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been much research into stimulation by electric and ¢lectromagnetic fields and its effect on
the growth and repair of bone and cartilage. Researchers believe that such research might
be useful in the development of new treatments for a variety of medical problems.

{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 selfreported osteoarthritis visit doctors twice as
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-approval by the Food and Drug Administration in 1979. The original basis for the trial of
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this form of therapy was the observation that physical stress on bone causes the
appearance of tiny eleciric 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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augmentation 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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E1 bone cells (Brighton et 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). Tt was also reported that a 60 kHz capacitively coupled electric field of 20 mV/em
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least one coil so as to produce an electric field range of approximately 8mV/cm to
360mV/cm and a current density range of approximately 8;LJ,A/cm2 to 300pA/cm? within
the synovium and articular cartilage of the patient’s knee joint.

The present invention also provides 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:

a.  one of (a) at least two electrodes and (b) a solenoid or at least one coil
adapted for application in the proximity of a patient’s knee joint; and

b.  asignal generator having a select control that selects, based on the size of
the patient’s knee joint, electric signals for application to the electrodes, the solenoid or at
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20 diseased or injured tissue in the human knee joint,

conprising: a. one of (a) at |least two el ectrodes, in 27 March 2007
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joint; and

b.  applying the electrical signal to either (a) the at least two electrodes or (b)
the solenoid or at least one coil so as to produce the electric field within the synovium and
articular cartilage of the patient’s knee joint.

Preferably the method comprises the additional step of selecting one of a plurality of
output electric signals with a voltage in accordance with a diameter of the human knee
joint,
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for a large size knee j oint. Preferably one of the 27 March 2007

plurality of output electrical signals of the signal
generator for a 60kHz has a voltage of approxinately
7.6 Vp_p 10%for an extra-~large size knee joint. 20
The invention also provides a nethod of treating
osteoarthritis, cartilage defects due to trauma or

Ef%fatb t@h@Js Eé(tu}g?srt&g}’%%gprﬁ%s &3 s@ o?@&‘é}g%tm(’gtgﬁ B dAeLa) s1%aal of a 60kliz

cart S n a
fmq@@nqydlaﬁtngtw&@gh of mvr%@meba P Hr-pat 1%&&&%@4&:?*%@#@% joint,

sel ective electric or electromagnetic field to the

afflicted tissue in the hupan knee joint, conpris

b6 sclsFIm GO oY e SORERA Slenh g S0kHz
%u@h@q{aﬁllrfg Svdngt of iatrovbarlappIv gc: 106 dorean avkragayizaknee joint.
| east two el ectrodes and (b) a solenoid or at |east one

coi|l adapted for application in the proximty of a
Rraferabiy the skleeiing semeomprodsitesteprni stlecting an déastich! signgleol a 60kHz

y ,

e e DD e o AN B e ot
300li Aen2 Wi thin the synoviumand articul ar cart| I age

Bbfekdny %tsbl%eﬁngsstgﬁ‘&ﬁn r88s 111t of %&@ctﬁh z@ﬁﬂéd&im siph&l of a 60kHz
el ectrical ei t her

fé@ﬂélerec‘ryc}&éfglgcﬂ‘g@@ﬂeo ﬂaﬂ%rnér?ﬁﬁ# o (30 i adeer sigg knee
jgmtt o produce the electric field within the synovium

and articular cartilage of the patient's knee joint.

35 Preferably the nethod conprises the additional step

of selecting one of a plurality of output electric
signals with a volt % Eadlamster of

t he human knee jOI%%&% SARE Driib e referably the

sel ecting step conprises the step of selecting an
Blsll Ieﬁ@)bdﬁzhegﬁbaéf tBé zrﬂel@tQiﬁHZrill e RauEsa)n banjun@ioa with the

vol t age , of r oxi ely 4.6 Vp_p 10%for a small size
JEHRBPARYIRG ¢ dra TBSeflel B 'y the selecting step conprises

t he stRipuwef] ideitendd aigimadm lelee fdint wah agplgdalecobdes GOk iz the

[ n hav l.ta 0X]

ST SR PRt bE et GRS Rt heffhdion.
sel ectRiggrest @pstcalsm fregyiavhef @I @}alﬁfcals@béﬁi tof ﬂ‘@ layan knee joint of
Fil ﬁﬁ:t I fof @%e 2 Gnalain tvgr%gkalﬁ@ cufréxﬁqgrgﬂ%en%vfbf‘gleareatmem of

pr oxl for .a large size
Wﬂ ‘}lﬁﬁn 3°$@dﬁiﬂ@fw}aﬁlleyn‘feﬁﬂ°%el ecting step conprises
the step of selecting an electrical signal of a 60kHz
frequency having a voltage of approximtely 7.6 Vp_p
10% for an extra |large size knee joint.




15 Brief Description of the Drawi ngs Preferred
enmbodi nents of the invention will be described in 27 March 2007
conjunction with the acconpanying draw ngs, of which:
20 Figure 1 illustrates a human knee joint with applied

wel e refdes used for the treatnment of ost eo%"i’?ﬁzp‘{‘)‘foé”"’“
cartilage defects, or as in accordance wth the

foo2 Ay ent i Oﬁ o ﬂﬂfu‘%u%eé b |c+b§§ ERtigl dicky ONkn WhadMcaf madk] of the

anal yti ca human knee joint of° Figure 1
hurhayy knes doinhofcBigexs Jafor mep waloalg%nawdtagﬁ PR FRTREtS AR ARt o

n accordance with
th"’tt%é“ﬁeﬁg%itn‘{sﬁ’g&n i 'f}é’rc ot 8"3{“%\%&”“%% 4f/]t 110552

[00REIT/ | | S20iguye0d BRFuatdsCbsRiric ftqicbms‘@g@msmlqjgmg the wercgntage of the
tot% Eﬁ%% VRS 21 %!n%c‘ﬁm? X\#:lgé 18l ?\ Eﬁﬁhe R ash @ Ehettgﬁles

Knee joirn se 1 n calculating
[0026] t age BigorecH iliatrites emn‘r éemm bisfoaramstmettm &t prageptage of

h 0
eeghaamy Toreat o o BECEh R bl iRy PP, pi e

Hedube percent age of the total tissue volune as a

f f fi.el
{UQZﬁECE : gg@’%g ! E elbﬁ%%j? ti{g? 853?98‘? glg d%é%r%%i? glsﬁ’)fttgl!’grtﬁgﬁ{}ce%ftage of
thekgfas tiksye Rblgegs almucﬁbloabﬁthm getitie fipidrapeiitvelg dordhree tilpes of gap

total tissue volu safunC|on of the current
Wié‘é%ﬂ?ﬁ”&i@ﬁeﬁ’%@?ﬁ cB’&E‘ﬁt% #the tissues. [0027]

zodilsgg'tf e 6Fit !rél@tim&atgs &lﬁtﬁifﬁﬂt@}l]ﬁslt({gﬁftmﬁi?wmgﬁhﬂg% alssknee size
plo |ng epercenaeo e (0] 1.Ssue, v
inesethBoRahe G pho Fbib&ne @ s %ﬂ%’%mnl}aﬂs 8ty S 53 in
my&hﬂsge sro{%mgamum&ﬁﬂaneémtde@e&aat i | age/ synovial fluid

5 ure 7 illustrates. electric IL%
[OW%t ogr aRigugé \Mhrﬁgaieﬁ aipct‘a@ figMhistpgams fordhe prpbytica 1 Gt the

hfragrlalér\ﬁ g@ﬁoﬁ?ﬁ“?aﬂ%&“we to the size of a human

nee the cartil ag@/ synovi al
[0630yi d cojgare felhtstdecmaasiagnsifyddstegrars £ e agalytic model of the

hulfPlti‘lH si(taé‘?tﬂ%s wh%%(éu%&ttén%hlgsfﬁ‘t:ft ogranms for the analytic

nee Wi th and w thout subcutaneous
oba. | oo:mgurm iftustrBesi dldctristirelt lWstogrames &xtfowéfmttv«;mal positions

Of\%ﬁ’}g %ﬁ%@@%ﬁfﬁg@? g C eJtnaR’{I‘éBg?Ti EI gur e 1

[ob3djustr alF@ghrm ﬁCtilﬂusﬁ'atés ehﬁieriulﬁhﬂgzr hispgfaors foufour longitudinal
Iongltudlnal posi {i.ons t.he el ect Y/

peciotb of ¢ PSR eI /e SRR Bt nd fman

mﬁ@ee [0032] Figure 11 illustrates current density

stograns for four |ongitudj
[0033] J Figure 12 illustrates e ectrlc e{]ﬂlstograms 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 coilg 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, ete.) in treating cartilage defects using inductive coupling.

[0036] Figure 15 illustrates a coil of N total tums of wire of radius ¢ and length 7

used in determining the dimensions and number of turns of wire required to make a coil

-8-



positions of the electrodes relative to the cartil age
zone in the analytic nodel of the human knee. [0033] 27 March 2007
Figure 12 illustrates electric field histograms for
anatom ¢ nodels of the rabbit fibular osteoto
WQL2084111855Di al non-union for effective drivi ntf%Y p]egrﬁgszm
[0034] Figure 13 illustrates current density histograns
for ﬂgdﬁ?cﬂ%; i%&jglle@m@fﬁefdhﬁ thé akRhtar hiBlea iR Rl OMMuctive
an n t| non-union for effective driving
comihggal S. [0035] Figure 14 illustrates a human knee
nt w ﬁﬁ ?Boﬂi filﬁgra@ég'ﬂkescrb% %?ctfoﬁ rthr&!iﬁl a $iE8 AR 18fthe knee

os! eoart carti | ects due to trauma or

joistrmnt slongiharayis abwhigh e nwgnﬁw fluzdg entrefeteph t h ot her
therapies (cell transplantation, tissue-engineered
scaffolds, growh factors, etc.) |ntreat|ng cartllage
def ectlbetmhaid@psbmﬁmmf Preiernep Ky ) S

ol 5L SERS e Byl etk Bbal 1&&&4%15?1 0 V6o len P W

erm ni ng the dinmensions an
1-Déliheke @;inemm e aof williapgereciete that e desriptikesivercigirgin with rgspeoct

Ve 2007 . WD 2004/ 110552
to ﬂ:}oré% gl;rﬁsgls lf?{eex REATYYTRS5E < ctnf ar(d#i? ﬁﬁ% é(e%ﬁ%i énj ?5}6 tl?l Hmit the
scSR dfitheAig fonibR M 1 gt eaGoris Relianting/be swpeipf tha (ivefitBB3Tdy e :gmi@d

16 illustrates the cross-section through a coil in
byprefegingdn tegPPRYEk &I j oi nt zone al ong the axis at

pUtiGdhst he magnetic flux is calculated. Detailed
—Description of Preferred Enbodj nent he I nvent i

[0p3038] THe user beieipotie Riase [éenge st P?%efa IR Bt ‘éﬂﬂeﬂ’b%ﬁo%%als

in {hg rlﬁ%Cﬁ&Iﬁ&ﬁ SidrRlsFuBMERRd slgnkB; clEbiasigdltid bigaalé And edeotric
fi ppreciate that the description given herein
s;gmaisroum1$b1e@ﬂevweta those figures is for exenplary

[ep%[gpos es A%rus¥d ?z%gin,' e W “rRiee ?&&Q td Bh aEMan‘ieIde'tﬁlﬂ'tzirgeted

SCO nventi on. quest 1oNs r ardin
tidshe vﬁtedme itdf at doenbined divid ona n’alyedb@eqt@wm alygor generated by

referri t he a finitions: [0039]
digget ?}g%e&p %@a&nxe g?%glq%ﬂqg@lgﬁkﬁﬁﬁh gDeI s used to refer to
D@sc&‘i@tzhﬁbﬂnmfstmtear&hbodlmm’sud| ng nechani cal signals,

ul tr asou ct r 43
[90A8ct ¢ | C @%aﬁ%éds %u}fy %Qxﬁq eb ogseﬁé\%rlgxbﬁzm a cagac:ltwely

chiRleal ﬁemtdigeuﬁ@ﬁm 'iridr@bedf theqfrehfsratmn afi bohe otlls gewnf jne peture

wi thin_targeted h
Gorertorp Byl ek Poidbet P o o Gl PRl Dpthetdafieine
Al b ﬁ&ah‘ﬁg ik @Nfat HEARRE | fibllaem6@l FBHigtgow rPollacky et kl,eClin. Orthop.
Rgl(c)zgzd Res 9285 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 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 illusirated in
Figare 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

v 0.



Description of Illustrated Enbodi nents: [0041] Previous
studi es by the present inventors have shown that a 27 March 2007
capacitively coupled field significantly increased the
proliferation of bone cells growmn in culture
WORMKHAHESN, Pollack, et at., J. Orthop. ResPCIUSH84/0152T
1985) and significantly i ncr eased the rate of healing
ends rbf dhd ufr raﬂg ttﬂbfae ‘i’esfpécQHM? a{H&dﬁiro&sEiFagﬁﬂéso M aPc%Haﬁ&é‘w1tﬁ tihe
. ed Res 255-262, 199
mvmtm ostmrtfm@ al aieslmep teieti isrigeelefl tyhie appliwbiemof tﬁéfaﬁl s and
selc%fnve eﬁé ?’J dlﬁre d@gwﬁ aGhiL ! &kr}fdééoékg %%%lgt‘r\ster k€ dhe knee joint

ave een et ermn rter Vresi | ovi C,
sub@tanmaéﬂmas aaveh BrFighweon A $iEEEgeTeratvs prosidsh hechppromgate signals to

the e%cn%&s dfgls gen?éga#mgjtﬁ% a%ecxﬁc gglg&fve e?ecﬂ'ﬁ:t ﬁéﬂﬂ e sggm ¢ and

require current requifed roduce
seladtive @@uﬁmaﬂi@ahmwieédbrwat Pitedarthaiiy inc t:nerlame }d!ehsa tajcilated in

accg{dggcf ‘g{%ﬁ %h A% f%rg%i/nl?l}s% n glgae)ﬁ%éll mgﬁc}a? e EIEteg] Slrng Sldl Cth

Fighrwvpsandadv el oped | n accordance with the i nvention for

rese t I oji Nt t
e3P F RS st PR o R 2R A R Qe R e
idehtfEs Kndieatsd ieltbtrodes (1L dérs 2,anummrm abmm,rmdfcamla@ ami tymovial

synovi al fdethat i's bo nde(il e ti.cul a
Aok ROMPRARERt O 1 AVinecht Sp S 5§ Sipmgtions were

malle ¢, Hﬁgﬁqﬂé QI8 %F4redNétBenit the rf&nér@lmﬁﬂth&ﬂ% b inbh;athe tibial Wldth =

respectlvel , and fibrous ca sul e I n, accordance wit

10%.h aumsiang &?thf@Wk‘rOE%‘iee%F&Wﬁ Filps g ? FReCifigeEequBt fitthy @ecmcal
pr&ep%&éé Gﬁhé%%ﬁehﬁ GyaRRB1 hl@ﬁ&édﬂnra@lfsr a%s binbCihad Qartiﬁ%& BEL IS was
l'ectric ds via flexib |'ectrodes attached
consisletedi toehavs ﬁxne%am@e@leqmahtpropeﬁﬁgtaaﬁpmh §oh gy lsh the
o QY iigsrddhs rARRYOPY i ate
90@“8% %Sﬁfglét%h%gg (lelglt%?o s&?%mgéener ating the Sspecl fic
and selective electric fields. The specific and
se
in the knee joint is calculated in accordance with the
i nvdfetdteh using the anal yti calComplsg|Copfudtifdy knee | oi nt
depicted in Figures 2 and 3. /08435 i t he anal yti cal
nodel of Figures 2 and 3, the followng elenents are
i deivuséle ed as i ndicated: electrodes 1, skin 2, nuscle
3, bone 4 tilage and gal  fluid
conpart R%ﬁﬁﬂ[ﬁ E%E arriving at %%bﬂ’gyanal ytical nodel, the
fol | ow pgpashisit@tie €baswere nmadex I(E’gar ding the sizes of
the elenents: the fenoral width = 76.5 nm the tibial
wi diviareew 101 5 m and the |nt2é4”ei(ectrode di stance =

1088n'%C e{ speci fi c account q_f Jhge el ectrical

pro &5 of | i gaments was nof I ncl uded-rat her, space
ot henrififgan cartil age and bone s 107
Subcutaneous Fat 2.0 x 107
Admittance/Area (S/em®) at 60 kHz
Blectrode-Dermal Interface 3.0x% 102

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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consi dered to have the sane electrical properties as
nuscle and marrow. Al so, the conductivities of the 27 March 2007
tissues included in the study were neasured as follows:
Mat eri al Conpl ex Conductivity (S/m at 60 kHz Miscl e

WoPeH B2t 0 fibers 7.0 x 10'1 Per pendi cul HCHGP2PPIERE
2.0 x 10"1 Marrow 2.0 x 10"1 Bone Cortex10x102

0 ti|agﬁ1 0& é :

apiilistlepiapeof B, 007 Re tho-Begksit G kilz pre gbiep belowear Woéwar%lﬁ@ers as
151{1 hﬂggel@&gc ﬁé’lﬁ%ﬂd b Cﬁt!tiéllt gexﬁﬁ%ﬂ‘par tment 5 was conputed

ree sizes and 4.3 cm and the
[O(uppl i ed A% sbowodia E@ﬁwfﬁt‘l,atm( Plectant fielft inpdhansaiiilagrsyroyinl

R G o A P P U VA T R O

alsb @S lfb1salf @mptatiments ahd tafbctsrtd:wedompilext geemkayrayenkiee ﬁiefamlyawl

EDAES AL b 2l B2 o Oty

coﬁ'xgﬁnﬁérﬁslis{: et ubif@tntbvantie mlaiame ufﬁaenowpmnmnt Whm[l@@h@}rumr all
own 1 n Kl
oA pe YRS G Tl MESRBRPE kedrford <Faline 4lficel moadl

[004¥) Ue OVRE shb@n aitHigereve) meoémma@fmumzr fimidn¢ompEtinsnt 5

el 55, 5 o PP LA g

in@Sassd) ckdndinBte@ifeim.t he current denS|ty in the
cartilage/synovial fluid conpartnment 5

(001 1 ho.as ShEIGTENTRS, b HBAR PR A PR o0 e S e &b
kneg at%\é siZt 81k IR AL IEME Sa@hsh Hell tkﬁ tdhglagasypbax fluid

even in the anal ytical nodel. 0461 shown
compaf&ng:urfe degreaged. tIhegeéﬁ’ﬁE nmca‘@émgwﬁ&wrgpsnfa &eolme tameter was

fo]gullc{rf?) Oc'ilt %%nch ¢ Butirs ?‘é '&(a?gszxfﬁgl tibfl bl me%aﬁ%éal drie @kekde ﬂ;)leﬁween the

e car ynovi al corrpartrre
twioniieceradedinauitervendsythenianger bn imw%m?t@oﬁspfmﬁ&ers% ﬁk‘?""?‘ﬁ field

forg%g?cfapphefvolttagee knee size increased fromthe size of a

[0048] The amount of subcutaneous fat has also been found to have little effect on

-

field and current density. Subcutancous fat has a lower conductivity than muscle and,
therefore, the electric field (Fignre 8) and cuxvent density (Figure 9) are slighily
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 eleciric 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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knee to the size of a human knee, the electric field in
the cartilage/synovial fluid conpartment 5 decreased. 27 March 2007
In general, increasing or decreasing the knee dianeter
was found to change the entire field distribution b
WOHE0418¢hr ocal of the di stance between t he PQTfp2004/018274
el ectrodes. In other words, the |arger the knee
di ameter, the smaller the electric field for a fixed
appl i ed voltage [ 0048] The anpunt of subcut aneous f at
Celigis vitkd Relgdien found to haveaimuhetieftabed myfem eleeitiel fiekdd
current density. Subcut anedivsrefizientityef200 pivom’.
conductivity than nuscle and, therefore, the electric
Anfriva l(eb%iBiRpsules: 8) and cur reﬁfoitdgmmtply of @B@Nwﬁgﬁl@e@cewﬁh
Sucleisill theplingdéBractmseChliubut  t Rilestrddes oo thegelibstkane.iApprdximate range
nmost cases of the knee. 10049dakFiftie dlagirici fielha&S-Be@mV/cm in the
di scovered that the effect ﬁﬂcmmmmﬂospétppmmgﬂmge@ﬂpeahe
el ectrodes | placed on the dseaizal@bmbideesity®—{ $fepA/om” in the
cartil age/ synovi al conpart nesgturdcdllas.not critical. Four
cases were considered: 1) md-gap (mddle of the
HuedhithdmaRhpaend: al  conpar tvisltge otputdf 5 Nalb, fordhadmvicerwith the
SubeLAVY Heigh O Riunidh fdétaet er dielodestohehain. Apprbxih)at@range of peak
di aneters ‘bel ow the gap. Thiechsidld f 060 flVeorel Eledufi¢ eurrent
field are shown in Figure ]&ng@cbffgogoo Ix,gh'em?:urrent

ES' Uy 258130000 Wghted ¥ Bndlils in Whikh th@hda@ied mdabls o Both
ctrodes 1s not a critical factor in_this nodel

t;he[ B0 Sorin dbStramols R {heriap eRBD PPRR AtegrogRgrpd. It is seen
that ttﬂe%@%ﬁﬁ%&gﬂlfl %&ﬂ&ﬁ ?ﬁ!ﬁ\] 1B&R! doﬂ&tu)ﬂ! ddachARBCHIthy/Bssue level by

cou ow ng understanding of field
scading thmdevmtvolt@c@lpplmisex@mqﬂy dojr tesstnenh invgpsordanpe with the relative

Ll | ani mal studies
S?‘%?qi’?ﬁ}‘&‘ﬁ% %‘%édb{hggh‘p“o“g‘% %’3 ] cH%%%‘?B&\}D 2004/ 110552
[o(l}'?;]' / US2004/ § hbsiid oCet}lése (]'n_inrv?c_tmlfa;‘lscm,s et resgmtx inyegiprs have
effec m el ect L |
dofzpop oo R iR S Bty R oftid B eufi AR EhacBl n
th® c@lﬁzs\{ﬁeepﬁ‘gﬁfe lilesaﬁesylaaé foi thvitrSsbciies Sifthe hem vl (Btlghton

P il QAgORIGFH e B PR el S PRI of

8-200 mV/cmin the fracture callus. Approximate range

of peak electrical current densi 195 pAlen in the
fraddure cal Awima Bhuni on)éééegqﬁhf’ Vol t age
out gut of 5 ¥Rn¥/cfnQb 18G@VAGYI Ce V26 RVIde

J 8 pA/em? to 180 pA/em’ 200 pAfem?

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 permiited more exact field
determinations. In this way regions of the human/animal tissue cycle through the
therapeutic effective range of the eleciric 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/em, 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 27 March 2007

8-360 mvV/cm Electric current density of 8-300 gA/ent

[0051] This is shown in Figures 12 and 13 in which the
wearatiomssal nodel s of both the rabbit fi bulBEHFRMRQHET

nodel and the human nonuni on nodel are conpared. It is

seen f I
the 350 so Aok 5 IR THERER] bt FAEEE LIl rRbix o RENARs (0
thetiutad €€ goimodnblrien] apukl etiFigutee? ndisteythé oallusrie a‘mh@nd by rthe
accPrdawce with.t “%ﬁ r"ﬁlﬁ tive tissue volunes between
?ﬂ%’gﬁm & “hunman nodel . [0052] As a
[oose]sul t OThuts hege dhciveferanoaps gven dumithkngpr-eBtnches, then the
,|nvent (s ha deter 'nd he foll ow n
dinggieE gt 1 YRR s av Hopagp e s FaghiPonfn A e RE b frence
megshh@eép@l ﬂaﬂfsnté ﬁ:ﬁﬁ gEﬂe@:ﬂﬂlﬁ;ﬂilﬂ.fo&n m&b\k‘sﬁ&)ta@mf ¥ ltil}’, » Bifoukd pmduce the
studi es_of .t he bone cel, Bri ght on Pol.l .a
s . B (O iy s wsgee S8 koo sy ige Byrovial
P 2 smAlibt kiRijomd dilddser) sa@ari b h&&h&m&m@@hﬂmﬁb \Emﬁd requzre
fcmto 180 mV/ cm 20 mv/cm 8, pA/lcnP to

0]
1esmitq@ww (it Ve) - Mem%m%wé et ghess Would
mq}drs h%rméagé G g 5! L TR o 6@1&%& bitphiadfer 6w, , o MROVL. pRbuld

actor 1nto account. hat their extrene I|m
covenghe @ﬁd@magémﬁmgzqsé@?#‘tfﬁd tqaéﬁt%\ fongdyce s Besied E@queuﬁc E

fie tglgi g gli'rdp% %'éfsj AL rchﬁ:ﬂa %}h&%é&l @ﬁfd‘b&ﬁﬁ@tﬂéﬁf ®f QeARhees as

erm atlons relonso t he
dederibach Almuve ndriatipeseist e ineﬂm rmiwgwoitm are Flergise drﬁq:a@se of the

f.fecti current
aisrith Y Gul PR skl SpAShhbfucd RuaRg ©00 L Pes
[0855f ough Ths, & meonrdae. wxﬁOﬂﬁﬁ]w@tlm dhd mopw}tam@tecsaqet (and jence
cel] results.al curred a eglql v
oo -G % RSB B0 BB Bghd fpgluctn
appBERBR B Qecir6en tthit Swiflppenaticnht bsjred teheetrivafiedd ds tichenge of 8

e e S R, Sy By R HE 00081, 10 0k
tre%@x%% %%@3%@@1& US2A0O 4hék] §3r 4xdﬂnﬂe SHBEraMyaI the fsimnblo gerxafator
, used in the human ktﬁqéafra ure t l%tn@ eO zmtput
m@p@slae%ﬂftcbcorﬂq%@%r# ELIPBP Hie WSt Pés L 16 BFOPSY
bagé%‘ﬁe?’zwﬁ@p%ﬁ Qaks us is replaced by the synow al
r

ane and articular cartila 005 Thu

(08561 cunt eAdecie agordpnes Wik e riste ol sﬁes‘fp tRaPe
deﬁlggred gd @E@Ee%kor&aémhﬁh‘e@ %ﬁrcul-gpba?hl‘ﬂgesuﬁ%%&&hb@cddpﬁng'fﬂ@iice

nee ci rcunference
of the type shown in Figure 14. To calculate the electric field generated by the coil in

Figure 14, we imagine an elastic 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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measured in patients with osteoarthritis. An output
vol tage of 5 Vp.p should produce the above E field andy march 2007
current density in the average size knee joint
cartil age/ synovial conpartnent. A snmaller knee joint
woieBigs2, say 4.6 inches as an exanpl e, woRCd/USegdPIse’4
| ess vol tage out put (4.6 Vp_p), and a very | arge knee

joint dianeter, nche uI d | r.e
62 a&%moa@betwmnptet ppint %1%@%33“ lich éﬁl Ut put ‘{I%Fd and
the®nds MRdcdiiQn the&-2\Rd pZ\Qﬂté&tﬂJns FRY @dbitiabﬁsxidd | the flan@egiah by the
knee sizes neasured to date to produce the desired

equeet:apeutic E field and current density in the

cartllage/synOV|aI1fIN12 conpart nt of the knees as
descri bedabove? Hm& o €0% i n the applied

vol tage are tolera because of the di stribution of
val ues Eapg s 4, from anat om cal conplexity.
[0055] Thus, in ac ﬁndénce with the invention, the
approxi mate size (ang hence approxi mate dlaneter) of
the patient' sinkg) term ned, and a signal is
generated and app¥hed:'to the el ectrodes that Wil |

enerate the desired el'ectr [ in.th of
] i§ribe @u%fé Ve FOBNH % ﬂ@ul"P@Et d’g‘ﬁs"i"tly affty Sg g’F ’gmgmﬁc
aloTe cod meiﬁeEDﬁrst dtdnbldsi
peﬁ%ﬁgﬁ P ? @RY 1dsxéy Ef@te t&Qftral fe”g codf 8

or éxanple. Preferably, the si glnal
qu@emﬁfcmmp weij 0at kalehe theavalsies efth artﬁdmtortbtf ﬂ@? R goual Pinpggipdi is a

al | ows operator to s t e
negHIvE RBmET RSB & it AiTpeE to B SRR e a2t 0, 10R 2%,

[0@RFOr dangRer¥foteBiiagion (1) BBdonte:, the appr oprl at e eI ectric

fleld can be delivered to diseased or traumatized

articular cartilage using an inductive coupling device
of the type shown in Figure X4. To calculate the
electric field geng atgd, b he_dnLL in Figure 14, we
i magi ne an elastic gandaﬁ% k£ qp@uﬁh 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 tine rrent flows
’ﬂmhmﬁm@hiBﬁéﬂ@%¥¢ﬂVWﬁW§°E%?? €5¥Hﬁﬁ@§y s magnet i ¢
flux which in turn proQg gsjg—ki*he-varying electric

field. It is understood that the current applitud
whére ke fieyamplititdy of thelsmusmdsl wervest.f@isrdimes dhe fequency (wh;tch we

controlled fromt omer S | y=s@, a
i pLT 0T ot BPAEHE BEFRBT L vl Ao oLl e
X ﬁmr%a“ ons that wll acconpli sh this. [0057]

C

tic di agrarrs shovm ng a coil of Ntotal turns of
wire and a cross- ségtion thfbﬁ@ﬁwthls coil are shown

respectively. The angles 01 and
Ti‘%fF‘f‘gﬁ 3?‘81%%?23’8%““4'\% 2004/ 110552 PCT/ US2004/ 018274 02
are those between the p0| nt jon the -axi s at whi ch t he
magnetic fl ux |%5fakgula g and“_q_u sin ot

D
[06059] From Maxwell’s Bquations 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 kuee. 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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the ends of the coil in the +Z and -Z directi ons. For

arbitrary sizes, the flux is given by the equation: 27 march 2007
(1) B = where sin Bl= 11 1 +a2 sin 02 = 12 |y +a2 and

| is the current in the coil, I is the length of the
wO0Qbds1guash go i s the magnetic perneability JCTAIS2004A1$E74
tissue). In the central region of the coil, the field

of a solenoid.is uLte. uni.form.s can_select .t he
scoptrfeasmisy of e g 19 estioniid PhEydh Wk Ars S bt BRresse
in dufplitide HE Y Bhday Gopbideiey ob@gi@yse |1 is negative along the

Zaxis, sin 02 - sin 01= 2sin 02 if |11 = 12- [00581
[0080er ef or’die IEGUAPYOR 1) becomes: NI (2) B =uo | 1 12

+4a2)2 The current, sigpusoi dal varying current

I iIs
and it can be vvritter(ﬁbslfa= %5 =10 - e where lois
the anplitude of the sinusoidal current, wis 2n tines

whedh¢Elfis thewientriy felhingtitede. IR if thedime deriggiiveref Equstipni(5), gnd r
is t{n%@stla?n(gelgfrogz\%ﬁry? &%I'g%%‘g Fen;&{%'éﬁg&?%%%})hﬁ ,‘Ibhéxﬁar?x%ﬁ@biﬁﬁtr. P1Qcing

ereforé, Equation
Bafation p9anorguatich {6) Badpddfarming dffaentiation gitgs+4a2) 2 [ 0059]
From Maxwel | ' s Equati ons we obtai n an\expression for
the anplitudes of theyelectrijc fijeld jagsociated with
the tine-varyi(g! lgoch$ g —tt utd be noted that
the magnetic flux is parallel Eéﬁhé)il or%g axis of the
leg and is therefore perpendicular to the planes of
whishahearsta indigates that theelkeive fielt 08 paicaf pheseryid the mAgREG dpx-

|S.in th l.anes, of .t h | : i k.
[(’(iﬁﬁ} ectio W%éﬂ%%%‘ q Yal‘%/egt?g/alfﬁg gﬁ%@l&tg Iﬁ eﬁg\ﬁuﬁﬁ FQ’ZIF useliysuch
that at the -14 27 March 2007 WD 2004/110552

PCT/ US2004/ 018274 geonetr i % genter of the knee, the
electric field anpl¢t0dé %1 ™FES2ero0 and it will
i ncrease 1=6.35 x 107 meters

U, =4r x 107 T'meters/A
N=3 x 10° turns
I,=100 mA
" p=6.35 x 107 meters

1
@=27 % 60 x 10°—
seC

we obtain

Bl = 315 mViem

where [B|, s the amplitude at the maximum radivs of the knee, namely 6.35 x 107
ax i

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/em.
For 90% of the area of the cartilage synovial region to achieve an electric field strength of
20 mV/om, the maximum field at the periphery of the knee joint must be 65 mV/cm. This
means that the number of turns (N) 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) IE(=-dB dt~r 2 where JEl i97 march 2007

the electric field anplitude, dB/dt is the tine

derivative of Equation (5), and r is the distance from
whbh6osae@eetric center of the knee joint to atTarsecuneey

radius, r. Placing Equation (5) into equation (6) and

erformn dlfferentlatlon ves (7) JElI. = f20 N |pwcos.
(08 1 Spgh o g 06 T B O i R SR o o Dot
ab&t&e f.}%%@ elilléCinfthe bl wiils rQBilP Wb pr&fiate (s traMy bddifidral medifieblions

0061] If we insert the val lIIeS of all the

]
arﬁpl%ﬂ’b‘@lh?@t‘@ﬁ@uf malerjelin depprtipg fromyiheapyel iegclgnasang adyppipges of the
S 4iSudsd WihinT iRt RS éf the
m‘ﬁ:ﬁ%& A%’Q%cgfr}%%&j?%ﬁgnlsgﬁé %%dg&lg%ﬁi 10"2 neters M/:Isédr X
imGBtisn d0Bfined indee follpvippelaings- | El Max 315 mV/ cm where
| El Max is the anplitude at the maxi numradi 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 27 March 2007
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WO 2004/ 110552 PCT/ US20041 018274 [ 00631 Al t hough

i npl ementati ons of the invention have been described i p7 March 2007
detail above, those skilled in the art will readily
appreci ate that nmany additional nodifications are
possi bl e wi t hout naterially"dﬁgagting fromthe novel

t eachi ngs and advantages of the invention. Any such
nodi fications are intended to be included within the
scope of the invention as defined in the follow ng
Cly@d, 185 claih@ddd: March 2007 - 17 Wiat is clainmed is: 1.
A device for treating diseased tissue in a human knee
joint through the 5 application of a specific and

sql ecti \Pﬁd@h@cﬁaf treating didcasddribmeginet ivmahikeled jcting thieagh the

di
I Seﬁ?ﬂgf)ﬂa }]0 aﬂgrsek%ﬁ}%a?léﬁi‘elg g?ﬂ?&%ég@?&g Q'tmhe diseased or
t Higjucals s m(thq:)htunan kmpegoinplcpmgtisingdapt ed f or

appl i catj on Lo F &Z Qs)f't\m) Ebécﬁ?{f_adeé Rakd @d@.& oﬁcd‘iﬁ@ﬁvk eiifling,
and (b) %4 sol enol | east one ¢

st Betopplisebon it 8 Prani ol S PaRH s W s e 1) &Rlenoid or
10y EE’aQt’%d@cBM 1ﬁfth@ce{%élbf Bidbctvedoapling btdptedadod applicatisn gnthk
gener.ator .havi lg{ﬂ@ ect Cé)ntl‘0| that sel ects, based
orPreHEIY; of @ Pagif eséﬂ%ﬁ? s knee joint, electric

si gnal s . or aagmpilal gaieram hamﬁgh&seb:lcemmmddﬁ'@t sai¢ngs, Satedrigi the size

aq@ée %aﬁ i)?)glgel Jﬁ@ ellec?rg:ﬁ%gﬁa?s {E)'E Qﬂg%g’ﬁ@?toech@ Q%Eﬂr&defs' @k olenoid

C urrae feasther soil yo aatmo@iceapﬁi@mq@qlé ranggiof AprEapinaely gmV/cmto

3Rdied) § &/@hﬁ& 300pA/ ithi
% i %@%{Uﬁé‘f@ﬂ%ﬂ%ﬁ%&%ﬁ@ﬁ%&éﬁﬁ% é(;g i ev(l) 30 ;# : rcm within

t rtéasnglmﬂ%mlﬁﬁlﬁf gartilage aﬁhmpa@@ta %loéntdue to

trauma or sport S injury, or used as an adjunct with

ot her therapi for .treatin artil age e

utan krbe s T R oo B3 srin AR ATl Yo e o sports

anﬁ Rl @ Cksed/&s dl @ipinict oithrotl thekapidsrionaeptiogicertilagsl dj:ch@ ina

atflicted SS
c o ?nslfl}?ﬁ joipt ¢ ougﬁ%}fle gggla%&t@?ﬁ%%?wﬁé ah(FéeeQéoruge glsectarﬁdor
( byleatrosnd gmeios fleldrto te afisted tisas ip dhg huraindgice doink comprising:

applicatjon jn &S@a?‘ié&’é’d tWotéfec@lfod@S d?ﬁt(b?él!%oiéndidlﬁﬁaﬂ I@ésﬂbme coil
and b. a signal ner at or awfn% a, sel ect contrg t hat
e

s ehdspted, fob@@éléaféﬂ’ﬁl infee RroxENItHeT 4 prliephy KReR o180 IR

joint, ehecty ﬁzgnzﬁlggﬁ@ht%r ﬁ&%ﬁn@@ Qd:ledt abmtool thaa stloets, based on the size
eleé rodes,

t o0 Batt g&fngq: Jé)&qtr &gc‘qa‘z é]lgaalF ifl g’tgp &a%gg 5 S G?G%PJOP@SO t%olenoid
8myf ﬂﬂ@ds@ox%@ﬁﬂwommpd)dacecm elenttic Heldghnge (rfang@xuﬁately 8mV/cm to

ap%é’m"W%% grli glﬁ/re%ggeﬁsﬂy %&%Q%If ﬁﬁﬁo%a@i? 8 uA/cm to BOOMA/cm within

the synovium and articular cartilage of the patient’s knee joint.

3. A device as in claim 2, wherein the signal generator provides one of a plurality
of output electric signals with a voltage selected by a user in accordance with a size of

the human knee joint.

4. A device as in claim 3, wherein one of the plurality of output electrical signals
of the signal generator for a 60kHz frequency has a voliage of approximately 4.6 Vpp &
10% for a small size knee joint.



the synoviumand articular cartilage of the patient's

knee joint. 3. A device as in claim2, wherein the 27 March 2007
signal generator provides one of a plurality 30 of

output electric signals with a voltage selected by a

user in accordance with a si.zggof. the human knee

joint. 4. A device as in claim3, wherein one of the

plurality of out .electrical signal.s he si gnal .
Gemer at oY de 3 IBGIELB 3 MUFSEHRT GIat By %@%ﬁw eftciical signals
am@&l@mg@ﬂ gér)erzﬁoﬁfo\/aﬁpkilz h&ba. 1d1ekgt of agprexiadatel s 5 DEV e 0% for

- 18 5. A device as in claim3,

mgragfzrrqg%%e %‘?eetjﬂ]élgpl urality of output electrical

signals of the signal generator for a 60kHz has a

5 vy tage &ﬁe\%’e%scm g[ﬁZﬁl%l %(l}éreﬂl Y dt thélﬂiﬁ?afli@i of @leﬁ\é?erc?rgﬁl signals

size knee | evice as Iin claim3 o
orfé tasySigned gmqrj@tax for ¢ 69kHa besuyoliage of ppreaximetedn §|6éf +2G10% for a
t heg8isBahedRNRr ator for a 60kHz has a voltage of

approxi matel’y 5.6Vp_p 10%for a large size knee

joint. 7. A device as in claim3, wherein one of the

pI ur al i tA{ dafic@&ttinlﬂaamlBe&ﬂlbieuad)n@fghﬁbisramﬁ)ofxﬁutptlitealectncai signals

10 ogn@)&l aner E{\?/% %kﬁ%g% vc?l’?agg r(])\fgl{)(érr aﬁra?gl 7.6 \If + 10% for

krv@eex}reliarge SISekmeerJemod of treating osteoart hr| tis,
cartilage defects due to trauna or sports injury, or
used as an adjunct with other therapies for treating

cartil ag% mgdrodal drepiingrosteogrthiifin sakitaes defickduerp Haalﬁa PhEports
apRjurg & el a@fan%dﬁﬁ@ﬁvfth thﬂﬂlega?ifﬁ Gbi tvm@lg Rgitildge d@fects ina

T eI ect rﬂaﬁié n(?% t: X oug |.d tog%:aglgntoﬁglsﬁg‘%ﬁ%%ndoﬁ‘efe%ﬁve Dt e or

c cmmxrotnagget&i foeddl 1o the péflieted tigdueciimtie amaal ket joint, sorgprading the
hgé S\/\A%en applied to one of (a) at |least two
rodes and (b) a solenoid or at |east one coil
adapt ed & or c@Bvatipg leetricpatentialtinie qpredsctuig signalthag when applied to

pa&de%@t(a)sat lfé&@ﬁﬂo%lé&ro@é%‘d%@?a eiR)i @61 &tl16ast bigd Q}lf:ﬁf&ﬁﬁ‘:d for

I 'ess than approximately 8m/cmto 360 faéj
20 3 amhﬁ%mn ip éhf:smwlmi i@ Refentapte X9 ERIafyces B ﬁ"E‘Ct sld range of
30RRAAYE MHn\Wp f@xﬂn&tb@ Wh‘i t@ PoaRY/ah bhd u|cafrezﬁaiéhsdyag@ge of

gra@@% ngﬁ?f@gﬁe Ysﬁ@‘%/g %?@}.{f’?{ tvgtﬁmﬂﬂ% 5 erFUé% g{a‘@ ?J{}\Bi?lar cartilage of

elteepaﬁxdﬁslmeejoﬂﬁ E$10)) the sol enoid or at |east one coil

SO as t ga%gﬁgn%&? 3%5 §1 nafl 'toe xﬂle}l\'@ B ?tti&% two glectrodes or

synovi u ar car
25 j ofbnthe solenoad or at least one coil so as to produce the electrlc field w1thm the

synovium and articular cartilage of the patient’s knee joint.

9. A method as in claim 8, comprising the additional step of selecting one of a
plurality of output electric signals with a voltage in accordance with a diameter of the

30 human knee joint.

10. A method as in claim 9, wherein the selecting step comprises the step of
selecting an electrical signal of a 60kHz frequency having a voltage of approximately
4.6 Vpp  10% for a small size knee joint.

35
11. A method as in claim 9, wherein the selecting step comprises the step of
selecting an electrical signal of a 60kHz frequency having a voltage of approximately
5.0 Vp.p = 10% for an average size knee joint.



9. Anethod as in claim38, conprising the additiona
step of selecting one of a plurality of output 27 March 2007
el ectric signals with a voltage in accordance with a
di aneter of the 30 human knee joint. 10. A nmethod as
in claim9, wherein the sel ecigpng step conprises the
step of selecting an electrical signal of a 60kHz
frequency having a voltage of approxinmately 4.6 Vp_p
10% for a small size knee joint. 35 11. A nethod as in
cl1ai m 9 A mbethodianint dans®|vaot¢in thestebroting spp cemprisel shesttepol
of ect] -an Clel ] q
RS A RRia G RT s Rity HogRey Bhyfig g BRRTRacly
aver\gge: 0% dokanlerge) siderimnee intvar ch 2007 - 19 12, A

g method as in claim9, wherein the selecting step
conprises the step of _selecting an .electrical signal
ofi3h 60K eHIOdh ENEg TGN HEEIA WFOTSICS e S SPBPUSER ISR BFR Of
5.s6)¥puink anldddetfigd! signhlesfaes0kHzErdqnaeyjaivig . a withge offapproximately
nghgﬁd aio%n clalngg mherg%g thetselectlng step
c puds Ohior aR gxiralarecSigedhtep I "el ect ri cal si gna
of a 60kHz frequency having a voltage of approxi mately

10 7.6 Vp_p 10% for an extra |large size knee joint. 10



