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5 ELECTROMAGNETIC TREATMENT APPARATUS AND METHOD

TECHNICAL FIELD This invention pertains generally to an apparatus and a

method for in vitro and in vivo therapeutic and prophylactic 10 treatment of

plant, animal, and human tissue, organs, cells and molecules. In particular,

an embodiment according to the present invention pertains to use of

non-thermal time-varying magnetic fields configured for optimal coupling to

target pathway structures such as molecules, cells, tissue, and organs, using

15 power and amplitude comparison analysis to evaluate a signal to thermal

noise raip NG S LIBRkRARAY ABPEIIRy S A elepRgriment

according to the present invention pertains to application of bursts of

arbitrary waveform electromagnetic signals to target pathway structures such

as molecules, cells, 20 tiggegn1a2d, Okgai® using ultra lightweight portable

coupling devices such as inductors and electrodes, and driver circuitry that

can be ihCorpBrated intd digsdifioRing 8elice™such dsknd8, &MoW, Towar °n< @
mbabk,dshéualder, foot,iamd othed anatomicab wraps; aas welkassapparelsuchlastic
cgapRpts, fogiware, and fashion 25 accasspries. Yetanother emhodiment s g

according to the present invention pertains to application of steady state
mefGditSsignadlR dtearbitrdRPvaveforfireretrbridgfetitosighals totafgst Present
i pathways rstraetires seich as meleciies; gellsntissues, anelorgansidd magnetic
Ex les of therapeutic and prophylactic applications of the presen
o e e P O o, Ibrean (oRg ey
sbloodflow smicrovaseslarbleod serfusion, Wwoeundi rpin, boné repaipns, using
pBHMEPPOIRSIS Hreatment and Rrevention angicgenesis, aeqvaseuarizalionna1 o

enhanced immune 35 response, tissue repair, enhanced transudation, and
(“SNR”) 1in 'the target pathway structure.

tgﬁﬁgﬁ&ednﬁlse ratio

Another embodiment according to the present invention pertains

to application of bursts of arbitrary waveform electromagnetic
signals to target pathway structures such as molecules, cells,
tissues, and organs using ultra lightweight portable coupling
devices such as inductors and electrodes, and driver circuitry
that can be incorporated into a positioning device such as knee,
elbow, lower Dback, shoulder, foot, and other anatomical wraps,
as well as apparel such as garments, footware, and fashion
accessories.

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 blood flow, microvascular blood
perfusion, wound repair, bone repair, osteoporosis treatment and
prevention, angiogenesis, neovascularization, enhanced immune

response, tissue repair, enhanced transudation, and enhanced
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effectiveness of pharmacological agents. An embodiment according to the
present invention can also be used in conjunction with other therapeutic and
prophylactic procedures and modalities such as heat, cold, ultrasound,
eYaeuum assisted yound closure 3 waund diessing, Qrthapedia fixation: «coraing
devices, and surgical interventions. BACKGROUND ART It is now well .
Cestabfishethal applitatioh or ek nch-S10 thernialélectfontagnéticfiélgs with
o EMF")-can sesult inc physiologicallyymeaningfupirovivedndkin ¥itk0 modalities
bigeffects, Time-varying electromagnetic fields, comprising rectangular
B efmBSieh ot plens Do Aghet ha (LM it S sGher ==
waaneforaisesircings pulsedhertio frequéney fields 15¢PRIEY ranging fropergical
1 several Hertz to an about 15 to an about 40 MHz range, are clinically
beneficial when used as an adjunctive therapy for a variety of
musculoskeletal injuries and conditions. Beginning in the 1960's,
development of modern BrTBEERAUWD2ARMA prophylactic devices was
stimulated by glinjcalproblems, asseriated with nan-union and delayed upion, .
bone fractures. Early work showed that an electrical pathway can be a
Chigar’s! throBigRAWKIRREIRE Abaptivel§ YéSponds mechanicdt inpdte Fay  1n
ptherapeutic devices used implanted and semi-inyasivei 2o eleetredesioefrects.
deliv_erinqédirect culrrent "DC")to a fractfure site. Non-invasive technologies 1
TWeTe Subgetdently d&VEioRed Uiy eldctfidai®and &iglirbhiaghetic fisfds "It +ar
wikesemodalities wese riginally créatsd-tanprmowede a noreihvasivéPEME”) ,  and
s iNgrtouchy means of Jinducing, ap electricgl/mechanical waveformata,  rieias

cl:leII/tigsue 30 level. Clinical applications of these technologies in
(oRtRBpaedizaHidve [EHB aproved dpplitatidns BY régatatory® bbaies? about 40
Mworldwide fordteatment of fraciures stiehAaS MOMIONSsed as an adjunctive

therapy for a variety of musculoskeletal injuries and
conditions.

Beginning in the 1960’s, development of modern therapeutic
and prophylactic devices was stimulated by clinical problems
associated with non-union and delayed union bone fractures.
Early work showed that an electrical pathway can be a means
through which bone adaptively responds to mechanical input.
Early therapeutic devices wused implanted and semi-invasive
electrodes delivering direct current (“DC”) to a fracture site.
Non—-invasive technologies were subsequently 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 of orthopaedic

clinical practice for treatment of difficult to heal fractures.
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and fresh fractures, as well as spine fusion. Presently several EMF devices
constitute the standard armamentarium of orthopaedic 35 clinical practice for
treatment of difficult to heal fractures. 2 The success rate for these devices

has hegn.vety high.The database forhis indicafion is/latge enough 1o, o, 1he

enable its recommended use as a safe, non-surgical, non-invasive .
daftefrrative foPa firstBEnelgratc Atitionadlliniéal?s indicatiBhs foPthésePle 1ts
rtechnhalegies haveskeen segportad in gopble blinshstugies fertreatmeyt-ofnvasive

asculjoclr. necrosis, tendlry'&ls, osteoarthritis, w tund repg%glé)od mq]culactioinn.

a rnative T ..a rst ne ra tiona ical
an8 pain %rom al’a’]rltls as Weﬁ as o ﬁer mu%cu oskeletal Injuries. ?Je ular

istdied have abldressedseffects bf aveakilow N@vfeeduehityelectromagneticlouble
phiglds ophethsignal trapsduetion, pathways.and grewthJactorsynthesisyilticis,

can be shown that EMF stimulates secretion of growth factors after a short,
Oftfgefet? fike tiutation" fBHIfigahdbinding Processes at & caii- fenthdneSare  trom
agenerallycaonsidered an initiakkEMiutarget pathway 15istructires The clinical
relevance (9 teatmentsfor exaple of, hene epa, isyareaulation syghgs o,
odulation, of growth factor production as part of normal molecular .
L rafIaHe of bret fepaivneeldlariefelcstudis haveshawAeffects ppnsduction

pealgitiy sioptranspert: gelk praliferation: insudin Growth Lactey (46520 Hhat EMF
release, and IGF-II re,ce§Jtor exgression in osteoblasts. Effects on Insulin

“GHowt Factord (IGF-1) afdl IGFIT have 56 been dethorfstrated inf rat =+ 9957~
lfraetureicaliusrStimalationantransforming growth faetor beta("TGFia embrane

amessenger RNA ('mRNAY jwith PEME in g bone.inductign madgl {.a rabasg; .,
been shown. 25 Studies have also demonstrated upregulation of TGF-a

SHIRNABYE PEMIE irf hifidiPdsteBhRISHIKE cEl lifé gesiiited ME-63xample of
pwhereinsthere weresincigases: i T&in(3lsgellages, anddulation, of growth

factor production as part of normal molecular regulation of bone
repair. Cellular level studies have shown effects on calcium
ion transport, cell proliferation, Insulin Growth Factor (“IGF-
I1”) release, and IGF-II receptor expression 1in osteoblasts.
Effects on Insulin Growth Factor-I (“IGF-I”) and IGF-II have
also been demonstrated in rat fracture callus. Stimulation of
transforming growth factor beta (”TGF—B”) 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
PEMF in human osteoblast-like cell 1line designated MG-63,

wherein there were increases in TGF-PB1, collagen, and

osteocalcin synthesis. PEMF stimulated an increase in TGF-f1 in
both hypertrophic and atrophic cells from human non-union
tissue. Further studies demonstrated an increase in both TGF-B1
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 TGF-B1

mRNA and protein synthesis from EMF, demonstrating a therapeutic
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osteocalcin synthesis. PEMF stimulated an increase in TGF41 in both
hypertrophic and atrophic cells from human non-union 30 tissue. Further
studies demonstrated an increase in both TGF-(3I mRNA and protein in

aBstepblast ghltures sesyiting rom.,a digect effect of EMRON a4 315 503 (1982)
calcium/calmodulin-dependent pathway. Cartilage cell studies have shown
Ceinfiarcreasedin ToF{SF TARNRACand protérP Synthésis Font EME L 12 typify
tdemeanstrating a therapedtic 13 applieatior tq joint repair. U. S. Patent No.
4,315,503 (1982) to Ryaby and U, S. Patent No. 5,723,001 (1998) to Pill .
ity 5o B LOnGElad h (e ol PISweet Ao o e Bo i T high
apppliésidanezessarifyhigh B amplitueiecand powértova targetgathway requires
ushrectuLe srequires, wanecessaldlyJong freatment fime, and is-petpertable.
Therefore, a need exists for an apparatus and a method that more effectively

moduldeS15i6EhEMIcal’BiGtesdes tat ™ iy it HESHE Gt g réigair o
tshartens ¢reafment timeels; ancil0 dneorpotatesanintaturizedcirctkitsy anedight
weight licator h as couplin vice llowin aratus to
D eblE o Qi A SShbla. A furhoans oxtors K e
1aRa TRethvtthat dretefféctRrely ifotUilates Bibehenfibal Processedthat cators

stegulate tissye gropvtheand sgpainshortens,1adreatmenttimes, and o pe
incorparates miniaturized circuitry and light weight aﬁgtlicators such as
Miphah

PROGPING delice thaf 8an B Comsirictetlto éeig AR BISCLGSRET 2"
2O INVENTION 26 Arvapphrdatusartd amethodviol Wetivérihgtes biochemical

peleciromagnelic. signals 1o human, animaland plant farget patway. o s

structures such as molecules, cells, tissue and organs for therapeutic and
Cprophytadticplifposedi A preterred ethbdifténtactordiiy to'the” prégert’d
1inyenties Wilizes @ dignal e Naise iRatio ESNR)ng devices that can be

constructed to be implantable.

DISCLOSURE OF INVENTION

An apparatus and a method for 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 wutilizes a Signal to ©Noise Ratio (*SNR”)
approach to configure bioeffective waveforms and incorporates
miniaturized circuitry and lightweight flexible coils. This
advantageously allows a device that wutilizes a 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 Dbe 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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25 approach to configure bioeffective waveforms and incorporates
miniaturized circuitry and lightweight flexible coils. This advantageously
allows a device that utilizes a SNR approach, miniaturized circuitry, and

cligtweight dexiple calls, t be corapletely.partable.and iLdesiedIpHe ysing a

constructed as 30 disposable and if further desired to be constructed as .
uimplantabie.  Specificamy Broaa SpREiraP Be iy bts of elécifiiagnétict se 1n
awaveforss, configuead tasachievevaxinmym signalg poyeravithin adbandpass: ude

of a biological target are selectivﬂ}/ %5 applied to arget @%thwaay structures .
com arlﬁ 1 ana a}ﬁS’lS Tt:O eva e sldgna ?/V efrm 1 noise ratio
such as’living organs, 4 tissues, cells and molecules. Waveforms are

(§elédfad using a lumigue anphitute/poweseomparisohlwithahdt ofithesmales an

oBQiﬁﬁ‘iiHeé t%@%@@é@&\@y@tru\gw@&wsw&powr %Qléﬂb@i}%@e to achieve
comparison analysis to evaluate a signal to thermal noise ratio 5 ("SNR") in
MRAG BRg e issues” CEIIE aht Mo ctifds B SSptithiZedkioeffbifive ©n Linding
bW@yemrmmamdasgmnﬁgwedetommen r}aagim@bg{r@ai piowve_rdlviibim_eai within
tR%”%f‘éf'oo“i_%ﬁeecﬁécr_@&tb"}g_{@g Jiclegical target, Since maximum sianal ; .,
power is achieved within the biological target the optimized waveform more
meffdtifely 10imeaaMmtes biotherfiearsroeesses it teé§alafel GSsife groathh and

rapd ikepali Signals eomprisebussissefatdeast oneaf sinusoidabs sinusoidal,
rectan%ular, chaotic and random wave shapes, have freqeléency content in a
a

*Fange 8t about 00T Azt aBdit 106 62 at*fbout £ 18 ab6ut 160000 BGEE ™Y

ange
cpetsecond, andrikrave adu rstmap@tiﬂoﬁ_ 11 5Frates froavabouf 0.0 1Mdzaldutabout 1
+ 1009 burstsisecepd- Beak signal amplityde ata target pathway, STUCIUES. + 5 + 5 o

such as tissue, lies in_a range of about 1 V/cm to about 100 mV/cm. Each
rsighaliBirst @RoBlopd mMdy b€ a*ardsm FACdA providing erféans gk signal
aagcammedaie differentelecremagnetistcharactesisics Of Bealifnigsue, lies in

a range of about 1 WV/cm to about 100 mV/cm. Each signal burst
envelope may be a random function providing a means to
accommodate different electromagnetic characteristics of healing
tissue. A preferred embodiment according to the present
comprises a 20 millisecond pulse burst comprising about 5 to
about 20 microsecond symmetrical or asymmetrical pulses
repeating at about 1 to about 100 kilohertz within the burst.
The burst envelope is a modified 1/f function and is applied at
random repetition rates. A resulting waveform can be delivered
via inductive or capacitive coupling.

It is an object of the 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, bioeffective waveform then coupling the configured
waveform to a target pathway structure using a coupling device
such as ultra lightweight wire <coils, that is powered by a
waveform configuration device such as miniaturized electronic

circuitry.
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20 tissue. A preferred embodiment according to the present comprises a 20
millisecond pulse burst comprising about 5 to about 20 microsecond
symmetrical or asymmetrical pulses repeating at about 1 to about 100
kilohertz within the burst,, The. purst enyelope is.a modified 1/ function and i$,a .
applied at 25 random repetition rates. A resulting waveform can be delivered
SHia inddctivelor capatitive Totipfing. St IR Otfect of the* fresentiitvEntion 6115
t eeRfigw e pawenspecirum of e wavetorims by nathematicad simuladionaly input
44sing  signal to noise ratio ("SNR') analysis to configure an 30 opfimized, |
Bioeffective waveform then coupling the cor?ﬁbure waveformto a argefﬁ
ipathwy sirdiotuite :using ascdrpling devee -such as ultra lightweight wire

coils, thatiis poyvered.by.g jwaveformigonfiguration device,sUCh8s o provide a
miniaturized electronic circuitry. 5 It is another object of the present invention

My &0aluBISRHDT ahyTar§ef pathway stilictaté shth a§ Mdldtdles ieldiumans
utigsues andworgansiglants, animals andlkumans using@nyiinpuing a power
spaveform, syen.if the elegtrical equivalents aje nop-linear a, 240 &, ;  cpemical
odgkin-Huxley membrane model. It is another object of the present
tmventioP i Provides AT rigtHEE afd dpparatds fBPtreating platis lanihafisasd and

ohymanse using glecjromasnatic fieldsiselgeted by optimizing a power
spectrum of a waveform to be applied to a chosen biochemical 10 target
pathwidy StUCtiiE SUch a8 2 iclectle, CAf, 1E&G5aR0 GHGANBY & Blant ="LoY
sagimdl} aadthumarwtis arctherobject of dive presentimventioptd employation.

Rignificantly, lowes peak amplitudes and shofter pulsedyration.q This can pey 5 ge

~accomplished by matching via SNR, a frequency range 15 in a signal to
ftequeht§tesporise AritiSEnSHvifFoFL Bagefnd sensitivity of a target

pathway structure such as a molecule, cell, tissue, and organ,
of plants, animals and humans.

The above and yet other objects and advantages of the
present invention will become apparent from the hereinafter set
forth Brief Description of the Drawings, Detailed Description of

the Invention, and Claims appended herewith.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will be
described below in more detail, with reference to the
accompanying drawings:

Figure 1 is a flow diagram of a method for
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;



pathway structure such as a molecule, cell, tissue, and organ, of plants,

animals and humans. The above and yet other objects and advantages of the

present invention will become apparent from the hereinafter set 20 forth Brief

Descrplionof tae Nrawings, Delgiled: Peseriptionof g IYeRio At 4 -cusery

Claims appended herewith. BRIEF DESCRIPTION OF THE DRAWINGS
apréfetratlehtb GHiRTehts of the Presentimventibn Wil B 25 deschBed belw

in more gletai, with reference te¢heqageompanying drawiagseFHguredds aas an
;flaw diggram of.a method for elecomagnetic tueatment of planf, apjmal. and. . .

uman target pat wa%/ structires such as tissue, organs, cells, 30 and

imotecdlesiaccording to an embodiment of the present invention; Figure 2 is

a view f gandrolygircuitry_and.electrical,golls applied fa aknae jointaccording i r o

to a preferred embodiment of the present invention; 6 Figure 3 is a block
SHfrant 8f hiinftdrizdd chttitR4eEoraing fofa Prefetféd eMbodierit'st 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 5 invention;

Figures 43 is a line drawing of a flexible magnetic wire according to a

preferred embodiment of the present invention; 6a Figure 5 depicts a

waveform delivered to a target pathway structure such as a molecule, cell,

tissue or organ according to a preferred embodiment of the present

invention; Figure 6 is a view of a positioning device such as a wrist

6a
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5 support according to a preferred embodiment of the present invention;
Figure 7 is a graph illustrating maximally increased myosin phosphorylation
for a PMRF signal configured according to an embodiment of the present

rifygntion; angd 1Q Figure8 is, a araphjllugirating a.powes, consumption. .+ hyay

comparison between a 60 Hz signal and a PEMF signal configured .
SHELGTING t6 A ermbodimientattte prédeht ifveritith. MOBFEES FORCCoTding to

aCARRYINEGI QD JHRdNYENTHON 1o drduced tirervanying currents from

PEME o1 PRF deyices flaw in g targe pathway strugture stich, as a fmolecule, .
cell, tlss%e, and organ, and it is these Ccurrents that are a stimulus t6 which

spelahd tisstesddary redct ina physittogiedlly aneamingfult marthertThe present
s electrica) properties of a target pathway structure 20 affect levels and
distributions of induced current. Molecules, cells, tissue, and organs are all in

an induced Surfentpath®asP8uch A8 CeIRGh™Y gAp TuAGtion comtatt AR‘orty oS 10
phgamntontaraictions ahindingmsites onimastomotediilesthat may tesidegonta an

%o'HQF%:‘n%SHEfaEEeaVSr"e%!Q&e dependent pragesses, that is 25

electrochemical, that can respond to an induced electromagnetic field ("E").

Inducetigifenttarrives at theseRites Wd as stffotiding iorfie sediufARTFEPt Lon

cBrgsencesef eallsiaancurent pathwaycauses,.an indueed cyirgmt {"JJotor i gured
decay more rapidly with time Q‘Jg}rﬁ").tThis is due to an adcéed electrical
Sirpadande 50 61 cEIS M HEmBrand 2aBatitahce Hhd fime"Constants of

binding and other voltage sensitive membrane processes such as

membrane transpgshde-BietbaRRHEREMSE! SRR RRARRS Halent
electrical circuit répresentations of various membrane and charged 35

interfa8€ ¢oRfighrations such 4s for bR igand Bifding 7 or FRE 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 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.

The mathematical model comprises equivalent electrical
circuit representations of wvarious membrane and charged

interface configurations such as ion or ligand Dbinding



target pathway structures involved in biochemical processes related to tissue
growth and repair. For example, in Calcium ("Ca"™) binding, the change in 7a
concentration of bound Caz+ at a binding site due to induced E may be
tq§§%rtb¢wm5 uency, domain by an,impedance, eXpression;such ag; 8 4 ses
(C)) = Rion + 1 i CUCion which has the form of a series
rRdistanice-eapakitante Elettiical Beflivamdtit tircuit. WhérgOFisSangdifar calcium
(fregtiencyndefined; as2itf, avhered isdrequency, i = -1>, Zb (C)) is the binding
impedance, 10 and Rio" and Cion are equivalent binding resistance and
capacitance of an ion binding pathway. The value of the equivalent binding
time constant, [ion= RionCion. is related to a ion binding rate constant, kb,
via [ion= RionCion= 1/kb. Thus, the characteristic time constant of this
pathway is determined by 15 ion binding kinetics. The mathematical model is
used for a voltage calculation used to evaluate a SNR model at the target
pathway structure where ion or ligand modulation is desired. Induced E from
a PEMF or PRF signal can cause current to flow into an ion binding pathway
and affect the number of Caz+ 20 ions bound per unit time. An electrical
equivalent of this is a change in voltage across the equivalent 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 Caz+ ions in the binding site, that is 25 storage of charge is
equivalent to storage of ions or other charged species on cell surfaces and
junctions. Electrical impedance measurements, as well as direct kinetic
analyses of binding rate constants, provide values for time constants

Ta
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necessary for configuration of a PMF waveform to match a 30 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,

Syeh as,bandpass.-8 jon, pinding to regulatpry, malecules is ayfrequentEME. .4 &

target, for example Caz+ binding to calmodulin ("CaM"). Use of this pathway
MYhadetl upit SEEEretatiorof Wourd PERAIR For eXaftplE bdtie repair, tHatedance
cteyobasi modulationef: growth factors released 5 in various stages of repair.

Growth factors such as platelet derived growth factor ("PDGF"), fibroblast

growth factor ("FGF"), and epidermal growth factor ("EGF") are all involved

at an appropriate stage of heagn d)ﬁ:ngiogrenelsis is also integral to wound

repair and modulated by PMF."All of thege fagtors are 10

Ca/CaM-dependent. Utilizing a Ca/CaM pathway a waveform can be

configured for which induced power is sufficiently above background thermal
whaise power iindescorrect physiolegicakconditions, thiso avavefarra canchave cal

%bphvysiolo%ically significant bioeffect. 8%15 using power and acrinpli,tude -
E5mparizdh analysis to eVafifate D Sigral ' tidrntdi THIse &S F'SNiR™ iRS 2™t
whdpg organs, tissupsneel|s and-molegules ap)optignized biseffective impedance,

waveform can be canfigured to achieye maximum sirgnal ower wijthin a
aB%ndp%% of 4K’ ioncﬁ'i‘ﬁldingij—j1 JE)ieoIogel851JI\('gl‘F‘gléetr.lginclélm%)l(ln um Ié‘?gsnla tpét‘)r\l/\(/:eer is 279
c20achievettwithin thenbiologicalltargeirtbe aptinhized wavEfermvenore of the
<gffectively. modulates piaghemicalprogesses that regulate tissue grawth.and , o

_repair. This can be accomplished by matching via SNR, a frequency range in
1855ighid 16 freqtidhey Fedpuridetand rsensitvityiof a tirgst pathwaestrd&tife  the
csueh asar molecule, 126 celhrtissue; and orgars obplants,sanimalsietermined by

1Umans; fpplication of. a SNRymodel to CafCaM requires kpowledge.of, . 4
voltage calculation used to evaluate a SNR model at the target
pathway structure where ion or ligand modulation is desired.
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 Cigpn,
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 1is 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.
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electrical equivalents of Caz+ binding kinetics at CaM. Within first order
binding kinetics, changes in concentration of bound Caz+ at CaM binding
sites over time may be characterized in a 30 frequency domain by an

16Auiyalent hinding time constany, ilon. RjenCiont where, Ria'and Gian arg et ,
equivalent binding resistance and capacitance of the ion binding pathway. .
TR6n isFemkked to e ion'biRdintrate CorStaRe Kbl 44 iibnSWiohCiohse1/kpt  this
pRublished sabiesfor kbsanihen ke emplayed inva el aryamogdekto 35xample
ofalugle, SNR by, comparing voltage indused by 9. PME sional fo thermal, .,

flictuations in voffage ata aﬁ/fsblnalng site. IEmplo%ng numerical values for
iPMFaesponses sughaasoVmases 5x104secth, [Cade2i5uMs KD=30 Mplatelet
alCaltGaMIsKR(Call+CaM]), yiekis kb=665 seas1,(1i013 1¢5 MSes) 5 Sueh, oy

a value for Ti,, can be employed in an electrical gguivglent circuit for ion
(pinding wrﬁfédsﬁﬁl&ﬁafl%i% CHIPBE petforiied for &y Waeforht Strit{fréved at
aAceardingtol an e mbodiment ofithe Jpresentanventiem as matiematical modelgral
£§an,88 confighred.to.accopn for the fag thaf, 10 theymalngise Is presentin. .,
all voltage dependent biochemical processes and represents a minimum
CthresHoldcieguiteRient to establish adequate SNR in a particular biochemical

targetpathvay Steucturec or example thatpai of aimathematicalmodeked for

re,presentiggé?%wer spectral densit%fs,ggcg,tof therkrjnal noise thich 15is a 1
"84 &8ific ARG S atWAY Structuré 8 batkyrolind activity ScaR®b& BXpraSsed ie M@
nSageo) pdkdrRe[ZM xrCO¥owhere ZMéx, B3} is elettddal impedancemfa this

wiargetpathway structure, Xﬂﬁ;?sqim%%sﬂggﬁf target pathway strugture and. gy,

Re 20 denotes a real part of impedance of a target pathway structure.
UZRRQ(3%%%%¥bé¥%&ﬂé§§%a%§§ e comparison analysis to evaluate a

signal to thermal noise ratio (“SNR”) in living organs, tissues,
cells and molecules an optimized bioeffective waveform can be
configured to achieve maximum signal power within a bandpass of
an ion binding biological target. Since maximum signal power 1is
achieved within the biological target the optimized waveform
more effectively modulates biochemical processes that regulate
tissue growth and repair. This can be accomplished by matching
via SNR, a frequency range in a signal to fregquency response and
sensitivity of a target pathway structure such as a molecule,
cell, tissue, and organ, of plants, animals and humans.
Application of a SNR model to Ca/CaM requires knowledge of
electrical equivalents of Ca%'binding kinetics at CaM. Within
first order binding kinetics, changes in concentration of bound
ca’* at caM binding sites over time may be characterized in a
frequency domain by an equivalent binding time constant, Tion=
RionCion, where Rion and Cion are equivalent binding resistance and
capacitance of the ion binding pathway. Tion 1s related to a
ion binding rate constant, ky, via Tion= RionCion= 1/kp. Published
values for ky can then be employed in a cell array model to

evaluate SNR by comparing voltage induced by
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R,+R.+R This equation clearly shows that electrical impedance of the target
pathway structure, and contributions from 25 extracellular fluid resistance
("Re"), intracellular fluid resistance ("Ri") and intermembrane resistance

a('Rer) which,are. eleelrically cennected o target pathway. strpcture gl s g1 ng

contribute to noise filtering. A tyglcal approach to evaluation of a SNR model
Sués a §igle B Falue B tootimeagh sGFare" RM S therrfaf Rolstevoltdge  as

vthatds sderivéd from the pawet spectral densityaS3j(€)),5efithermal noise 43-30M,
described above. This is calculated by taking a square root of an integration

+

(6 StEY) =T REZ Mk WiiTOVer all fretiien&iesfelevant to effher Coniplate™see) -

smemhranerespepse 0r, ta.handwidth of & targetpathwaye sistructure. Jhe;a 1ent
SNR model can be expressed by a ratio: ~VM(w)I SNR = RMS where
CRAGAN1 & Fhaxifturt HPtEdE oF VoItAYE af BACK Freueityds BEfivératsy foF

aachoseafwaveformuitotthedarget pathway structure. From the above SNR

model iean e lscermeginalig satisbathe 39 SERMOdEl BN cson

required SNR of approximately 1 means signal and noise are o
mabprREdetely SisllarAphtubies @ the TaFGEt pathirapstrtictire Wherefidhtorthat

thigand mogulation is desitacknineaning the appliehsignal is letectable inthe cal
desired targetngathwa)é structure. 15 Refe.rrllrll% totliljggg% O1jt A{vhereln Fé%ure 1

plrsoac?l%ﬁveaiagaram of & method Yor ?jeli{/néﬁﬁén electromagnetic siéﬁgfélto fg?aé:t o

epatiway stradtrestsuchNgs molecutes tdelis] disshé arittuigans ofplantspathway
s@%@%'éré‘”d Wan%@n@f&ap%&an%gﬁlphy&@ti% mathematical model
representing power spectral density, Sp(®), of thermal noise which
is a specific target pathway structure’s background activity, can

be expressed as:
S, (@) =4kT Re[Zy (x,@)]

where 7Zy(x,®) 1is electrical impedance of a target pathway
structure, x is a dimension of a target pathway structure and Re

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

Zu(x,®) can be expressed as:

R.+Ri+R,
Zu(x,0) = {; tanh(yx)
This equation clearly shows that electrical impedance of
the target pathway structure, and contributions from
extracellular fluid resistance (“R"), intracellular fluid

resistance (“R;i”) and intermembrane resistance (“Rg”) which are
electrically connected to a target pathway structure, all
contribute to noise filtering.

A typical approach to evaluation of a SNR model uses a single

value of a root mean square (RMS) thermal noise voltage that is

derived from the power spectral density, S,(®), of thermal noise

10
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purposes according to an embodiment of the present invention. A 20
mathematical model having at least one waveform parameter is applied to
configure at least one waveform to be coupled to a target pathway structure

a8uch as.amelscule, C?}UiE'S%‘éec@ﬂ@u%&aéh(%ﬁ‘?pc!a%)ngT he canfigured,oe of an

‘waveform satisfies a SNR model so that for a given and known target
1p&fivay Stuctire it is 25 possible to choose at least one waveform

Daameler sethat @ wavelm is detectable.initbe target pathway strugture

above its background activity (Step 102) such as baseline thermal
cAgertatisneaR oty e ahd SlettricaFinipeantd Hi et §et pathiay strlctiry

sthatelepend upensaistatef a eelh apd tisghies 3Q-thatjs whethep the state is at
least one of resting, growing, replacing, and responding to injury. A preferred
embodiment of a eraltpg, ed@dtromagnetic signal is comprised of a burst of
arbitrary wavefor vingggteast one 11 waveform parameter that includes
a plurality of frequency components ranging from about 0.01 Hz to about 100

wiiHz wherei) [thesplealityef fraguencyscomponsnts satisfies a SNR-B9@delcy as
(Step 102). A repetitive electroma%netic signal can be generated 5 for

IExAMPIE Thdtittively BF Lapadifivery; ffont Saititonfighfed af féddgne™ - oture:
rwaveform (Stepel G3)R Theceléctromagnetie siginalds necoupled to ectargetisfy the

sRathyay structyre, sych.as a. %%l&'esﬁﬁ"bfi%&@g?ﬂ%@@fﬂ OHIRYLOTA grad

coupling device such as an electrode or an inductor, placed in close
apfoxifity fo tAESL0%ArgePpatiway striicture (Stepfod) THECoupling-ne  target
penhangess stimulus towhich cells and tissugsieact snaiphysialogicallyesired,

meaningf%rgagne& ,Figure,2 iIIuEtratSes C?eereecfgrrgflee_m%odti@gnt of an

" Spparatus accofding o the présent invention. A miniattre ContrdTairedt 1577 9%t

r20hvis cosptedttoran-end of at least one connector 202 such as

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 model
so that for a given and known target pathway structure it is
possible to choose at least one waveform parameter so that a
waveform is detectable in the target pathway structure above its
background activity (Step 102) such as baseline thermal
fluctuations in voltage and electrical impedance at a target
pathway structure that depend upon a state of a cell and tissue,
that is whether the state is at least one of resting, growing,
replacing, and responding to injury. A preferred embodiment of a
generated electromagnetic signal is comprised of a burst of

arbitrary waveforms having at least one

11
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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

wSoaiane 2l wayefauns.,The eonfigyeen wayelomns bave o SAUsfa R
model so that for a given and known target pathway structure, it is possible
CRIEROGEE FvalRPGrhR patanieteithat Safidfy"SNRPsa-fvat- alWavefofmrigerein

rdetestablelinthe dargetpatbway stbigidre-abeve ats backgrosinshactivitye A
referr mbodiment according to the 25 present invention applies lla a
B oAbl BT T6 pico B bR Taabnate tei aag A2 Soferated
fimesvarying elettric fieldeihva target pathway stractdrecsuchn as amdlegulesd at
1eelbdissie, RRdargan, comyyising pbowt 4040.abouh 190 dnsec bursts of ; 5
about 1 to about 100 microsecond 5 rectangular pulses repeating at about

CEHPIEGGL O pUTSE perf SetdndS Peak hplitide ofthelindtced eléetrics L 1/
thielshis betweeonr aboub§ wWcpuand @about LOO MY cak vatiedsaccordingato a

cmodified L1 function where f,= ffSﬂs'%Q&y-iﬁ waveform conflured. using a
preferred embodiment according to the present invention 10 may Ee applied
LRY 8 target pathvay Structureesuct 8B alftblecdles celUlsste, &idofgas for

s prefered totahexposureitimef undend ininee to 240-minites dlailyica11y
However other exposure times can be used. Waveforms configured by the

MRt CoRErdT Eicuit 201 are directed to a coupling device 203 such 15 as
electricalcoils ¥ia conpector202 The=Ceupling devicei2(3 delivers agpuisimgt us

2magnetic field configured ageording 1 a, mathemafical madel, that canbe. ., ;

used to provide treatment to a target pathway structure such as knee joint
2964 I PhETHM&Tré Coitr@ et aiplieds pufsifig FragTsticfieldtér 2 as
wptescribed tipeaid ean automatically tepeatapplywgdbenector 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 model
so that for a given and known target pathway structure, it is
possible to choose waveform parameters that satisfy 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

11a
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pulsing magnetic field for as many applications as are needed in a given
time period, for example 10 times a day. A preferred embodiment according
to the present invention can be positioned to treat the knee joint 204 by a

aPASifipoing device, The 25 positigning deyicecan,be portaple such as-an, 4 ang

anatomical support, and is further described below with reference to Figure
26 L WierY Blectrical Tofis dre UsePas thé cBupfing Hevitd 203y tiié BfedtHEsl such
agoils gan bespewered wjthta time-yagag magnetic- dield thatripdueesi a timet o

arying electric field in a target 30 path structure ording to Faraday's
o e Et e il D ot by T oo o a8 S o
ralsodveappliedudsing electochemical cobpling ‘wheteinadlectrodés ave $i¢s rer

sdireely coptagt vith, %i@u@rea%sfth@ln@%%%l@@@fi@!u &anductiye 1@%@%’% Qf @en
target n;iathway structure. Yet in another 35 embodiment according to the

2BriEent iMVetor e A28l clidMmAGHERY sigal §endritd by the Codpling

ndevice03 ¢an falsothe applied ¢1sing-electrgstatic,/corpling whereincam aifgured

38R EXisls between,a %@éiﬂge%ecw%e 293:84ch 33 anelectrode, and g, target, |

pathway structure such as a molecule, cell, tissue, and 5 organ. Coupling a
MBYIshTy AREYNETE ficlddo Rtarget pathway stiuctGie'SGclPasta molécaleleelrle,

ctissye,angkaegan nthesapedtieally and prophylagtiealhunedugesdnflammation ¢
thereby reducing pain and rE‘r,omotes fgiealin . An advantagEe of the preferred
“Bftibo m%h?%%go%?né‘%& & Pr&séntiAvestiol W that 107 Ghtr& TigRtvEiGht
t¢0\i4§andrmilmatu!§izéd cif¢aiteyf alow fQDHﬁ@MthdFQWtdmphysi¢akthE$apy
cBeatmentmodalities and.atany hody lcation farwhich, pain.telief angds scn

healing is desired. An advantageous result of application of the preferred
2énfootiiteht Sccording to'the present ivettion isthat vyt 8rgatisrhs 1573
deellbeing capbednantamee-and enbangedonfigured according to a

mathematical model, that can be used to provide treatment to a
target pathway structure such as knee joint 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 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
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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 coupling device such as wire

o§ails 20 feseribed ahove in Figyre 2. Jhe minigture control girguit can bes ..p

activated by any activation means such as an on/off switch.” The miniature
agéntroFcifrdRt 369 h%l%lé]%oﬁﬂe?%%{ﬁéé%ﬁéﬁ af‘soéﬂpﬁthftﬁ‘n‘ﬁ“a‘ft“e?ﬁr@oiﬁlﬁélr gap
eprefeyedambedinmentobtherpower, sedrcey haswam outpuivaitageefdd ¥nd a
but otcher vollqtages can be used, 25hln another ?renbcadeimegéffcorcdligg&g the

targe at tructure such as a mo U and
pr ent?nven IO% ﬁ1e power source can be an external powel’ source such

oas an-eleetric! tugrent wutlet sachasnan XC/DC butlet, coupled ¢¢ thre present

sinventigndor gxample by plug,and wirg. 1A switching power supply 302
controls voltage to a micro-controller 303. A 30 preferred embodiment of the

CRfiCRRES It 303 i 8 a8 bith MEZ hicroScbtitroilet B0 BHESthe? bit
t Mz bgmbinaticm micko:rcontrdllers maye berusedi Ide switehingrpower of the
p2URRY, 302 als. delivts cuentio stofade gapacitars 304. A preferred s ¢
embodiment of the present invention uses storage capacitors 35 having a
1280w satpt Put BEHeSutprits eanbe Gded aThe 123 dtorhge ddpatitots 304 or
ualow high &regrencyises 1o bee defivereetorasauphing device-suehasat any
inductors (Not Shown)vihThE micro-controllgr 303 ahlso controls a pulse shaper
P36% and s pite PHast thithd 2oRtrb306 “TRE puliss ShEFer 305 G pllse s’
aphliase digsing control BO6odeterming pulsenshepe, Hzunst widthy dourstbnuélopet

Shape,;and byrstiepgpitian rate, A integral ; wavetiorm, gengrafor, sueh.as . o

sine wave or arbitrary number generator can also be incorporated to provide
wededifié DWaveforhfs. T voltade fevet vonvRrsia A Stib-circuit 308 controls 10 an
induceddield delivereddoa targetpathwaystauctue. A preferred embodiment

according to the present invention of a miniature control
circuit 300. The miniature control circuit 300 produces
waveforms that drive a coupling 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
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
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switching Hexfet 308 allows pulses of randomized amplitude to be delivered
to output 309 that routes a waveform to at least one coupling device such as
an inductor. The micro-controller 303 can also control total exposure time of

sasingle reaiment,of a.15 target pathway strygture suchas.a molecule, cell, 1o

tissue, and organ. The miniature control circuit 300 can be constructed to
Aapplyea plilsirty ragditatie fidld ford presciibéa tifie arfefter setsmdtically Shovm) -
Trepeat apphying the puising magnetis field feas mapy applications-asare and a

needed jn a given time period, for xample 10 times a day. A ferreéi
Do HEAE ARG (ARG Ghosant invanfor (g noatights aesor Puloe
rabeet 10imimaescton about 30 mirtesrRefetring tosEiguwiesdA amid8ta width,

pRreferred, embqdiment, gecording tg,thespreseptinventian ofta coupling i ntegral
device 400 such 25 as an inductor is shown. The coupling device 400 can be

YR Ehectic 861361 Waund Mt mafistfand fRkiblErhagidtic Wife: 402 rhe wmber
gautistrand flexible maignetic wire 402cemablestthe electric poib40dd0 specific

wSORIPIM, {0 Specific gnatamical, configyrations such, as a fimb, 9\% JONUOT At rols
human or animal. A 30 preferred embodiment of the electric coil 401
agomprisesabotit 309 to Hbotif HOCrnsof about BBt mRrtc dBBut O°F pepure. A

sthameter gmudtistandsmagnet wire waund Hnuan initiallynciredlarfym thavdngo pe
an outer diameter betweey about 2.5 cm and about 50 cm but other

IRlmBErS of titns A Wire diamdidhs E&H e used!A"S5 prlfefrad=" 1ot one
cembbthmewrtofithe efecttic @g’l 401 c'ambte*em\casélduemrwmramta)dqwc 303
capuld 403 byt.other '%%'%jé‘ix'%%%@%&a@iﬂ@oo@? ysed. Retering 1o Figure, = 4
5 an embodiment according to the present invention of a waveform 500 is
Lttt ated? A pase S01U S Tepeated viithirt a BetStB0Z that hias a fidifue, and

o@@&moﬁﬁQ34MJdature control circuit 300 can be constructed to
apply a pulsing magnetic field for a prescribed time and to
automatically repeat applying the pulsing magnetic field for as
many applications as are needed in a given time period, for
example 10 times a day. A preferred embodiment according to the
present invention uses treatments times of about 10 minutes to
about 30 minutes.

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
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The duration 503 is such that a duty cycle which can be defined as a ratio of
burst duration to signal period is between about 1 to about 10-5. A preferred
embodiment according to the present invention utilizes pseudo rectangular

w19microgecond pulses.fer 10, pulse 501 applied in a,burst 502 far-about 1940 ..

about 50 msec having a modified 1/f amplitude envelope 504 and with a
afifite RFurafidA 503 corresponding to a burst period of between about 0.1 and
abouki0 seeonds. Eigure Gyillustrates arpreferred embadiment@acgordingde  the
15 the present invention of a positionin ice such as a wrist support.
PR hing JBUICS BO0RICh AEes T L P BT Gk s hua St 501
1602 <Tiee poditiohinyidevicecoan heS8dnsthudted ¢ be pditables candseion 503.

TERNSitycied da beqdispasabler apd-ganbe copsteycted torbeimplantable. jEhe neq
positioning device 20 can be used in combination with the present invention

4h & plafaifty of wiysS foreXeathpint8rpordiifg the presents ifventiorinf>out 1

tthe positioniny device farcexample bynstitthirg,t affixing thenpresenttingentionsent

12019, the Rositigning device for . exarple by Velcrofy).and holding the present .,
Invention in place by 25pconstructing the positioning device to be elastic. In

PA6Ehe? embuthmetit acordingtosthe Présémtinedstion, e fresérut 50 msec
nivention cap dercerstructedsas aistand-alore deyvicenfsanysizewith or finite
without a pasitioning device, to be used anywhere for example at home, at a

AEfimE 8l a tfeatmEnt 36°e8Ne 7and ottddsrs" TRewrst Stpport 60T can Be ©-*
amadeowith abysaratodsical and support material, such as neoprene. Coils

603 are inregrated intgdhe wiist sypport 691 sueh that aysignal configured,

according to the present invention, for example the waveform depicted in .
LRRYURE 55 RN &ppliRdFrom-a dersaPpdriisi t351509 device such as a wrist

support. A positioning device 600 such as a wrist support 601 is
worn on a human wrist 602. The positioning device <can be
constructed to be portable, can be constructed to be disposable,
and can be constructed to be implantable. The positioning device
can be 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 clinic, 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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that is the top of the wrist to a plantar portion that is the bottom of the wrist.
Micro-circuitry 604 is attached to the exterior of the wrist support 601 using a
fastening device such as Velcro(r) (Not Shown) . The micro-circuitry is
=faupled tq.goe Sendof algastone cqnegting device syspasa flexble wie .
605. The other end of the at least one connecting device is coupled to the
besile B0 DtHetentbotihentd Hccording b theY préSént invertiormeffie to  the
epesitiopingadevice include kregpelbows dowes bagk sshowddern m@erdem ce such
anatomical wraps, and apparel such 10 as garments, fashion accessories,
2%nd fodtivare. r:P hpleP b SNR % ‘Efr&é&w forBIE Signalconfigiration © ©"e
ehds béerttested sxperimentallycornt calciutr dependenhmyesia 15lexible wire
splosphealion. i asiandard enayme assay The cell-Tegigaction miduie. .
was chosen for phosphorylation rate to be linear in time for several minutes,
car8 ¥6FsubRsatiratisi? Eaz+ *Conceftrafion. THS DPERE tHe Br%%ﬁiééﬂﬁrn&@w the
ples Laz+/CaM te 1be EMFsensiiivei This\sysfearisinet responsivera2VFatoow,
Ievels %0 u}(lrzedhrn t? (festud if Caz+a|r'lsa%t saturaltron levels wrth re Ht1peacrt o
M, andr&action is noifélo Fo a‘minute time rang@ Experrme were
apeﬁfermedtmsrnémsm lightehaivr (ML C2ndnd myosindight chain kinase
("MLCK") isolated from turkey gizzard. A reaction mixture consisted of a
basrc solutlon 25 containing 40 mM Hepes buffer, pH 7.0; 0.5 mM
acetate; 1 mg/ml bovine serum albumin, 0.1% (w/v) Tween 80;
and ItmM BEGTAdZpFoeeiCarbwasnariesiinrihe 1<7o}xﬂ\dc_r;amgel@mceﬁaz4been
ggftf%gng was establrghed freshly prepared .7Q nM CaM, 160 oM MJ€C and
nM MLCK Were adﬁ%dnto Jhe basic solutlon to form a 30 frna reactron
PHiEFE I TRE IdWMLEMLEK raivralfowed finéafmtime behdvior iitthe Afirdtefree
-timecrange.This pravideds reprodugiblerenzymeagtivities and sninimized o pe

pipetting time , 24
linear in time for several minutes, and for sub-saturation Ca

my031n

concentration. This opens the biological window for Ca®'/CaM to
be EMF-sensitive. This system is not responsive to PMF at levels
utilized in this study if Ca’’ is at saturation levels with
respect to CaM, and reaction 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 pM 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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errors. 16 The reaction mixture was freshly prepared daily for each series of
experiments and was aliquoted in 100 }xL portions into 1.5 ml Eppendorf
tubes. All Eppendorf tubes containing reaction mixture were kept at OoC

rifen transfered 10,8 gpecially S designed C‘{é!?&%a@%tﬁ rmaipiained at 37016 s ¢

by constant perfusion of water prewarmed by passage through a Fisher
oS cietiifie IGS9O0 RediPexchatge? “Fémperattife Wasishitored WiffPa l-> mi
ethesmistor prek@sych as axilple Basmerdnedelk8LE-20- daynersathin aneiction
mE%gendorf tube duyri Fgaall e n?:entg Reacgon 10 was |8|t|at[ed with 2.5 }Cx

"ATP, and'was S ppe wit aemrrﬁl Samp e uﬁer solution conta?nlng

d8e INWEED TR & miniaGm ofrfier tilank Sanasles Weretcouhtédin éach constant
pexperiment. Blankg comprised gitotalassay mB@%@aG@”U%H%@Hhe ACtYe sper

components Caz+, CaM, MLC or MLCK. Experiments for which blank counts
S{ere highsr 1BEh 3%%Ocp]?ﬁ %r&i‘éﬁ%@f&frpho%%ﬁﬁ&ﬁ&ﬁ Wa¥HiloWeatbor <
wproceed foreamintand Wap:re\lt@lu&tedkbyamuatmg:BéPHacmmoratedeIJn MLCo-20,
i%_%'&_gf%g M Analyticy Qﬁd%§93 kY layid, S&H"'Q%%”rc%é‘ﬁ%r s TNezeaction

signal comprised repe tlve ursts o a hlgh frequency waveform.
wAMplitdde Wemuirtainedconétamtfat 26 atitf repétitorrriedvasith Laemmli

shrstises fer all exposures, Bust duratign y@riﬁﬂl feomo5 Ixsee Q0 of five
ésec based upon £rOJect|ons of SNR analysis which showed that optimal

NE wotllf 16 adiiieved 38 burat &ura?%ﬁ%pp}fé)acﬁﬁlérbe B6o us%%nlf e
a25 are shewndly Figure Wrwherein burstevidth 701<n dxsecis plottedremtie Ca™,

cXiaxigapd Myesiphasphorylation 702 as freated/shanyis.plofted QR ke n i gher
gams It can be seen that the PMF effect on Caz+ binding to CaM

Bprodfles HEmaGMum a KiprekimateR 500 kees ! iidtods iffstratetipyed  to
pthe-8AR model. min and was evaluated by counting 32P incorporated

ally

in MLC wusing a TM Analytic model 5303 Mark V 1liquid
scintillation counter.

The signal comprised repetitive bursts of a high frequency
waveform. Amplitude was maintained constant at 0.2G and
repetition rate was 1 burst/sec for all exposures. Burst
duration wvaried from 65 psec to 1000 mpsec based upon
projections of SNR analysis which showed that optimal 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 usec,
just as illustrated by the 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 SNR for a given magnetic field

amplitude.
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30 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 SNR for a

edenpagnetic field amplitude. 35 17 Example 2 According to an
%_em odiment of the present invention use of a SNR model was further

verifiéf iPaR iR VivePwain FFE4I 1RBHe P A et vourferfiotlel RES Beetrwelfe oF
achawactefized bath S bfomeebanically anddiochemically, and waswmseehin thisair
mSté‘de . Hgalthy, young adult male Sprague Dawley rats weighing more than

360 grams were utilized. The animals were anesthetized with an
bintreperitonealldosesofd K etamime 25 aid/kg amddViedetomidide 005 migiky. study .

néfter adeqyate, J0.anesthgsiachad beenachieved, the dorgumywas shaved, than

prepped with a dilute betadine/alcohol solution, and draped using sterile

SEERHIGHE. UShg a#16 % libel, an 8-cm linear incision was performed

through theskin dewe tethesfascid oathe doisum dfeactpeati Theamwoundse of
kEPY5S yuere bluptly dissectedfo break any, 15 reraai] QKerrmaNR%ré’ adequate
leaving an open wound approximately 4 cm in diameter. Hemostasis was
2BBrAinEE With applidtrpressire oY adeid Bhy daffayEto the skiff@dgés. Therred
wSkin edgesqwera then,closechwithia 4 Ethilof (niing SUBHE. draped using
Sgost-ogertatg/erlly, the anltr]nals receiye Bu arfngrphlge 081-CO.5mgr/1kega, eision
intraperitdneal 28 % Hey Wetd Platel in ifdividial cages and receed food 5
wand watépracttibitumoPMF ekpostrercomeprisecbtwad pulsSedaadiofreibencyor sum
owavefarms, . The fitst was a stgpdard,clinicah RRF15/00al.cmopusing 2 e ax any
usec burst of 27.12 MHz sinusoidal waves at 1 Gauss amplitude and

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

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
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25 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 }xsec and the amplitude and repetition rate

ayere reduced 19 0.26G.and 5, pursts/sac respectively, SRE was applieg for 30, ;

minutes twice 30 daily. Tensile strength was performed immediately after
WiEBINE @XCTRTH.CRR0 e WRItH StHES ®F skinlWere trafiRectere 1oaded at 10
mperpendicidartadherseamnframreach sajpple-andused teraeasuse thaeitensilel 1eq

a2rengthLin kg/mm 2, The strips, were Eé%‘s?leﬂe”%fﬁ‘%é‘% same 3518 areain | s
ach rat to assure conS|stency of measurement. e Slrips were ?Fllgn
defoumed<oh atensivmetetFhesaipowerd |dddediaki0umni//mih damd the ograms

XU foree gepsrated; before the wound pullgd, apart was recorded. The
final tensile strength for comparison was 5 determined by taking the average

of the Haxirfith foad SR KIYransT per nifi ™ of theStw & Rifigs 8m theSsatne FSe°
1woends Tharesultsnshowed averagetensile strength fopthetbs Ixsecoded group

V2SS ARF signal ."%a%%?-r%nﬂ%okrg’ I ZJ%EEQ%?X 300, OTQUP MESUS B, 5 ¢
3.5 kg/mm z for the control group (p<.0I), which is 10 a 48% increase. In
acohitrast. #R& averageltensi strefgth foRthe 20089Rsecc0.2iGauss PREtL  for

tsignal gonfigured @ceorgding 40 anr embedimentofithejresentinventioRy to an
using.a SNR model was 21.2 5.6 kg/mmz for the treated group versus 13.7

“FHGRY (5%, O 07 iFE SoheT Bralp. WhiEh 183 Saoe hofalel e 21-2 *
SresUits fon Sthe twe signads were notsigrificartlyl different4fromkeacn’other.. 01)

Ehese results.demopsirate that anembodiment of the presentrinventian; 5 ¢oy

allowed a new PRF signal to be configured that could be produced with
tgi%niﬁd%ﬂys%wlﬁ)wgﬁrﬁerpﬁlz S?g'kﬂé]ificantly different from each

other.

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

to produce.

Example 3

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

observed in c¢linical applications of PMF stimuli. The PEMF

19



10

15

20

25

30

35

20 configured according to an embodiment of the present invention,
accelerated wound repair in the rat model in a low power manner versus that
for a clinical PRF signal which accelerated wound repair but required more

sthan.wo orders, of magnitude more power {0 praduce. 2%5%@{75%@ 3 'BetP!_sormed

example Jurkat cells react to PMF stimulation of a T-cell receptor with cell
agfAIE et EhoPthusTHetAVeSie Porfiat TR RiTHYcytes StirmtifAted By strates
wantigeasiat thegh-cel 3@ receptarestichvas anteCR3yForexamplesindienehave a

healin ts hav sho th 60 Hz and PE fields decrease DN
ggy?n e&so% 3ar at s é\tlg |tsﬁ)expselc(tm§1 zlncerb I]l1 |ntej?ac SC%N?Iﬁ‘I the T%eell most

Epgteptorsintthecalssendeofsa ostimulatory signal. This is consistent with an

anti- i@féﬁ@gpltggﬁregppn%mgee@%obgg@/eqm@clirgga;}r%grgicaggg%yed
of PMF stimuli. The PEMF 19 signal is more effective. A dosimetry analysis

LpEftoNied SAécotaingto anferhbBodiffent Of the gréSerititigéntiopectrum” of the
tdemonstrates swhyviodthsjgnatshare effectivsrand why PEMF &gnatemleaverajuced

vdieatgLefiget than. 60z signals o lrkateelis in e most S EME-sensiiive ¢

growth stage. Comparison of dosimetry from the two signals employed
ERveRfesrvValraionssi e ati® of 36 Povet Spedtiificithé ttherfigPh6ise Sites

ovoltage: thatds SNRstosthat @f the induced yeltage atthe EMFsensitive average
target athwaé structure, The 10 target pathway structure used is ion blndlng

P& Fecéntor sites oh urkat Tellis'Stispehded P2 mht of clittife Meditht Te 973+
caverage. peakretectrib fiekkatdhe biiding site frohsaPEMP<signab at 15/sec,

wSAMPRISing, Smsec hurst of 209xgec py éﬁ%ﬁrei)@%@g aOLI$eE,, Was
ImV/cm, while for a 60 Hz signal it was aV/cm
Flgure 8 1s a graph of results wherein Induced Field

Frequency 801 in Hz is plotted on the x-axis and SNR 802 1is
plotted on the y-axis. Figure 8 illustrates that both signals

have sufficient Power spectrum that is SNR = 1, to be detected
within a frequency range of binding kinetics. However, maximum
SNR for the PEMF signal is significantly higher than that for
the 60Hz signal. This 1s Dbecause 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 SNR
calculation that was used in this example is dependant upon Tion
which is 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 ion binding pathway at the start
of a regulatory cascade for DNA synthesis in these cells. The
previous examples 1illustrated that utilizing the rate constant
for Ca/CaM binding could lead to successful projections for

bioceffective EMF signals in a variety of systems.
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15 Figure 8 is a graph of results wherein Induced Field Frequency 801 in Hz
is plotted on the x-axis and SNR 802 is plotted on the y-axis. Figure 8
illustrates that both signals have sufficient Power spectrum that is SNR = 1,

uQ,h6 detected; within g frequengy.range of binding Kipgtics, [Howeyety oq ror
maximum 20 SNR for the PEMF signal is significantly higher than that for the

d6OMY GigRal. THRSISHEEAISE 4 PEMTASIHRAFhAS nhaRy Freqieigt and plant
meompenenss talling within the bandpass of the bindisgnpathway akhe single
frequency component of a. 60Hz signal lies at the mid-point of the bandpass
Sa Sk baita e R N e S el
tizedependantiupdrt Zioh Wisichls obtdinedifiorathe Fatel eonstamt forriento be
whinding. Jad c this caleylation heenperformed: a priosi it wauld have
concluded that both signals satisfied basic detectability requirements and
SRS bRt an B/ P-88REitE oA bifdingpathivay atthe Staft36'of 4°
sregdatoty cascade forr DiNA synthesis imtheseded s ddeb previeus gxamiples
Mlustrated that utilizing the rate constant for Ca/CaM binding could lead to
successful projections for bioeffective EMF signals in a variety of systems.
35 20 Having described embodiments for an apparatus and a method for
delivering electromagnetic treatment to human, animal and plant molecules,
cells, tissue and organs, it is noted that modifications and variations can be
made by persons skilled in 5 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. 10
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15 20 25 30 35 21 What is claimed is: 1) An apparatus for delivering
electromagnetic signals to human, animal, and plant target pathway
structures, the apparatus 5 configured for emitting signals comprising bursts
waLat least one of sinusoidal, rectangular, chaotic, and random waveforms,
having a frequency content in a range of about 0.01 Hz to about 100 MHz at
about 1 to about 100,000 waveforms per second, and having a burst
1nepetitionsrate fear Aot 101 1oabow LR bussisisesond, d0wheseinthe
waveforms are adag(%ecgt fo have sufﬂglent tsllq%gal tot nmzﬁe ratio (%lhleR)

A ated At a ‘sp%m a?gnett ﬁgﬁ%fay fstructdre to modutate fon or Ii&gﬁg ratus

cimérantiond inthattarget noathigapstsuckirer 15 2)Aappasatfs atcarehng tone

o@'aémnqu\éﬂﬂéé‘?ﬂf‘ the signals: gemprise,abeut 9.063-10,aBQul, A00/Msge burstsi ng
:Teﬁpeatlng at about 0.1 to about 10 pulses per second of about 1 to about 100
a i

CFOBETONY redtdrigilal Putse< 3073y Arfapbaratud Adbrding e claim 400t =
a2, eonfigured-forapravidih@oan @nittedesighak havingsa peak, signal amplityde

b%%%ttarrgz%%m"éé%yr%r%‘&t%rreoi{l‘ a fange of apaut 1LuMiem 19 AboUL 199, /e cong,

mV/cm. 25 4) An apparatus according to any preceding claim, wherein each
wEigfrl Bukstterireiepetis a rirlciFaheton fol providingta Pieats seonal to

naccemmedate differentelecironeagnetic characteristies of ea/ingntissue. 30
S%An apparatus according to any preceding claim wherein the
structure to modulate“ion or ligand~ interactions 1in that target

pathway structure.

2) An apparatus according to claim 1, wherein the signals
comprise about 0.065 to about 100 msec bursts repeating at about
0.1 to about 10 pulses per second of about 1 to about 100

microsecond rectangular pulses.

3) An apparatus according to claim 1 or 2, configured for
providing an emitted signal having a peak signal amplitude at a
target pathway structure in a range of about 1 pvV/cm to about 100

mV/cm.

4) An apparatus according to any preceding claim, wherein each
signal burst envelope is a random function for providing a means
to accommodate different electromagnetic characteristics of

healing tissue.

5) An apparatus according to any preceding claim wherein the
apparatus is configured for emitting a 20 millisecond pulse burst
comprising about 0.1 to about 20 microsecond symmetrical or
asymmetrical pulses repeating at about 1 to about 100 KHz within

the burst.

22



10

15

20

25

30

35

apparatus is configured for emitting a 20 millisecond pulse burst comprising
about 0.1 to about 20 microsecond symmetrical or asymmetrical pulses
repeating at about 1 to about 100 KHz within the burst. 35 22 6) An

e3P pa@{ug@ggpg@i@g oany preceding glaim, wherain the, resulting waveform,

can be delivered via inductive or capacitive coupling.’5 7) Use of apparatus
r§ECardiAG t ARy OFElaifis 1°% 6% the™ ﬁ%n\iﬁécth?g%%lﬂ évite formeating’e
cw@bindsg injuries, inflammation, pain, acute pain of musculoskeletal and

neural origin, edema, chronic diabetic and pressure ulcers, wherein the

treating comprises applying to a molecule, cell, tissue or organ 10 signals
T¢omp¥ising buestsofatieastcone df sintisoidal; rectangalas, ¢éhaoti®, amd the

niandomwaveforms, haying adrequency iQQj“@BEHH@ ,raggglgfi@%qut 0.01 Hz
to about 100 MHz at about 1 to about 100,000 waveforms ger second, and

ThAVITE™4 btirst repetition® T8 Ab8at Bt 366G TH00 BUStsISEEGNd
owhetein the=ib waveforms are=adaptedstochave sufficientl SARs calcutatetrat- he
tEheeathR!%Cé‘éﬁfp%‘?Jéé'EﬁgSp or organ fo modulate jon of ligand, interactions, .,
therein. 8) Use according to claim 7, wherein the treating comprises 20
Safphyirig SIS $6 EMHEEHE, Béll AtisSRR T Grgancror Al fotal eXpbsure time
retup:1g240- minutes-per, day 9) Useaccarding taqslaim:8.:whereintbglotal,
ex%osure, time is betwe%n aé)out 100 Bnlinutestand gbotut 13(8) minutestper da)é. L
COBTUY USE according Bamy oF claims'7 & of Wifdtai the hot8éurt &8PV ©
atissuie, 100crfah isdoeatethwithir asplantcaniaral, beshurpan. burst repetition
rate from about 0.01 to about 1000 bursts/second wherein the
waveforms are adapted to have sufficient SNR calculated at the

molecule, cell, tissue, or organ to modulate ion or ligand

interactions therein.

8) Use according to claim 7, wherein the treating comprises
applying signals to a molecule, cell, tissue, or organ for a total

exposure time of up to 240 minutes per day.

9) Use according to claim 8, wherein the total exposure time is

between about 10 minutes and about 30 minutes per day.
10) Use according to any of claims 7 to 9, wherein the molecule,
cell, tissue, or organ is located within a plant, animal, or

human.

11) Use according to any of claims 7 to 10, wherein the treating

comprises applying signals about 10 times per day.

12) Use according to any of claims 7 to 11, wherein the SNR is

sufficient to increase ion binding.
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30 11) Use according to any of claims 7 to 10, wherein the treating
comprises applying signals about 10 times per day. 12) Use according to any
of claims 7 to 11, wherein the SNR is sufficient to increase ion binding. 35 23

133) Useaccarding, 1o, claim 12, wherein fheion pinding, is,, calaiumyjon; ¢
binding. 14) Use according to claim 13, wherein the ion binding is 5 binding

Caf-caldfurhdBnS 18 Calodulin. 15) Use according to any of claims 7 to 13,
wherein the device is portable, disposable, and/or implantable. 10 16) An

gigctiomagnetic feaiment apparatus for plants, ajmals,. and fumans

comprising: A Wavetorm con Igurafioh means for configuring at 1éast one

bwagefarntfo beleoupledatn=a target pathwaystructure at which ion or ligand
interactions will be modulated according to a 15 mathematical model that

describes electrical impedance of said target pathway structure having at
Lighst Ohe wavefstii Bafamater chpabie BF béing chdsel ¥orthat shitf at feakt®
ienpavawefoem isiepnfiguied tabe detettablesin saictarget structure above

background activity in said target pathway structure; and 20 A coupling

device connected to said waveform configuration means by at least one
Lednnéeting Ardats formpdriérating T Bléctrorrighetie sigralftemtsaidanimals,

asenfigiedatdeast-gae nwaveform and for coupling said electromagnetic
signal to said ta%%efté)athwa%/ structure whereby ion or_ligand interactions are

25 mooliaied °17) ThE elétiramaghetic trsatment appatatiss ofcidim 16, = °"°
wahefeinsaid thrget pathway tstructtrerinetudes-atleast bne of @ enelecule, &

igﬁmé}ﬂ§§§%ﬂﬁ“1ﬁgéygégions will be modulated according to a

mathematical model that describes electrical impedance of said
target pathway structure having at least one waveform parameter
capable of being chosen so that said at least one waveform is
configured to be detectable in said target structure above
background activity in said target pathway structure; and

A coupling device connected to said waveform configuration
means by at least one connecting means for generating an
electromagnetic signal from said configured at least one
waveform and for coupling said electromagnetic signal to said
target pathway structure whereby ion or ligand interactions are

modulated.
17) The electromagnetic treatment apparatus of claim 16,
wherein said target pathway structure includes at least one of a

molecule, a cell, a tissue, and an organ.

18) The electromagnetic treatment apparatus of claim 16,

wherein said at least one waveform parameter includes at least
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30 18) The electromagnetic treatment apparatus of claim 16, wherein said at
least one waveform parameter includes at least 24 one of a frequency
component parameter that configures said at least one waveform to be

ohetween apout .01 Hz and ahout 109, Mz, 8 bHE%tarHBWHQ?u%@ lapey 4t

parameter that follows an arbitrary amplitude function, a burst amplitude
L8AvélopRS pararhetet that Rslidwrs dsfstinderamplititie fimctidn, aturst Width

Mpararetertbat vapes at@achrepetiien gsearding 10 ahs arbiwary wddih

aunction, a burst width parameter that vaies.at each repetion acgording to a
efined widfh function. a peak nduced electric field parameter varying

Phetwedrrabbbel L\WERPTO andlabonedoemV/ichide sbidtargetpathwayr st

wtiueture, and @peak Jadyged magnetic, electric field- parameters Varyigde o an
between about 1 uT and about 0.1 T in said target pathway structure. 19)

2Fhé actorbgnetit tredtni8ht dppatatis 8f-CaimAs, A8 WherdiRaigartes at

edeﬁnwmpjﬁmdg fanctdmmﬁqrzjudes _at teast one @fiatﬂfréqmeﬂtyﬁunetimaas

1 1pgarithmic function, a,chapuc, function and an expenential funglion. 20) The.,
electromagnetic treatment apparatus of claim 16,” 20 wherein a value of said

agfledzt ohel WaveTorfi pafameter is2ERESe® 86 Bufisfysa Sigiialte /Neide Ratisak

i moadel2hhthe electramagnetic treatmesy apparatisefclainy 16 twhereibout
said co%pling device includes an inductive generatingl 25 cougling device.

LoBY TH elgetromagnetic tréafifieht apparatus df didimn 167 Wietefn said

coupling device includes a capacitive generating coupling device. 30 25
19) The electromagnetic treatment apparatus of claim 16,
wherein said defined amplitude function includes at least one of
a 1/frequency function, a logarithmic function, a chaotic

function and an exponential function.

20) The electromagnetic treatment apparatus of claim 16,
wherein a value of said at least one waveform parameter is

chosen to satisfy a Signal to Noise Ratio model.

21) The electromagnetic treatment apparatus of claim 16,
wherein said coupling device includes an inductive generating

coupling device.
22) The electromagnetic treatment apparatus of claim 16,

wherein said coupling device includes a capacitive generating

coupling device.
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23) The electromagnetic treatment apparatus of claim 16, wherein said
coupling device includes an inductor. 24) The electromagnetic treatment
apparatus of claim 16, 5 wherein said coupling device includes an electrode.

225) The elestiomagneti treatment apparatus of claim 16, ffurther,compprising

a positioning device to position said electromagnetic treatment apparatus for
vieferihg redtrfieRPtol 16 Safd prihts "&RiniaIS aHtl RUAMARSO26) The
electromagnetic treatment apparatus of claim 25, wherein said positioning

vice is at least one of an anatomical support, an anatormical wrap, and

oI5 o T Lt gt (S AR B0 s bf S5 o

wivirerein said dpparellineiudésvatdeastone &f garments cfashibn. accessories,
and footware. 20 28) The electromagnetic treatment apparatus of claim 16,
wherein at least one of said waveform configuration means, connecting

2 Heans ant ' COUDIMG dEiEe fs pbRADRE o) Fré efddtibragietic reafment
fapparatus eficlaini 1§, 25owheteinratleasteerie of saidowaveform said

e%%%fé%r %@He@?é‘”&e‘? {‘IQSSQ”QESBS%Q%%”‘%89“8'&'199§¥£C§gisth§B‘i’]%%?J§- to

0) The electromagnetic treatment apparatus of claim 16, wherein at least

sgné df ‘said vaveiaim EBnfigdratisifmeans, 30 connecting means, and

coupling device is implantable. 31) A method for configuring electromagnetic
2Wave1%orms to b% applied %o, <;{)Iatnts, animatls, and hupans comPri,sin the

Steps'oft CoRfigiitiy &t fdast one walefornT BEESRING t&'a 35 mathématical
wiviodel thatedesgribestelectrical dmpédance ofta Ré&targetnpathivanstinetureiical
s%ﬁ’@@, |0£ho%y1%%anrggﬁaq§p%§, WA'LBeAEBQEl@ie.d having at least one

waveform parameter, said
27) The electromagnetic treatment apparatus of claim 26,
wherein said apparel includes at least one of garments, fashion

accessories, and footware.

28) The electromagnetic treatment apparatus of claim 16,
wherein at least one of said waveform configuration means,

connecting means, and coupling device is portable.

29) The electromagnetic treatment apparatus of claim 16,
wherein at least one of said waveform configuration means,

connecting means, and coupling device is disposable.

30) The electromagnetic treatment apparatus of claim 16,
wherein at least one of said waveform configuration means,

connecting means, and coupling device is implantable.

31) A method for configuring electromagnetic waveforms to be
applied to plants, animals, and humans comprising the steps of:
Configuring at least one waveform according to a

mathematical model that describes electrical impedance of a
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at least one waveform to be coupled to said target pathway structure; 5
Choosing a value of said at least one waveform parameter so that said at
least one waveform is configured to modulate ion or ligand interactions

t‘é’P&é%%Q@HQQE?@@r‘Q%@ don or ligangd %‘Era&ﬁ'%@%gﬁan'ﬂgtfé?@ct1ons

interactions with said atleast one waveform is detectable in said target
whathwsy Bedetrs wbovevan 109hitisfy HeterRinddEackgtoBAG iVt of S21d
amorkdation ot ionkok figandipteractions irgaithtasgetpativsyt Stsucturey

lgggratlng an electromagnetic signal from said configured at least one

WaveForm "and Coupling said electromagnetic signal to said target pathway
15 stfdctgrelnsing aveduplirf device. 32) Teesinethed of ckafior3l fwheregifier so

+$aid stepofchopsing a walug-ofatjeast ane yavefarmparamelan iwther; on or
includes the step of choosing a value of said at least one waveform

Lhafdiietdt 20 f5°5atisty &'Sigriato Nbisé Bt model &t sdid titg8t pathiFay’!
istrectuce ivhereby don ot liganddnteracteons atemodulateds 24 atleast one

waveform is detectable in said target pathway structure above an
initially determined background activity of modulation of ion or
ligand interactions in said target pathway structure;

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

Coupling said electromagnetic signal to said target pathway

structure using a coupling device.

32) The method of claim 31, wherein said step of choosing a
value of at least one waveform parameter further includes the
step of choosing a value of said at least one waveform parameter
to satisfy a Signal to Noise Ratio model at said target pathway

structure whereby ion or ligand interactions are modulated.
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