-ihatydRe IRMded at 10
ef fect on Ca2+ binding to CaM approaches its maxi mum

o/ gn aﬁ%@o%ih@atléﬂi??i%@ Bee peserased mﬁs,ﬁcrm eﬂh%ywphl@d pulled

apalsl%f)gnaﬁ CO%?%T e aCCOTE{ eng r%%l;égrgeﬂr%éﬂ(ﬂt é4: grison was

detqnmxnad bynﬂakmng1thunﬂvéna@ernﬁlnhermxxmmumrmmadrnn kilograms

h | a on or b st rati ons sufficient to
per %Efﬁfgg%%ﬁt %I - © P PYRmetic field
anmMd tﬁ@@if@@”@kﬁ@w@d A&@@fé’dyé‘@té@sﬂ‘e eB’QQQh&EHt ek tth@ 65 usec

present invention use of Power SNR nD el "was further
1 Gyess fPRE SAgagli wag \ﬂo9-\/$ou4qd4r.épdiq/mmdéor Ahat ewpgRgd group

verd[Rdel 3 hps, bgen P?/ Pcﬁﬁg' HtP@%hg90§593%%”b3§"%hlch is

and |ochen1cal was use
a 4&Eallmmrea3amngladldomtmalse SprraguevBawhey taisi el ghreggth for

th 300 til d. Th |
the 2080 hBBRsod i (GRGRP | RRF agePPEgneAoRDABd KePaRFABD o an
embdchinfEH K Go AndnL &k %%%Ehg'ﬂ%v@n%ﬂ@ylﬁblﬁgt£rP§ﬂ§9U§k§ model was

anest hesi a ha een achi eved, the dorsum was shaved,
21.Drephed Wo(wma ﬁmrutl@ebbr@ata@/ gresholvegsiust ilgn,7 andt.1 kg/mm?

P<.;H1%p_e§0%3'ﬁ9e3t% tr%lt %P u hng #alo %Galtﬁncrease. The

cm | i'near 1ncisio per through

reswslkisn down tioet hevd astiyaads tmedonsum ofgebEhcavtly The fferent
wound edges were bluntly dissected to break any
from &RGhiGd ¥er mal fibers, |eaving an open wound

E”ﬁHéB@rﬁﬁéﬁy%ﬁ'&@hé@sgfﬁﬂ@t@ﬁatFEH“%EE%B%m@@% of the present
obtained wth applied pressure to avoid any damage t

invarid agki &l bdyged. aThews KERF etlgesabete tdenconfigured 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 acceletated wound
repair but reguired 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 1in the absence of a costimulatory signal. This is
consistent with an anti-inflammatory response, as has Dbeen

observed in c¢linical applications of PMF stimuli. The PEMF
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closed with a 4- 0 Ethilon running suture.

Post - operatively, the animals recei ved Buprenorphi ne
w@2s5058nmg/ kg, intraperitoneal. They were pl acedI/Us2004/040646

i ndi vi dual cages and received food and water ad

libitum PM- exposure conprised two pulsed radio
T S Civaos BoH T i BN Vi . stA wadoalBehndar anglliysi€al performed

c 5 b f

=S R0 CRPEhSA0 R L0PEEREDNER LR ShdBalidh agnonserares
witp0 bltthst sigaets Tiwee S@cﬁmd:tm aaRBF whgn&HEME s:Lgnals have a

reconfi%ured accordig& to an enhodi nent. of the present
ITGREHT | SATSEEr TS gﬁél S4F%t VBR kks €118 1n the most

EMICL 88560 40 A0 Bgcand the anplitude and
repetition rate were reduced to 0.2G and 5 bursts/sec

r es pegpaet son PRIE wadosigisti g firomB0 Hiewuttes t igmals employed
re rfo dlate
UL, REATLRE BHL 0L 8RR, AR MRS Scrum of e

twwﬂmalrﬁ¢$§@tedlpeg9endacuharHdwdﬂms&mﬂrtéranaanﬁ the induced
e and used to neasure the tensile strength in
vcpggi;%

he Wt | PRI Ged IGIAt hPathway structure. The
cSegef r gpthnk ! ist9dl St idsdd A 81 BYLe %ﬂﬁrﬁ} eney rekeptor sites
measurenent.” The strips were then nounted on a
on ei‘mlgaﬁetce@llsrh@uspen@sdmne2l paded sultoremineidiuvand The average
t n1fo ener at¢ d. bet he | ed
odf P T oF AEa TR "Tia B B b e PGl o Pmer signa

cEdPas P nsmeecdeterst nﬂﬂ byot akierg ;idn&;@s/er@g@aﬂin@hat 15/sec,
maxi num |l oad in kil ograns per mm2 of the two strlp

WéFSr o HEs L W uRRT arhel rigs uFtEraholle dag e @ geV/ cm.
tensd &, SIrengtily for b?% pfS BBecrdsGarss fRErSignNanduced Field

was 19.3 4.3 kg/mm 27tor the exposed group versus
Fn&qmbnéySSQg/nmlﬁﬁ%nstpbotb@@ron gh@uqux1ingndmﬁowhr SNR 802

177 ErE0 10F ERe 400 Rect 850 CHuGd THAE T LgGl ot Doth signals
n&o0f 'sﬁ'f“fﬁ‘&%%‘torﬁéﬁgrt %p%'?:t%‘ﬁtﬁpg?ﬂgﬁt i PB@ePr%%@Otw 1, to be

I nvention using a Power "SNR nod was 21.2 5.6 kg/ mm
decdared helithbat edfgequenuer sasgé30F bdnttikg/ khn2tics. However,

méz%&w%ilgf 0Lt %ﬁ:ogg20|th O%KF“%':L%@;&IZLS fs Sgl/gnlflcantly higher

than that for the 60Hz signal. This is because a PEMF signal

has many frequency components falling within the bandpass of the
binding pathway. The single frequency component of a 60Hz signal
lies at the mid-point of the bandpass of the target pathway. The
Power SNR calculation that was used in this example 1s dependant
upon Tiop Which 1is obtained from the rate constant for ion
binding. Had this calculation been performed a priori it would
have concluded that both signals satisfied basic detectability
requirements and could modulate an EMF-sensitive 1ion binding
pathway at the start of a regulatory cascade for DNA synthesis
in these cells. The previous examples illustrated that utilizing
the rate constant for Ca/CaM binding could lead to successful
projections for Dbioeffective EMF signals in a variety of

systenms.
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results for the two signals were not significantly
different fromeach other. These results denonstrate

wo bas/osaiienbodi ment of the present invention aPCDURHOH040646
new PRF signal to be configured that coul d be produced
with significantly | ower power. The PRF signal
configured according to an enbodi nent of the present
i nvention, accelerated wound repair in the rat node
in a low power manner versus that for a clinical PRF

pe i (S ieGaty IH % BRG R SR B MU G 2P, Lréf?&g' 588 a method

a{)g
nmore than two orders of magnitude nore power
for deldarsd.n et Fagneathics tes@amemtm«atumu amem and

t t I f, e ceptor th cel
plant ‘?ngllielg'éél?l're:'lesg{'I i &?h%lsgs a\?gmi %eqa}%:fnallt qu gct?é%)}i}@st
modlfsiqamljoaisechrfay xaa"rtﬂagﬁmﬁLsatcatrh@eTﬂCaQid H}ﬁ“fﬁmﬁns&mﬁl@d in

ant i For xanpl i n bone healin results have
the oo JIthto0 T4t L GEPERE HRAGY e Adh s m@refore to be
under%s)?ﬁ'@;l”ol":‘ie~"t:'l”£%d:0fch]alﬁrg@kt 18 b mRid Sil’le)%@l%clti:%%ts_lb

interacts with tthe T-c¢ell receptor sence of a
emboddgenitRulodt dhe slingiealt.ioThidd sics asmds ivgtient anet hviarh iantdhe

[ r $RON$ & RS has begn..observed .in
scope, A ST dodl SHRO It G Bt R L or Yo AgRendgd
cla1m$$$r$f%bc (c)pijggrfetvG A dosinetry anal ysis

performed according to an enbodi ment of the present

i nvention denonstrates why both signals are effective
and why PEMF signals have a greater effect than 60 Hz
signals on Jurkat cells in the nost EMF -sensitive
growt h stage. Conparison of dosinmetry fromthe two
signal s enpl oyed invol ves eval uation of the ratio of
t he Power spectrum of the thermal noise voltage that
is Power SNR, to that of the induced voltage at the
EMF -sensitive target pathway structure. The target
pat hway structure used is ion binding at receptor
sites on Jurkat cells suspended in 2 mmof culture
medi um The aver age
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peak electric field at the binding site froma PEM
signal conprising 5nmsec burst of 200 nsec pul ses

WO epsasiing at 15/ sec, was Inv/cm while for a BOI/H&2004/040646
signal it was 50 mV/cm Figure 8 is a graph of results

W'WHEAII' IS WEAINFED 4SFr equency 801 in Hz is plotted

on the x-axis and Power SNR 802 is plotted on the
y-axis. Figure 8 illustrates that both signals have

1y SUTA | Gb€RbI PEWR SRAGIMELHRRE I § 12 nq be
! det'écted wthin a freql%h%lgy rang Ztoe%\%gﬁ{en?\l%fk%%g%?& animals,

angHIWEaS ¢Qm@¥nﬁn$@mkheSﬁFE@@rthe PEMF S|gnal |s

PP ERT T R T

math&mnﬂmnﬁs ﬁeﬁélngaWhhhl&ttMQdﬁﬁKbEQSwQﬁeEB@mbE?@dméter, said
p: thmqy The single frequency conponent of a 60
at g | |9 at"RAHREGET -50i Ate of YR ashndpas$ oftayget  pathway

stf@étﬂ?ﬁe p@ﬁ@ﬁyuslxt&? g’%ﬁe% C@é&ﬂ@&féﬁ&ﬁ?% é@@% -

used in this exanple is dependant upon
obtCiansf 1 emtdlaie e soibtamtldant iame rad: figem Hearameter so

is .cal n been forned r|o it woul | d have
thaE:g]onc lque&u f: %‘o%o“l’%v%frtgﬁ%ljss scécfrf ‘%a ¢ e detectable in
saitteciadt |pdyhwegust erenise ambxﬁ@tbaﬂcl@ﬁ&h@&ea@@lﬁ%y in said
-senS|t|ve i on bi ndi ng athmay at the start of a

LanaRfuIRR GHA R aSerieet g ntheS|s in these cells.

A T oL TG o kel pf  Snsiqured

at shespHs ging wanog Batm ohb(}?n)orué.mmpfé ea:xmpaeu@/Fdewng Sand

a vari syst JE 1> Lt Hoafi, p

S S TR A TS T Aat Jib S A Serdio pathvay
stihart el ld@fﬂc{w%ﬁ@%é@m@td@rid@%mﬁ to human,

ani mal and ant nol ecules, cells, tissue and organs,

it is noted that nDdlflcatlons and vari ati ons can be
led . .
2
! agovg@t‘ceac i ngs. f%‘irhljg t er e%lore lod B%A%rﬁ%%%w hat
stmivenges eyl e srege lendtherpardfi aulneslecule, a cell, a tissue,

and an organ.

3} The method of claim 1, wherein said at least one

waveform parameter includes at least one of a frequency
component parameter that configures sald at least one waveform
to be between about 0.01 Hz and about 100 MHz, a burst amplitude
enveleope parameter that follows an arbitrary amplitude function,
a burst amplitude envelope parameter that follows a defined
amplitude function, a burst width parameter that varies at each
repetition according to an arbitrary width function, a burst
width parameter that varies at each repetition according to a
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, and a peak induced magnetic electric field
parameter varying between about 1 pT and about 0.1 T in said

target pathway structure.
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enbodi nents of the invention disclosed which are

Wi thin the scope and spirit of the invention as
waledosnsdiby t he appended clains . WHAT | S CLAI MEDI/US00)/040646

A nethod for el ectromagnetic treatnment of plants,

4) ZFpenaeshoghethedais enphieserg thddsdefdneid amplitude
fiLayri t. l_ea e % r.m arding.t .
runfRIL MELI0AL, HE0Shadio B BTSSR, Hporon, =
logpatghetier fusaitd cat, keatbogne Waviefdom,t anke aeowxpetan®ial

a target pathway structure (101) using a waveform
funghaPhgur ati on means; Choosing a val ue of said at | east

one waveform paranmeter so that said at | east waveform

is configured to be detectable in said target pathway
5) Sheumethedabdyvellbdokdrouwhdradni vty istepaiod tcogsting a value

o B ARSE BRECHATR et barciPERE) 1182700 TR0 GRRLEES cne

stepl08) cusbBEng eowpllurg oderhid, agnde@ettplonRy wddictorm parameter
el ectromagneti c _signal .to said target pathway
to sarustyr 8 g4oRgls &°d Nedas Bﬁﬁl@ev‘io%@l(-lo@. 2) The
nmet hod of claim 1, wherein said target pathway
structure includes at |east one of a nolecule, a cell
6) drhe gemridhodndf anlaigah. Wefien nsrhddsoép chhi ohdgsing a
wherein,said _at | east _one_waveform par r dncludes
vall{Behe 8 TResTt ont PeyReRe)  EEraORRE paDate g, ncludes
theCceREpgufFeshsaisdnat al @asticonE wavelf ermMikash enketwaReForm
about 0.01 Hz and about 100 MHz, a burst anplitude
PargReEREpEOp aPAHSIST & RRIeroPLERa LafCaNsilEraRp tdfpMocsde
function, a burst anplitude envel ope paraneter that
follows a defined anplitude function, a burst width
7) pareametdrod haf ebairesl athesin repel isitan efcoenkérmgtimg an

an_arbitrary wi.dth.f i, 0 burst w dth ramet er
Lo P AP Cat 1aREY ADEY | EPERNEE SPARG oo TR eRe O E
inducdtkef yBebirafioa REalkainddgedtebapynes ild &lidnal.

par anet er
8) The method of claim 1, wherein said step of generating

an electromagnetic signal (103) further includes the step of

capacitive generation of said electromagnetic signal.

9) The method of claim 1, wherein said step of coupling
sald electromagnetic signal (104) further includes the step of
coupling said electromagnetic signal electrochemically to said

target pathway structure.

10) The method of claim 1, wherein said step of coupling
said electromagnetic signal (104) further includes the step of
coupling said electromagnetic signal electrostatically to said

target pathway structure.

11) The method of claim 1, wherein said coupling device
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varyi ng between about 1 nV/cm and about 100 mM/cmin

said target pathway structure, and a peak induced
wora@sesdlcl el ectric field parameter varyi ng bet eEENS2004/040646

about 1 ml and about 0.1 T in said target pathway

structure.4) The nethod of claim3, wherein said

defp ne ctyi on. d | east. 0
L2 et SRS 1 St L el Bt
incdhdeslanfmmamUmmdeand an exponential function. 5) The

met hod of claim11, wherein said step of choosing a

val ue of at | east one maveforn1paraneter (102) further

13)i nehddegthe Frer1efinchoshng na val 3 drd diedSlor
one wavef orm par anet er {0 satisfy a |gna to Noi se

usipgt p§ Ae@elt. oe tﬁésﬁémﬁéédomednmaﬁ Thextegrieion agi@l gon-

st bR O Tl e s Y M0 e ng

eleatwahagn@trmamdeaKMeaast one maveforn1paraneter to
satisfy a Power Signal to Noise Ratio nodel. 7) The
met hod of claim 1 wherein said step of generating an
14)€l eabr aERgRRL IF H1gnal 1(,1%)1:1:&1%@ '&%En 1G4 g;esthteh%t%tpe%f
of inductive generation of said electronmagnetic
u81§ggﬁ§|leaﬁtT@@enaih@@a@ﬂagﬁaphwﬁloaﬁemmGragme@ sinep noef~
netic.signal 103) further

st e P BBt v e ¥t Pk o Posd

eleekechngraghet t@e%lt@t@alt 9) The et hod of cl al m 1,
wherein said step of coupling said el ectromagnetic
signal (104) further includes the step of coupling

15) samﬂeeka%%w%&n ehiaG S hINF; reheGt Lo ﬁ?)%g:'g&%fgl sghfe? ns?:%ipd of

target pathway structure. 10) The

usingeseaiind sdiedtspapgoktdoupireagmsaitd tel ectudmgn éhiec production

anc U T2 b Bningt el GRAT CEPec CPbEVArEeal A gogatory

subkgkgebspayhwayisiy ¢etiuse. 11) The nmethod of claim1,
wherei n said coupling devicel2) The nmethod of claimlr

wherein said coupling device
16) The method of claim 1, further comprising the step of

using said electromagnetic treatment to modulate tissue growth

and repair.

17) The method of claim 1, further comprising the step of

using said electromagnetic treatment to reduce chronic and acute

pain of musculoskeletal and neural origin.

18) The method of claim 1, further comprising the step of
using said electromagnetic treatment to reduce edema,

19} The method of claim 1, further comprising the step of

using said electromagnetic treatment for treatment of diabetic

and pressure ulcers wherein said ulcers are chronic.
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i ncludes an el ectrode, 13) The nethod of claim1,
further conprising the step of using at |east one of
w@e@adsaidt medi cal t herapi es and non - standar dPeEUsM84/040646
t herapi es adjunct ively with said el ectromagnetic
204 eatee akyhbd) WielhEfihdd durdhaimcbmdnirgibey the step of
conprising.the step of .usin t least on f standard
usRFPear PAGEES BE TR Lo e AR Dy eR one Of
5 nicheHaRNeS HYRHUTFAW elnd Wildt cSAlstal8C iy1RgRRtI fMision.

treatnment. 15) The nethod of claim11, further
conprising the step of using said electromgnetic

2147 e R, dul ate f he rf"u%%fetde' o, s‘itﬂ'ﬁ Al iy of
gro actors, cytoki'nés, and regulator
uss s sance & I driotiangetdld & reatfenthearetdiod eafsiclaiemot

1, further, conprising the step qQf using said
neé“@%*?iﬁﬁﬁﬁﬂﬁﬁ%?q|a§§?ﬁ€ﬁﬁoﬁgnﬁ§&ﬁ'ate ti ssue growth
and repair. 17) The nmethod of claim1l, further

conprising the step of using said electromagnetic
220 r Saeneetthiost odd gdé ishdonife e e iga impfthe step of

as g A B TR, e A PGS dityfle zeaponse
foel ecfiiomgnetdnz tesdinenionidd triedisce edenma, 19) The

met hod of claim 1, further conprising the step of
using ga.id electromagnetic treatnent for treatnment of

2391 abRld GeAHbPIAS SUME n1G e T ARICT dbriti itk {H o &1fe At&p of
chronic.%% 1t "I TMJ ffeft}l&)d "1fQilpl,1H further
usdogpsiagich g lidat romaggne fl audingg tasing dice @anterahettizgnsudation,
treatment for at least one o f increasing blood flow
and m crovascul ar bl ood perfusion. 21) The nethod o f
246! aiMiel metfiod heT cempt i1Si Myrtte steppr fsius) nheaitthp of
el ectromagnetic treatnment for at | east one o f )
USHEG s AR ARIh 9§V Seh Fio GiSdsier Sai) eRRETRARIR S LC

tdesth@id? ko JHd ROLAUTPESIRG 4,he R eRhintairds .

25) The method of claim 24, wherein said positioning device
comprises at least one of an anatomical support, an anatomical

wrap, and apparel.

26) The method of claim.24, wherein sald apparel includes

at least one of garments, fashion accessories, and footware.

27}y The method of claim 24, wherein said waveform configuration

means and said coupling device are portable.

28) The method of claim 24, wherein said waveform

configuration means and said coupling device are displosable.

28) The method of claim 24, wherein said waveform configuration

means and said coupling device are implantable.

25



10

15

20

23

30

35

using said el ectronmagnetic treatnent t o enhance

i mmune response for malignant and beni gn conditions.
wQ@3ossainethod o f claim 1 , further conpri siPQI/UK®04/040646

step o f using said electromagnetic treatnent t o
&@ﬁm; @'E§L¢,g‘@%§ﬁﬁﬁg31%@%EH@%H“%§?§%&%J§‘%d%!ﬁlhnts, animals,
“rur ther='conpristng the step o f i ng a positioning
andlevircens comerisengsaid el ectromagnetic treatnent t o

said pl ant ani_mal_.s, and.humans. 25),. hod. .
cl arm"4 SNt eFﬂn§é98E6g§PPi&ﬂ?ﬁﬁsdeV?gg c ﬁ&ki%@%%é
ledst east eRraFdrmd tb apat esupakdsUHpod t tadghtapaitdrmissal structure
wrap, and apparel. 26) The nethod o f claim 24,
acepERENG $8i ¢ dppeheatiedboeedal hesEMdrrt olpast one waveform
S, - 10N aCGES [ d 0 re. T
oo B A o e SPosPl e derart o414 H® least one
wavehbrguiat configansdahd bai detegtlabdg devisssdirgrget structure

ortable. 28) The method.o f_clajm24, wherein said .
a0 RBG B eF R B GUr T bhy mharSa SaERRAAE RGP PAY dbppgEures and
arendiseh0sall 8ev28d [he3yetbatcerédetai su24, waberein
sai d waveform configuration means and said coup,lin g
c0@éig@éaﬁi@nim9aaﬁtégvéz|?Y|atflﬁ@§FSQnﬁ'aBEP®5 ing means (202)
r A ppAar _ , i oal nd._k .
o b B R O e L BEL S o PR EroR S} PR rigured at
lesonf bgarwagefibrineast Hor wauvpldng seiieeteopkedapgoetdic signal
targgt gathmaé structuge agﬁording to a mat hemati ca
tongatt havPRy BETIEE%: SHhECWATSf or m paraneter capabl e
of being chosen so that said at |east one waveformis
configured to be detectable in said target structure ]
31abBhe baekgroupdnaticvirgatmeshi arpargéispafh@ayim 30, wherein
r re; c j eylL.ce 3).C t t
s34 hSRACE: sRRuawr B L s " hERuueh rr ROASE Pl Pe =
mobaeulenpnacteny, neanss£262) ahidr agenegahi.ng an
el ectromagnetic signal fromsaid configured at |east
one waveform and for coupling said el ectromagnetic

3251 9R8l ofQcsabRlabAEAEL PRLBYAYNE! EYPEYERUS of claim 30, wherein

said at least aone waveform parameter includes at least one of a

guring at

fregquency component parameter that configures said at least one
waveform to be between about 0.01 Hz and about 100 MHz, a burst
amplitude envelope parameter that follows an arbitrary amplitude
function, .a burst amplitude envelope parameter that follows a
defined amplitude function, a burst width parameter that varies
at each repetition according to an arbitrary width function, a
burst width parameter that varies at each repetition according
to a defined width function, a peak induced electric field
parameter varying between about 1 pV/cm and about 100 mV/cm in
sald target pathway structure, and a peak induced magnetic
electric field parameter varying between about 1 uT and about

0.1 T in said target pathway structure.

33) The electromagnetic treatment apparatus of claim 30, wherein

said defined amplitude function includes at least one of a
26
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31) The el ectromagnetic treatnent apparatus of claim
30,. wherein said target pathway structure includes at
wo e@svsane of a nolecule, a cell, a tissue, anPCEHINS2004/040646
organ. 32) The el ectromagnetic treatnent apparatus of
claim 30, wherein said at |east one waveform paraneter
T EretvapeyaEhprdiddfond-broari Ebglenéynebapbnedt Chaotic function

a onf j said at | east one waveform
an@05@2§%§§%%g§£% oggh%#%gﬁ'kh and about 100 MHz, a

burst anplitude envel ope paraneter that foll ows an

rbitra ampl i tude. functi on, a burst anplitude . .
310105 B R ErARRERF Lol LPOLFBUE SURGFREER hpPipied0, wherein
a VHNGEI 8P, sA1 QUEST 1 0h 8 NoRAr AEPEEArinNBEr¥@ELes 8k €B6Ben to

repetition according to an arbitrary width function, a

sabypsy @i dionphrbeeleisenBetyarinededt each repetition
according to a defined width function, a peak induced
electric field paraneter varying between about 1 nV/ cm

35 anthabelécibOmayheni ¢ nt rastdméat gepppathuayost cliatinr 80, wherein
and a peak induced nagnetic electric field paraneter

2 Varyengtpab weedShoote 12FFtand BBsarebel ¥5i AlegPR to satisfy

a Pahgst sﬂ?ﬁ’é‘!’aﬂesﬂréﬂ% UE 8¢ i $3hodBe . €l ectromagnetic
treatment apparatus of claim 30, wherein said defined

anplitude function includes at |east one of a|”ie :/f
Jod T I ri [.i upction, _a .
36 mhe; 6L PlneoRam ahhe anl eI bhRER: phPERbRer B8 bllpnTRg, wnevein
satlfiecbuphbgyedecite etz 0BNt iappasdakusnoindhat r80generating
wherein _a value of said at | east one waveform
coprt Aiet €8V+Sechosen to satisfy a Signal to Noise Ratio
nodel . 35) The el ectronmagnetic treatnent apparatus of
claim 30, wherein a value of at |east one waveform
37 pathaeebeci sonhgsenit ot sastnéptaappasetBsgndl claimoB8e wherein

tio del . .36) Th ctro netic _treatpent .
sl PP €T Ar 5303 SnePETRARE! 8 eokRPt o hegrrerating
co@03ngi aet-udes an inductive generating coupling

device. 37) The el ectromagnetic treatnent apparatus of
cl ai m 30, wherein

38) The electromagnetic treatment apparatus of claim 30, wherein

said coupling device (203) includes an inductor.

39} The electromagnetic treatment apparatus of claim 30, wherein

said coupling device (203) includes an electrode.

40) The electromagnetic treatment apparatus of claim 30, further
comprising a positioning device (600) to position said
electromagnetic treatment apparatus (200) for delivering

treatment to said plants, animals and humans.
41} The electromagnetic treatment apparatus of claim 40, wherein

gaid positioning device (&00) is at least one of an anatomical

support (601), an anatomical wrap, and apparel.
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sai d coupling device (203) includes a capacitive
generating coupling device . 38) The el ectromagnetic
wo e@ansant appar atus of claim 30, wherein sai dPCDURL0H L0646
devi ce (203) includes an inductor. 39) The
el ectromagneti c treatnent apparatus of claim 30,
wherein said coupling device (203) includes an
el ectrode. 40) The el ectromagneti c treatnent apparatus
of claim 30, further conprising a positioning device
£29('808) eligg ppsitipprgal drebhesthonagpatheukr 62t BBAtm 41, wherein
. pgaratug iZOO& for delivering treatnent to said
Sal§| RP3reint et e98RdahuhBASt 28% Thedarmentsnagashien
accb588L1BH] ARRAF8LLR,0E, Claim 40, wherein said
positioning device (600) is at |east one X an
anat om cal support (601), an anatom cal wap, and

r Moo Trherpl s, tippOrag| iipi.jl.c|-V . X
+3) PR Slathalafie Bl ot RPIR R e Bt e nbEaphaappaPe) wheretn
at leabudeseaof s@bBStwavnerorh 68hfeGttatisshh@8ns (201),

accessories, and f oatware. 43) The el ectromagnetic
conpechipRiieappalafts JNE ePuPhiBY, dekerei h2831, | éasportable.
one o f said waveform configuration neans (201),
connecting neans (202) and coupling device (203), i s
44) pbre abl ect najadivet bt eCreanmgnet appareatsaeof appamaBls wherein
I ai m 30, _wherei t least.one o, f said waveform
2t Lottf P TorrRea i (2™ ConhLeerAD1 fB aie 03055 Odha
cong@tipl v gustevs Ce2(203And i cSufll SRYSA Ecc 49203INeis disposable.
el ectromagnetic treatnent apparatus o f claim 30, -
wherein at | east one o f said waveform configuration
45) B0 (Lo EANCEL | o LBARS: (202) CQHPL -
)device(%%%SI? g I%ﬁ?%%ta it | r&0ds CQFPL 8¢, 30, wherein
at least one of said waveform configuration means (201),

connecting means (202) and coupling device (203), is

implantable.
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