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[0004] Osteoarthritis, also known as degenerative joint disease, is characterized by
degeneration of articular cartilage as well as proliferation and remodeling of subchondral
bone. The usual symptoms are stiffness, limitation of motion, and pain. Osteoarthritis is
the most common form of arthritis, and prevalence rates increase markedly with age. It has

been shown that elderly patients with self-reported osteoarthritis visit doctors twice as
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this form of therapy was the observation that physical stress on bone causes the
appearance of tiny electric currents that, along with mechanical strain, were thought to be

the mechanisms underlying transduction of the physical stresses into a signal that
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Sur%,olsis gk k13 319850%&4{651%(1%1&1( ﬁ7Bor@7]0n§18§ur§19@75 57g§5985 1985;
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628 o4 ST FRPRERE NS FrtreParkl Pebomuf ROLoREs of fips da adults
and m%gﬁbhﬂéﬁﬁdls&%‘éﬁﬁtchﬂ&’én ABassetCbi 41., CHA [WHhop2486: 172-176, 1989;
176, 1989; Aaron et al., Citr. Orthop. 249;
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s 0, 0 R VTS A FERR DT AP, 199 o
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augﬁgntatmn of peripheral nerve regeneration and function and promotion of

angiogenesis. Bassett, Bioessays 6: 36-42, 1987. Patients with persistent rotator cuff
tendonitis refractory to steroid injection and other conventional measures, showed
significant benefit compared with placebo treated patients. Binder et al., Lancet 695698,
1984. Finally, Brighton et al. have shown in rats the ability of an appropriate capacitive
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couptad glestricosigegl ib o veltagsezaitdaeal ¢ingy @hﬂn@tsls,aleadmg to B@iniacrease in

cytol\é/&hc %atlcullql%%wth s&%z%&%?ingle?%g)n acwgc}g O%E ?é tcggn%gl 1?11.

[00830: 2481280 resd¢ 8B )hak Mven SdigbiRt dtrsmgdm@ttism oiiltvae 1n order to
capaC| tivel ﬁqwcoupl ed electric sw%nal is via volta
undeysipad) thamerhanienafh é@onﬂeeaapﬁ@ spgyal Vat f%gethﬁﬁqelectnc fields

1ncr93)§5@3?tﬂefél yltﬁ ?ﬂ ‘z‘rg %WJ& 6{' 8%@&%& supporting the
notioe geaNah aimh@ab eﬁirxesl Igemasrditedi b;ateleetm:dystngulau&s trizgetiDINA eynthesis
RofgeSiiladyioree 1486000 (AR UROET HRES Fargdenees m the'second
mesbé?l%&e A8, [Ahlcytdanagl fbanmageﬁfe%rcﬁfel 18 ra:wcfﬁéal };a%u%nefmyaby

chondrocyt’es, supporting the notion that Na+
et al.] dwes. Q&ié?rSaﬁeél%ﬁz Johec tlr dlgalrags.i BRAGSI  @nSt, rh%@eBm@hﬁn and

o QU5 AR s TS D R e on

lycoéMino@fehrt Y bl idhe tigfahir&dE r age Mpizsmeuactidty and polypeptide
gyeI ectrlgl?:}al perturbatllglons (Ryaby rrgt len, Tranys RXGgpp

sequencepg@wrtog shek, St Onhop. Res a¢156858@8Q5S988 Gaodmase; al., Proc. Natn.
gl . Othop. Res. 6: 552-558,
Acac%%%ﬁ@%ﬁiﬁ{;% stgﬁwgve found effects on

[001Q]] ycosami wagteposed its 19J6aby the, préveal imlvaﬁbﬁthac b @yclic b1ax1al 0.17%

| ysozynme, activity and pol ypepti de guences (Nort
mGC@em%l straip. profiaqes . siguificand Ing@ese dgd, Fr 8BRNz g ﬁuhur@ti MC3T3-

El t?clne ceIIDIS ?ﬁngﬁ%h ¢t al., Biochem. Biophys. Res Commun: 229: 449-453, 1996).
Several significant studies followed in 1997. In one study it was reported that the same
cyclic biaxial 0.17% mechanical strain produced a significant increase in PDGF-A mRNA
in similar bone cells (Brighton et al., Biochem. Biophys. Res. Commun. 43: 339-346,
1997). It was also reported that a 60 kHz capacitively coupled electric field of 20 mV/em
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Acad. Sci. USA 85: 3928-3932 1988). [0012] It was
reported in 1996 by the present inventor that a cyclic
whe@xitalssD. 17% nechani cal strain produces a PCT/US2004/018274

significant increase in TG (31 nmRNA in cultured

MC3T3- El _bone cells (Brighton et al ch m i
produperh A pignifieant AR M. 1(@2 11111&19111.‘;5@011@19%) ggfé\‘i‘e‘itéil Biochem.

| g t I
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07 e e 0 LA b i stion o
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electric field fcrm -4 WO 2004/ 110552
metiREF/ @SE)Ugcdused 75br detodiniag ahesnsgmlﬁc cantt seleciemsdedtmeal and

AR B oS0 PSR Eh00, e o i
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genes has not been reported in the |iterature. [0013

desqrﬂvefl Hecreip dyelepetting H@éaetbaqi ehdetsapiame thp ypitess mslncurrent output
t

el byl SRR g CDF Foll PP B8 b BBy gt

and Selgﬂatmagnetmemgmls toeitle divsmnokeek fjomtdahepatiamitnaffliveed with

ecific . a d selective electrical, .and. el ectromagnetic
OSteggﬂﬁﬁ’rssanfiG eﬂg%m?"’ige@iegﬁfs' ﬁi‘ée"éﬁ%@dflpl}mﬁﬁd sel ective
fields for regulating target genes of diseased or
injured tissues. The present invention builds upon the
techni que descri b&unumaryefithenvendioni bi ng t he met hod

[001r4 Sleﬁ S?ﬂg%@%ﬂé Prgfgﬁti? ta %ta? ﬂdtrg%[i}{(%e (gsit?j)%yttr RHL and other cartilage

dlseﬂﬂsl d&ETedtE) garﬂpﬁlﬁlrfdscinatﬂﬁnﬁleh%ét joitfes laethler dppBkaticdnélf specific and
el ectrorragnetl C signals to the human knee joints in

selegta\tei feqldsgapratedcbreepagificrandsslesteg elpgtric pad/anelogrerapgnetic signals.
ﬁ&én‘hﬁ@ﬁﬁ lgc?efs ﬁ%@fﬁ cffeoaef‘erﬁlélgg tﬂen{rr]c%/i{e ﬁ? Séncrl] %ﬁggigt{ %fst%% omgnal to

appltyrtﬁal'ebﬁ@ddéfbtr emasratﬂpﬂledi t@tharkde@fohaeatmhtl | age di seases,
defects, and injuries in human knee joints via the
(0015051 i catMos RAFtiGEbN fthe inyration splates iy @ mpthogsof treating diseased

t1sst&eﬂ?raathﬁﬂlaﬁyt}§‘&?£1 fhe a?ﬂﬁca%@he&t Iy Vﬁftm% L€ thli Cs eg&g{vgrelectnc or

el ectronmagneti ¢ Si gnal he Invention inclu a
electremhgubtiof ficlétter disaaseiy tibdne nod ﬂlagmn,annﬂudmg esiboarthritiseand other

ignal to ly to.el ectrodes dtothe
camﬁ‘?‘g%e‘%ﬁ?ﬁseﬁ’ r@g‘{) ﬁ%ﬁ‘?‘? BRI %Tfr]én‘??a @BE Pﬂ@ the steps of
detetiMERY e %oft%eaén%%uh‘émaodiﬁﬁth‘ﬁ’ﬁ %vuﬁé’s&ﬁé tr%rﬁhﬁ&qﬁ%sed tissue in

tissue in a human thro the application of
an aywel friodelapeiresphbreding e tb¢ ehaeased tassue a@if tbe rlmmgn defegmining the

di
enatgife i Prion FE0 S GERES oletet YR g Beai-ddirb i Ppe pirpa model,
deteAfifhindihdran@®nii® difRnkioeeof bhe tivBlehurhe of titesisdab&l tissue of the

st eps_ of
human, spcaling of the voltage and current output used in the animal model based on the

s

comparative anatomical dimensions and the total tissue volume of the diseased tissue of
the human to the total tissue volume of the diseased tissue in the animal model, and
applying the scaled voltage and current to the diseased tissue of the human.

[0016] In order to determine the anatomic and tissue volume factors of the human

knee, an analytical model of the human knee was developed that accounts for the
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determi ning the voltage and current output that
provi des the treatnent of diseased tissue in an
wa@pioralosapdel corresponding to the di seased tiBEL/ESTN4/018274
the human, determ ning the anatom c di nensions and
t al tlssue voI ume of the diseased tissue

confifiaps Frotata!, st elnmenish etql’igfeﬁ%t?%‘ﬁ@%ﬂ%’fsr@ﬂg}eolﬂ?edPlnt The
con&ﬁtﬁhlets' ﬁsﬂi% 1¥3h i BetRberd Qﬁcﬁlb@é% ficdl 115 SHE 19Ee, 18 electric field
human, scaling of the voltage and current output use
amplllﬁlddﬁﬁﬂrd:mnnabanrblgel mbaewd noscle rad fat)nlpiﬂleakmabe the current density
nsions and t he tot tlszﬁje vol

160 For Sty PR O tstig ahd iat iR A e, YBE Sdparic fiela

amp\h@l,lldb”ﬁ)rodlfféféﬁt diislersRe dfi fifitidar Bartil@e aﬁltﬁalme@d@b,elémﬂc field
the scal ed voltage and current to

ampémhsckaf%gnqeﬁ ok didfegant piges, Hhafleptri¢ ﬁglﬂ@}nnlﬁu@\m@hom gubcutaneous fat

in tlg%ﬁ?x{?g{n}%n %Eﬁte@gl it g}gll 1i g \Ht S%Hie %ﬁ&ﬁ%‘)ﬁﬁ&r&%ﬁ% fa? l%n the knee,

the slactrid dietl ﬂnﬁd?udehaid canmnuatﬁnsnfr @r at beast twb 19MRiRAG ﬁd@ﬁ&% of the
PCT/ USZOO4/ 01827 contributions to total tissue

elecirgfiemeelgiret iRet |1‘F1F%r%‘ﬁit VEGHosh bt least e aif@etévq griping SIgnals
ool SV o4 S5l 1) LSS AR 097 i
field @né’or carreitl @fglgl,ty dmttpgmms rfos el @tmrdna‘t@n mmthehcmrtane and voltage

.t curr tud for bon cartil age,
signtiacp P T Lhe R b rparf e dbteP e BRI oot ri o fl el d
joorAp! it ude if endehsbbe @t a tdhAKRARREST Appladdt vl r at a particular

cartilage in the knee, the electric field anp ude
freqpentcyk aeress ot apdtpmiseb AructiTzach ahe lalee gesults in |ae11auge of values of
elec%@b%lﬁ t enmér&podje%sn%r *?1[ euc%ﬁl WS uscof a%rtme{l’h tﬁ'l%s resﬁ?s from%he spatial

con@lﬂ&ﬂyt@wﬁm&ﬁtwh@aﬁhﬁnﬂs riﬁﬂwmg Beucthres tiid ¢helid @ilffdrent electrical
npl 1tude and current density for at |east two
PfOH%%‘?jr Aaridaely obe thilsé‘?&falﬁF derged By dhis ragalysis apsgnis\the fgreent of
te f
tisalg Sl or Aol B ST F crtBAE o] 180 PECNR: rpluo s
funcﬁ;nognaf tige n1zat aff elacﬁﬂcdﬁébldremdn eulrént odandiey ivabeds.eFec iekamaple, the

; hi ‘
app o o A TROAUrOLRES At HerH Pt OO0z Ten g dn & g of peak
valu@P Rl ﬂ’letcﬁrtﬂ%/ s@ﬁ&ﬁuﬁn%%@ @Ie@trfcrﬁael@ %bﬁt%ge bPgsRbaH Ity %3 mV/cm

field I s understood that a singl'e value ©
to 28p phVémin \m)latla@e thfalslza oy ar tabbiti kaee whilequenbymaaéness sare wave

anat o | s t Lr h_as knee .results.in range .
volt G GEiPliERe ot 5ot B S R e EHIEED it el fpbroximate
oveﬁ@}ﬁihg 128581 6f SARRBIUEEMe. radg¥ o vafifed bt thefdlmid ﬁ&d%ﬁ@ﬂﬂlﬂie in the

onpl exi ty of anatom cal conpartments in |iving
tfea@d igeueus e irapeytanh édose’gparpmetshin Gisdaventioal properti es.

cor di r d SIS
(008026 ot g S IRLE I ATR i Y oty fed) TRRE IR Brcompass

the ﬁilﬁ@;t d’b'tmnéd ﬁ'bﬂh detailed studids of@eBulbyreBshses HRRE Bﬁmﬁlaﬁﬁg ¥Rctrical
a function of the range of electric field and
ﬁeld@upmérfhera@% imspsures Hv@sele@a?al pes-regprmse 9 spile ke from the

targ@cf tlﬁué 1D &1Vttt 8! ﬁ?@ %ngﬂmgdeg Snd AERhbdUSR cbe. Gﬂle%H%rom the

results in a rang
histograms shown, one determmes the external voltage and currents to apply, first to

animal models and then to humans, in order to encompass these effective electrical
parameters at the tissue targeted for healing. In the example set forth here, a frequency of

60 kHz for the applied signal is used to obtain specific numerical values. Accordingly, the
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values in the cartilage/synovium of the electric

field anplitude of approximately 8 mv/cm to 200 mv/cm
w0 nooa/1kisee t he size of a rabbit knee whil e i n BChusRBEN4/018274

knee a sine wave voltage anplitude of 5 V @60 kHz

d be required to achi eve the roxi mat e
lmpé%f? Xpiye 95@.%@6&9%@*&%@6&5%&% takf gt ﬁl'arfgeauet?cmf 4QeigHz. One
mwaedg%wiﬁ% Hefd clfdufd Serfiml thé Bfe fhiydiear ot e gerfcieﬁséiﬁust the
I's an i nportant "dose" parameter i1nthis |nve
tlssqaom}iaﬂ'dtpe to theiyevabfes \agthgpe"@w)ﬁ;e(aleneﬂ arid olptamlthferent Values for the
anal e st. enconp e val.ues qbta
randff G Bl e BRelohol B4 SRRGRI ey of oy orbaeh ABapED or set of

freqfiériciasl ating electrical fields. One therefore neasures

the electrical field dose-response of cells taken from
[0019%%he t arlfistinveniipnealsq inglitdes @ methpf engl & deviegriir repiag diseased

tlSSL{ek%&Chaé{S OSE&gfﬂiu%tlsf e(fetféc\ﬁ@ H@?‘gd ftl'é%l{y ih Ia%unﬁ!n gcg fo‘”i‘ﬁsthrough the

one nes t rnal” vol tage
appliaatioe rifsa specafip bhyd séliacrtsxte d&lectnamrmid;otnmrbghehcﬁﬁdldt foethet afflicted
. humaps,, i n order. to ass t hese effect] .. )
tissugy BOfF | uiggan Kige doft ST 3 Aok ¥ acoplanes Hithdcapgritive coupling

embhﬁﬁhérﬁ 8¢ tHent ok ﬁﬁ!ﬁﬁie@ aﬁféﬁstftﬁf) telchsi& ad@ptfe{i ?&*ﬁ%ﬁﬁé’a’cfbﬁ in the

for the applied signal is used to ob
prommd:moff lagpafiemty s ljoiviednderssi guiad goncdaing that gmt«aeates aemc signals for

PRS00 B e o A BT & LT B A TN e o fyimately
8 mK/'?‘Bm 1ON860 Wf&neﬁﬂﬁ@biuﬁehmdéﬂ%ﬁyfﬂr&hdap%%dﬂlﬁaﬂégf Rarmchitero 300

anal ysis at other frequencies, adjust the tissue

uA/mnpé@ﬂn@e ot ynpwEny apd|araenlart catfilagaeql theepritanty laed joint. An
mdugﬁg@k:gr]tllpgfa ?ﬂb%pgne\ﬁ% Ehzérl];lg% tltt)gql’lcl{l (ESOI dﬁﬁ%ﬁ 8%% ﬁonﬁgured to

recefveatiel elecricGigmaBito @foduf:ds &msteﬂecttﬁs ﬁe[c@O PQE]fefﬁ'ﬁB' thR\s@tlal @éherator
also includes a nethod and a device for tre

provifleseanserf 2 plusalite of shipht %C%tS%’é}sﬂﬁ’ﬂF #i @}tagea éffl@-‘g%q b a user in
s AL s iy OB LRl 18k LIEQUANH B i
larger vedtagesragnet i c f| eld to the afflicted tissue in the

man k Such a V|ce i n.accardance w.th .
0028 oo £ TS it a0 o e RS aR VPRI o ucided in the
folldvﬂﬁ% H@ﬁﬁe@ﬁeﬁicﬁﬁﬁ&n &f¥Re Blvegfigpdes adapted for

application in the proximty of a patient's knee
joint and a signal generator that generates electric
signals for applicati.o to.tﬁe e%&FEJodes so as to
produce an electric P& do5HP %P i éa‘g‘ﬁ’ﬁ? oxi matel y
[ooﬁ] mv/ cmTiye Eéaerm/hﬁzamadiﬂ vallc Bér%ptaxdﬁenﬁd)ﬁlﬂ}fer @Mowing detailed
groxmate 8 Alcn2 to 300 g n2 within the
descgly o iafnthariavention delrear inceqmiynctige with threagsampenying depwiags, of
whlé Qint. An inductive coupling enbodi nent of the
|nvent|on i ncludes a coil adapted and configured to
[OOZ:CZQECleI ve Elﬁllﬁ];eel ﬂlglltsﬂrates ihlgﬂai Bnefegoiihlt Qdﬂh(}@phé‘tbslectﬁidd%@ usddcfor the
ie Pref erably, the _signal generator ides one
ﬁeatawnéOf)P Hirogrthgilis. cpttraesicfecky 8E fs MAceqTgor sV fﬁﬁ inyention.
[00249! t 20€ yLHRCS Afhsh¥ea WRRF vieW of an analytical model of the human knee

joint of Figure 1 for use in calculating voltage and current requirements for the treatment

of osteoarthritis in accordance with the invention.



accordance with a size of the human knee joint. Larger
knee joints receive signals with |arger voltages.
wQ 0@20])05These and ot her aspects of the presentPCT/US2004/018274
invention will be elucidated in the follow ng
tailed.descri.ption of the inventioon. Brief .
[0028Lscr i p |‘%‘hreo$ 1ﬁv§gaasmqq§%schg@a§]v1wé)quxbW1cal model of the

hurdaB k8BS § St 9 FiguPe1 FBPRIEA ealciBihE RE1ARS AR RGN AR RIrkSEnts for
description of the invention takén in conjunction wth

the reptmentad wplenyithrgisdn avdondance pith thihinyntifr0022] Fi gure 1

100784 0 ot 8™ HHERR REC b 5D bl Plob il B FRlcate of me

totald@k8€{ Slum@ras aFundliod ©F GeChidvttc Akl hAntphituderfeeeich@f the tissues.
%0023] Figure_ 2 illustrates a front view of an

[002hal vt i ddgurep?) dllusyptes capRindaRsin distogramp plodting-ihppescantage of

the {0%1 iGe 'V%hﬁﬂl% lea BonY 8{" ﬁ?eg cféﬂ%iéﬁ Qltnppltud for each of the
requi renents for the treatnment ~of oste€oarthritis in

tissee.cor dance with the i nvention. -7 WO 2004/ 110552

PCT/ US2QQ4/ 018274 [ 0Q24]. Fi.gure 3 il lustrates
10027 g5~ o da T B Clprei B HuRerBauptge thnpercentage of
the OHTBBsHENRBuHO a8k fctich BUER dledif fibRICahplited fovkidbé Pilues of gap
vol tage and current requirements for ‘the treatnent of

widthtf sl artilepe/sgnoiviel lﬁl@m&memt h t hef i n?/celnth i on. |
025] Fi, i _ the | i |
100287 o 01 e T pels bt el Bl dgrdin! Mol 5t R Buee size

incréasbdfohl iR Bie dheradbRAned o fheift MPhihadRnd theeaedirioffield in
the tissues. [0026] Figure 5 illustrates current

the eiHlage/synevid Syrdeepsmnsrtaent ¢rgraaped-per cent age of t he

tal ti [ r -

1002981 37 ¢ TARUR, ¥ TR B1cicl 4188 ot 16 B fRb0 model of the
humkh ueewth iahd wdthoat sebcithesoas &t ric fiel d hi stograns

lotting.the percentage of . the total tissue volune as
(00301 { unct iFEMSHY %étraé%‘arﬁnedwéy yisipgsrms fadhe @}a?x%re%del of the
um¥R kHESwhth 88RO BeRindofiepgar ti | age/ synovial fluid

conpartnent. [0028] Figure 7 illustrates electric

[0031] el d hiRigwwrlOnElusthatesi abgptridBeld Asstagremk fedowi lprgitudinal positions

i ncreased fromthe size of a.rabbit knee.to e size
oF hg{eISg s L TR LTesPPs i PP angy i BogHpf the bt knee,
[0032f7 Ui | agR&eenaY i Blusikdted GusOiTPa&Ise NhistermeA$8d four0a3ltudinal
Figure 8 1llustrates electric field histograns for the
positipad gfithe clepidedes gélativeeio theiertilage senavintthe V0l mpdal of the human
kneesubcut aneous fat. [0030] Figure 9 illustrates current
density histograns for the anal ytic nodel of the
[0033] Figure 12 illustrates electric field histograms for anatomic models of the

rabbit fibular osteotomy and human tibial non-union for effective driving signals.

[0034] Figure 13 illustrates current density histograms for anatomic models of the
rabbit fibular osteotomy and human tibial non-union for effective driving signals.

[0035] Figure 14 illustrates a human knee joint with applied coils used for the
treatment of osteoarthritis, cartilage defects due to trauma or sports injury, or used as an
adjunct with other therapies (cell transplantation, tissue-engineered scaffolds, growth
factors, etc.) in treating cartilage defects using inductive coupling.

[0036] Figure 15 illustrates a coil of N total turns of wire of radius a and length /

used in determining the dimensions and number of turns of wire required to make a coil
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human knee with and wi t hout subcutaneous fat. [0031]
Figure 10 illustrates electric field histograns for

wo oar/1k38Yi t udi nal positions of the el ectrodeBCT/US2004/018274
relative to the cartilage zone in the anal ytic nodel

of the humap knee 0032]. Figure 11 illustrates . . )
for prpduging srfgwg‘f? ﬁlegff{sgggl nthe ardglan embiage aylieg) using inductive
coup@sd tions of the electrodes relative to the cartil age

zone in the anal ytic nodel of the human knee. [0033]
[00FF]gur e 1Bighrd IGsilhatratss Bleettssisectionghrbuigh stcogrinmelafiar to the knee
. ..apatom c del s, of . rabbi t. fi.bul.ar osteotony and
Jot 6%&%%0‘5'%%%1&&“{[}}#12% @Bgnegf REF %}*’éc‘&}P‘ie@n' ng signals.

[0034] Figure 13 illustrates current density

hi stograns for anatom c nodels of the rabbit fibular
ost eoDgtaled Despxintion of Breferrad Xnhndimentsrofdhe brvengion

I Vi ng ~§{ 0 . [ i .14 .- )

00! 15, e 0 op PR LAk bR SIS R igures

1-16f Tlast ehitied v thei ast, wilbapprdciege thdethealescrifition tedvenr i with respect
sports injury, or used as an_ adjunct, with_ other L

to thase fighes at gE&XPmP}aShE‘BP%ﬁ‘FF atl}yow%" i¢ peipend s Iy wey to limit the

scopeCdtt tﬁ?ir@%nti&{. W Buesfigsd RERdinglthe dcobb of Flf_;é"’lh{/ 88 é%eiy be resolved

Il age defects using Tnductive coupling.

carti
by refegingetolibe appended cleimss. a coil of N total turns of wire
of...radius a and length 1 used in determning the
Mﬁﬁ%i ons and nunber of turns of wire required to
[003pke a oA hsed-1erdE) B Qhiakd O5i2RaIPGH (18632804 1P 18 AriefyOsS signals
. _producing the desired electric field in the articular ]
incleding i heghanigpk signsisn gltrasenst pigeals.c elgpiromegnelioGiatjals and electric
. F [ trates the cross-section through a coil
Slgnﬁiﬁ%lﬁhéq%ét%?gndelt\%%t he knee joint zone along the axis at
[0040i ch t hies usdrirtdia, the totmi ‘Fietd! refdratesh clbatiaall fdld within targeted
. Description of Preferred Enbodi nents of the [nvention
tissyep gdgther s  genbingd figdd pr poulsed clschemapretigeticlf|or igeperated by

M & ' Y=y Jgose skilled in the
d1re<‘£t'rc{uPrveMﬁ§| E%aggﬁgc*g?lgﬂ%lgéﬁcﬁge (tlilgu élrggpt ion given herein
Desuniption ef Bbsstrat¢edEntlodénéntgures i s for exenpl ary

rposes, only and.is not intended in an tolimt
100gheP S C s et BRdics hya mamer AR CHpESE oA hgpecitively
couplBE RIPREBPficdnl§ inBNaRll AR ]fi%}ifé?ﬁicﬁleﬁP b¥BE cellY grown in. culture
referring to thée appended cl al [0039] -

ns. Definitions:
(BrightonsRellakrasiah, J. thréhgphRes 8: 33l-3AB 1985y andswghificantlyfinereased the

e Rt D L e B BB BRI 5 5. S0 e
Rel®bBRES. 1235 355108051992 PALso bihe FHellBWisGbutions in the vertebral bodies of
rats during capacitively coupled electrical stimulation have been determined (Carter,
Vresilovic, Pollack, and Brighton, JEEE Trans. Biomed. Eng. 36(-3): 333-334, 1989). In
order to determine the required output voltage and current required to produce an
equivalent electric field and current density in a human knee as found in bone cell and
rabbit fibula studies, the analytical model depicted in Figures 2 and 3 was developed in
accordance with the invention for representing the typical human knee joint illustrated in
Figure 1.

[0042] As shown in Figure 1, the typical human knee joint includes a
compartment filled with synovial fluid that is bounded by the articular cartilage on the
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[0040] As used herein, the term"field" refers to an
electrical field within targeted tissue, whether it

wo 300a/1088bi ned field or a pul sed el ect romagnet PCT/Us®0d018274
or generated by direct current, capacitive coupling

or .inductive l'i ng. Description of Illustrate )
end&mﬁaﬂ? tnanq Gl reoBe PRy and &%;cawl?%ﬁn;ﬂcs%rgﬁ%ce with the
invMENbQESarhAYiS i8NAkneBgbind i€ BRACH thyV ek YappREMRInEEF specific and
field significantly increased the prollfg ation of

sclegbvee adesttics fagldawyia nilexible uelectrods i ajtatioed, réletiveadk, thet knee joint
L. . ho es. 3, 331-340,  .1985) . an . .
subpe)ios ShV G Ko TR Plorn EPriidE o ammponyistg pianals to
the feleattbddsefdr fgebﬁhﬁnwgpeéﬂci gt @ectiFelelrelc fisldsalhe specific and
Adin._ Othgp.. Related Res. 285: 255-262, 1992). Al so, ]
selectee rlogirty Hrldt peagad itoriteat psteprrthyisist wpth kussdioat isfealculated in
0 ] I y r . . » .
s 416 1 A3RRLL M A0S UL SHAR DAL sy, e
FiglPods|2aa0d, 3. and Bri ght on, | EEE Trans. Bioned. Eng.

(-3): 333-334, .1989). .| order to determ pe the
[00 3gqui r eJnotﬁ? p?t?fﬂy\%f%t ’Qﬁ@ela#dF '@HF‘Fseﬁtanfleﬁ LFSF gjaﬂ%mg elements are
iderRIRE US SndiBate @ I NRIIBN T, &iPS! mhibcld BEb&hedN hn@WaftAB%e and synovial
density in a human knee as found in bone cell and
fluid gbippertheigd. dn sumiding 9t thetasalytiedlymodsd) thedolddwitg pssingdions were

i.n ki 2. and devel qped in. ith, .
madsspiteibs 8o e S, B Mg e IS Rty wiow -
101j50hBi; ahd tHéShiepdl@drdd diskinge! =8 08 mrh OPKPdpedificlo@oMAt biithe electrical

Figure 1, the typical human knee joint includes a
propesigsaeitigaments wasseptvpelpdedyrigther  sppqegthertthen carlage gadibane was

af tJ.cll.a rgd - 2 / 2
conegpEaohh o so i S RaF spFhetiE o Bulble? R AR A0, the
condesivétizs io¥ éleptissaasdndlutedii shestpduivers. méasurd @ felae Wit h

the invention, osteoarthritis in the knee joint is
treated by the application of specific and selective
ol . . ! .

relative to the knee joint substantially as, shown in
Fi gUtetial A signal generator plowRRSCoMBICHERY opri at e
signals to the electrodes for [ the specific
and sel ective electric fields.(gﬁg%ggggggic and
selMugcleve el ectric field needed to treat

osteoarthritis_jn the knee joint is calculated in
accordé%ﬁ@kﬂF?ﬁLFﬁe i nvention U hg0t he anal ytica

nodel : lcalnt depi ct L -1 Figures 2 and 3.

[ 00431 erl{b%]ﬁé&g%gf)@%%al nodel §g)fx?—'99ures 2 and 3, the
folNigvéwig el ements are identifigediad indicated:

el ectrodes 1, skin 2, muscle 3, bone_4, and cartil age
andBapriorieal fluid conpartnentl.Gx 0% arriving at the

anal ytical nodel, the follow ng assugptions were nade
regl‘a%aiaﬁ@ the sizes of the el e%eqn’f 9 the fenoral width

= poutdloukBg tibial width = 54, g1

Admittance/Area (S/cm?) at 60 kHz
Electrode-Dermal Interface 3.0 x 107

As will be explained below, the cartilage and synovial fluid compartment 5 was computed
for three sizes: 0.3 cm, 2.3 cm, and 4.3 cm, and the applied electrode potential (potential
between the two electrodes) was taken as 1.0 V.
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101.5 mm and the interel ectrode distance = 108 mm
The specific account of the electrical properties of

wo c@amersss was not i ncl uded-rather, space ot hePCT/D82004/018274
cartil age and bone was considered to have the sama

ectrical propertijes s muscl e and marrow. = Als t he
[00‘@{3 nduct i Vit 4P& Xé‘flaﬁer@s‘f fssfen e ﬁ“’ﬁ‘gftl?dﬁﬂdqlﬁ)ftth% hEF@HQmee for an

L I
appmce;dn \9»01 .é\%/? t[ 8d/ ?éakf Q) %fi%l@’%t 60VRiS afwﬁﬁ%lgﬁgpggg O af’ﬁ vatious parameters as

aﬁm¢thmrca°t173 eleotngﬁem anldéh@emmdbrmtyto fibers 2. 0 x 10 1

1004575" "1 5s SheliBcth HEBR Teafies cheiicl et in-Hhe cufifzersymovial
com? ehed e ofufFofnPiC Mlubyd h&kiire EbREld SFdBe %ﬁ'ﬁhnent This is
n

terface 3.0 x 10-3 As will be expl ai ned bel ow,
alsoctae for agecogmﬁwﬁtﬁ\ﬁnd{ reflpgis éhec@md@t Hegmetsy owan for the analytical

e i ze C
mo&?gR#E gs slfl gltﬂ gultser % dtglep ?tzrgigtljgh tc%pc age/s’ilngmal fluid
comipettinesins ishmt hm\ﬁorﬁi e@trrthndﬁﬂ])m%ﬁtﬂea:bmpaﬂmﬁt Thié. is alk0 thd®for all
2004/ 110552 / US2004/ 01 [ 0044] The appr oxi mate

other gemppdmenys we eeflents ity o %‘?Oanm't sn gy g inghyigalmapdel.
[0045] applAseghd/\% tigORigAke b, QisVinReiihQe/PRAY At AHA éﬂ'ﬁpartment 5

are given bel ow for varl ous paraneters as a funct
incredsed hie thickutss, thef éledtrc dredd tih éhe gartidage/syemgalt fuid| Cxﬁnﬁe]rtment 5
in Figure. 4, the electfic field in the

. _As
inergiied AR GesPRy A AR O Brpar tnent 5.1 5 not uni form i n

[004R| ue ovey sHolke BNfibhife ¥ OlsURE kide JiRCineRARA fréMNhe sikBiof a rabbit
is also true for all corrpartments and reflects the

kneg dapthe xsizre ofet hymap emeroithe ﬁl@c@maﬁyltdu talthe eadidage/sxnegal fluid

h ur, |
com?ﬁrtl[% Ay e egg/e%%egll aIﬁ %@I‘(N::Ita{1 mgr b a% or %%%r%%gn\f% o@mee d*ag}eﬁgr was
fourmv@rchhhge thel entire ﬁéldtdﬂanblﬁmaf}t ﬂiel’iéclﬁjﬂibalsoﬂ the aismlce ba@veen the
for all _other conpartnments and reflects the conple

two péestradesy b gBST Merdsh Erelagey thedaiee dipuaster, w11eA§hesﬁ§%c field
for 4 Bx&d %M@d@o the cartilage/synovial fluid _
conpartnent i ncreased in thickness, the electric
[0048] el d | Thelamaonat bf émgeﬂaﬁgame\ﬁittdias tlsaibderc fovpdtd hevd lithle effect on
ﬁelci 21% ecgrsrglgt c?er;lsﬂ}p eglﬁ)%%taggcgues %éllt lhas anl]ower conductivity than muscle and,
therefore, the electric field (Figure 8) and current density (Figure 9) are slightly
decreased, but this is not substantive in most cases of the knee.
[0049] Finally, it has been discovered that the effect of improper alignment of the
electrodes 1 placed on the knee relative to the cartilage/synovial compartment 5 is not
critical. Four cases were considered: 1) mid-gap (middle of the cartilage/synovial
compartment 5); 2) half diameter below the gap; 3) diameter below the gap; and 4) 2
diameters below the gap. The results for the electric field are shown in Figure 10 and for
the current density are shown in Figure 11. Thus, alignment of the electrodes is not a
critical factor in this model.
[0050] Previous work by the present inventors on stimulation of fracture healing
with capacitive coupling led to the following understanding of field and current levels as a

progression was made sequentially from bone cell studies to animal studies to human

studies:
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[0047] As shown in Figure 7, as the knee size

increased fromthe size of a rabbit knee to the size
wobooa/1mssan knee, the electric field in the  PCT/US2004/018274

cartilage/synovial fluid conpartnment 5 decreased. In

general, increasing or decreasing the knee di aneter

was found to change the entire field dlstrlbutlon by
Celll (iEv#85 RREAGAl of the dist aq\q 1 W&tﬁ electnc field

el ectrodes. In other words, ua&%ﬁg ]E
dlaneter the smaller the eIecfrl a flxed

a ol t.age. 0048 The unt of s

Amwgﬁ etg \fzt? g [ o] have 8“1?1“? 5 PP ﬁdde‘“ce with

Succgssful e a %bcut esfcg}t = pproximate range
conduct i VI ty than muscl e and®f Pe @?ékét“%fﬁéd@f%&Opl%V/cmlnthe
field (Figure 8) and cur rentﬁwéﬁgpﬂws(ﬁpm?iﬁnﬁy rage of peak
slightly decreased, but t hisbectricahotrrentdensiyt& 85 wA/cm? in the
nost cases of the knee [ O04Bicture paldsy, it has been
discovered that the effect of inproper alignnent of

nofiln86h)RéeRs:1 pl aced on VdlRgkBeSuE 6f AV, Y BorltBe E&8ce with the
SucEe% | haaRL oMol fraeREPAr t MctredésSod ¥BE skinl A bx%%imate range of peak

Four cases wer e consi der ed: e@ctr‘f@ 18 8—@? crfl, EIE& fic current
cartil age/ synovial conpart rgg Lt %j I anet e

oodflon Chgsonee ol seareter, BEURRET a0 0

the fdeitCﬁtﬂlﬁ@frsé’c@iMnbﬁbl Faing lih@hﬂaﬂa@ﬁdnﬁr%n o6l &dldoftiplared. It is seen
density are shown in Figure 11. Thus, alignnent of the

that ghessameogiecessiy] pleetrigal siipiufation|condisipry arp achipyesl atdhpstissue level by
scalén%ﬁﬁ%%leﬁﬁg%l? f :Bgﬁ%(du 24 1%12123{ ?d%‘&?e%%ﬁelﬁ ri‘%é ggéé’g‘?%cg gvﬂ:h the relative

atron o
tissupokohrh égbetweer the thienal elddevdndghehaamsmadeli ng of fiel d
and current Ievgls as a progression was nade
[0032d quent 48 13y T¥EnPh IAESSC BFPT SOIPREEOSo tHfi w&fen&t%e@grs have

4 )
s

the ea‘ilhsc(tsecaﬂ'*‘lmemw called)eanidr foc if ivéral stuBiasr efnthe demsi dells @Brighton,

potloel i PR B S B AR o

Fracture Callus el ectrodes on the rabbit knee.
Approxi mate range of peak of the electric field of

8- 2bo rrV/cmAmm&%{umaﬂe@ﬂhﬂﬁe cal | ddoneApglisoxi mat e range
of Jpeak t_densit 95 pAlcn? in
eé:ﬁlyé? ?g(?-bn m( nonu dﬁy}cﬁesul ts:

th fracture
Voljt age out meAaﬁnzao\QOAf/oﬁzthe 0l /et h t he

These animal’/human ranges of electrical field amplitude and current density take an
important factor into account. It is that their extreme limits must encompass the results
obtained from bone cell studies where geometric factors permitted more exact field
determinations. In this way regions of the human/animal tissue cycle through the
therapeutic effective range of the electric field and current density as the sinusoidal
applied voltage cycles through the sine wave.

[0053] Since in vitro cartilage cell results also occurred at an effective field of 20
mV/cm, and since the measured circumference of the human knee joint is approximately

the same as the measured diameter of the mid-calf region of the leg in a given patient, then
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Successful healing Nonunion fracture el ectrodes on the
skin. Approxi mate range of peak electric field of
w@2@80103% 2 cm El ectric current density of 8- 3BOr/BSsmoR018274
[0051] This is shown in Figures 12 and 13 in which the
anatom cal nodels of both the rabbit fibula fracture

the sagfescalentdcoion el AuvseA Tk Sisulinen Whiadrackiremodelfigitre 12), applies to
the Bh kh@éaimﬁ’pﬁla A eveggleéisi? ré 26&7&51]6 Ccﬁ'é ?litts%lx‘@f)k@éa by the

con itions are at the tissue lev
syncscdlmmgbmhealﬂbamcldanmlrmlag@ applied externally for

eat me i n.accardance with the relative t
[Ooéfil umes n‘f&%‘ﬁm}ézl?? ﬁcém'ré}%eﬁ‘éff 0 @é‘fenal%nﬁnhl@eﬁungiéﬂﬂﬂ’gﬁ then the
dianh 2652]5 AShés. MafkUWvAs RfunliRE BB tRE st %&Hﬁﬁh‘ RORSkndeh@rcumference
present inventors have determ ned the follow ng

meagyed ap patiends witheastdoprhiititngas owputf valiage OF)5 gl shanld emduce the

o 1 P R, 0 VA 46 A Y v

comPattinaetk A @halkk knedJoirit dlﬁiétblo Bay Relindird alkes exardSie; wébld-require
262, 1992) are desirable: (J) Animal/Human Call us Bone

less wg|tpge OLEP@ e ¥m)t andig UGWFTE&%@Ge inmtcdipmgte spy/Tehinches, would
requéi% gléét;er{V%gF 61‘2(9}3?1& a'n‘pm{zﬁ*p}' B@gga%g&c roeﬁ{mggzr@ :th‘ﬂe}’st? ZL6 Vigp Would

covérrthe ftlhminge adtkmee sizeom@aempedhto ddte to prddoed tHehddsired therapeutic E

feld ity agREl CEISRy SF AP GG ORGE B Bl Comgerea of the knecs as

descPBEATabbRI VIRI8 ok} 811 A%, qh qhe %&ﬁ:ﬁ%ﬁl@gé Qf?:stolelré’ce& "%éﬁse of the

way regions of the human/ani tissue cycle throu
distrithgiontdierbiebitand J e¢8ﬁ11§rxlg|ﬁocen|amtgmmai carhplesibyactric fiel d

d curr nt denS|t vol t
053¢, oo s SR stauldigs N BbA the RBN Rt P R0E nence
approRinhdtt AgAnd&) bf Kiespiient’ akAce RCIWrmBtdabnd R sRinbP &t denrated and
field of 20 nW/ cm and since the nmeasur ed

appligdr touteeplasirades that ellhgmmgratk Hce dpsired telqodric figldoil Hhet range of 8
e d-ca

VLR A0 5 0 ST Suaeg, AP LBTeclr BB Gkl e o

treatdd /ol 1EoartRid WH2A0O 4ned, 8t dexattpde. SBretershdnl thef sighalr generator
sed int n tibia fracture nodel (Figure

IHCIT%S %ﬁz ti C@%“‘Plo&‘gqfénﬁdhﬁ%a Hareethe ApRrateAl sﬂqcﬁ 1 poge) output

base@fon’:thgkh%o?t gligiishgegal I us is replaced by the

synovi al ane and articular cartilage. [0054]

[005Bhus, i fAlBChBl micoclandeewih dlee inferdiog) therapproperatekelesric field can be

ches

en the iameter. = 5 inches
activedighp 556 oh B RLEod SO el SR Ui GUa e device
of HEAHY rsﬁewhnnna iu%ni@ w eahcm%ecﬁ@reléamct fifld RRe@AY the coil in
vol't age of shoul d produce the

Figure 14, we 1mag1ne an e astlc bandage containing a coil of N turns that is slipped over
the knee and centered thereon. A battery-powered supply of current is attached to the coil
leads such that a time varying current flows through the coil. This current produces a
magnetic flux which in turn produces a time-varying electric field. It is understood that the
current amplitude, frequency, duty cycle and wave form(s) can be controlled from the
power supply so as to produce a therapeutic value for the E field. We now calculate the
combinations that will accomplish this.

[0057] Schematic diagrams showing a coil of N total turns of wire and a cross-

section through this coil are shown in Figures 15 and 16, respectively. The angles 0; and
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above E field and current density in the average size

knee joint cartil age/synovial conpartnment. A smaller
whe@e/1p3snt di aneter, say 4.6 inches as an exaP@l/@$2004/018274

woul d require |ess voltage output (4.6 Vp_p), and a

very | arge knee joint_ dianmeter, say 7.6 inches, would

0, ape-thigps Retige thedoini i the Xoteis @y whiokifhe magmefissilugis calculated and
t | 6 : 6. VA I ver .
the ighs! 23 G4t Bitho B ofta S WBkoDidHR, R, P4, e 86 iven by the
equgicadluce the desired therapeutic E field and current
density in the cart.il géte/ synovi al fluid conpartnent of
the kneegiys d%ﬁ&ﬁb L[@@owg_sﬁ{aﬂl%ati ons of 10%in
the applied voltagd@ aré tol erated because of the
distribution of values E and J resulting from
anat om cd‘fheéeoﬂ*bﬁB?WOOSS] Thus, in accordance wth
the invention, the™ppfoxi mte size (and hence
approxi mat e di ameter);, of the patient's knee is

det er m ned, éﬁU@a=§rgﬁﬁf is generated and applied to
t he el ectrodes that¥amFl generate the desired electric

field in the rapge o . /ecmto 0 nv/cm.and.a :
and 5 e, St BRcrgl i BepRRkbioot dies60 gaticre 5 ghe magneti
perhERANRIMairQbn@ B RERTH Md Ednfral RegidifokE Boil /AL FRILHPA Solenoid is

Preferably, the signal generator includes a select
quite ontfomh s¢ Fegan eelddt thdredlues dfdwadt hso thpethay are dgoals S8ineetsind, is a

t he proper output based on the size of the patient's
negathedun sy Begausy lg & negauvedramtied #itHn e R Pemtdseypz if 1= L.

e appr iat.e o Lel.d can be delivered to

mo%ﬁseaseéﬂ%%ﬁ?%é%ﬁgﬁﬁgégﬂg%?ﬁggIar cartilage using an

i nductive coupling device of the type shown in Figure

14. To calculate the electric field generated by the

coil in Figure 14, we inmagyng an jel astic bandage

containing a coil @ hBFu%nz' rs319l i pped over the

knee and centered thereon. Q?Hénﬁ? ower ed supply of

current is attached to the coil |eads such that a

time varying current flows through the coil. This

. : i.c fl ieh in.turn

TheSHEERRL 1Y SERRL oy HRSOE St St egl

under st ood that the cug3)entang?itude, frequency,

duty cycle and wave forn(s) can be controlled fromthe
whepolhap thagmplitudoofdbe sinupridal womrent, vhs 2apmesithe frafuancy gwhich we

..the Efjeld. W now calculate_ th conbi nat.i ons t hat

willget fo Yt kBmAndgHs § @agtr@@swné@hgfﬁ_ht 1iis gkgpn s equivalent to the
foll@wi ng a coil of Ntotal turns of wire and a cross-

seclion through this coil are shown in Figures 15 and

16, respectively. THp angl ds=DRkimmd - 13 WO

2004/ 110552 PCT/ US2004/ 018274 02 are those between
TheyelerepBavation 2} BFORESixi s at which the magnetic flux is

calcul ated and the ends of the coil\in the +Z and -Z

directions. For arbitraryysijzes,jthe{flux is given by

the equation: () B=uy <1 T |sin ot

(12+4a2)z

l
[0059] From Maxwell’s Equations we obtain an expression for the amplitudes of

the electric field associated with the time-varying magnetic flux. It should be noted that
the magnetic flux is parallel to the long axis of the leg and is therefore perpendicular to the
planes of the cartilage in the knee. The electric field, however, is in the planes of the

cartilage, is circular in direction, and will vary in amplitude with radius such that at the
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(1) B=1pONI (sin02-sin 01) Il where sin 01 = 412 + a2
sin 02 =12 12+a2 and | is the current in the coil, 1

WO soosheossengt h of the coil and ,uo is the nagneCT/TS2004/018274
pernmeability of air (and tissue). In the centra

region of the coil, the field of a solenoid is _quite
geO@ﬁﬁrwemeﬁ of e ke e elssing fiedd wanlidssleoril] be zesel a1 “5‘5111 increase

1naxgxgﬁfud[e%j¥[¥ﬁ5a?d bncedr}aGiyg! NO1 1's a  negative number
IS

cause negative along the Z axis, sin 02 - sin
[0060]1= 2si ITHBZhédry bdys tHA2- [0058] Therefore, Equation (1)

becones: | Z (2) B Nii (12.+ 4az)-2 The current, |

i s a sinusoidal varyl 6) Cl.}_fLe_l’d_a.hd it can be witten
as: (3) I=lo-e co" where l'o igtthe anplitude of the

Whefe%/\ﬁf‘ f’ﬁ?thg% ecﬁ“fér Sl Euppﬁ&d%,dz’li/%{lets 'tﬁretgmg '&Sgé{tﬁ%%%%cn_géau% gﬁ) and r

is thB lﬂiﬁﬂﬁfceéfroln th'EfgeSnieﬁ‘Ioadehfblﬁ off thedlghidk Y@htetant @Bbitraly radius, 7. Placing
ol I owi ng lo sin cot_  Therefore, Equation (2)

Equ@*é%@ésnto esyaﬂsn@)o@é nerfpgninedifferspfiation givyes + 4a2
[ 0059] From Maxwel | ' s Equati ongy we obtain an
expression for tf]e amphi tudes aof the ellegtric field
associ at ed wi (R tlBe= yoqe%anoy g—nagnetle—flux | t
shoul d be noted that the magn 12 44 paraIIeI to
the long axis of the leg and is there ore

whepethp ensl dudiaates that the elepiranésdd &f90C et cbpliasd ik thembpeetic flux.

ee. The electrjc field, mever is in the nes _of
1006Hhe” ¢ arf FEaGEL vali il iy rampietsip G B ety
vary in anplitude with radius such that at the -14 WO
2004/ 110552 PCT/ US2004/ 018274 geonetric center of the
knee, the electric &i@l3d animeds Will be zero and it

will increase 1=6.35 x 102 meters
My =47 x 107 Tmeters/A
N=3 x 10’ turns
I, =100 mA
" r=6.35 x 10? meters

0=27 x 60 x 103——1—
SeC

we obtain

|El,,..= 315 mV/cm

where |E|Max is the amplitude at the maximum radius of the knee, namely 6.35 x 107

meters.

[0062] Therefore, for any given cycle of the magnetic field, the center of the knee
has zero electric field, while at the extreme radius, the field cycles from 0 to 315 mV/cm.
For 90% of the area of the cartilage synovial region to achieve an electric field strength of
20 mV/cm, the maximum field at the periphery of the knee joint must be 65 mV/cm. This
means that the number of turns (V) in the transducer can be reduced from 3000 to (65/315)
x 3000 = 620.
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in anplitude in a |inear dependence on radius. [0060]

The theory says that (6) JEJ d8 r dt 2 where JEJ is
wo b@4aisstric field anplitude, dB/dt is the tiPEI/US2004/018274

derivative of Equation (5), and r is the distance

om t he tric center of, the knee 0|nt to, an

[Ooéﬁbl tr ar@ﬂﬁg&%@pﬁ?me@t%s tﬂggﬂygpp% havs) beety described in detail
abo%lutﬁbéeoﬁﬂﬁg@ 1r1)3{1‘1g aﬂe&«ﬁpﬁégmg mgplfe&@{eetﬂae ﬁ&&ﬁ;? ?dcﬁh&?a‘i nddifications
are \ph@ﬂde chEhocub satapiallp dllepaatleg ﬁIDhathetﬂwebieednmgscarﬂl aeivdnuages of the

out, of ase.. th t he i,c.flux

invetfiod oy uR FRgtibank iFe FENES 15 he B lard, SRt e ieSPe of e

invénflon =8 ABhad inafSfodewingldlaidset ers 1=6. 35 x 10"2 meters
Po = 4,r x 10-' Tnmeters/A N = 3 x 103 turns 10 =100
M r = 6.35 x 10.2 neters co = 2,r x 60 x 103 1 sec
we obtain | El Ma,, 315 mvV/cmwhere |EIMax is the
anplitude at the maxi mumradi us of the knee, nanely
6.35 x 10-2 neters. [0062] Therefore, for any given
cycle of the magnetic field, the center of the knee
has zero electric field, while at the extrene radius,
the field cycles fromO to 315 nV/cm For 90% of the
area of the cartilage synovial region to achieve an
electric field strength of 20 nV/cm the maxi num
field at the periphery of the knee joint nust be 65
nv/cm This neans that the nunber of turns (N) in the
transducer can be reduced from 3000 to (65/315) x
3000 = 620. -15
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WD 2004/ 110552 PCT/ US2004/ 018274 [0063] Al though
i npl enment ati ons of the invention have been descri bed
wo noodai@st  above, those skilled in the art w PET/US2004/018274
readily appreciate that many additional nodifications
are possible without materially departing fromthe
Whatgs glaipedishi ngs and advant ages of the invention. Any
such nodifications are intended to be included within
the scope of the invention as defined in the
fdll ol mgthod af reating IEseyd 238wl in ROBHE2nREHuLBAGPPOE8RTOf 2
tin i sea
Spe%v*'ig b S e e N oS0 EmPER i touhf Risreeg PR e numan,
Biofthé€ st fsel ective electric or electronagnetlc
§ to the diseased tissue in the human, conprising
t hea st eg@t%mlmag thpevaltage wind purieet g@PEiadat preyides the freatment of
dlse%gdpcﬁtsué ﬁaaﬁjl a?ﬁrﬁ%) elﬁ(?((f;e}){r:«g‘g%s énc g?cpt{h (a!ﬁgas%g%égtg’esoe éltlé ﬁﬁﬁa‘%n
t [ Shsue afetddm&nhgmtemtotﬂ tidat ezbmmn of thddistkadltiskues fliehe animal
Iune of the diseased tissue in the aninmal nodel; c.
MOGfst ermining the total tissue volume of the di seased
tigsue Qfetérﬁﬁuﬂé’ﬂﬁ%taﬂnssﬁg dblufi otfl?l?e & %ats%f*&sngGf the human;
current output used In the animal node ased on the
anat om cscslur@than@ltagmancmmmermmutme uask ml the iassom moadla]l foased on

the papirii 525 G0 5 HO0, o LGcoU TG BTOPRQIHE diatsd tissue of the
huntan$s ¥ Adatdniie sBiaf@khe tﬁfh‘ljﬁhsue%ﬂm‘i‘e oBP 0¥k Bd iRGe in the animal

scal ed voltage and current to the di seased tissue of
modehenumran. 2. The method of claim 1 wherein the

he ot op AL BEIE IBEL aRPRIB B e g puman.

the human using two electrodes in the case of
capacitive coupling. 3. The nmethod_ of claim 1l wherein

t Ke s&hs awthnd ¢ t:}é‘“éﬂdWE‘EFPF‘e‘ili‘F sgplpd yPHegesangipcurrent applying step
[
R ISP PR aife e 3R (ORI ECRHEE ) Al ing owo
electrades iofthé crdeof capacitiveipbupigrg. 4. The nethod of claim 1
wherein the human tissue volunme determ ning step
conprises the step of using an anal ytical nodel of the
hgmanTkaagthod of 1IN B WAREkRY the|s8418d olhR eﬁidncﬁrfk%t Hﬂ?ﬁg step
tissue volune determning step conprises the step o
comgeisesr Hienbte of Frppiiing itlet sedlet voliais pot emréndl tof tie human using a

solenc‘%‘irdtolrlc%l % ﬁ‘w tase cﬁqncliuctwe coupling.

4.  The method of claim 1 wherein the human tissue volume determining step

comprises the step of using an analytical model of the human knee.

5.  The method of claim 1 wherein the human tissue volume determining step
comprises the step of determining the applied electrode potential for cartilage and synovial
compartments of two or more sizes using the conductivities of the tissues between at least

two electrodes.
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conpartnents of two or nore sizes using the
conductivities of the tissues between at |least two

webmatirdares. -17 WO 2004/ 110552 PCT/ US2004/ 018PTHUSBI04/018274
The nmethod of claim 1l wherein the hunan tissue vol une

determ nin ste conprises the step of detern1n|ng t he
pér cefhages gt‘%ﬂ““t 1 shpseinghe dumas tissue yelumsn defermpining step
rﬁg% féﬂe g‘he ldgteﬁﬂl nmtx# t’ﬂg ?glfélg% ]ggé)ﬁletota? a%sﬁ% ktéﬂlgréel e{ngaz{ full¥ion of the
electtie dictd emplitmte four bomeg rcartdagey makiev, rl’ﬁtléube:i and fatl iai tlhBZIknee of the
rein_.the ti ssue vol une det ermning step
patléwmgseégct‘?%ﬁtﬁgﬁ‘ésﬁ P Met er mi ni ng t he percentage of
total tissue volune as a function of the current
density anplitude for bone, cartilage, marrow, nuscle
afd f dheimethore ok mlmmol wlmemrihc |h©manmsng velunreedetermining step
densi rans. The 1 wher
confie it BF 52 tneTne PAiGedra i B! 1 Slebnaf B Sbion of e
curfehed&isRp adipliceleefonbond) Gattligpe) eiemt, agescRf addofaflin tHeSEiée of the
volume as a function of the electric field anpl i tude
patipgfrusiigrquaientdensity biglogeaess of articular cartilage in
the knee using electric field histogranms. 9. The
met hod of claim 1 wherein the human tissue vol une
det er Thaimghst ep clatmn‘p rwisssintthe hehep tdkudlebmnrd déta@nining step

th,e rcent age of. tot tissue volu as a function of
comppses B &iep ot HeterTaing PPl‘tcE’atégﬁf tojghBssae 3plureraset WRgton of the

elec'ﬁ‘n? ?i%lduﬁh u8t 86t filfferdni %llngkﬁlés%sclﬁfﬁﬁ&latl&rtllﬁgs i&hd'Ree using
claiml wherein the human tissue vol une determ ni ng
elemceﬁelddm’ﬂpgrames the step of determ ning the percentage
of total tissue volunme as a function of the electric
field anplitude w thout subcutaneous fat in the knee
0f9. t hehpahdtRsd obeldih €lvaedréih Cthe fhiuflafl t¥s8d QERAIB detddmining step
The nethod of claim 1 wherein the hunman ti ssue vol une
compaises the sich g1 etepniningipe persentegroidoiaptizpue yelvaransm fagetion of the
: I.Cen: V, of
elect c:ﬁglg &%p@%@?gﬁlgneteg Bf‘!ilffeki%‘? g&es ‘%#g@ cgﬁ ?iﬁ(}i%%t%kr%ﬁﬁ
subcut aneous fat in t he knee of the patient using
current density _histograns. 12. The nethod of claim]1
vi¥er eil] iﬂe t%eéh?f{: bclaims & rehegein fhe by tisswg Nglusieeetermining step
confyER] e g of AeSlrERIY hEBL LML S0l BrPEVSRAIARR Bhotion of the
electrie fidldanplitbdedwithowt sabcitessus favan ltlonkipdeusfi thalpatient using electric

f 1(ﬂ%sj[tions of the electrodes relative to the knee of
1€ HY98™ ent using electric field histograms. -18

11. The method of claim 1 wherein the human tissue volume determining step
comprises the step of determining the percentage of total tissue volume as a function of the
current density amplitude with and without subcutaneous fat in the knee of the patient

using current density histograms.

12.  The method of claim 1 wherein the human tissue volume determining step
comprises the step of determining the percentage of total tissue volume as a function of the
electric field amplitude for at least two longitudinal positions of the electrodes relative to

the knee of the patient using electric field histograms.
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WD 2004/ 110552 PCT/ US2004/ 018274 13. The net hod of
claim1l wherein the human tissue vol une determ ning

WG t@p/10B8pri ses the step of deternmining the pePCENSRQGE018274
of total tissue volune as a function of the current
density for at |least two |ongitudinal positions of the
electrodes relative to the knee of the patient using

CLy r e%eqfﬁ afbd B dMiRf 99% thé- ha&%ﬁ ﬁ@hg%l@e GLB g step
erein uman t1ssue vol une rmnin ep
commisps ihss@ptdf detsteiping thd ptreenibgs ofjotah tisque wohmﬁeam fulction of the
t of al measafnctlono | east two
urft Gty S GRHE Joggitying] dopitiges Phthe ﬁé@%@%ﬁ telabite sgthe kmee
oftﬁé(f)ﬁfeﬂﬁhmﬁg &j}?éntﬁ@i{k@t&%‘ié% amMgi Ng electric field
hi'stograns. 15. The net hod of claim1l wherein the
human tissue volunme determ ning step conprises the
tep [ er.c e of .total . tissue ..
oA b JRLSLTLE M BSRELSOL 8RR Sopbls Bminig

con(ifrisvs thg stdpQifaleterapiihg 6@ gofochtage DOl tisOND Plumstag Bfahction of at
gnhal_'generator _using current density histograns.
leas} 40 ATEEITCE1YIBE stgmalstabpliediios hgshodytirays ga gxferpaltfighnm generator

]Jgnﬁ[q HOEM ids the application of a specific and
ust gcct‘lpvle e}{lec@Hl E or electromagnetic field to the
di seased or |nJured tissue in the human knee j oint,

crrpr in st twp el ecirodes
C 386 il ob aFaif, L i th nah e vpbime determining step
conﬁ)?ﬁlaﬂ ﬂ‘q@tste@rbf 'd’étehlﬂﬁmi’g el pekdedita@l o?to‘?ﬁtﬂs@ﬁg volutgP %§ a functlon of at
joint; and ém a solenoid or at |east one coil,
least fwo c&isetivss ‘ﬁdgl sigoels applipd tonthe bedyi ftand ahaxternal 81gna1 generator
ion in the proximty of a patient's knee
uSIHggc?lﬁlie %ens lsboﬁg SSenerator that generates electric
signals for application to the electrodes, the
solenoid or at |east one coil so as to produce an

diect # devire|far teeatyas skiseaggdptieke niat 21 puogoninesnieist 3gough the
oor A0 OB S8R L SRS bpABRAR 4IRS e e o

m;ucﬁtisshﬁgﬁthehumhﬁkpeﬁjbﬁmtdompki@ﬁg joint. 17. A device
for treatin 2 teo I‘thl‘ltlfﬁc E]‘@Eétlla e defects due to
trduna d%nes?%fo Psat {EFFtNP elsetradasd i 0 $aski O f@PasiiiYs coupling,
daPbiebr dPRE f il
a a@{e Gbr d%n e%fbj'nglﬁ rft Q?E&rxglﬁ OPE g%?%% |1§%t§ %ﬁf %?xﬁ?bj A s&enoid or at
least pm:ﬂ:(ﬁl o thedasedidnduorive eblqﬂmg; adaptededbraplicathgnietthe proximity of
f.iel oth afflicted tissue in the human knee joint,
a patighics £ 19 WD 2004/ 110552 PCT/ US2004/ 018274 a.
one, of (aahgﬁm lgee%attoﬂ it S cpbafedA8SctAO Giddls BorSRptRMich to the

or at |east oné coil
electrodes, the solenoid or at least one coil so as to produce an electric field range of

approximately 8 mV/cm to 360 mV/cm and a current density range of approximately 8
nA/em? to 300 pA/cm’® within the synovium and articular cartilage of the patient’s knee

joint.

17. A device for treating osteoarthritis, cartilage defects due to trauma or sports
injury, or used as an adjunct with other therapies for treating cartilage defects in a human
knee joint through the application of a specific and selective electric or electromagnetic

field to the afflicted tissue in the human knee joint, comprising:
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adapted for application in the proximty of a

patient's knee joint; b. a signal generator that
w@enenaises el ectric signals for application toPthes2004/018274

el ectrodes, the solenoid or at |east one coil so as to

produce an electric field range of approximtely 8

mv/cmto 360 nv/cmand a current density of

appy, OXi el (o aPALSITRy s AT W I -

synoviun1aném£?€?c§$ar(%§$¥$?a§e gg&?%g&%%??éﬁfﬁgkﬁﬁégneCOﬂ
adapted ifidr. appBeatiande theqeozsimityrofel patientls’kneati@nti n t he si gnal

generator provides on f a | urali.ty.of output . .

o1 bt 11 & SRR BTN Dot aspenales JeRteicisigpatsy Yoy Rpdieatiop to the
eleceA&Y, dRNGEIeMbil ordat 1845t BnOlcolln® AUIPPrOHR&E ah Qledlric #8d tAnge of

device as in claim 18, wherein one of the plurality of 5
apprximpetelye att/einctal360gnYeat sndod cerfient siepsity oftppperametelyf dpA/om

6Q kHe | f | ately 4.6
to S R S SE U ofYy R RO Bloa POPEE Pl b

in claim18, wherein one of the plurality of output
el ectrical, signals of the signal generator for a 60
Kz hés davigs as dgeclaim ddp vehersiatthe ignab sopergtor ypoyidespene of a

f | |. .
plu iy VEAAER FEE: SRR AT volfe pOPRELG B il afiMldibe with o
sizesifdinalenaf kitckgoiwt.gnal generator for a 60 kHz has a
vol tage of approximately 5.6 Vp_p 10% for a large
size knee joint. 22. A device as in claim 18, wherein

qee ofs hgcdlhy Al didi gk, %E%%ﬂ ﬁﬁlé %ﬁtmé GRhralify) 6P %h@ut)felecmca

_ the signal generator for a as a voltage of
signapspriche sghall gengragor\pr p 68 kigofequencyalmpsexvoltegk af gpprokingately 4.6

k j QI nt . . nethod of treating osteoarthritis,
Vp'pcﬁar@{"lfgrg%sr&%ﬁ%g??n%edgng'o trauma or sports injury, or
used as an adjunct with other therapies for treating

cartil age defects in a human, knee joint through the )

20pl i Bafiedee a6 1B dyerilB; wharein eae eftthe olwalibt p? Ouipnt electrical
1 o
sigfls i PMRAN R pioh 65 £60 €1t B, FLS4eE SR Upprb il .0 U2+ 10%
for @084t EQFeXneEfdiniS2004/ 018274 a. converting electric

potential into an electric signal that when applied to

one of (a) at least two electrodes and (b) a solenoid

o1, at Al g8te 386n @him q,g,a%%%irf Bhe BAPhE g&gﬁliaﬁ gfr‘] Bulphif electrical

proximty of a patient's knee joint produce
signalsenfithé sighaleedemtondar 2060 kidt hhses goltdga wf appormxiteintsed YV,.8+ 10%
G /cm.to 360 m/ cmand a current density of range
Or L ORFTHEIY™B  A/cnR to 300 jA/cn2 within the
synovium and articular cartilage of the patient's knee
joint; and
22. A device as in claim 18, wherein one of the plurality of output electrical
signals of the signal generator for a 60 kHz has a voltage of approximately 7.6 V., + 10%

for an extra large size knee joint.

23. A method of treating osteoarthritis, cartilage defects due to trauma or sports
injury, or used as an adjunct with other therapies for treating cartilage defects in a human
knee joint through the application of a specific and selective electric or electromagnetic

field to the afflicted tissue in the human knee joint, comprising the steps of?
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b. applying the electrical signal to either (a) the at

| east two el ectrodes or (b) the solenoid or at | east
wor@4a0i552 so as to produce the electric field MT/OB2004/018274

the synoviumand articular cartil age of the patient's

knee joint. 24. A nethod as in claim 23, rising
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j oi nt A nmethod as’in claim 24, where
joingeindct i ng step conprises the step of selectlng an
el ectrical al .of .a,60 g C n
Vol age DPLIHEME s N il S R a5 Bo Hasirages o ®
the Sdl&@0ifl BEE: le@t Bhe cdil so A RIrb@keate ¢lBctfit Feld WHhinthHE ERioRium and
t he selectlng step conprises the step of selecting an
9

artigijl@ccartilagg ofd ﬁ%ﬂlenéﬁkﬁeeﬁl@lﬂtl—lz frequency having a

vol tage of approximately 5.6 Vp_p 10%for a l|large

size knee joint. 28. A nethod as in claim 24, wherein

t2de sdl methlodglssh e:lammm lcompaisinp ehe hdfitiafal s&pkﬁ@&ﬁeaglg’i@ne of a
ecéél cal nal .of a 6 kHz frequency havin

le@Lﬂyt guigpt ﬁlﬁ gAML -,a yoltagg ip acg@g@chrwgﬁ asdipmgter of the
A 1@8e ik knee joint. - 21

25. A method as in claim 24, wherein the selecting step comprises the step of
selecting an electrical signal of a 60 kHz frequency having a voltage of approximately 4.6

Vop £ 10% for a small size knee joint.

26. A method as in claim 24, wherein the selecting step comprises the step of
selecting an electrical signal of a 60 kHz frequency having a voltage of approximately 5.0

Vpp £ 10% for an average size knee joint.

27. A method as in claim 24, wherein the selecting step comprises the step of
selecting an electrical signal of a 60 kHz frequency having a voltage of approximately 5.6

Vpp £ 10% for a large size knee joint.
28. A method as in claim 24, wherein the selecting step comprises the step of

selecting an electrical signal of a 60 kHz frequency having a voltage of approximately 7.6

Vpp + 10% for an extra large size knee joint.
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