WO 2007/005842Pa/1152006/026000 - 1 - PROPHYLACTIC BACTERICIDAL IMPLANT
REFERENCE TO RELATED APPLICATIONS This application claims priority to U.S. Patent
Application 3&HA0%(8058471 72,138, filed June 30, 2005 and U.S. ProvisionaP SR ABMA%ion Serial
No. 60/708,320, filed August 15, 2005, the entire content of each of which is incorporated herein by
reference. 5FIELD OF THE INVENTION The inveiition relates to systems and methods for
inhibition of microbial infection related to surgical implant devices. In particular, the invention relates to
systems and methods for inhibition of microbial infection related to orthopedic implants.
BACKGROUND OF THE INVERRQ@RHMIBRT e fAETHERIGIDMNA | Haeihg NhTonic condition in the
elderly; it affects one in every eight Americans and almost half the population over the age of 65.
(Brooks, P.M, Med. J. Aust., 173; ﬁ%@%%(@ %%%%1 common form of joint degeneration is
osteoarthritis. Osteoarthritis weakens and breaks 'Ril‘éﬁgm&?@%wsing pain as bones rub
together. Eventually thEhcomstaentiubtirigioptheihonyUssrfaces destiessthe41 uriagemthes are
rubbing against b%? i redigh, painfyl maovement. Total joint replacement, or
arthroplasty, reg?gfﬁ%sg gaz%ni i%eg(r?%v(g%}ggéslﬁ%@eﬂﬁ{gg mgﬁflfﬁtboéh%ﬂl%m\&"d %ﬂ?fﬁ%@irﬁled
pathologies. Arthrgprasf; 385 bbqrficererrdennh lieacs bamhioknis af dhe ety inslidingrtiferhipe knee,
ankle, foot, shoulder, elbow, wrist, and fingers. Total joint replacement: whether hip, knee, ankle, foot,
shoulder, elbow, wrist, and 20fingers or other, is typically done as a final stage treatment for a patient
who suffer$ from some form of joint deg@MBra@F THHMYBarYSiages, many people manage

arthritis pain conservatively by using anti-inflammatory medicines, weight reduction, lifestyle
modification, physiotf?grﬁéeplé,vgétg)élcxgﬁ% oWaﬁyﬂmm%énﬂﬁé%Wﬁ%M@@mb pain
intensifies. Whevlatee 25 spginayétsplarthéspioint Wheye wyerrday, ROEMa)REINIIESSHRAS RHLtINg on

shoes and SOCI&ﬁe(Eﬁcy&El i . tairs[beco e foo.painful, ot% joint replacement surgery is an
attractive option to resth)ér;ggnl%%l\glleﬁn%%ﬁ anc ?néaelztpl)e 83%6?%5 148 ariepatiamrriaiee pain. WO

2007(005842PCT/US20061026000 - 2 - Although joint replacement is a relatively large field within
orthopedics, the number of fracture fixation devices utilized around the world far outranks the number

of artificial joints. Fracture fixation i&gYowiiE QENASHERERPRENFaures associated with trauma
accidentsli§ increasingofibtaienceaiigesEar-heipiamahotexisBALINAIS: R Rufinglyde;devices

such as a plateé vgireé.s%{ew, in, roﬁ%%%r staple, which aid in maintaining fracture fragments in
proper position dufing %eéﬁfﬁ‘g@%@iﬁlg oSt Rt (e Ry wirliarery aibe ape AfezBionkst Pkliracture
and will remain¥dthle Sntitety7610 3E82E) 0y eSS iR REEATiIH B PSHRAREALSHMENIS Within the

body. Joint replacement. sur began in the early 1950's, and its frequency has grown 10 as surgical
techniques and medic%ggg'reg%ggg%%tlgl Wi iesrﬁsr%)ér fﬁﬁo@é@ﬁ%ﬂﬁt@ §80% GRENERRE00,000

and 1 million totaPhiissephdesetiontSveateaberfoiniens et yestingbilennbag)4itiscestisatad that
approximately 600,000joi eS| 2,000,000 fracture-fixation devices will be inserted into
patients in the Unitaéd Stat%?@ﬁ%%%%%gf US tr%ﬁ%f er'oF Fﬁmb‘?&g‘?ﬁ?ﬁ&ﬁ#&%m&?&ﬂe number
of 15 associatédithfeplpsamensointbeesstamepessots whiphids:an ihplacs is aidisiadacseyeloping an

infection associatad 4t e aauics ik S asti d m%t 2 percent of joint prostheses and 5 percent of
fixation devicecgﬁi(vill become infegg?il. Tg?(ir]g%?é%rcen a@%%&gpaéé%§m€£%ﬁ%%§mplams, as
many as 30 milfgH fchedidydnelndinathavin, b Tankle, foot, shoulder, elbow, wrist, and fingers.

Total joint replacement: whether hip, knee, ankle, foot, shoulder, elbow, wrist, and

20  fingers or other, is typically done as a final stage treatment for a patient who suffers from
some form of joint degeneration.

In its early stages, many people manage arthritis pain conservatively by using
anti-inflammatory medicines, weight reduction, lifestyle modification, physiotherapy, or
occupational therapy. However, as the disease progresses the pain intensifies. When the

25 pain gets to the point where everyday, normal activities such as putting on shoes and
socks or walking up stairs become too painful, total joint replacement surgery is an

attractive option to restore movement and independence, and to dramatically reduce pain.



20The effects of implant infection are expensive as well as a danger to the health and well-being of the
affected individual. For example, infection results indirect medical and surgical costs and additionally

may cause DatiéMtF4ii4Suffering, lost wages, lost work and decreased prddtiva)P IR ferage an

infected hip prosthesis patient spends six times the number of days in the hospital when compared to
the non-infected prosthetic 25 hip patient. In 1991, the total cost of an infected patient, both in hospital
and as an outpatient, was $45,000 as compared to the total cost of $8,600 associated with a
non-infected patient, (Bengston, S., Ann. Med., 25:523-529, 1993)  Joint replacement implants and

fixation devices includé khvapetiooft materats=foraignrtbathelhulngs Belly wiueh aaivptalss piastics, and
polymeric substﬁﬂlqg of 30 which have.the pagtential to serve as strates for attachment and
growth of microorgar%'s%lgr.dc h particu a?‘f%g?{ﬁ%ﬁﬁi%%%%%gm r}ﬁg’gr 8)‘3&8@‘3’&%&% yer that
protects certaindséedgiacimssn Prratoeyiicat oy idigremingydaihjtestleatietiis i thethedysItated -
glycocalyx also‘gﬂﬁlg@ﬁjﬁqc{&qé%ﬁ% i3 1 re.tg environmental.surfaces (metals, plastics, root
hairs, teeth, etc.), colonize, and res?éﬁlu%%%gg glr%%é%r%ig?glocreésacr?%%esl%%%%(zg%%&nﬁiﬁ%g%ﬁﬁtﬁr?s often
very difficul to epsdiedislo fevieesinttbinthenimectiore, Borcexaripmdysié micadminidtiod of
antibiotics is Soffpiingfiectivedue 49 Jimited blaod supply.to the ar .the implant. Additionally,
many bacterial species today are resié&gént tol’ a%ti(gli)oti?s. nv?/ﬁglr%%i%egc{]t? n cga:&ngri%o ‘beinhibited it may
spread and becéidlgiassiae alisepprmredsqhgpafchediattorn avd willirdeetinfonith imtine hofthe

osteomyelitis. Sﬁ&lﬁ,ﬁ@@@Sgg%mgbmmgé%ﬁlqggﬁyg%gm%gqﬁ%g involving extended 10
ebri

hospitalization, joint dement, aggressive antimicrobial therapy, total joint femoval followed by total

joint replacement and JSB&<iBMASFHINTBECH thrermrEt s el YR50b% enmiisfrstiency Singeimplantation
of an orthapediesmplanideriseysicihasriaint seRlasemarirahesis.gnfikation deyise, jgguite

common and associated infection frequent. there is 15a continuing need for new approaches to

inhibition of infettioh® RFBEERo:CRUAIAd Ballierytedhasrr eremaptIEcHaiERedwalEas the
patient to be abiehit trea064 prastosticRatapmyplitcinieqiamibestiheameval.ahanioriant

Further, econo'%lé:Fal an%safe aégparatus, ?nd‘method_s of inhibiting implant associated infections are
needed. 20SUMRIARY 'BE PR ERR7E NHORINSHEY MiQ Rk s dBifsASBEthe invention, there is

provided a medical plaitfeysiesml gomptisingimber aT mplant bedkmadaséadkiosematinle aaterial, the
implant bol%y haa\éin%. nd?xg?rnal surface; 25a metal component containing an antimicrobial metal

SEATAAl SUHERBAIRE IMBRARTHAAYY PrsOR e Bak itk WaRIry & firstiskffal and a

disposed on the externa
second terminaflordophitherténfaitiats dmsingpiadelatitoal eoiryriseatiamaitihtie priahcampanent,
which is arrang g)ggnggndugt lectrical qurrent to produce antimicropial ipns; and_30an insulator placed
in a current patﬁ betweeesnaltlh(ﬁlj Fat grrcr}lflcr% aglf) %hee%&?\?é’}’ i Become’ eote(gnlsakmg 3 percentas an

average estimate of infected implants, as many as 30 million incidents of infection may

oceur.

20 The effects of implant infection are expensive as well as a danger to the health
and well-being of the affected individual. For example, infection results in direct medical
and surgical costs and additionally may cause patient pain, suffering, lost wages, lost
work and decreased productivity. On average an infected hip prosthesis patient spends six
times the number of days in the hospital when compared to the non-infected prosthetic

25 hip patient. In 1991, the total cost of an infected patient, both in hospital and as an
outpatient, was $45,000 as compared to the total cost of $8,600 associated with a non-
infected patient. (Bengston, S., Ann. Med., 25:523-529, 1993)

Joint replacement implants and fixation devices include a variety of materials
foreign to the human body, such as metals, plastics, and polymeric substanceé, all of

30  which have the potential to serve as substrates for attachment and growth of
microorganisms.

In particular, certain microorganisms may exude a glycocalyx layer that protects

certain bacteria from phagocytic engulfment by white blood cells in the body. The



source and the second terminal of the power source preventing current flowing from the first terminal
from reaching the second terminal without completing a circuit including a -4- conductive body tissue
or fluid adjacent to the external surface of the implant system when implanted. In a second specific
expressions of the invention, there is provided a medical implant system, comprising: 5an implant body
made of a biocompatible material the implant body having a ement having a first external surface and
a second element having second o surface; a first metal component containing an antimicrobial
metal disposed:brdba yfirsi extentdd ssnfacdastdtie ioplbenctodyrvi®apener solacss ravialg.a first

terminal and a second terminal, the.first terminal i | nication with the first metal
component, Wfﬁgs fgséFPégr%el ét’o% ec%%’dgu{g'ﬁ ’e?e{)n){i]lll}'@’%&%ﬁgg@It progu%

ctr_lcal current to pr e antimicrobial ions; 'and an
insulator placed in a dOn@nmpatiolzenicenablefirst aaimanbfithe Pnersodidecalhdothrvdeatnd

terminal of the powver saHieRLSKRRIRG. CrietAving tem e dallistiRrRIoPAgM{RaEhing the

second terminal without completing a circuit including a conductive body tissue or fluid adjacent to the

external surfacefshtineffantian ey secimiipdhlrpdiurely. o thepeeanipd sdmptaatprehifinmelby.the
invention, there,is proyided, Asmedical dnplant SYStEMSAMBIRIRY: 20an implant body made of a

hiocompatible matérial, the implant body having a main body portion having a first external surface

and an internal cavity Whermiaferiicncmorabmg bl diuaispisedite BeImpRITIEBERF having a cap
portion removafly dispasad,ifthe; QRRNIAYLLARRARIRIAM SRV thetBEreaRsRKIGBI NAVIRY A Second

external surface; 25an antimicrobial metal-containing coating disposed onfirst external surface of the

main body portisiients g iesisete il e anbrmamshy imne Bissx E8drde having a first
terminal i a gegARGIEHMINAithestdarminal calectical R RIVMUNIELOY, Wital thenantimicsobial

metal-containi;% coating, which is arranged to conduct electrical current 30to produce antimicrobial
ions; and lipuisd byt ofabitinhraniarramob Aty BatiBlnRBY R i FiHeNREPEBUrce and

the second termgjpglfdlne power source preventing current llowing from the --5 -

Since implantation of an orthopedic implant device, such as a joint replacement
prosthesis or fixation device, is quite common and associated infection frequent, there is
15  acontinuing need for new approaches to inhibition of infection. In particular, it would
be very desirable for both the physician as well as the patient to be able to treat a
prosthetic osteomyelitic infection without the removal of an implant. Further,
economical and safe apparatus and methods of inhibiting implant associated infections
are needed.
20 SUMMARY OF THE INVENTION

In a first specific expressions of the invention, there is provided a medical
implant system, comprising:

an implant body made of a biocompatible material, the implant body having an
external surface;

25 a metal component containing an antimicrobial metal disposed on the external
surface of the implant body:

a power source having a first terminal and a second terminal. one of the
terminals being in electrical communication with the metal component, which is
arranged to conduct electrical current to produce antimicrobial ions; and

30 an insulator placed in a current path between the first terminal of the power
source and the second terminal of the power source preventing current flowing from the

first terminal from reaching the second terminal without completing a circuit including a



first terminal from reaching the second terminal without completing a circuit including a conductive
body tissue or fluid adjacent to the external surface of the implant system when implanted. Ina
fourth specific expressions of the invention, there is provided a medical 5implant system, comprising:
a support structure 1M supporthat at least two orthopedic fixators the support structure adapted to
secure the at least two orthopedic fixators to the suppdrt; a first orthopedic fixator supported by the
support structure, the first fixator having a first external surface; 10a second orthopedic fixator
supported by thersuppoettstivdisracseconid fiditerhiving axésesherdresrablisuimriant sysiefirst metal
component co%@q&&gﬁm!microbial metal disposed on the first external surface of the first fixator:
a power source having a first terminal and a second terminal, the first terminal in 15electrical
conmiunication with the FifSePREtEPRBAfHBHERISINRAT Bainapyienshesn duioxidet it ardifint to
produce antimigrobial iQug;,and @M Msulator disposed on the support structure in a current path
between the first terminal of the power source and the second terminal of the power source preventing

current flowing from tH8 FPI48HRNIAI Treds PEadHRRY S SRIcTRA Ekhils WBidt e dMpBIiAg a circuit

including a congluctiveeady tissye arduidadiacantte the exenal suiace rithe firsddixator when
implanted. In a fifth specific expressions of the invention, there is provided a medical implant
system compri§ﬁ§¥%‘1%ﬁ5‘l‘éﬁt including at least one implant body made of a 25biocompatible

material; an external surface,defines ynsaidmesicat MNRIARLSYSS; me@l Misiscomparenishaving
bactericidal properties dlztsaosed on said external surface of said medical implant system; an electrical

power source; %ﬁf’ﬁ%fé" FScatdlr drmbarabesy implant in electrical communication with said metal
componeng and said ROY¥erSQUTeE:thatiaaninels emmal--applicalion efrelaciricat custenhinsbid metal

component to cause said metal component to emit metal ions. .
electrical communication with the first metal component, which is arranged to conduct
electrical current to produce antimicrobial ions; and

an insulator placed in a current path between the first terminal of the power
source and the second terminal of the power source preventing current flowing from the

15  first terminal from reaching the second terminal without completing a circuit including a
conductive body tissue or fluid adjacent to the external surface of the implant system
when implanted.

In a third specific expressions of the invention, there is provided a medical
implant system, comprising:

20 an implant body made of a biocompatible material, the implant body having a
main body portion having a first external surface and an internal cavity, the internal
cavity having a wall and an opening, the implant body having a cap portion removably
disposed in the opening of the internal cavity, the cap portion having a second external
surface;

25 an antimicrobial metal-containing coating disposed on the first external surface
of the main body portion;

a power source disposed in the internal cavity, the power source having a first
terminal and a second terminal, the first terminal in electrical communication with the
antimicrobial metal-containing coating, which is arranged to conduct electrical current

30  to produce antimicrobial ions: and

an insulator placed in a current path between the first terminal of the power

source and the second terminal of the power source preventing current flowing from the



A medical implant system includes an implant body made of a biocompatible material. The implant
body has an external surface and a metal component containing 5an antimicrobial metal is disposed
on the external surface of the implant body. A medical implant system according to the present
invention includes a power source having a first terminal and a second terminal and further includes an
insulator placed in a current path between the first terndinal of the power source and the second
terminal of the power source preventing current flowing from the first terminal from reaching the
10second termirral {eithout! completingre dhesitincl udimgral condudtiverhddyntiss uecortfluiduddjgeent to
the external surface of the implant syst mcyvﬂﬁg% I@ﬁ{gg ternd M Lq f; ] tem according to
the present inveﬁﬁbn rhay)g[gﬁdhf%ure% as any o%]t\[/}érious ?y%gs épﬁn?p?arl]tmgpﬁrﬁobr%zﬁe?fnplant
body is a joint replacenentptosthetic implant. In a further option an implant body is a part of a joint
replacement 15prosthetig jplanheAtnRIFRL Gy IFaY alsed frRibansdiadxption.deyjce, an
orthopedic spacer, or a combination of a joint replacement prosthetic implant, an orthopedic fixation
device, or an oﬁﬁ@lﬁéﬁﬁé’%ﬁ‘é}eéﬂmmsm&’ére than one implant body may be included as part of an
inventive system. In additjon, Mae dhanang RANETSAUESS May e pprvided. for-examals, yhere more
than 5one implant body is included. Ina hlghly preferred embodiment, a medical implant system is
provided having&t ipRRPBEd Wisiess iheladeash retstBrmsAtchaviy alfirde s idiorl surface and a
Seqon_d elgment haV'nagﬁ*ﬁ%ﬁﬂﬂ%&ﬁ@mhﬁ%@%rt@é welhas g fisst ma@ﬁ&qmeqn%%mammg an
antimicrobial metal which is disposed on at least the first external surface 10 of the implant body. A
power source HEViF & first teHARAPBHEcS: second terminal is included in an inventive implant and the
first termimgl is in eleclricalcammiapisatianwish s, retinetal.cappanenticlie, secondtgrminal is in

electrical communication with the second external surface. An insulator is placed in a current path
between the firSEEANIREIYE 8BNS ETREEUERd%he second terminal of the power source preventing

15 current flowing from the: fissttelininaldsam seaching dhaseaeneiamisal withewdcampleting a circuit
including a conductive body tissue or fluid adjacent to the external surface of the implant system when

implanted.  XSBARABAHHSR [HLdEsiFmetal component containing an antimicrobial metal is

disposed on the second,extarnalsumacmand thesecendigiminabis ik elecinoak 2060 mHalcation
with the second metal component. In such a configuration, the insulator insulates the first metal

componeht frorfl S S O B EaMBERERNE. 15T IR Gh S EPRBBE MR B S AETRST ARV AYHHGIng a wall
and an openingiscipichldge:-inthe iroplanthody aodia caismrovided to close the opening of the
internal cavity. A power source is Positioned in the internal cavity. ~ In one embodiment of the
present invention, a pBRIGA-GH e AR COhtAT WA THE W 6 Bk Wé?ﬁéf’égws}tm%d‘é%f&ht
electrically insulatingdnatesiahpreveniing cuient fawingdrarmihefiss perminaetiheqensrssource
from reaching the secgnd terminal of the owe,r;ﬂgrce without completing a ci,rcgtiit including a

conductive bod§HHiSSHE P HEA R ARBATES B BNFNAT SRTAER SREHE SAITIAHTEDEtSHIRONEN implanted.

For 30 examplesableast a gartinneithmeanineantacbwith tbewadl fofiandiiesnad candbk rgyibe made
of an insulating material or may have a coating of an insulating material, forming an insulating region.

The insulating regiReF el eXishe S G taHdk PEANE region of contact with the wall. However, it is
appreciated that a cagORENEYBIRYiEgS & SURkestt thed mpatibilome AN extetndl e Hadectd a power
source terminal, and therefore, the cap may provide such a current path in regions of the cap away
from contact witRHEFXC™ CAMRBERE implant system is provided according to an embodiment of
the present inventiommwhislarinsltid@sngrinepianhboslylbavbug amadindiedy portion having a first 5

external surface and a cap pQ T;m havg%g a second external surface. An antimicrobial metal-containing
coating, stith as a SINSPUBALRIGHY IS ting, is disposed on the first external surface of the main body

portion. A power SoufceRavinguarficstdefintn alantiasdaandigisinalssptovided as part of an
inventive system, the first terminal of the power squrﬁ is in electrjcal co&nmuni ation w'itht e
silver-containing co&ﬁﬂﬂ%r‘f&’ﬂ?@‘%@& ing bactericidal properties disposed on said external surface

of said medical implant system;
an electrical power source;
30 a system located onboard said implant in electrical communication

with said metal component and said power source that controls the



10 terminal is in electrical communication with the second external surface. An insulator is placed in a
current path between the first terminal of the power source and the second terminal of the power
source preventing current flowing from the first terminal from reaching the second terminal without
completing a circuit including a conductive body tissue or fluid adjacent to the external surface of the
implant system when implanted. An 15 internal cavity & present in the implant body and the power
source is disposed therein. The internal cavity and power source may be positioned at any convenient
position. In a preferredindideiméptcchcirimenicavsadaiataheamaimnpady portion. Alternatively, an
intermediate portion havipg.2n ieinalGavi,maxRe plovidedand attached to the main body portion

and the cap. 20In a specific embodiment, a cap is provided which includes a protruding portion, the

internal cavity comprisedndiddaudest fadena s desrisuiaieebheghiseads séreiasraadtilsert, and
wherein the prafiiding periampfihe.cap interactadmith thermaranathigadinsapiadaredamale

connector for reciprocal interaction of the threaded surface of the internal cavity and the male

connector.” ARSI ANSIARE Q) dtcHRessrbods frrraaatikBranidhnBpeldr! firdtiorddevice in one

embodiment. Amaventivg HaViSa R MR RraUPRAL SULGIHIS IR SHARORING atleRst fyaQrthopedic
fixators. The support structure is adapted to secure the at least two orthopedic fixators to the support.

A first orthopedi@ RSB SHIFERBG K tesseppsb it epinetart Hughs it udesrraitipies it hiBecond
orthopedic fixatpesyPRAFEEH hyviBendfe SHRPRHSHMGVIBRS R SRRBE Srternakshipeemihiirst metal

component containing an antimicrobial metal is disposed on the first external surface of the first fixator.

A power sourceRaRANS B ARSEEHATIAHAR G HISBEIR teHiPil Hasi HER: SR HIR Herhstching 4l is in
electrical commupigatieryIi) thenbist eiakaappenent iNdinstiaiebitiisRe PR Wkid
2007/005842PC.T/US2006/026000 - 9 - support structure in a current path between the first teiminal of
the power sour8&igrpti theestanaliniaror ke fBwkns surea présaimmiagiident flowing from the first
terminal from reachingathe-greond JRin alamithais-gamplatio peheut itluding preoniigivedpody
tissue or fluid adjacent to the external surface of the first fixator when implanted. 5 In a preferred

option, the impfit1¥ SHAHEHTS BESApBBER tol3NYWiHM A HTMEAIREY Wriel ' (RSB mplant.
Ihus, for examp%@stﬂ@m{irﬁ@@m;m@a@ﬁﬁfwyﬁ' cﬁlammd faf%uylesfaqmdhﬁ bﬁdmefi)@%daﬂéﬂdual ud

aving an_inventive implant. In the case of an orthopedic fixation device, certain embodiments include
a support strucRIRS OB ce BRI HSY alﬁ&éfowb?é%w&&é?a@%dﬁwm patient
when at 10least a portion of the fixator is implanted. Also optionally, a current conductor, such as a
metal component, is disposed on a portion of the internal cavity wall, preferably such that the portion of
the metal component in the cavity is continuous with the portion of the metal component disposed on
the external surface of the implant body. Also preferably, the metal component in the 15 cavity has the
same composition as the metal component on the external surface. Optionally, the form of the metal
component in the cavity is the same or different compared to the form of the metal component on the
external surface. For example, a wire or metal ribbon may be attached to the metal component on the
external surface and to the cavity wall. In one embodiment, the metal component in the cavity is in
contact 20with a terminal of a power source disposed therein. 111 a preferred option, the metal
component includes a transition metal and/or a metal found in columns 10-14 of the Periodic Table of
Elements, selected from gold, zinc, cobalt, nickel, platinum, palladium, manganese, and chromium. In
a preferred embodiment of an inventive implant system, a metal component includes an 25
antimicrobial metal which is silver; copper; both silver and copper; both silver and cadmium; both
copper and cadmium; or a combination of silver, copper and cadmium. In further embodiments, the
metal component includes a metal selected from the group consisting of: gold, zinc, cobalt, nickel,
platinum, palladium, manganese, chromium; or a combination of these, 30In a further preferred option,
the metal component is more electrically conductive than the biocompatible material of the implant
body. WO 2007/005842PCT/US2006/026000 One form of a metal component is a coating
disposed on the external surface of the implant body. Such a metal coating ranges in thickness
between 1 X 10-9- 5 X 10-3 meters, inclusive. Optionally, a metal coating disposed on a portion of the
external surface of the n implant body covers a portion of the external surface ranging from 1 - 100%
of the total external surface of the implant body, excluding any portion of the external surface occupied
by the insulator. Further optionally, the metal coating disposed on a portion of the external surface of
the implant body covers a portion of the external surface ranging from 50 - 99 percent of the external
surface of the implant body, Preferred is a 10configuration in which the metal coating is disposed as a
single region of continuous



coating on the external surface. In one embodiment of an inventive medical implant system the
implant bodydngiidgs@n articular surface which does not include a metal fﬁgtﬂ%%ﬁ%@%&m as a metal
coating. 15In another option, a metal component is provided in the form of a wire, ribbon, or foil
disposed on the external surface. An inventive system may be configured such that the power
source is continuously powering a current conducted tdthe metal component for release of metal ions.
Alternatively, a system includes a switch for powering the current on or off. In a 20 further
embodiment, the current is modulated by circuity adapted to control the current so as to increase or
decrease the HHEQREGE ERREFR: SWINGBREMHERIADENtNIsRiRisment lpresdetithirsplaresistor in

electrical commauRicalign AL dhappuersaursa dhepiapallyincluded. In a preferred embodiment, the
resistor and power source are positioned in an internal cavity of the implant body. Optionally, a switch

in electrical communicafeFs henois HelgshedsRrtBe Ml o roinienponersssurde. Further
optionally, a comigies imsignakconypuRisalarwithineswischiis prvided  Suchacomolienis

operated to send a signal to a system component adapted to receive the signal and to control the
switch. Preferalily, BREH{-BAEY iS BXEAS4 to an individual having the implant, such that activation of

the switch may be pefiprmeth BypatoriotBehnician or3aRktRaNAIERkEm iA38HEseibRd S a
method for inhibitin |cr§b{g{lﬁg tion assoua}éted with an orthopedic implant, which includes
providing an infRAtRRE) <8 HERIBITG A RO SRS E Hratiics HES FEFand susRgora t external

surface of an inypiant bgyetheaWHQ 2086/0684PRC TULIGR006/A2B0Q0 implanthodydasaiad in a
homsr, body atazg s{ige o;‘%poten{rjal.inf cagon. eli{\j/éi‘e?(/).of curre% to 'g?rj: metalfomponent is associated
with antimicrobiSF 5B & RN R S AR ThiSSHERAsH AhArirastOG TR GOFE TdaSHe of
potential iffectioithsuichpthat hoidyokialdintechorcis imhibied{iEnonsemnbatinessaf andovantve
method, the infectious.micrabe is a Grain positive hacterium and.the metal] component comprises an
antimicrobial mlgtcg}lél% e%t%%]ﬁ%en%t%eenapgaﬁ% a(“:no&nsfs:.%%a%%ﬁ%ﬁl P8y S%T%L?ﬂ@#%ﬁp%@%% er; both
silver and cadrtierfirst othtebppepamdtcdtmismndicmioahibinatienrofbtvermeoppeioanddagmium. In
additional optio infectious microbe is a Gram.negative .bacterium and the metal 10 component
comprises an a%%?n%erg%%%ﬁ%?eﬁ{ Selected r(S)Irlna% relgsrcg%apG %‘gﬁ%iétﬁq”é‘%’ﬁt &6 é’ﬁ%’ﬁﬁ%@tﬁ §§6per and
cadmium. In futtreieshbotieneonss thuiedeotohs meicrobedsmmingihandithesmetal perpongnt
comprises an aufimicrepial eﬁa(lrﬁeg&gtﬁ@tfrtg%m%gé% nsisting of: silver; and both silver and
copper. BRIEF DESCRIPTION OF THE DRAWINGS 1%‘&%%&@%%%8 e r’éewl?nmg‘agf"éﬁhgb‘{paratus
according to arfeREHNIAEFLGEIhEHER 8 IRCRRLifGTIPEY 4ltsipsjoirftur placshidwihg e feortion of the

exterior of the ignpiant Mﬁﬁﬁ%@sﬁ%%ﬁ@#ﬁ%@ is a line drawing of an apparatus according
to an embodiment of the invention in the form of a hip joint implant showing an exterior view of the

implant; 20FIGURE 2 18 & Frfaratani O dnsrevadimmeBbrempragnimphisins e etiGioRE is a
schematic circuf{iaey ampetaiRiefesrReovarsianofl animrlanisysiem asearding o %H%@&&&%W

invention; FIGURE 4 is a line drawing of an inventive bone SCTOW implant system including
20 communication with the second metal component. In such a configuration, the insulator

insulates the first metal component from the second metal component.

In one embodiment, an internal cavity having a wall and an opening is included in
the implant body and a cap is provided to close the opening of the internal cavity. A
power source is positioned in the internal cavity.

25 In one embodiment of the present invention, a portion of the cap in contact with
the wall of an internal cavity includes an electrically insulating material preventing
current flowing from the first terminal of the power source from reaching thé second
terminal of the power source without completing a circuit including a conductive body
tissue or fluid adjacent to the external surface of the implant system when implanted. For

30 example, at least a portion of the cap in contact with the wall of an internal cavity may be
made of an insulating material or may have a coating of an insulating material, forming
an insulating region. The insulating region may extend a distance from the region of

contact with the wall. However, it is appreciated that a cap optionally provides a current



an insulator; FIGURE 4A is a line drawing of a view of an insulator; FIGURE 5 is a line drawing of an

inventive hipdnplagbsistem including an insulator; FIGURE 5A is a line dpawying.gh@ovigw of an
insulator; FIGURE 6 is a line drawing of an apparatus according to an embodiment of the

30invention in the font of a hip joint implant showing an exterior view of the implant; - 12 - FIGURE 7
is a line drawing of an apparatus according to an embogliment of the invention in the form of a hip joint
implant showing an interior view of the implant; FIGURE 8 is a line drawing of an external fixation
device illustrated }gi?itu; FIGURE 9 is a line drawing of an apparatus according to an embodiment of

the invention irP e fSrh 3B EH i IS ERRVING SPPSR AT EEBrberad thsraless bersmefthe

patient; FIGURrdkidissadine drasvingnof & hipijaintiftidanbappsratius aseardingtaangambodiment of
the invention, showing transmjssion of a signal to the gpparatus in situ; FIGURE 11 is a tu.aph
illustrating a "killing Cl%\%e%g?%}né raént}gysgﬁ%l l%@%ﬁ?fé‘ﬁ%ﬂh%&ﬁﬁﬁtBﬁmﬁﬁsﬂgve“ of E.
coll. DETAILEDnES GRITON QECEHE iiNMEN BIEaN havidhe presenidpyention piovidesarethods and
apparatus for preyv tion and inhibition of implant-associated infection. A medical implant system is
provided Whichggfﬁ)ws (G)lr%gfe%%}aeao?al%i%?ét‘)%ﬁ- %%Vlf%?bslﬁ%%nm%%rf@z§ e vicHiRr e e Rborary or
permanent surgictdlyimiplante daivigesuphpar ictilarr roetaliiing eratireleasadfossd am@tatieamponent
of an implant by, application. ical.current to the metal co onent.p{A ower, squrce for
producing the eIectrica%‘S(‘:Jfl.Jrrgrlzl)t{ii%1 %%%%%%d&/ﬁ%%l?ﬁlaégg‘g%éﬂ%‘f%@ﬁ@ﬁ% %T%t?% lﬁ’ly,
contained withispeadtaplingl Bomovideius narpldansystativisspstvid e whictzimdtatletiznpisaptant body
made of a biocgmpatible matgrial- A.me %?{apgﬂ is disposed on the external surface of the
implant body and a power source is included to povg%grrh & |\|}§<§y08?q§1nm§§€t?%gf%:ﬁ?‘ri:tn {5 e metal
componehf. THEBK & elpvaivelsornyerisaiton ve thibsconporentlmudacelettricab ondsit. In a

preferred embodignent, the.meiebaronnetds diferenthan e diosomaatile meterial Thys, where
the biocompatible material is a metal, the metal component differs’in composition from The
biocompatible HFETEFHI O ShRIBRLED ierEraB e dhaear dbrmibeménon de dinghemioriductivity than
the biocompatigigsmatefialsecond ﬂé@iﬂﬁlﬂﬁ@fﬁ&[&@dﬁﬂ%@'ﬁ%‘ﬁ&ﬂ&'ﬁ%é&ﬁig'l‘c‘é{ﬁg?ﬂiﬂ%'ﬂg an
implant body 30having a first element having a first external surface and a Second element having a

second externdSFacEvidediapeatia haprireral soiise AEMedamiaming smarhivnicrobiateduin
2007/0058312 P éntdte) 200RPAEMRGent in the implant body and the power source is disposed therein.

The internal cavity and power source may be positioned at any convenient position. Ina
preferred embodiment, the internal cavity is in the main body portion. Alternatively, an
intermediate portion having an internal cavity may be provided and attached to the main
body portion and the cap.

20 In a specific embodiment, a cap is provided which includes a protruding portion,
the internal cavity comprises a threaded surface and the insulator comprises a screw
thread insert, and wherein the protruding portion of the cap interacts with the screw
thread insert to form a male connector for reciprocal interaction of the threaded surface of
the internal cavity and the male connector.

25 A medical implant system is provided in the form of an orthopedic fixation device
in one embodiment. An inventive device includes a support structure for supporting at
least two orthopedic fixators. The support structure is adapted to secure the at least two
orthopedic fixators to the support. A first orthopédic fixator supported by the support
structure has a first external surface and a second orthopedic fixator supported by the

30 support structure has a second external surface. A first metal component containing an
antimicrobial metal is disposed on the first external surface of the first fixator. A power
source having a first terminal and a second terminal is included and the first terminal is in

electrical communication with the first metal component. An insulator is disposed on the



- 13 - metal which is disposed on at least the first external surface of the implant body. A power source
having a fikgliesmipalsmid a second terminal is included in an inventive implantanesHg dist terminal is
in electrical communication with the first metal component. The second terminal is in electrical
communication with the second external surface. An insulator is placed in a current path between the
first terminal of the power source and the second termifal of the power source preventing current
flowing from the first terminal from reaching the second terminal without completing a circuit including
a conductive I Al j he external surface of the implant system when
implanted. 10?“3%5%%%%ﬁ‘%?%@gn@%‘?&%%ﬁ&%%#&%ﬂé%higpzseﬁ" grifmersatiifetal is
disposed on tHESEEAENE L PAAhs pEfaice sandetheeseiong] denmin dlds incelestrical feempiigation with
the second m RIBRRE SHehaconf ion, the insulator insulates the first metal component
from the secoﬁ%ﬂa ernPe_tal commgn%nt. The tein;cf %g{’ﬁrﬂcﬁ%é’;;ﬁ A& fedtf Héjr‘é]ﬁj Y& AP Sopedic
implant for 15 %é@éﬁ@ﬁ&?@éﬂﬁ?%ﬁ todbmpsrrant oirfheeniisrfoskéieiat systeimpraraxample, an
orthopedig implant ingl Ta)! geme ic jmplant.for joint replacement or repair.
Prosthetic implants incﬁquc)!%eéﬁi(i;%gEol?&(&le@rJlaceng%nritlE %%%}aegéﬁrggfgﬁé? |ﬂ%€ifﬂ§%@§¥i\7@ (& a knee, a
hip, an ankle, 3%HotiEr I Whsts shdmiager Shtse foirramply ntheisesarthérrasondthsipedic implant
s an orthopediadfnafiop-devienisad:2hday eplaceienton ATl A gomponent of s
musculoskeletal system, such as a plate, wire, screw, pin, rod, nail or staple. AN ortho éldﬁ}éefixation
device may ingﬂ?aé’#ﬁﬂI%@ﬂ?ﬁfo@%%ﬁ%%’é@%%}m@m anebulerrailppstagptectirone
preferred embpsimentu0 dmplani edis 2 ala:oedy WAISh 5, 0ol Genlaingd yihin a patients
body wh? in #esetfor t%%?ﬁu#)ﬁ}se of the implant. 25An implant body may’include two or more separate
or separable e EmentSwiic %%fgﬁ'?e‘é%}aﬁmally implanted together, illustratively including a
main implant body, a/dap @ity s snaenfocies:c ushinserain psaissmdemke é@%ﬁ%}?aa”
inventive implant s%/ste inclu;[jes ? least a fi[gt element and a second element of an implant body.

30In additional pretanad: SmBaema S Bh AP BB 15 Piitidhotethernartiar ekdhploctah external

pré erred embo
fixation devicecommpenteriailfcationy tiadadrnelydesmanerrmarsrixaiatsyhish arePaitiall pxternal to
the patient's bg% in u%e. iré}%zf?tegg%{é‘ixat%%iéze&ay farther include a support for the one or more
Exators. WO 160584 6896118 T {RsOmpetearRlvihcaRiptBRR sRars Hathas used
herein refers teazityidtesidiwvbicie isaaiptivichninertlia useafolowingsurgisakplacementdnte an individual
such that adv i inflammation and rejection are rare. The biocompatible material is
sufficiently str(gﬁn%cal gﬁ%ﬁéﬁ%ﬁa&% gisoti/{\l]letP%e%%g%ﬁ)on%%r#&ﬁﬁtﬁﬁ@nb%é%%?ﬁrﬁ%%&f?% joint
replacement ciofREATSA IEReniptary tocorephtibieomete talslisciugmmetatmatarialssughas surgical
stainless stee’kwgp@gg%m@ﬂgggﬁ\mgghgg%gh%?{gmicg plastics, aré% cor%binatior%i of these.  The
metal component includes a metal which inhibits in ecﬁoncby Microb&E, R ém,aﬁﬁotozoa,
viruses, and flngheSeeky atitiniércbiaembedisiemitbe mretpbitonpbAmelnians metals iycakimns 10-14
of the periodiciiahle :uetmetais Wiskatively ipslude,silvgr, gold, zinc, copper, cadmium, cobal,
nickel, platinum, palladium manganese, and chromium. In Certain embodiments, lead andJor mercury
may be included in abhuHedsHt e dhtyericeragationtudighly mefereteialamiaiahcomponent

contaiing an seiimiistial matakich genesalos Detao0s riesponse 1o 15applicaton o curent o

the metal component as described herein. A metal component contaihs an amou

antimicrobial ICPREG Gk, PlaHBY RN §alsHis. maummsseweigtiub thiertotalrcampdsitian of the
metal compongtibotirgenets!, @m@r@p,@ggm%in%ﬁg in aﬁé@{e%%%g%r}l%llgnﬂl %}/&}gsm contains an
u

amount ,95 an antimicr%gﬁl metal in the range of about 1 nanogram to a logram. A fetal 20
compongnt preteralsty dEniamel st sk i sibyere cpprsy vhsidhsibTarradtrmipabibd inetatefurtder

preferably containswatieagi ZSppereathyvigiaht:of M&&Qﬁ@l%ﬁ@)&g T%IH guatrgler ‘r_eferably
contains at Ie?gtq? %e%@%ﬁg}welght of an antimicrobial metal. In another preferred e odiment, the
su

metal component | RPESH R RS Tet SOMPARERA e islsrie tisielthdl ariethiroontpogenipis capable
of releasing acwetatiignofvizeiarinc, cobalt, nickel, platinum, palladium, manganese, chromiumi; or a

combination of these.

30 In a further preferred option, the metal component is more electrically conductive

than the biocompatible material of the implant body.



25electrical current is applied to the metal component. Materials other than an antimicrobial metal

may also bgdglpgaddn a metal component. For instance, a metal compoggifiggayddsdaas include
metals which are non-antimicrobial in one configuration according to the invention, for instance to

provide structural support and lower cost of the metal component. In an alternative embodiment, 30 a
non-metal constituent is included in the metal componéfit; for instance to provide structural support
and lower cost of the metal component. Exemplary non-metal constituents include such substances as

inorganic and organi I i terals..A non-metal constituent or
non-antimicrobjal me%[}gi)r%gﬁj%gg%?g V@%%%? O%%Ilg'g%gtf‘ﬁﬁglf%%%? pexi@nal SRS Smponent

is biocompatibies PreRerEpythBushetaneshmosies ras ssietiribidlsnenrisuative 1 Ametal sommohent may
be provided inagwaf yarius forms, illustratively including, a substantially pure metal, an alloy, a
composite, a mixture, and a metal 5 colloid. Thus, in one embodiment, a metal component is a
substance doped witfPBiCaAt it BBia) FRatE fispaisthrree, Dot panidhtarexanplefasiaintess steel
and/or titapiummadeyipshydipgan-atimisToRial %Wf?@ei&ﬂ%%% g %%’PH%Q%@& The
antimicrobial properties of silver are particularly well-characterize a metal component preferably

contains an arfOUMEOFLASE ffeifristriam evartdusing epeposim 0D perdendbysurdight of the
total compositigirgfitae metaheempeNeRhA Bﬁ%&%ﬁ%@%@&?E%E%ﬁ?@iﬂs'ﬁ%et&‘%}?aﬁééﬁaﬁ ap percent
a

by weight of silver, further preferably contains at least 75 percent by weight silver stilf further
preferably contafFEISF LRt S IBRIERIHY SRMSES R RATSRTepiThsterfeid mbédinmengitise metal

%I component

component is Sulstantialy albiberol skoppsS AsERPIS TSI REIR! W?deﬁrgfe?rg&eé )

and a me I cocmrﬁonentt referahl ct?ntains an amount of copper in the range of 1% - 100% by weight
of the total compoSTion Wﬁe'%l OMPGhERE o S 18PSeRI 7R entinglaeagton oY dsytiaight copper is
included, furtherahreferathly axtaetdl Kefgonent contains at least 75% by weight copper and still further

preferably contains aﬁtleast 91%%“%1\/\/%13 t cog)‘per.. In 20 another preferred embodiment, the metal
P D AHIRUTEE YRR dBMah ertchs dBe i drdising a

component is substan igﬂf’/ Al COpper.

metal ion whemeahi@eetrirtkolarentiizappigditeshe nmeial compeResindaembination.of metals is also
contemplated as jncluded in a metal component.  In some instances, certain metals may be more

effective at inhibiting growth and/or 25killing particular species or types of bacteria. For example,
particulat etals are meretbéfeqtie st inbiditingrgrouthsandiodddlingSram saskive hesterig, while
other metals £, disposed on the external surface.

' An inventive system may be configured such that the power source is
continuously powering a current conducted to the metal component for release of metal
ions. Alternatively, a system includes a switch for powering the current on or off. Ina

20 further embodiment, the current is modulated by circuitry adapted to control the current
s0 as to increase or decrease the amount of current flowing and the amount of metal ions
released. Thus, aresistor in electrical communication with the power source is optionally
included. In a preferred embodiment, the resistor and power source are positioned in an
internal cavity of the implant body. Optionally, a switch in electrical communication

25 with the power source is included to control the power source. Further optionally, a
controller in signal communication with the switch is provided. Such a controller is
operated to send a signal to a system component adapted to receive the signal and to
control the switch. Preferably, a controller is external to an individual having the
implant, such that activation of the switch may be performed by a doctor, technician or

30 by the patient.
Also described is a method for inhibiting microbial infection associated with an
orthopedic implant, which includes providing an inventive system and delivering a

current to a metal component disposed on an external surface of an implant body, the



are more effective against Gram negative bacteria as exemplified in the Examples described herein. In
a particulaygRpegisaent, both silver and copper are included in a metg) SRgesmRanamRy A combination
of silver and copper may provide a synergistic antimicrobial effect. For instance, a lesser amount of
each individual metal may be needed when a combination is used. Additionally, a shorter treatment
time may be indicated where a cvneraistic effect is obsérved. The ratio of copper to silver in a metal
component may - 16 - range from 1000:1 - 1:1000. In one embodiment, a metal component preferably
contains an amount of a copper/silver combination in the range of 1 - 100 percent by weight of the total

composition Ofmtlh?ba{}é %B%!y%’éﬁt@@ﬁ?@&ukﬁaﬁ%@ﬂ@ﬁ@@ﬂﬁmﬁtmmﬁﬁipmmmmﬂ@gﬁwf a
copper/silver combimation is included, further pre era% .a r%et%&%rin 0 eli}trg%gg@imtgqast 75
percent by welghtotgeoparermel EBRatisn 34 %lﬂﬁarfﬁer pre ergﬂé y contains at least 95
percent by weight of.a.GoRpetrandsileErsbe entbinatior oteniottefepiefe fed EWBEBEHAEAL, the metal
component is substantially all copper and silver. in a further preferred embodiment a metal which has
antimicrobial p%%%ﬁ*ﬂéésﬁﬂﬁl%e\‘;vhich does not have increased antimicrobial properties when an
electrical current is applige sembogimetabisintivretyfrozetiedaloBEHRER ETP Bx ShiptE 8admium has
antimicrobial propgrties effective again ' ictobesn@sidrssibeednsthetsamples, and
which are not iH%’?&B’Se&%@“&B’pﬁfé%%ﬁ%%%ﬁ%%éﬁ%%%ﬁ%ﬁ;_ Such a metal js optionally included in a
metal componeriraltirgowith crreiginaeie ﬁ‘é@é@%&b@%&%?@éﬁﬂﬁpgrme%% jon when an electrical
current is applied.to. the %%ﬁ#ﬁé{%&iﬁ@@mw%ﬁ%m&mﬁr@ﬁmodﬁmmm and silver,

cadmium and ccoapper, or cadmium, sliver and copper are included in ”&%ﬁ%ﬁ%&@%ﬂhe ratio of

one or more métaléiaabhe T Ra SHRF ROHISEATIORE e AR RIedfiear Cltrent Is applied to the metal
componenj;to ope. ar moremetals whasamarissierahiallactivitydsinet ihergesedwieheh 2o electrical
current is applied in a metal component may.range from about 1000:1-1:1000.§8.9R.embodiment, a
metal compone?ﬂP@Féfé?%W}éB‘?ﬁﬁ?ﬁgngﬁaaﬁggﬂ%ﬁ&%%%585&&) or Silver and an amount of cadmium
such that the raig,af-coRRERansar ciivientencadmyuiveisnAraREbRSH6 §E1E060 10014000, A
combination of silver and/or C?#pe[[ and cadmiuen, jf. 3 ne hggmponent is in an amount in the range of
about 1 - 100 péF@EﬁFBVWé‘?é ot the total composition of the metal component. In one embodiment,
at least 50 percent by weight of a copper and/or silver and cadmium combination is included, further
preferably a metal component contains ée r ighf@copper and/or silver and
cadmium combination and still fulher p@br %ﬁﬁa%%?ﬁggt%S percent by weight of copper
and/or silvgs and cadnﬁmumg:pmbinmimMgnMpaeﬁéﬁéeps@@ﬁﬂ?&éﬁﬁ%Wflﬂ?ﬁ%‘éq “omponent
is substantially all copper. and/ar silver and eadmium. Theseapd, pthescembinatirrisobamtmicrobial
metals in a metdFEBHBBAR M AW or%ﬂ%ﬁmg an #@naglant to a specific therapeutic situation. WO
2007/00584.2P GRALS 26 611 28G000r R in a preferred embodiment, the metal component is in

the form of a coaling dis | on ihe external swiasepathaimpladidadyn thbabakngotdr be applied

by any of various methods illustratively including dunk coating, thin fgrgrgf%pog%t}?gh}/l og deposition
and electroplatingyaitiomistieormpiienPi I TEHTbIS WHRHL FARGEs h thickness between 1 X
10-9 - X 1053 meters, inghysive referailyatatnd Of fandnXclli® inetessieinchoplve, wfigore preferably

between 0.5 X 10-6- 5 X 10-4 meters in thickness.. .. In an exa ' ing.apiVeRpRAtINg metal
component, the total arﬁ%ﬂ?@f%?ﬁléﬁmﬂﬁﬁmﬁﬁg@ %8@%%%?%#&% between about 1

nanogram in weig%@ﬂq‘@mglﬁﬁwmmnimmﬁuch a coating is at least 1 nanogram in weight in
order for 10 enough silver material to be presentfor ihe ionization t0.qcel iﬂa{{mg@ﬁ@{ﬂm@hg of silver
typically does not exceddd th%? P ATk er é?%a?}ntain a nontoxic state for the patient.
However, both thg,lpwaeiand higher ends of this range may depend on the size and configuration of a
particular irréplant and tg-gl(#%}%gﬂi%na the metal compapentinJalation to the implant body and are

ted o 3

not intendedo be limi is range 15 In an embodiment including a metal coatirllg diépa%sed on the
external surface of the iFIEIEREDDAY 2 AiPactEVEBaITFHETS PYER RSB EEE S B Bt HelEtEs percent of
the external surfaceu?ftgrrle implant body, and more preferably a coating is disposed on at least 75
percent of the externat surface of the implant body. én an em odimeigt including a metal coming

disposed on the externaFSuFRBS HisHe ANEIEBHAY A tHE LSRG 28 dptionally disposed on

substantially all of the exigtpassyriaceef theviniaan boshatnsadunthies aptionmibretimpiapt Bady is
coated with the metP1 coating on substantially all of the external surfa. ' -more
articular we&@0surfazesionm &H‘&r%ééf%lﬁ’r‘fgé%‘p%n A %lg%nﬁ o S}ﬁtﬁfn%gl?r)ﬁgﬁ tt%qd%gwﬁh??rﬁi exposed to
wear during normal use when implanted. For example, a hip joint implant includes articular wear
surfaces at the interface of the "ball" and "socket" components of the joint prosthesis, that is, at the
acetabular surfaces. Where the implant body is a fixation device, it is preferred that the coating is
present on at least 50 percent of the external surface of the implant body, and more preferably on at
least 75 percent of the external surface of the implant body, and further preferably on substantially all
of the external surface of the implant body, 30including threads where the device is a bone screw.

A coating may be disposed on a surface of an implant in a patterned fashion. For example, interlocking
ctrinece nf 2 Mmetal comnonent and an incrilator mav bhe arranned on a crirface of an iMnlant <tich a



- 18 - the entire perimeter of an implant. Thus, the distance between discontinuous regions of a
coating is salegiegvtesaccount for the diffusion distance of ions generated frefnanaatinaeterial coating
in response to an applied electrical current. Typically, ions diffuse a distance in the range of about | -
10 millimeters. 5It is appnoiated that, in the context of preferred embodiments of an implant system
according to the present invention including at least twdZelements of an implant body, each element
having a metal component, wherein the metal components are electrically isolated by an insulator, that

each element option%l%{'ﬁé{{lges ﬁe al comp(%nent in the form of a metal-containing coating. In this
context, the metal- 16 containing cORtAG B e SR"BPAHLNE MeHLRnE Sranemhpimeniyhs

preferably pressrintinrainléasfos) péeceintjofthianeitarabsufass pfions: ehbeLT lementsef the implant
body. More preferab%k?[ﬁ_@e@lé%cm}g@rin .co%gn an trllgaﬁ%% or more elements of the implant body is
preferably present on at least 75 percent of tie ex BFRAT QP S1TNISE BRSBTS the implant
body, and further preféfibREtBesmétad-dantaiginfacoating-oms the oldane en mam alementsief the
implant bady iisn H,L resent.on substantially all of the external surface of the one or more
elements of the?rgn?é%ﬁt ¥c})%)% inc l%né) {Rreads év%?girléﬁfﬁlg 8@8?88"@%&“68&&% TﬁS\‘Rfé‘%‘?f an
insulator dispdse@aticatcurrent path between the metal containing coating on the surface of the one or
more elements electigaflydaspiates g .another and thus does not include a metal-
20containing coating in electricg cor%?neeuc%g}g%%rllgv%%hrﬁg r}%%l% ?\?ﬁ%n%ﬁaa%%?ﬁp%ﬁgﬁg%ﬁ thé&%ne or
more element§TePeERmMb b deientionAsheatal Coatingios emoé ke siemt] ob dreinpplantusadyiis; preferably
disposed on the extetiah suiEfase as A.siglg.Sontinyous.axpanse of the coating material.

Optionally, the metal component is iR ?Ejg faint of'a‘\’/v%e%ﬁéggoﬂfr%re fo??%‘s%ugsegg’ ﬁg%n the external
surface dfan implantiBEMRSLBRs Earl Bbripsient Mdlibe atmehet Bodbie. implant body by welding,
by an adhesive, or the like. In another embodiment, the implant body may include an antimicrobial
metal such that the implant body or portion thereof is the metal component. A second metal
component may be further in¢NEfREIFEEpDESORIATBIGN aF M vegyrithus, for 30 example, an

implant body or portiaq thereof may include an alloy of stajnless steel and an antimicrobial metal,
i e it aésm?ﬂgr@%?a&% (¥ YN et rial is

and/or an alloy of titaniunt and an andmicrobral matar A
stainless steelighabié @043Mnpihitirisctintes BFeatapper. WO 2007/005842PCT/t 352006 /026000 - 19 -

In a further einbothmen ' ade of a rial.including an antimicropial metal may be
formulated such that t éh ﬂér%@%%%%ﬁ%ﬁnﬁs digth V?t%?ﬁ%ﬁ%r#éﬂ%f%ﬁ? %E}*?Stﬂ}t)ﬂ%‘cifﬂ fant bodly.
For in_stalfﬁ_:e, tmml m@bla’bmé@athna?cbéﬂboéwmgmmm:gmeamt puggiostioropieed _
antimicrobial mglabis ayakieher neaLCRECLURIEAUARGRS ofife InplantBady. .,  Inorder to deliver

an electrical current to the metal component and release antimicr ons, auﬁlgwer ource is
included in an #YEREVRIS)S BN SlRIFiRHE CYBER eton Sye e inly whwpeizans. potverosaursesrsudhras a

battery, CapaC%S%d@éiﬁ@ﬂH@%I%ﬁ@aﬁ&@félﬁ' AGroEH RS ﬁpd%%sﬁg%ﬁgﬂmﬂy i&%el%g- 30In one
a (0]

embodiment of an inventive system, a power source is implanted in the y of an indivi al receiving
a joint prostheSREIRAFHeHEBsH &r R B8 imelah an embodiment is self-contained, that is, requiring

no connegtion to extefnakapwemplustsativenaxaroplasd wﬂ%@me&%QﬁKﬁ%mc%‘?#ha&!&Qf Sa

battery and a capacitor. In a preferred embodiment, the implant body has an internal cavity housing
the power 15s8ICERRRECHIHGIAIR, AHBFRORPRPRIMEL 6 fiepesadarn thecwitimelctratany efdhpted to
modulate a cutBplfoROdNEnACWBRERHEER: is MM EIRLSAYIELIR &) SPRiaNt hady ingludes a wall

defining the cayity and an opening for insertion of a power source and, optionally, other components of

the system. In YEMRrE & Fhid FLO R EIRBIS SR XFTthBIahE el cauigpRent via an

electrical conduit. In a preferred embodiment, the metal component is different than the

25 biocompatible material. Thus, where the biocompatible material is a metal, the metal

component differs in composition from the biocompatible material. For instance,

preferably, the metal component has a higher conductivity than the biocompatible
material.

Highly preferred is a medical implant system which includes an implant body

30 having a first element having a first external surface and a second element having a

second external surface, as well as a first metal component containing an antimicrobial



20 lightweight and sized to fit in the cavity. In addition, a power source housed in an implant body
cavity is_ca@%.q%%@ggﬁqcing electrical currents in t_he range of 0.1_ -200 'PH?{%EBEI(@ pgwer source
housed in an implant cavity may be selected according to the requirements of a patlen?. or example,
a temporary implant may not require a power source having as long a life expectancy as a permanent
implant. 25In a further embodiment, circuitry adapted-tt3rnodulate an electrical current is included in an
inventive system. Metal ions can be mobilized in greater quantities by increasing the current that is
applied to the implant, If the current is increased a greater concentration of metal ions, preferably silver

ions, will be protFtR:d Kk isifisnqra ce srlasst i it ernmglsatice ofterimalm tolisilvepdurs will
create a greatendifiusiam3acaestant and-proyide Jan agrealeldistance gf&eﬁ%@ﬂ%rﬁ i ions.

Similarly_ curren%rrg be modulated to decrease ion release as desired, such as where no infection
S

is believed to & Tt teRERa0 Gt o commysit e ith thedirst merd comampster, L hesistor, a

switch, a signajgeagiveimmielaynaRanRkIrsnsmMiliabaansipinier a-SensQk:aha cambipatign of these
or other s%ch com?onentié%%%%onnectors may be included, optionally configured as a circuit board

ot LA S D BTG PR i BT EB At S KR B b6 2y s dbelectrical

arrangemeént. In"a
current includest&Gindamrinireitivensysieny isohaidsediena-gavibrarthedmnil akbadymelargithgredic

implant, Thus, optignally, the internal cavity also contains a resistor for modulation of the current.
For example, ggr%%sip %%lﬁl%)g} esse(\;/ﬁ?ﬁ geB-ﬂ’({’@i)%'é S QEPETRER GECLT P ERE warmdigHater

lifetime. The resistortisnseriedloah héjarsed to teelusatrent-fivw 17 ardesirgrdevelbdAQnes,a power
source capabl§g%glg£?eddming the required current and of the appropriate size is determined, a
resistance can be calculated by using the equation; V= I* R, where V is the voltage of the battery that
has beenléelected, | inthgredrrent,dntiorpanspene] andaRdsithenesisienegmthatawillalswfwdhe current
%tor hen.can be placed in series with the power source to

to flow from th ine ttery. This resi
15 yield the regﬁglf% Eﬁ%@%@%ﬁé@?sﬁ%ﬁ% SSTeC WikSerara e s ot drasnal deimalieiselwell,

including for exemplaniti devitbdtifetinosdiittiel pomprsoirbesible Oesiftdvoitaghangdiaaedrrent. It is
noted that neit%ﬁ%mgg%qg&%g c\)/%%ggg n%i%loi}’;?r d 1‘rorr;l & power source will be altered by the size

of the implant. In a specific example, a surface moun GRS ip resisto %ﬁP&Sﬁ%fy the 20 requirements
of the resistor for use Thatigsrapipitaaoh bstiface usrslihted rchifere sistanscethme ticaivpiiety fof
resistances, rangingelat b ORBSUP 0 YR SUlRrsmau el ehip resislore are

manufactured in a variety of sizes which will meet the size constraints. For examp &2 Ofitnite, thick

film high voltag&BMesticimpplsativs incop winetasrrrnimeinteicsmaleof fivd sedesitmehtip implant.
The WIMCOS has:3idimepaians ahgyeraliienah aba Gmilipeiersandovetall Hidih of 4,25
0}

millimeters. Thiﬁ particular resistor is manufactured in resistance between 10 ms aﬁdﬁg

mega-ohms. RHARVERHOE ISR A St P P raldsnfghesdistch watst aubsifadancount of an
antimicrobial metat iemig tEeasachaver, a:spRRIRE PaHAL-Afi i RLHLIA AR 19 eRlimiZe e 3Qdghibitory

effects ori#lndesira le microbes and minimize any unwanted side effects. In one embodiment, an

inventiveMplaRt SYREMRTE BT AR &ForrameahohbrBREMske st oetrnseghgnaclgoperation
and metal ionseite, ieleas eth ool AL WS tapl¥ Oraldr o 8RR 6 Hd $e0AR/ZRAN radime N2

preferred optioP1 switch is included in an inventive system to control current to flow from the power

source to the mekt%f)]cfzso uﬁ%n@nﬁ R & K it Bntitficrittansh <t Hantele dsearaunriicsisscified

periods of timesybodincalijng aupient Body Fosexamplersae switghilswumgdentimagtivate.current and
release antimicrotbigg,sqjg%swqt E}eglulll%é :?tervals, su%ﬁs once a week or once a month, for a time

following impla*?ﬁata{ ion iR ordar 1o prev ?‘HP&W&H? ﬁlé?,‘\’?v}ﬁ&i’%tan infection is detected or

suspectetl; the switch/is mtivatéddy altgvinclutent tanmand selpase 6f Mmatalienstrpsemhatthe

infection. An mcludedlsvs{fligh is C%Pﬁpje of F/Vlt{;gtl ndlﬁl‘lgr,ﬂ'iﬁ current and the voltage transferred across

it. It is appreciated that all componants Easd Mes ustratively including a main implant

body, a cap and two or more fixators. Thus, in certain preferred embodiments, an
inventive implant system includes at least a first elemenf and a second element of an
implant body.

30 In additional preferred embodiments, an implant body is partially external, for
example, an external fixation device. An external fixation device includes one or more
fixators which are partially external to the patient’s body in use. An external fixation

device may further include a support for the one or more fixators.



10inventive implant system are selected to withstand use and the environment when in situ over a
desired pefigdpblinig;; A switch is optionally and preferably control{ecdr}g% &gﬁg&ﬂer external to
the body of the individual having an implanted prosthesis. An external controller may emit a signal
operative to control a switch. In one example, a magnetically controlled switch, 15 such as a reed
switch is used. Magnetically based switches that are exernally controlled by a controller are currently
manufactured and are available from commercial sources. Such switches are controlled by a controller
including a magnet which is placed in proximity to the switch in order to turn the switch on or off. For
example, a magnet “}ﬁg (%%IPQéiéié%%ﬁﬂtiﬂlmﬁavéﬁmya%éemﬁwﬁ&éﬁ&sifa) @rdertalasticités a
magnetically 20controlle switch In an internal cavity of a h[{r%grost esi irlnsolC n{gém%e&e switch is in
signal communmibaticiyisith tneieoioloEre S ESHRIAST SR (R &hiteY T hclided in an inventive
system which is, jn,signal sommunication:with reeeiser aiscuitry Anaptebioaprarestrasliith and
modulate current flow. Preferably the transmitter is activated e t9.ihe-hody-0farjadividual
having 25 an iﬁﬁﬁﬁﬁ’ﬂ-ﬂi’ ﬁﬁ@%f?é’g]ig‘ﬁ%b&etggrfif@g ee%r%?‘ré%? egxggn&l% e, a raoﬁohfrequehcy transmitter
may be used tqgrﬁwmgppaégﬁ@ﬂ‘r@qﬂmmmsi@mﬂﬁda&céiﬁeﬂméﬁwmﬁi@ﬁh%‘ﬂ%éﬁﬁf@l of the
implant body adapted to operate a switch and mogulate cLirrent QW a1oysRRatuithanammiodiment,
microchip circuﬁ??%%&%ﬁﬁﬁ@l&%grln%a Itli‘]I%l%lt‘eé%:eur’rent Hlow 1s included in an inventive system.
Preferably, the gnicseehip=isesitftissmcluded in 30 a cavity of an inventive implant body. In a further
embodiment, such miﬂo%%%aﬂ:rocrlﬂit@ﬂ ay-hednplantedatriseeaptiesaioy mitheéntaht patient,
such as just under the skin, to rem%_te y control the current flow. W%é als include transitio
2007/005842P G haFSAE0BI0PE000iEs, 2nd AngdnSHH-HaR BEHIBIELRE R LhEe microbial growth,
such as bagterial growth, &g@g_mgmﬁi}wgfaﬁﬂ)ﬁftwﬁéﬂmﬁattﬂﬁdy&c}ehsewbe&blmtt’i@lﬁnplant. Such
a sensor may communicate a signal indicating bacterial grO\gm t?ﬂ%f{&”'tr%t ted g Activate a
switch, stimulatinglvéteadechf B ariBhs SHBSHTB 1é]”ﬁ'iecr%|(:r0bes.. > PBreferab y, the implant body
having a powerﬁ%%ggeg@, apinterpaleavitinisacaptediodoacispbsd chrgtally ey FHInRENn body
when in use. Thus, the implant body preferably has.sybstantially the:same dimensionsang shape of a
conventional imiIaHEEbEy ARSI BRe el Cﬁfgﬁt}%xﬁ%% 5%333 &e fnetlﬁil{:%?nponent is disposed in the
internal 10 cavibynRnexampityiiy anpnefeireobop tiovia e et BS EIPTIS Hress iR BT P6ifon of the
wall of the internal cavity. Such a metal coafing is preferably continyguswith a metal component, such
asa coatin]gs, dis‘f}%’@éﬁngﬂ ?#8“&?&& glrﬁ?qé(;e éll?jtjﬁe implant body. Optignally, and glrgll;g{%ply, a metal
component present in mmm%mmp@amwmfél%ﬂ%@%&ﬂ%{&%ﬁﬂ%%# Al 6f & power source
present in the cayity, A metal, 15 gomponpspiRiasersi ampsavitymoathataetiemiadotniof a wire,
ribbon, or foil. Pref;emmlb’ﬁ/ the metal component in the, caviti; IS in {g\laet same £%£%%§%b%ﬁ8ﬁ%@'
component presgea.theartepiasGPARE S IS B SRRl i€ CBhthuous therewith.  In a
preferred option, @ melalcerspaneskispesestenthisextemalgarfaceband) dilivgnaltcad®y wall is
more electrically conductive than the biocompatible material, of hieh thedmplaptbeady.is made.
The internal@avitpHasPaH foé?ﬁ?ﬂyv@ﬂmaﬁf%%gcﬁodn %Cﬁg?nb 5% fg p which may be attached to the
implant body, SuM&?@Mﬂg&dﬂrmplmlyﬁmmabteweighﬁ@ééﬁG@‘i’t@@?{r%’ﬁﬁﬁ%m an
electrical current from the power source is inclu in an pventive systemadieiosBrbeeiment, the
conduit is the bio@&ﬁfﬁ%ﬁl@r%gt%gr%f;%%ﬁ% ﬁn%%%%g%dy §§I;.'n ;?urther embaodiment, a pawer
SOUICe is externakinfie fethyre trididdivituticmasisgremepidn s ahedLERT IR Ednduit
traverses the shin of the individyal, connegting | &gggmm@a@:@mﬁﬁ@nmemplam body
with the external B’St r%&%g}%l%gure 1 illustrates an exemplary embodiment of an inventive
apparatus 180 indectrical current is applied to the metal component.

Materials other than an antimicrobial metal may also be included in a metal

component. For instance, a metal component may further include metals which are non-
antimicrobial in one configuration according to the invention, for instance to provide
structural support and lower cost of the metal component. In an alternative embodiment,
30 2 non-metal constituent is included in the metal component, for instance to provide
structural support and lower cost of the metal component. Exemplary non-metal
constituents include such substances as inorganic and organic polymers, and

biodecradable materials. A non-metal constituent or non-antimicrobial metal included in



partial external, partial cut away view. A drawing illustrating a prophylactic bactericidal hip implant is

shown hayjng,a mgg%i:omponent in the form of a metal-containing cogting, sich as a silver coating,
depicted as stippling. on the external surface 120. An WO 2007/0058%%% R 000 - 23 -

internal cavity 170 is shown in cut away sectional view, shown as the stripe marked region. This cavity
allows for the internal placement of the battery, switch bhe resistor components. A switch 130, resistor
140 and battery 150 are shown, which are contained in the cavity. Although the resistor and switch are
shown in particular order with respect 5 to the battery and current path, these components may be

placed elsewhere in the current path and in. diffgrent respegtive. orderipaius: andlethizaimbodiments.
The remainingae‘ﬁat%f‘i?i‘@P(?ﬂ A %Ogﬁx%%@@ée’e% macﬁli%ﬁeed to form a cap 160 so that the cap 160 is

disposed so agdad@sva cover for cavity 170 after assembly of the internal components in the cavity.

In a particular embodjment, the, cap Iprms.aeliaciesanl or sneamiity stk filasiiBiedmponents
internal to the cavity are protected from the external nvironment.g{and, in1 ;%.q}jéti;%‘d the patient's body is
protected fromiexiposgrentontisediip SHEnCiAE Cality 21 TR Example, no coating is present on
surfaces tending o weay, due fginterastimRewith ether implantpasts orhvansaliensheris® the body,

e.g. articular surfaces, as shown without stippling or stripe m at 180, 1nkioke) | Aghaws an
external view of&IFSTRRHaREBody %Wﬁﬁé%)af?na Eﬁ‘eﬁﬁ:ggﬁ%, such as a silver coating, shown as

stippling, preseptgRanexerBatisrfacedobtherie aay body Tl BoRlRG SPPEEBon the cap

160 as well in this illustration but not,on artic I%% Qflyggg{e%@§:@m%&ggta;8&dﬁmmduit from one
terminal of the powerEBE?@@%céorﬁaétgﬁoggﬁéjsonent is 20 optionally provided ? the f%rr@ Pf a wire

extending theregheiveamoAsinpteid-aipeentaietharesRh RS H YRR " &Smiponent and a

second terminal of the poyyer N 15 ?Qﬁ%@ﬂy Rravideshosition bl téurikier grefemed. efhbodiment of
) . ar - erCeliL Uy WE. ’ .
the |nvent|3)91, a'eta compgnent is'in removable contact with the}?ln;mleal%tt Iggrs ﬁ:&(&%e@ metal

component in reneolabolBrRBEBNEEREWIE APPIRR St RS RaRE e a metal wire in contact with
an implant surfacee. . +.\[n aRgihenemhodimgntaf ary invegtivelsysted sallconthl pgREiied which

T

fer
extends outside o% the body of an individual having an implant prosthesis acearding,ta.fhe invention.
For example, a eoriait ?élﬁ%ﬁﬁéléﬁ‘iﬁ‘ﬁ}?éf tosfﬂe%evl\‘iir:lél %ﬁ%ﬁ% at one end 30 of die wire may be

positioned in pr%iﬁﬁ%&ﬁttﬁ%mﬁaﬁ@mﬂimﬂem of an implanted prosthesis, preferably in contact with

the metal component in order to deliver curre [elease metaldansdramnhe metabeamponent. The
opposite end of the Wirg%‘fﬁ%r\%ﬁﬂnaa r%cigféerﬁpdg%%l%iide the body to contact a g@\@lﬁé source. The
o

conduit is optionaliypWE20EH 05 SARRCHT=HTPOEf (USRS Fbmbved (WReR HeK of infection

is low and may be, {1‘;‘&%%?05‘%0@&&%%@@9&&%@@%&“ releasendsodesirechtFigarei2eilitstrates an
implant body in thie"form ofa‘ xation device, particularly, a bone scrrlgl\{gc%% mAS\ t@ﬁ%@{)gyrface 220 of
the implant bodyvindmererena s hp PR TR A S PaCBRERTI S metal coating, including

coating on Suew\»?@g%@@%pp@t and still further preferably contains at least 95% by weight copper. In
20  another preferred embodiment, the metal component is substantially all copper. In
particular, the metal component is capable of releasing a metal ion when an electrical
current is applied to the metal component.
A combination of metals is also contemplated as included in a metal component.
In some instances, certain metals may be more effective at inhibiting growth and/or
25 killing particular species Or types of bacteria. For example, particular metals are more
effective at inhibiting growth and/or killing Gram positive bacteria, while other metals
are more effective against Gram negative bacteria as exemplified in the Examples
described herein.
In a particular embodiment, both silver and copper are included in a metal
30  component. A combination of silver and copper may provide a synergi'stic antimicrobial
effect. For instance, a lesser amount of each individual metal may be needed when a
combination is used. Additionally, a shorter treatment time may be indicated where a

wneraistic effect is observed. The ratio of copper to silver in a metal component may



Also shown is a switch 230, a resistor 240 and a battery 250 inserted in an internal cavity 270 shown
in the cut awebiegiseamarked by stripes. Also shown is a cap 260 for clogipgthe,gayidn@nd protecting
the components disposed in the cavity from the external environment, as well as limiting exposure of
cells to the components disposed in the 10 cavity. A metal coating 280 is shown inside the cavity 270.
An embodiment in which a metal coating is also presehfi en the threads 290 of the illustrated bone
screw is depicted in this illustration. The configurations shown in Figures 1 and 2 allow for a dead

end electrical cir%mg[beti/@eg) thﬁaﬁﬁ tgrgqand the external silver surface. Current will flow through the
15better conductor the siver'co é 1008 SRR AT e P A RO A AT TR P PS B r
conductor, thennematiesiduaphardvearedbidetohinneyemichas besenfauss: thaiembogiments which
do not includet(%g%%glegsqtgacug éorglut% ci;m roved a(%imicrobjt?l effects. In a hllghly preferred
embodiment, an inventive medical iImplant SyStenT et $BE SBRA MEHiatb I ETER ST ST &Mt flowing

from a fast terwirgitis! prexewetédl fromoorbatitigra shoftdbd Lty hbtisdn ApBHiatenis Piagddn: a current

path fromsthe fj rmi f I ce. in_order to preyent current from reaching the second
terminal Withou%%é%ﬁ&%%&a%i?%l%t%l%fzﬁdﬁ%%ggﬁc%% SSH@SYE\,{%H%‘%%‘B BHRAS ﬂgl\ﬁaﬂ?ﬁ} of the
implanted implagfcsEeranRiRigliens Muptratas ysehmmatitacirppitdiag siveof:stehshighly preferred
embodiment Afitst metal. ' In_electrical connection with a.first element of an
implant body is shown a% gfé%('%} gcrgg%%éegé%%%%’?n%ta %o?nc;%n i eé}sgosélea\{v?ﬁté%&ﬁ éic’é)gﬁﬁg%ilion with a
second elemefit®t-an implant body is shown m322. Each of the metal components 320 and 322 is in
electrical communicatiomwith a,RAWEISOHEEE:3Q ' etal component 320 in electrical
communication with a first terrlrawgi)nal 312 of the‘pQ%%%%%EEF%g@é&%ﬁ%@s%%%ﬁ@ﬁ?@?ﬁ%‘?ﬁ%onent 322
in electrit@l comifthiriestiortwithcaisecermi erimmardid of operfowehsourcel 856ic&andrits 852 and
354 illustrate elgoteeakcopnastarshasnern the firstiand omponents 320 WO
2007/005842pr§%870061026000_-S 25 - and 322 and thgoﬁggt%%n% ‘s?c%r%é‘%gr??ﬁhéflsa?i and 314,
respectively, YRBIFIRREL svpedica Rl Raas e vEd oresairesistbe 836 dertmaredptidnal switch
340, each in em@%@@ésgaﬁaw&a&%wﬂ%é%ﬁwf@gﬂ&%‘aoﬂod’@aﬁeak%&?@?”ar?rr{{?pé‘{{chmap'ar.‘ts
include one or more implantable parts which 5 may be included as an imp ant%ocfy In an inventive
system. For eX&HbIE CEHPASHErbKiat ShicRe Ryt alRmpiib escenfomor algas crepiicing the

natural femoralfierdsiapd R &acket Wach & asetabillaneun Brﬁﬁﬁgd%%%%&gﬁ%@ﬁtab ulum.

Vrnile an inventive s?]és em is ex%%?]sively discussed herein with regard to an impla y which is a

femoral part oP & Hip 1Bt PERTALEMERP EIURHLH CRAMERE A1 alprechediaitmtand sopsetket part, or
cup portion of extiipiimpitintpiaspsie: araynalsteaarnchad iaaiByentive systerhand.qonfigured to

include an inte%ré%llg%gitxb&:on .iri\in a power.sourc and other components as described herein. A
further exampla GF TP FRBISCEHER RO AT D SRS e TS SRR TR haRmig Bl Bp meBmponent,
for instance presenbuehere anéistmove afcapahbenesiisikeoedtand @ xadialRasdarastance

inserted 4515 ggg[%tggjj %%_ teh(%.r%ditﬁeg?ggh;re ha éadia(li%artt may provjde an articular surface for
interaction with a carpal part. fother exampfe BT 8]183 ﬁﬁ‘qut 8{?&%WBF§§QQ&EViH§%%moraI part

attached to thérfenmamaindlantibial pattbttachenttotheetibiay eashihesinghanraticuassmHagefor
confgured 10 FAHe A L SRR L DA S COUTEE AT ALY SO POHENE 26
described heréﬁn‘ﬂhﬂsm inf/abiviel 9Stém nEydicladembiiextoaroosiinplant/ boeypparadidrther
il other cor oS e e R BT BER, mulile
switches*nay Beiebheichedosesaransisififor irfishantealbere onsiniplant dobydaneagien sasts vicinity of
the percent by weight of a copper and/or silver and cadmium combination is included, further
preferably a metal component contains at least 75 percent by weight of a copper and/or
silver and cadmium combination and still further preferably contains at least 95 percent
by weight of copper and/or silver and cadmium in combination. In another preferred
30 embodiment, the metal component is substantially all copper and/or silver and cadmium.
These and other combinations of antimicrobial metals in a metal component allow for

tailoring an implant to a specific therapeutic situation.



25 implant body is more vulnerable to infection than another, a switch in that implant body may be
activated wourmooossirent in that implant body without turning on currenpigraneihgrdsapiant body.
As noted, an implant may be a temporary implant, intended to remain implanted for a limited period of
time, or a permanent implant, intended to remain implanted long- 30 term, even as long as the
remainder of the individual's life. One type of temporaify implant is known as a "spacer” implant. A
spacer implant typically has a similar size and shape compared to a permanent or short-teim implant.
A spacer implant is typic Jé/fégggéag%m&tertﬁg %@'[n ain the spatial.integrity of ap arca where a
permanent joint WO 20 7/005842P(:T/TTS1’04_16017%c?(S)(Sn-pS%%lFé?)McgﬁﬁéI Enfofiinse
positioned ev&HiRRIY. IdhesaisTpR switkecdthinaivtiud bods.aThadiysinfectedimpisintvhichmust be
removed, a SRAGELIPIARIHPAY P& implanted, whie, the. infection is bein igg ht. .. Aninventive
system is particularly advantageous in such a situatl‘?)nds%:l'llfl{ecceoggsny‘ﬂle%mrglils(\?ﬂl f?ge?%?lgﬂ’iﬁ%?ﬁive
antimicrobial SYBRSHISRitRS BlGRPHagstEhsimatabesinmtivivtioglis ichiedecdatirihesn ass iaventive
spacer inplantalessen-a liminate e needdofause of bane cement cucertly used s
e a

situation. The insertion of a spacer implant would allow the patle’6 0 uch more than if the
joint were fill B BSHSEeneAmeT iefembbupmeradbAnict At e Hifé isteciedserhbys placement

of a 10spacer implant an e}lﬁr@ﬂ% ﬁ@ﬁﬁ%@@@ﬁw@%ﬁﬁé%&?ﬁ@% Asn? aettt%% ha\glrllgt %ﬁf Irst
terminal, a Set%?é?d te%rfpoi(ggilignd a potential difference béetween the first and second terminals, is
provided. Furttefpls AEoTRAREGT & | sahgea hes TR abAUb S twamegrive firstdaimingl and the

metal compon#otitAlEoginrided s conauit fakanslestical %ﬁ?&f&@%ﬂ‘iﬁ &8%?‘?‘8 fhe.metal

compon?g: and the second terminal In a preferred embodiment; an electrical circuit'is completed

between' the et aFRSHSHRERTE (e REsBh P ERniNaI RHSTgR eotssThvtlidGEat boeiier which an
inventive systemitalimpiantest dxaatedanove dashighhdpreteretembodinent aninygntive medical

implant 20 system includes an.in uIEtor such that current flowing from a first terminal is prevented from

creating a shoft Circui RS R MA BT s1dsrrdnbisatRgraRaTHisesterinal st a power

source in ordemtocpréigantiturent frotivubachisieniheserons-lepningl WilhiouLamRIGIng 4 gircuit
including a CO}}Q‘«{%}YF %ed%&iﬁsutebogiﬂuid in the vjcinity of the implanted implant system. 25In a
particular example, re?errmg Pozﬁlillgu@rey fn gr‘ﬁﬁﬂﬂ&ﬁft% iOsPiolim RCH e thoFFrags fixation device,
particulaty, a bone Jorenedd0dAncextechalisydace420af thaipmanthosy ipgudes ametat

component in ontinuous metal .coating, inclyding coatina on screw threads. Also shown
is a switch 436H%§1£%¥5%%%%d 0and’ 5‘%%‘%?&%&%6%@%?@& BRI AF LRty U PSToPRE Balbery has a

first terminal 4xgeEdardosettrdenminaddsl dndisoshoefarish B eapA60 fotighesiagthe eavity and
protecting the-comapanepfsdispo. [ ity from.the external environment, such as body tissue
or fluids 422, asﬂl\%vgell as limiting é%%%s%r%%??g setér?ﬁéa%%%opgh A B T e BiRg AFurther
shown is an ifBERItGPATE; Highisasxamjle, aicurénvptitte i stabilishies feo thee Weiting is
2007/009842RG:I/LHR008/078000 «Zfsrafirsitesninal 412.0f the battery 450 through the implant body
410 which serv%s as a? COFI?(Z%l%t'fOI’ (S:ur?ent to t%?E?npeta ceojer%%eg%%nst“%& gﬁtg‘%gﬂﬂ %ﬁf’fﬁ‘i’o&bﬁ the body
tissue or fluid WSSt ARMARARA R B RO s dnitiivugh:tecan 460 tabhenseoendterminal 414
of the battery 4@y Iheainswate-48R ARVENS Shatkclrauit f the current, for, 5 instance through the
implant body to the second tqrmeinal of_tﬁe battery 41%4!%?i Ig#%%?eﬁf&r SSH%%\}}SE ?hs‘%ﬂlatgpl iewed along
broken line 4G8TEHSWASiA RGIRE 4f ThémniaboduesitowsreinFiglite fAnnduitesmeandueative portion
487 configuregsschifiateurrent sanpass trugh 1a0eseeensierminal 414. Such a conductive
portion may be a portion made of a cogducti\{g material. In another option, a con‘gu%(fﬁfea% ion may
be an 100pengHAFSHS nBALCRLCIRAE e giemBperRatnelittojoint pinsdmsthethpaiticalanexample,
Figure 5 illusteatesoandmplanthomminthe faimahahipimaiant500. An extematsurfage 320 of the

implant body includes a metal component 520 in the form of a continuous mgtrgf%%a ing. A So shown is

a switch 530, R FEBRIOPEATAAG & Hafer( BYOTH<{ba Sirismm eniatcal/ity 570laihedsatteny has a first

15 terminal 512vangrafsebbnerterminal BldkAsoshawedis & 4aR 280 E}Hﬁ!@ﬁl{%‘iﬂ%c%\{it and
protecting thefglgt@?onepts isposed in the ?avit from the external environment, such as ody tissue
e {,% L tant g

or fluids 522, &5 well'as fimfting 8 BHEAHS 8 tihs Sorispenenidagmsbsa imersabitys,Further
shown i§@&n inslatoreS8teats thizexampteia auientPath:is. established from the first terminal 512 of

the battery 550 through the implant body 510
y v co&gmg n?ay be d?s%se% ona surface of an implant in a patterned fashion. For

example, interlocking stripes of a metal component and an insulator may be arranged on
f=d

asurface of an implant. Such a pattern is preferably designed to inhibit microbes around



20 which serves as a conduit for current to a metal component 520, and continuing through the body
tissue or flgigsaeiRgpich the implant is located and through the cap 560 ipthe,sea98derminal 514
of the battery 550. The insulator 585 prevents short circuiting of the current, for instance through the
implant body to the second terminal of the battery 514. Figure 5A shows insulator 585 viewed along
broken line 598 shown in Figure 5. 25 The insulator 588 shown in Figure 6A includes a conductive
portion 587 configured such that current can pass through to the second terminal 314. Such a
conductive pogion v e a portion made of.a conductive material. In another option, a conductive
portion may be an_opeﬁ%%ﬁ%%ggéoﬁngﬁ ?%%%%H%ti@f YRR DRI Fissrstinuous regmsseially, an
insulator is corfigiited toprotidece sbreadefbfitintddfuinteratateayity i usinsmaling,a cap from the
walls of the cayityrand thereby insulating the cap from the implant body, For example, an insulator in
the form of a th.readed:rinsert suc 5%%0%?&%0. , |Elé)?%8§i/i%88t’f"§? fresae d grigabednes cifftewall of an
internal cavity #fid@1senn theeanedSngayemeht witHithetsyall of a cap. WO
2007/005842PClI11S2006/026000.28,- . . Apnsulator may be made of any non-electrically conductive
material. Optionally, an ingtljgl.gtor is ma%’e%?gek%g&%%égb%e?ﬁg? r%ﬁ@glﬂ%‘?@rﬁgﬁi%pﬁ%fude
ceramics, plastE& B eTtirg Iy harsssuchemtighbierl Adinipsulatot tnaylba@re\ided imamy:of various
forms hi orderggaprevent SBRHFIICHIHNG AR inventive implant system. 5 For example, an insulator
may be a body of a non-electrically (g)%%uctiv% m(g{t}é%gf%pp\ggglﬁﬁl e T r‘fPB’&’(ﬂnﬁﬂf&/é@n the first
terminal of the“F5Hsr b ieiaisAdbih ez dasatesr iiatleatihel powe raviorcd prevbntingcuseent flowing
from the first tesminaldiom reaching tesecend.terminal wi completing a circuit including a
conducti;ﬁ?: bo%%{tﬁissue or fluid adjacent to the externa sgur%’%%fégf th% i@ﬁla‘?ﬁ? 1i':,af?i%’[g‘}?{iV\Ffllcf—:‘tfaliimplanted
in a 10patient Wﬁ@?%ﬁ‘?#&ﬁ%%ﬁ%%@%ﬁﬁétbﬁ apbmdoniustiveferatibriakeisgposed in
the current path at leiigSreHdtiirale AR APRAMRIMS HA0,a6FBEHNG embodiment of the invention
in the faith of a hip joint irﬁpl% showing an exterior view of the%npfﬁ?%%%%gfm%%ﬁsgg wn having
a metal-contaiting ESATRG &2 BEFErOF 4L SRR ihe eveonmabre Slgurisef THerpeptactions of
the hip implanbadg sheweaslmpiesbady630:anintgEnegiale dnsualor segion 649 and g cap 660. The

insulator sectig{é nf:S]L4OWeI rically insulates th obial me?a-containing

40 ¢ g t ¥ ﬁu%t, s first metal component, the antimicr
o ﬁ‘éé‘é‘ﬁ‘ B IS sBRO Rt Ricée s e et comismiralsizdtmetal-tentaining

coating on the malnb

coating d#A theooapipootioel Ghiehtiofhkeillupleatas @mbeeimeMyt shifface.Baand Pofy Al the

intermediate ggtgr%c}ion 40 i§%51einsulator in thifgcurrentgath etween the first and second terminals

of a power source. An internal cavity 679 & TRUCSIBaLFRE theviprimsviefor inelidiamdiptdsement of

the battery, swittheathd réwismiscmhmﬁnﬁm&r.lrﬁh{se&elb@ﬂim@aﬂbtw%g&% B30 andLhe,sap 660 each
include a male,gonnector g%? {or&l cure attgeﬁhment of the main body 630 to the intermediate insulator
section 640 and for secure a fachment of the cap %‘é‘éog&g%‘?é Phdbh can® insiraglessation 640. As
depicted, the set&ricalinéctuls G80nareltmesidadifonneciprogsal engagssnank wilkhathseadeg. portion of
the interg@pdiaggnw%aﬁgigp @4 . type of connector may be used however, illustratively
including "snap" fitting of the EOm%S%%lr%;R R}s%élrlnnﬁ?f/a (5%%%3%%%?’8%?%&?%8?@?ﬁ§ulator
section 640 aﬁé?@&ﬁ B60qET ietachir afdlic meplkfotibvycavity such that components 30 internal to the
cavity are protected frgmthe exiesnal gp jg ent and the patient's bodly is protected from exposure
to the components in the cavity. l\%o meta% p%%%grggﬁtl%pg?éggﬁﬁ%ﬁ B ?@%&tgﬁaﬁf’ﬁ‘%@ﬁ/@ﬁr due to
interaction witFiétmet W&ﬁ%?baﬁ@%ﬁﬁmrammm@bmmmﬂyiﬁgﬁh@wﬂ,by sections without
stippling at 690. - 2Pptiondriguie milistiaiesandateriar view of.a portian of an implant such as shown
in Figure 6. The threQe?psectiongs of the hip im?i)alémt eﬁﬁbeeifﬁwnﬁffu‘gér%,@mgiﬁ &FB%‘@S%
intermediate iR MHSEHeRalisr & rid anerdp6 Bodard showmirtes eatiponato ngwithmalp-gapnectors
680 in reciprogal WWEﬁleﬁiﬁgWaﬁﬂéﬂ% oglllaf{:eiﬁ rmediate insulator segment 640. An
internal cavity 670 is also shown. Shown in the internal cavity 670 are a switch 612, a resistor 614, and
a power source in thE S SBRREREsLdhmimdanisedienisnibddimentuaimataitanpenent 620 in

the form of a eetairaotiaiRAGEORINI I PIRRSNLOR treSifacs of the main bady 630.and a metal
component 621 in the form of a metal-,colﬁtrainir]g coatinsg 15 presgfe?r?'%) on ?ﬁ%%’u%\a%eec %Ifc%ﬁjéeé p 660. 10

The metal cofPORBITE It s 0h BIEREIAAPRSEThitimREE6 With Pelver sopieet fertyinalle23 &nd the metal
comporiét 62tdsiiceledcirighkommunisation wilh-power sauire eMningl bad. Ihe iiermediate
insulating section 640. insulates the main body portion 630 from the ca%}?l 8 preventing current
flowing from the ?‘lr}gf’ﬁeclr% IREHH:r 8RN g7 Se S nidtasimmandvan cutionmpletingetaircuit including
a conducive batptssue-aie iasanibiodhe exiaEsaLsurass.ofibe RATLSystemyhen
implanted. COFigeL%re 8 illustrates an implant system according to the present invention in the form of
an external fixation device 800. Depicted is a first element in the form of a fixation rod 830, electrically
connected to a first terminal of power source 818 by a conduit 842. A second element 840 is
electrically connected to a second terminal of the




20 power source 818 by a conduit 844. A structural support 850 for fixation rods 830 and 840 is
illustrated.\Gpxatipnesls 830 and 840 are electrically isolated from each ofyef in RaRkiciAL support 850
includes a non-conductive material such that current does not pass from a fixation rod through the
support 850 to a second fixation rod. Figure 9 illustrates an inventive system 900 in the context of a
human body 25 including an external power supply 950%nd a conduit 970 contacting an implant body
910 having a metal coating, shown as stippling, on a portion of the surface of the implant body 910. It

will be noted that no fg%tiﬁg_t's reewé.on n acetabular wear surface of the implant prosthesis.
Further shown is the "cup” portion 980 814 hip r ABIREBMRPHS AdRt OhaiRetPHY SREYAENA fad 960 is

shown electricaijrconrietimgtthess theofpantitrsiofiaBthiiphisplantcAlteanativelys aniiskiaior may be
disposed at anr%tg in.th between two portions of the implant body

% i current path, su r; )

910, for instance as s%gﬁévﬁg r|hr}r Ig}lﬁjroél%sﬁ] n]%Pat}Jr tg)P %ﬁt‘e ORIV SRS BEsIPa50 may be
implanted. Wbe10a0/@0884 2RC4 $1052G06p0260006f 130antimiAobihienembodimartQf- aginventive
apparatus;is SBRW&%@QHE%%Q ich sh n inventive system 1000 including a hip replacement
prosthesis 1010 in the context oi\g?;}t%?n%n 8@0 150 shown is an external controlling device 1090
which may be used téneadulcedslivenatioiedirianlimptanted fiiosiiesicbypeting endneagl 5
circuitry 1080 inQrderdo nedulats delivety of metal jons to inhibit microbes. In a preferred
embodiment of such a system, an in_’su\éltore isSpoé%gﬁén fllr}ldt%el%ljarl}éw%}&%ebsgﬁfggn%ﬁ8%%ponents
of the implant.SOUrSs Brsthp APfOPiNATEIHA AR BdIat R faction akstoiateshwithanretthapsdictimplant is
provided Whiclag{g;[%ggprgyg}ili@g@& RYERve. SYESIRm ﬁﬁﬂggﬂibed and delivering a 10current to a
metal component disposed on an external surface of an implant body, the implant body located in a
human bdtly at a site BB6ERRAMIFRERIAD InvEnBre SRwBdPONeasvimve itiverhethddifdrdnhibiting
an infectious asgepismanciidasintEedysivg an:sleritigalcuel %5(! gﬁ% | companent.of an
implanted joint pro%ghesis to release metagl ions fr§0m the.lcompon nt. Tﬁ%%r%e%ﬂﬁlsnﬁg\c/}elaa{lbiostatic
or 15 biocidal HERABIF it SEHGERBHS U EMtHar GrewiPanavorertscimeht chitrdopgarisms on the

implant and inJthesviginity-afipRd mBlans ﬂ%l@@é@%ﬁﬂ@@%ﬁ%%@éﬂ%%ﬁ%@%?&& JLiqyention Is a
method of treatiﬁ ?stegméx litis associated with an implant in one prefe_rred embo |men1f. S noted
above, biociddt MetSIE g T8 dRe SRS PRt RRS AdiTdpsal opRefeptsinmBtalscara ions

include sibrer, mﬁﬁeEnﬁadﬁfﬁ@ml@mdtﬁ@mbiﬂgﬁﬁélﬁsﬂwHﬁ@fsﬁ%ﬁtﬂ,%di’ﬂxﬁ@%scgﬁzs‘%gtgﬂEr%?&% cobalt,

nickel, platinur]%b gid zinc, dium, manganese, chromium, and other tr als and/or

all
Periodic Table Sots iﬁﬁf‘}{%g‘%}ét AP AERIGEd. In one embodiment, a method of inhibitinga
microbial infection is proiideth] 8avithichainthides: peayidiap.ass DveMtverimpant system.ang delivering

acurrentto a gé/\éer'c%t%@g\l%ome | com;r:)onent di%:osed on an external surface of an implant body,
the implant body Tocated ih a human body At 4 i o Fotepiial iR SArAns#tE Ob e Sistoa method is
applicable to inhibit infeetiomelby. GrafarnegativerbaeieriahGiam pOSiivienbagteBadaANGfupgus which
are assogiated;with i {S. S microbes illustratively .30.include such bacteria illustratively include
Etherichia colt gﬂ@%ﬁéﬁ}g : s%%%?ofrﬁéﬁa%%g%ﬁlg%oi%é%’t%?@é’d’@&‘fﬁ&?@%%‘f@?ﬂﬂ&%iIIin
resistant 5'. adreRISTNIRS it Ceandhla afpicednsinyvB 206300842 R THUSAB06/0260000 31 - In

a further embogdiment, 2 method. of Inhibiti microbial infection is provided which includes providing
an inventive implant sy%temﬂg)nd delggring]%%ulﬁeaﬁtl%n gaggﬁ%velpc@r%)agﬁiﬁ RS ESH IR R Nt disposed
on an externaF%%Wﬁé@fiﬁ%ﬁSiﬁf@aﬁv%d?ptmamplamtbm@mmateﬁlémm;dmm@@ﬁy@ﬂj(fw%ite of

potential infeclignclnBaHIEHabn éﬂggweg'%gﬁ%gggh% Q(:BQ}}%%b'e {0 inhibit infections by Gram positive
s. Su

. . . & Ot implant.”
bacterla,)vyhlch are associated with impla acteria ﬁl%strlgﬁvefy include S. aureus,
Enterocéecus faecalid! ahdrrstareindiresistancsinaemsediRoSM)late atn deather embediment, a

method of inhibitingea misroblakintRaanis Pravided wRiGhigldgs Rioviding,an inventive implant
system and delivering a currentto a ‘
Increasing the current that is applied to the implant. If the current is increased a greater
concentration of metal ions, preferably silver ions, will be provided near the surface of
the implant. The greater concentration of silver ions will create a greater diffusion
30 constant and provide for a greater distance of penetration by the ions. Similarly, current

may be modulated to decrease ion release as desired, such as where no infection is

believed to be present.



10 copper and cadmium and/or silver and cadmium Containing metal component disposed on an

external sugface of animplant body, the implant body located in a human Qp,q%@g‘gi Site of potential
infection.  Infectious organisms inhibited by such metals and metal ions fllustratively include

bacteria, mycobacteria, viruses and fungi. Methods and apparatus according to the 15present
invention are particularly useful in cases involving antiBidtic resistant organisms. Generally, such
metal ions inhibit infection at concentrations ranging between 1 x 10-3 M - 1 x 10-7 NI, inclusive, and is
preferably delivered i@oarrg}gunﬁtf sufficient to achieve a concentration in this range. Optionally, and
preferably, metal ions aré daiverdd TS0t L ST SR eed dBhce AgaticrrivIEaange
between 5 x 10t8hfofn2s xs2040; 6M; dnalbsingoropaiicdestsiMerinns s deliveiedRamaunts
sufficient to acmg g a.c&g&g&]t(r)a 'L%géﬁ t@e rﬁg%eg)etween 5 %10-5 M -0.25 x 10-6 M. inclusive. A
metal ion is releaded from & rmetal componert by apolicHiBH 6Pai sleapgemcatnbnt mafaredetal
component. Bemebatichsuitalissustelfsiarcinfitcted hyedlactricahiows i andhusthe amaunt of current
delivered gnd ' hich it.is_25 delivered must be considered in the context of the
proximity gf thg%?hﬁgg%ﬁg%%%eﬁf]sg qkﬁgéalr%%ﬁ% %‘flél%%fg} g%?%fé%’s%%%%@ﬁ%‘?%ﬁ?ﬂﬁ%e strength
and duration of the elEbwicattinmaliushwhithis adjusteldaooardinglyssistoronsiallagosrent in the
range of 0.1 mj illi | livered.to a metal component. |n general, a current is
leipamasie A4 DIARR IS Aehered o B O i

delivered to a metal component for perio of time rangin ATREM6 @iffifuous
delivery over ti8thétarreter lifetisewdhsourtsotiatisisverkshbemonthworyess subfcgeneakweaaker
currents are usgdifef lepgerte 'treatments. Thus, in a preferred embodiment, 0.3 -1.5 micro-amperes of
currentis WO 2007/005842PeTaT52006/026000 - 32 - delivered in order to ionize a silver surface
layer. AlSd preferred (%A BrABYENERIIR Armiehi0 & prRdniingathps afudtrientrisdelidretite a silver

coating. S eetieakGuHaRis tndhe ' icient to jonize a.solid, silver
coating, produmﬁk%lver lons. Without Wiéhi%ggi?ﬁ%et%g%e%a)?c:ﬁgs(og}%ﬁgﬂs%%@ﬁﬁ%%?%n , according
to Faraday's IafN,%’n‘HgFlﬁéfaF%gi‘ﬁﬂfﬁ}F@ﬂ ﬁfl&%%é?%ﬁﬂ%’ dhsilves it estilveteded pethhaurpat, micro

ampere of current@paligedosivariGalciationt Below:gelgils, thi I APH Goutombr
1Faraday07.868grame.,* /14'106 fug)* (3600Sec) (,1A?nps* Se@iﬁé%@%}&ﬁ)ﬁ%%ﬁ}a %y\ lg )Hour

) = 4.02 ,ug 1 NSEFIERRIIRTY:0) D TRSSE HERtRa s PeaCse irceeises apiib kb pred smimgg a0l

micro-anpere gisttent anditbattheeleatisaborrantshouldmotexgead 20mpicr ik bakes at any time,
10 micrograms /eipilliliiie(rﬁgcb%?centrati n of s(iive,r ions within a couple of hours. A |t|ona?lt)l/ fhe

maintenance of & 18 ThicrogranE mifiites CoHee tiBR St anrasheou s desislesimthvolingsmall
electrical curremtdiequiremeritss isibdditioneitibearatisahaonrsigerabionsindicatesthat iatal fifgtime

exposure to S”%%{rllc%%ﬁgg%%%%frgﬁ\% %é)ﬁg‘g\% é%)gé%?ﬁ’ 8.95 grams for a person of average size,

approximately ograms, an 1Fexpectancy, about 70 years. This calculation is
based on the assumpgtion tatduout@Bpleniligsams of sivateanie ssialosonsunedgachday, see

Newman,g). R M%}g er 100 Safety Report, January 9, 1999. 20 Thus, for a permanent implant, it
is desirable that an inveﬁr\i[%i\(}ééqssﬁg’rlﬁ%ﬁ%%éo% qif ﬁ%ﬁr@pﬁ%éﬁ?té%tﬁ‘{#%c’é%%ﬁeéﬁémé?%ﬁm%r

calculations megriseimaderfay atfiersinetalionaragnyilobe recagnizgatbysong.oh siihin dagpait. For
ot PPl e ey DG e Yoo GBS AR At ar
constraints. For example, the Ohmite, thick film high voltage SMD chip, series MMCO08
will easily fit within the shaft of the redesigned hip implant. The MMCOS has
25 dimensions of over all length of 2.0 millimeters and over all width of 1.25 millimeters.
This particular resistor is manufactured in resistance between 100 ohms and 51 mega-
ohms.
An inventive implant system may be configured such that a desired amount ofan
antimicrobial metal ion is released over a specified period of time so as to optimize the
30  inhibitory effects on undesirable microbes and minimize any unwanted side effects. In
one embodiment, an inventive implant system is configured such that an included power

source 1s in continuous operation and metal ions are released continuously.



25 implant includes administration of a systemic or local antibiotic and administration of a metal
antibiotic v@@%m%g@%e implant. A synergistic effect of such treatment isP chieved as a lower dosage

l "Y9/1%]
AL UAVIAYS

of both the systemic or local antibiotic and the metal antibiotic is necessary to achieve ‘{éﬁ?ﬁerapeutic
effect. While inventive methods, implants and implant systems are generally described 30with
reference to use in humans herein, the methods and-@pparatus are also used in other animals to
inhibit infection. For example, an inventive apparatus and method is used in animals illustratively
including cats, dogs, cattle, horses, sheep, goats, rats, and mice. WO

2007/005842PC|TSZ‘8’0%/6? Opgon, 2 FRichrsnahudetinmetiodstieseyited herintare presently

representativecofrpreferrédverfbadiine pisyexesarlary, and aebkintend g{lgﬁt.limgag{%%ﬁjo {the scope of
the invention. %Qﬁ‘ﬁ‘ %%}Qﬁ%eigta%d other yses.will occur to those skilled in the art. Suc changes and
ﬁﬁﬁ%%ﬁ%@ﬁ%@f&?ﬂ@ﬁm by Shecdbopewfdhie claims.

other uses are encompasse WIS THE S
Example 1  fl@nefembodiplerthetairimilanhibdy ts sanuiastwred iobiainingahip sgpiacement

prosthesig simi&gtg& uy AML Hip System designed to include an internal cavity, about 10
millimeters in iength a%%ﬁa %@?ﬁ%nﬁ%ﬁeﬂ% i) %ia‘tﬁg F e et denadispseififgvante cavity

as described Heverniaiteitapsisriacosetthenitmplant Hasiharevhasked iand 4ag remaining gxternal

surfaces are cqatedwith;a. silver | film about. 1 micron in thickness. A battery, resistor and switch
are chosen to fit %ﬁé%he cavity. A ggrgtita?r% ttfﬁge 2l ?/Ww%lff’éedi%géﬁ‘f 5418l eate Hammsiatdeasorthe implant

body is also c6aterRR Eifvelionetal echidebtiviaclasenpibi positivetiemnal OfthehatieimeAn

15insulator is p@@é{é@' ' n@&%&ﬁ‘@&%@ﬂ?‘j iting_is avoided. battery with the desired profile is
currently in production by many battery r'naﬁgg a%? rléz'Fsl?%T‘%egEﬁe@I%?E%‘PB%’?FéW ARFHIsEH 38788atisfies all

of the redfiirednSigRtivR Arpiasr Stisern eacsiefordoptethemtation withinabasiericidal hip imglant. When
examining theﬁ&e&gﬁgﬁfe@%};ggtgm%e can see that the small size, 1.65 mm in height 20by 4 8mm in
diameter allow the battery to easily fit within the 5Smm compartment. The 337 size battery provides
a voltage of L55 volt<* Witk is piemadie anst mefarebluiventioll ¢ &nppheation:ofiemizing asolid silver

coating. Thusb@gﬁgﬁﬁgﬁﬁgﬂ@g@&gﬁgﬂ@g@%&g{#@ yuith the battery. Usin%]rg voltage of 1.55 volts
C

and a required current of 1 micro-ampére one can calculate the required feSistor B8R an
Equations 2.1 /A BHE 4Pzl REirkids 210) svarspleoit maghBtisal0000ksd, dwitsH,076
ampered §Equaithaatged switch is used. Magnetically based switches that are externally controlled

by a controller are currently manufactured and are available from commercial sources.
Such switches are controlled by a controller including a magnet which is placed in
proximity to the switch in order to turn the switch on or off. F or example, a magnet may
be positioned in the vicinity of a patient’s hip in order to activate a magnetically

20 controlled switch in an internal cavity of a hip prosthesis implant. Thus, the switch is in
signal communication with the controller.

Optionally, a transmitter is included in an inventive system which is in signal
communication with receiver circuitry adapted to operate a switch and modulate current
flow. Preferably the transmitter is activated external to the body of an individual having

25 animplanted prosthesis as described herein. For example, aradio frequency transmitter
may be used to transmit a radio frequency signal to receiver circuitry in the internal
cavity of the implant body adapted to operate a switch and modulate current flow.

In a further embodiment, microchip circuitry, programmed to modulate current
flow is included in an inventive system. Preferably, the microchip circuitry is included in

30  acavity of an inventive implant body. Ina further embodiment, such microchip circuitry

may be implanted at a second location in the implant patient, such as just under the skin,

to remotely control the current flow.



The required resistor should have a resistance of approximately 15.5 mega-ohms. Additionally the
resistor mystconfoniLto,the size requirements as set by the diameter of 39&@{@/ lquckelt within the shaft
of the implant, 5 millimeters. WO 2007/005842PCT/ 4i52006/026000 - 34 < = "t H§ A resistor with
the required 15.5 mega-ohms rating in series with the 337 battery will provide for approximately 75573
hours of run time. The calculation of the rim time for t#2 battery under with this resistance is show in
calculation g 3 below. During this running time the battery will be producing the required 1
micro-ampere current that is re u%re,d to ionize the solid silver coating. run _Time(New_hip) = run

/

_Time(simulated - ap‘élfggﬁ 1%eEE IRt R e hinl rrth. sk avesteon] TimeNew _hip) =
486_hours 15550/000Q160000qumpIFivelew chinyictoa] e HoyiaRauation (321 Ap,ncluded

switch, like all other camponents, fits. within the 5 millimeter 10 diameter cavity that as been
machined within the Ahatt or TRE D AR AT RAAR G AR RS AneR ik tiie aiseradility to be
turned ON andtDFFatngediepanfectwithinsthelhtiBhibedy. Hithisgexample, a magnetically based
switch is sglected. C%t%il{; egg?r)o{gé])ﬁ m?m#fgcéur s a switch, RI-80 Series Dry Reed Switch that is

designed specifically for medical appheations AndavhieH rReBE HaEssigrAsizaiasabeaiits iThe 15

switch has a nagsiriedrie dimiémsiod ofialiy éhiral lubesahbdpilimaterssn tengthiand.Ligmillimpeters in

diameter. This switch will imum cm-rent of 0.5 ampeyes and a has a maximum Operating
voltage of Zogp\%olts, bigtLa%%r\L/gv%ﬁcé ériéynslg |s?%nc%o(?§r%%nes%gﬂﬁ SidieQerderntémalpaictericidal
hip implant ac@@ﬂfﬁng to the invention. Example 2 20Procedures to identify an antimicrobial metal

composition may incl sxaminatjon ch metal's antimicrobial potential using a panel of
common Gram (+) ar%f%pr%}?n ®) bg%:%ﬁgﬁlﬁggna?gp@ec%est%FB%W?H%@@BP%FM%(&DQ%&M from
the Kirby! Baudraiar bl aifusisnitecpisigured tisiantimicrobialefiic aoyrefeaight smetalsn SivGE, copper,

titanium, gold,Gagdpyum pickel, zinea | teel AISI 316L and 25their electrically generated
ionic foims are tested egl%ainst 5 ﬁ%r@%ﬁ%@%ég %ﬁlg %aﬁé%%régﬁﬁﬁ%ﬁﬁ}ué)é?o‘@}g@d%m

osteomyelitis. SFHABBF-EXRB 781 SoebMmEsdisnrers, Rsbadomeonisatiugiolss, mRieoassys faecalis,
Methicillin resi 2l 1QUERMS  ang, Gandi icans isolated from amples submitted to
e e o Bl ot RIS SOt o el

the Pennsylvania State University Animal Diagno . coli, UPiSalruginosa
and E. faecalige(??rﬂ‘?é. BrrcHBEBIRRE dBre PRS00 HEOS84R ihincFOR6/026000 - 35 -

; I\él :rspAla?gg (c cﬁ?@@a,ﬁé@eﬁ% shed {0ty MACERIANd; tandasd and inoculated onto Mueller-Hinton
ngrefeefakle}rntﬁé%ietal %bmponent inthe cavity is in the same form as the metal component
present on the external surface of the implant body and is continuous therewith.

In a preferred option, a metal component disposed on the external surface and/or

internal cavity wall is more electrically conductive than the biocompatible material of
20 which the implant body is made.

The internal cavity has an opening which can be closed using a cap which may be
attached to the implant body, such as by a hinge, or completely detachable.

A conduit for conduction of an electrical current from the power source is
included in an inventive system. In one embodiment, the conduit is the biocompatible

25  material of the implant body.

In a further embodiment, a power source is external to the body of the individual
having the implanted prosthesis and the conduit traverses the skin of the individual,
connecting the metal component disposed on the implant body with the external power
source.

30 Figure 1 illustrates an exemplary embodiment of an inventive apparatus 100 ina
partial external, partial cut away view. A drawing illustrating a prophylactic bactericidal
hip implant is shown having a metal component in the form of a metal-containing

coating, such as a silver coating, depicted as stippling, on the external surface 120. An



Metallic wires served as the ion source, specifically: silver (99.97% purity), copper (99.95+% purity),
titanium (Q%Q%meg“gold (99.99% purity), cadmium (99.999% purity), r}iﬁl?ﬁlm(% (?‘38,0(/8 Jurity), zinc
(99.999% purity) and stainless steel AISI 316L. All wires are of uniform equal diameter (1.0 mm).
Small holes are burned into opposite sides of the Petri plates which allowed for the aseptic threading
of 32mm lengths of test wire into the agar Once embezitled, 1 cm2 of wire surface area is exposed to
the growing microbes, 10Electrical currents are generated by placing a standard 1.55 Volt AA battery

in series with Qng of the following resistors: 3.01 MU, 1.5 MU, 150 la and 75 k.Q. A 70 mm length of
R S A st
Bonhe&téaI S en sL ATrrihsogRa haigEfophae eBittensitinet isagererated by

each of the tes’ﬁ.lmré?t%lsC gt

each of the fourgiifterghisrasisoric@:0bMbs, ibErHUpHa0 18R 0anek 15ER) i88Ag h&BA: 10 PA,

and 20 tiA respectively. The 20tiA 15 surface area charge is proven in 1974 to be a safe
electrical expo%%lpé) (\)/a¥ates 'f‘g S?ﬁé%él@(@%ﬁt&i %ﬁ%ﬁ%ﬁ%&&é&%ﬁ%ﬁﬁ@@?ﬁéqmﬁa 20nA /

r

cm2 surface areghchavis.delisitychithd uassaer 8jigh Heunel SN eRIaRsar ordeR& il Alb s completed

by aseptically threa 'mg ipe nade thro the opposite hole and embedding it into the agar. One
control plate for eac% mi r%%%ﬁugﬁgté%ast%g% S ERR T anbrRlagRA W@’%%Eﬁ&fé‘?y@@mo electrical

current. The padsaddintibatsdepartibiantiaiiatia? G lor24 HovssuansSubsaaHaHlyxamined for
bacterial growtrapd /; inhibition,. . f the eight metals and metal ions tested, silver ions
and cadmium showa):)%%{tne%r?g%gﬁ% i%%%%/%%da%ns?t a %%?e%ﬁlpgivgec?gﬁl%%ﬁ}éﬁ?aéh]cﬁggp@&Q% showed
25bactericidal ¥ffiedeyieigainse Grdm-positiveWadteriasstitaiiuod, el stiskiedozipsRAe Stainless steel
AISI had no sipgificant £iiegisin th Exemplary results are shown in Table 1 in which
numbers represen{ts;measq remg%t%%%%fgﬁg[g%;%?gﬁ %1{ ?Hggz%ﬁéeng?ﬂ'ﬁﬁﬁ%%ﬂ %ﬁ‘?ﬁﬂﬁm’e%%% Bbund the
central wife. THRIBABRSERGWEMALIcsiveravay soneoticabivitalips epesties wheomeselgstrigally 30
ionized, since Eéd@@gﬂﬁmggﬁﬂ’?ﬁdzﬁﬂﬁcﬁ%@@@@ﬁ%%& soryu%g%gt urrent groduced esults similar to

larger currents, and in all cases the addition of current increaseéd the siZe'o¥ tHe’ Tt one.
Copper also sﬁ%%ﬁﬁﬁ%&dlﬂ@ﬁ%ﬁé?ﬁ@%s,%ﬂﬁiﬁltf@%mmgncawdaﬂWeW@n%ﬂﬂG@ﬁMZ DIP nr, /If

C .1.11/1L Innginetiignhidnt Ghedsl dd 421381 -uaabarogemetalic form, as summarized in Table 1. In the
uncharged form ﬁgopper,showed bactericidal properties a?é%#%te&gi' f%liliég 15, R niifitnat COPraht produced

bactericid_al re?ﬂ YOS URRERE P @%B%Eié’é‘éﬁbé%@pria, anpl higher currents produced Iarg(.-:‘r. zones.
Copper difl not have Bip@#act gty aneii-Ragteda) %%Sﬁﬁﬁlﬁﬂﬁ%ﬁ? ﬁ(%ogﬁﬂistratir? urprisingly,

cadmium results %re uniq}ue in producing antimicrobial effects against-all organisms %easrtré%, and the
pattern of efficiOACYHERFATE BOYR P iR SsleNte aripphnse Aresot elsutistdrstmutation20ndreasing the

current resulteitidrinpiairtied &HaTIges i npier 9@@&9&9@{&%%3@@61Qéiwgll%ocﬂﬁ%ﬂs%a%%%bolgtégp e of

inhibition: an inlqer %glﬂgrof 10 complete clearing closer to the wire, and an outer zone of decreased
bacterial growfh ﬁﬁtcompl%liév%%é ' 63?31%? wiﬁi%opurposes, the inner zone is considered to be

"microbicidal", while thecontei zbne isreonsidaradoimierqRisiatiscouRlnBIitoR, Numbers shown in
Table 1 ze?ﬂect %}%%Eﬁf’bl‘% zone of %'Hhi ition such that the size of the "inner zone" Is present first and
the size Of the Yolter Zohe' is prosentad i f)g?éﬁ‘fﬁe?@@@%ﬁm%hwféhdﬁfﬁm%bﬂmﬁemly showed

some inhibitorjugifectimihetiabsencenftblenteinabohaigriinsieasiagoie Hient bad ittlgadditional

effect. Table 1,ce i optionally provided.

In a further preferred embodiment of the invention, a metal component is in

removable contact with the implant. For example, a metal component in removable
25 contact with an implant may have the form of a metal wire in contact with an implant
surface.

In another embodiment of an inventive system, a conduit is provided which
extends outside of the body of an individual having an implant prosthesis according to
the invention. For example, a conduit is provided in the form of a wire such that one end

30  of the wire may be positioned in proximity to the metal component of an implanted
prosthesis, preferably in contact with the metal component in order to deliver current and
release metal ions from the metal component. The opposite end of the wire optionally

may extend outside the body to contact a power source. The conduit is optionally
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removed when risk of infection is low and may be repositioned for stimulation of metal

ion release as desired.
Figure 2 illustrates an implant body in the form of a fixation device, particularly,
a bone screw 210. An external surface 220 of the implant body includes a metal
5  componentin the form of a continuous metal coating, including coating on screw threads.
Also shown is a switch 230, a resistor 240 and a battery 250 inserted in an internal cavity
270 shown in the cut away region marked by stripes. Also shownisa cap 260 for closing
the cavity and protecting the components disposed in the cavity from the external
environment, as well as limiting exposure of cells to the components disposed in the

10 cavity. A metal coating 280 is shown inside the cavity 270. An embodiment in which a
metal coating is also present on the threads 290 of the illustrated bone screw is depicted
in this illustration.

The configurations shown in Figures 1 and 2 allow for a dead end electrical
circuit between the battery and the external silver surface. Current will flow through the

15  better conductor, the silver coating, to the external surface and thus avoid the much
poorer conductor, the internal residual hardware device. However, it has been found that
embodiments which do not include a dead end circuit produce improved antimicrobial
effects.

In a highly preferred embodiment, an inventive medical implant system includes

20 aninsulator such that current flowing from a first terminal is prevented from creating a
short circuit. Thus, an insulator is placed in a current path from the first terminal of a
power source in order to prevent current from reaching the second terminal without
completing a circuit including a conductive body tissue or fluid in the vicinity of the
implanted implant system.

25 Figure 3 illustrates a schematic circuit diagram of such a highly preferred
embodiment. A first metal component disposed in electrical connection with a first
element of an implant body is shown at 320 and a second metal component disposed in
electrical connection with a second element of an implant body is shown at 322. Each of
the metal components 320 and 322 is in electrical communication with a power source

30 350, the first metal component 320 in electrical communication with a first terminal 312
of the power source 350 and the second metal component 322 in electrical
communication with a second terminal 314 of the power source 350, Conduits 352 and

354 illustrate electrical connectors between the first and second metal components 320
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and 322 and the first and second terminals 312 and 3 14, respectively, of the power
source. Also illustrated are an optional resistor 330 and an optional switch 340, each in
electrical communication with the power source.

Joint replacement or repair implants include one or more mmplantable parts which
may be included as an implant body in an inventive system. For example, a hip joint
replacement implant typically includes a femoral part, replacing the natural femoral head,
and a socket part, or acetabular cup or shell, replacing the natural acetabulum. While an
inventive system is extensively discussed herein with regard to an implant body which is
a femoral part of a hip joint replacement prosthetic implant, it is appreciated that the
socket part, or cup portion of a hip implant prosthesis may also be included in an
inventive system and configured to include an internal cavity containing a power source
and other components as described herein. A further example of joint replacement
implant parts include a wrist implant having a carpal component, for instance present
where a first row of carpal bones is removed, and a radial part, for instance inserted or
attached to the radius bone. The radial part may provide an articular surface for
interaction with a carpal part. Another example is a knee joint prosthetic implant, having
afemoral part.attached to the femur and a tibial part attached to the tibia, each having an
articular surface for interaction with the other. Itis appreciated that one or more parts of
an implant prosthesis may be configured to include an internal cavity containing a power
source and other components as described herein. Thus, an inventive system may include
more than one implant body. Ina further option, each of the multiple implant bodies may
include a cavity and power source, and may further include other components, preferably
a resistor and switch, as described. In a further option, multiple switches may be
controlled separately, for instance where one implant body or region in the vicinity of the
implant body is more vulnerable to infection than another, a switch in that implant body
may be activated to turn on current in that implant body without turning on current in
another implant body. _

As noted, an implant may be a temporary implant, intended to remain implanted
for a limited period of time, or a permanent implant, intended to remain implanted long-
term, even as long as the remainder of the individual’s life. One type of temporary
implant is known as a “spacer” implant. A spacer implant typically has a similar size and
shape compared to a permanent or short-term implant, A spacer implant is typically

implanted in order to maintain the spatial integrity of an area where a permanent joint
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replacement implant will be positioned eventually. For example, where an individual has
a badly infected implant which must be removed, a spacer implant may be implanted
while the infection is being fought.

An inventive system is particularly advantageous in such a situation since a

5 synergistic effect of an inventive antimicrobial system with a course of systemic or local
antibiotics is achieved. Further, an inventive spacer implant may lessen or eliminate the
need for use of bone cement, currently used in this situation. The insertion of a spacer
implant would allow the patient to be much more active than if the joint were filled with
bone cement. Further, tissue encroachment at the site is decreased by placement of a

10 spacer implant.

In one embodiment, a power source, such as a battery, having a first terminal, a
second terminal, and a potential difference between the first and second terminals, is
provided. Further provided is a conduit for an electrical connection between the first
terminal and the metal component. Also provided is a conduit for an electrical

15 connection between the metal component and the second terminal.

In a preferred embodiment, an electrical circuit is completed between the metal
component and the second terminal through a tissue or fluid of a body in which an
inventive system is implanted.

As noted above, in a highly preferred embodiment, an inventive medical implant

20 system includes an insulator such that current flowing from a first terminal is prevented
from creating a short circuit. Thus, an insulator is placed in a current path from the first
terminal of a power source in order to prevent current from reaching the second terminal
without completing a circuit including a conductive body tissue or fluid in the vicinity of
the implanted implant system.

25 In a particular example, referring to Figure 4, an implant body is shown in the
form of a fixation device, particularly, a bone screw 400. An external surface 420 of the
implant body includes a metal component in the form of a continuous metal coating,
including coating on screw threads. Also shown is a switch 430, a resistor 440 and a
battery 450 inserted in an internal cavity 470. The battery has a first terminal 412 and a

30 second terminal 414. Also shown is a cap 460 for closing the cavity and protecting the
components disposed in the cavity from the external environment, such as body tissue or
fluids 422, as well as limiting exposure of cells to the components disposed in the cavity.

Further shown is an insulator 485. In this example, a current path is established from the
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first terminal 412 of the battery 450 through the implant body 410 which serves as a
conduit for current to a metal component 420, and continuing through the body tissue or
fluids 422 in which the implant is located and through the cap 460 to the second terminal
414 of the battery 450. The insulator 485 prevents short circuiting of the current, for
instance through the implant body to the second terminal of the battery 414. Figure 4A
shows insulator 485 viewed along broken line 498 shown in F igure 4. The insulator 485
shown in Figure 4A includes a conductive portion 487 configured such that current can
pass through to the second terminal 414. Such a conductive portion may be a portion
made of a conductive material. In another option, a conductive portion may be an
opening through a non-conductive region of the insulator.

In another particular example, Figure 5 illustrates an implant body in the form of
a hip implant 500. An external surface 520 of the implant body includes a metal
component 520 in the form of a continuous metal coating. Also shown is a switch 53 0,a
resistor 540 and a battery 550 inserted in an internal cavity 570. The battery has a first
terminal 512 and a second terminal 514. Also shown is a cap 560 for closing the cavity
and protecting the components disposed in the ca‘}ity from the external environment,
such as body tissue or fluids 522, as well as limiting exposure of cells to the components
disposed in the cavity. Further shown is an insulator 585. In this example, a current path
is established from the first terminal 512 of the battery 550 through the implant body 510
which serves as a conduit for current to a metal component 520, and continuing through
the body tissue or fluids 522 in which the implant is located and through the cap 560 to
the second terminal 514 of the battery 550. The insulator 585 prevents short circuiting of
the current, for instance through the implant body to the second terminal of the battery
514. Figure 5A shows insulator 585 viewed along broicen line 598 shown in Figure 5.
The insulator 585 shown in Figure 6A includes a conductive portion 587 configured such
that current can pass through to the second terminal 514. Such a conductive portion may
be a portion made of a conductive material. In another option, a conductive portion may
be an opening through a non-conductive region of the insulator.

Optionally, an insulator is configured to provide a threaded fit into an internal
cavity, thus insulating a cap from the walls of the cavity and thereby insulating the cap
from the implant body. For example, an insulator in the form of a threaded insert such as
a Helicolil, is provided for threaded engagement with a wall of an internal cavity and non-

threaded engagement with the wall of a cap.
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An insulator may be made of any non-electrically conductive material.
Optionally, an insulator is made of a biocompatible material. Suitable materials include
ceramics, plastics and other polymers, such as rubber. An insulator may be provided in
any of various forms in order to prevent short circuiting in an inventive implant system.

5  For example, an insulator may be a body of a non-electrically conductive material
disposed in the current path between the first terminal of the power source and the second
terminal of the power source preventing current flowing from the first terminal from
reaching the second terminal without completing a circuit including a conductive body
tissue or fluid adjacent to the external surface of the implant system when implanted in a

10 patient body. Further, an insulator may be a coating of a non-conductive material
disposed in the current path.

Figure 6 illustrates an apparatus 600 according to an embodiment of the invention
in the form of a hip joint implant showing an exterior view of the implant. A hip implant
is shown having a metal-containing coating 620, depicted as stippling, on the external

15 surface. Three sections of the hip implant are shown, a main body 630, an intermediate
insulator section 640 and a cap 660. The insulator section 640 electrically insulates the
first metal component, the antimicrobial metal-containing coating on the main body 630
from the second metal component, the antimicrobial metal-containing coating on the cap
portion 660. In the illustrated embodiment, the surface 622 and body of the intermediate
20 section 640 is an insulator in the current path between the first and second terminals of a
power source. An internal cavity 670 is indicated. This cavity allows for the internal
placement of the battery, switch and resistor components. In this embodiment, main body
630 and the cap 660 each include a male connector 680 for secure attachment of the main
body 630 to the intermediate insulator section 640 and for secure attachment of the cap
25 660 to the intermediate insulator section 640. As depicted, the male connectors 680 are
threaded forreciprocal engagement with a threaded portion of the intermediate insulator
section 640.  Any type of connector may be used however, illustratively including
“snap” fitting of the components. Assembly of the main body 630, intermediate insulator
section 640 and cap 660 forms a hermetic seal for the cavity such that components
30  internal to the cavity are protected from the external environment and the patient’s body
is protected from exposure to the components in the cavity. No metal component is
present on surfaces tending to wear due to interaction with other implant parts or natural

elements of the body as shown by sections without stippling at 690,
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Figure 7 illustrates an interior view of a portion of an implant such as shown in
Figure 6. The three sections of the hip implant described in Figure 6, a main body 630,
an intermediate insulator section 640 and a cap 660 are shown in section, along with male
connectors 680 in reciprocal engagement with a threaded portion of the intermediate
insulator segment 640. An internal cavity 670 is also shown. Shown in the internal
cavity 670 are a switch 612, a resistor 614, and a power source in the form of a battery
618. In the illustrated embodiment, a metal component 620 in the form of a metal-
containing coating is present on the surface of the main body 630 and a metal component
621 in the form of a metal-containing coating is present on the surface of the cap 660.
The metal component 620 is in electrical communication with power source terminal 623
and the metal component 621 is in electrical communication with power source terminal
624. The intermediate insulating section 640 insulates the main body portion 630 from
the cap 660, preventing current flowing from the first terminal from reaching the second
terminal without completing a circuit including a conductive body tissue or fluid adjacent
to the external surface of the implant system when implanted.

Figure 8 illustrates an implant system according to the present invention in the
form of an external fixation device 800. Depicted is a first element in the form of a
fixation rod 830, electrically connected to a first terminal of power source 818 by a
conduit 842. A second element 840 is electrically connected to a second terminal of the
power source 818 by a conduit 844. A structural support 850 for fixation rods 830 and
840 is illustrated. Fixationrods 830 and 840 are electrically isolated from each other. In
particular, support 850 includes a non-conductive material such that current does not pass
from a fixation rod through the support 850 to a second fixation rod.

Figure 9 illustrates an inventive system 900 in the context of a human body
including an external power supply 950 and a conduit 970 contacting an implant body
910 having a metal coating, shown as stippling, on a portion of the surface of the implant
body 910. It will be noted that no coating is present on an acetabular wear surface of the
implant prosthesis. Further shown is the “cup” pdrtion 980 of a hip replacement implant,
marked by stripes. A lead 960 is shown electrically connecting these two portions of a
hip implant. Alternatively, an insulator may be disposed at another location in the
current path, such as between two portions of the implant body 910, for instance as

shown in Figure 5. In a further alternative embodiment, power supply 950 may be

implanted.
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Another embodiment of an inventive apparatus is shown in Figure 10 which
shows an inventive system 1000 including a hip replacement prosthesis 1010 in the
context of a human body. Also shown is an external controlling device 1090 which may
be used to modulate current flow in an implanted prosthesis by acting on internal

5 circuitry 1080 in order to modulate delivery of metal ions to inhibit microbes. In &
preferred embodiment of such a system, an insulator is positioned in the current path
between two components of the implant.

A method for inhibiting microbial infection associated with an orthopedic implant
is provided which includes providing an inventive system as described and delivering a

10 current to a metal component disposed on an external surface of an implant body, the
implant body located in a human body at a site of potential infection.

In one embodiment, an inventive method for inhibiting an infectious organism
includes introducing an electrical current into a metal component of an implanted joint
prosthesis to release metal ions from the component. The metal ions have a biostatic or

15 biocidal effect on microorganisms such that growth and/or attachment of microorganisms
on the implant and in the vicinity of the implant are inhibited. A method according to
the present invention is a method of treating osteomyelitis associated with an implant in
one preferred embodiment.

As noted above, biocidal metals and ions include transition metals and ions.

20 Preferred metals and ions include silver, copper, cadmium and combinations thereof.
Further, metals and ions such as cobalt, nickel, platinum, gold, zinc, palladium,
manganese, chromium, and other transition metals and/or Periodic Table column 10-14

metals may be included.

In one embodiment, a method of inhibiting a microbial infection is provided

o)
w

which includes providing an inventive implant system and delivering a current to a silver-
containing metal component disposed on an external surface of an implant body, the
implant body located in a human body at a site of potential infection. In particular, such
a method is applicaBle to inhibit infections by Gram negative bacteria, Gram positive
bacteria, and fungus which are associated with implants. Such microbes illustratively
30 include such bacteria illustratively include Esherichia col I, S. aureus, Pseudomonas

aeruginosa, Enterococcus faecalis, Methicillin resistant S, qureus (MRSA) and Candida

albicans.
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Ina further embodiment, a method of inhibiting a microbial infection is provided
which includes providing an inventive implant system and delivering a current to a
copper-containing metal component disposed on an external surface of an implant body,
the implant body located in a human body at a site of potential infection. In particular,
such a method is applicable to inhibit infections by Gram positive bacteria which are
associated with implants. Such bacteria llustratively include S. aureus, Enterococcus
Jaecalis, and Methicillin resistant S. aureus (MRSA).

In another embodiment, a method of inhibiting a microbial infection is provided
which includes providing an inventive implant system and delivering a current to a
copper and cadmium and/or silver and cadmium containing metal component disposed on
an external surface of an implant body, the implant body located in a human body at a
site of potential infection.

Infectious organisms inhibited by such metals and metal ions illustratively include
bacteria, mycobacteria, viruses and fungi. Methods and apparatus according to the
present invention are particularly useful in cases involving antibiotic resistant organisms.

Generally, such metal ions inhibit infection at concentrations ranging between 1 x
10°M-1x 107 M, inclusive, and is preferably delivered in amounts sufficient to
achieve a concentration in this range. Optionally, and preferably, metal ions are delivered
in amounts sufficient to achieve a concentration in the range between 5x 10° M —0.25x
10 M, inclusive. In particular, silver ions are delivered in amounts sufficient to achieve
a concentration in the range between 5 x 10° M — 0.25 x 107 M, inclusive.

A metal ion is released from a metal component by application of an electrical
current to the metal component. Bone and soft tissue cells are affected by electrical
current and thus the amount of current delivered and the length of time for which it is
delivered must be considered in the context of the proximity of the implant to such cells.
The amount of a metal ion released is dependant on the strength and duration of the
electrical stimulus which is adjusted accordingly.

Generally, a current in the range of 0.1 microamps to 200 milliamps is delivered
to a metal component. In general, a current is delivered to a metal component for periods
of time ranging from about I minute to continuous delivery over the lifetime ofthe power
source, that is, weeks, months or years. In general weaker currents are used for longer-

term treatments. Thus, in a preferred embodiment, 0.3 — 1.5 micro-amperes of current is
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delivered in order to ionize a silver surface layer. Also preferred is an embodiment in
which 0.8-1.2 microamps of current is delivered to a silver coating.

Small electrical currents in the ranges described are sufficient to ionize a solid

silver coating, producing silver ions. Without wishing to be bound by theoretical

5  considerations, according to Faraday’s law, under ideal conditions 4 micrograms of silver

will be liberated per hour per micro ampere of current applied to silver. Calculation 1

below details this.

" Y &
(LAMP)* 1Coulomb \.(  1Faraday }* 107.868gramdG |, (1*10° g ), 3600&:(:)
1Amps * Sec 96,487Coulombs 1Fraday g Hour

=4.02 g / hour (Equation 1.0)

10 Assuming the power source is capable of producing a 1 micro-ampere current and that
the electrical current should not exceed 20 micro-amperes at any time, 10 micrograms /
milliliter concentration of silver ions within a couple of hours. Additionally the
maintenance of a 10 micrograms / milliliter concentration of silver ions is possible with
very small electrical current requirements.

15 Additional theoretical considerations indicate that total lifetime exposure to silver
ions advantageously do not exceed 8.95 grams for a person of average size,
approximately 70 kilograms, and having an average life expectancy, about 70 years. This
calculation is based on the assumption that about 0.35 milligrams of silver can be safely
consumed each day, see Newman, J. R., Tuck Silver 100 Safety Report, January 9, 1999.

20 Thus, for a permanent implant, it is desirable that an inventive system not contain more
than about this amount of silver. Similar calculations may be made for other metal ions
as will be recognized by one of skill in the art. For example, such a calculation indicates
that 2.37 micrograms per hour of copper per micro ampere of current applied.

In one embodiment, a method of inhibiting bacterial infection associated with an

25 implant includes administration of a systemic or local antibiotic and administration of a
metal antibiotic via an inventive implant. A synergistic effect of such treatment is
achieved as a lower dosage of both the systemic or local antibiotic and the metal
antibiotic is necessary to achieve a therapeutic effect.

While inventive methods, implants and implant systems are generally described

30  withreference to use in humans herein, the methods and apparatus are also used in other
animals to inhibit infection. For example, an inventive apparatus and method is used in

animals illustratively including cats, dogs, cattle, horses, sheep, goats, rats, and mice.
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The apparatus and methods described herein are presently representative of
preferred embodiments, exemplary, and not intended as limitations on the scope of the
invention. Changes therein and other uses will occur to those skilled in the art. Such

changes and other uses are encompassed within the spirit of the invention as defined by

the scope of the claims.

Example 1

One embodiment of an implant body is manufactured by obtaining a hip
replacement prosthesis similar to a DePuy AML Hip System designed to include an
internal cavity, about 10 millimeters in length and about 5 millimeters in width and a cap
to close the opening of the cavity as described herein. Articular surfaces of the implant

body are masked and the remaining external surfaces are coated with a silver metal film

-about I micron in thickness. A battery, resistor and switch are chosen to fit in the cavity.

A portion of the cavity wall adjacent to the external surface of the implant body is also
coated with silver metal to a depth adjacent the positive terminal of the battery. An
insulator is positioned such that short-circuiting is avoided.

A battery with the desired profile is currently in production by many battery
manufacturers. The Energizer battery number 337 satisfies all of the required size
characteristics needed for implementation within a bactericidal hip implant. When
examining the Energizer 337 battery one can see that the small size, 1.65 mm in height
by 4.8mm in diameter allow the battery to easily fit within the 5mm compartment.

The 337 size battery provides a voltage of 1.55 volts, which is much greater than
required for the application of ionizing a solid silver coating. Thus, a resistor is chosen to
be placed in series with the battery. Using a voltage of 1.55 volts and a required current
of 1 micro-ampere one can calculate the required resistor as shown in Equations 2.1 and
2.2 below.

V=IR (Equation 2.0)

_V_ 1.55volt
I 1*10"°amperes

=15,550,0000hms (Equation 2.1)

The required resistor should have a resistance of approximately 15.5 mega-ohms.
Additionally the resistor must conform to the size requirements as set by the diameter of

the pocket within the shaft of the implant, 5 millimeters.
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Utilizing a resistor with the required 15.5 mega-ohms rating in series with the 337
battery will provide for approximately 75573 hours of run time. The calculation of the
run time for the battery under with this resistance is show in calculation # 3 below.
During this running time the battery will be producing the required 1 micro-ampere
current that is required to ionize the solid silver coating.

run_Time(New _hip) run_Time(simulated _application
MMCO8—-Resitance simulated — resis tan ce

Equation (3.0)

run_Time(New _hip) 486 _ hours
15,550,0002 100,000Q2

Equation 3.1)

run_Time(New _hip) = 75573 _hours Equation (3.2)

An included switch, like all other components, fits within the 5 millimeter
diameter cavity that has been machined within the shaft of the original hip implant.
Additionally the switch will have the ability to be turned ON and OFF once implanted
within the human body. In this example, a magnetically based switch is selected. Coto
Technology manufactures a switch, RI-80 Series Dry Reed Switch that is designed
Speciﬁcally for medical applications and which meets the design size constraints. The
switch has a maximum dimension of the central tube of 5 millimeters in length and 1.8
millimeters in diameter. This switch will carry a maximum current of 0.5 amperes and a
has a maximum operating voltage of 200 volts, both of which are satisfactory operating

characteristics needed for a bactericidal hip implant according to the invention.

Example 2

Procedures to identify an antimicrobial metal composition may include an
examination of each metal’s antimicrobial potential using a panel of common Gram )
and Gram (-) bacterial, fungal species or other microbes. a method adapted from the
Kirby Bauer agar gel diffusion technique, the antimicrobial efficacy of eight metals:
silver, copper, titanium, gold, cadmium, nickel, zinc and stainless steel AISI 316L and
their electrically generated ionic forms are tested against 5 bacterial species and one
fungus commonly associated with osteomyelitis.

Strains of Esherichia coli, S. aureus, Pseudomonas aeruginosa, Enterococcus
Jaecalis, Methicillin resistant S. aureus (MRSA), and Candida albicans isolated from
samples submitted to the Pennsylvania State University Animal Diagnostic Laboratory

(E. coli, S. aureus, P. acruginosa and E. faecalis) or J.C. Blair Hospital, Huntingdon, PA
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(MRSA and C. albicans), are diluted to a 0.5 MacFarland standard and inoculated onto
Mueller-Hinton agar plates (Remel, Lenexa, KS).

Metallic wires served as the ion source, specifically: silver (99.97% purity),

copper (99.95+% purity), titanium (99.8% purity), gold (99.99% purity), cadmium
S (99.999% purity), nickel (99.98% purity), zinc (99.999% purity) and stainless steel AISI
316L. All wires are of uniform equal diameter (1.0 mm).

Small holes are burned into opposite sides of the Petri plates which allowed for
the aseptic threading of 32mm lengths of test wire into the agar. Once embedded, 1 cm®
of wire surface area is exposed to the growing microbes.

10 Electrical currents are generated by placing a standard 1.55 Volt AA battery in

series with one of the following resistors: 3.01 MQ, 1.5 MQ, 150 kQ, and 75 kQ. A 70

- mm length of each of the test metals is connected in series with the given resistor. The

current that is generated by each of the four different resistors (3.01 MQ, 1.5 MQ, 150

kQ), and 75 kQ) is 0.5 pA, 1.0 pA, 10 pA, and 20 pA respectively. The 20pA / cm?

15 surface area charge is proven in 1974 to be a safe electrical exposure value for the cells.

(Barrnco 1974) As calculated with Faraday’s equation, a 20pA / cm? surface area charge
density produced over 80 ug / hour of silver ions.

The circuit is completed by aseptically threading the anode through the opposite
hole and embedding it into the agar. One control plate for each microbial species is

20  aseptically threaded with wires, but received no electrical current. The plates are
incubated in ambient air at 37° C for 24 hours, and subsequently examined for bacterial
growth and / or zones of inhibition.

Of the eight metals and metal ions tested, silver ions and cadmium show
bactericidal efficacy against all bacterial species tested, and copper ions showed

25  bactericidal efficacy against Gram-positive bacteria. Titanium, gold, nickel, zinc and
stainless steel AISI had no significant effects in this example.

Exemplary results are shown in Table 1 in which numbers represent
measurements of the diaméter of the zone of inhibition in millimeters around the central
wire. The table shows that silver has some microbicidal properties when not electrically

30  ionized, since E. coli is inhibited by non-charged silver. A smaller current produced
results similar to larger currents, and in all cases the addition of current increased the size

of the inhibition zone.

Copper also shows antimicrobial properties, both in the ionic form and the
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uncharged metallic form, as summarized in Table 1. In the uncharged form copper
showed bactericidal properties against E. faecalis. A minimal current produced
bactericidal results for all Gram (+) species of bacteria, and higher currents produced
larger zones. Copper did not have an effect on Gram (-) bacterial species at currents
used.

Surprisingly, cadmium results are unique in producing antimicrobial effects
against all organisms tested, and the pattern of efficiency held true both in the absence
and presence of electrical stimulation. Increasing the current resulted in minimal changes
in microbial response. Cadmium produéed a double zone of inhibition: an inner zone of
complete clearing closer to the wire, and an outer zone of decreased bacterial growth
(incomplete clearing). For descriptive purposes, the inner zone is considered to be
“microbicidal”, while the outer zone is considered “microbistatic”, or inhibitory.
Numbers shown in Table 1 reflect this double zone of inhibition such that the size of the
“inner zone” is present first and the size of the “outer zone” is presented in parentheses.
Additionally, cadmium consistently showed some inhibitory effect in the absence of

electrical charge; increasing the current had little additional effect.

Table 1
Silver
Current Gram Positive Gram Negative Fungus
S. E. E. P. C.
aureus | faecalis | MRSA | coli | aeruginosa | albicans
0 uA 6 0 0 5 0 0
0.5 uA 18 17 18 20 18 34
TuA 20 19 18 21 21 30
10uA 20 21 18 25 21 32
20uA 20 20 18 24 20 30
Gold
Current Gram Positive Gram Negative Fungus
S. E. E. P. C.
aureus | faecalis | MRSA | coli | aeruginosa | albicans
0 uA 3 0 0 0 0 0
0.5uA 0 0 0 0 0 0
1uA 0 0 0 10 0 0
10uA 0 0 0 0 0 0
20uA 0 0 0 0 0 0
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Titanium

Current Gram Positive Gram Negative Fungus
S. E. E. P C.

aureus | faecalis | MRSA | coli | aernginosa | albicans
0 uA 0 0 0 0 0 0
0.5 uA 0 0 0 0 0 0
luA 0 0 0 0 0 0
10uA 0 0 0 0 0 0
20uA 0 0 0 0 0 0

Copper

Current Gram Positive Gram Negative Fungus
S. E. E. P. C.

aureus | faecalis | MRSA | coli | aeruginosa | albicans
0 uA 0 11 0 0 0 0
0.5 uA 14 16 7 0 0 0
1uA 6 16 6 0 0 0
10uA 0 15 9 0 0 0
20uA g 18 11 0 0 0

Stainless steel

Current Gram Positive Gram Negative Fungus
S. E. E. P, .

aureus | faecalis | MRSA | coli | aeruginosa | albicans
0 uA 0 0 0 0 0 0
0.5 A 0 0 0" 0 0 0
1uA 0 0 0 0 0 0
10uA 0 0 0 0 0 0
20uA 0 0 0 0 0 0

Cadmium

Current Gram Positive Gram Negative Fungus
S. E. E. P. C.

aureus | faecalis | MRSA | coli | aeruginosa | albicans
0 uA 8(15) 5 14 6(18) (7 28
0.5uA | 6(10) 6 13 5(18) (12) 28
1uA 3(15) 6 13 4(18) (18) 1
10uA 6(14) 5 15 6(18) (16) 30
20uA 7(15) 5 16 5(17) (18) 30

Zinc

Current Gram Positive Gram Negative Fungus
S. E. E. P C.

aureus | faecalis | MRSA | coli | aeruginosa | albicans
0 uA 0 0 0. 0 0 0
0.5 uA 0 0 0 0 0 0
1uA 0 0 0 0 0 0
10uA 0 0 0 0 0 0
20uA 0 0 0 0 0 0
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Nickel
Current Gram Positive Gram Negative Fungus
S. E. E. P. C.
aureus | faecalis | MRSA | coli | aeruginosa | albicans
O0uA 0 0 0 0 0 0
0.5uA 0 0 0 0 0 0
luA 0 0 0 0 0 0
10uA 0 0 0 0 0 0
20uA 0 0 0 0 0 0
Example 3

Characterization of effective antimicrobial metals

A “killing curve analysis” may be performed in order to characterize parameters
which achieve an antimicrobial effect. A predetermined number of colony forming
units/ml (CFU/ml), established in a growth medium, are transferred to a saline solution
and then exposed to the antimicrobial metal or metal form. At predetermined time
intervals, an aliquot is removed, diluted (if necessary), inoculated onto blood agar plates
and incubated overnight at 37°C. The resulting growth is quantified as CFU/ml. A
graph, with time as the X-axis and CFU/ml as the Y-axis demonstrates the point at which
the antimicrobial effect and microbial population growth intersect. The concentration of
metal required for antimicrobial effect can be determined by examining the time point at
which the microbial population begins to decrease.

To examine the rate of diffusion of ions away from the metal source, i.e. the rate
at which the microbes are inhibited from growing (or killed), high performance
microscopy may be used. A high performance microscopic system developed by
Cytoviva allows for real-time observation of living cells and cellular components without
the use of staining agents. By observing the microbial response to a given metal, a
“velocity” of microbial destruction can be directly observed. The rate of diffusion ofions
through agar can be inferred from the velocity of kill.

In this example, silver is tested with respect to two different bacterial species, E.
coli and S. aureus. A current of 0.5uA is used in this example.

Strains of E. coli and S. aureus isolated from samples submitted to the
Pennsylvania State University Animal Diagnostic Laboratory, are separately diluted to a
0.5 MacFarland standard and added to individual test tubes containing 10mls of sterile
Tryptic Soy Broth (TSB). A silver wire (99.97% purity) having a uniform diameter of
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1.0 mm served as a source of ions.

Two small holes are burned into the screw cap of each test tube. Silver Wires
(99.97% purity), having uniform diameters of 1.0 mm, served as ion sources. The wires
are aseptically threaded through the screw cap holes and positioned to expose a total

5 length of 32 mm into the previously inoculated TSB. This resulted in the exposure lo
lem? of silver wire to growing bacterial cells. Electrical current is generated by placing a
standard 1.55 Volt AA battery in series with a 3.01 MQ resistor. The current that is
generated by the 3.01 M resistor is 0.5 pA when combined into the circuit. Additionally
a circuit, formed without any resistor is utilized and inserted into a tube in an identical

10 fashion. The circuits are completed by aseptically threading the anode through another
hole in the test tube screw cap and into the TSB. One tube of each bacterial species,
served as the control. It contained a silver wire, but no external circuit is connected. The
silver wire as well as the anode wire is placed in contact with the bacterially laden broth
continued within the test tube. This setup is used to produce “killing curves”.

15 The tubes are incubated in air at room temperature for a total of 8 hours. Every
hour the test tube is vortexed for approximately 10 seconds. The test tube cap is then
opened and a 10ul sample of broth is aseptically drawn from the test tube. The test tube
are again closed and vortexed. The sample is plated onto blood agar plates using a spiral
plating technique. The blood agar plates are incubated at room temperature for 24 hours.

20 The number of colonies present on the blood agar plates at 24 hours are counted and
recorded.

The results clearly demonstrate that the charged form of the silver metal has a
much greater kill rate when compared to the non-charged material. 4 “killing curve”
shown in Figure 9 shows the killing rate associated with S. aureus. The results clearly

25 demonstrate a bacterial reduction rate of approximately 5.698* 10E12 bacteria per hour.
Within this time frame both the control and the silver with no resistor allow bacterial
growth.

A “killing curve” for Escherichia coli in Figure 1.0 shows the killing rate
associated with E. coli. The 3MQ resistor utilized in this circuit corresponds to the

30 smallest current 0.5 uA. The curve shows bacterial reduction from 320%10E6 to zero
within five hours, a rate of approximately 72%10E6 bacteria per hour, Within this time
period both the control and the silver with no resistor tests continue to support bacterial
growth.
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Example 4

Optimization of critical operational parameters of antimicrobial metals

Antimicrobial properties of specific metals or metal forms differ when
modifications are made in the experimental parameters. Using data from the “killing
curve analyses”, critical parameters will be established for the generation of optimal
antimicrobial effects, and can then be balanced against the characteristics of the
application into which the metal will be incorporated.

In order to evaluate any possible toxicity of antimicrobial metal compositions on
mammalian cells, in vifro cell culture systems may be utilized Specifically, batteries and
resistors connected in series with a predetermined antimicrobial metal composition is
aseptically threaded into 2 mammalian cell culture flask and allowed to run, generating
metal ions within the culture. Cells are monitored during testing for morphological
changes and percentages of live vs. dead cells. In addition, treated and control cells may
be evaluated via metabolic function assays such as albumin and urea levels in
hepatocytes; bone alkaline phosphatase levels in osteoblasts; and matrix protein levels in
chrondrocytes.

In addition, the effects of circuit polarity, operation time and duty cycle are
evaluated on cells in vitro using device parameters and optimized for maximal
antimicrobial effect and low toxicity. An external circuit is constructed allowing for
varying run-time cycles and alternating circuit polarities. The external circuit with
battery, resistor, an inverter for reversing polarity, and a timer will be connected in series
with the test antimicrobial metal. The circuit will be aseptically threaded into the cell
culture flask and allowed to run, generating antimicrobial ions within the culture. The
continuous running time of the circuit as well as the polarity of the circuit will be

manipulated by varying the circuit timer and changing the polarity of the circuit via the

switch.

Example 5

In vivo evaluation

A rat model for evaluation of the effect of an inventive device implant-related
osteomyelitis is described in this example. The model uses a bacterial inoculate to
promote infection, as described in Lucke et al. 2003 [please provide this reference]. S.

aureus subspecies aureus Rosenbach (ATCC # 49230), isolated from a patient with
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10 cycle of defrosting.

Surgery is performed under general anesthesia by intraperitoneal injection of
xylazine 2% (Medistar®, 12mg/kg body weight) and ketaminehydrochloride (Ketavet,
100 mg/ml; 80mg/kg body weight). Rats are maintained on inhaled isoflourane.
Animals are prepared for surgery as follows: One leg is shaved and scrubbed Wlth
15 betadine alcohol prep. To prevent accidental bacterial contamination during surgery
animals are placed on sterile drapes. Bodies are covered with sterile sheets; the prepped
leg is separately draped in a sterile manner. A small incision (5 mm) of skin and fascia at
the proximal tibial metaphysis provides access to the tibial periosteum. The medullary
cavity of the proximal metaphysis is accesed through cortical and cancellous bone viaa 1
20 mm diameter titanium burr, leaving the surrounding periosteum intact. A steel Kirschner
wire, 1.0 mm in diameter, is inserted into the medullary cavity and pushed forward
distally for smooth dilatation of the cavity for a length of approximately 32mm distally,
and removed. A 50 microliter microsyringe is inserted into the medullary cavity and
used to inject either 10 microliters of sterile PBS, or, PBS containing S. aureus or E. coli
25 ina concentration of 10° CFU/10 microliter. Following inoculation, a 32 mm length of
antimicrobial test wire, representing an engineered implant (99.7% purity), or a titanium
wire (99.8% purity) representing current implant material, is inserted into the cavity. The
protruding portion of the test wire will attach to an external wire making the battery
connection complete. The battery, within a battery pack will placed in a rodent jacket
30 fitted to the rat. Within the experimental groups the two groups designated as Ag wire
and electric will be identical except for the current that is running through the implant.
The delay turn on AG wire and electric group will have the wire implanted and then wait

three days before the battery is inserted into the circuit. This delay will allow for full
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ions within the cultyre. The continuous runping Hme 1€ _CIrGUIt asw t itypfdine circuit
will be man%laté#%ﬁ%?%f’ﬁ@’ gcﬁ%ﬁﬁi%%%%ﬁ%@éﬁ%%%% Igo%rﬁ!jl%? r@gﬁ)‘ﬁg 5?a the switch.
Example 5 In vivg®ewdltatiaml#iat model for evaluation of the effect of an inventive device
implant-related 30 osteomyelitis is described in this example. The model uses a bacterial inoculate to
promote infectiong gs:ghesgribed in Lucke et al. 2003 [please provide this reference]. S. aureus

subspecies aureus ROS?\%?S &Qp 'ggf-; g}lﬁg‘l 0902p%(6)1) aﬁ%%ll%}grddgggme% BRHEY Witk face according to

the present invention is activated to produce copper and silver ions. The activated

30  implant is implanted in agar inoculated with both Gram negative and Gram positive

bacteria, E. coli and MRSA. This preparation is placed at 37 °C and observed at various



WO 1007/005841TiCTPUS1006/016000 -41 - chronic osteomyelitis, and shown to cause bone
infections R ¢35 agseerg 1999) is utilized in this procedure as a model Gﬁﬁ@@gﬁi@;&ﬁ{&anism. The
previously tested clinical E. coli isolate serves as the model Gram negative organism. Aliquots (100
microliters) of S. aureus or E. coif grown overnight in tryptic soy 5 broth (TSB) are transferred to tubes
containing 3 ml of sterile TSB. These cultures are grown to log-phase growth. Colony-forming iiMts
(CPU) per ml are confirmed by several plate counts using a spiral plating technique. Suspensions in
sterile phosphate buffered saline (PBS) are held at -80C until the day of surdery. To quantify possible
loss of viable BEEieAleBiadinertHeipaefe iibinecyote, GPbith Gsmnphinited affefeach:g8oycle of
defrosting. o UMERY | ' Lader nesthesi ky&ijentra eritoneal injection.qf xylazine
2% (Medistar(r ,,12mg/l£§ggb€oﬁ%§/%l§)g\i%ht) andgﬁg%%&r%%lr?et;ﬁfd%g}]%m Cﬁggﬁ{\siéﬁ %ﬁ@uréfg r%]?la mg/kg
body weight). & ishisias DA hamadssncmh kel Aninirted dptepacsddier stngeny. as follows:
One leg is shaved and scrubbed with 15 betadine alcohol prep. To prevent accidental bacterial
contaminatiorEd@emeslirgery animals are placed on sterile drapes. Bodies are covered with sterile
sheets; the prepped leg;is: A .in a sterile manner. A.small incision (5 mm) of skin and
fascia at rt!ﬁe proximajﬁ%%m%g %bsllfgégﬁ%g\}% %rg’a%%%pseg o?[}hsé Yﬁfiéf%’@ SL LR SHE SHEMSary cavity
of the proximacRiEtaRn idsparicas s tnibugl soitictddndrraheel v boneivitvarlio9s mm: diameter
titanium burr, ingit | iqst j A steel Kirschner wire, 1.0 mm in diameter, is
inserted into tﬁaxgé%ﬁg@%%ﬁﬁg%ggﬁgﬁ orV\i/ng) |§?§Ily grrélr%?géﬁ %3{%@& YefieSBhvity for a
length of apprisiifaysem Reamtaandrdran et vaA B0 wmier dlitepin ird YIRKYe issinagrted into the
medullary cavityangh Usegie dniest el :MicLalj 0, sile PBS, or, PBS containing S. aureus or
E.coli 25ina conc_:ent_ratig%éé_)fql%g F a/ilj%%%r Iift%de%:ﬁ%%viﬂfﬁgoogﬁ%fﬁgg% ﬁﬁ%‘ﬁﬁﬁ eﬁth of
antimicrdBial tedianirae Residatianing akibing rers st mab Risardenz % gueitydd ercatitahiimpire (99.8%
purity) representing custepkinalaptsatetabrs inssateeldnie he <Yl The protrudind, portion of the

| a

test wire will a%%arch to an external wire making the battery connection comp}?e?ée.: The f%ry, within a
battery pack Wi BIARSdcHT A sderRs-eres SocHitedlershandivivuahinithicagrpesiserifalaiomds the two
groups designatidiasAgindiesanckelectrisomiliRe ddgntigal exgept for the current that is running

through the implant. The delay turn on AG wire and electric group will have the wire implanted and

then wait three days DEfSFE BREBLARYSEHARE R PIRF Be RS raGHITRe Hethis wilteifioatifor 4l WO

2007/005842P&btht5200 626000 Aen e et shthehastesiakinpeulums within dhe LatAll implants
are performed th%ﬁg};& tissuﬁe%véll bcg%g igated with betadine solution. Skin and fascia are sutured in a

single knot. Aﬁpfroupslgeaﬁ ed Cafi%eiactrdarenrarehiy Halcatsattorpanserted into the
circuit and thel&Sriaiethrongeatierchenil Blornpd 7o F8) el ate snonfices @t oo eweak,wo weeks

and four weeks, Pasf-sacrifice the implant: removyed, and the tibia into which the implant is placed
is examined flg%aéerlgcsélf Rtecton. élr%}é’s @ﬁ%ﬁ%f%ﬁﬁﬁ%@%%}%ﬁ@ R EURRIF SR,
histological exeaadhirdtivhich 0T maspessathettpmentfangqarogression of bone infection radiographs are

taken in 20

The compositions, methods and apparatus described herein are presently
representative of preferred embodiments, exemplary, and not intended as limitations on
the scope of the invention. Changes therein and other uses will occur to those skilled in

the art. Such changes and other uses can be made without departing from the scope of

the invention as set forth in the claims.

b
n



posterior-anterior and lateral views on Days 0 (OP), 7, 14, 21, and 28 Proximal epi/metaphysis,
diaphysis, and distal epi-/metaphysis are examined for evaluation of infection extent and effgetsefi p
implant. Example 6 15A hip implant having silver disposed on the outer surface according io the
present invention is activated to produce silver ions. The activated implant is implanted in agar
inoculated with Gram negative bacteria, E. coli. Thigpreparation is placed at 37C and observed at
various times following inoculation. A "killing zone" is observed around the  -implant. Similar
experimentswith{aram positive bacteria and fungus also result in an 20observed killing zone Example
7 A hip implant having copper disposed on the outer surface according to the present invention is
activated to produce copper ions. The activated implant is implanted  in agar inoculated with Gram
positive bacteria, IVIRSA. This preparation is placed at 2537C and observed at various times following
inoculation. A "killingrzenemisi ohservedhareyrththe-implant. Example g A hip implant having copper
and silver disposed on the outer surface according to the present invention is activated to produce
copper and silver ions.ifhe:activaied 3ainplantisdnplanted imagardnosulatedawith hoth Gram
negative and Gram positive bacteria, E. coil and IVIRSA. This preparation is placed at 37C and
observegd at Mariplasa MVEXZOLET DQ8842PCT/US2006/020000 - 43 - times following inoculation, A
"killing zone" for both Gram positive and Gram negative organlsms Is observed around the implant. In

similar experiment, & fungusoGandida: albicansis uses-icingcuate-themediiipand-stalso inhibited
by the activated implant. Example 9 A hip implant having cadmium, copper and silver disposed on

the outer surfaee-ascerdingdethe-presentinyention is activated to produce copper and silver ions. The
activated implant is implanted in agar inoculated with multiple microbial organisms including Gram
negative and Gramzesitive bastetia,kireoli anst MRSAsiaswellas.GandidaAlicans of fis: preparation
is placed at 37C and observed at various times 10 following inoculation A "killing zone" for all
organisms isiebservedbaiaund thedmplanbmmunication with the metal component, which is

10  arranged fo conduct electrical current to produce antimicrobial ions; and
an insulator placed in a current path between the first terminal of the
power source and the second terminal of the power source preventing current
flowing from the first terminal from reaching the second terminal without
completing a circuit including a conductive body tissue or fluid adjacent to the

15  external surface of the implant system when implanted.

2. The medical implant system of claim 1, 21, 26 or 28 wherein the implant body
further comprises
n internal cavity, the internal cavity having a wall and an opening; and
20 a cap removably disposed in the opening of the internal cavity, wherein

the power source is disposed in the internal cavity.

3. The medical implant system of claim 1, 21, 26 or 28 adapted to be disposed

totally within a human body when in use.



Any patents or publications mentioned in this specification are incorporated herein by reference to the
same extent as if each individual publication is specifically and individually indicated to bg ingorporated
by reference. Patents, patent applications, or publications mentioned in this specification are 15
incorporated herein by reference to the same extent as if each individual document was specifically
and individually indicated to be incorporated by refefence. In particular, U.S. Patent Application Serial
No. 11/172,138, filed June 30, 2005 and U.S. Provisional Patent Application Serial No. 60/708,320,
filed August 15, 2005, the entire content of each of which is incorporated herein by reference. 70The
compositions, methods and apparatus described herein are presently representative of preferred
embodiments, exemplanysandnetiniended dslimitationstonthersgeps ofthednventianochanges
therein and other uses will occur to those skilled in the art. Such changes and other uses can be made

without depatting omsthe seoperofthednventianas;setferth in the claims. MCSLLP 44 Claims 1. A
medical implant system, comprising: an implant body made of a biocompatibie material, the
implant body 5having an external surface; a metal component containing an antimicrobial metal
disposed on the external surface of the implant body; a power source having a ;list terminal and a

second terminalhene@fithe tenminals /seim i, elgatrical copimuricationwithithermetal component,
which is 10arranged to conduct electrical current to produce antimicrobial ions; and an insulator

placed in a cusrepbpath betweendhe-fisst:terminabetithepowersaurce and the:sesond ternminal of the
power source preventing current flowing from he first terminal from reaching the second terminal

without completing& eiretit including:a copdactiverbedydissue osfluid: adjacentto thel 15external
surface of the implant system when implanted. 2. The medical implant system of claim ', 21, 26 or 28
wherein the mplanirhodyifutbppeomprisesmium; aniiatetraboaity, thiesinternab gavity:having a wall
and an opening; and 20a cap removably disposed in the opening of the internal cavity, wherein the
power sourcedsdisposed in the internal cavity. 3. The medical implant system of claim 1, 21, 26 or 28
adapted to be disposed totally within a human body when in use. MCSLLP 45 4. The medical implant
systemulaim 2, further comprising a metal component

6. The medical implant system of claim 1, 21, 26 or 28 wherein the metal

component or the metal-containing coating comprises a metal selected from the

group consisting of: gold, zinc, cobalt, nickel, platinum, palladium, manganese,

chromium; and a combination thereof.

15

7. The medical implant system of claim 1, 21or 28 wherein the metal component

is a coating disposed on the external surface of the implant body.

8. The medical implant system of claim 7 or 26, wherein the metal coating

20 ranges in thickness between 1 X 107 - 5 X 10™° meters.

9. The medical implant system of claim 7 or 26, wherein the metal coating is

disposed on a portion of the external surface of the implant body ranging from 1



disposed on a portion of the internal cavity wall. 55. The medical implant system of claim 1, 21, 26 or
28 wherein the metal component or the metakconta ning coating comprises a metal selected from the
group costing of: silver; copper; both silver and copper; both silver and cadmium: both copper drid
cadmium; and a combination of silver, copper and cadmium. 10 6. The medical implant system of
claim 1, 21, 26 or 28 wherein the metal component g4 the metal-containing coating comprises a metal
seiected from the group consisting of: gold, 7inc, cobalt, nickel, platinum palladium, manganese,

chromium; anda goahinationtheneaf se 6ithe medical implantsystem ef¢lain:b2dcr28 wherein

the metal component is a coating disposed on the external surface of the implant body. 8. The

medical implaptsystem-efclaim:d e 26, whenek the;metal coating 20rannes in thickness between 1 X
10- - 5 X 1a-3 meters, 9. The medical implant system of claim 7 or 25, wuerein the metal coating is

disposed on a portion of the external surface of the implant body ranging from 1 1108LLP 46 - 100%
of the external surface of the implant body, excluding any portion of the external surface occupied by

the insulator: o I d he:medlical inaplantssystemohelaimy 7 o5 26anbierein theimetaheoating is

5disposed on a portion of the external surface of the implant body ranging from 50 - 99% of the

externalssurfaee ot thedimplaptibody: thd. hhermedicabiraptant systemrofielaim2é givheteimthe metal
coating is disposed as two or more regions of coating on the external surface of the 10|mplant body, at

least one region gbegatingdn:-eleetrical eemmunigatiamwith theifirst terminal and at least one region of
coating in electrical communication with the second terminal, wherein the insulator is placed in the

current path between the first terminal of the power source and the second terminal of the power
source and wherein the insulator electrically insulates the two or mom regions 150f coating from each

other. 2. Theimeticahimplantisystem ofclain? @26 7whereintherimptaatbedy ceaprises an articular
surface having no coating. 2013. The medical mplant system of claim 7 or 26, wherein the metal
component disposed as two or more regions of coating on the external surface of the
10 implant body, at least one region of coating in electrical communication with the
first terminal and at least one region of coating in electrical communication with
the second terminal, wherein the insulator is placed in the current path between
the first terminal of the power source and the second terminal of the power

source and wherein the insulator electrically insulates the two or more regions

15  of coating from each other.

12. The medical implant system of claim 7 or 26, wherein the implant body

comprises an articular surface having no coating

20  13. The medical implant system of claim 7 or 26, wherein the metal component

s in the form of a wire disposed on the external surface.



is in the form of a wire disposed on the external surface, MCSLLP 47 14. The medical implant system
of claim 1 21. 26 or 28 wherein the metal component or the metal-containing coating is mogeLLP
electrically conductive than the bi compatible material. 515. The medical implant system of claim 1, 21,
26 or 28 further comprising a resistor in electrical communication with the power source. 16. The
medical imolant system of claim 1, 21, 26 or 2$ further comprising a switch in electrical communication
with the power source. 10 17. The medical implant system of claim 16, further compnsing a controller

in signal communicatieniwithitheiswitehsic & Theimedical maplantssysteraiafielaims28 wherein at least
a portion of the cap 15in contact with the wall of an internal cavity forms at least a portion of the

insulator. 19cFhesmesicalimplastsysieniafclaimidowherera thesentiolleniscexierpahtonthe body of
an individual haying an impiant body disposed therein. 20 20. The medicalplant system of claim 1, 21
26 or 28 wherein thephstihodyis @ selected from the, group consisting cf: a joint replacement implant
body, a fixation devicespacer, and a combination thereof. MCSLLP 48 21. A medical implant system,
comprising, an implant body made of a bbccmpatible matedal. the implant body having a first
element having a first external surface and a second element having a second external surface; 5a

first metal coraponenteamaininglantantimisrepialanetal disposed oa theHisstexternahguiface of the
implant body; a power source having a first terminal and a second terminal, the first terminal in

electrical commidnieatienwith:the disstmetad comppnent, whickhriscarnresnged to conduct eiectrical current
to produce antimicrobial ions; and
16. The medical implant system of claim 1, 21, 26 or 28 further comprising a
switch in electrical communication with the power source.
10
17. The medical implant system of claim 16, further comprising a controller in

signal communication with the switch.

18. The medical implant system of claim 2, wherein at least a portion of the cap
15  in contact with the wall of an internal cavity forms at least a portion of the

insulator.

19. The medical implant system of claim 17, wherein the coniroller is external to
the body of an individual having an implant body disposed therein.

20
20. The medical implant system of claim 1, 21, 26 or 28 wherein the implant
body is a selected from the group consisting of: a joint replacement implant

body, a fixation device, a spacer, and a combination thereof.



10an insulator placed in a current path between the first terminal of the power source and the second
terminal of the power source preventing current flowing from the first terminal from reachingthe | p
second terminal without Ic a circuit including a conductive body tissue or fluid adacent to the
external surface of the implant system when implanted. 15 22. The medc,a’' implant system of claim
21, 25 or 28 further comprising a second metal comygnent containing an antimicrobial metal disposed
on the second external surface, wherein the second terminal is in electrical communication with the

seconn metal compengitianthwhersisthe ipskigtanZ@insulates the first metal component from the
second metal component. 23. The metal implant system of claim 21 or 22wherein the first metal

component. the seeonghpeia: icompenent.arbotthe fksbmetalcompenentandthe gecond metal
component, is a metal-containing coating. MCSLLP 49 24. The medical implant system of claim 2,

further compsising,an felectnisaleonduster dispasedona portion: efithe intermal caviewall. 525. The
medical implant. system of claim 2, wherein a portion of the nap, in contact with the wall of an internal

cavity is made; ofan-eleetiicalynsulating-material preventing current lowina from the first tern nal of
the power source from reaching the second terminal of the power source without completing; a circuit

includirg a conductiveikedydissuerapfivishadiacentitothe externalcOsurface; of the daplant system
when imuianted. 26. A rnedical implant system, comprising: an implant body made of a biocompatible

material, thetiaglantdhoedyhavingaanain-kodypeftieadaving a first external surface an an internal
cavity, 15 the internal cavity having a wall and an opening the implant body having a cap portion

removably disposed indtheopaning of thesintéraaleavity| thecapsportientbaving a:secord external
surface; an antimicrobial metal-containing coating disposed on the first external surface of the

main body pestion20a Dewer souseerdisposedriniiie inteinal eavity - therpowear sobikge ibaving a first
terminal and a second terminal, the first terminal in electrical cOmmunication with the antimicrobial

metal-contaiaingrepating cviikich: isiavangediocondustelectriealigicrentito prasuga@ntimicrobial ions;
and MOBLLP SO
10 an insulator placed in a current path between the first terminal of the
power source and the second terminal of the power source preventing current
flowing from the first terminal from reaching the second terminal without
completing a circuit Sﬁcﬁuééag a conductive body tissue or fluid adjacent o the
external surface of the implant system when implanted.
15
22. The medical implant system of claim 21, 26 or 28 further comprising a
second metal component containing an antimicrobial metal disposed on the
second external surface, wherein the second terminal is in electrical

communication with the second metal component and wherein the insulator

20  insulates the first metal component from the second metal component.

23. The medical implant system of claim 21 or 22wherein the first metal
component, the second metal component, or both the first metal component

and the second metal component, is a metal-containing coating.



an insulator placed in a current path between the first terminal of the power source and the second
terminal of the power source prevention current flowing from the first terminal from reachipg the p
second terminal without completing a circuit including a conductive body tissue or fluid adjacent to the
5external surface of the im ;ant system when implanted. 27. The medics! implant system of claim 25,
wherein the cap comprises a protruding portion, thegimternal cavity comprises a threaded surface and
the insulator comprises a screw thread insert, and wherein the protruding portion of 10the cap
interacts with the screw thread insert to form a male connector for reciprocal interaction of the
threaded surface of the internal cavity and the male connector. 28. A medical implant system,
c:omprisirg: rasupredstisiciuredor suppertingoatileasttwe erthopedicifixatarsidbeistpport structure
adapted to secure the at ieast two orthopedic fixators to the support; a first orthopedic fixator

supported by:theisupparkstdetuee; thedirst fixatorchaving-a fisstiexiemal surface; 20a second
orthoae,dic fixater supported by the support structure, the second fixator having a second external

surface; a first metal component containing an antimicrobial metal disposed on the first external
surface of the first fixatorn MC SLLP 51 a power source having a fir.st te inal and a second

terminak thefgstriesminal ia elestHeakoammuiicatian wilihthe first paetal-compenent,iwhich is
arranged to conduct electrical current to produce antimicrobial ions; and an insulator disposed on the

support struciyre-n; agurrestpathy betweensthe firsy termingd of the pewer:soureeandthe second
terminal of the power source preventing current flowing from the first terminal from reaching the

second termipakavithoutcemplgting:a eirtuitimgltiding eccondustive hody tissuear fiuid radjacent to the
external surface of the first fixator when irnulanted. 1029. A medical implant system comprising: an

implant incluglng atieast @re-inylantibedy:mads of a hiocompatible materiatamexiemal surface
defined by said medical implant system; a metal component having bactericidal properties
disposed onsaidit including a conductive body tissue or fluid adjacent to the external

10  surface of the implant system when implanted.

26. A medical implant system, comprising:
an implant body made of a biocompatible material, the implant body
having a main body portion having a first external surface and an internal cavity,
15 the internal cavity having a wall and an opening, the implant body having a cap
portion removably disposed in the opening of the internal cavily, the cap portion
having a second external surface,
an antimicrobial metal-containing coating disposed on the first external
surface of the main body portion;
20 a power source disposed in the internal cavity, the power source having
~a first terminal and a second terminal, the first terminal in electrical
communication with the antimicrobial metal-containing coating, which is

arranged to conduct electrical current to produce antimicrobial ions; and



ISexternal surface of said medical implant system; an electrical power source; a system located
onboard said implant in electrical communication with said metal component and said pow:

er source

RAMNCH

that controls the application of electrical current to said metal component to 20cause said metal--"
component to emit metal ions.

10

15

20

50
an insulator placed in a current path between the first terminal of the
power source and the second terminal of the power source preventing current
flowing from the first terminal from reaching the second terminal without
completing a circuit including a conductive body tissue or fluid adjacent to the

external surface of the implant system when impianted.

27. The medical implant system of claim 26, wherein the cap comprises a
protruding portion, the internal cavity comprises a threaded surface and the
insulator comprises a screw thread insert, and wherein the protruding portion of
the cap interacts with the screw thread insert to form a male connector for
reciprocal interaction of the threaded surface of the internal cavity and the male

connector.

28. A medical implant system, comprising:

a support structure for supporting at least two orthopedic fixators, the
support structure adapted to secure the at least two orthopedic fixators to the
support;

a first orthopedic fixator supported by the support structure, the first
fixator having a first external surface;

a second orthopedic fixator supported by the support structure, the
second fixator having a second external surface;

a first metal component containing an antimicrobial metal disposed on

the first exiernal surface of the first fixator;



10

15

20

MCSLLP

51

a power source having a first terminal and a second terminal, the first
terminal in electrical communication with the first metal component, which is
arranged to conduct electrical current to produce antimicrobial ions; and

an insulator disposed on the support structure in a current path between
the first terminal of the power source and the second terminal of the power
source preventing current flowing from the first terminal from reaching the
second terminal without completing a circuit including a conductive body tissue

or fluid adjacent to the external surface of the first fixator when implanted.

29. A medical implant system comprising:
an implant including at least one implant body made of a
biocompatible material;
an external surface defined by said medical implant system;
a metal component having bactericidal properties disposed on said
external surface of said medical implant system;
an electrical power source;
a system located onboard said implant in electrical communication
with said metal component and said power source that controls the
application of electrical current to said metal component to

cause said metal component to emit metal ions.



