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CROSS REFERENCE TO RELATED APPLI CATI ONS This Application clains priofity
fromU S, provisional applications Serial Nunmber 60/175 iled on
January WP "BY4H and Serial Number 60/183,258 5 filed onpég{g’?{}é"r"?%l?, 12000.
BACKGROUND OF THE I NVENTION This invention relates to an el ectro-therapy
method and appar at pg POFROTHERS PYOWETHOD A RDREPARCHURPpar at us for

relieving pain arising fromtenporary or chronic conditions or during or
after surgery. i i on Decenber 23, 1952
di scl osed one %ﬁ%@@ﬁ@@@@%ﬁéﬁﬁ#ﬁﬁéﬁgt uses and net hod. The
Nemec system di scl og@dAgflicaRBRCRIkE pRGHP fichh NOS abrovRfmb] hyicaaes f or
produci ng alternati ng‘y ‘currents of frequencies between 1000 and 10, 000

cycl es wi tPeriehdymber AYAR003pd en demay (2080 sad seralNyabsr 6918312881 r odes.
The di ff erﬁl@&ﬁnﬁé Ré¥obet ween the 15 neans was nmade | ess than 100

cycl es.” The el ectrodes were placed upon the patient such that the two
curreéents woul d BACBGRGYNRIOB THESDOFNIHOMNer apeut i c site. The basic concept

was that the higher.{re I I | i ' I frequency
need for therapeuti gilﬁc I gﬁ&{\/\%ﬁﬁt%ggﬁrﬁg%%P%ggﬁ%ﬁlg&c%ﬁn%}%&t rgﬁlgan\g ssion
poi nt . Nemagre ipartipalhdnto amathed anl] HRFaf®y brirdicumg phbnarkifg i@y Zmposcy osed 20
t hree separa.&reaioai rqsl.of el ectrodﬁs are attached to a body part to be
treated, SPSMEHCERnPHonser dUHNE A AN SHEEY- of the body. A primary alternating
el ectrjipcal current Na%ahagws pﬂéﬂtl‘lﬂ?&,ﬁ(&lr Eﬂulﬂﬂﬁbe@gmmmﬁmzlﬁ&hlﬁ? and .
100, 000 Hz is passed. between_one of the electr irs. Asimlar secon
al ternati r‘i’@eéﬂfetg? ft defiioefherapy FrpfAtses ap d’ﬁ‘ﬁﬁ?ﬂe P@sq‘ﬁ%@ﬂs ™M he sane
range as glod HRI Hpih @6 WenSYisiRy tat didsf xd nEkaBY e pwRasing Qltthaitly and 100 Hz
fromthe primary frequency is passed between another of the pairs of

\é

el ect r odesuronts @ft fregugneitst bethraen A0 ard elh000scysless Bhperheh MoARS t hird pair
of el ectrod&Rete Q&gthh:ﬁ&p%afﬁgﬂaw H Yeckb®AUaME Witfird {6 'Hedfeddy RtwedRe 1 Hz from

the frequency of either primary current, the secondary current, or the
ari t hidt | ceppsawas wpde kees thanelifegyelps.of Thetclpsedos isre plepeshepen tBopaisatj ur gens'

patent 3, z%lﬂct?%tg}]é o Bkl 8HRG5ecdb 2 %%E&egitﬁ&é&ﬁﬁg sit€NThe basic

el ectro-ne apparatus for use in Interference current therapy. The
appar at us corsaps weas theabe higher fraquengies svonlddie tampmuligds b thealoweiequeryyough

el ectrod eﬁ%d&@@th&dﬁéu%@ bition would occur only at the common transmission point.

Nemec in patent number 4,023,574 issued May 17, 1977 disclosed

20  three separate pairs of electrodes are attached to a body part to be treated, spaced apart
around said part of the body. A primary altemating elecirical current having a
primary frequency of between 100 Hz and 100,000 Hz is passed between one of the
electrode pairs. A 'similar second alternating electrical current having 2 secondary
frequency in the same range as the primary frequency but differing by between 50 Hz

25 and 100 Hz from the primary frequency is passed between aﬁother of the pairs of
electrodes. A tertiarf alternating current is passed between the third pair of electrodes
and has a tertiary frequency differing by at most 1 Hz from the frequency of either the
primary current, the secondary current, or the arithmetic means of the frequency of

these two corrents.

30 Hunsjurgens® patent 3,774,620 issued on November 27, 1973 disclosed
an electro-medicinal apparatus for use in interference current therapy. The apparatus
has at least two circnits that act on the patient throngh electrodes, the currents
producing s stimulus active interference on a target area om the patient by

1



producing s

Il 9 JUN 2004 WD 01/51122 PCT/ US01/ 0072 superinposing the two™

stimulus active interference on a target area on the patient by

N 2004

" currents, which by thensel ves have no stinulating effect, the currents
di f f eri ngwbrnesireach other by a | ow frequency val ue. A par tH@V¥R05Rat ur e
of the apparatus is that the circuits produce an optinuminterference at

y

the treatnent area and include a current strength-regulating nenber,
can operate ghediipofify tkemidTBnnorRadteats, dhish|bystbemialvepdnenno 3{iDEBLBF 7

i ssued on May 25, 1976 an_ _apparatus .fo r oduci interferepce an
beat - cur r ent §¢ch the suraly %}gP’éIE)%)%P’Htea‘é}’f °t§?¥ A %SEﬁ%Bgl?C?iv@ Carfy afh%}lﬁr

el ectrot hera

el ectrodes
el ectrodes
supplies _i
pair of the

a 4
hasatmestomémemtinchide evduapatTerai-prerlating membss, Whithecanpegte

whi ch

he DmoBRs9dat thiieits pRRnESAS opimiR dferftrétve Nahs s of
g%%@ﬂS%to apSIieJtto t he hgﬁgn body. Each qf the pairs of 10

ngeoeqde tég selectively pulse and alternating current for each
et T 0

es.” A voltage proportional in anplitude to the current

fl owi ng through the patddemt discioset alepntent BPS8H7Y ciganed cdraMay Hat HYfatd cal | y

dual setfing volta ith a n seit] ILS: ct ed.
eFRPATARE| {Oéé’goqugmﬁrlg%fﬁémléeaces & atr%% e yen?solﬁn ﬁgagggﬂe & ?}ng &?Eﬂgﬁnd used
for the anpliddycpdriiQnarbofot sletiratherbfyeoncthe hesgordiynghiok cohpriseaafdedst fvar s, and

each i ndi vi
The, differ

t he vol t age

is so polarized that ,an increase,
in a decr easlé"”%f"ftqa@taﬂiﬂ ‘f‘%"i‘?g%’ &fi BRI atﬂatﬁ%ff

o

VO

N fien ursent resulting
BB P frofapet

age

resul ting i Nadtrodd) HafassGocpited NBerawith idni c@pinoamplifiew achhe datteal suppliesc| osed

in their patent nunber 4,071,033 issued,.on 20 Janugr .3
o £1s

mast er osci
dividers th
The two fre

ee

| indenerden{iy selectivgiyutlse and alierngting cyrrent for eag

1978 that a
EifEncy

ak \%it%{%égﬁﬁokgﬁoﬁﬂeﬂuﬁgﬁﬁu&ytodﬁﬁ foRfemt Aewinb eh@ugh Ml pateasisst i mul i .

quenc

us derived are applied to wave shapers to provide a

desired wawsieor nTbeivhltans relates mademaiophy achaindividual seiting, velfagaat™ & f urt her
- Wy higiRRhse AiiRgt ReRoditell iséhafily #5d
%ﬁg%%%ggﬂ§§%$E?%ﬂg%ggggrg%i&Mhose conga%ﬁguare ;#?ang%d so t hat

di vi ded by
applied to

the two ISti reaéh coowit end sised dor gret tropjifisation gontend prothsegorrespradingnotthgh

frequency s
| ow frequen

N e T

roducti on of ~ nuscl e contracti on,

hypereni a, ¢éh acleteasnd]the smplifrationastieinerehgxia tthejoint Vekage resiling isgad i n

pat ent nunb
| ow-frequen

20

25

30

124 |

2, 30 1990 a apparatus for

er 4,96? ng'ed on Cct ober
. &vﬂgﬁae_?%ﬁﬁ@ BY'Wherein the output current of a |ow frequency
osci 1 ator 1 appl | eyl eeHPlghbicd A i ihnde 991109/ sflehr oves

January 31, 1978 that a master oscillator, whose output is split and applied to two
frequency dividers that divide the frequency by different numbers, initiates stimuli.
The two fc;squencies thus derived are applied to wave shapers to provide a desired
waveform such as a half sine wave, and also each signal is further divided by a
conumon number. The iwo signals are then amplified, and applied to the body
through a probe whose contacts are arranged so that the two stimuli cumrents are
orthogonal to each other. The two high frequency signals heterodyne within the
human muscle to produce a single low frequency stimuli, useful for the production of

muscle contraction, hyperemia, electro analgesia and muscle relaxation.

Masaki disclosed in patent mumber 4,960,124 issued on October 2,
1990 a apparatus for low-frequency electrotherapy wherein the output current of a
low-frequency oscillator ts applied to the subject's body through a pair of electrodes
placed on the subject's body, comprising a first oscillator circuit that generates a low-

frequency square wave voltage when the load is in connection with the electrode pair;
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pl aced on the subj ect's body, conprising a first oscillator circyit that
_generates a | ow frequency square wave vol tage when the | oad is=idnJUN zu04
connect i @fp WM/t he el ectrode pair; 2 WO 01/1122 1-.9 JUNe&H®401/00572
PCT/ US01/ 00572 and a second oscillator circuit that generates a therapeutic
vol t age when the output voltage of the first oscillator circuit is not
zero. Matthews' : 9. I r i ses an
el ectro-ther":}':rl%ya %%%%é%"ﬁlsa?‘?h"gg %?H%?%«%{%gateg[b ﬁgfég%gﬁ%ﬂ)&é e’e%{%rg%g%s&l gpt ed to
feed 5 osci |volingenaf theufinsieostilleior siedvdids d zagbt es on or- beneath the epidermal or
mucous surface renote froma treatnent site. A common return electrode is
provi ded at the treat NMatthewss ipttenit 129,304 issuddj ced@eeember 14hé9%Udisddses e

currents fro he two feed, el ectr.odes. e feed elecirodes e, cont act
Foed el oot r SHRElC T, aitaot, TRb B iR o erk 350 e Rl SRl 8L Py
operate at dsdifl@mgniunthitcurlteicditesSen bhbdneithahd epidéminior Binicoud surfabe nul at ed
10 by the beat frequency. Thjs y be at or_about, 80 or ,13Q Hz, if. an
anaesthetigpﬁﬂﬁe@?gﬁb?e: ﬂFé&hrgg _ Pg??nﬁgFE ejﬁ???%&éf?g?§?@?&n5n June
28, 1994 di sd @86 stfectddtb Hd RELAthdurhts Bomah®twd fbd eRPryienITheMRed®di UM
frequency alternating currents of slightly differing frequencies to the

body of a | FlgFFRsied@apgbesepntash feed (pdapiredes ©F cappgitvs feed glegleedeg.o ThedBttte a | ow
frequency t ' e0E; anselasiad Rkt i x88is shhaaugney is
gener at ed aﬁ%&g%g %dggo?%a{ehe fst:%}erlll Jt&ﬁﬁloﬁ(g%f aﬂf?#tﬂs%ttmg ecfittrgdleS Stﬁ%‘. r. A second
frequent§, by ftifechdaheducoey.t Bhis mpayshe 4yt b8y B0 1Hz, of asereesthetizagy| i ed
t hrough a ﬁl% trode pair. The el ectrodes are arranged to deliver a
| ocal i zed s?f?ér:?ﬁgg% on&' At the crossing point of the four electrodes, the
“)Pet er odynebpr ocess fldteiasb_?_ﬁ'tdnt cS_,w:,ﬁﬁ Beuedt pmulumtki B8, ng%ydiaﬂosasl?w I
requency beat.or .pul.se sti,mul at or e operated ..in_any, of. severa
modas. F r sprorpgneRieifuydn fr SbbTie Nl m i REalRR Al WPBls )
di ff erence dighitediffeeing fiagacets iBahobelly dhe livingchetipcyo diat filesyesros adn be
decreased abruptl nd retugned to.the ariginal fr ency. di fference over
Sbout  1ise B frbpdice 4 b FRBGmr iRt efeftat £ SROHES Get cAcBiFanr upt |y
abogt |50%b8&\§11uéﬁ:§rli§ Q@ﬂra‘iﬁd%f dapﬁ&dttyﬂk@??|tbtoﬁgh%ﬁﬁﬂdetgﬁfdb @élir. E?Hdsdﬁha a -
gradual about 50% qr, i requency -di rence e age i she
O adual 1y RGP HeHn o e o8 FOTOERAa0Hes BHLCAIPSIEayi e has
been found segondeldeaeddibait. MiHeCsliftiodd ppirtunge@d RPPESd Bodlirep kAMileoenefits

in reducing edenma and .inf] ammation, |increasi né; bl ood f] ow a r educi ng

|
muscle sp fthe crossing point of the four electrodes, the heterodyne process for specitic pomt

20  stimulation produces a low frequency beat or pulse. The stimulator may be operated
in any of several modes. First, constant stimulation may be applied at fixed frequency
difference ‘between electrodes. Second, the frequency difference can be decreased
abruptly and retumed to the original frequency difference over about 1 second. Third,

) the frequency difference can be decreased abruptly about 50% and returned over a

25  typically 8 second period. Fourth, a gradual about 50% drop in frequency difference
may be accomplished gradually and returned over typically a 10 second period. This
device has been found to be useful in reducing pain, and appears to provide benefits in
reducing edema and inflammation, increasing blood flow and reducing muscle
spasms.

30 Each of the above devices or methods has one or more undesirable

effects or deficiencies that the disclosed invention solves.



+ 30 Each of the above devices or nethods has one or nore undesirable
effects or deficiencies that the disclosed invention solves. 3 9 JUN 2004
SUMMARY OF THE | NVENTI ON An el ectro-therapy apparatus and nethod fo

.providing therapeutic electric current to a treatment site of é“é)a[u%rﬁﬂﬂ’t
havi ng neans for providing two 5 oscillating or pulsing electric
alternating currents, of frequencies which differ fromeach other by as
little as | Hz and up to about 250 Hz, but each being of frequency at

| east about . met hod requires only one feed

el ectrode a%ia{%@g‘g%iwm c currents to selected feed sites on
or beneath the gRleRetHRher %gg%a%rnfl . I posite the
source of pain, and 10 onlglﬁyone return eﬁﬁ@gafe&g%g%@eeg&t&gﬁge posi ti oned

on beneat h dé¢striepirdat i troatmentsiteusd agatibeckavirdg mbesirot peRdingiviect | y over

or next _to the source af pain, The nethod of el ectro therapy includes
provi di g é’s‘@@ﬁté?%?’b?“]flﬂ%Fﬁcﬁ’&@LF’a{aE%g EViErnEs of freguengigs @ﬂllﬂrhﬁllﬁ’ﬁng electric

alternatin fof i i } from.each other by as
little as %%zyéicﬁlgﬁ %%b?oﬁé%%%@%%ﬁgyﬁﬁﬂu@bgggﬁ % ‘B‘Ei"ﬁ‘é’ 1% Pequency at
| east aboutfreguétidy at Fast abotthbHFl She ipjalataemdnnaiodidagings omtl dgk edieed

el ectrode ai;:(g a rqeéaurq el ectrode placed on or beneath the epidermal or
muscul ar trede agfapteda feed the elefir currenss tonslagteddfeed sites onedibaneath a t he f eed

o et o Rl BN 6 56 LGS O SOTR G FRTRIShOBN hESt i currents

to a patient, wth respective sel ec

anot her0 onotlyena fetpat dleticds atigsyd wi Bepoditipabdos béRalOGatedeQildr | | N vect or
.1 n between the ele %%Oftﬁ pads wi.th the |line vector perpendicular to each
Ot 1He

~ )skin surf aBUCHH Pafis, diregtly geer or pextdo theesonsceadphibei ng of

frequency at | ) t.rl e%ﬁ%ﬂﬂﬁ’ﬂ ' ing.as littl | Hz from each
ot her by up toe’g%oﬂl'?hg’gé)fﬁlz. no -yﬂ!i%]lég‘lfrs%gwlgﬁaogen F‘Vgﬁatfi ber nmenbranes
causes a ngeneratpsdivotdseillating ompldsinpediectkichlighafifiLaHRney of HofRngiedd i N a
vol une of t'.ﬁﬁﬁ%fs roundi n %ﬁ)gd beneath a pain site pad al ong an axis

bet ween a e drqma g Yo pids asel Baand up fsr howt 85 Hzheutapelut i ¢
effects Thﬁmggpﬁéé&a%‘%ﬁ(jédspa%ﬂ MEIPQI&I Oovc\llsa}f@irﬁgﬁl'd%§gr8§ m and di fference

f requenci es anon I's a therapéutrc requen fent to a
beat frequénslyfeod eldotrods gmid mturn 8kkchodeepidirddn o GRhémh ) pi®mmbhos: pat i ent

el ectro thera includes a.generator for outputting a pair of therapeutic
currents Pé‘gﬁ%s'ﬁ%‘é’feﬁ F@a?%gﬁo’élﬁé‘gfor%ﬂée%ﬁohfeeﬁhéglYi?hth..éIf@ﬁzdt rode. A
Measur emeRlechBBSHAS 6o AEMAHRS oA STREHRAMRIYY ddific currents to a
patient, with respective selected feed sites placed opposite one another on the
20  patient's body with a pain site located on a line vector in between the electrode
pads with the line vector perpendicular to each skin surface on which the pads
‘ ) reside, the currents each being of frequency at least about 1 KHz and differing as
little as 1 Hz from each other by up to about 250 Hz. A non-linear action of nerve
fiber membranes causes a mixing of the two independent high frequency signals
25  ina volume of tissue surrounding and beneath a pain site pad along an axis
between a péin site pad and an opposite pad to produce a therapeutic effect. The
mixing yields a distribution of synthesized sum and difference frequencies among
which is a therapeutic low frequency equivalent to a beat frequency of the
signals.
30 A feedback control system for patient electro therapy includes a generator
for outputting a pair of therapeutic currents feeding a single feed electrode and a
return electrode. A measurement subsystem determines an impedance of the
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» 4 ~- 9 JUN 2004 patient and a control mechanismcontrolling an output |evel

of said generator. A conputer program product with an el ectro therapy

devi ce, includes a conputer usable medi um having conputer readabl e program

_ code nmeans enbodied i-n the nediumfor controlling the electro t el apyN 2004
device. The conputer 5 program product having conputer readabl e program

code neans for causing a conputer to control the generation of a pair of

si gnal s; CORRSHE gakd ogram code neans for causing said conputer to
mai ntain a pr eseilgln ‘{ ?gquer%grf/ec%‘?l%f‘é%tﬁ@gngéPBU@Pbﬁéﬂsqu@ldrg@ut@torr eadabl e

program code nMeaAscogiutEPEiBE [Fadt WA N&3le angaplitude of
said signals; conputer rea%;bl eﬁprogram 16&%828@%@?% m(?&ifggﬁg sai d

conput er t o°HTRRWeR1sable matien havipg dampetepteadsible prilppith code kg devi ce and
conput er re&g%m diBrtggr am coﬂg_ rrea(gf for causing said conputer change an
out put of said device Lo Mt H&PRrepg tealecsgttherepylavice. Thargimpgter npedance
of a coBneqiregraRAirb@idt hatin® ebindi ctraodes for providing

t her apeuti c e%iectri c cu?regt tgu{gp?gfgﬂ%d?gé)%?%ﬂfo IPEanéffgﬁc5}5‘§3't“&'?'nt are

coupl ed t o ampEtesiacantrobtegedbnton vha psie bf ighdlfGoRivutd WabBg € ectric
alternati n%r?g#rrenas of frequencies which differ fromeach other by as
little as TR eR 196 GRsingswid pompiier te adinthini awyes feqestiegncy at | east

about | KHaiﬁeTme%hﬁcsqé&geg i |y, one feed el ectrode adapted to feed
said electric currents to o Q@%ﬁ%ﬁgﬁo@%ﬁgg{a&c IB7ang doferauifing saide pi der nal

or nucous feMpwaAbioxetrslaf anplitafc bflﬁiwﬁgﬁeﬂﬂtcoﬁﬁbqte@réaﬁaﬁié?rc%rgrﬁt rode adapted
to be siaéc%ned n or .benegth the epidermal oOr mucous surface of the

pati ent, | 6calT§ ot SOISEPEME 531d spmphier & datect BRh&EReDESERIAATE GRuOF THE DRAW NGS
25 Fi gur e dutputdidaill Bvick! erpol ari zati on mechani sm of pain
reducti on; F%ur e 2 dlglvilctkjsilt1 ? g{:@éﬁﬁeﬁgﬁg@gp&% 8?‘%en‘§‘8‘"ﬁ1§rf9rs?ﬂ“émgpai n

reduct i on; saidgqmpuershangeamt owpesof3nidARPRS itd Salidsln Qlﬁ&%fg.nb shoul der
a pain site pad placenent ftor ‘étL‘gL der pain; 30

pain; Figyre.4 il|lustrates
Figure 5 i i f u%]{’§$5{1%%dsa3°‘??tgﬁ%*?6§}e‘ééﬁ@éti on portion of an
el ect r ot her ape ikl RctrBd 4 Figures GA & 6B il lustrate output
portions of an el ectro- ;é erapeut i ctﬁogp{ﬁng erapeutic electric current to a

15 treatment site of a patient are coupled to a generator providing two oscillating or

pulsing electric alternating currents, of frequencies which differ from each other
by as little as 1 Hz and up to about 250 Hz, but each being of frequency at least
about 1 KHz. The electrodes include only one feed electrode adapted to feed sajid
electric currents to elected feed sites on or beneath the epidermal or mucous

20 membrane surface of the patient and a return electrode adapted to be positioned

on or beneath the epidermal or mucous surface of the patient, locally to said
treatment site.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Figure 1A and 1B illustrate the hyperﬁolaﬁzation mechanism of pain
reduction;
Figure 2 illustrates the gate control mechanism of pain reduction;
Figure 3 illustrates an opposite pad placement for shoulder pain;
Figure 4 illustrates a pain site pad placement for shoulder pain;

30 Figure 5 illustrates a frequency generation portion of an
electrotherapeutical ‘device;



device. Figure 7 illustrates a sub-systemportion of an el ectro-therapeutic
apparatus; 5 Figure 8 illustrates coupling of outputs of an

el éctro-therapeutic apparatus to one or nore el ectrodes; and 5§ U Qg[y
2004 WO 01/51122 PCT/ USQO1/ 00572 Figure 9 illustrates the power system of an
el ectro-therapeutic apparatus. Figure 10 illustrates a block diagramof a
feedback systemfor controlling the output of the el ectro-therapeutical
device; 5 Figures; j sof tware fl ow di agram of a feedback
system for cont ?l |S]négA?i6eégiH§%a 06‘&%Pg%PPBPf%glsﬁéwe@meua@ﬁ ce. Figure
12 il lustratledcaa waveformrepresenting the current flow formthe device;
Figure 13 illustrates a waveforns of the norphol ogy of the effective 10
signal; and Fi guFiguned illusrates asesswtavapetion of afi elebio-Rgapcutide of the peak
current of Htpgpap_gsi_ffer ence signals devel oped within the human body; and
Figure 15 i HPISt Pat es a waveform of the sum signal derived in the sane
setup as Fi gur e Hidureliil E._LNVENT].ON Descri ption of
El ect r ot her apeut i ?Appa?%ﬁé@ﬁ%?%@#%%ﬂ%% 'QQ%?HGH ¢ BPRASEHS ds

di scussed dbeoueor mioee eedtumiesremt! | iisc ase in o uce n | c¢' wave=th Teed
Signals in o the body non-invasively through a single proprietary

“di sposabl e pad placed on the skin 20 opposite the pain site ("Opposite
Pad") as shown in Figure 3. The Feed Signals pass through the body to a
second proprietary disposable pad at the treatnent site ("Pain Site Pad")
as shown in Figure 4. The Feed Signals are exponentially multiplied by
‘materials wthin the body giving rise to a | ow frequency conponent, the
beat frequency, in the formofan 25 electric field within the vol une of

ti ssue defined by the geonetry of the body between the el ectrodes. The size
of the volunme of tissue affected can be changed and is dependent upon

el ectrode pl acenent, geonetry and nmaterials, as well as the
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anplitude of the Feed Signal. The two el ectrode pads are placed. opposite
one another on the 30 patient's body with the pain site | ocat8dJoN 2004 ne
vector in between the electrode pads. Prior electro-therapy technol ogy
appl i cat wame1/31egpui re pl acenent of the el ectrode pads (typCTaisSbyonsen or
nore) adjacent and in the same plane as the pain site but not in 6 JUN 2U04
WD 011 1122 PCT1USOL/ 00572 an opposi ng placenment. The ratio of the area of
the pad sizes used ingonl UNGHi@Rtes Whk NpARE FRRENGT b dIBRRheRbeali2 t he
shaping of the electric field gradient and in determning the current
density thrcopgiratuhe target volune. The ratio of the area of the Opposite
Pad to the area of the.Paj i d I te, 24 ad..si ze
ratio 5 depends upon%% gg%ﬁ“ﬁ‘%ﬁ@o%@%‘ P%ggdh éﬁa%ffe%ﬁ%ckp-agggte%n%trhe body.
The appl i catcostrollifig the peaipot dgheebdis-thirgpeuficab deseessy Feed Signal s (1kHz -
100kHz), _i ntroduced throu tially_.o ed..el ectrodes_gives rise to a
spect rumPof  frequeric gé‘reg@ @B é‘q%@ﬁ%g%%’fv @ﬁ%raﬂﬁla%ﬁ%dggc%ﬁ'geﬁ Bns
performed by.nelimid #6Gutpsi Jfeldctib-Brrapbaifcabdeaite] € nerve nenbranes, al ong the
pat h between the el ectrodes, 10 within the volune of tissue around and

beneath the treat ment Fignted2 ittystgte 3 fjave{amn repEseting s rupreat €um and
difference fygauencies fromthe two original Feed Signals. One of the
frequencies generated, the difference between the Feed Si 1gnal s, Is «called
the Beat Frequency anbigis 13 Wisimteste wersiora pf fie morphejogy pI theatifachize heen
determ ped L9 Haye a therapeutic effect with respect to pain suppression,
pain 15 mandgehent and range of motion. Mechanisnms of Action . The

i nvent ors have di scoviigesd 14ntingratee b orsedfonm 9 the| magaindepof &e peak gnreehl | y

~"yblock pain jp. t NON: J i . aq!fﬂ] b fromreceptors that

< u-m -and a‘r)e,eg&fe?ég%gx-m noﬁ%%\ég)ﬁédé@c%%ggt eaﬁ?lg(gglgﬁdshard- 0 >ange of sodi
20 pot assi um i ons acrEigse a5 néstratcs e wavafenrbefthe suho sigoaltderivedyin thbsaxges i n t he
ion permneabili téj.gtfg?y{:i s nmenbrane. This ion exchange causes a polarity

change acr o¥&PHTd" g the cell wall of the nerve fiber affecting the
transm ssion of pain information along certain C type fibers as shown in

Part A pf Fi gur piTATIED DBRSIRIFTIODEOF GVEL INVENTIOSr € are sever al
mechani snms of action caused by the Beat Frequency to reduce pain, 25 nanely

(1) Frequency Conduc: : on. Bl O%EE éi zation), (2) Gate
Control, (3) increas Py

_ _ of endor phi ns or
other opiato-like Unlike other available methods discnssed above, the embodiment

disclosed introducestwo-high-frequency electronic wave-forms (“Feed Signals™) into
the body non-invasively through a single proprietary disposable pad placed on the skin

20 opposite the pain site (“Opposite Pad”) as shown in Figure 3. The Feed Signals pass
through the body to a second proprietary disposable pad at the treatment site (“Pain Site
Pad”) as shown in Figure 4.
The Feed Signals are exponentially muitiplied by materials within the
body givmg rise to a low frequency component, the beat frequency, in the form ofan
25  electric field within the volume of tissue defined by the geometry of the body between
the electrodes. The size of the volume of tissue affected can be changed and is
dependent upon elecirode placement, geometry and materials, as well as the
amplitude of the Feed Signal.
The two electrode pads are placed.opposite one another on the
30 patient’s body with the pat site located on a line vector in between the electrode
pads. Prior eleciro-therapy technology applications require placement of the electrode

pads (typically two or more) adjacent and in the same plane as the pain site but not in

6



anal ogs. Frequency Conduction Block. In Part B of Figure 1, w &hjt g,
frequency electric field in place, the nmenbranes of C fibers that fall”

" within the electric 30 field are hyperpol arized. As a result

t he
sodi unf p¥OA&Ih i on exchange is inhibited and the cel | PhdYS0#89532 event ed
from changing polarity (froma negative potential to a positive potential)
t hus inpeding the transm ssion of action potentials. As a result, 7 - 9 JUN
2004 WO 01/ 3d bpRosR(gTplhisnithO 0B ratiai of thenqred of the glad et meedOnf doppmstiar e
bl ocked - simlar in_action to |ocal chemc nest hesj a, ..except . w t hout
any del et er FofsonS; FOHST f% FpRortant \”uﬁ? ﬁg?pl ’Iag'ﬁae??cgﬁc g‘? t%rédlfﬁe?@pléluti c
Hyper pol ar i a@tinffinfaeantsMendi§ thibath thdRrde@Sdihé.NThdREHD of thegrandyhe i t's
si gnal norphol o and current densities wthi 5 the vol u?raeﬁ_of tissue

y i W t hin
around and QéP@%etpﬁfétQ@F&F% aftheckain gde Padmest be éhleéﬁttz'elrgv_f‘?B %P 1348 nerve
cel | rfeg%)ra%g;ea ; dh WYl ﬁﬁ&ﬁéﬁ&ﬁﬁlb&ﬁo&@f‘tﬁ@%%ﬁ'ﬂ%ﬁ)dﬂr i on exchange

Ki netic sult, "the c_harﬁge polarity of the nerve cell wall is
prevent ed from changiThg agplitatipnsof phasielogicallykigh Fequeacy FeadstigralpdkRzi npul ses.
Enmpirically, I lxanal: t eSSBS Ymbd fers, 10
however, aft ledrtﬁlglzg #%%Og%%ggﬁggéﬁg%%g%gﬁ%%g uIF Q{({%E%We% f ? er génce _si gnal

and/ or aft efrequengiessay @ coosetyimecel iof ftier serdiveari qpawations pérfayned hyl palardiked, sone
sensory anest hesi a,can be. achi eved. Ceneral 0 t l;£i ng

di fference SPGHES SoeaRBle AFYealeoPREcs: ta(ri:‘%l1 stbnggéﬁloﬁeq@ 4 gﬁc lg&&d él’at i on,
pressur g orwiilds ahd ostumeas aRa®Sar(upidomditeaexti thenjeatniant site.r d4id nonlinkarl e t he

pain signal is blocked ati ent i1l have sensory_awareness d, 15
little nunifipéedion lﬁ" Eﬁfﬁtw ?mdzﬂ 8h F%en‘flf’)%ﬁ@ggﬂ’gn |°n?%%fllpec?ﬂs of four
- "")cl asses of ginQW. OAs of helfRQuétefes abnchdd) tRfdiffdiencs beRakn QR Fted Sigahlyda i n

- /Figure 2: (1) Cfibers which are u‘nxn¥elinat? (Z)r; AN 3&0) fibers which
are nyel i naelefl thealess Farauerayotndnis GYIBHS tha g% T ?}'Zb 118 BeRn ¢ he
transni ssi QRiephinB@i 9 hdavh Of MRdrkRtic afBct(@ith ol t&bﬁuzﬁlﬂpfbhﬁéﬂ}e?ﬂiﬂus whi ch
inhibit the projection neuron, thus reducing the transm ssion o pai n

i nf or mASi oneanrgfEngst epdsengectf M¥igRon is directly activated by both AD AD and
C fibers. However, only the AEI/AD fibers activate the inhibitory

i nt.erneuron. Thus wWormARABfRAE&T S are stinul ated by the beat frequency
fromthe electric fiéel'd, the 25 inhibitory interneuron is activated and
prevents the projectThn inemtoon Havendisdowend nandt idavelgr@idnai néel neey o to t he

brain. The e%cIrtl)rngarllyI b%oc!ke];ca%n o hé bgc{yatgo%-igya%%vglgp Lf’san;[ sggnals from receptors that
are latge enonghto-exceed the trigger threstoldfor e exchange “of sodium and

20 potassium ions across a perve cell membrane do so through changes in the ion
permeability of this membrane. This ion exchange causes a polaxity chaﬂge across and
along the cell wall of the nerve fiber affecting the transmission of pain information
along certain C type fibers as shown in Part A of Figure 1. The inventors believe that
there are several mechanisms of action caused by the Beat Frequency to reduce pain,

25 mnamely (1) Frequency Conduction Block (also called Hyperpolarization), (2) Gate
Control, (3) increased blood flow and (4) the release of endorphins or other opiatelike

analogs. .
Frequency Conduction Block. In Part B of Figure 1, with the low

frequency eleciric field in place, the membranes of C fibers that fall within the electric
30  field are hyperpolarized. As a result, the sodium/potassinm ion exchange is inhibited
and the cell wall is prevented from changing polarity (from a negative potential to a

positive potential) thus impeding the transmission of action potentials. As a resuli,
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30

WibsB RERly tdsemianee hndhligion ePphiSiigahdion, and (4) inhibitory

interneurons which inhibit the projection neuron, thus reducing the fransmission of

pain information.
The projection neuron is directly activated by both AD/AD and C

fibers. However, only the AL/A[] fibers activate the inhibitory interneuron. Thus
when A/AQ fibers are stimulaied by the beat frequency from the electric field, the
mhibitory interneuron is activated and prevents the projection neuron from
transmitting pain information to the brain. The C fiber is left in a state analogous to
an open electrical circuit so that transmission of the sensation of pain is suppressed.

Increased Blood Flow. An additional mechanism of action is that the

resulting low frequency currents passing fo the Pain Site Pad cause the formation of

an electrical field that can accelerate any charged species under its influence. This

" may lead to an increase in local blood flow. Medical studies have shown that proper

blood flow is required for the healing of any wound or injury. With the treatment
application of the apparatus, there appears to be a concomitant increase in blood flow

in the volume of tissue where the electric field is present that accelerates healing.
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25" The Feed Signals, that are generated by the oscillators j_rgt 2004

el ectrotherapeutic apparatus, formw thin the body, a conplex conbination
of the di fferences of such signals. The sumsig . a
frequengﬁgb%@q omthe capture range or physi ol ogi cal ??E@Pé‘{/@ﬁgzte
(physiol ogical effect range << 1KHz) of the nerve rrenbranes of nerve
fibers that _caontro]l pain sign transm ssi on.. er, the difference

si gnal ( Beatlmsal GHidpisy SQP‘@?]&‘F‘}‘“’ is s C?WQEFtﬂ‘?tﬂﬁlcé?aS?%ngﬁ AP M ¥ denci es
are set progeulnsursitsiioihdig deligmekner apeutic range (1Hz to 250Hz.) and
interacts wth nerve nenbranes at  the rate of this Iowfre enqy beat. 9 -
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a projection neuro fie “dorsal"Aorn o the spine.” This effectively
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the gate control ch anism and | L.
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i
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20 ion environment. The membrane is still capable of exponential response o an
electrical signal. As a result the membrane acts as a device causing mixing of the
Feed Signals, and yields a distribution of synthesized sum and difference frequencies

) among which is a therapeutic low frequency equivalent fo a beat frequency of the
Feed Signals.

25 The Feed Signals, that are generated by the oscillators in the
clectrotherapeutic apparatus, form within the body, a complex combination of the sum
and differences of such signals. The sum signals are at a frequency far from the
‘caphure range or physiological effect range (physiological effect range << 1KHz) of
the nerve membranes of nerve fibers that control pain siéual transmission. However,

30  the difference signal (Beat Frequency signal), when the initial Feed Signal frequencies
are set propexly, is within the therapeutic range (1Hz to 250Hz.) and inferacts with

nerve membranes at the rate of this low frequency beat.



25°so as not to induce spikes in the signals due to abrupt current coll apse
in the output transfornmers or inductor-based filter network (|f @ﬁ are
used). This allows the apparatus to synthesize a |arge ef f'e 1“\’/% ga

wi t hout tweeaged2for a much nore conpl ex apparatus or phpSFaEoLYIFTBYVI ng

t he el ectrodes which would cause the area not under the field s influence
to feel sensation again. 30 Uni que Method The el ectro-therapeutic apparatus
di sclosed is unique inp hiiof ¥ affdrdft CANELs -igl REEVeadR (WRERHhaD two or
a pair) apparatuses wt rruch greater 10 - 9 JUN 2004 WD 01/51122

PCT/ US01/ oosmlmuoecn@rmnﬂahuxhwﬁﬁheoacmaﬁﬂa amncﬂ%nwwryatéh@ degsldiorn of

i mportantly, .can.interru |
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transm ssion to the
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spine and t heRwet Prd BEedirodite SI%HI ro%rﬁmﬁr ENBe yReptRRRIAhSES dritillsgy el y on

ei ther pul se operation or 10 | tipl'e signal application to affect nerve
fibers. In mxlgwcpe oﬁbpﬁroatm@b@m@l 1e5pose fo extempaltigwiia (The matod Basgip) i ed to
the targg) alfif wmhhepsealioSaS: Bhfr Ahars HEltme G R'ABoA0E oF A, CRUSIa1
undesire stl atron o er tTssues especially nuscle. Miltiple signal

appl i cati on fiddpiEmsiricalavidenes sggsstsribe Pawery Reisignall Bifeed can dasbia yiide 60pl aced

~™yat different_po 0 [ d and
-‘current 15 c%ﬁ %%%gfo n%,b,g ai ear%e%eid?g{l efj%%tl ?ﬁz}glﬂ %t#a?ﬂé@ . a%sa]?%fahg‘{vhe

desired eff aeinsmit&idit of y@ae paippignaku Jhs Sserinflay Rqs@mltﬂf&chwdlv&s)elﬂ‘;mlatl pl e

el ectrodes an ower Lifi.er for each nal ,.channel rrber of

si gnal s i ncr&%¥EE isprh ALY, (8 orr?e%]m%% i G Qrp{al%cel%@fre%ag c:fr cui t
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20- because the_sinusoi dal lh nals of the desired frequencies are

el ect r oni calty eeriir s‘i“r?toﬁé g?f%er amplifier stage. If desired, the signals

can be individually anplified and the resulting high-I|evel signals sumed

at the pad(s) through_%ﬂiﬁ/el ing resistors. There are several

advantages to the "instant systeni design. There is need for onl
Both Primary Residual and Secondary Residual effects described

R

above, (which can be referred to as “flywheeling”), affords the electrotherapeutic

20  apparatus some additional capabiliies. Among these capabilities include large area

pain control. If one properly multiplexes or switches between several feed and/or

return electrodes at a rate of 10 - 50 Hz, the flywheel effect will fill in the gap when a

) particular area is not under the influence of the electric field. This proper
multiplexing includes the timing corresponding to the zero crossing of the sine wave

25  so as not to induce spikes in the signals due to abrupt current collapse in the output
transformers or inductor-based filter network (if they are used). This allows the

apparatus to synthesize a large effective area without the need for a much more

complex apparatus or physically moving the electrodes which would canse the area

1ot under the field’s influence to feel sensation again.

30 Unique Method

The electro-therapeutic apparatus disclosed is wmique in that it can

mimic multi-electrode (more than two or a pair) apparatuses with much grezlter
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oné feed el ectrode regardl ess of the nunber of signals to be sumed. If one
assunes 25 that the relative anplitudes and in turn the signraf ¢gNellfipe

nor phol i nown for a given target region, a nore pregi rol of
the fi ng‘fq’}l)f“lléfﬁzat the return electrode is afforded. Thipg%@sgg@g%se t he
path | engths and i nterposed el ectrical properties of the tissues along
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This differs jnportantly from a uses W ng,. | | i . e. body
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asant to the tient. The, si,de effect
T ReRte s & PR EE A change
and event upladepmettaed citdu@ desippedance changes again, not having the correct
anplitude to cause the desjred %eve of _opai n control. .20 . Si rt1ce,,the

el ectro-t herapeutic RFpArsiosd gl ullC agparyps Jf i WEFRYE Fysteny,
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to . .
the power amplifier stage. If desired, the signals can be individually- amplified and

the resultiﬁg high-level signals summed at the pad(s) through load leveling resistors.

There are several advantages to the “instant system” design. There is need for only

) | one feed electrods regardless of the number of signals to be summed. If one assumes
| 25  that the relaiive amplitudes and in turn the signal envelope morphology is known for a
given target region, a more precise control of the final field at the retumn electrode is

afforded. This is because the path lengths and interposed electrical properties of the

tissues along this path appear nearly the same to the Feed Signals. In a system with

feed signals fed through multiple feed electrodes the paths can vary greatly, altering

30 the fidelity and bioelectric characteristics of the resultant signal. For instance, current

for each feed signal can differ widely due to variations in path length and the
chemical/anatomical environment along such a path. Degradation of individual feed

signals can also be caused by the need for multiple signal electrodes. No

electrode/body interface is perfect. Each electrode attachment infroduces impedance
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generate an arbitrary waveformof any intensity and harnonic content. The
arbitrary waveform generation (see al so discussion of direct dil?l"\!fﬁﬂ
synthesis) is a consequence of the Fourier series where a suDse g

basi s setwofilsime waves can be al gebraically 25 sumed t o rganesdioes7any
waveform This technique can be used to tailor a pulse that can be useful

i n pacemaker or cardioverting applications. Studies have shown that
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are appr ?pr ipgfazlgffjo %e‘g?" Eﬂ}?r@ﬁﬁ?s é’ﬁé’r‘?bieé]bﬁoﬁ@l?nf?ﬁp@ @T%Wﬂal\@%etfl 51122
PCT/ USOL/ 00 {22 atigd wnkm@IGHIS ivaribled imbaed nfultpgd i@k inBepehdontld) a circuit
(Hardware), that nonitors the patient-applied current and voltage and 2)
software that determpes if the values neasured require an output |evel
change (Software), The® neter derived fromthe current and voltage. is

t he i npedance "across e ient |j ed electrodes. This ranet er has
been found by st udi eshp:o géﬁeasg%%]?ﬁgﬁ @S? ﬁe\?g?elséﬁ? cg?lp'étag%ff)@%?‘éfmé

fr e::]pe gcy 'E birWeﬁiﬁy&c&‘rarﬁbr_lHadf niebi:aie:lisdeﬁht:is)usemd; ﬂmeiéscld@ai ﬁlﬁﬂﬁ@asog t

appl i ed,potentials use inically. Further, apy. inppedance change due to a
change }ﬁ pgﬁd@?ﬁk ??gsﬁlﬁyoﬁ’gmecsogjé’ﬁﬁ%ﬁ? Ie§}abgfssti‘f)[5’8§¥‘§° rPPREERS 28R dhs ¢ her _
returns to tebsltippSelditobe hainthikedl wititn lilts a0 RECHIRRRGRERGDafént dbhfie there is

a equilibration of bloqd flo 10 Additional Features_ In the preferred
enbodi ment 14 lPh'EmeF%ﬁfaB?%@? FrES @ P s Ao AVeraggeof e Junapyn Signaby e

sunmred at aashglithdes Y&Juirb@ fR 1t ddiRed OB, THR|diffd @ impARng 1S hfisegwoul d be
to send each, Feed, Si.gnal separately fromthe output(s) of thée power
anpl i fi er (sYitaAY PRyl dhe. hgdy emprdeacs) deedbark nraesss. (5 dhase sestepreany
el ect r ofsher;aagitdesu PR Sin dnk Wk NG natHkd aufdﬁ,idohsé he ﬁgﬁh Fi?b%nal s to

be adjustable and controlled by the patient so that treat | and
confort carfupditidgShaf e by exgeresiy Mnplprsent td thd padient. efhe Sifle eBtatof thit er apeut i ¢

apparat us s _t@ﬁﬁal@ﬂn?ﬁfeiogﬂﬁ{ tow {S}ﬁ C?E?Iﬁlgﬁcélat dddWedila f%% L,zes the

anplitude settings of the Feed Signal” ) the course- the entire
t r eat nent . Mhedanemehergaseeainora havipg tejaefrostraplibnleito canserthroydefived laveli ven

of pain control.

20 . Since the electro-therapeutic apparatus generates a set of sine waves or
an admixture of sine waves of arbitrary frequency, its concept can be extended to
generate an arbitrary waveform of any intensity and harmonic content. The arbitrary
waveform generation (see also discussion of direct digital synihesis) is a consequence
of the Fourier series where a subset of a basis set of sine waves can be algebraically

25 summed to generate any waveform. This technique can be used to tailor a pulse that
can be useful in pacemaker or cardioverting applications.

Studies have shown that variations in patient posture and blood flow
can alter the impedance seen by the device. These impedance changes can cause the
voltage of the applied signal to increase. This effect is due to the non-ideal output

30  regulation of the device. Some patients perceive this instantaneous increase in applied
voltage as an unpleasant sensation. In order to insute patient compliance with the
proper use of the device it is necessary that some form of feedback be employed to

insure that the applied signal levels are appropriate for a given load. The feedback
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tr_re.at ment | ocation and creates an auto Feed Signal profile for the patient.
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to manual Iy | ncrease the anplitude of the Feed Signals. U
woul d be updated wi th each now set of data points that
gener at ed.

certain

hi gh frequepatient-giptisa|currdtieanondlRgs AM 2Hebesr mhe détFt?cgnv\%@i 1¥f Al

el ectrodes 1s of a unique low profile design that a

e pads t hat conﬁgct the instrunent to the body are of

T
coRETeH st o v,

or easy

2004

& 7Brofile
25 were manual |y

a

Hiopalparigind) »eBpugEadragf thahmopiys el ogi cal | y

he

connect i on BRFUEHFEBHICAH @it devigheansec(Softwarey. THRPaCintaterideri Deisfeorn fHel on
-Method 1 Therefl 8kd WB1h efsa%gtﬁpﬁd&w%%y?%eggpﬁﬁ%%}“ l@g{% ?é{lﬁgﬁ?f}e%‘-g Situation

where either an AC field,

a physio ca

cy range,

i s needed IBANIuNbZODeen WOnQ 15 swdizs RCTHeUSEEHDAS 7Rv4hac efekpfifeulsar t  of

"t or mat i on 4R TedRlty Mot IR an Pt o St pagins

information t
swerh djnitadlyc Fyrthdtj gy BpeBance Yharlge Uk ataCcali@ &t patehilRingh an

(vision,
el ectro-thera

or where
I

as di scussed above. Figure 5

I ¢._apparatus . (Apparat us)
i |lustrates Ssteﬁgéhté'oﬁﬁpg’ argﬁ@e e ?S‘ratth%fm‘!‘ﬁ@ t8 the periliancheld beforedthen t he
Appar at us. ilpdiagde dbahfOiralteOfhedlicd QuitidoaldrBlood oUPEr Vi ses  the
operation of the apparatus. The m crocontroller 12 is responsible
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6. In addition the mcro
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controll er 12 recei V&S IeCUSHiSFREC FRataitscaiatss ter amplivdecpie thet BredKeypad 18.

As di scus SHighaay Be adjisabledadi dbntrGiledUBE i, pafeft 58 BfaP tSAHehOlebEl addr OVi des
i nstructions trg vari ous portions of the signal generation system

si gnal

sy $PBHR

reference frequency ThoblctRQn&YMHRE Shrhs HOEHS | b8 g, 20 @pp! i ed
to the patient is derived fronlﬁuhe jr)n}'ﬁlcroS controtlgiqéeadrtﬁ%:1 oaglltdﬁ%s dies cl ock
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25
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-sethng—kﬂlatmemonzeﬁh@amplitudeﬂset&ngs—-o%ﬂle;Feed—-SignaI&duringthemo&rs&of
the entire treatment. The apparatus stores this information in memory for a given
treatment location and creates an auto Feed Signal profile for the patient. The patient
then has the option during future treatments to run the electrotherapentic apparatus in
an automatic mode so that they do not have to manually increase the amplitude of the
Feed Signals. The anto profile would be updated with each new set of data points that
were manually generated. ‘

The pads that connect the instrument to the body are of a certain
conductive material that allows propagation of the physiologically high frequency
signal. The conmection between the lead wire and the electrodes is of a unique low

profile design that allows for easy connection and comforfable use under clothing.

Circuit Description — Method 1

The electro-therapeutic apparatus can be useful in any situation where

either an AC field, within a physiclogically active frequency range, is needed -

13

The

Auglomized o pashdrdividugl gaimt. 1 44 and signal 2 46. The



is'a crystal oscillator with an error of 50 ppm and sl ow agi ng

-~

system (t hese net hods are
frequencyWPIIFIR2d to the output of a divider

characteristics. An exenplary clock frequency is 6 nHz. In a_qungggngq
easily extended to nultiple signals) one
chain 20 ofrcrhsosysszem cl ock

16. The clock 16 is coupled to the input of the divider 25 chain 20. The

derived frequency can be set anywhere within the apparatus's

exenpl ary

operation fr gqesmyrs) pagef pdin tbitrol,dodab Giitiag, bohe geuwh Wartftd geteydndRbioR0 i S
coupled to a precision Iimter 24 tq generate a square wave of a |imted
The ufide TIPTIPAOR; ERSRISTIP 1 fensory peostislissy mopllobespsgAdI(visiond and i s

coupl ed the Qub®Yduchy.! Fistic 5Y 9dBEGh IRt Bmfd nfi"éﬁ%l&@tr@-%r z)e{?ﬁ! @ arafi QUt put's
| ) pl Jlto

val ue.

of the clock 16 'and micro controller 12 are a

0O coupl e

enents of

circuitry tHAPPYaive) an discupsed abevsqdogioy S Hltsietenth® idented dnd Beneidtion 4Pthe The
| ock si gnalgi : " di vid . 1 ef. " block 22 that i
oot ect 90° B RAUTLEY sl e Aol I8 Mt Bl SRR O RR L L%

coupl ed
i s control | glie oytiret querdtvopst. thErppémtust Tromicawptroleesi2aik Redpsibleciipl ed to

the switched ca
28 whi ch_had P

4 or.der DC correc

ow, pass filter

' h 14 9.JU 0 |
e%g‘lét"g{i{a %83%‘”5‘8‘1‘3 ?Nttﬁre‘%fm@’ﬂg SSELEHY &b %%@D Asela¥ond | oop

conpri ses ampanddd! | Additforally,phié patepbecairblo thketeqicAdins Gh¥WBig sofcbdr N i S
coupled to C nbinatéon of %?F e-divider 34, a pro%rannable divide by 2 to

65535 di vi d&FemIewgl) Ay

FHBPRIHI 9L IR H2AOR T pYSiR das

- Blhig Bstlyngiordst o~ an

out put 06 MiBpORNDSAES Chankds inlhiesIBHic wad%ﬁtaﬂ@i:ﬁ%g%%zzﬁﬁe{ra an@QHp! €d to a

f eedback i nput of the phase | ock |oop. This subsystem

gener at es

any

frequency betHRiEsd sensptionpf theRrpssatyy eifech ThepmipraseonteliesmsesTiredbagle itd | at or
“™yout put of a1 | | ' | : I Mi 3
p PhaE@] lsfakl 18RR 86 dotnp ﬂfedxﬁjﬁeﬁaig 4k cz{??g&dggo %%qgsgrgk 38 and

“providing a_filter clock and a conbi nation of a div
preci si on | i1gipes” charagtyristivyales fere rarinwlaripatiens r Thominre vondedlerretdivistaed si gnal

eci si on | e . ripAian b
Sional 2 i o st o DORck ghudlor 19 SRl e R AP e

Si gnal

2

range for
1 can be

subst i th#t edopewstortipgrupetions feqrnen Kpertivr Keymadtlido Asndigessi pxivesnt ksowisim of a
non- st andar t In ¢clock so that. th r oper
SaaS: A0 St bl ek DT Beb o it BBt B, St

frequency se

aration can be talned. ul

hod 2 The

second net hesderatdmdsyistend Vgl signabsystonbpdnertes twa wiphals,igmal phokadyigndlavol ves
the nethod of Direct-Digital -Synthesis (DDS). Wth this subsystemthe
above phase-Tocked-1oop, frequency divider and filter sections dis

bel ow,

20

25

30

The reference frequency for the synthesis of the signals ultimately
applied to the paﬁent is derived from the micro controller clock 16. This clock source
is a crystal oscillator with an error of 50 ppm and slow aging characteristics. An
exemplary clock frequency is 6 mHz. In a two signal system (these methods are
easily extended to multiple signals) one frequency is fixed to the output of a divider
chain 20 of the system clock 16. The clock 16 is coupled to the input of the divider
chain 20. The derived frequency can be set anywhere within the apparatus’s
exemplary operation frequency range of 11z to 150KHz. The output of divider 20 is
coupled to a precision limiter 24 to generate a square wave of a limited value. The
output of precision limiter 24 is designated Signal 1 44 and is coupled the output
circuitry described in Figure 6 and 7 below.

Outputs of the clock 16 and micro controller 12 are also coupled to
elements of circuilry that generates any frequency between 2Hz and 200 KHz 42.
The clock signal is coupled to a “divide by n PLL reference” block 22 that is coupled
a first input a “phase lock Joop block” 26. The phase lock loop 26 is controlled by
two loops. The first loop comprises an output coupled to the switched capacitor 5th

14
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distortion levels) 52 and 54. The filter clock output of "divider by 2" 36
is cou‘ldi d*Po Feisign Gmiter 40 providss a linyitasksigral puens 46 sipplae 5 Stghel hi gher
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programuabl e. anplifjers 56 ang 58 (under microprocessor 12 control) to
control th@’q‘)@\r}%f’esé\*at?%@eé‘?%ﬂ F nofspiandagd eustemy enysialder thermain elgek s¢. 5

di scussed I i The signals from above are
buf fered G%Qa‘%gvp%@@gﬁg&%g?%%&y attfgﬁgglgg?/veﬂlr%hhggédh stage. The power stage
consi ¢bs of one or nore anplifiers 67,69 capable of supplying a w de range

of voltages into any.physiol ogi.ca d, el ectrode | oad over the frequency
ranges used. Dependigggé!ﬁsb—ﬁ-‘?él-%ﬂ_%@%@—%vel of systemintegration 20 and/or
G asees A or An e naubod R b Rlcidh BPREERRy 3Bl RThabhololS  he T hear
anpl i fi er sneplygsghe method of Direct-Digital-Synthesis (DDS). With this subsystem the
above phase-locked-loop, frequency divider and filter sections discussed below,
20 are not used. The DDS instead involves downloading to the Apparatus a binary
representation of the desired waveform from a host computer that calculates these
coefficients as a table. These values transferred to the Apparatus's memory space
are saved in EEPROM and are used as a lookup table to drive, at a rate
determined by a micro controller derived clock a high-speed precision digital-
25  analog controller (DAC). The DAC converts the calculated values into analog
form either voltage or current) that is subsequently low-pass filtered to eliminate
any high frequency content in the synthesized signal. This high frequency content
1s a consequence of the discrete nature of the reconstructed signal. The output of
the DDS system is a low distortion representation of an arbitrary waveform. The

30 DDS is used in any embodiment of the apparatus where a limited number of

sine's or cosines will not adequately lead to the formation of the desired signal
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power operational anplifier is operated in either a ground-referenced node
or in a bridge configuration. In the bridge configuration the load is
connected differentially to the outputs of two power anplifiers‘.gh“ﬂjN 004

. operate 180 degrees 25 out-of-phase with respect to one another. 1n e% pﬁer
configuration the anplifier's DC offset is nulled by a servo correction
anplifier. Since the anplifiers are also setup as AC coupled anplifiers
essenti allynﬁgp}%eg,yrrent flows to the load. In the ground referenced node
hi gher out put volt'ages are devel oped by passing the anplifiers output to a

hi gh efficiency Figares6AiliBratks h subRyd ' 1 oRol ogy the. 30, anplifiers,
when in bal ance, generate egsents}lal*yaﬁgﬁdggg@ﬁgﬁwgﬂrmiswg iﬁhl ly,

this conposTievarpfignale Aschiscussdadrpowntheuttinite bewet sibuiis 6f 4at of the
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perfor nancgu{ﬂsaoﬁgrt?bl.‘e system. is that of Cass-D7 , Such as seen in
F}g. 6B:tF(t)ﬂl;;thl %-BT:FF %t Eaﬁpg l§6@@é$@ﬁh’ﬁahﬁmdenlagvillﬁs?ﬁh@-spul seI YM gth
of a switc ﬂ:h&ﬂ)adrél?ﬁéd)tﬁ@ﬁf e). is mpdulation is calle
pul se wi dt h.nmpdul g?irgln and %5 %frl ven e@%%@%ﬂﬂﬁ&redsﬁl@%dm@mom equency,

anpl i t ude keNelshedandset. Thi filteT bleck ampt S'dRfidérhg 2+e6qE F@gfi‘%{{o ngj,, 10

deriveg fr%g'ﬁgher hefPLL reference or DDS, is sanp 2rate at | east
one order o 51 {466 ilterrwppiennthe highenprgnelarmionay peseyt inapponent i n sai d

Dassive Lo i het SRR K e AR e erkmsde. of ampl 11 er
oper at i on fges’luemft Foescariusoidel sigmls e aipliied BAIESIRARY Ble3h Ol o 1 C1 enci es
of over e obt ai ned as_opposed to the efficiencles of |inear
anplifier %@ﬁga?“%%mé’%maﬂswpiﬁﬁ@ Wiand S8 vnder olitepravessor 17i a el ectronic
Swi t chi ng coBtrol\VREddaBO] thBSevill BPReS: : g%at an anplifier to create the
m xed signal or applied i?}di Vi dga%fq y ?péailtéﬁgae EWEFT EPRGEEENd t hereby al | ow
the ntXi ngiseessedikelop amdbuliiimabilntd the ppadritent ' s body. Additional |y, one or

R e e
ol ect rodeg. 0 be {80 1on e ne ol Frar aest “eBiEEsed: Gothle otnal og”
return. THPRIRS 2B rraee efjvltags ine mylphygeloghbf ARt d¥@rdd@ 18R oog0i ON on or
within thge B@&ﬁé:ﬁ@;r ran-ggg uft b(eaﬂéncfinsg on the desired level of system integration
_2 O and/or portability required, this amplifier stage can be either of the linear Classes
A or AB; or the nonlinear switching Class D type. For the linear amplifiers a high
power operational amplifier is operated in cither a ground-referenced mode or in
a bridg&_e configuration. In the bridge configuration the load is connected
differentially to the outputs of two power amplifiers that operate 180 degrees
25 out-of-phase with respect to one another. In either configuration the amplifier's
DC offset is nulled by a servo correction amplifier. Since the amplifiers are also
setup as AC coupled amplifiers essentially no DC current flows to the load. In the
ground referenced mode higher output voltages are déveloped by passing the
_ amplifiers output to a high efficiency transformer (s). In the bridge topology the
30 | amplifiers, when in balance, generate essentially no net DC current. Additionally,

this composite amplifier can swing an output level twice that of the individual
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electrically isolated from| eakage to power mains by the isolated plastic
housi ng 25 of the Apparatus and by the use of a battery power supply. To
moni t or and subsequently control the signals applied to the pgti ent a set

_of multiplexed ammeter and voltmeter circuits 86 as illustratedJUN Bilgure 7
are. used. The rns anplitudes of the feed voltage and current for each
channel are digitized 84 (as illustrated in Figure 7) and read by the
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to a snal [ Let r 102. .The.transfornmer 20 provides voltage
gai n and p?atl ent 'a%%%?fg%ggl%faggfvg{f%nﬁ@% IFPRGE AspPYicerdeor in O ass
D opeil &t | ebtainedsasaippbsedris iy eficiendiceof B AAGHAAS 1t SRUSSEH Apgve. the
Qpposi te ﬁi’% el ectrode has a, much | arger surface area contacting the

patient t micEpcophipHersietse Viagdeqtionis gwitshing: 68 whethi®hibe signal arat i o of t he
%232 ;tc e M%g bt BEAB1 1€ to ' Bl TniRld Sighdr Bh ST R3S iduin o me2St 271 O
power stage and thereby allow the mixing to take place within the patient's body.
Additionally, one or more channels and/or return signal paths can be multiplexed
20  with electronic power switching during zero crossing of the sine wave signals
(via processor control). This multiplexing or switching allows multiple electrodes
to be fed from the amplifiers or connected to the analog return. This is done to
synthesize a larger effective target region on or within the patient. The patient is
electrically isolated from leakage to power mains by the isolated plastic housing
25  of the Apparatus and by the use of a battery power supply.
To monitor and subsequently control the signals applied to the patient a
set of multiplexed ammeter and voltmeter circuits 86 as illustrated in F igure 7 are
used. The rms amplitudes of the feed voltage and current for each channel are
digitized 84 (as illustrated in Figure 7) and read by the micro controller 12. This

30  enables the processor to measure dynamically the load impedance, delivered

power and, in the case of multiplexed electrode sites, energy applied to the
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A .f eedback systemis illustrated in Figure 10 as 200. The current |evel,
through the patient is nonitored by a precision 5 ohn1resisLﬁ%!ﬁg$im6%
voltage is devel oped by the current through this resistor a
_differentially detected by an anplifier 204. This signal level is further
anplified by gain block 209. 30 Coincident with this neasurenent the

vol tage across the el ectrodes 206 is sanpled by a buffered attenuator 208

to set its e of th 18 ., 9. JUN 2004 :
Anal og-t o- gtlhétﬁgli&?xg&mcéhcw f"lrs ‘%ga‘??é‘i'%* R piate i éx BSOS i s used to
sel ect ei t berfiguhaionyfre@mhcies, bﬁﬂéﬁ%ﬂﬁdli]@ﬂﬁﬁé%ﬂaﬁﬁé{%ﬁﬁ%@r gn)%rt | zati on.

This selection is under the control of the he o t he
mul ti pl exer qu@ﬂaﬁ‘#ﬂllf avpilableyia gy BS1282 portRVBis tseridDBostean bE b@ﬁne%ﬂe& tphose out put

is a DC |ev i ual to.t RVS val ue of the applied signal.
The out put rca)ﬁﬁﬁ) ij%aﬁﬁ%ﬁ ?‘?ﬁ e’f@*'&)fﬁ? @ﬁFECWHPﬁ@aWD(P@MOlﬁIrOngnpassedgto
the CPUs The &sifesibstiuied foﬁRE%‘Z%PE ad Egh or P?reyv?rﬁg 1%1% él?f?)t Lhe output |evel

fromthe patient adjustable contro es any Bn?tﬁ%}l out put | evel

that ni ght dsaivedagioraticityimphdare buidac posubaalBeais cHapirs@be HO The second
section of the feedba&h ontrol _network is the software control | er 220.

This col | e FERIYFESTOH ‘ggn%éia@%eﬁtﬂ@g dpring pystemp seivp.dchis epapkaisoas  require
any changeﬂlgwgn%sg,% E i,ntain ient confort. The
flow chart in Figufe 11 out’li nggﬁj% h’?}é%lm{eo utsﬁggajgﬁgbﬁ}"é‘ G Y¥Rction. On
power up b?adhadlcbederaaancmﬂa ﬂi&@emixte\dat@amvélﬁ tHéPéHg'affoﬂﬁn gl | evel is of
"suffi Cie(ﬁgt ?%krgde (about 3 % of full power) 224 to aSsure accurate
measur Pt £ ol tage and current across and t hrough the patient.

When this |evel g @glﬂhg& s e 16 sanmpl es. of both the
)current and vol ta%% 224 Qﬁ P@ﬂrégggﬁﬁ%@gra WFW%YHBO‘quW/ed
urpedancesele@r@as M{h@n&qmp&mmcmuﬁctehaidnﬁd gidnbeéfeRBca(qseh of rules as
to what ﬂés of %@f@ce variabi|ity _can be 20 expect ed when the patient
| oad can c Ui 20 GapROwFr aplifiesd The sing wavgsigoahis coaplsé fimm unpl easant
sensati on the§urich6n PRk oﬁﬁgf%emé the range of
i npedance vali ues that canmbe expect ed Vc}lﬁ?ﬁé’%ﬁ?l@ rotﬁg SIP Ends toward
t hat HLAi t|lmlat}owutméﬁ@d92Tﬁlaseapaaiteswaroaem@deﬁ@mﬁge}jcct what i npedance

range can | g_@ gei when t device output is altered via the patient
adj ust abl & 2B°REHO es‘f’?wlaﬁ‘:ésﬁgﬂ%e fiige W&V%@gwﬁ ihepuplgdithi n t hose set by

the rul es tiaRefoRuémal or 0. m@dutlf;ﬁﬂomeﬁﬁnﬁﬁﬁl‘ﬂ%bo% EhiN {’IPQM%B?T}N her set of

rul es derived for the particu out put Teveél cur Wé‘ used. The
effect is e!i"-‘?‘@@\%ﬁ:@i“@ﬁuﬂ?ﬁt efrrach pphsfenndridslat 100 is coupled to a large signal

electrode and the other to a small return electrode 98 or 102. The transformer

20  provides voltage gain and patient/apparatus isolation. With bridged amplifiers or
in Class D operation no such transformers are required. As discussed above, the
Opposite Pad electrode has a much larger surface area contacting the patient than
the Pain Site Pad return electrode. This size ratio of the Opposite Pad electrode to
the Pain Site Pad electrode is at least 2:1.

5 Feedback Hardware

A feedback system is illustrated in Figure 10 as 200. The current level
through the patient is monitored by a precision 5 ohm resistor 202. A voltage is
developed by the current through this resistor and is differentially detected by an
amplifier 204. This signal level is further amplified by gain block 209.

30  Coincident with this measurement the voltage across the electrodes 206 is

sampled by a buffered attenuator 208 to set its value to within the range of the
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- and the elimnation of any unpl easant sensations. |f the inpedance val ues

at this _ newfield level trend back to within the stored "normal "range
the output is 30 restored to its value held previous to the i MiEdanee(04
change. The rate at which this takes place is set by another set of rules

“that are derived as a function of the 19 - 9 JUN 2004 absol ute difference

bet ween the desired output and the feedback-set output. This assures that
t he device @f (9 ﬁﬂjaéient.i restoreéd.as quickly as possible with
little per cegtgﬁ)gn?q%ﬁ@ﬁe Rt Pﬂfﬁﬂ%m eess L hQ 15 ysed ¢ salgett he

i npedance neiiter theatiieflY &SvdliaBe Wbk diBSta 86 i | gl derived rules
the patient is informed that §5 he efectsrfg%%lgﬂgzﬁ ‘;%%lhfﬁseeh‘%euf)ﬂf%rfaces with

the body haV¥¥epterontsplefshe CBY. The outpeofthe atuldisieer apRHPAed §OL T €Ct or i f
there are nt .side effects . acconmpanyi ng the i npedance change the
patient cartt %ﬁpﬁm%&?@e‘fﬂwvsﬁ%@étztwse ﬁlé%“t'ﬁﬂéééml spprodsatay deri ve a
new set 50f gquhias theOR OV i s At ) ver..if nqg.action is
t aken wit hi rcll a prescri bed pgﬁpggﬁ%@ﬁ%l.ﬁ%g Ogﬁlﬁgwllzilsfﬁglgﬁtddﬁati cally
shut down t He biigtbydhe ARMT 214 @1d passkdsiogiRatPENTES §:08e @RitiiNGcRian @y, Fioure |
| details the. ﬁrogrgﬁs of the software system detem ning the inpedance

Wt e Sedhs enputirvel drom themgtienswdiustablesspstrelmakesmamiynt ai ni ng a

| evel s with
proper  outpMipget VG end i apce. of the patient. This
i ncl udes establishi r?g&)?npedlggactlem%@hfr’l%%qgggﬁgf e%‘éeéé’ﬁ?lf HYSHER- nuner ous
nmeasurenents 15 and 8eftemrd ni ng an average i npedance. Figure 9 depicts a
power pply | for resent invention. Two 12-volt batteries in

he p
seri esfouare curr ‘?F‘Voﬁéé‘a’t‘f’ﬁ°§g}?pﬁe9dhﬂpkﬁ@rtminbmorkimhesq:ﬁmafe 112 for the

. T : hi gh.effici - d
Ysystem Theontrovied 22 @8l doﬁe&%ﬁgﬂfﬁgﬁ@ﬁgﬁﬁt%nﬁn%%gﬁ&? Ig%éq%gg%i%e%g@egmt pover

switching regulator and 1s use

| ow 20 vol regjiresubslysige e theudchica's outpet Tevelrtd ne@mvaiQlaieht «%ﬁ?foho’f‘h{o' tage
d by | i

2 volts is also inverted by inverters 114 and

anal og comonents....The é

regul at efl yﬁ%ﬁg@gﬁé%rﬁg&fﬁ@k&w@@a%@:af]@ﬁ?lcﬁqn.m%@ﬂﬁi;ﬂg »
conponent Srh, A4 " iala) .fo nme hi gher voltage
anal o? com:r)on_entes and iesS al so %ﬁtigﬁgﬂﬁgﬁ‘{iﬁ@?‘é‘%ﬁﬁ ?lf\r/sél?ﬁ?éﬁmto supply up to
+/ - 50190l @splidder(peoys e rof Stlbpewer] D24 Abasbart esitae Mdasinsnlehti@Eged by a DC

wal | pack ly 12 O that supplie swi tchi ng-type recharging circuit
118. Addi t"?%% %“f} U a&b‘f?ﬁ?ﬁ& E‘Eoeéh‘iséaﬁ%e%@@ﬂna ¢los acldevear ged by

connect i nthesofdatecIREWAS Satnpfes AP BEHARY Sl a}uﬁ]\elolizf‘g(%?é %géy connect or

w thin a car, boat or plane. Battery state I's noni uring apparatus
oper at i onPeIRMERnAYaragmetas thit derival impedemrése Pravivals ekperRbhtgdaiy the nicro

helped to. define a set of rules as to what ranges of impedance variability can be
20 expected when the patient load can cause an alteration of applied field that can
cause an unpleasant sensation for the patient. Additionally, the rules encompass
the range of impedance values that can be expected when the patient load tends
toward that initially encountered. These rules are used to predict what impedance
range can be expected when the device output is altered via the patient adjustable
25 control. If the impedance value is not within those set by the rules the output is
reduced by an amount dictated by another set of rules derived for the particular
output level currently being used. The effect is a reduction in the applied field
and the elimination of any unpleasant sensations. If the impedance values at this
new field level trend back to within the stored"normal"range the output is |
30 restored to its value held previous to the impedance change. The rate at which

this takes place is set by another set of rules that are derived as a function of the

19



. 30 controller fromtine-to-tine. This value is indicated as a battery bar
graph on the display panel. If for sone reason the voltage | evel drops
bel'ow a useful level the 20 - 9 JUN 2904 nicro controller automatically

_generates a global reset effectively shutting down the systen§t/fighetfs
tam ng off the output signals. Anbul atory Design Many applications of
el ectro-therapy require portability. Treatnents are 5 nore efficiently
adm ni stered, by a wearabl e apparatus, preferably hand held or attached to-
the belt or 2Bt 'étPdeﬁf‘é@Rqe&@t‘mﬁ:ntth@dmyouﬁﬂﬁmﬁﬁ&b%dﬁﬁcﬂ&?oﬁt@ﬁ?rﬂ us is
such that opg.; aqiﬂlrgeet.of he apparatus is easily packaged I'n ah
apparatus that the pati&ntcHeahon S rrHent isesioatsl &y qickiaid gossdlnRfs Such

appl i cat i onfttfeQqferc@ptio Hy4he ratus..i ngl.ude use while wal ki ng,

wor ki ng, si tti% aliz3 a d@gsk;ﬁé&{se)eﬁt’gj?ﬂ%dﬁ%rgﬁsé?gWI &ﬂ%‘ﬂ%ﬁﬁ@ewy&si tting in a

car, or in #hiryenthe vghues setibyahe buiginbigy deH\E irGledfie Eﬂ@nt% QgL an%zif'etrﬂg

capabi | i5ty ,&)}gr{g&s thegcog*%{any or the physician tcP prograrﬁnf brtabl e

appar at Us_ t G- FIETR95S apdior rigteffgeqssvitithedodppraverisden dempromigbansed ti ner

wi thin the tﬁ@e@éﬁ&d@apﬁé&rli%tto}ﬁﬂ%gat lent's use if that is desirable from
npl ri

a nedi cal point of view. AF s deasant siflgieffesis to pain relief,
ot her si gniacé@aprnysigitbe imspadandd dhafige fhe Pk ,g%%?%%gﬁggﬁskeon of a Low f requency
00

electric field in,deep tissue are Increase SR fhuserBe vol une of
tissue whePSEWRedance values fojderige ageprsesefiulaso wevdm dsviddlopdrigs£ase in

opi at el i ke FRRak or phi ns, serotonin and enkaphlins. 20

Enpi riﬂz:qal resul %%@%ﬂgﬁﬁnﬁ% W{{Eliné'l @e%%ﬁ‘iﬁmlq ¢dimethetderice will

hyper pdl ar evigmatieallyfshutdewieh€ ehithst Qhpl s the likely mechani sm
)of action for lralie%ér,gldlef whi | etb the g%gg?gtg%g‘ﬁ% égf?rgﬂghet‘h@ﬁé%ect ric field

i s present .IgflﬁJc B hnpiogrrge obthersofiivare system dusdrinéiviagl theOnfRdaneONsequence

of 1 ncreaskd:1biea : .pint or source of pain. The residual

effect of both pa?lnﬁllr?g%{ll%a}é%glqtﬁ é%‘?églerséﬁﬁ@ Bmatpieinieg apwpeb possi bl y

due to an uiptdersbdépending vpon desThiRENRR S Ale 20 t.jgned opiate anal ogs.
Addi ti onal |y li%{i exci tatiqon frequenci es abc?\}gi 4ﬁ§zﬁ%§#ﬁﬁ§e§i dal), nuscle
t ensi on hdTERUsHrg pRedance hoynds asTweli measurg bt R oMINRAS Bk 2R
PCTI t1$01/aﬁaazt%nﬁﬁﬁ§gieg{hv@&%§ ixﬁgecﬂ%g a muscle in stretch thereby possibly
conditioning it. Thi's effecCt | ’

Figure 9 depicts a power supply 110 for the present invention. Two

12-volt batteries in series are currently used to supply differential nput power
112 for the system. The 7-volt feed is developed by a high efficiency step-down
switching regulator and is used to supply linear regulators 116 that power low
20 voltage subsystems such as the micro controiler and low voltage analog
components. The 12 volts is also inverted by inverters 114 and regulated to
supply the negative low voltage used by some analog components. The 12-volt
.supply is used directly for some higher voltage analog components and is also
stepped up and/or inverted to supply up to +/-50 volts for the power stage. The
25 battery pack is recharged by a DC wall pack supply 120 that supplies a
switching-type rechargigg circuit 118. Additionally, the apparatus can be
operated and/or recharged by connecting a cable between the Apparatus and the
accessory connector within a car, boat or plane, Battery state is monitored, during
apparatus operation, by an analog-to-digital converter that is polled by the micro
30 controller from time-to-time. This value is indicated as a battery bar graph on the

display panel. If for some reason the voltage level drops below a useful level the

20



sismlar to isonetric exercise where a fixed load is presented to a nuscle
group held in place. This effect al so hel ps explain why the current
enbodi ment of the invention causes little or no unconfortable nmuscle
twitch as seen with pul se-type (TENS) 5 devices; It is quite=I3kaIN 20bat

" sone conbination of these three nechanisns all produce the efficacious

results acquired in clinical studies. Figures 12 - 15 are various waveforns

i1l ustrati nghifBabRt6%erafit ' Fi 12, i)l ustrates. a waveform
representing the cur rént © o&valﬂggér%%ﬁees ao%%agéesef #%@F%P"éﬁl&géipv@i ne wave
node into athespiemttherelpsiusiiny offlthasutpit GeHags. 13 i1l ustrates 10 a wavef orm of

the a recording of the m xed signal after it is passed through a high
speed filter, followe 0 capacitor acting as a filter. This

i mul at th . ffecti ' | .. .Fi 14 il lustrat
navef ormof | the e ARl 4ol iRShhY Rak Ptk Herramsnee of gasl o
devel opéd whoreieffidibiglyradiminiskestyby 4 B8aGble BPAr fﬁgﬁé—gfe?%li ﬁandjif lér om one

[ 3ra an e ot

el ectrode placed at the |owest abdom nal qua PTis pl aced
10 cm | ef t a§pched tothe belt ayatheriloration anldhet boulyl Bhesddsjgacst thd yspasgenpd har moni ¢

at 244 Hz i ssed -45db relative to the primary therapeutic signal
at 122 Hz. ° |hg%§€$ me[chﬁﬁﬁg'ftrog APRAFIFIF 53y pRclaged suan anngraths et i ved i n

t he sane sdidymtiant dandide & 4 i f£equency is well
el @emﬁﬁle{p&ﬁﬁbl@%aﬁﬁ@ﬂ shgxg a@lgzgﬁlélhscti?r 9

separated fromthe physiol ogi cal I nport ant nge. Benefits

of the Pai Ambsletorsppmppas dclle uBewdile tallifig, rekitg) sitiuenk b deslARBARAL US

i ncl ude; igni ficant -ipvasive pai.n control; b. Dramatic increase
in raﬁlg)e 0 o:Hg,t\?}gi?ﬁw %ﬂlc?.gq&e&ﬂﬁ?gﬁlr??% B ademgesresribed byither nation of the

need for  pHfsiiid) Tha PeboihiBiin goitibCsormits t1ReS i n,contrql and
i ncreased range of rrgti on forgmﬁag t5:§4 ﬁoarlg; e.1 %ﬁ‘)gﬁ{é‘?ﬁ%’?’ﬁ&}aﬁ%ri ous side
ef fects; 3grograngdetnogipblgypparatup i ficthe pefiertth aeedsoWhis eguyfiasiudé ayel ; 21 9 JUN

2004 WO 1 . Q07 .Reduction of ri.sk by elimnating potenti al
chenical a ?@%ﬁlgl%gr%g%ﬁ %S%EP%{?.‘&‘S’&P&I&IF ﬁ‘Fé’FQEﬂtisd‘ﬁe Hrib¥ligdesirahle Tactil e
sensory afdpahatmisliei pomiar ¢R]SS remains intact; and

15 Empirical Results

In addiiion to pain relief, other significant effects resulting from the
generation of a low frequency electric field in deep tissue are increased blood
flow in the volume of tissue where the electric field is present as well as an
increase in opiatelike analogs such as endorphins, serotonin and enkaphlins.

20  Empirical results from clinical trials suggest that either hyperpolafization of
nerve cells or gate control is the likely mechanism of action for pain relief while
the apparatus is on and the electric field is present. Tncreases in range of motion
are believed to be a consequence of increased blood flow at the joint or source of
pain. The residual effect of both pain relief and increased range of motion are

25  possibly du_e to an increase in the concentrations of aforementioned opiate
analogs. Additionally, at excitation frequencies above 4 Hz (sinusoidal), muscle

tension holds at a fixed level. This

20a



"I nprovenent in patient's quality of life. 5 Applications T %ﬁfl?@
nunber of pain applications for the systemincluding, but not IJ Qi* to,

acute angglhRgtic pain, chronic and arthritic pain, post -
surgi calrwpaliniﬁgnd cancer pain. Specific |ocations on th%&g(f)@m\aﬁ@h can be
treated include: face, jaw, neck, back, shoul ders, hips, arns, elbows,

wists, hands,. fin 10 | egs,. knees,. ankl et,. toe her

Appl i cat | ontenEpR aF gtb%rlii paEl F‘fﬁéﬁquﬁ%reb@%eﬁwﬂp tigmiipg ify Tiis pfct is

Chi | dbi rt h. siffar @lTkdikddié Edbrcibd Whedd 8 EikédIBALs pRREIM Bla H¥RISHbARId i addi tion
to the benefits of the pain control ‘éﬁgarat uses, other 15 inportant

attribut es placaydilis effect alsg dielps eaplainy Eleif@ﬁe@feﬂiiboél@ftf@ of e fneenrtipnand
th
mother, b cAipRAALUS 7 Inbf BRI mdllc RAKUPR! LANKHE RS (MBtd)eT r while

retains tactil e awareness and can assi st nornma y W t
the epi dur adevioss:i i ipl quate; likely ¢hat Bbee toombinetigpofitieat then mesheiisms rallpl ace for

the entire @b&&c@%ﬁﬁgefﬁ&c%%g iulw HedhecIPn?‘(payﬂu deI ivered; and C. Electronic
epi dur al OWs pal n cont or 1 i'n"par “of the world where

convent i onal ep| dur aFiguagsel het15r madvahyusawavdfa’ﬁisalluﬁimgrmﬂﬁxfes/kifemehesi a for

Der mat ol ogl oce The s tem can .25 _be u 0. prqvi e_IocaI.
oneer hosi o deRiEe TS Ja ARy aRTeEh s aentiay B pry diow ToRE fhe Aef
applicatiofin @fsmﬁ EH@Al%m%ﬁﬂwQﬁlhﬂé nd@amt@d,mmeeiahveplb@&eﬂigﬁ@qs 1ﬂmﬁke@r ation of

Bone Growth. It has been known fqr, qujte sone tine t he ap Ilcatlon of
an el edfri @w"@f%?f’rfgagw@?%rﬂ&ﬁ?gﬁ TBREL pigpd eler H s Q%ﬁ%ﬂ%% biighy at e of

bone_gr owt paRdkial filofed b5l 1160 0faphB3P ac easeamfomeglﬁaﬁws'tﬁfapparat us

30 can be-used to del i ver preC|se electr al field non-i1nvasively of the
ypr oper fre@l@ﬁ@ﬂmf@tuﬂﬁﬂcm 01/ 51122 PCT/USQO /00 72 content to a

targeted region. Thlﬁl t140ﬂu ‘3v5a%ﬁmg ?ﬁh% Waeﬁm%?eét‘ &n((l of t he
gete re

el ectrochem cal ly driven reac Ons “Ar Oun Ion. ﬁle system
can be usedf thealiffoesicaighl dsdamidntitdr e ihomanm bodyi. Hmwmhymeasued it educe t he

time r dfor 0 i nt dbndvm hetl rat uses
e udbhg. R AP i doddh A1t gt alhe b bedl I eatict ng
post oper at tivdefpaf DS od the tapip ar Atadalt alakeGubjest. the second harmonic at 244 Hz is

depressed by —45db relative to the primary therapeutic signal at 122 Hz. Figure 15

illustrates a waveform of the sum signal derived in the same setup as Figure 14. As
can be seen the signal frequency is well separated from the physiologically important
20  frequency range.

Benefits of the Pain Conirol Apparatus

Benefits of the Pain Contro]l Apparatus include:

' _ ) a. Significant non-invasive pain control;
b. Dramatic increase in range of motion;
25 c. Reduction in the dosages of or elimination of the need for

morphine and other narcotics;

d. Residual pain control and increased range of motion for up to
24 hours; ' '
e. No known deleterious side effects;
30 f Control by the patient of their own comfort level;

21



-

potential to accelerate the healing of broken bones non-invasively.
Cartilage Re owth. Cinical Studies have been performed at i vygyspigs of
Nebraska\}gsgi c&h Center and at Johns Hopkins University School of Medicine
whi ch ha KoWA% t hat TENS devices can cause cartil age gr SIPSONF2 10
knee. Since, unlike TENS, the disclosed systemis able to deliver |ow
frequency signals i-nto deep tissue, it should in theory be able to cause

cartilage growt h nmuch & nor &cdydtier taf\kskybst RRITTERE palentia echeming] alergicr esul t
be nmuch nor ereggr{?hggﬁ §interﬁ‘?x*6ﬁ1§§>%$d§ea” ng Aid Systens. The di scl osed
e audio

t echnol ogy can be used Tn t frequency range and be tailored to

del | ver “audi o  nf or k0N rhrhd\nsf B@Auisind a3 cfeck Sl SEEGH Ve mRNNCT

Current cochlea inplanted hearing aid systens use pulsed DC $ignals to
deliver the represent ati onk@frovetbnPinipafiéi ¥Qhilap or (! sed DC signals leads to
nerve and cell damage over tine. The disclosed technol ogy all ows
information to be delivered into a volune of tissue including the cochl ea
with a Dé—suppressed M@%I that significantly | essens the potenti al
for nerve damage. 20 his. enmbodi nent of..the a ratus, the use of a PLL
system al l'ows the apJ;I)%iréF s .“(':ﬂbl?%\? p%uﬁeapglhcgﬁﬂ%ﬁ Ogﬁlﬁﬂyﬁ?@d‘n%ﬁ“@%&ﬁot her is
fixed (FM mudtiiraitédomn) acutcldnd tfanmairepudy, chipdiclantl iafthritf pdid) @uipidal p4ihgioence

frequency all ows, the si.gnal or. vel.ope to conyey inforpation intg the
body of the SPEICHRHD %8%??%653%1 gﬁc‘i‘h‘é%ﬁg@n&m tﬁe i’?‘%ﬁ/\ﬁ" cgﬁé‘lf'?i%ﬁéreéltie@f erence
signal may ketslenfios)yjaef hek! bak, falidetsphipg ok, dlbowss Wikt Ramf, Qgd)0
chroni c_ use, Information _exchange could be another big factor in the

utili tylgf le!gﬁgm%\eﬁp"ﬁﬁ% eL¥GFrently, cochlea inplants for deafness rely on
pul se stinmulation to convey auditory information to the brain. These

pul ses, even w th thetgeamiicddons bl ocki ng, still have a consi derabl e DC
conponent. This conponent can cause irreversible tissue damge via the
producti on of chem cdMhémpplicagdisdtdsdeari sing from 30 the el ectrochemni cal

effect of the DC curr, . HoEe er, th L,.scl osgd tatus i§ a suppressed
DC AC signal generat oﬁ%@e—%ﬁ%ﬁ—@%ﬁ% sﬁ?fu?]gpd?( ’h%@e‘“’slfqt’toﬁ"e or no
net el ect r cephiawdl cpiterafbae ot sddit@netoviby bénefiRfdfahd piih eomtttliappirytubedf ememt i onal
transfﬁlré is to hngFdb one fr(ﬁguency fi xed and use the anbient audio level to
vary the i APPSO YE FFE phase | ocked | oop vol tage control oscillator.
The resul ting signal awoul Sighifioimirdiubite o isk 1Pthd Biis2094nd201/ 51122

PCT/USQO / 00572 auditory information. Theoretically, the nerves within the
cochl ea coul d operat b on Appeeated gndk docorbrgatisraconifalledy t he nodul at ed beat

the information that is a representation of an electrically converted
acoustical field. c. Mother retains tactile awareness and can assist normally with

the delivery while the epidural is in place;

20 ; d. Electronic epidural can remain in place for the entire birthing
process until the baby is delivered; and

e. Electronic epidural allows pain conirol for birth in parts of tﬁe

world where conventional epidurals are not readily available.

Electronic Anesthesia for Dermatological Procedures. The system can

25  be used to provide local anesthesia for skin surgery, wart removal, electrolysis

>

shaving, application of tattoos and other dermatological procedures.

Acceleration of Bone Growth. It has been known for quite some time

that the application of an electric field through implanted electrodes can stimulate the
rate of bone growth and rates of healing of bone. The electro-therapeutic apparatus

30  canbe used to deliver a precise electrical field non-invasively of the proper frequency
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Accel erated and Targeted Drug Deli=. A consequence of the rrgojflﬁf%t
technology is that it causes increased blood flowin the vol W g e

" at and beneath the treatnment site. This technol ogy might be enpl oyed as an
adj unct VO US  Beni cal dr ug delivery systemto accel erat eP(alHtlSmamg?at t he
delivery of certain drugs into deep tissue. Enbodinments 10 'Me present
I nvention can be enbodied in the formof conputer inplenented processes and
appar at uses couientrtp adtrigeted gegidno SBhip aciva e talfbﬁlaﬁdf Q4R Detier IAMRHI dAR Can al so

be enbodi ed e form.of conputer ra de containing instructions
embodi ed in jtegtﬁ%ﬁtﬂﬁ’fl}ga%g@gn r%aﬁnﬁﬁlsigo‘gldg%&‘ ied kegique dhe gystomoranrbsiuged dr i ves,
or any ot heto @oeiptateasssdoansiafion idhoNAGeHEN kHEIhcé"ﬂﬂ@'inﬁl'e'}e ufag fortddGe fOITPUL Er
15 program code is | gaded inctgo and executed by a co (% the conputer

becormes an ER¥pAeAdLopdwith prosthelic apparateses mpludingienta Izprteécums amivent i on
can al so benipgrhade Qﬂnuliaﬂeoﬁlgl? rgtﬁfcfﬂgoﬂosﬁrgade deellgalﬂr 99k gﬂ%ﬁ%? alsh Qs BRAMP €,

whet her stored jn a stora medi um nt o executed y a
conput er, ofotenighigarecicasfe aléngred brakem henes ssn—mvasmaedy um such as over

electrical -WM or h 20.0or via, el ectromagnetic
radi ati on, wherein, M (grﬂn%?%ggr%gm célba e begn, %ﬂm‘? t% and
execut ed byUlaVthvaﬁ Hﬁbraalmévi@bmbﬂﬁmer bmtmﬁ%nﬁﬂoplﬁﬁﬁmwéﬁslﬁr(ﬂch&]aﬁt i cing

comput er  praaaily Hick By TR L Ol TERs RN sofrube srotiss B ionobeat o
speci filé [kogg.c Shicecanliks. TENS Wit disclobd dyieRNisi Ale BAGIRECRWARSGILRRD W th
reference to prefer enmbod] ({115 it will be understood by thdse skilled
in the art ’[gﬁ‘if #%ESSB?!&B Hiathoqrs behlecto ot wailpyaomis mvaly be

) subst i |t t ut edlloré egfeaivemfhhﬁ TS agﬁ?w Iu{?phﬁ a MERALE fgh | fuofe Eﬂ%ﬁ%}&pe of the
'pQY?PCLf’QrA&%ﬁ%&&&ﬂ%&hﬁ@%%@%@mﬁ%&m;& 30
Wi thout depaddehdrabidmd BieASSE W &é}ivelsgdaﬁlﬁnmﬁ%@ﬁﬁ to 1HE 8&{? a°'a_dafe

i ntended that the 1nvention not be limted artlcu ar e od| ment s
di scl okbd ¥ ket Ysauannen (Eurens feckingtimplatef bearing) aid systemstuse[pulsexijDCt hat the
| nvent i on bl fo2eliss lebroHRRT BRI it t e of the
appended c%&gaﬂlms , ' - SLIJGUN 2004 CL‘%TWE h% iév}lgecgtI?%S 3133365 g’ppar at us
for provi Y Wﬁﬁe@@g@x@r tiwer The disclosadricchinology blieed imfmmatiod & lof a

patient CQoERYisd 3o a volume of tissue including the cochlea with a DC-suppressed AC

signal that significantly lessens the potential for nerve damage.
20 In this embodiment of the apparatus, the use of a PLL system allows
the apparatus to have one channel modulated while another is fixed (FM modulation).
The ftequéncy modulation of the nth reference frequency allows the signal or
) envelope to convey information into the body of the patient. Additionally, the use of
. ) a slowly varying difference signal may lessen any effect of habituation if it is found
' 25  during chronic use. Information exchange could be another big factor in the utility of
the apparatus. Currently, cochlea implants for deafness rely on pulse stimulation to
convey auditory information to the brain. These pulses, even with the use of DC
blocking, still have a considerable DC component. This component can cause
irreversibie tissue damage via the production of chemical intermediates arising ffom
30  the electrochemical effect of the DC cument. However, the disclosed apparatus is a
suppressed-DC AC signal generator whose resultant field should not have little or no
net electrochemical effects. One way to affect the auditory informational transfer is to
hold one frequency fixed and use the ambient audio level to vary the input level to the
phase locked loop voliage control oscillator. The resulting signal would contain the

23



p—g

5 a signal

difference of between 1 Hz and 250 Hz, each signal having a Fr

'generator formng first and second signals having %£frequency

qllth @04t

| east about 1 KHz; at |east one feed el ectrode connected to the signal
gener at orw@f#SHdapted to output a therapeutic signal to RCTHEABPVGhe feed
site on or beneath a first 10 epidermal or nucous nenbrane surface of the
patient; and at |east one return el ectrode adapted.to be positioned
saEiass afurtheriom| Thdorerisaldy) Sherpsrissariehis tef acklentollb @pgaticant |,
locally to said, treatnent sitg; aracteri ed in that: 15 th fLrst and
second si gnal§ sepa! %l%’i‘geﬁ’FtEFéiF g‘l”f‘e&ﬁ h'&afﬁ rpeght thej tion,

therapeutic 3@aatatioh of 25 BGiédIBBohRRted Addlsiidal §81gand second si gnal S
to being output to said at Ieast one feed S|te. 2. The el ectro-therapy

beneath a

apparatus according te
adapted t0
according t

on or

prior

org. & isgneqraseel ofl et rode i s

UYL SIS 07 ok 8RBt oo 16 3, BRIV 67 B, PP oL U

east one ed el ectrode conp

rses a

feed el ectr calé bpaadﬂaﬂld tiehteent sﬂeem teshwologyatighhbedenioywces aoadjunétses a
return el ectfode Iect 0-1t he par.at us ac
Craim . whararil e Flludy use i §E0smit AR A BRI S 260 o o

conprise a emtnde@tusma.naterl al .

to claim1, wherein the 30 first and second signals are separately
anplified and then m oﬁﬁ {fle first electrode pad to formthe

t herapeutic signal. 3

el ectro-therapy apparatus according t

3, V"“ergbn an area O’hlﬁ% gf‘eséxﬁ%ﬂvéiu%ﬁtéaﬂ% DRELEE GE AR ﬁ)'?maﬁieéorﬁﬁ térh
el ectrode pad. 7. The el ectro-therapy apparatus according to cllaim6
ywherein a implewedéd prosessecandotppatatusteivd puictong dabse progesses. t Bke pressnt

ccor gi ng { SEEnfs 4y bEbmkERRA if ik 1o of pod e FLBERER R ARAED

pad to the wmsteatiohs tinbodied ir angibleciedigsuplads ﬂeppyadlsltaeiastCBRDMsQ harfhe

el ectro- theragx(%p

di t h
second si gnar&~ar %gu t?gﬁﬁﬁao”Bm%%geg%?gifg%%ﬂpﬁﬂ%ﬁ?sWEm‘%@Cam@mmr
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program code is loaded into and executed by a computer, the computer becomes an
apparatus for practicing the invention. The present invention can also be embodied
in the form of computer program code, for example, whether stored in a storage
medium, loaded into and/or executed by a computer, or transmitted over some
transmission mediuin, such as over eléctrical wiring or cabling, through fiber opfics,
or via electromagnetic radiation, wherein, when the computer program code is loaded
into and executed by a computer, the computer becomes an apparatus for practicing
the invention. When implemented on a general-purpose micfoprocessor, the
computer program code segments configure the microprocessor to create speciﬁcl
logic circuits.

‘While the invention has been described with reference to preferred
embodiments, it will be understood by those skilled m the art that various changes
may be made and equivalents may be substituted "for elements thereof without
departing from the scope of the invention. In addition, many modifications may be
made to adapt a particular situation or material to the teachings of the invention
without departing from the essential scope thereof. Therefore, it is intended that the
invention not be limited to the particular embodiments disclosed as the best mode
contemplated for this invention, but that the invention will include all embodiments

falling within the scope of the appended claims.

24

5. The el ectro-therapy apparatus according

o claim
e return

of t he
par at us
trode

st and



10. The el ectro-therapy apparatus according to claim1, further 25 9 JUN
2004 conprising bal anced anplifiers configured to mnimze a DC conponent
of said first and second signals. 11. The el ectro-therapy apgpn&”w§m04
according to claiml1, further 5 conprising a DC bl ocki ng capacitor
positioned in a signal path of each of said first and second signals. 10
12. The el ectro-therapy apparatus according to claim1l, wherein the first
- and second grgneiss are sunmed before being anplified. 13. The
el ectro-therapy apparatus according to claiml, wherein the therapeutic
of said first and second signals. 14. The

signal is a Iinegr conbiggﬁiog ] .

el ectro-therapy spparaPGECHRdBaPHPPaRteg far moyslingherapetia dectrie 5

t her apeut i cCCUTHhte a treatmentipife of a patientcpmptisingd second signal's. 15. The
el ectr o2t her apy &ppeal gensatar bomiigfjrst andcdcaomd Signskdeeinp amigendyi r st and
second si gniiffereheevef tetweenolHnayd 50 Hey @b 8igakl Iﬁ&lﬂ%ﬁﬁﬂﬁ@n@}“&l p Hz. 20 16.
The el ect r abbiner Kplg; appar at us according to clai m 15, eréin sard first
and second si gngk feabER ' C t 122 Hz, 17. The

el ectro-thegg a{;%upg%;a%wfgzcg& YeTA Eﬁénfgieg%gg{r}ﬁﬁ@% ﬁ%ﬁ%&% A%Ptedi r st and
secondléigggh@ngagﬂ U cand feduency 8%0 éf?%ﬁ?r €3'8 a iRk

el ect ro-t hefapy f@g@? St U SECHGiSHY AP PePaHeRt affherein said  first and
second si gnal s &t &3%ONg 1§ ghfeoge gdapterbiorbegogitipned on offbrneathect r o- t her apy
appar at us S8 gPidgreal oF picas meinbrangisnrfadeaf tOpdtieatylently tofaid he first
signal is PraEENtS®; The el ectro-therapy apparatus according to claim 19,
wherein the fr chprasienyzedfindet:ond signal is variable. 35 21. The

el ect rié t her apy theifirey aid uscaeiofris e biRusdidl NidmaG NI Bt §InliQ e carried
by the patient -ﬂl%Zhera'}blﬁtiE|5%M@T6deﬁmm%%9@gi g;ha%;;oan?' aim 1,
conf i gur edprd} to BENBYufhuPlo sid FAREY ohOrke ﬁitcpat lent. 4 ' .

el ectro-therapy apparatus according to clflaim1, wherein the signal

enerat or conpr4 ses m croprocessor-control l.ed freguency control system
g npri, FhefeR5! erapy appara%ls accordglg to cla(iqm 1, wherein only Y

20  asingle feed electrode is adapted to output said therapeutic signal.

3. The electro-therapy apparatus according to claim 1, wherein the
at least one feed electrode comprises a feed electrode pad and the at least one
return electrode comprises a return electrode pad.

25

4, The electro-therapy apparatus according to claim 3, wherein the

feed electrode pad and the return electrode pad comprise a conductive material.

5. Tl.le electro-therapy apparatus according to claim 1, wherein the
30  first and second signals are separately amplified and then mixed at the first
electrode pad to form the therapeutic signal.

6. The electro-therapy apparatus according to claim 3, wherein an
arca of the feed electrode pad exceeds an area of the return electrode pad.
35
. 7. The electro-therapy apparatus according to claim 6, wherein a
ratio of the area of the feed electrode pad to the area of the return electrode pad is
at least 2:1.
40 . 8. The electro-therapy apparatus according to claim 7, wherein a
ratio of the area of the feed electrode pad to the area of the return electrode pad is
at least 8:1.
9. The electro-therapy apparatus according to claim 1, wherein the

45 first and second signals are substantially free of DC components.

10. The electro-therapy apparatus according to claim 1, further
25



24. The el

cohprising a nmenory configured to store at |east one anplitude
associated with the therapeutic signal. 26 9 JUN 2004 25. The

ectro-therapy apparatus according to claim23, further

45

SR 1208

- el ectrot herapy apparatus according to claim23, further conprising: a

f eedback system configured to nonitor at
current associated wth the patient's use of the apparatus,

t her apeuti
accordi ng
to maintai

system conpri sesl

| east one of a voltage or a
and control the

Coil [  F t ar at us
oSihBfifhg bhGRRANITIcHIShAL fred EOmirkhitzcS] BELARGEARY P

herapeutic signal 1's contro

t Brdtafth BlcoRd %ﬁﬂ

ed so as

n“d nonitore vo%tage at a constant voltage level. 10 27. The
el ectro-therapy af)par atus_according to claim?25, wherein the feedback

a f ddustclrodherapy arnardys geeondingrte clamgl. durthegast one of a

vol t age Sandcamprising @ RC-blapking Sapssitenpostionehin ysigeal path ofeach of sedd whet her a
t first tuldbseapmdisipaals.si gnal is required, based at least in part on at
of said voltage and current. 28. The el ectro-therapy apparatus

according to clajgn 27 ThaRRkebAhdrAS agpaftlRaekorBineql iclain AT WHeRES the20 2

change in
| east one

resistor t
differenti
througﬁIa

a a vo eve

i i i t; I f f
T e e R

sald current passing

the resistor; in bl ock for further. anpljfyi,ng. the detected
vol tage; a buffe%ed_atﬁ’%%@ﬁ?%‘ FHRY WRABIYS quﬂ’é‘g\r;gf’ d> Rbptsdy

he two

el ect r odes therapeie signal isgdinepecappbingiipm of s

range of an analog-to- digital (ADC) circuit to which the voltage
i nput; an anal ogldnul t Th¢ eleetro-timvanygppasratusfacesding g ulairh A8y whereanthout put  of
-, the gailp hhaagewiedidnalisaguasofsakifiiondhd sepotid sigialet 0 an out put of buffered
A)attenuator, the analog multiplexer configured to selectively output either

the first
RMS to DC

mul ti pl exer,

to
20

25

30

35

40

45

i nput @ thepe é@ct?@%% iaBBéFatus Q@c%‘?&ing B 8lath INehedlPdA
S0MGELELRIAE Ha0PY tﬁgﬂ
an on

el ng Igure

16. The electro-therapy apparatus according to claim 15, whérein said
first and second signals have a frequency difference of about 122 Hz.

17. The electro-therapy apparatus according to claim 15, wherein said
first and second signals are at a frequency of about 8§ kHz. )

18. The electro-therapy apparétus according to claim 1, wherein said
first and second signals are at a frequency of about 8 kHz.

19. The electro-therapy apparatus according to claim 1, wherein the
frequency of the first signal is fixed.

20. The electro-therapy apparatus according to claim 19, wherein the
frequency of second signal is variable.

21. The electro-therapy apparatus according to claim 1, configured to
be carried by the patient.

22. The electro-therapy apparatus according to claim 1, configured to
be worn or strapped to the patient.

23. The electro-therapy apparatus according to claim 1, wherein the
signal generator comprises a microprocessor-controlled frequency control system.

24. The electro-therapy apparatus according to claim 23, further

comprising a memory configured to store at least one amplitude setting
associated with the therapeutic signal.
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the RMS value of the applied signal; an analog-to-digital converter

" configured to convert an analog output of 35 the RMS to DC cqnverter into

a digital signal; and a digital attenuator configured to chahdeJ§& d0But put

. level, as required by the feedback system 29. The el ectro-therapy

D

apparatus according to claiml1, conprising: 40 a plurality of feed
el ectrodes adapted to be positioned on the patient's body; and a first

el ectronic sw tCQS.ConfTM&@ropﬂeﬁg#(ﬁﬁﬂeéé%ﬁé %cc@ﬂﬂ@’tot&eﬁn{f?rf&%&t ic signal

to exactly &}}ﬁ 1?in aid plurality el ectrddes at arfy given instant.
45 30. The €1eg rf—i‘tperas% ap%%?at ua accordi ng to cﬁ{lé_i m(ﬁg, wherein the
first electronic®SHPE ‘tego “GHE 4o Pynugs 4t dsashenq v AE OpRur al i ty of
feed el ect fBHEEaHAriReY Wil e priband sy obtheppparatysrandcgpirel thegnal . 27 :- 9
JUN 2004 5 therapaiiic gt i gspanse theyetappar at us according to claim 29, wherein
the first electronic switch is configured to switch between said plurality
of feed electroges atTha eleaire-théragParpfratits acd@dinEi6 cREMCIT, Ghehed &Y

appar at us ageapdliteGidl &l dhifblled SPIRb nSifdin a AomtdiE@bltaeetar €t urn
el ectrodes adans lgag?g%posmloned on the patient's body; and a first
c

el egt r ?Bi cI Swt I gur Fd to 3e| ectively activate exactl g gge 'CI)'];] 10
sai uralit retyrn ectrodes at an i ven instant. , e
el ect Po- t her ayy ppar i[‘ﬁgl%%‘é‘g?eﬂ?Wgappﬁraasié‘Fgﬂréﬂg t%%f’% &é ‘("Fli%re‘q thest
el ect roni c £ b@%]ﬁsﬂsgenéﬁ?iﬂl%‘i‘??'ed to switch between said plurality of return
el ectrodes duri rifeedhagk eirgutihatjmonttors keidahleastpoeaol 8 veitagesdnd 34. The
el ectr o- t henapyt; apbar at us according to claim 32, wherein the first
el ect romi ¢ swi t gbftivareconfigared &6l déterming whibthbes Wemae saihd thérdpaldtict y of return
el ect r odes spnakFis ré@fueredf bab&t Meddt in ghit SPat 1{e ofd ECIIPvdIRREARY cARBR! at US
according to claim32, conprising: a plurality of feed el ectrodes adapted
to be positi Onegf.on Fﬂ‘i‘iﬁé’é&o@ﬁfe'm}ﬁ aBﬁ%é{t?us Q%{ﬁné QR 8% 8GR e SW tCh
confi gured el Gy GEhltGmprdlP' Y the therapeutic
20 a resistor that monitors a current through the patient;
an amplifier for differentially detecting a voltage developed by said
current passing through the resistor;
a gain block for further amplifying the detected voltage;
a buffered attenuator for sampling the voltage across the two electrodes
25  and setting the voltage’s value to within a predetermined range of an analog-to-
digital (ADC) circuit to which the voltage is to be input;
an analog multiplexer having as a first input thereto an output of the gain
block and having as a second input thereto an output of buffered attenuator, the
analog multiplexer configured to selectively output either the first input or the
30  second input, based on a signal from a CPU;
an RMS to DC converter having input thereto an output of the analog
multiplexer, and being configured to output a DC level approximately equal to
the RMS value of the applied signal;
an analog-to-digital converter configured to convert an analog output of
35  the RMS to DC converter into a digital signal; and
a digital attenuator configured to change said output level, as required by
the feedback system.

29. The electro-therapy apparatus according to claim 1, comprising:
40 a plurality of feed electrodes adapted to be positioned on the patient’s
body; and
a first electronic switch configured to selectively apply the therapeutic
signal to exactly one of said plurality of feed electrodes at any given instant.

45 30. The electro-therapy apparatus according to claim 29, wherein the
first electronic switch is configured to switch between said plurality of feed
electrodes during zero crossings of the therapeutic signal.
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signal to exactly one of said plurality of feed el ectrodes at any given
Instant. 25 36. The el ectro-therapy apparatus according to c 'rmﬁ\‘f) 2004
wherein the second electronic switch is configured to switch between said
.plurality of feed electrodes during zero crossings of the therapeutic
signal. 30 37. The el ectro-therapy apparatus according to claim 35, wherein
the second electronic switch is configured to switch between said
plurality of feed electrodes at a rate of 10 50 Hz. 38. A rrethod of

provi di ng therapgutic tric,current to at nent. 5
patient, the me ﬁijJ cﬁ]ﬁ ‘?trl‘?' °15 GI?RfF %\Cﬁ’o Iég:ttorcea’f“té a“rfrat us
conpri si ng: t§ 6Ff%ﬂ1° gutieh %§t°8¥1 ig'HF bgtwegnpardpl Bl Y9 %d)l dal

al ternati ngeéquémt%lia@ﬂ@ Heng a frequency difference of between 1 Hz
and 250 5Hz, each signal havi ng a frequency at least 40 about 1 KHz; a
first feed el ectinde [Tadekenoabiesy ifpatdis fcaridalg 9RREMAL 06mpASitea first

return el ectrode; paghlitpesi hirﬁ'éle@ﬁ §& ddapted 8 bd (ﬁll«:@%rtl‘}hdﬁa on a first
portion of 53&@, [ enlttps ° bod §’/ andaﬂ;’)om ti oﬁl?sﬁb said fi rgit%ﬂfrjset urn
a

el ectrode p c partion atie bod ch that the
treat t sit %e:l Smécgfﬁﬁgj%gqglsg Bk %tv X?‘ﬁ ¢ %Red
el ectr ﬁ p*&ﬁie PY“F%F CFERdsS 3t %‘?yeg}Y?lb‘&‘éaBTad 28 9 JUN 2004 forming a

t herapeutic si gnal fromsaid first and second sinusoidal alternating
current signal s;33eut plihe elegiretherayepapratisiagcariipgad clalm Gdgwheraingthéi rst f eed
el ect rode ;fasl;elﬁztl@ﬁlc sthehnecdduasiciorsdiitely betweeh aaichpBBalitwlo€retim f or mi ng t he

t her apeut i el&tgdal de@ppercasssingiofitltihblapedtidigiang the first and second
. Sinusofgal alternating current signals to the feed el ectrode pad. 40. The

" Jmethod accor di ng4t 0 cd Mudfo- MMJAEE;% R TG4 sherLRR & signal
Clo”p“ 583 %&%ﬁ&&@h‘&%%ﬁéh ¢! EE R betld Eﬁ&géﬁl&ﬁgﬁ ﬁ&‘n
a ternatlnggﬁ_ée % rtg gg 5ﬁ] or to entering ec rode pad. 41.
The net hod “8¢E8Tdi® 8?

, further conprising: nonitoring at | east

one of a current _and a vqltage associated with the .
20 35. The electro-therapy apparatus according to claim 32, comprising:

a plurality of feed electrodes adapted to be positioned on the patient’s
body; and

a second electronic switch configured to selectively apply the therapeutic
signal to exactly one of said plurality of feed electrodes at any given instant.

25
36.  The electro-therapy apparatus according to claim 35, wherein the
second electronic switch is configured to switch between said plurality of feed
electrodes during zero crossings of the therapeutic signal.
30 37. The electro-therapy apparatus according to claim 35, wherein the

second electronic switch is configured to switch between said plurality of feed
electrodes at a rate of 10-50 Hz.

38. A method of providing therapeutic electric current to a treatment
35  site of a patient, the method comprising:
providing an electro-therapy apparatus comprising:

a signal generator forming first and second sinusoidal
alternating current signals having a frequency difference of
between 1 Hz and 250 Hz, each 31gnal having a frequency at least

40 about 1 KHz;

a first feed electrode pad connected to the signal generator;
and

a first return electrode pad;

positioning said first feed electrode pad on a first portion of the patient’s
45  Dbody and positioning said first return electrode pad on a second portion of the
patient’s body such that the treatment site is located on a line vector between the
first feed electrode pad and the first return electrode pad;
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15 patient's use of the apparatus; and controlling the therapeutic signal
“in.response thereto. 42. The net hod according to claim4l, furt r(?tjr ,
conprising: controlling the therapeutic signal so as to maint U 2004
nmonitored voltage at 20 a constant voltage |level. 43. The nethod according
to claim38, conprising: providing an el ectro-therapy apparatus having a
feed pad with an area that 1is at |east tvm' ce as large as an area of the

return pad. 25 4@ %gamt%%%@ggﬁaw 3 3hahetBna SONRGLA ng: | providing
2l

an el ectro- t ng a plurality o ectrodes;

p05|t|on|ng feed el es t he p tient's body, and
30 swi tchi ng bet Hﬁlé‘gl therapeyt tctsg’/ %&31%! F@@@§ estiede Pasht only one

of said plurality of feed el ectrodes out puts the therapeutic signal at any
given istant. 3%. THhemedthabacorhngliongaito3§; vdieraid formimmhei si ng swi t chi ng
between  35thegpeuti sigral coniphdes imdididahibeippddag tdUikngdaeschdainssidps of the
t herapeut i Calfriimb-cuftént sis lsftBTtl‘f@fée@Qlfé@d’rG’dd}Qidt o claim44, conprising

swi t chi ng bet ween sald p urality of feed el ectrodes at a rate of 10-50 Hz.

40 47. The net ho tdoac%l%ﬁﬁt% 1&111%[ r1|h§ t}jdl ng an

el ectr the ara s _havin Bctrodes;

positl gr}‘?%% %Ei ?‘t‘{tprbsﬁsfa%fﬁ? "f‘ﬂéisﬁﬁ‘t“? nt's body: and
swi t chi ng Feruseidal altgrapting speentsjensds praar ge ﬁmétl’é&thﬁfﬁ@se edodeAdt only one of
45 said plurality of return electrodes is active at any given instant. 48.
The met hod accordli ng The oletiocha¢Fordmgrtp clagind§, adheceomgyidbet:ween 29 9 RN N
2004 sai d pl ur alménitopingraeledsironelof atcune@tsnd wvioligge fsccigtd s4ihngs of the
therapggt | (paﬁbﬁmaise o{tﬁ)e apperafi®i i according to claim47, conprising

swi t chi ng bet wegRnirsifihg th #éap él{tﬂ; a[ﬁ{ﬂé%ﬂbngéﬁﬁ}é’t@des at a rate of 10-50
Hz. 5 50. The nethod according to claim47, conprising: providing an

el ect -t her apy ,3PPar ff U5 fiRY -8 hinB Ak Y, Rltnl S Shprising:

controlling the therapeutic signal so as to maintain a monitored voltage at .
20 aconstant voltage level.

43. The method according to claim 38, comprising:
providing an electro-therapy apparatus having a feed pad with an area that
is at least twice as large as an area of the return pad.
25
44. The method according to claim 38, comprising:
providing an electro-therapy apparatus having a plurality of feed
electrodes;
positioning said plurality of feed electrodes on the patient’s body; and
30 switching between said plurality of feed electrodes such that only one of
said plurality of feed electrodes outputs the therapeutic signal at any given
instant.

45. The method according to claim 44, comprising switching between
35  said plurality of feed electrodes during zero crossings of the therapeutic signal.

46. The method according to claim 44, comprising switching between
said plurality of feed electrodes at a rate of 10-50 Hz.

40 47. The method according to claim 38, comprising:
providing an electro-therapy apparatus having a plurality of return
electrodes;

positioning said plurality of return electrodes on the patient’s body; and
switching between said plurality of return electrodes such that only one of
45  said plurality of return electrodes is active at any given instant.

48. The method according to claim 47, comprising switching between
29



el ectrodes; positioning said plurality of feed electrodes on the patient's
" body; and 10 switching between said plurality of feed el ectrdri 904 that
only one of said plurality of feed el ectrodes outputs the therapeutic

. signal at any given instant. 51. The method according to claim50,
conprising switching between 15 said plurality of feed el ectrodes and al so
swi tching between said plurality of return electrodes, during zero

crossi ngs oéalaPﬁlrémﬁbﬁfeﬁ%le@ec&bg&adum?%erom@ss fa)%eaﬁ&a &litlegs dérﬁﬂ(:l ai m 50,

conprising switching' between said ur al |ty feed el ectro es at a rate

of 10-50 Hz' and tc urali.t. return el ectrodes
at a rate of ﬁ: Wh%%"gw fc‘ﬁ%% c& ? %gg%c@gg'i) Wfll si ng
posi ti oni ngs& Bl‘“ %Ef’f‘?alrf‘ﬁ@c?‘?ﬁi%statﬁ\ﬂﬁ”’? ween said plurality of feed
el ectrodes at a rate of 10-50 Hz and switching between said plurality of
return el ectrode®.at The meathal actordiRStosaikizd7, Bampiisieg:met hod according to

clai m 38, wher eiprovidéng dn ddéctioehdrapy apparadehpany aphwilitg of foedt return
el ectrode pagktRKes;positioned on opposite sides of a volume of tissue of

the patient. 30 positioning said plurality of feed clectrodes on the patient’s body, and
10 switching between said plurality of feed electrodes such that only one of
said plurality of feed electrodes outputs the therapeutic signal at any given
instant.

51. The method according to claim 50, comprising switching between
15  said plurality of feed electrodes and also switching between said plurality of
return electrodes, during zero crossings of the therapeutic signal.

52 The method according to claim 50, comprising switching between
said plurality of feed electrodes at a rate of 10-50 Hz and switching between said
20  plurality of return electrodes at a rate of 10-50 Hz.

53. The method accordiﬁg to claim 38, comprising positioning the
placing the first switching between said plurality of feed electrodes at a rate of
10-50 Hz and switching between said plurality of return electrodes at a rate of 10-
25 50Hz

54. The method according to claim 38, wherein the first feed
electrode pad and the first return electrode pad are positioned on opposite sides of
a volume of tissue of the patient.
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