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Pat ent Applications: [0001] The present application

claims priority to U S. Patent Application Serial No.

10/ 603, 226 filed June 25, 2003 which is a

continuation-in-part of currently pending U S. Patent

Application Serial No. 10/257,126, filed October 8,

2002, entitled "Regul ation of Genes Via Application of
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10/ 457,167, filed June 9, 2003, entitled "Method and
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@nﬁﬁgﬁ STﬁ@E&CA 180 @&%N‘éﬁd@si % kilﬂé?@ctﬁﬂ&e&h 2003, enitled
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0002] The
RGeS O e R EiodL Y Bt iap i yan S Vs
RPEH 14 1C Aildak pInRtek b8 ©08b SGikles akegﬂalﬁﬁ &qatgg%ag @ehb c

signals’to di seased articular cartilage for the
Expeessivanwitlod Spedifoand $elédtive Elestmaal Stggel”dl @265 208, filed October

5! oA BB S U5 BB b C b BEGLARA  otle
AT 2506 EldtridaE Sipa s anderoy4 5qnesa, ﬁl%h e, 20pB | hditlb® MSlethod
net hods and devi ces for speC|f|c é and selectlvely

andAm@mtm fordrepsing Qsiaopelyatiso agila easarDefeete padybyuries in
PR GR ST i oSGl PO ARG RS DR

b}fref&énﬂel opr ot eases (decrease in MW-1, MW-3 and

MWP- 13) by appl yi ng specific and sel ect ive electrical
and el ectromagnetic signals to the knee joint in

ﬁ@fd Sithe 1@fddtiont €d Wi th osteoarthritis, cartilage

| sease, defects and injuries. As described in these _
[pﬁOZz]nt ap pThecmesemhmvelstpm:ls firectechtd asddveastanda method of designing

iR e RO eRaR o€ wedhyt efstRafeng SrheMtgOge signals
@@Eﬁeh@dra@ﬁélﬂﬁ cait@dfor the treatment of osteoarthritis, cartilage disease,

defects and injuries in the knee joint.

Description of the Prior Art:

[0003] The present inventor has disclosed in the above-mentioned related
applications methods and devices for specifically and selectively up-regulating gene
expression of aggrecan (increase in aggrecan mRNA) and Type II collagen (increase
in Type II collagen mRNA) and down-regulating gene expression of metalloproteases
(decrease in MMP-I, MMP-3 and MMP-13) by applying specific and selective
electrical and electromagnetic signals to the knee joint in patients afflicted with
osteoarthritis, cartilage disease, defects and injuries. As described in these patent

applications, specific and selective capacitively coupled electric fields of 10-20
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Xi mat 30 m nutes and 0% dut C naI
ﬁﬁéﬂ“ i s genEtSaPTEE gpvey B?meﬁat? “#(Sldﬁ eéf? G5 1 ghe art by
Jp@@vo/(@lﬂgt Y fofCinQastved RictrorhBEfeic STheR ?El&lcs elettidd 8 Yapparatus for
upregulate Aggrecan and Type Il Coll agen gene

drepting siissasedhinde nymeécttlssvglly dbwmerdaleationy  Such a method in

LB 28 01658 S 167 S GRRROHR S 87 b aBl T8RO RF clcctic

@fgnalspabmpribing kneekrflprsmdﬁavwefaaihgoa ptaka te ppedkf ivoltage of
and selective electromagnetic field that treats. the

PROAEBHAAPOY to ) @rband 2100 dubyoprsye pignalcibar ifagengrated for
SR SEAD Wyl 00 (AT i o
tappmx[matekydL hdur aftef thesltOO%odigy cycle 51gna1 These signals selectively up-
regulate Aggrecan and ‘Type II Collagen gene expression while selectively down-
regulating metalloproteases. These compound electric signals are communicated to
electrodes or coils in the proximity of a patient’s knee for the generation of a specific

and selective electromagnetic field that treats the diseased and/or injured tissue.

[0005] In accordance with the method of the invention, different duty cycle
modes may be selected for generation during a 24 hour time period. In a first mode,

the compound electric signal and 3 additional 50% duty cycle signals are generated,
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100% duty cycle in the presence of interleukin
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interleukin (IL-1B). As indicated, the expression of MMP-1 mRNA decreased

dramatically by the end of 24 hours.

[0009] Figure 2 is a graphic representation of the response of aggrecan mRNA
gene expression when articular cartilage condrocytes are exposed to a 20mV/cm
capacitively coupled field of three different signal types in the presence of IL-1B. As
indicated, the expression of aggrecan mRNA is optimal with one compound signal
(30 minutes at 100% duty cycle followed immediately by a 50% duty cycle for 1
hour) versus one simple signal (30 minutes of 100% duty cycle) or the same simple

signal repeated once.
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trains containing fewer repetitions of the simple signal (1 hour of 50% duty).

[0013] Figure 7 is a graphic representation of hydroxyproline production

when articular cartilage chondrocytes are exposed to a capacitively coupled field of
various signal types. As indicated, a train of signals, consisting of a compound signal
(30 minutes 100% duty cycle/1 hour 50% duty cycle) followed by 1 to 3 repetitions of
simple signals (each 1 hour of 50% duty cycle) gives approximately a 2-fold increase

in hydroxyproline production with one, two, or three repetitions of a simple signal.
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when articular cartil age chondrocytes are exposed to a
capacitively coupled field of various signal types. As

wo psoadeed, a train of signals, consisting of BCT/US2004/019142
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PARAWodk AliNspécifid Sirduits ahid thelt fictios VOU-A)IRgs Cen@blled
enerator device of the invention, where basic signal

melliceregyhted veliggesoarcedb cAtwrent Bensh cisPwib lend G- Apws=
i f ] ' i 1ej ti . VCC=Vol t
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[Go17]ent SeFigerecllrie disthendtid dEwiAgPS theQreniabl Bigate 10.
Amplifier or Qutput drive amplifier. [0017] Figure 11
Is a schematic drawing of the circuit of Figure 10.

' Q?H’W‘i e fuedt Fihb & ..ve Enmbodi ments:
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the scope of the invention. I questions regarding
wie te diopl thef scope off rilke mvieptiommap lbeuastiers xegardiyg the scope of the
referring to the L 0B, Lnitions: [0019]
! Venﬁlso(rel el?eerie?}? V?‘ﬁ@p%g%gg%%‘ tgile gﬁ%ﬁnﬁgﬂi élaluntéséd to refer
bérisitigas:i ety of signals including nmechanical signals,
[l(J)IOtgrasound signal s, el ectromagneti ¢ signals and

19] As used herein, the phrase “signal” is used to refer to a variety of
signals including mechanical signals, ultrasound signals, electromagnetic signals and
electric signals output by a device.

[0020] As used herein, the term “field” refers to an electrical field within

targeted tissue, whether it is a combined field or a pulsed electromagnetic field or

generated by direct current, capacitive coupling or inductive coupling.



el ectric signals output by a device. [0020] As used

herein, the term"field" refers to an electrical field
wowdokiomesar get ed ti ssue, whether it is a conbi merfusioed/aioid42

or a pulsed el ectromagnetic field or generated by

ﬁhsrc@ﬁiuoﬁttffrmmtrateamadlﬁﬁnfsoupl ing or inductive

coupl'i ng. Description of Illustrated Enbodi ments:
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rease in as occurs in osteoarthritis).
Hiondrogytes geovghiounicromass are exposed to interleukin 1B (IL-1B), there is a

dramatic increase in MMP-1 mRNA (as occurs in osteoarthritis). However, as shown
in Figure 1, when a capacitively coupled electric field of 20mV/cm (sine wave,
60kHz) with a 100% duty cycle is applied for 30 minutes, the down-regulation of
MMP-1 mRNA is dramatic. Thus, only one 30 minute period of this specific signal
per 24 hours is optimal for maintaining the down-regulation of MMP-1 mRNA and
other proteases such as those used in the treatment of cancer and in the prevention of
metastases in cancer. For up-regulation of aggrecan mRNA, however, a compound

signal of 30 minutes of a 100% duty cycle followed immediately by a 50% duty cycle



in Figure 1, when a capacitively coupled electric
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fae} heer lafthﬁt IPFC§CU§E> eEl-1B psodyeed a b@vfolémomnac i dggrasph lmi%NA

l.
S TR TR S \ReRRg R ES 180 rfbre Rl tivedbivans o
suanlcesrgna}sdeach of Be nineteediratich afd 1BLAGItRSee, \ﬂh&ﬁﬁ@ Sionals
ul ati on,of aggrecan nRNA, however,
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capigFerAraRIplimentstydunction-Wisgur e 2. Thi s conpound
are t

al is re.eff ec th
B . ° dheisits TB Bt biniiaps ohvrapla b Gogramiy ssnals in
umté‘alsmg b produbiof e atpresdions, ABPEN a8 h14thR Siréasd Wﬁéxosﬁﬁme
shown in Figure 3, the up regul ation of Type |
PEQSlUCHERFeSHIRRE fog) MrvRguiaten ohngerpeanmeR NAsind dke § mgg;tasn:mn

h3@dxTYnd br g oﬁgétkcﬁl%ghl %‘\nﬁoﬁ)ﬁ?) g%@ﬂﬁ%hr%taf YpedLeqllaggn mRNA,

conp ment uncti on-
ilusiuﬂecbmrﬂ)guras #and 5 oﬂ“hGSemkiIEdam me@m@llﬁp@réi:iﬂ@ﬁiaﬁthbn
roduct 0 ene expreSS|ons

reasi ng, the %I
S op AL R0 o GuaHr e |OPRAIEY Fisie followed by 1
hb@s %W@ut&%ﬁﬂbﬂ@d\ﬁr?&%hﬁ%és MIMPL1 ARIEL %1?1&121“5{)\%1% ) A 0§ up-

- increase in y roxyproline prOdUCtlon resu
regylatescagiseachm mRIVA ’Eyqb dypd II@ollagﬁgemRNﬂMéﬁxtame hour) Another 50%

d h
bty 3ol aBptifeS FRus 1o Tl B Sot S pteseion o
aggmu IﬁRNmQarQIfTﬁﬁ It 6114 es RN AL 00 Jo b hiceS46Y & Mgéa!t ‘%H%

1 ho%r of 50% dut?/ cycle) down regul at €s
m(ﬂiﬂHPﬁt 100% duty sy plgtstanp! sinee tb?)g@@lﬁxateésomﬁgrl\ébﬁ’ﬁl rsRNiatpd

ur ot he
s L RAR0RO R, ALlhan FRAR 5
afplichtier ofithe sﬂgngmnestmcmc&smm afa@ve ROt RGAN6 ARNA 78
. Type 11 _collagen nRNA. It is not necessary to repeat
ineleasesty the e I%Ué%ea?ﬂayllwdélygrwmI@P,rrea)epmelge\hleen IL-

IBXPSRSH erefve{wl/a:r> ér 1h§re§s%'v$ ﬁl %lejﬁVﬁQes&ﬁ%lSag %?[3 If‘og a

full 24" hours. ure i'es
lnsreasd;eesapcmwebfatu on of the signal constructs descri bed
[0%9 ve I‘eS#IO ée and 1.7 fold.i ncr&ase in the
uct i oh”'of Veﬂ&e@ 5&&%%&5%&1‘& YFRBRIRTEfRGHon a third signal of

50% ﬂn@cdycléedo)bsts\lﬁ’&i'ﬂlchéd §4It§1da£1§ﬁ£founﬁ @fgnarbfesoe/p A GEl

i ncrease when IBis present (2.5 and 3 fo
bostsritiaskd fold pprats hapss (Figurg 6D 2BjusFa tram\nef m&nalsatﬂle compound

m%r%%f o y'}}n%%)égﬁo@?"s&g?lgr uchﬁt %qr%gxigl%bé(%s%h gilrod%ctlon
pefr @d hbhrssisiigathis @bnsiffks. dais shodwCin@Eigure 7, the same construct increases
hydroxyproline production to 1.9, 2.0, and 1.9 fold, respectively. Other constructs can
easily be devised by one knowledgeable in the field. For instance, an 8.3% duty cycle
applied for 6 hours increases hyproxyproline by 5.1 fold. This could be configured
with a 50% duty cycle applied for 1 hour for hexosamine stimulation along with a
100% duty cycle for a 30 minutes to down-regulate MMP-1. These examples are
given to show how different gene expressions can be up-regulated and down-

regulated in the same 24 hour signal construct.



boosts it to 4.8 fold per 24 hours (Figure 6). Thus, a
train of signals, the conpound signal foll owed by

wo boseossnpl e signal s, provides maxi mum hexosar@TEes2004/019142
production per 24 hours using this construct. As shown

wOZE]' gur e The ddviceSdNBe mOBRIONUS Hedighet @8 pRVide one or more modes,
ydroxyproline production to 1.9, 2.0, and 1.9 fold,

¢a@h gBRly Ingaiayiousyigeal ce@ﬁﬁréltctSuEQrsexe@nleea%shoymb@ Figay¢ §eene mode

g)ﬁgéglgelﬁ%}%%@ %ﬁJo‘ﬁnﬁ gﬁo \% y f 91 lé di a‘?ﬂ’]&?’hofﬂg 5 hours,

'1Te hour’s cre
gamyfph@irs m;mrb@urﬂlg]a Z4dhcd:r cSFdfle sModruI & dmelgnemfol apptyesh initial

h 50% | d f f
qvgéé&%lgﬁﬁwea Solthrd by B 53@#@81%% ﬁh@f@@ﬁr orfylatfsyév%nga%
exa n‘gdg %%@yﬁse(fesfgﬂe@%pi}ﬁg%rﬁﬁcﬁmw b} an-ﬁrbeﬁﬁlple signal 4.5

les are given to show how diff erent gene
leoups s idorisg e 34 hbuar qysla: €hud, atpetierd mehydosan e elgvicaswitcliad to

e T R0Ee camors A GroafitRE b tonbe S RO A5l

smgless swidkhdll t3NIbIE 3 fbr\igé dmﬁg thE 8ipht oMIONE iy disus t&@hyone
exanpl e, as shown in Figure 8, one node is desi

exppngnead inths Sisktithal e APVIERFaNRARenBgUTSH iprrply ey ﬁgptglcal fipld
{]k%%us élfi\hé)fbk}é & %ﬁﬂn&ﬂ: cﬂlrgh&g uf{resqugﬂcﬁ%st agdjﬁﬁtg%?/ae%fh various

our cyc ‘esigned’ 10 appl'y an

mmtmmuﬂ dnd bigipdd sifdl lcomgtaichin dneor sariqpisencleg oaldifetert dapsifor
9.5 hours I?ter during a 24 hour cycle. Mdde 3 is

WO REPdS oL LRIt y a conpound signal and a sinple

PogNal 4. SADAHKRatb@iPFi g I A Indddfeeiihe BV EMton MiHBe 2

patient may wear a device switched to Mbde 1 for ‘use
@fntded ® twodiexiblorsewilhatrgdecandudtbaeltodes (s 2 glacedgn the

SoiEon BRI SR (GRS ng oL HsdPRENRER P

VBECRIBMAyapal ok Bﬁleﬂﬁl‘éteﬁﬁl BN bOXraPed afh& thel Qeciid@by 10, 12
an electrical field of various wave forns, anplitudes,

tgdhold themsn placequdheflearodss 40,42 may beditied inta afabriokrse wrap or

R BB A FIREE8 ROha JEEHLA et O GO or
4fQR@WFapisr brhdel 2t amﬂtmﬁihd:ld ifFihg lWr&p Sﬁbratehm dﬂublﬁ: 6 v&mfy dshe
i nvention may be connected. to

AHErEond cortatta the dpsired ]@E%t}%‘d)é’sthﬂ H’SIde‘n Pat%*& 06” the Jee at the

dial (inside) and lateral (outside) of
hﬁ'ﬁél%fg t)glt%ht e joint line. A short VELCRQ(tmwap 14

[0028]t her n"ﬁlneepdrablerwgnab genmzapxp@dofah@imdntidneis ptafcmblgctamll

éav%ﬁn%t?ly?éé Cingen. PRk ehon, g Ropetdoe St
iéy‘ﬁe' d), F=VEIH) eTﬂ@dé\Hé‘éﬁs tpbﬁﬁblé Bed Rlaf Gk W@ltﬂ& attdchedt®the

aceabl e gart of ap or brace 22 and are

mep TpOt bieca 2 hby bV L GRE™stepri dsudtied intay pesch 84 in the wrap
ngcr %29\9 8151 ggl tlts?a%t%lg%ﬁgg %l‘ [l{%%{%’x%? gér{epz{t]orolrk 1%?}? be worn at
the belt hne (walst) in pouch or holster 26 with or without (Figure 9B) or above or
below the knee by fitting into thigh or calf wraps secured by VELCRO™ straps or
snaps (not shown). The portable signal generator is connected to each of the
electrodes 10, 12 by one or more flexible leads 16, although a wireless connection
(e.g., Bluetooth) may also be used.
[0029] The electrodes 10, 12 used in accordance with a capacitive coupling

embodiment of the invention are flexible, non-metallic, approximately 2x2 inches



| evel of the joint [ine. [0028] The portabl e signal
generator 18 of the invention is preferably small

w@ a@poaesmat el y 3x2x% i nches), |ightwei ght (6-BorpsS20a410i9142
powered by a standard battery (e.g., 9-volts). The
edely ircwiza, gng aretsaltadhennt. Pay cleetrodsrin weirh e thmamlrsaté dfahe

ap. or_br stra 0
EPRARE Y50 BB AR Duon R SrhkA Bl
shbWhowth eleStréddistlof 12 praphace@ht thd 8proLindite E@&Q{f@ﬁ@l&e@ Soint.

be worn at the belt line (waist) in pouch or

THsielaciipdesst Quile Areprelgratin dispqsablgdprrepByeraent approwingately every
t
E2U8M S AORFRRA b 20t LR Bl %%

opbracaRR eosiagial cugtenteintt which sheadermedelh, 110 ceabhiplted foe
el ectrodes 10,,12 ne or. nore exi bl e | eads 16,

o oo S e e el WS S s 2205 16

[0630) be ugg @ccdr@&%@]mﬂi%oﬁﬂeﬁﬁﬁﬂl@xﬂ@&at}& of]tl?xe Hﬁr@ﬁitldﬂ" %he
accordance with a capacitive coupling enbodi nment

apprepripigetacirimiield ear begsliiered to diseaset ak Iriwmatized articular cartilage
and

incheseach in.size
SRERIMIENE: Yoibte ‘BrREBRERIGE i BN & muy oo itd
isgeteradd intthe kineebyenebil Tcodtditihg NStuyRIthatq8 ins&eed Btoe] Blee
side of the knee as shown in Figure 9A. As shown, both

VPR ef Prgged2 awl slipped prerhakesg and cemtered thsrens. Adhasichepaiered
Q

ity BE s LBk PO, SPELIHER Aok songror s

tlmt eﬂryneSva?ymigycsrreﬂfhh)Wsrthﬁ)ugh ﬂﬁ: ooil. ’lihlae&rré}ﬁ pecbdub&ir a fnlagﬁetlc

ﬂgl er, .t.he el ectrodes 10, 12 or thetg
8 rithiPth tYIRFPAVSSS 2itimesvaRking isleckic figld dt waégrstped ﬂm the
e I [
O R e R Ry RO Pl DB R3S Tan BBl Bom the
pawehsupnbt foes to pmdgnemmtap@mtmfalumﬁ)r thevi@fitidon, t he

opri ate trlcfl i,vered .to
[(gﬁﬁlased (f Jﬁ’ﬁgf‘?%’ %Fﬂeﬁ?ﬂngﬁ %gtﬁi@?@b"é‘tlﬁ%ﬂfﬁ gpune 9,
20083] ukd volagé ouput BPthe@vitaifle SfonbNRnbRe 18 h@ﬂ% hBatEJnQH 'ﬂ?e
9C. The electric field is generated in F?nee

elestrpdes d Oc bhontha intiicive enupking peit 20 i dep%iente@anth@ a

O6ER l,i,eped over the knee and
c%ent g}r%egpoﬁ{he%aa&ﬁ&%éagﬁgﬁil lggﬁer ed supply of current
is attached to the coil leads fromthe portabl e signal
gener at or Ss«iteh Pokitibn a t i KRy Girghgeréide’ ent T V@Waoe Output
through the coifl . This Csﬁ{aﬁqks@ﬂhﬁﬂ%%h@s)m% 'I’filO%
flux which in burn produggsifn fS”FGl\ﬁ@ﬁé’s ng e r

field. It is uRderstood arrpE €, 1o
frequency, dutg cycl e ané%}% lgﬁ%ﬁ%yca be 6Vu'pi10/
controlled fromthe powe F’Qgﬂs[g t.0 pr g

s Voo £ 1%

therapeutic value for th

in the %foc{ferrenu oned rel ated application f| | ed on
Injother words ifferent voltage outputs are prov1ded at different switch positions of

the device based on the size of the patient’s knee joint. Current at the skin-electrode

interface is set not to exceed 10 mAmps.

[0032] The Signal Mode is selected as follows:
Signal Mode Maximum Treatment Time
1 24 hours/day
2 16 hours/day
3 8 hours/day



2003, the voltage output by the portable signal

generator 18 for application to the el ectrodes 10, 12
w@eoosh@esnducti ve coupling coil 20 is dependenPCTIpsIn04/019142

the circunference of the patient's knee as foll ows:

Switch Position Knee G rcunference Voltage CQutput 1

TROBal duty Eycte/tyadtithe sivitei&%th 3% deivionP mhl) Ye detNB At dbibance with
(15- 16 1 nches) 5. 0V£)-gq10% 3 Large (16.1-18i nches)
ts: anplipg IOWeA3.B60; PE24 BOW®- (Great er than 18 inches)

p-p 169 r [+ vl :
IG03YE, b1 SLrbp Ry HEipaltBldbee fty aRE Bitke B AR Bt Soing
voRMieqBaded Daknea sizé)andicyele tiinet soehgtahodenthasgds mesy Heahade only

Current, at the skin-electrode interface is set not to
by ihclEerting PRYGEEN Of BYS2] The Signal Mbde is sel ected as
follows: Signal Mdde Maxi mum Treatnment Tinme 1 24
hours/day 2 16 hours/day 3 8 hours/dayThus, a duty
GiyaiieDeseripgioni ne switch with 3 positions may be set in
cordance,.w t h t.he, signal ing,nmd 16 [ 12
ey sust PoilFuer S B TER cilhe A eltinthszery
dewie€ 38 of helifensivh.t Ab&sustrated SBé Ei{t[@t W0k pird Krb@afehed 3
_knee size) and cgc!e tinme so that node changes may bhe
infterfecedMOyis pynnepied viacaviredyoiwiyeless coRnestion (@ 3 aicrepentyglier 110
O SEMARRPE st sisEnsput? obd, 4R AN Bl RUL Lo display
ot Regri¢veMafurination Aa ai BC, UgitopocRDAL Hhe pattifast 106 Wseripcladet a
Prograpmer's i terfggtg 105 is. cqnnected via.a wred or

PRVERINELSIGE SR SBP VR RIgets thi RATISRIGROMGINALTRe §31CE hyts

ogé’ﬁﬁfib&ﬂ.dﬁhet R rGRRIBHrNT 0 YSiRIAcs IRHEEL itQER e 185%ith the rest
pplication interface to display or retrieve

off tifecninvait byrexeduting sPG;d pragianyprocedRi®s. Thhdevine &8 Pperated %an

.al so [ ncludes a.power. indicator. (not. t hat. | et
RBeRAPT EAoRROAL et elereGdh P BEeSEg Btelt 1 Shiny Sl of
tHG gl eLRPAIORINE dhid) dSPRand tiRRtdTshd SieratiRprograml hace
105" with the rest of the circuit by executing stored
reseoigddrany ¢ stosk grlendar Thip 138y She mHcrapentelles 1 Hialsgretrieves data

from the circuit such as current sense 190, power 140, 150 and day, date, and time
from the clock calendar chip 120 and stores this data for later retrieval by the program
coordinator (110, 105). The clock calendar chip 120 is preferably powered by a
separate battery and maintains date, day, and time independently, thus allowing the
microcontroller 110 an external reference that is unaffected by power or user
interruption. The regulated switched voltage converter 130 accepts power from a
variety of battery voltages or from a fixed power source 140 and supplies a regulated
5 volts (VCC) output 150 to power the device 18 and a switched 5 volt voltage output
controlled by the microcontroller 110 to be supplied to the switched voltage converter
160. The switched voltage converter 160 takes a positive 5 volts in and creates a
negative 5 volts output to supply to the output drive amplifier 170. The drive
amplifier 170 under control of the microcontroller 110 supplies the output signal (4.6
- 7.6 volts peak-to-peak at less than 10 mAmps as determined by the installer) to the
electrodes 10, 12 or the coil 20 via load stimulator 180.

10



I ndependent controller that is not tethered to wires

or display panels issuing control of the signal output
wa@emenalery to date, day, and tinme of the operap@nysS2004/019142

program as received froma clock calendar chip 120.

[0036] mi cr oThatumtidtés fell baclainsofeeditack eirast @8)d 90y which kenses

circuit such as cyrre power .140, 150 and
ﬂtfaryomaéfaén “ehoh the slerronemT EH1E O FOLRO B BARiGenedproperlydo let
Sthif @drdifidtsr @ahﬁtﬁ@g lénaﬁv%hdﬂ%r PheEYeHicelds dnld@lectrodes 10,
progran1coord|n The cl ock cal endar

12 loi 90112@ aneyrmeéfyaﬁameﬁ tp dwa?ﬂélgﬁttfyr thepepiad under Bmltl@tiqn The
o B B i R PR Wl g ASTREREEE 2l bR v

pfdpeﬂ pRcedaid astd1bys pONEH geherden elld’cthﬁf fielpt i on. The
Yated sw t ched voltage converter 130 accepts powe

[QOr3 h a vadheeijewt sohgmatig of %Pltr%tgte%f Figure18rs Hluﬁtr%é@ in Flgure
B L ST

déviveol & incbidesithe acﬁm'epnﬁntlonm mtdhesjfdnynanhelly or automatically
crocontroller, 11 e su ied t he .swi.t ched.
selefliggRe Semardernnd st knfe 6 EURIEGe CETRAYE Lisap Evitees
whefet RKASal Br BOBIArk VBpRméRtcl Smby o) be G RBLEBbRHE e&aﬁﬁg/ e
5 volts output to supply to the output drive anplifier

nmlalmemmq, \vieer@hymrpvqn@ng teaiiprtdrons sradefyingdhe trpagment

re?gTu%trar\l?g czl l erc*d(lg 83&9 lllrﬁ%égérgﬁ%eosuﬁvtl{%g l%&ﬂ_%gc%lglsp(lllhed within
titahRFdBone6l1dV 10hen bRsémbddimint] Me il perbsm@desr the patleht
or the coil 20 via | oad stinmul ator 180. £0035 The
meyuse APC, EDrcer aihendeyige fo siigyecthe deyieqi§ v infegfpce 105
h I
b Clog A FasRIcBRES tof bR ERihOTHE e Bl e Bre 1o
dptenginaithat dmpiiwmt@ﬁle(dfamce msusaDNef dhe lpmmr inldetatve . BIhef
device 18 and el ectrodes 10, 12 or coil 20 are
iedaer L0y 198t ached to the patient for the period under
[(ﬁ)éﬁ] uat i ofhoddkillad theSart WAI ﬁ&b‘i—é&:ﬁé tHAE W debRE of ﬁle present
encount ered when the el ectrodes 10, 12 or coil are
inpreoii@r gy bk asssldo avm@vldmdmmgrfallsdm@tmd@ in @ cglemtn\@t aouphng
el e Iri field., [003 ui,f sch
c@bpaept il B Gils b AR oId ) Gppsicbs PP ERgredmént T
sﬁh@meiﬂ Sldtichal ods bwidiesaPPe Lidd@o kElEQ bR RN The®ipatisive and
Interface 105 of the device 18 includes the

inguti e pipting pakodigentshwith ther respeativg dyvesvignalg wasidedal | y
%hﬁﬁggng the signal node and the knee circunference.

bly, these switches, whether nmanual or software

[003]8] ement édthongly ingpikyiettetionsaif theadvdmyion hevd bexatdesgibed in

sjcia there pr.eventi.n he pati.ent
dﬁf@tys.# qw ﬁ‘@ﬂ?‘i@ the “ﬂﬁmadrl& gpvr@ﬂaf%fﬁaé r%f@kylfgﬁltwaale
nﬂﬂ?fh&ﬂgﬁs &k HELUHIE HRMER Iﬁ%ltlél[ly N attgdrom? IR ﬂo%@lqgachln%ﬁ and
in the crocontroller 1I0. I n One enbodi nent
adregitagas ofthe swrenBon.oAny hechgaedifieations are intended to be 1nc1uded

within the scope of the invention as defined in the following claims.
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may use a PC, PDA or other device to configure the
device 18 via the interface 105 and m crocontroll er
wd idsaseedesi red for proper operation. The patiBeL/US2004/019142
be able to determ ne that the power to the device 18
WeClimi:f t he power indicator LED of interface 105 is

lit. [0037] ,Those skilled in.the art will. appr.eciat.e .

t hat It he djeq‘?"d%e g?‘i?éatﬁlrgé@%%{_‘c F‘*'i*f@%ﬁi‘?‘ﬁ“&ﬁ SH%BE‘S B appligption to
a BRI QBpid Y¥RY/St B Ve LOuRIRUNRETS: IHe Rn&ARGE bE bl&tive
coupling enbodi nent and to coil's or a solenoid in an
eleettig or iclestromaghdtiedicddslot thedrratmeari of dafeetive ondiseased tissue in a
haddi %liéona{ trE%gnerfSW tch may be used to sel ect between
PR SAFARI i PEPARAS nduct i ve coupl i ng enbodi nent s,

with the respective drive signals provided

accoadigngl genefafi¥3Rgt gbhdrhies gdmporpidesientiatipnals thaf sdldvtively up-
i nvention have been described in detail %bov;s{ éﬂg}s’ge
reglate @l 1p35t tONE OF (ASRFICAN rgeRR PP etldar Pt HhtCoraggn gene
cadtistdnongl seﬁ@ﬁi\'lé‘lﬂt/ 86 h-PE AEEm BB SrBle8seVchB @idression; and

terrally departing fromthe novel teachings and

advant ages of the invention. Any such nodifications
ar e mepeh duccongnrcating| it dompaundreledine sigppls tofsaidheapacitive
id}ve.rﬁt iér{, a3 dﬁaﬂ‘ i(peegcei n the following clains. W Caim
e Slé PSRt ggeﬁ/er ating specific and sel ective

signals for application to a capacitive coupling

and/ or i nduatevice souplclaim dewhereid aaid bemgemer alecoit eignals
selective electric or electromagnetic fields for the
compaterol kil SiEMELe Poung & Perotal veltags ol apRroxITHiFUA-6 V to

nge joint, conprising: a signal generator that

generates conpound electric signals that selectively
upregul ate at | east one of Aggrecan gene expression

and Fype IA desickagein géaim 3xprhessin maidandmpelirsk elegwicy signals
down-re t.es netall oprot.ease ge expressi.on;,.and
c{iBBe B0 R E iR EbiF Ao For BB TR P 0 fnypeg anc
15095 gt GRRAGENA] \Ieat 39 @érdratd) B3+ Cppyex BBl 1 MPudevérGaid 100%
2. A device as in claim1, wherein said conpound
defyeyeleisigngl-gnal s conprise a 60 kHz sine wave having a
peak to peak voltage of approximately 4.6 Vto 7.6 V.

3. Aydevic [ 0. el ad: [ '

el ect4 ric s[? Sﬁ‘gf%&c%r%drlﬁs% W&%%@ St%s}hc egllgg&g%%?r generates
dtufiag ai2d lpandinet patiodat 1egspoxadigticalal 58% dityeyes sandl baving a

50% du cycle signal that is generated for
d‘é‘iﬂBP’&?Hﬁﬁl’é’f‘?‘aﬁ?ﬁhgﬁPurafter said 100%

5. A device as in claim 4, wherein said signal generator is selectable into

at least three modes, a first mode for generating during a 24 hour time period said
compound electric signal and three of said additional 50% duty cycle signals, a
second mode for generating during a 24 hour time period said compound electric
signal and two of said additional 50% duty cycle signals, and a third mode for
generating during a 24 hour time period said compound electric signal and one of said

additional 50% duty cycle signals.

6. A device as in claim 5, wherein said signal generator comprises a
switch that may be manually or automatically switched to switch said signal generator

into different modes.
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duty cycle signal. 4. A device as in claim3, wherein

sai d signal generator further generates during a 24

whows/ovdene period at | east one additional 50% BCt/YS2004/019142

cycle signal having a duration of approximtely 1

hour 7. 5. A dieviceasaa dlaincll afurthér comerieing mednd for Gokling said

generator is selectable into at |least three npdes, a ..

SiENpls BeNSERIY HoPTOYERRY &f janBrttFdt ?‘?’fgcoénnzlimﬁ%ﬂﬂn Withesafsk Fanggitive

230birAGRRRHp Bl LA Signal and three of said

addi tional 50% duty cycle signals, a second node for

generating during a 24 hour time period said compound

el ecBric ) gisxicearsdin alginyf7, sehdeiadenid iholang Hasms oyprises a
cl& sianal . i or ratin (o

VRS S et BE R w8 o1 B BAS bt LS RRILPS 1 ah8e ke

wasyf) one of said additional 50%duty cycle signals. 6.

A device as in claimb5, wherein said signal generator

conprises a switch that. be manual .y, or :

aut offat i caﬁ*l‘i;"%i Fchef2H svﬁ"]?‘?fﬁms%ﬁ“ii h@#ﬁ%mgaawgmses a

pb&ePifbdel FaliNee WRAPId leg ArgfLVi CcE as in claim 1,

further conprising neans for hol ding said signal

generator in proximty of a patient for conmunication

wi t h18ai d A dpdes as nelamd), stheretisied heldingangans semprsdseae of a

8., A devij ' ] ) ei n said hol di ng neans

pg%}% ?cg%}é&gteeglpé?%t?%%querztaf)wfgﬁgt hol ds sai d signal

generator to one of a patient's |leg and a knee w ap.

9. Aldevi cedesicé s ol daim T, whednein eaid cominthniticly mgean® amaprises

corrPri ses .a pock&t i.n.one of a knee wap and | eg w ap.

ongot gn ¢lgcfric radand g WirelgsiLonnegiolk ei n sai d hol di ng neans

conprises one of a pocket and a hol ster worn at the

pati gpt’' s AVieSice ablin AaiflPY] SheRtn isiidCdighal gbnetthd® ' Rhiprises a

sai d comuni cati ng means conprises one of an electric

nligadordredlenrasponsiveste tiomabday ata tolelechivelz \generatgssaidncompound

wadoardcaropesl B itonnbesi & _
TRt r sl IR BT oy Gata o

sel ectively generate said conpound electric signals at

pr edeser mAeaitvideead fferdaiin MpSvhelsdn shidieigngle gaserhtor generates

claim1, wherein said signal generator generates
cemrpEdridedne sigpals that dorn-gequiale thstrme PERIGISNeot Relalienateases
af X BIRS $Rhs &Y HEhR e At BAEHRer and in the prevention of metastases in

cancer.

14. A device as in claim 1, wherein said signal generator is selectable to
generate said compound electric signal at different voltages in accordance with a

circumference of a patient’s knee.

15. A non-invasive electromagnetic therapeutic method for treating

defective or diseased tissue in a human knee joint, comprising the steps of:

generating compound electric signals comprising a 60kHz sine wave having a
peak to peak voltage of approximately 4.6 V to 7.6 V and a 100% duty cycle signal
that is generated for approximately 30 minutes and a 50% duty cycle signal that is

generated for approximately 1 hour after said 100% duty cycle signal; and
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and other proteases in the treatnent of cancer and in

the prevention of netastases in cancer. 14. A device
w@soosnoxwbai m 1, wherein said signal generator PGI/US2004/019142

sel ectable to generate said conpound el ectric signa

at dicbfmenmitatiug kdid gesipoumdaai extricl signals ¥o die of a capacitive coupling

circunference of .a patient's knee. .15. _A non-invasiv

apd any inslisBR CPEP N ﬁ%&%t‘? ctﬁﬁéirﬂ’é‘ AT 83‘1‘?“2&3 kiee' for the

g88drRedd ¥ea Q.E)ecﬁlﬁ@ﬁﬁ‘@§éieétiv%3él€ctﬂoﬁ1a§n&imﬁ&dKﬂﬁetréa@é &id diseased

conprising the steps of: generating conpound el ectric

tig$ugnal s conprising a 6CkHz sine wave having a peak to

peak vol tage of approximtely 4.6 Vto 7.6 V and a

100%,dut y ' . ' . .

appr &gi rrat[g?ﬁ?/é@odﬂ?ﬁg%&ltlgép ggﬁal' lger%g:}? {ﬁe& g{:a% gteg [ cg(]) A1 T the
step @if gesergiiripeduaingch 240howr pipreoperiad tae legstone @dditiahsle30%6 diitgt cycle
100% duty cycl e sjgnal; andcomruni cati ng sai d conpound
signalchaving %‘g‘ﬁﬁ%?“so BPEFEgelyd RotiBaci tive coupling and

an inductive coupling device in the proximty of a

patignt's Aneenddis thhQaide e Aidrén sefld %'bnéﬁﬁﬁig fstep Rffprises the
sel ective electromagnetic field that treats said

sitp s sskedting gneief atllgast Ahnee tdutydcypde imeded, ai fimstl Bodowferr gingrating

sai d erating.s c rise e.step of generatin .
aiibe 15 22l e o ST SRR SIEHTD sEnaf BE | Bl saia
28@%o AUt 30%6 Yiatyecyl@ Bighalbay k&@nad rilsieafor @Rnérhting during a 24 hour

approximately 1 hour. 17. A method as _ in _claim

: 1 16,
tiggseipesion sqidi epmeponad stectily signep ardhpn pEeadd piditignad 50yf duty cycle
4 cli t €S
SRR B Ole BF sefining AR LU Kol En Eo FRISRIA Gimpound
ckairid signmapadhaheadfaaidraddit®nglrtd dungt clytie aggnals. sai d
addi ti onal 50% duty cycle signals, a second node for '
genergting, durjng a.24 hour_tine period said.conpound
ol octlFi ¢ o GRANOE A% i Gl | sompalitie: VBHER SUdoRtergine stcp
c@ﬁﬁgfi?esst}ﬁnﬁbﬁ ,ofaflecting hd W1tARASorf 9did IS AE NDedlHE | $ighal in
a 24 hour time period said conpound electric signa
agaegdange with asaifcymderdnqs drialatisgis khgey cycl e signals. 18.
A nethod as in claim 15, conprising wherein said
generating step conprises the step of selecting a
vol tage for said conpound electric signal in
accordance with a circunference of a patient's knee.
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