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Electromagnetic Signals,” and 10/603,226, filed June 25, 2003, entitled “Portable Electrotherapy
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The contents of all of these applications are hereby incorporated by reference in their entireties.

FIELD OF THE INVENTION
[0002] The present invention is directed to a method of determining the voltage and

current output required for the application of specific and selective electric and electromagnetic
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However, there has recently been nuch research into
these interactions and activities related to the
w@e@dniwiand repair of certain tissues and cel | BCT/UR2004/037926
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hip cartilage. All adverse effects appear more commonly in the elderly—the very population

most susceptible to osteoarthritis.

[0006] In the disease commonly known as osteoporosis, bone demineralizes and becomes
abnormally rarefied. Bone comprises an organic component of cells and matrix as well as an
inorganic or mineral component. The cells and matrix comprise a framework of collagenous

fibers that is impregnated with the mineral component of calcium phosphate (85%) and calcium
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subject to functional stress h such cases, patients
may experience a significant |oss of cortical and
wa@asehdiers bone during prol onged periods of PCT/US2004/037926
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[0009] The main application of direct current, CC, and PEMFs has been in orthopaedics
in the héaling of nonunion bone fractures (Brighton et al. J Bone Joint Surg 1981;63:2-13;
Brighton and Pollack J Bone Joint Surg 1985;67:577-585; Bassett et al. Crit Rev Biomed Eng

1989;17:451-529; Bassett et al. J Am Med Assoc 1982;247:623-628). Clinical responses have
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in the healing of nonunion bone fractures (Brighton et
al. J Bone Joint Surg 1981;63:2-13; Brighton and
w@elosaed3Bone Joint Surg 1985;67: 577-585; BasseCT/US1004/037926
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Other studies have found effects on glycosaminoglycan, sulfation, hyaluronic acid, lysozyme

activity and polypeptide sequences (Norton et al. J Orthop Res 1988;6:685-689; Goodman et

al. Proc Natl Acad Sci 1988;85:3928-3932).



Ca 2 fluxes generated by electrical stinulation
trigger DNA synthesis (Rodan et al. Science 1978;
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deliverng PRI R 8?@881?&5%@‘( flectempgnrtic Siznf jo (g buppap bip joints in
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f
electrical and electromagnetic sSignals for use in
creating specific and selective fields for regulating

SUMMAR¥ O diTHE INVENEMANed or injured tissues. The
resent. i nvent.i.on I 0 i aue [ . “
oot 27 o U GRARasl s RE PR sh GRS cRffage discase,
defectéObh@ @guAes it human thipYbiptst vinedeiapplicatisndoft fpeecific and selective fields
correspondi ng apparatus for delivering specific¢c and

generafed st ispeeifie dedr selegtiva neledie AFGRag AUTqRARlFt S&nafsy The invention
' vessh e . Cant . )

o515 TR et S Do 0 nhE A 1 et gy o s o
to a sélBibidl Bf tor it dsust GIIIRYpOEd BHEe hiMBENFEENMeh0014] The

resent inventipon related to treatin e thrit.i . .
100155 ” ot Mo particn iy s e Rtes rlfiEy (o Bethan gt Fhyiig schpeg tissue ina
oo ot : ey T _

o R0 . PSR 8 o YRsgRpb Bt altest eipatine fd o
diseaseti dissné ¢n antifmoan, éheloding nstpoetthnitis path athsr cardagendiseasewrdefects and

injuries in the hip, or used as an adjunct with other therapies (cell transplantation, tissue-

engineered scaffolds, growth factors, etc.) in treating cartilage defects in the human hip. The
method includes the steps of determining the voltage and current output that produces the desired
20 mV/cm electric field in the articular cartilage of the human hip joint, and other voltage and
current values for other effective electric field amplitudes thought or known to be effective. The
method includes constructing an anatomic model of the human hip joint and translating the

anatomic model to an analytical model of the hip in which the dimensions for the tissues
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i ncludes a nethod of determ ning the voltage and
current of the signal to apply to electrodes or to a
wa@oelosoeis2z or to at | east one coil applied to tPer/bsmwo4/037926
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al so includes a nethod and a device for treating
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nducti ve coupling enbodi nrent of the invention
paranieter$ ardelsteaminmd|fprgach of thsitismesis and gapatuigs dsdcadshf i gur ed

[00215 Figure 3A illustrates a planar circuit model of the human hip joint showing

circumferential flow of current through the fat layers (Is) plus leakage flow of current through
the muscle and other soft tissue (L), plus current flow across the hip joint (I;) and the impedance

(Z) compartments.
-6-



receive the electric signals to produce these electric
fields. Preferably, the signal generator provides one
W@ﬁ?o?/OM1m a: ity of output electric signals w tPCHUS2004/037926
vol t age. sel- AU [ c A ' Si
[0022] ¢ thggzﬁ 2& LS?%?SnP pﬁ%r g(l’;rrc |Sgl j ol t(laﬂs\é\fre {eacli:l elfrh\‘/eeé]fm%ent flow and

im edﬁb%@ss@ﬁeMﬁr@ﬁf(mj tages. [0017] These and ot her
aspects of t '

resent_ inven ()
[0023] he f I Agiakeips ésh@@é@alfl e hist pshtsnGigh oy cooutated in
BRI I 1P
determirﬂ Eﬁ)tel%%lﬁpq? ﬁ%&xgﬂngérgg:ige x@&@}%ﬂr}{]@?ﬁé&%ﬂ ZOOWﬁﬁfé&gg‘tﬁgﬁnetge articular
cartilagbesfothé pip intoThe thres ovesnts -am thecicomfarentiplopnrignt (the leekage current,

acco nyi n dra s, .af which: [0019] Figure 1
and the ¢ nFﬁ%WE@ W&%@}Pé Ofhdel of the human hip joint
[0024]S hOW NByeikd 5 hﬁﬁtrht%’? Blet@bte placeiiéatomid skin that iy r&fired to produce the

rough“whi ch the current passes between the anterior
des1reche1dctpoﬁbb1r1n¢hehlpuolate el ectrodes placed on skin.

[0020] Figure 2 illustrates an anal yti cal rmdel of the

DETAE@WE@W B‘ﬁbé‘gg’%wfm sgggg@r‘gbst ruct ur es

[0025]i Ndi cafiedinvbMiodl vilFibg utescritle usitlt adfesnee (i HiguresirT and Tables 1-3.
nodel of the human hip joi

Those skildn erienl tmveiigs e IFeafh ERAFrD T Fspect to these
figures g?fkggy?eléé}% 1?&5)&%5 roﬁgi arld§ %Hgﬁ'ltéﬂal%d AT Qva?r’tg lﬁhﬁlh €Hfe scope of the

current flow across
inventjonl All dueRjoramegardiag rt]nmwdpm ofthe zgve@bmp aram’p@rrpg)lved l@y referring to the
[0022] Illustrates" a planar circuit showing in
aPPen‘%Félt‘%lﬁ“mst he current flow and i npedances across the hip
JBJ}? mg% ). [0023] Figure 4 illustrates schematically
t nree currents that were calculated in determnin
[0026]t he ouApuBed:hﬂrclantheetﬁmn {ognadiyis usedtn ye& to @ HSHLRIES 1&13?5 including

s S  E Pe ELCHRL P5 op

adevi€rrent, the Ieakage current, and the current flow ng
t hrough the hip joint. [0024] ure J1
(00271 et r dases bereRere o thds ot Ehat o mﬁefg%ﬁﬁ R targeted tissue,

wheth%EPfg& U%E B&gﬁggﬁ%?&ﬁ,@% ¢ e%t Z)I'ﬁF\l’A %ﬁé\t}kélﬁEeﬁl\%gg eﬁeﬂaﬁzﬂrﬂy direct current,

capacili983&lpliiagor indsuive@ouplidg be described with reference
to Figures 1-5 n Tap es 1-3. Those skilled in the

-]

Deteyg

ad jatigh g T'¢"ke description given herein
[0028 i th resp ?&\% sERh I'\?ysﬁlef r&%ﬁteiﬁvérﬁoﬁs‘}fav@ém &ay a capac1t1vely coupled
ur poses onl’y and i’s not i ntended in any way to

field sigrgficmedyénatascd re prohferatlon of bone cells grown in culture (Br|1ghton Pollack, et
al, V. Orthop. Research, 3:331-340, 1985) and significantly increased the rate of healing in a rat
fractured fibula model (Brighton, Pollack, et al, Clin. Orthop. And Related Research, 285:255-
262, 1992). Also, the field distributions in the vertebral bodies of rats during capacitively
coupled electrical stimulation have been determined (Carter, Vresilovic, Pollack, and Brighton,
IEEE transactions on Biomedical Engineering, 36(-3): 333-3345,1989). In order to determine
the required output voltage and current required to produce an equivalent electric field and
current density in a human hip joint, the analytical model depicted in Figure 2 was developed in
accordance with the invention for representing the typical human hip joint illustrated in Figure

1.



i nvention. A questions regarding the scope of the
invention may be resolved by referring to the appended
W(ahtmsmmmDefl nitions: [0026] As used herein, tPET/USING/037926

s, 8 eSS eyl o crags o
synovnﬁI B4 HORIP&Inded Sy IR hcetabalith ehe dief femosdl Qﬁadl sIn accordance with the
outputted by a device. [0027] As, used herei I he .t
inventit,| @Itﬂﬂfal'th@ﬁ% regrtilegeadisense cdafcts adengurigs i ;the Elpt e gr&ated by the
a
apphca&ﬂog é)#l SRERAE, {I'(? Eeléclgtlevjle § &g?@ gglﬁg ?ga éelé&tdéleg :1(r) e%:(? Hﬂéaic}ﬁ?% rr]?latlve to the
hip Jo1ﬁﬁ§iﬂﬁtahtmd@ eOuidvi gn Figure riduat s1gma1(gmpiatcmg30 prov1des the appropriate

Det er mi nat f Vol.t d
signalsdo def SeciEyley s EGPESEE T RDEHEOR TRGFEVE RSIe HNe- ol o specific and
selectl&e 8?&#& ER] Yecdl frgatfdsﬁzbﬁ'tlﬁ’it&n tdrtifa8 td'.ls\éaéen defds %ﬂdtﬂi];anes in the

eration of bone cells grown in culture
hip Jmﬁﬁs cgibtileted ilPatdoadince stithahe invent@mt usig thReslytiea) model of the hip joint
1-340, 1985) and significantly increased the rate
deplctqglfm%gpre inarat fractured fibula nodel (Brighton,

Pol | aci§onfd 1 Austrble
0030 13 us ok An @kl nivad] Rehat &g dRessiainghthe electric field
[ ]285 255g 262, 1992). Also, the field distributions

axnplltu&aeandeczmr dénsifydibéainast inrthe SarlAge FEaCEalp L Ipi 08N Y en electrodes 10,

0 are Ry GhteFiofg et S e o pey YR Al © el Ssing a curren

to ﬂod«'/ riffoeak the 'BSdin IBi thee@hlytital Engdead eae’rFlggre 26 (hij'qllowmg elements are

333-3
o e L, e BB b A it 7o,

equi 4 15hC rgge Nty d
il U S0 ARt i Sttty ambimen,

frequehit @of & siheVWSVa:ieM&ige e thkien tabe (ﬁOdldﬂiZ:élCWe[Vhr tthe methodology described

herem: q%el}anet ;a}g{i@fé%;) rpnp'lr)%%ﬁ]gﬂt&}ll g gp%ef%%%gecl (})V{Ag]ps{ﬂlgs be 'tﬂe tissues are

chosed Fork cf%'e‘}@ &gﬁ@%n hisRiekRédWo defnittethe Iv@}»t&igesarﬁfthe current to be applied

cartilage 9an synovial fluid that is bounded by the
to the @beetradesi L0n28rid drée tb ebtrimin feaartilpge alhstiRivie pithegapeutic electric

field Q%E’E]@E{é§%§h &no?/ﬁ ofn]t agé)r% etﬁr%{ll t clfhg?fi%'édtaﬁnl Qf éyr i €2 %t values for other

effectﬁ@%le@ﬁi%lﬁe@@ﬁthﬁﬁtuﬁésI&Rﬁﬁitﬁ)lb’é effectivee! ective eI ectri c
ds via el ectrodes 10, 20 attached rel e to

[0031h| p j oltris dlessfremt Fignres hoanghdihat Hatmnw erﬂltsqlﬁq?alpnay require
d1ffer%$ner ﬁ%(g gﬁ?%e%ra%d g&‘f? H#%o azﬁﬂfeQ@ rth@ttﬁer%&lﬁel Sedtfc tA¥d amplitudes.

genera I'ng the specific and sel ective
Accorﬁin%BI fheCodl dugatibs. in Boeordpeeivittctha noventibe ewill weodsl ﬁrﬁ:tpaitl@nt for four (4)

fiel’d needed to treat
i e e sl SR S 39 o fou sizesalone

with tg% gﬁg\%a?% gﬁcﬁﬂagﬁﬁg ﬁ@ﬁ 6 allk il pltsfhglttn sl 43 @RdWwR Bele® HOTAHIE 1A and 1B
with reference to the distances illustrated in Figure 2. The electrodes 10, 20 are assumed to be 2"
x 2" square and the currents are calculated by considering the current flow through the patient’s
body for a 2" x 2" rectangle from one electrode to the other plus the circumferential flow of
current through the fat layer plus the leakage current that flows through the muscle and other soft
tissues outside of the 2" x 2" rectangle but excluding the circumferential current in the fat layer.
These currents are shown in Figures 3 and 4. The impedances of the tissue compartments

through which the current I, (Figure 3) flows are shown in Figure 3B. A line drawing showing

patient electrode placement is presented in Figure 5. In Figure 5, the region in broken lines is

-8-



depicted in Figure 2. [0030] Figure 1 illustrates an
anatom cal nodel for use in determning the electric
wo 2@5/@45&an itude and current density obtai ned PET/URE04/037926

modeleéff as Blé’g’é spa? Cnd nrlﬁg)/ %ﬁﬁc}hrgl% Q’[ w?ﬁ'}e G G4 Qs%ﬁﬁme&q? f’?oQV Leakage

gl% respective
currenBgd showal ih ay i'ei 30 RAhd edincide Icttgmﬁfe@m‘tiab ﬂbwt m the dav layer and body
t hrou gﬁp t he

In the analytical del Fi gure
currents RHGR b oML GAGD  GHFEVRFRL QTG apd Pl Hrough region

]8Qﬁ§ pskin 40, fat 50, nuscle 60, bone
100m§]“g . w¢ﬂg5ascartrlage and synovial fluid 80, and
fenoral head 90. In an exenplary enbodi nent, the
frequenc of a sine wave volfage is_taken to he, 60,

THULEaA” ke Ratmvaersdyr diaser PodanhIassyications

appl ied to any frequency as long as the el ectrical

properties of the tissues |are chosen Pgjent ORsSfication

frequlﬁggr Is desire termeﬂﬁn{,h _

and t ol to be applii € ?ﬁ heﬁlf ]\égié eE%&ra Large

in order to obtarnrnthe ca m)rm nt o (M)

Electidtii-epeléchodel distarice (D8 d GuipRit Jde18f 20| 6\km i 0305
preferred enbodiment, and voltage and current val ues

faor other eoff oet

Fat layer SRckoesy ) 00a1) 1t 1 o GOBRs o D bg.; D220,
Fat ldyeatwiddlhi ents of di f f erent| @05&s e}0b&qui { 8.05% f er @&51
applred vpltages and currents to eqhieve t he
Musalf VL) LGEd, o b accor dardboh 1 0630 o LG vt 0.0635
Muscledbl;*) veidtht i ent for fouraan@)Sldr fliPsht si §051 | 0.051
classifi catr ons. The gssentr al geomet ri c nodel
Musdlg (B oR et ¢ s vat proner k000380 [P 7P2e 108762 [ 00762
Musdead¢MyYevidihi n Tabl es and |E)A256 d.028%ce | 00734 | 0.0254
di stances illustrated in Figure 2. The el ectrodes 10,
Musclf (V) RRRILY by conar dorl D020Ra 10,0234, NF 06033411 6.0254
Musqlhéh@ﬁ%)r\iﬂdﬁhs bodv for a 2 0;) S éXDéial e dﬁrj on 0:051
el ectrode to the other plus the circunferential flow
Cartifge Wactiop eAEfgn The Tat] pager plgipg! he I@a(brgige 0.08
Cartilagsisetion width o t he 20 kOB Zadk ORIRd bu0 2T P27
the circunferential current in the fat Iayer These
Femdtl hefd Tadifs (@9 1n Fi 9“[9%)2%46‘”\‘30625%6I'm@wﬁn«@ﬂnﬂ
Ye—tH-Sste—eonpartents tnrougn wnrch t1e curr e
(Ei Gure 3) flows are shown in Figure 3B. A line
Acetabalar tigicknoss B*pat i ent el PO1HSde |0.8d8mend 0.815 | 0.015
Acetgé&r%?%a%' nFigure 5. 1n Fpgure 5,004 regiooo4in | 0.04
HAes—+s—= 8 —=nodeted—as—a 2“—x 2" rectangl e

*See qr@\é z

whi ch the body current is assuned to flow.

Leakage currents as shown in Figures 3A and 4 include

circunferenti al

flowin the fat |ayer and body

currents outsi dedlBLE: hB. Electrz:alr(éaméu@r

EHes0. The

current flow and i npedance through region

TISSUE CONDUCTIVITY
Fat 0.02 S/m
Muscle 0.45 S/m
Bone 0.01 S/m
Cartilage 0.6 S/m
Skin Admittance 3 x 107 S/cm®




100 are those shown in Figure 3B. TABLE I A Size
Paranmeters for Four Patient Cassifications Patient
w@k@smidisrat i on Measurenment Smal | Medi um Lar gePCT/US2004/037926
Extra-Large (m) (m) (m (m Electrode-to el ectrode
di stance (D*) 0.1524 0.18 0.21 0.305 Fat |ayer
[0032]t hi CKNERSddfitond- @GRS if FEi622(3 0251 afid @29e Biadwi bglew in Table 2.
wi dth 0.051 0.051 0.051_0.051 cIe M *) | engt
Fach impebncolabeisd i Fomss @)aaééew l)g%'a‘ilﬂ“ B’é’l
0. 051 0.051,0. scle (M¥*) Iength 0. 0635 0. 0762
0. 076220« O7é2 M M *) w dt @Equatiend) 0. 0254 0. 0254
(I\)45|0254 s(l\/UscIffe (dres) Iength 0. 0254 0. 0254 0.0254 0.0254
Where IR i M LmPhtbf of 4 B 150 B e aFich B0y e is he
cross- Wcﬁiéﬂa(l) &(r)é%é&t?tlﬁ 87 perpeadicular 61 fhe dieentionl ofhaurent fgmugnd o is the
4 0.0254 0.0254 0.0254 Acetabul ar thickness
electrl%ﬁéﬁyn@%ti%yo 015 0. 015 0. 015 Acetabul ar width 0.04
0.04 0.04 0.04 *See Figure 2 TABLE IB. Electrical
Conductivities TISSUE CONDUCTIVITY Fat 0.02 S/'m Miscle
TABLE 3 Definitiofs Of dimerSions undsymllsisiosi in Figures 2 and 3

Admittance 3 x 10°3 S/cm2 - 9 -[0032] The definitions

D = ebéctrederto elechiogler distahce3A, 3B and 4 are shown bel ow in

Table 2 Each inpedance |l abeled-inFigures—3—and—4—was————
F = fatlayet thieknass ng "the rel ati onshi p:

M = muscle:

M, = distance (thickness) of muscle from posterior fat layer to
posterior acetabulum

M, = distance (thickness) of muscle from posterior acetabulum to
anterior acetabulum

M; = distance (thickness) of muscle from anterior acetabulum to
anterior fat layer

Z = impedance:

7 = impedance of skin
7, = impedance of fat
Z, = impedance of muscle posterior to the acetabulum
7, = impedance of the muscle around the hip joint
Zs = impedance of bone (acetabulum)
Zmii Zg=impedance of bone (femoral head)
Z, = impedance of articular cartilage-synovium
Zs = impedance of muscle anterior to the acetabulum
Zr,=impedance across the hip joint; i.e., the combined impedance
from Point A to Point B in Figure 3B

I = current:

L, = total current flowing from electrode to electrode
Iry = current flowing through hip joint

I, = current flowing through muscle

Is = current flowing through femoral head

I, = current flowing through articular cartilage

B = Bone (acetabulum) thickness

-10 -



“ 1 Length Z - - - (Equation 1) s Area Were Length is
the dimension of the tissue in the direction of the
W(a_mosmwstls:tl ow, Area is the cross-sectional arerpCDiIS100€037926

— Att-etul=as «+ 0 the—dirrecttTomof —Turrent 1 ow,
C = carfilager ui JHEKNGSS| conductivity. TABLE 2.

— Peftnitions of diynensions and—symbol s stowni N Fi gur €S2
R = radius @fi?ﬁ&?féﬁb@aée to el ectrode distance F = fat |ayer

—thi ckness M= nogct e —distance (Uhi CKNness) of |
T = cipisht SERTILY (BY s ( t abul um M =

| ayer to posterior acetabulumM =
E=e

Rtk STARE or 1 or  acet abul um M & di St ance

(thickness) of nuscle fromanterior acetabulumto
anterior fat layer Z = inpedance: = inpedance of skin
[0033F = i nPhaimpeianéesfwtre Zhen ¢abpudatechusing Eqnetéan & theslimensinns in Table

1A angifaé AonRfy e 38 Toble 18 TEF BAfsRd S0 3T oferdlie Y serics/parailel

impedhfiBRE IRB ¢eaPéurRAR S, (Fipwipé 3M) ipadius¥flowi fimrdanelectoddes was calculated
articular cartilage-synovium Z = inpedance of

¢ . ! . scl
for caginpaicnb elasfieationaior & ablirgsmipplied %%ﬁ%@%@%d&s’*&%@nﬁbptm current
Qint; .i.e. ' d ! 14N :
o 0 e g o SETAIBE MR R0, IOREBAI A e i
circunifentiagy thironatetirctat ter tnd & dnt leakigge currents, were also calculated. This

enabled the calculation of the current through the cartilage, lcartilage» and the current density,

Jeartitage, from which the electric field amplitude in the cartilage, Ecartitage, could be computed from
the equation:
Jeartilage = Ocartilage ® Ecartilage (Equation 2)

where Jeartitage ad Ecartilage ar€ described above and Gearilage iS the electrical conductivity of the
cartilage as shown in Table 1B. These results are summarized in Table 3A. From Table 3A, it is
apparent that for an applied voltage of approximately 5 V peak-to-peak sine wave at 60 kHz, one
obtains electric fields of 20 mV/cm + 3.5 mV/cm for the small, medium and large patient, but not
for the extra-large patient. The extra-large patient requires a voltage that is approximately twice

that required for the other three patient sizes.

TABLE 3A. Device Voltage and Current Required to Apply 20 mV/cm Electric Field to
Cartilage in the Human Hip

Patient Size Device Voltage Device Current Electrode Current
(2" x 2" electrode) Density
Small 4.3 Vyp 26.8 mA 1.04 mA/cm”
Medium 4.5V, 3.6 mA 1.23 mA/cm®
Large 5.7 Vo 32.0 mA 1.24 mA/cm”
Extra Large 10.2 Vpp 52.1 mA 2.02 mA/cm”

[0034]
order to achieve a 20 mV/cm electric field amplitude in the cartilage. These values, and the

It is now possible to calculate the device current to the 2" x 2" electrodes 10, 20 in

approximate device voltages that achieve these device currents are shown below in Table 3B
along with the current and current density in the cartilage when the applied voltage is as shown

for each patient size:

-11 -



current flowing through hip joint I = current flow ng
t hrough nuscle = current flow ng through fenoral head
wo Zoos/0ea18z ent fl owi ng through articul ar carti | BgEUR084/037926

T@pﬁ'.ﬁ? ézfrg %%\L;f;% tzhiﬁﬁgg’ess t %lgsi_ fien a V/ ectric Field is
headI Ja;?cu?r eﬂi’l’ gt ﬁ/ﬁgﬁﬁ‘% V‘ggg"g%‘ﬂg giﬁﬁré{l d

(M cmy [0033] The inpedances were then calculated

udlatigntSizat  on 1 t hEarfilageCpevent; n TLardilageuyrrentDensity

condSmilivities ijn Tabl eOlIB.mAsi ng st andar d 120npA/cm?

Cli fM%&ﬁmﬁnaT ySi's for sepiigshparall el || npedaegsa/chie

tot rTent; Frgure 3A)k LRat nmust [fTow § 2
\Jlar %eﬁ [TV a¥al &\nl g .t m)siluﬂ o [ . ¢ meﬁl
Aoy | T =) VA'[o. =) \9J (@}

IR EAES:  on flor a voli2gBAappliedlio t hel2? LA/m®

el ectrodes. addition, the Eur_rent flow through the
[0035husc| elifiemoteddhattfor exjes-largsiatients,ythe surretialensify efee at3he electrodes,

2.02 8P G e iR P STl & eehdig ) 11 T

[0036fal cul & gdunddiitso® bkt pichiewithl £ ypadifiosizf ilkheelectrode-to-electrode
~current through the cartilage, |cartjiage5 the €urr1e1nt )
dimengions imay, have s69¢ aQaPartens izgR e of |skingingRefpnce Yalygsghat differ from

L] i CALL ] , o
oo S 06 8 . B AT R vt
to incio%&r the pEakat-péakagiiags 1 adhiste theelkisiadioalectiondd cingentt{density).
T 8RO L 5 REBLS o b v
Voltaé;agfg?ag g@% f%o 3e didctiodeP?BRARE Fint RadetdHin@NbHFRRE iPedances shown in

approxi mately 5 V peak-to-peak Sine wave at
Figuré$ 3AHmd 3Bc Fobtaaginen phtéant size, thiealishensiénof variaym tisguss compartments

/cm for. the small, nmedium ar ge _pati ent not
(and FeyeTene ey FRRETIPE B TGN e ety G Ay BpfS tuoueh the
cartildg8 YeLldSse BgN&! drag®ert that theSyaBiRp KBy BSrenyapplied getifavoltage as shown
required for the other three patient sizes. TABLE .

aboveDdWking reasonalje variatiagrin ehimeriangi afelic tissusomypapinesis\fog gach patient
e, S b8 5P LB bR MR8 R ot e
cartildgd "eléctic fieldy @bldddiffeDBySi 5%. Therefore, in order to account for this variation,
and to account for the variation of skin electrical impedance from patient to patient, the device
should be designed to apply the device current value plus or minus 15% to the pair of 2" x 2"
electrodes 10, 20.

[0038] Thus, in accordance with the invention, the approximate size of the patient’s hip
is determined, and a signal is generated and applied to the electrodes that will generate the
desired electric field with a voltage of 20 mV/cm+15% and a current density of 120
nA/cm?+15% within the synovium and articular cartilage for treatment of osteoarthritis in the
hip, for example. Preferably, the signal generator includes a select control (Figure 1) that allows
the operator to select the proper output based on the size of the patient’s hip.

[0039] Although implementations of the invention have been described in detail above,
those skilled in the art will readily appreciate that many additional modifications are possible
without materially departing from the novel teachings and advantages of the invention. For
example, those skilled in the art will appreciate that the techniques of the invention may be
applied to capacitive and inductive coupling systems. In the case of capacitive coupling, the
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Small 4.3 V. 26.8 mMA 1.04 mA/cm 2 Medium 4.5 31.6 mA
1.23 M cm 2 Large 5.7 V. 32.0A 1.24 mA/cm Extra
wharoge49iB2z 2 V . 52.1 A 2.02 mA/cm [0034] It | SPEDWS2004/037926
o RORS kL 8 LAtiRat BSnE R F&igH SRR twh L14dARdES aXilfustrated in
ScaIedﬁog? et oé‘g%&)?&g g dotpgtel? 1 é;gé(%?e\_/lega 20 mV/ cm
Figureg!lefnid 2¢ Oneahel othep hartd, diethiercasé of tanctiveagpaiplimpdbe scaled voltage and

val ues, and the approxi mate devi.ce voltages that . .

curtentyp ppicd edie HEVIEEI TEch SECHE Q1O DeNBly T Paifigatons are

intend&tho %!e‘}ﬂ&u(‘i\%ﬁ]\k}itﬁjBQh&é%ﬁ@Bf the ek eatibn 8defiRASh the followidg claims.
cartilage en the applied voltage is as shown for
each patient size: - 11 -TABLE Cartilage Current and
Current Density When a 20nV/cm El ectric Field is
Applied to the Cartilage of the Human H p Patient Size
Cartilage Current Cartilage Current Density Small 0.15
mA 120 m& cn2 Medium 0.15 mA 120 mA/cnR Large 0. 15 nA
120 mA/cn2 Extra Large 0.15 mA 127 mA/cnR [0035] It is
noted that for extra-large patients, the current
density value at the electrodes, 2.02 md¥cnR is at the
maxi mum val ue and shoul d not be exceeded. [0036] It is
understood that patients with a specific size, i.e.,
el ectrode-to-el ectrode di nension, may have tissue
conpartnent sizes and/or skin inpedance val ues that
differ fromthose nodel ed here. Therefore, devices
t hat power the el ectrodes should have out put
variability to increase the peak-to-peak voltage to
achieve the desired el ectrode current (density).
[0037] The current (or electric field) that flows
through the cartilage of the hip when a voltage is
applied to the el ectrodes on the skin is determ ned by
t he i npedances shown in Figures 3A and 3B. For a given
patient size, the dinensions of various tissue
conpartments (and therefore their inpedances) can vary
so that the current that actually flows through the
cartilage could be higher or |ower than the val ues
shown for an applied device voltage as shown above.
Taki ng reasonabl e variations in dinensions of the
ti ssue conpartnents for each patient size, it may be
determ ned that for a given device voltage, the
cartilage current (and therefore the
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cartilage electric field) could differ by 15%
Therefore, in order to account for this variation, and
wo o0osaoeasnt for the variation of skin el ectri ceCT/US2004/037926
Wi ti g]l)edappe frompatient to patient, the device should
A&t BLeH gned to apply the device current value plus or
m nus 15%to the pair of 2" x 2" electrodes 10, 20.

[0038] Thus, in accordance with the inyention, the _
L. apﬁrmﬁﬁhﬁﬁpﬁfg@tﬁ@ dieasq fisspgin pman %lg,\(lgﬂqj@péllcm%%f’ a specific and

an Qelﬁtﬁ)g%i‘& id Gr é@&ﬂ%ﬁ% icHMd APMRE dRdadeQistiein the human, comprising

el ec es that wll enerate the desired electric
fi elethtepistdf: a vol tage of 20 nv/ cml5% and a current

density_of 12Q cm. 15% w, thin th Vi um an .
arti cul HeIEHRPE HNpV ége PPM@%%‘HP“ u%%@a( @6%(?8(%? gtzlosmivécm electric
the hi pgefoin e aRtsad tifuebemaduhant he signal generat or

i ncludes a select control (Figure 1) that allows the

oper gh.olConstrensingcan epatomicopdelof humapadisenserh tssite shopgng all the
of the patient.. ' - - h
of the E’ﬁ &t %%Suggaé&ed %)tg"g%&]éselsﬁlgw eg}ﬂfd}]} nﬁlgt al : hg%%sgéb?beween ©
those slkkinl cﬁférliyﬁlgtd’iﬁ sitet ofvthb Idiscesedi tispuaipowsthi the ekinhart the opposite
many addij ti onal nodifications are possible w thout

mat er i aSidp ddéhrdissarssd Y58 t he novel teachings and
advané.a%%sﬁcéﬁgetaﬁ Uméﬂﬁ 1cOMhodBP oreHRMAlRaseliNGS®e from which size

skillédin r appreci ate that the techni ques )
of the ipas@ntére aredeferhmnaipfor icach ohthe dissiesistand straeiyres through which

i nductive couplin tens, h the case of. capacitdyv .
coupl i ndhe gyfEent p"’lsges?%%‘é{?eé’othe BPt[eﬂaléanads Sg%’foéﬁ na‘?f’l]éface% enclosing the
appl i ed $Qaiddqiskid? region using two el ectrodes as

illustrated in Figures 1 and 2. On the other hand, in

the cdsd amkirioiihgat plerar siropit mege! efthe sisghsed tisona giymethg impedance

current are a Led to,th i eqj i I ' :

o cor | @25 coRRY BER ST pLaf s HePutty P e ERGleH which the
I ncl udeduWehtthist flder 10 GeRievOs 20 AtV /civeedttiofielddn def diseaded tissue;
inthefollowng clains. - 1 I s clai

: 3 - VWat red: . A .
met hoet dformputing) thy edicicaeldt amaplifuds (20 (R 1 fho digRased tissuc as
the applicatiop. o peclfle.. tq [ d
or el oo Omn e iP5t 3, QELEEHEPURRIS By the targct
human, chsBasddsissge éonduaivéiysamf : a. Determining the

vol tage and current output that, produce .20 v/ cm
el ect gi cAnnlging thecopputed witzgeand &é@%’g &’o%e gﬁgasﬁ e qf the human.
Constructing an anatom ¢ nodel of human di seased
ti ssue showing all the pertinent tissues and _
2.st rihetmethsd bhiclemy h whieteiththe vemputerd eioltagraaleairisat appdying step

: E%@E’Eﬂi’i{g?ﬁ g%{?};:ﬁ’?g@?’ﬁé%%%%ﬁ%t%dﬁl igg%g ? thlgl?'t)gfel!lgsl’nelglan using

t i S§Md%@lectrodes in the case of capacitive coupling.

3.  The method of claim 1 wherein the computed voltage and current applying step
comprises the step of applying the computed voltage and current to the human using a

solenoid or coil(s) in the case of inductive coupling.

4. The method of claim 1 wherein the voltage and current output determining step
comprises the step of determining the voltage and current output that produces a 20

mV/cm electric field in the tissues of the diseased human hip.
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c. Constructing an anal ytic nodel of the diseased
ti ssue fromwhich size paraneters are determ ned for
we@awh/0ef131 he tissues and structures through whPchusive4/037926
current passes between the anterior and posterior skin
surfaces enclosing the diseased tissue; d.
5. CONRd fidoldnd cRirp l4amiesreif ithicatiatoniio dedded Eortshactiligsseps@anprises the
ti ssue giving, the inpedance and curreni, flow in detail
of step pf eanstraetingn ARMHA AodPkefi tBs NYRERHBEh whi ch t he
current nust flow to achieve a 20 mvV/cmelectric field
in the diseased tissue; e. Conputing the electric
6. T i Thelmrthpldi df ¢thém (520harsih ¢ing stemof drmsticigsadnaioggemogsl of the

equal to the targeted di seased tissue cujyr.ent NSkt V-

i sensad 5 e mpHR S aRe R P Cou e Tt AR dindtr B s Hiscased

an ﬁ%nﬂr h Rz LRHEBR ¥OHStBGEnaD fbr idH Efthe tiskues and
thgmélmée se%ht [ és_ueZ of the human. 2. The nethod of .

c| siuntdresiheowghrwhible theomprentaphssas (betrpenanterior prdpasterior skin surfaces
appl yi n t conprises the step of applying the

co ?sé’gﬁ%%ﬂ%d current to the human using two

el ectrodes in the case of capacitive coupling. 3. The

met hod of claim 1 wherein the conputed

] [ vol t age and.
7. cuThemethgsmfyrlavg Gvbgreadhpsier egcqmgu%tf@ﬁgﬁpﬁgﬁqulgﬁ“}@wdel
- the computed . ' 81 order t
Sor QRBTE o o Qe Aa G HIABELirk Rt bgRr A RUEL Mip i order to
4. ddieemite ihodrainfeleatiahfibwwkueient thiemghal fatlggeraatbakage flow of
current output determning _step coppris the ste f
e e TRRSh FSe)s RARBUL A iSShe-GRE COBERAIoN Figes and through the
prﬂﬂ%ﬁﬁﬁf 20 nvM/cmelectric field in the tissues of
the di sedsed human hip. - 14 -5. The nethod of claim4
wherei n the anatom ¢ nodel constructing step conprises
the step o nstyucting,an anatom ¢ model of .
8. ke L o TP WEPRBGeR PR RS oGy B A AL Gt gnodel
of ¢ gﬁsésttﬁé 5188 o PébrBRadHRE CplAmal @lrewit nloliel afitheingnsh hip giving the
ti ssue conprises the step of constructing an anal%tlc

o drapedsince ed clirsahBew ofig tigspest andrpirppiuEs thiopgh which the current

par a ers ar.e det ' . € . t hssues and
S it Epedo Bhs o T Rl o b eh? U2 7
anterior and posterior skin surfaces enclosing the
human hi

. 7. Th thod of claim6 wh inth .
N AR e R Ok e,
EL %glﬁl%%lls%qlﬂﬁ E% lrégéérﬂ?%tﬁlgprh@ Radireficidctid fidlB 9Rplifde (F®mV/cm) in the

diseased human hip as equal to the current density in the tissues of the hip divided by

the conductivity of the tissues in the hip.

10. The method of claim 1 wherein the computed voltage and current are applied to a

diseased human hip.

11. A device for treating diseased tissue in the human hip joint through the application of a
specific and selective electric or electromagnetic field to the diseased or injured tissue
in the human hip joint comprising:

a. one of (a) at least two electrodes, in the case of capacitive coupling, adapted for

application in the proximity of a patient’s hip joint; and (b) a solenoid or at least
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determ ne the circunferential flow of current through
a fat layer, a |l eakage flow of current through nuscle
wap@soidier soft tissue, and current fl ow acr oSBCEHNS2004/037926

t hrough t he humap hip. 8. .The. . of Ldn¢4 ication in th
wher ei noqehgoli’t 1élpﬂ%‘?f c%’gn%t }nﬁi&t’ﬁlﬂeg%{;ﬁgmgi ggé? siles dpplication n. the
nodel  coERIhiSEs 4 petieat’ €Ripgbing;amdt ruct i ng a pl anar

circuit nodel of the human hip givin

) t he i npedanc .
and Gur  esignal | 8eBAton, that; genarsies; Rlectde S1g1alY, Cfg{l raé?ﬁcatmn to the
t hrough b fas t i it @ ACBIRYRR aBQlectric field of
nmv/ cm e?lég%rl ?:’ tp(?g gﬁclhﬁ’n%rh%qﬁa&%g%é)ﬁﬂp% 9. The net hodec c. eieo
of cl ai spRoxihmtedy A0 nié/cat €[ 58§ andbapurrentglensity nge of approximately

field anplitude, c ri ses the set of conputing.the ‘e
desi red%é ‘ini?z ciﬁg%‘l Bt ?@W%@nﬁrﬁ%&{”i"%ﬂ%&g of the patient’s
di seasef]; Dgﬁr@n hip as equal to the current density in

the tisstes 6f the hi p di vided by the conductivity of

the tissues in the hip. 10. The nethod of claim1l

wherein the cooputed vol.tf.age and rent  ar L. .-

L2 e AE ST B L5 HEE Pl B Bt b nry, o
di §&Rs8dad LGRHA With LERr Ikdrasled fR frédtiAl dahilgteglefedte in a human hip
application’of a specific and selective electric or )
el gmintrthrenghehé eprilicetion pbspastiiciansesplestive elechjcpregectromagnetic field

tissue i.n the huma i p jQi-nt . | Si:ng: a. one of

(a}oéf’ahg‘ﬁ@a%tg% lgﬂ’ee&%%@]sl,mollﬁepﬁﬁébﬁéég  of capacitive

coupld n@ne aﬂﬁptaﬂéaét @Wo aRRirbéat dnothe sirfideefhicoskiimrand/ (k) fa solenoid or

a patient's hip joint; and (b)_ a sol egioid or a Ieaf.t o0 in i

- 15 - onk legst pne godl Hecateds extsriah doidhs ¢ nc%flﬁBqunéif application in the

adapt ed . L cakl Ln: the oximty of a

pati ent pgo%uingg)?gﬁ?t?éngﬁgh&o%’%I%nal generator that

glenermt gs s@haﬁtgehalms'r gqhgﬂ Sgehenatear)pllebﬁciat pignals plfqrhepphcatlon to the

Lo pr oduiselredeseltegeimeics Prdest oag vt Aaloary s Hmesiyic feld of

15% and R + Bgenfa APRAOIIIRY ehnselodipproximately

my cnf a@%{/}mﬁ?ﬂh t he synovi um ar?d articul a? éﬂg PP -

carti| ageoqfA/tihe+pah eithirs thei syngdiumt and lepticubarckaviilege pbhe patient’s

treating osteoarthritis, cartilage defects due to

trauma BHPK¥W8rts injury, or used as an adjunct wth

other therapies for treating cartilage defects in a

human hip joint through the application of specific .
13and\ detiec bs irecleined 2y Wherein b stanebaengraser provides ane ef theeplurality of

af folu!tp%t[ eeqecttll*ig Ssyg%aisnint ggco%’ar}lacg \;}fﬂ? d 9zBtor GR"BLhE Y joint and its

surrounding soft tissue and skin.

14. A device as in claim 13, wherein one of the plurality of output electrical signals of the
signal generator for a 60 kHz frequency has a voltage of approximately 4.3 Vpp £ 10%

for a small size hip joint.

15. A device as in claim 13, wherein one of the plurality of output electrical signals of the
signal generator for a 60 kHz frequency has a voltage of approximately 4.5 Vpp = 10%

for a medium sized hip joint.
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a. one of (a) at least two el ectrodes on the surface
of the skin and (b) a solenoid or at |east one coil
WO omaned3ext er naI to the skin adapted for appl PCERUSZNG/037926

in the rox1 atl ' -'

16. sHAg dgyie @Sh]é’r h‘%}fergg ga é@e @Flg%lltt F{:]&% gnafmqn%é1 signals of the

aRPlaf gérietdior r bhse m{zeﬁeq&dg,shast dreolegk efiepptoxionately 5.7 Vpp + 10%

| east one coil sq as to produce an electric field of
arfprmiargmﬁléqd;lﬂlzwlﬁwcm 15% and a current density
range of approximately 120 md cn2 15% w thin the
synovium and articular cartilage of the patient's hip

17.] OA Ribvicd 3s irclaiy Il 8 ewhareinronel cdithe pldralifh of ewtput ﬂgctgp@rsggnals of the

gener at or prOV|des Q f the ural i of Qut Py

c sgnal iEEngRIgh 42 oA 3%, Seateter s ervaifade 3¢ BfoRithately 102 Vi =
rroundi ng soft tlssue and

ik Eﬂﬁ/‘ f&lP foe;dgfa Aﬁ{%e 8964 hipSofk

ice as'i'n claim 13, wherein one of the
plurality of output electrical signals of the signal

gggﬁ%%fqﬂipéﬁr at%ggoos\}e%%h%ﬁ%e /ﬂfgﬁﬁ%@a@ %‘ﬁffjo\ﬁﬁl tﬁﬁﬁl%hcffle a%}%hcatlon ofa
155 cAifidearidcsel asive relestuid or ERctromegedtic feld torthe Hgseased tissue in the
ur al IMGS‘%PPE&QBEFQEE%%% g signals of the signal

uency has a voltage of

apprOX| mately 4.5V 10% for a medl ed hi
j oi ntconvertigg elegric Rotsatisldaom glectyicsignal T ot Pbhed frone of (@ at

the plddf abd Eéctfded oh e sueface bf iheakinsingn(d) s salfntider at least one coil
glf gggl qagggn %?%g{/togtﬁ§ s@m@%aﬁg@f% &H%ﬁg@rfrb [eifj‘gllegpergﬁh? &6f a patient’s
j Oi Nthip Jdint, Andelvitrie fredd iofi not dissnth®) apwrexigarly 29 BIY/eRet 15% s
pl ural i f X | ﬁ qagn 2:1:15%

gener’ g?(i)l}ée? bnd R&g\g&ﬂ: Ei'gﬁ {lyr dfGRt 1684 Ql@ﬁ‘ aﬁp@%mﬁzﬁ yRg /e is

yeney ? agq it oint; and
appr qrodneeéd thhnothz SWIOVl‘QI%aﬂé F‘ﬂ’é’u@%ﬁ‘r& qgg € 3218'81 Hpig J
joint. 18. A nmethod of treating osteoarthritis in a
hunarhg:@%?g iRl dlctiid sighgihotthe aﬁnpétltwatelemrodés aokpeidi ¢1i @il so as to
S

and gctive el ectr ectro s
di seagednceitheelectiif ﬁleiﬁjgwﬁﬁlﬁziﬁ ° EAREM b ‘{Arﬁgfgﬁl"%agtslkg o bifthe patient’s
the sHigpsnof: converting electric potential into an

el ectric signal that when applied to one of (a) at

19|( g St%e{ho Shif gfa{rﬁq c?]ﬂ%ﬁﬁﬁg ﬁiérd‘dﬁﬁfe‘)nglf sté6f §éfédﬂmgmﬂe of a plurality

enol one coil |,ocat eq ext.ern ? human hi
t 0 of lstpsk phC%iJ&aﬁ@g@éﬁ Fith aapsghtqgea}p.aaﬁor#wcteh@ BAoSHFHPE (e p
of jfnpatient’s

(
70. A method as in claim 19, wherein the selecting step comprises the step of selecting an

electrical signal having a voltage of approximately 4.3 V. 10% for a small size hip

joint.

71. A method as in claim 19, wherein the selecting step comprises the step of selecting an
electrical signal having a voltage of approximately 4.5 Vyp 10% for a medium sized

hip joint.

99 A method as in claim 19, wherein the selecting step comprises the step of selecting an
electrical signal having a voltage of approximately 5.7 Vpp 10% for a large sized hip
joint.
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hip joint, an electric field of not |ess than

approximately 20 nvV/cm 15%is produced and a current
walensiotgr3nf not | ess than approxi mtely 120 A/ BORUSHB4937926

is produced within the synovium and articul ar

cartilage of the patient's hip joint; and applying the
23| eAtméthod agimadlaitn 19, eheaeinlteasdlediing stdpemtmpriies the step of selecting an

sol engi.d.,or _cpjl .so as.to oduce. th l.ectri '

o e Stan bovida Siowegs BF BER SRty 020K ot (06 r 2 extra targe

patdigdathigjdihtp j oint. 19. A nethod as in claim18,

conprising the additional step of selecting one of a

plurality of output electric signals with a voltage in

accordance with a size of the human hip joint. 20. A

method as in claim19, wherein the selecting step

conprises the step of selecting an electrical signa

having a voltage of approximately 4.3 V. 10%for a

small size hip joint. 21. A nethod as in claim 19,

wherein the selecting step conprises the step of

sel ecting an el ectrical signal having a voltage of

approximately 4.5 V. 10%for a medium sized hip

joint. 22. A nmethod as in claim19, wherein the

sel ecting step conprises the step of selecting an

el ectrical signal having a voltage of approxi mately

5.7V . 10%for a large sized hip joint. - 17 -23. A

method as in claim19, wherein the selecting step

conprises the step of selecting an electrical signa

having a voltage of approximately 10.2 V. 10%for a

extra large sized hip joint. - 18 -

-18 -



