PROPHYLACTI C BACTERI Cl DAL | MPLANT REFERENCE TO RELATED APPLI CATI ONS Thi s
application clains priority to U. S. Patent Application Serial No.

11/ 172, 1380 2béAmsssdune 30, 2005 and U.S. Provisional Papemtuségglorevas i on
Serial No. 60/708, 320, filed August 15, 2005, the entire content of each of
which is incorporated herein by refer ence. FI ELD OF THE | NVENTI ON The
invention relates to systens and nethods for inhibition of mcrobial
infection related to surgical inplant devices. In particular, the invention
relates to systens and nethods for inhibition of mcrobial infection
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15 surfaces that are rubbing against one another leading to rough, painful movement. Total
joint replacement, or arthroplasty, represents a significant advance in the treatment of
painful and disabling joint pathologies. Arthroplasty can be performed on almost any
joint of the body including the hip, knee, ankle, 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.



with trauma accidents is increasing. Fixation devices can be internal or
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prostheses and 5 percent of fixation devices will become infected. Taking 3 percent as an

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

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  bip 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 substances, 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
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SUMMARY OF THE INVENTION
A medical implant system includes an implant body made of a biocompatible
20  material. The implant body has an external surface and a metal component containing an
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 terminal of the power source and the second terminal of the power
25  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.
A medical implant system according to the present invention may be configured
as any of various types of implant. Optionally, an implant body is a joint replacement
30  prosthetic implant. In a further option an implant body is a part of a joint replacement

prosthetic implant. An implant body may also be an orthopedic fixation device, an



spacer, or a conbination of a joint replacenent prosthetic inplant, an
orthopedic fixation device, or an orthopedi c spacer. Mre than one inpl ant
body may we 2oomilossied as part of an inventive system | npaddistéosnzeon®r e t han
one power source may be provided, for exanple, where nore than one inplant
body is included. In a highly preferred enbodi nent, a nedical inplant
systemis provided having an inpl ant boﬁ@'mhich includes a first el enent
having a first external surface and a second el enment having a second
external surface, as well as a first metal conponent containing an
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surface of the implant system when implanted.
In a preferred option, a second metal component containing an antimicrobial
metal is disposed on the second external surface, and the second terminal is in electrical

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



made of an insulating material or nmay have a coating of an insulating
material, formng an insulating region. The insulating region may extend a
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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 orthopedic 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



structure has a first external surface and a second orthopedic fixator
supported by the support structure has a second external surface. A first
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external surface of the first fixator. A power source having a first
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to the cavity wall. In one embodiment, the metal component in the cavity is in contact
20 with a terminal of a power source disposed therein.

In 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.

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

than the biocompatible material of the implant body.
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foil 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
$0 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
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bone screw i ngbamtosising of: sttveURE! both sileer 8BAEMRAST-C circuit di agram of a
preferred version of an inplant systemaccording to the present invention;
FIGURE 4 is a line drawing of an inventive bone screw inplant system

including an insulator;  ppipp DESCRIPTION OF THE DRAWINGS
15 FIGURE 1 is a line drawing of an apparatus according to an embodiment of the

invention in the form of a hip joint implant showing a portion of the exterior of the

implant and a cut away portion;
FIGURE 1A 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;
20 FIGURE 2 is a line drawing of an inventive bone screw implant system;
FIGURE 3 is a schematic circuit diagram of a preferred version of an implant

system according to the present invention;
FIGURE 4 is a line drawing of an inventive bone screw implant system including

an insulator;
25 FIGURE 4A is a line drawing of a view of an insulator;
FIGURE 5 is a line drawing of an inventive hip implant system including an
insulator;
FIGURE 5A is a line drawing of a view of an insulator;
FIGURE 6 is a line drawing of an apparatus according to an embodiment of the

30 invention in the form of a hip joint implant showing an exterior view of the implant;



FIGURE 4A is a line drawing of a view of an insulator; FIGURE 5 is a line
drawi ng of an inventive hip inplant systemincluding an insulator; FIGURE
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a hip joint inplant showing an exterior view of the inplant;FIGURE 7 is a

| ine drawi ng of an apparatus accordi ng 1%-an enbodi ment of the invention in
the formof a hip joint inplant showing an interior view of the inplant;
FIGURE 8 is a line drawing of an external fixation device illustrated in
situ; FIGURE 9 i FIGUREEisdrlawidigwing ofian apmeatas ateortinotodingnbodimentefitiedi nent
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bi oconpatible material. A metal conponent is disposed on the external
surface of the inplant body and a power source is included to power

delivery of an el ectri GETANEEDESCORIPTONSRIHETRANEMON The el ectri cal
current is delivered to the netal conponent via an electrical conduit. In a

preferred enbodi fBatpresenk infsnaon pevidasemethods and fappamatust foarpreveation and
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A medical implant system is provided which allows for release of microbe-

15  inhibiting metal ions in the vicinity of a temporary or permanent surgically implanted
device. In particular, metal ions are released from a metal component of an implant by
application of an electrical current to the metal component. A power source for
producing the electrical current is provided which may be external to the implant, or
preferably, contained within the implant.

20 A medical implant system is provided which includes an implant body made of a
biocompatible material. A metal component is disposed on the external surface of the
implant body and a power source is included to power delivery of an electrical current to
the metal component. The electrical current is delivered to the metal component 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



conponent differs in conposition fromthe bioconpatible material. For
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or repair. Prosthetic implants include those for replacement or repair of any joint
illustratively including a knee, a hip, an ankle, a shoulder, a wrist, and a finger or toe
joint among others. Further, an orthopedic implant is an orthopedic fixation device used
20  inreplacement or repair of a component of the musculoskeletal system, such as a plate,
wire, screw, pin, rod, nail or staple. An orthopedic fixation device may include multiple
fixators such as a plate, wire, screw, pin, rod, nail or staple. In one preferred
embodiment, an implant body is an implant body which is wholly contained within a
patient’s body when in use for the purpose of the implant.
25 . An implant body may include two or more separate or separable elements which
are implanted or partially implanted together, illustratively 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 element 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.
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general, a metal component included in an inventive implant system contains an amount
of an antimicrobial metal in the range of about 1 nanogram to about 1 kilogram. A metal
20  component preferably contains at Jeast 50 percent by weight of an antimicrobial metal,
further preferably contains at least 75 percent by weight of an antimicrobial metal and
still further preferably contains at least 95 percent by weight of an antimicrobial metal.
In another preferred embodiment, the metal component is substantially all antimicrobial
metal. In particular, the metal component is capable of releasing a metal ion when an
75  electrical 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  a 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

biodegradable materials. A non-metal constituent or non-antimicrobial metal included in
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weight copper is included, further preferably a metal component contains at least 75% by

weight copper 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

cffective 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. Acombination 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

wvnereistic effect is observed. The ratio of copper to silver in a metal component may
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cadmium, silver and copper are included in a metal component. The ratio of one or more
metals capable of releasing a metal ion when an electrical current is applied to the metal
component to one or more metals whose antimicrobial activity is not increased when an
20 electrical current is applied in a metal component may range from about 1000:1 — 1:1000.
In one embodiment, a metal component preferably contains an amount of a copper and/or
silver and an amount of cadmium such that the ratio of copper and/or silver to cadmium
is in the range of about 1000:1 — 1:1000. A combination of silver and/or copper and
cadmium in a metal component is in an amount in the range of about 1 - 100 percent by
25  weight of 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 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.



el ectrical current is applied in a netal conponent may range from about
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metal coating disposed on the external surface of the implant body, the coating is
20  optionally disposed on substantially all of the external surface of the implant body. Ina
further option, the implant body is coated with the metal coating on substantially all of
the external surface excluding one or more articular wear surfaces. An “articular wear
surface” is a portion of an implant body which is exposed to wear during normal use
when implanted. For example, a hip joint implant includes articular wear surfaces at the
25 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,
30  including 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 stripes of a metal component and an insulator may be arranged on

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



metal coating di sposed on the external surface of the inplant body, the
coating is optionally disposed on substantially all of the external surface
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one or nore articular wear surfaces.. An_ articular wear surface" is a
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all of the b&ﬁ,gernn%le rﬁegrlf ace iof t het.one or nore elements of the inplant
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electrically insulates one element from another and thus does not include a metal-
20  containing coating in electrical communication with a metal-containing component on
the one or more elements of the implant body.

A metal coating on an element of an implant body is preferably disposed on the
external surface as a single continuous expanse of the coating material.

Optionally, the metal component is in the form of a wire, ribbon, or foil disposed

25 onthe external surface of an implant body. Such a metal component may be attached to
the 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 included in contact with such an implant body. Thus, for

30 example, an implant body or portion thereof may include an alloy of stainless steel and

an antimicrobial metal, and/or an alloy of titanium and an antimicrobial metal. A

commercial example of such a material is stainless steel grade 30430 which includes 3%

copper.



where the device is a bone screw. However, an insulator disposed in a
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An internal cavity in an implant body includes a wall defining the cavity and an

opening for insertion of a power source and, optionally, other components of the system.
In general, a preferred power source housed in an implant body cavity is

20 lightweight and sized to fit in the cavity. In addition, a power source housed in an
implant body cavity is capable of producing electrical currents in the range of 0.1 —200
microamps. A power source housed in an implant cavity may be selected according to
the requirements of a patient. For example, a temporary implant may not require a power
source having as long a life expectancy as a permanent implant.

25 In a further embodiment, circuitry adapted to modulate 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 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.



source and, optionally, other conponents of the system including circuitry
adapted to nodulate a current fromthe power source. An internal cavity in
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insertion of a power source and, optionally, other conponents of the
system In general, a preferred power s_qlzr_ce housed in an inplant body
cavity is lightweight and sized to fit in the cavity. In addition, a power
source housed in an inplant body cavity is capable of producing electrical
currents in the range of 0.1 - 200 microanps. A power source housed in an
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1m croanpere, and R is the resistance that wll gl!' ow ?edr the current to
f1 ow from t3&/orcurrent. It is noted that neither the current nor the voltage delivered from a power

source will be altered by the size of the implant.
In a specific example, a surface mounted chip resistor will satisfy the
20 requirements of the resistor for use in this application. Surface mounted chip resistors
come in a variety of resistances, ranging form 1 ohms up to 51 mega-ohms. Surface
mounted chip resistors are manufactured in a variety of sizes which will meet the size
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 of an
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 jons are released continuously.



determ ned battery. This resistor then can be placed in series with the
power source to yield the required current. Aresistor is selected with
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It is noted that neither the current nor,the voltage delivered froma power
source wll be altered by the size of t'tjfé'i nplant. In a specific exanple, a
surface nounted chip resistor will satisfy the requirenents of the resistor
for use in this application. Surface nounted chip resistors cone in a
variety of resist&iddesieredogtion & switehl isomakeded int en Snventiegaysidmgo catrdlace

nmount ed chi g it din a variety of sizes .whi Wi ||
neet the si zgﬁggn@tf?%‘?nﬁlﬁ ﬂ%p H%Q&Ca%r%{re? g ng (g tc81,n¥f’ﬂ?n(t:k isl‘”f’rjivgﬁi %F?“(?ol t age
SMD chi p, seniimirdlitli8nsio bt retestd g spebitibll Peridt of fiafetbyontrbBink g sHIned

hi p inplant. Thg: MMCO8 lhag di mensi ons of over all length of 2.0 mllineters
and over al oW dih SHMRIeIBe syitgh lsBiraedon tprfctvasa penrentiand relesse entimicrabial

manuf act $Ir egbrisut FOSNSLARAAIDSEAEL Lk, ﬁglz{l?%la@%eke% ‘}18@%32%”&%?@51 Somentive

i npl ant system may be configured such t sire

anti m cr obi &nplagtetien irperdestor mheas énfecticer  Rurthpecilidre dn pefetish ©fdetdca g0 as
to optim ze Lhhibitary.effects on undesirahl e m crobes and m nimze any
unwant ed si &;Bg?t%&]g[b% .Swﬁﬁlygn%ctlgﬁ’ﬁga? REAY, cuzient Howrand\ielepseyptametal yansem i s
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and netal ions are rel eased continuously.I'n a preferre ptron, a swtchis

i ncl uded i nvelfrgeriiaastarsed asyess din foiscenprecidted dat et campddenty incloded ke apower
sour ce t ) itch.allagws antjm crobial ipns to be
rel eas efd(pd u?ﬁﬁ%@‘}segleng ?Bﬁ%&g‘g%rf’ 8@%05(\?,)\41 %Ot"?“ﬁb“ ué%?ﬂqt'tb? PP B P %(ﬁ?n sEw.  For

exanpl e, theveswidesifed seriodiofiitheon to activate current and rel ease
antimcrobial ions at_regular_intervals, such as once a week or once a
month, for a tine YaichdaPriipnaiy radhpreferablyicaniselirs byt @ contemllenextembbit then.

Further, Wigs® @hdi ' ' spected. the switch is.
activated to azll | ow 1@%1??&(;1%@&%/ l‘r%\ﬂa/gzlrrr\lg%geﬂ g(gsg%g%s ' %Ef’étiefqaiﬁf’émtoﬁl BRI R he
i nfection. vignal npératiedtosentrals svitcbainbheeaimplé,thai@rdbdly ddAgoB §fiRdh, and
t he vollt ge transferred across it. |t is appreciated that all conponents

i ncl uded i n°"ShF MAEHETIER A, A‘Iila@ﬁ@‘tf%bé?eél syeiches et aroeniFmplit eonrollsé and
o Sl R S By B BT 5D,
of the i ndiSichuanitchay pregcaatrollebpnt eutipHesinhbsling 2 Amgast @hiehlis elibd o | er
may emt a proximity to the switch in order to turn the switch on or off. For 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 ofan inventive implant body. In a 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.



signal operative to control a switch. In one exanple, a magnetically
controlled switch, such as a reed switch is used. Magnetically based

swi t ches wbabo7amwsssext ernal |y controlled by a controll er paraseesngsbd y

manuf actured and are avail able from comercial sources. Such switches are
controlled by a controller including a_gﬁgnet which is placed in proximty
to the swwtch in order to turn the swt on or off. For exanple, a magnet
may be positioned in the vicinity of a patient's hip in order to activate a
magnetically controlled switch in an internal cavity of a hip prosthesis

i npl ant. Thus, t KeSCBITIRAY bednglpdegiteprase wisrakiat grawthy suchias badi¢rial gomtly,ohl er .

Optional ly, g ] (S i invepti.ve. systemwhich is in
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| ocation in the jnplant patient, such asjust under the skin, to renotely
control the currBtprefesgd aptiem e pertivnyf the netallcoupdndn issksppeedin tlicibictal

growt h, jgpuc ek . on..an external. surface of an . inplant
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the i npl ant SWRAPHa A2 poatie. dispaseé onrthe axternad swrficecdithe ymplentiotayt ed t o
be di sposedoh@slilYayd Lid h in.use.  Thu he i npl ant body
preferably hgs .su?s/t anﬁgaff}f@yt %gﬁ ggfrorg&ﬁ%) %ﬁg onsy aWdthfhlé}f%“%fcaﬁlty 1s In
convent i onagledtrigal gnttationlifh oherteamjtab b petreO i@ prefend & tHeQRAvRY. If&hﬁegﬁt al g
compon is disposed in.the internal cayity. For exanple, in a preferre
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conponent, such as a coating, disposed on the external surface
i npl ant bodfesent 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



Optionally, and preferably, a netal conponent present in the internal
cavity is in electrical contact with one termnal of a power source present
in the cawoto7/0bsset al conponent present in the cavity way/usbaeobmosn the
formof a wire, ribbon, or foil. Preferably the netal component in the
cavity is in the sanme formas the netal 2ﬁorrponent present on the external
surface of the inplant body and is conti“flious therewith. In a preferred
option, a netal conponent disposed on the external surface and/or internal
cavity wall .is re.electrically conductive than the bioconpatible materi al
of which théntFWﬁnf%ﬁYﬂtYHJst sBovim Hecut Bveryi seetéonah vieva shewn hasheasirippanileg whi ch

can be cl oseg,;MsSi i ) tached i npl.ant body, such
as by a hi ng%IMg rﬂgso%gﬁgta lel%é @gtﬂg%)% ael.%ﬁa}&%%lgﬂtaqﬁtﬁe #’%&%%ﬂ@ﬂ@?@?s Ofan
el ectrical ecompemnts Aswitché3Qaesistosbilrand baseryn 60 URQHo WA, Which BN&Bhia%Rd

system In one enbtodi nt, tlilhe conduit s the bioconpatible material of the
i mpl ant  bod§* P f*'A% @H&lﬂlﬂﬁh FESHLRERE swHchggshoveminmeriquiar exdes mithirespectt he

body of 4 hetdtheb¥i i i t i nd the,condui.t
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di sposed onpethand impdiffatentrostyectii¢ drdeiie teix bt othbr qpobuimSEts TR refthi@tHpend
illustrates xe ry.enbodi nent of an inventjve apparatus 100 in a
partial ext 8%8??1%1 *s%laﬁlhasg%en% m\?g _ .Onﬂad’ﬁa\l\ﬁ%ﬂ? 'ihlaﬁgﬁfﬁlh]&qodgdiéposed _
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the formof a netal-containi ng coating, such as a silver coating, depicted

as stippl i ngpvigninaarisuas emdodisnant. dbecapZormsaienmetiaseat fov ilteycat?Pstch thown i n

cut awayp segct.d 3 as the str.i mar ked region. This cavity
S one 10p SR thiEthol B BT 3 FribbhE ol S S rrr s Ao

conponent s. additson, thehpatidf’s odlyiis pirotecleliGron e Riatieb Yhel RPhneniS cavify). ch are

cont ai ned iﬁ‘rhhe cav%ty. Al t hough the resistor _and switch are shown~in
particul ar CriOEEXHPPI, RegERe ispseseRonsaifaessyending toorndie tpantbractisresih
conponent s &H@Yy 1aead gﬁ% | LLen th and.in different
respective o.rdre?@i.n ?ﬁ?{ S ogh ot %(ge?né@%o%éﬁﬁgoﬁfi g’.e'ghﬁﬁ?@%fﬁfaﬁﬁs’gﬁﬁﬁ%‘f’nthe
ori gi nal shwithoniatipplemgrorsaipeimets a0l &or m a cap 160 so that the cap 160 is

di spos so as tp forma cover for cavity 170 after assenbly of the
intern :]I% conpon eﬁlggre’l I %Wév seggrtepnal V‘ﬁwapl%‘é}*lt’ ireplpaiybodi 8@ ilkishating dvmetahp

f;Srvi”fyaa?Srfﬁ;ﬁ%ﬁ%ﬁﬁaﬁsgﬁ?ﬁﬁgmé’%%%"ﬂ“ﬁ“%ﬁ@%%hfﬁé%@%%ﬁ%?fﬁél%ﬁ?&aﬂzot°9 e
plant body. The coating is present on the cap 160 as well in this illustration but not
on articular or wear surfaces as shown at 180.
A conduit from one terminal of the power source to a metal component is
20  optionally provided in the form of a wire extending there-between. As noted above, a
further connection between the metal component and a second terminal of the power
source is 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



addition, the patient's body is protected fromexposure to the conponents
inthe cavity. In this exanple, no coating is present on surfaces tending
to wear dwe 2v@r/dosgser action with other inplant parts or rpetrwsadosebeoent s of
the body, e.g. articular surfaces, as shown w thout stippling or stripe
mar ks at 180. Figure I A shows an exter nai view of a hip inplant body 100
illustrating a nmetal coating, such as a“silver coating, shown as stippling,
present on an external surface 120 of the inplant body. The coating is
present on the cap 160 as well in this illustration but not on articular or
wear surfac é%m%‘éed%mﬁlshpf !Ig@CtIOAliﬂ@mdtmdyrhﬂmpomtldr&drfmrmhnm:iuanhﬁ“ npeaater
source to a;ipk @gsé:%ra%gﬂg is optionally provided in the formof a wire
ext endi ng there et ween not ed above, a further connection between the

metal conponent Aighrel HRGRMs AreiiHlan bodf intAEfPAWEE MRS F RV, ﬂﬁﬁ&xﬂé&%{' y
provided. In.a further preferred enbadinent of the invention,
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wire in contac an i nplant sur
i nventive s%é&%hpwalwvdtuhtmbsummmrMrrddmbahe@%e%b%rt@&msdndﬁeﬁfalé Raybody

of an indiv havi.n | ant pr hesis according to the invention.
For exanpl eb‘%%@ Bﬁeq:i g ‘ﬁ?ydngg’%&lair ﬁ%(étrﬂ??lsnﬂﬁo SBOWFSeaC@H@ﬁO fquosmge end
of the wiretheByavitg dﬁ@sprbie@f'ﬁ‘éi tHenc bﬁ’ﬂs L sgoled F}Fﬂg&g& c?nteem

i npl anted prosthesis, preferably i ont act wt
order to defiWnment s vellasdimising asposwet of cdlisris the mmpdnenﬂ&h os@d)nmaeent
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rel ease as de Jred Figure 2 illustrates an inplant body in ormo
fixation deWitesil ‘b%’iaflp%ul arly, a bone screw 210. An external surface 220 of

t he i npl ant body Fpone f a gontinu
metal coating, |%}é{8{§&ﬁ §aég)g€§%§‘l’%?1 s& nt?%cgasam%mgo &F@Mn‘fi@%i’ré tch
230, ar es | gtapit bRt Geeanit batteat dreirtlye aﬁ&nalmﬂ@éﬁ seeabd) CRidrehnWRBI R (12 &YdH the 270

shown | e cut a i on marked by stripes. Also shown is a cap 260 for
ol oo nolt neSett Fofaton B8 et soRbh e (o rssmahe L gpOdoet ivoid Hes Gty

fromthe exﬁ&&é}%bnductor, 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



environment, as well as limting exposure of cells to the conponents

di sposed in the cavity. A netal coating 280 is shown inside the cavity 270.
An embodiwenboimsssi ch a netal coating is also present eoTiuseodshe@ass 290
of the illustrated bone screwis depicted in this illustration. The
configurations shown in Figures 1 and 2 _gllow for a dead end electrical
circuit between the battery and the extéfrial silver surface. Current will
flow through the better conductor, the silver coating, to the external
surface and thus_ avoid the nuch poorer conductor, the internal residual
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i nclude a d j ' duce 1nprove ntim crobial effects. In a
hi ghly pref g‘?’%g%?g?%%%l&%%% iglrean Opﬁ% ¥ org%ggiagglanpﬁg? fwg%_?‘gqne?ﬂbllnudes
an i nsul at oelesuichl dodnahurdertioarvitf thewovgr §dueee. @ first termnal is prevented
fromcreating a short circuit. Thus, an insulator is placed in a current
path from the fi ?SPtiERiAcqREL obsepar Hamants fslideent ar mertamplantablegagnwhishr r ent

f ag hi t ] ] | et.lng circuit including a

conduct | ve. Lo eanagens ARt ek SRR SpH0 BriEimtle a b infitan,

system Fi gtapéacgmentiiptantitypcaly schelns femoeﬂmmgtplmiﬂ@téﬁm@fﬁl %ﬁ%‘d}a@elﬁd,ghl y

d enbodi t. Afirst nmetal c onent di sposed in electrica

Bonnect | on' BN ARRR; OLACERBHET GiP o ioe FTAFRIn e parsal shisamulin ¥rgieand o
d t 6l ' H (W econ

ol omont of - an T pl At o b e e B AL NP pltbl Do MIEERL

320 and 3222ifemergl parkef # hipajoint septacenuat posthetic imalaphieis apptecineed3bat thehe

' ' . cal i cati ith a first term nal
515 of "he. SREPPAEHr HPkBort of Bifib SBekhh THsthar coRpaarit Bobidr, in an
el ectrical inoemiiisgeitin@Ad vhifiuteddGaiMtd iRl cavid cBhtaldi aggat/\%r 5381%&; €
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a femoral part attached to the femur and a tibial part attached to the tibia, each having an

articular surface for interaction with the other. It is appreciated that one or more parts of

an implant prosthesis may be configured to include an internal cavity containing a power

20  source and other components as described herein. Thus, an inventive system may include

more than one implant body. In a 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

25 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-

30  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



and a socket part, or acetabular cup or shell, replacing the natural
acetabulum While an inventive systemis extensively discussed herein with
regard t owerroampbsnt body which is a fenoral part of a krcp/ryseeosn2e000

repl acenent prosthetic inplant, it is appreciated that the socket part, or
cup portion of a hip inplant prosthesis gay al so be included in an

i nventive system and configured to incI‘& € an internal cavity containing a
power source and ot her conponents as described herein. A further exanple of
joint replacenent inplant parts include a wist inplant having a carpal
conponent , fdlacerentimpdans wal bepositinaed eventuallyt Forewamplecwhgrahn indhédual kas
renoved, an i i inserted ot tached to the radius
bone. The rg(!j’i% %mggeﬁedﬁ%@aﬁ g@lic erﬂgﬁ%g(r%%néﬁ dg? Bt éff:‘gltaf"b’?la?’ g? SPRERIEGN wi t h
a carpal pamthile froinfeetior jscbggefoughta knee joi nt prosthetic inplant, having a
fenoral part att?@lhEd to the fenur ar‘l-‘? fl tibial part attached to the tibia,
each having an afth QUFHvesiysreRclE Rapiculdtverdyaniagerusi inrpuche stuntden since as

appr eci a§ edsyraadist\Freef ofEﬁriﬁ’veﬂﬁ{/% &tﬂic@@ia@é %%%&P%itﬂ a%ﬁ%ﬂg st s%/g ounﬁ% gﬁgﬁﬂ ot her

;
configured to_include an internal cavi ai ni ng apower
conponent s afitdetéasis dshibvhér Birther, Bhisventive spavarimipledt sy les§oiyt elinghateigenor e

th e i bod In a fyrther optian, .each of the nultiple inplant
boginegnmay n?%le?{}t%‘éseac}/fé)g{}? P?/tngﬁu"%ﬁg}[ B?@g}%}éﬂs SEYfIORay e HPSFﬁ&nqur@(ﬁpggﬁé ot her
conponent s, inpslehteradd ¥idw fiRYabé o BduSnbfdhetidsStHds gjf%é ﬁ?[g'rwe!rgﬁf}eci Wihher

option, nultiple switches may be controlled separat I nstance where
one i npl ant bessdsemsnt. fawiher tispuet aneroaclynenittay thef sitehis decphsdtbybdasenicnt obhe

vul nerafj e céﬂfn%?e[niton than another, a switch in that inplant body may be
activated to turn-on current in that inplant body w thout turning on

current in anot hiroderspt@dim&aypos sd@t€Guciais 4 PaeAN halRy I8 s@etnBiROL ar Y
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in such a Sih{/éh%tv'e %}r}stesﬁlqg 1emﬁanted.
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



synergistic effect of an inventive antimcrobial systemw th a course of
system c or local antibiotics is achieved. Further, an inventive spacer

i npl ant iy 2bemmssazor el i minate the need for use of bonecearsesvisio2eue rent |y
used in this situation. The insertion of a spacer inplant would allow the
patient to be nmuch nore active than if tQIQe_ joint were filled with bone
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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
20 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 broken line 598 shown in Figure 5.
25  Theinsulator 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
30 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 Helicoil, is provided for threaded engagement with a wall of an internal cavity and non-

threaded engagement with the wall of a cap.



fluids 422 in which the inplant is |located and through the cap 460 to the
second term nal 414 of the battery 450. The insul ator 485 prevents short

ci rcui ti ngoabotdossseurrent, for instance through the inplpemtusbadw2d000 t he
second term nal of the battery 414. Figure 4A shows insul ator 485 vi ewed

al ong broken |line 498 shown in Figure 4. _The insulator 485 shown in Figure
4A includes a conductive portion 487 cdﬁ"ﬁi'gured such that current can pass
through to the second term nal 414. Such a conductive portion may be a
portion made of a conductive material. In another option, a conductive
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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 for reciprocal 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.



engagenent with the wall of a cap.An insulator nmay be nade of any

non-el ectrically conductive material. Optionally, an insulator is nade of a
bi oconpatwbl2eomms®ei al . Suitable material s include cerarcras2@easdones and
ot her polyners, such as rubber. An insulator nay be provided in any of
various fornms in order to prevent short %ircuiting in an inventive inplant
system For exanple, an insulator may b&%a body of a non-electrically
conductive material disposed in the current path between the first term nal
of the power source and the second term nal of the power source preventing
current flow ng Figwe ¥ héustiates an ingenarvadw Hf @ porticaoiangmplast sweh anshdvar i nal
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material disposed in the current path. Figure 6 illustrates an apparatus
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body 630 to,t I r l.at e insyl at or. secti 640 d for secure
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with a hreadtﬁg portion of the internediate insulator section 640. Any type

of connktt of® hagxtsmal setaceehiedmplant systom whew ehglantadl udi ng "snap” fitting

of the conponent g: g@q: 0 Q,. internediate.insulator
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envi ronment .and th tient! bod
fixation roﬁ é%%, electncal?y conn)e/:cted 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. Fixation rods 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
25 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” portion 980 of a hip replacement implant,
marked by stripes. A lead 960 is shown electrically connecting these two portions of a
30  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.



is protected fromexposure to the conponents in the cavity. No netal
conponent is present on surfaces tending to wear due to interaction with

ot her i npienvopmsdss or natural elenents of the body as sowows2dg/os@od i ons

Wi thout stippling at 690. Figure 7 illustrates an interior view of a portion
of an inplant such as shown in Figure 6., _The three sections of the hip

i npl ant described in Figure 6, a nmain b&&y 630, an internediate insul ator
section 640 and a cap 660 are shown in section, along with nmal e connectors
680 in reciprocal engagenment with a threaded portion of the internediate
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As noted above, biocidal metals and jons 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
25 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 coli, S. aureus, Pseudomonas

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

albicans.



mar ked by stripes. Alead 960 is shown electrically connecting these two
portions of a hip inplant. Alternatively, an insulator nay be di sposed at
anot her |lwoavimmnsssd the current path, such as between twoTpsRiscor®o®f the
i npl ant body 910, for instance as shown in Figure 5. In a further
alternati ve enbodi ment, power supply 95% may be i npl ant ed. Anot her

enbodi nent of an inventive apparatus is §h’own in Figure 10 which shows an
i nventive system 1000 including a hip replacenment prosthesis 1010 in the
context of a human body. Al so shown is an external controlling device 1090
whi ch may be usedn&utistembediment p gsthotofinhibitinga migrbbiat iaftctionBtpheddsl by
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netals and i.ons, Preferred netals and ions include silver, copper,; cadm um
and conbi naflfeo‘?fspoﬁli’é‘ﬁ]e‘@fo‘?cu%rther, metal s and i ons such as cobalt, nickel,

pl ati num gol d, #iae: Yol . e hr omi . an ther transition
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i mpl ant body, t h@enerally, such metal ions inhibit infection at concentrations ranging between 1 x

10° M -1 x 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 5 x 10° M~ 0.25 x

20 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

25  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

30  oftime ranging from about I minute to continuous delivery over the lifetime of the 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



i npl ant body | ocated in a human body at a site of potential infection. In
particular, such a nethod is applicable to inhibit infections by G am
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conponent . Breal qusgireqeispmentar e af fected by el ectrical current
end, g e aroumtafrouskent Sobian KL U5 bGTRHRe e bR et 5
i npl ant to ivotledeaitigeously 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  with reference 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.



The amobunt of a netal ion released is dependant on the strength and
duration of the electrical stinulus which is adjusted accordingly.

Gener al | ywoaoevms®nt in the range of 0. 1m croanps to 20@cwiuskesnpmos s
delivered to a nmetal conponent. In general, a current is delivered to a
metal conponent for periods of tine rarl%iorlg fromabout 1m nute to
continuous delivery over the lifetine of "'the power source, that is, weeks,
nont hs or years. In general weaker currents are used for |ongerterm
treatnments. Thus, . in apreferred enbodinent, 0.3 - 1.5 mcro-anperes of

current isdeliverdd dPRUZNgeFd; ethads descaibed howsin eter presentlyaypresentitse of

preferred | $raBr&IRRHdREBLL] ol -1 Leroanmps.of current |
del i ver ed tg) a silver coat F’ng?&%lrfﬁ]’laggl%gg nﬁn(%ﬁ?a%ﬁ?qﬁgm@ qn:ﬂl? ﬁ‘?é)pFQi&@s
descri bed adwvestier.i Changes therdinand ethar swsivill vickietd thatskiBd iDHRAE] Gbpsi | ver
ions. Wtho i.shi t o _be bound by thegretical caonsiderations, according
to Faraday’ g lemg%? arﬁﬂogge‘:r USHLAHP CReTapsed e thin thespaigod the invendion aedefiviedibybe

| i berat efl pelc deopy ofiBE clAirks. 0 anpere of current applied to silver.

Cal culation 1 below details this. (luAMP) * ( | *106 g ( 3600Sec Ig J {

Hour ) = 4.%% 1/ hour (Equation 1.0) Assum ng the power source is capable
of produci ng—%ﬂ—gﬁli cro-anpere current and that the electrical current

shoul d not exCee@ﬂg%ﬂ%d&hﬁéﬁmpgﬁi%mﬁaﬂ?%f}%g%wﬁgaC%%&%g’a?%mmﬁw%“eter

concentration of silver ions wthin a cou ours.

mai nt enancereplacament priosthesgy simslat tori [DePhuyt AV CHICSyHi¢ratdesign@f toSinbN@E ahoNns i s
possi ble w ry..smj | eclrical .current requirenents. Additional

t heoreti cal h@%r}ré%cé‘él?yaﬁ)%‘ﬂg ithVI&eg?ré 1 lﬁ%tﬁ%ﬁl ahout § patlimaters ipwislth andiacapi | ver

i ons adiant ageedsshe/osRidpQsf tﬂ@a@ﬁg aSd&RriBE PSR eihOA A IH%J SO QlorRyeage, si ze,
appr oxi mat eLy 70 ki l oegr ans, and having an average i e expectancy, Wout 70
years. Thi st atmaskedind dheyamethingextéreal sucfaces aremvatedatittebslver MeBBfilm

mlligrams, i . afiel y consumed each day, see Newman, J. R,

R L R TR R i e B L A

i mpl ant, i tAipertitesofitabéavityvadll AhadeRe Thd ¥QerSNISSBHEOO the ﬂﬁfr)rlgjat%dfﬂgrié?al%ﬁa“
e for other

about this ampunt . of . .silver. Simlar calculations may be
metal ions SRR Vith slver seiginio Acdently adinecns thespasitive terminel of the btieryexanpl e,

such & 15! CiabibioP} polfohal §n Ak Hfcdllif R BRgPeT Nour of copper per
m cro anpere of current applied.

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

20 by 4.8mm in diameter allow the battery to easily fit within the Smm 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

25 2.2 below.
V=IR (Equation 2.0)
4 1.55volt
R=L o =15,550,0000%ms (Equation 2.1)

I 1%10° amperes

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

30 the pocket within the shaft of the implant, 5 millimeters.



In one enbodi nent, a nmethod of inhibiting bacterial infection associated
with an inplant includes adm nistration of a systemc or |local antibiotic
and adm nwetw@tdossy2of a nmetal antibiotic via an inventi yeTiuspdodntcooi
synergi stic effect of such treatnent is achieved as a | ower dosage of both
the systemc or local antibiotic and thg metal antibiotic is necessary to
achieve a therapeutic effect. Wiile inv Ative met hods, inplants and inpl ant
systens are generally described with reference to use in humans herein, the
met hods and apparatus are also used in other animals to inhibit infection.
For exanpl e, an itilizmgaresigpiuitathgsequingd i Smaeaichmssatthgiin saies mithshe 337

illustrativ Wole i hog se sheep, ts, .rats,
and i co. The St AP0 ELRG £ B SR TR oy B i RS RuctiRfpg or R
repr esent at ruetiob fpr decatiery ideo shithethisSresierara]sahbw ANGAIRGiohY SRRy as
limtations_on tg@ésco e of the inventjon. Changes therein and other uses

will occur PBUPR Ipg &ige; the bageryrwill by predusing fassregnited Ieicrassmperar e
enconpass ed cifrd kit tdRaSiRld th & Enyvention. gs defined by the scope of
t he cl ai ns. cExarrpl el &gédgg%%@%en%gso%é%g\%%%%nght body i s manufactured by
obt ai ni ng a i pTingiNawermim)t  puiosTinessisukited | applicotion DEPUéQAM- H p System
desi gned tOMMIOEjBR_@E'itWéeT nal™ caviii¥a 3b8 19 mt | i metaraiqn{3{0dngt h and

about 5 mllinmeters in wdth and a cap to closé the opening of the cavity

as descri beduﬁgm,i,éyveﬁr_ '-Igul ag6§y5lf,@ces of the inplant body are masked and

t he remai ni Ng mat—surfa coated with a sil ver Eqedtain 3.1) m about
Imcron in thi §§§§Q,gﬁ‘bg/& battmi stor and switch are chosen to fit in
the cavity. A partion of th [ wal | adjacent to the_external surface
of the inpl &Ht-1h Wf‘%—zfpéo:%égz}f/e%g%‘th silver netal to BaedionH32dj acent
the positive terninal, of the battery. An insulator_is positioned such that
shor !to -circuiti ngAf’sm.&l\'fg?QjéY‘,ﬂtd%aiBﬁt %lﬁ pipepicomppRRnty it rVéﬁlilp et S| milligeter
currentiy | diaRi@8uetitdihaPkad Bt MAGHRWARASGAH] BF e JHISHAA HhBRE:

battery number 337 satisfies al e required srzé char act
needed for Additienahtthe switclwivilhhaveghbaltinriodiedainediON ampORRtoncdVigslag¥@N ni ng

t he Enerqgi 7/ batte one.can see that the snall size, 1.65 nmmin

hei ght by i‘% g}rlr%]%%l%ﬁwgh@%{@r L iSRaRLes Bé?%@??ca{ll@r%é"sq Witahy is selpgted. -aite 5nm
conpar t ment Techh6logP manFRnba b 8hitcR! RILBOISRrids YR tR%Q? Slitch: Bt i‘éociets%ined\h' ch
is much greater than required for the application of ionizing a salrd

si | ver coat3psgificalhyor medicad prplisations asdogdeh meets the design size constraints. The

15 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

20 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
25 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

30 (E.coli,S. aureus, P. aeruginosa and E. faecalis) or J.C. Blair Hospital, Huntingdon, PA



be placed in series with the battery. Using a voltage of 1.55 volts and a
required current of 1m cro-anpere one can calculate the required resistor
as shown wo 2Bepuatssons 2. land 2.2 below. V IR (Equation 2c@)usRos/0z6000 VO = 5;
550i 0Q0ohns (Equation 2.1) / 1*10 anperes The required resistor should have
a resistance of approxinately 15.5 nmega- Shms. Additionally the resistor
must conformto the size requirenents as“set by the diameter of the pocket
within the shaft of the inplant, 5 mllinmeters.Utilizing a resistor with
the required 15.5 nega-ohns rating in series with the 337 battery wll

provi de for (M osdfatabigarpisradiided © 0.5 MavFailam] stiidardaldcinbatlatedhontb t he

run tinme for ter this |stance|s show in cal cul ati on
# 3 bel ow. éeﬁgbpﬁﬁonagﬁﬁﬂg?ﬁg@ef’ﬁg Lte’ﬂ%x% ery will be producing the
required 1 mcr Oi\@éfﬂﬁb&wfdsfsreﬁféﬂ dshiaé 1¢r§sc51§@é“sF@t€1ﬁéﬂly' @ﬂv&e(gb@?%SBhﬂn? silver
coating. run Ti e hi p). run_ Ti me(sinul at ed I cation Equatlon

(3.0) MVCO8 coPige (29- géhﬁ mltx) r’fﬂ%ﬂ@c{%ﬁ% Pyrityangeld @aﬁ9g}Tpm1(yNewdgnmp)
nours Expat on L3 Bk ke Rad e PO e RSP st R e AISE < -
within the Bléﬂi,IAllmrﬁrar@loﬁnmfoem sqail:jdéamétbﬁ(ﬂl?ﬂ;&%)ﬁeen _rr?cﬂl nefll Wlht hi nt Lge

iginal hip i I. tiana e swtch w ave
2bi 111y o be tuSHED helpsarPERe i@ moR e g Firplaesidhalonsir I
this exanpl ge aaeﬁiﬁgm%adﬁégbfyzﬁ%%&%tmﬁ&%% IREMRELRE. OfR Gl aS0N 9oy

manuf actures a switch Series Dy R esi gne
speci fi cal | pf Wige SWﬁ@he@ad:a lapplboseéto mngrmdgMCmbesmeet st he deS| gn size

t t The has. a max nS| on of t ntral tube of 5
T et e ot ERS e l eBraaTER By ST sitat] TSN Stierovinl |
carry a rraxsmbmvmrdx@rbtfﬂ@ffoﬁoél@f@ﬁﬁ@ﬁ 209 MQNAS MQIMRI RBMARPA &Y 90
vol tage of 200 volts, both of which are satlsTactory operating

char act er i sting lenghedeact ofrthe tastinetaksiis Fetuectail in sarish avith the giveuliesiptdro Thie
i nvention. 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 pg / 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 AIST had no significant effects in this example.

Exemplary results are shown in Table 1 in which numbers represent
measurements of the diameter 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



Exanple 2 Procedures to identify an antim crobial netal conposition may

i ncl ude an exam nation of each netal's antim crobial potential using a
panel of wormemos¥sam (+) and Gram (-) bacterial, fungal pepasc@s/oos00t her

m crobes, a nethod adapted fromthe Kirby Bauer agar gel diffusion

techni que, the antimcrobial efficacy of eight nmetals: silver, copper,
titanium gold, cadm um nickel, zinc add -st ai nl ess steel AISI 3 16L and
their electrically generated ionic forns are tested against 5 bacterial
speci es and one fungus conmonly associated with osteonyelitis. Strains of
Esheri chi a cothargsd matatleuformPsesdumanzs acfadd hoda, thEnhetapgaclous doppeal i s,
Methicilli nﬁ{lesj%qutba t .S., .aureus, é/I\/RSA), ar}d ndielga al.bi cans isolated from
sampl es subMeYeh breetfidal prroRefiey 28R5tsEa darcelis. v b sminjmah cHEeNtPragHEsst i
Laboratory bkete@Hhlre + ' ' -
Bl air Hospital, Huntri %étggﬁﬂﬁgﬁfawrg ag%ﬁ%%@?'gi@cgiél’(gag% h{gglggahé? ﬁst}gjgdttl%?ga 0.5
MacFar | and $araetozonds. afepien didihetthage eneffedilosl Geam H) bactaricgmpecips ait @srepRenel |
Lenexa, KS) u tallic wires served as the ion source, specifically: silver
(99. 97% puri Py', copper (99.95+% purity), titanium (99.8% purity), gold
(99.99% purity), Sessingty, (CA8mAR Yok idry hnigik GK Prod RO SR Jtial)effeéisnC
(99.999% purity) and stainless steel AISI 316L. All wires are of uniform

equal di anefg¥ngtallprggpismedesipd, and thespaitem ofiaffieigngyrhedd tppbethtin the absenasf t he

Petri plate i g i thr in 32mm.| engt hs of
t est WIPI’ e i ?\?%ﬂeﬁ%cgég@w Cag gﬁ%tﬁggalﬁ%%eéﬁnéﬁeo it %é&geﬁirl? %ﬁlﬁp $L
exposed to fhmigobinl reghonbe: Cab@sum blodiotdd £Ladublatfone B Sh#fifoD &R etk 86hdOf

pl aci ng @ standf\rd 1.55 Volt AA ba,tteré in series with one of the follow ng
resistof: SOBRIiRglearng qlpger issiheivare, aAd anvulepzone ghdesrsasech haderist geawth of
t he test net; L1S+eC eg| ' t ' esi urrent
that is geng?g?ggl%%yaggﬁs'o? O’% Eg&?l %’Er% Hﬁffpﬁ’g"fsé ?fe g%%l?g?%er S %%ggirem b .5 MV
150 kW and“micrabifidal’, Gvitlenthe dut@ mofge BsOconkjdeastd “Bfcrobistads’hemt inhélitory. The

exposur o valIBEGY HEHE o | kil B e raye alink i b e Rreal ey’ <

equation, a“REefrohet DGRl MSeANEi s GBE“ARASbhY i@&a?éile'ﬁt@?’%/ eﬁéntﬁ 5o /

hour of silver ions. The circuit is conpleted by asepti cal readi ng t he

anode t bt ougiiditipaaldy redinium konsistenily shetieddiomg inbibitotyoeffdve imtimrabs@ve afont r ol
plate for e@f@@trﬁhlcé’hgpgle?inc%ggﬁé #% duFrent had little additional effect.

Table 1
Silver
Current Gram Positive Gram Negative Fungus
S. E. E. P. C.
aureus | faecalis | MRSA | coli | aeruginosa | albicans
0uA 6 0 0 5 0 0
0.5 uA 18 17 18 20 18 34
1uA 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
0uA 3 0 0 0 0 0
0.5 uA 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




aseptically threaded with wires, but received no electrical current. The
pl ates are incubated in anbient air at 37 C for 24 hours, and subsequently
exam ned wonrobos®iei al growm h and / or zones of inhibitipomust¥ostobmoei ght
metals and netal ions tested, silver ions and cadm um show bacteri ci dal
efficacy against all bacterial species tested, and copper ions showed
bactericidal efficacy agai nst G am posi't3i4ve bacteria. Titanium gold,

ni ckel, zinc and stainless steel AISI had no significant effects in this
exanpl e. Exenplary results are shown in Table 1 in which nunbers represent
measurenents of the dianmeter of the zone of inhibitionin mllinmeters
around the central wire. The tébhiemshows that silver has sonme m crobicidal
properties Wiemenngt el &dn bwidild v i oni Geeh Negitinee [Fungol]li i s inhibited by
non-charged|silver. & sialEer [curregntEpriodu®ed rlesaltg simlar to | arger
currents, a in aldurepsy ¢ deecalih @ MRPd| |t jcolh |gAeruginesp @ ptbicamdr eased t he size of
the i nhibitilofuzone. 0CoppeP allsodshiow8 antim crgbi &l properties, both in
the ionic foromwing t heuncharged oetfal bicl fopn, as sunmqarized in Table 1. In
t he unchar gedifiorin copper shoywedo bact erilci dal propertiles agai nst E.
faecalis. A|lmoaampl gurfend prodeced bacferioci dal pesdlts for all G am (+)
speci es of bamhgrila, pand hpgher gurfrepts| preduced harder zones. Copper did
not have an effect on Gam (-) dpRf €T al species at currents used.

14

Sur pri si ngl Yo Gapm UM £ s LS ve T e N OtgGigiant i mi crobi al effects
agai nst al | forgamisng testgd, jand—tjegp proff—egfigi ency held true both
in the absepfce and s ereeu®f] MHSAC chif 3l actibihdtl| @lblc@R-| | NCreasing the

current restilggd N g nfmaj; cianges| T g m crgbi al Tgspgnse. Cadni um produced

a double zo %.SQI'A T b o g et ;zone gf (,_Ullpioett clearing closer to
the wire, apa girputer 7oTEOf dé.-:u ca3cu‘ bakot eriral 7! gwth (i nconplete
'(':I eari B_g) : d:umugco_bj I pE ve p':jr pogcs, Dh i nr‘g—:L '.0:. S COB'SI ;:Ie[ gad"to be
{ nhi bi tory. TN AR P R Fadio1c 8¢ oot Orhi & dBublle zone of inhibition
such that the-size of the "j Piless¥ieb" s present firgt and the size of the
"outer zonel _GU&eHr psent@an Positiiar ent |heSwam Neggiitt t i| divedus f,  cadmi um
consi stently showefd Sone ikhibitory effect Pn the @bsgnce of el ectrical
charge; i ncleasinglPHas £ieraling MRIA || cpli | lcperuginess i glhigansaf f ect . Tabl e
1Ti t ani umNi gk@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
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) 17 28
0.5uA | 6(10) 6 13 5(18) (12) 28
1uA 8(15) 6 13 | 4318) (18) 31
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
0uA 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




Exanpl e 3 Characterization of effective antimcrobial nmetals A "killing
curve anal ysis" nmay be perforned in order to characterize paraneters which
achi eve amoané7mbsieobi al effect. A predeterm ned nunber pofr/usedosnysobor mi ng
units/m (CFU M), established in a growh nedium are transferred to a
saline solution and then exposed to the antimcrobial netal or netal form
At predetermned tine intervals, an al i‘éédt is renoved, diluted (if
necessary), inocul ated onto bl ood agar plates and i ncubated overni ght at
37C. The resulting growh is quantified as CFU m . A graph, with tine as
the X-axis and CFU nml as the Y-axis denonstrates the point at which the
antimcrobial_effect and m criiskeh] population growh intersect. The
concent rat i prwsentppt al GrewPasitieel f or| afiiniNegatiobi alFusfuf ¢ct can be det er ni ned
by exami ning the tjne ppi k- _af whi ¢h E-hg ni &robi al nggul ation begins to
decrease. Th_exan h&rqhe faeceliv | MRSH If foplk | |cagrugifiosh ¢ plkic y fromthe netal
source, i.el WA rat@® at which the |ni rabesOareli nbibited from growi ng (or
killed), high0-pexforfance @i cfostogy frmy] beoused. A hifgh performance

m croscopi c| syishem dével oped by ©ytlovova al bows|fopn re¢al -time observation
of living cglligAand oel ] ul@r ¢onporlends |without [the u$e of staining agents.
By observinpg téwa nj coobj aloresponsd to g giyen fretal, |a "velocity" of

m crobi al destruction can be directly observed. The rate of diffusion of
ions through agar can be inferred fromthe velocity of kill. In this
exanpl e, si Exemples3 tested with respect to two different bacterial species,
E. coli and A current of O,5uA is used in this exanple. Strains
of E. coli aA8rasielizaan (o ClIgEIVE ORasBeIlles submitted to the

Pennsyl vani a St atagqlmi ' B ' i ry, .are separately
diluted to a O. 5AI\/Ialéé‘illi:]ii[a1 Igﬁalﬁlg%s{%l%%;@%y lg%n%g gb %%ﬁ}%fa?fﬁé%‘i%aéﬁs SR e s
cont ai ni g wbidhsadfevstar ardtenicroppd ieffeS0)A BredtterthSB)nuntbes iolf \cdlonwi fofmin@9. 97%
purity) having a iformdianeter of 1.0 nm served as _a source of ions. Two
smal | ~hol es uﬁ&%mﬂ)m%&ﬂwﬁﬁ%&f%g%? gRveh predruny fg{ranstarred ip @ saline spEriopy r es
(59 977% pur kY thenRY60A Wth{ AP TR GES) Of mkedl (0T SEHEL BTN GRU' COS-
The wires are aseptically threaded throug the screw ca ol'es and

posi tioned idewElpgwaliguetss mmavedglilatedf(if B2cassary hinvctlaedpnabloodsigar plaasul at ed

pacierial oo SetburdotdRigh BORE I SR et il GPOML %

10 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
15  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
20  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
25 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



standard 1.55 Volt AA battery in series with a 3.01 MNVresistor. The
current that is generated by the 3.01 MWesistor is 0.5 mA when conbi ned

i nto the woreaidsssAddi tionally a circuit, formed w t hourcangs26ese@vor s
utilized and inserted into a tube in an identical fashion. The circuits are
conpl eted by aseptically threading the anode through another hole in the
test tube screw cap and into the TSB. O tube of each bacteri al speci es,
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 wit H.Qme bareddeasi adoycelodidmrs. br ot h continued within the test tube.
This setup is us to uce "killi.n urves". The tubes are_jncypated in
air at room tenp?‘%‘f Efflgﬁ gg]Fs areryiugd iy eﬁgGWs".aPEEE?%h tﬁﬁft}l‘l&?-h%ﬂ‘feés 'gybe is
vortexed foroappyQxkiRp! BlvinghthifeaAndseterd BL1 DESh, JeHRA o &R dofirdelieMmORRAEd and
a 10mM sanple of broth is aseptically drawn fromthe test tube. The test
tube are agdihasspbesdly threddedihrenghdhe Ttrewsanpiotesiand oaitioded it exposoadotaar

pl ates ugin spixal_plati,ng techni que.. T ood. aga . a,es are

i ncubat e§ age@%ﬁﬁ %H’ﬁ‘i?@? H}egar?gpusg%ﬂ%ﬂllageﬁeq% ﬁﬁ’ﬁﬁgﬁ”ﬁ%g i HesHPRY S % s ent
on the bl oodcagaf sileaivas tadroddnd Wadfesiabdefls CRISBERS cAREntieead by PMidgsul t s
clearly denonstrate that the charged formof the silver netal has a nuch

greater kil Istanderd lahd Y oich detierytia semes wish 2@l Y resisterr | Bhe cyarenk thalt iisng
The resul v o tehSalst B SooRNRbARiSUS i Whh bR RET AN ALER-UL Adamon 211

5. 698* 10E12 abdctigy ﬁo&nﬂbwithmmainly Wsﬁslgd)ﬂis Uﬁliﬁeldteinﬁﬁnsfer[‘]tadil‘ﬁltbﬁtﬂlil?d inendagiticel f and
the silyer with no _resistor allo cterial gromh. A "killing curve" for
Escheri Xﬁi a\%mn- i RGSIEHHE AP GOWR Sraseriqally Hyeadingthy sueds thrawgh apether:,
coli. The 3 i e i ¥ irERUI : | | est
I\}%\f‘e\rﬁﬁﬁé tQf bk st gy glﬂdtlllﬁlo%h TERUI dnLRbE ?? g&nqﬁggagie%é%%%c&ga

current 0.5 uA e curve shows bacterial reduction to zero
wi t hi n five skivad 8 tha conttad. Io¢ordaipedoxsitvet wiry, biRho &GEMabasEis @npected Olite

Wthin this tinme .period, both the control and the silyer wt o.resigtor
tests conti ﬁﬂ?éert%lpes?fﬁ’iﬁegﬁs(%%ea O8F "a§e 1@?%9&_ ?@%%%t}hmﬁ%ﬁ?tﬁﬁlgba?@ﬁ{leﬁﬁl
critical opebafidRdabit@tRE: aibe. AhiPRiipTh aslb ProdiRt akiflify turpdser obi al
properties of specific netals or netal forns differ when nodifications are
made i nlfhe experlihgdphesiarqpiaeehntaddngir asoany tadepesatredior a tdal'd€i8 houng Every

hour the test tube is vortexed for approximately 10 seconds. The test tube cap is then

opened and a 10pl 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 10 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.



curve anal yses", critical paraneters will be established for the generation
of optimal antimcrobial effects, and can then be bal anced agai nst the

char act erwet2nemoosds2t he application into which the netal perhis2w8/026000
incorporated. In order to evaluate any possible toxicity of antim crobi al
metal conpositions on manmalian cells, in vitro cell culture systens may be
utilized Specifically, batteries and resi’stors connected in series with a
predeterm ned antim crobial nmetal conposition is aseptically threaded into
a manmalian cell culture flask and allowed to run, generating netal ions
within the @&xampiet Cells are nonitored during testing for norphol ogical
changes and per cent ages of Iive vs dead cells. In addl t| on, treated and
control cel ‘&t MGG patamsiers of an | qadaly s such as

al bumi n and ur ea ARYSLEA g%parnegy&fegpecmn e@a{lggala@tah bagpse Leuels i
ost eobl asts; and ITB.tI’IX prote l'evel s in c I ron rocytes 1tion,

ef fects of (mcuchﬁcatnopm hmrm&dp indhe exgeriorental uvaraa’rmbrsiqumcgyialaframethe\ihlﬂlum ed on
cells in_vitro u5|Bg devi.c ar am ters

nd o
St i or B! seraDReg - Hlifiey BRGARS il A e PhinTa S e Henf Ao Bt et e
al I owi ng f oranMacrbkel efﬂacts | AR BME lt}i%'ﬁ BOBaRhé&Y ASihAUnE | dhaticlerBOEADE HhSS -
The external circuit with battery resistor, an inverter for reversing
pol arity, amplicatiomintowihich the meted vall bedndorpasateiles wi t h t he test
antim crobi al neta tlcaJI ei%ded |n .0 _the cell

o o PP hak ae aitardel ey Bt pilciite RIS SR ik A B MBIt Cre

cul ture. ThenfinblidhueRUS, if Winidicel ctlture spterid@arbd @llided sped&ﬁéduyasaﬁehes aglarity
of the CI rcuit will be manipulated by varying the circuit tiner and
changi nd0t héesispmcopgecsd inrperies wWithy |atpr%4%?mw%isw1tﬁwob@< BegAl ComPpPFItion o

eval uation e vice
i npl ant -rel éts %gl{calg? glgér?géﬁ?lfr}tt?éﬂ%aﬂﬁ%elg‘@ rclgLegl (ﬁ[ IEIII %&deag%rrp e. EJL\fnﬁggllle\f%[er%euses
a bacterial metaiauhamthirot}mrmnltn:tee Ceﬂsearblrmmtoaal desgy icbixdg fon rhm@helogica]al
2003 [pl ease,provide this ref rence/‘]1 rgﬁ subspegl aur Rosenbach
(ATCC # 49258 Eﬂgeﬁ RATEPIages At AVt eﬁhce hedsttion. fegs tiof pells maayg
shown to Ca%ee\pal%?ed Qfaeﬁ{e'té%'aﬁc'fﬁnétﬁ)tns ads?N }ﬁag-ga?l%rmhsaltﬁ ukéaz?éilgls 111t hi's

procedure as a nodel Gram positive organism e previously teste i ni cal
E. col i 1Psolhepsocyesy bencadkaline phospbhta laval niagateoblestoragd magnx 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

20  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

25  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
30  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



Aliquots (100 mcroliters) of S. aureus or E. coli grown overnight in
tryptic soy broth (TSB) are transferred to tubes containing 3 ml of sterile
TSB. Theswocudtassgg are grown to | og- phase growt h. Col omrgTfuseevsngsoumi t s
(CFU) per m are confirmed by several plate counts using a spiral plating
techni que. Suspensions in sterile phosphate buffered saline (PBS) are held
at -80C until the day of surgery. To quéﬁrify possi bl e | oss of viable
bacteria followi ng the freeze-thaw cycle, CFUm is confirned after each
cycle of defrosting. Surgery is perfornmed under general anesthesia by

i nt raper i t oSBENic offesmyelifis,oindxshosuni toecalsé bdvedingoivohd In rale (RHikdg hodyy yei ght)
and ket am neh dolﬁ%]ﬁ” ded Ket avet , go /ol ; 80nmp/ kg body werght). Rats
are mai ntai ned-on i ARArSFUMEH Lieds .mﬁﬁg‘?ﬁ}‘@ Ap@uPReJacateviouslstestgdry as
fol | ows: Onelitied] A s05 hakaesane @Qﬁ%@@éﬂ%&megéﬁ\%dgrg&i%whol prep. To

prevent accidental bacterial contam nation during strgery aninmals are
pl aced on steri | 8ligRapEL00 msenliershofes. ounees evlEvidligretvavbiighh el witicts0e

d i ' teri : Il 5
Ty o sk rag e oAbyl By g 61 FEReIgR R, e uisesiposs to
the tibial pemnostlegphasheromellulGolsny-famingyurifs (AF))A XML ggﬁhgggq/g sis
Ita

accesed throg{g{;hﬁf)rti cal and cancell ous bone via a’l mdi aneter t ium

T AL SPBE e pFal pitiag tschpigaet Suspensians| in Iteride piraphate 1 e,

burr, |eaviN
1.0 mmin db@reéEsalink $P1 [N 1 oedyl | cavi and. pushe
forward distall .faolrn b?r)r%gjts%% ? adtta%q%gtnlﬁg]fl W{aeh%ycogﬂxfgfr*oigﬁu%ﬁgpﬁss&he

appr oxi mat eloys lelbanterid fip]lowing thefreeszedhavicidle, G /AL1I$ &5nfiinsd 98X daBge S

i nsert i n{g% tme%%ul | ary cavity and used to inject either 10 mcroliters
of sterile ]§ or BS: cont ai ni ng S. aureus or E. coli in a concentration

of 10 CFU 10 mi cSiobéras pekoioh@Mimr Laosh! ALifhi. . 3 1 engt.h. of.
antim crobial test gvI\}yr e,per epréggé%fgf 'r%g&géﬁl %%g?%%%%%a%}f@ﬁfg(%&}% Bﬁri ty),
or a titaniXHizNe 0 (MedetrPul 2mgike bedy esizht)iand ketantisstydiothloidt _(KBtTa%tii al, is

oo, TP i e B D BRI 5 e
LY 117 et e o e R B LB g0, 1
and el eltét r Int@tf e 1 0] gesiy i £ Preyguiegseidental bivtermlicomamiratiah dusing Yoreng
the wre i nolont o peck Bk B RIA A Bl puf Ralastind b oppester t od
into the cilegigieparartly srapet aya sterile neinh@wAf dialf b8 29864)2680%nd 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 via a 1
20 mm diameter titanium bur, 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  inaconcentration 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



- 39 - t he bacterial inoculunms within the rat nts are
perfor neﬁwﬁgmzc?ﬁ“tl ssue will be irrigated with betadi ﬁ)gA}&éFQﬁ%gﬁ Skin
and fascia are sutured in a single knot. Al groups designated as having an
el ectrical current will have a battery inserted into the circuit and the
current through the circuit turned on. -B¥i4rals are sacrificed at one week,
two weeks and four weeks. Post-sacrifice the inplants are renoved, and the
tibia into which the inplant is placed is exam ned for gross infection.
Sanples are ta t.he for cul ture and hi st ol ogi cal
exami nati on. W%h%étégg]aﬁ%rva Im()%'d “!“?g%t ﬁ\éﬂrl%ﬁé‘; essi on of

hFact o adi ogr aghism Iaﬁtstaad@ﬁfomeqbﬁﬁseﬁttlmuemﬂ be irigatediih hetading SRRl on

Days 0 (OP), 7, 14, 2 and 28. Pro i.mal i @ﬁm 1and
di stal epi -/ Binaphipseis argsutuasdingsug ?18}‘“ es}i ?@%S?% el ? g%‘?%lon eidtng%at and
effect of inplant., ﬂEﬁQ{?@PA %%t‘?‘erﬁ'ﬁ&s@rtédfﬁit@me daﬁmtragdshd erren itspuglethesircuite

i ngt ot

outer surfacé accor resent invention is activated to produce

silver ions. tufel @ctivated inplant is inplanted in agar inoculated with
Gram negative bacteria, E. c Thi s r dfguﬁb&ggop@t_sa%ﬁg&ﬁ@d
observed at vari oﬁ*ém?‘??lﬁ%@S?%%%G\f%@ﬂ%%%h@tv?éghg& @ m? zone" is

B

observed aro glaﬁtjg &rd ARY,; and thb kidla @p@hicheik gnpmths pq)gxamm@d for
bacteria and

ngus also result in an observe Kill Z A
hi p i npl ant Igmssmjecrtmpp&mnﬂﬁsgéé%@néﬁ‘?ﬂt%n@ Y &8t y;%gremg@l& ?ﬁ %@Cgphe
present invention s activated to produce copper ions. The acti vat ed
inplant is i I%‘F%WP ‘in agar inoculated with Gammp03| tive bacteri MRSA.
This prepgration iTg JRieas@siecRipmd A danagrediamof bohed eotiari Tediogtaphaase 1Bk P B ng

| at A "Kill " b d |
hi b1l ant pastene-supper TaHESSINRE o BpeChIVEA 7 A% HRad %8, peAER 15
according to, @ Rvdis ol %pl{gg%eglrld Akt SeAGhbuphRe b praadued faoppdvatondof

silver ions.

infection extent and effect of implant.

Example 6
15 A hip implant having silver disposed on the outer surface according to the present

invention is activated to produce silver ions. The activated implant is implanted in agar
inoculated with Gram negative bacteria, E. coli. This preparation is placed at 37°C and
observed at various times following inoculation. A “killing zone” is observed around the
implant. Similar experiments with Gram positive bacteria and fungus also result in an

20  observed killing zone.

Example 7
A hip implant having copper disposed on the outer surface according to the

present invention is activated to produce copper jons. The activated implant is implanted
in agar inoculated with Gram positive bacteria, MRSA. This preparation is placed at
25  37°C and observed at various times following inoculation. A “killing zone™ is observed

around the implant.

Example 8
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. 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



inplant is inplanted in agar inoculated with both G am negative and G am
positive bacteria, E. coli and MRSA. This preparation is placed at 370C and
observed w0 2v@wdosgagt i mes foll owi ng i nocul ation. A "kill ipog/useews/o2d006 bot h
Gram positive and Gram negative organisns i s observed around the inplant.
In simlar experinents, a fungus, Candida al bicans is used to inoculate the
medium and is also inhibited by the actttfated inplant. Exanple 9 A hip

i npl ant havi ng cadm um copper and silver disposed on the outer surface
according to the present invention is activated to produce copper and

si | ver i ons tiniBhfolhetiny@mbeslation| Artilling o farb@E Grain pedtivé HRAThRALREtWet h

mul tiple mcrobjal . gani sis including Gam negative and G am positive

or
bacteria, ECTE@BISISAHa0RIKSA argund fbe fmplanicdn sirgilaraxpriEmearts, arfingup Qapdidat i on

s P aced ahibkafcants RIREENAE 1Y mYALOHS i{ HOPHnERLL MI0.NakHALLER- A
"killing zone" for all organisns is observe around t e I pl ant . "Any
patents or EUbl i cgti ons nentioned in this specification are incorporated
herein by r to the sanme extent as if each individual publication is
specifically andaimdiwvi i ndicate hcorpar at ed.. b ef er.ence.

Pat ent s, 9pat ent gplgp ?Iiégltqﬁg#s‘/yngod%g{ﬁl%’l cg# %oaﬁg Sir%ger#{ﬁ Sg)(rgl %t?nnthfﬁfl%’r sutface

speci fi cat i eeroatieg inithe ppoeatiadertionds activitetlad preincecdppet el SiBRRicH! ame as i f
each i ndi vi dL{aI acunent, Was1 S gci fically ancg i.ndi vidual |y indicated to be
i ncor por at e8*'B{S W LB mp ﬁn‘g R 2gaf| 1gpculateds withamaliiplenmitrphiak piganismsi al

No. 11/172, §38didd HHS; 298a M- O¥i Sl n |i.cation
Serial No. 60/ 7_0I{ ,gg‘%{l%f ggOdKSgust qég?hxgo%tgeﬁt’ahg' gﬂ??@el@g‘%‘fg’e% é)g}? %ach of
whi ch i s i ncandidz AlkicanserBiinpioparatide iscpleeed FBF°C anp obsdriahst, vameub degsand

appar at d ri.bed herein are.present epresentative of preferred
enbodi rrey(?lt sf(ﬁ%)%%llng? atiog, ¢ A%Pf%ﬁﬁ%%f%%ﬂl’;fggwwlag‘?sm§daw ed@plsat- of t he

i nvention. Changasy thAehei & fillicali SR megRBedMih khid Gpetifidaioh RS Sncdipdrhed i N
the art. Such changeﬁsa and ol?‘ﬂgr uses can be madle g\ll tlklloutO (kjbgpartlﬁlé t?érilomthe

scope of t heerpippypelersnoat thesanianxtnt asif eavh individnal publicationisspecificailyaind al
i npl ant sys : {:S1.00: ' t..body made of a bi oconpatible
R TR ERa Bl IBYA 3

material, t havi-hg*an e "“@urface; a netal conponent

_Con]t ai ni ng an anPatents, mbind bpptRbadbnsdbspasiestian hdfiogdd B al spsMfitatm K& t he
I mpl ant

\J°=_)

Ig) Od%lllizorporated herein by reference to the same extent as if each individual document was
specifically and individually indicated to be incorporated by reference. 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.

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.

25 We claim:



a power source having a first termnal and a second term nal, one of the
termnals being in electrical conmunication with the netal conponent; and
an insul avoropimsed in a current path between the first prceruseovalozedo t he
power source and the second term nal of the power source preventing current
flowwng fromthe first termnal fromreaching the second term nal w thout
conpleting a circuit including a conductilve body tissue or fluid adjacent
to the external surface of the inplant system when inplanted. 2. The

medi cal inplant systemof claim1, 21, 26 or 28 wherein the inplant body
further &onprised: anA medicalamptant sysfem tdoepiristret nal cavity having a wal |
and an openi ng; d a c enoyvahbl y .di spos in the opening of the internal
cavity, g/her ein t émglgﬂ@?(’d’éﬁﬁ"?d\éé&iaﬁ’“&qo E]g’ Tpgfert ethPr#‘iflE]raﬁg]POdé’éﬁthgg.aHS. The
medi cal Bnpleakina$ywtee of claim1, 21, 26 or 28 adapted to be di sposed
totally Xvithi n a human body when in use. 4. The nedical inplant system of
cl ai m 2, %f ur t her 2dbfplrGosinegent ceptaitiing arrpatireictobiil spasledismsedop diet éxpernalf  t he

i nternal 5cayjy Y dical inplant systemof claim1, 21, 26 or
28 wherein t%rgcr?\é‘?g%elgg)%gﬁgﬁl??conpri ses a netal selected fromthe group

consi stifg of : sklpueessoanpheving kH t&idiNe bn@Rebc6APRENRiINaD 8hHo Hhl ¥EhiARd

cadm um bo%h. corgglgr ,arid cadm unmy and a conbination of silver, copper and

cadni um / 6. "8 he'GFlESH! compnuytatien stitrihe megdl gpmpanentiand26 or 28 wherein t he

nmet al cogrponent i h r pup. consi.sting of:

gol d, zinc, cobaﬁ?m;\lilckzil%egﬁgta% %‘E%n?%gﬁd%%%%rﬂ] {hrergf a‘%&‘ﬁ&%ﬁ%ﬁﬂ’&nﬁ T and a

conbi nat? onsewies afthgsecTinktermitiabal thé pphanbusy ptevontify wr@hdwing Fonfheo! 28
ent.is, a coating. dj sposed on the external surface

wher ei n, & he al .c on . i n

of the }6rrp| e %66’88?%5“‘ Iq4rhingdhs %f’éiPnfi‘ﬁ’a %‘W@W epfBleting arifgurt ingludingian t he
netal coati dusigeSodyitiskid - . ...9. The
medi cal _ i rrpF(glnt _Syst er¥1 g?ﬂcﬁgﬁﬁ%dﬁ&%%ﬁgﬁéﬁéﬁﬁiug&%é(gf}} nlg P :I%ﬁ g@%&ed on
a portib% oPhembnplgeted.nal surface of the i npl ant body ranging from1- 100%
of the external surface of the inplant body, excluding any portion of the
external surface occupied by the insulator.

1 2. The medical implant system of claim 1, 21, 26 or 28 wherein the implant
2 body further comprises:

3 an internal cavity, the internal cavity having a wall and an opening; and

4 a cap removably disposed in the opening of the internal cavity, wherein the power
5  source is disposed in the internal cavity.

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

2 disposed totally within a human body when in use.

1 4, The medical implant system of claim 2, further comprising a metal

2 component disposed on a portion of the internal cavity wall.

1 5. The medical implant system of claim 1, 21, 26 or 28 wherein the metal
2 component comprises a metal selected from the group consisting of: silver; copper; both
3 silver and copper; both silver and cadmium; both copper and cadmium; and a
4 combination of silver, copper and cadmium.

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

2 component comprises a metal selected from the group consisting of: gold, zinc, cobalt,

3 nickel, platinum, palladium, manganese, chromium; and a combination thereof.



10. The nedical inplant systemof claim7 wherein the netal coating is

di sposed on a portion of the external surface of the inplant body ranging
from 50 -wB26mfvsgsbe external surface of the inplant bodgr/usieosHb@osredi cal
i npl ant systemof claim?7, wherein the netal coating is disposed as two or
nore regions of coating on the external surface of the inplant body, at

| east one region of coating in electriedl-comunication with the first
termnal and at | east one region of coating in electrical comunication
with the second termnal, wherein the insulator is placed in the current
path between the first termnal of the power source and the second term nal
of the power source and wherein the insulator electrically insulates the

two or mbre regi @ns ofThe pwticabinfrlarhsesiem ofickém. 1, 2. 26ror2 Srwhieretl the mstalnt
systemof claim7, wherejn the inplant body ¢ risSes. rti,cul ar surface
havi ng n% c SYPPoRyIt lf:?.co?’hlég msggpn?ﬁ%?xzwﬁssi}%enﬁ)%ge gﬁ@?&nb?d 9’v\,her ein the

nmetal conponent is in the formof a wire disposed on the external surface.

14. The nedical inplant systemof claim1, 21, 26 or 28 wherein the netal
conponent is nor & el edhe medicalimplmgsisteny of dlaian. vherain thesigialcoping ranges

mat er! a!:z 15in&1§‘c§m@%§q§eﬁ%enilwllﬁm.t—55 Sltoe%&tersgl a! m1, ) 21, 26 or 28 further
conprising a reststor 1 n el’ectrica communi cation with the power source.

16. The nedical inplant systemof claiml1, 21, 26 or 28 further conprising
a switch in electrical_conmunication with the, r. squrce. 17. The nedical
i npl ant %yfst em _019- cl ailhf I’_@Se,dl‘fa‘tl,nutl t B P@Fﬁﬂgmeﬂ%@%mef% Cgf‘%}s
communi ¢t i ARG8T df T cxhdinal St 1 bal afiyink 8okl —a0aiom 2.

wherei n at st a portion o e cap In contact with the wa

i nt er nal 3 cavf thy ekiermabsuafact efiht implpuirtiodyrexofudingeny pexioatof the exernat Rerfanedi cal

i mpl ant system of cl}si m 171: wherein the controller is external to the body
of an i ndi vOERIRICHPRARFPHRT pl ant body di sposed therein. 20. The medi cal

i npl ant systemof claim1, 21, 26 or 28 wherein the inplant body is a

sel ected fromthe group consisting of: a joint replacenment inplant body, a
fixationldevice, 18 spdbermedicd imploibysiem iofelaime’ adferein the meip@paing isnpl ant
SYSLem 6O kG e TR RSN SRS A8 BOBAIEG HTRE S5 90 ¢ he
3 of the external surface of the implant body.

11.  The medical implant system of claim 7, wherein the metal coating is
disposed as two or more regions of coating on the external surface of the 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
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the two or more regions of coating from each other.

pnd

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

2 comprises an articular surface having no coating.

1 13.  The medical implant system of claim 7, wherein the metal component is in

2 the form of a wire disposed on the external surface.

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

2 component is more electrically conductive than the biocompatible material.



first element having a first external surface and a second el enent having a
second external surface; a first netal conponent containing an

anti m cr oboabomessab di sposed on the first external surfaceushodshesoberpl ant
body; a power source having a first termnal and a second term nal, the
first termnal in electrical communication with the first metal conponent;
and an insulator placed in a current patd-between the first terninal of the
power source and the second term nal of the power source preventing current
flowing fromthe first termnal fromreaching the second term nal w thout
conpletimg a cirggit iThembdidalingls@Reh oY ElaROUY 1t D6 &S RFthéd dohthrHigacent
to the external surface of the inplant system when inplanted.22. The

nedi cal #nplresittosipstestricet canmppication wish gie ppgvef sourper conpri sing a second
nmet al component contai ning an antim crobial netal disposed on the second
external surface, wherein the second termnal is in electrica

communi cati on wi tlb. t h&hs aedivdl imilait sgnemofelaim i, 2616r E frthfroipsidingtaor
insulates the fjrst netal conponent fromthe second netal conponent. 23.
The medi gal spv,z,tﬁilghqlegtygatlézﬁqngﬁunéqagppnwztﬂthqggwgéomcegg wherein the first
metal conponent, the second netal conponent, or both the first netal
conponent and the second netal conponent, is a netal-containing coating.
24. The Mredi cal ilffpl arfdthe syesticahingflart kysitam &f cldinw ich&wthemopprisingg camradleent r i cal
conductor dis oPed on .a gprtjon oft%ﬂe internal cavity wall. 25. The

medi cal np§5£?’§?@?%m?% DSV hesWitder ein a portion of the cap in contact
with the wall of an internal cavity is nade of an electrically insulating

material preventing current flowng fromthe first term nal of the power
source flom reachBng tlhe madicahtnplentsysiain ddiclaime, phexsin afdeast @ poiition ofithe

conpl eti g prcuit. | udi conductive.body tissue or fluid adjacent
Co The. entetabi Sldbuidf gl PpiRBRF G LT iR SRt R s MR G c o
i npl ant system conprising: an inplant body nade of a bioconpatible
material, the inplant body havjnq a main body portion having a first

ext er nal lsurf ace 18nd gﬁ¢ﬁﬁﬂéﬁh@ﬂ’@HﬁYﬁ?ﬁOfﬂ@nlﬁ@é&ﬁﬁﬂ“@%ﬁﬁﬁ?ﬂﬁa%@ﬁgnd-wal

and an opening. btoaﬁ of TRl ANiabe ﬂXwHQXﬁ ﬂﬂpl%%y%?gp%géa}héx%@ vably

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

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

21. A medical implant system, comprising:

an implant body made of a biocompatible material, the implant body having a
first element having a first external surface and a second element having a second
external surface;

a first metal component containing an antimicrobial metal disposed on the first
external surface of the implant body;

a power source having a first terminal and a second terminal, the first terminal in

electrical communication with the first metal component; and
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an insulator placed in a current path between the first terminal of the power

fa—y
o

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

o
—

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

—
o)

conductive body tissue or fluid adjacent to the external surface of the implant system

—
(8]

when implanted.



di sposed in the opening of the internal cavity, the cap portion having a
second external surface; an antimcrobial netal-containing coating di sposed
on t he fiwetoexdosssmal surface of the main body portion; peTRS2ENG/036U6 CE

di sposed in the internal cavity, the power source having a first term nal
and a second termnal, the first termnal in electrical comunication with
the antimicrobial netal-containing coati4lg; andan insulator placed in a
current path between the first termnal of the power source and the second
term nal of the power source preventing current flowing fromthe first
terninal 1from r e22hi nghe mm«:ﬁﬂgaﬁmysﬁerdluihmutzs@mmf@ﬁﬁmoﬁlpﬁkihgw t

i ncl udi ng a conaucti ve body tissue or flujd adjacent to the externa
surface of CHOD IBFAhEorRUCRLFRERIIR AR aFinaigrobit metpledigpased #n thepseeond
system of cClegie ; e eh ;L | Obrudi ng .portion. .the

i nternal cavi tf/ﬂag gurrrge},%a’sggérgmt ?ggﬁggqgﬁgégggﬁaﬁagﬁl%el %%%!SHG é?aglrotnc%l@%)mes es a
screw t htt eadedond enatal camgondné ped whetedn the dasulsdomigsyiated ihe firstfméthleco@@dnent
interact§ vviﬁ;th TEhhe scr.ew tlhread insert to forma male connector for

reci procal PHEEPSSeO8H Bl CREPORFRaded surface of the internal cavity and
the mal e connector. 28. A nedical inplant system conprising: a support
structure for sugg)orti ng at |east two orthopedic fixators, the support
structurk adapted3to J&emedicahimplant|sysiem dfiteiorlh8Re2f or 18 whtweirstht dirsthe

support;sa fj i1 G . fixat supporte t he support structuyre, the
First fixat &e‘i%&g@%ﬂk&ﬁﬁ% rsgfoned(x eetgl;]cgplpgﬁ?qtaggpﬁéhg ’E?BWB“%EW?‘R?B%‘H@E&? exat or
support €8l byedohé nset poimporsdnt, US b kietal-cohRirS@E Ming] xat or having a second

external surface; a first metal conponent contalning an antim crobial netal
di sposed on the first external surface of the first fixator; a power source

having ajfirst tefmn - ] t first termnal i.n

el ectri clal com"ru%lii'cat ?g%ﬂl\%gltcﬁl 1?%281??}75&%{1 &%e?%im%oﬁ‘g% 'Y PPIEHE aéheel?%’gfﬁlat or

di sposed? oncervkicougisposed shrayettisreof the itaualre@nity patlth bet ween the first

term nal, of the power source and the second term nal of the power source
preventi]ng current flowng fromthe first termnal fromreaching the second
term nal w thout .

25.  The medical implant system of claim 2, wherein a portion of the cap in
contact with the wall of an internal cavity is made of an electrically insulating material
preventing current flowing from the first terminal of the power source from reaching the
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

AN bW

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, 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;

an antimicrobial metal-containing coating disposed on the first external surface of

the main body portion;
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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

[a—y
i

antimicrobial metal-containing coating; and



conpleting a circuit including a conductive body tissue or fluid adjacent
to the external surface of the first fixator when inplanted. 29. Anethod
for i nhi bivoi2ogr/osssazobi al infection associated with an orthasesicozdonp! ant,
conprising: providing a nedical inplant systemaccording to claim1, 21, 26
or 28;delivering a current to a nmetal conponent disposed on an external
surface of an inplant body, the i mpl ant4dbody | ocated in a hunman body at a
site of potential infection, wherein the delivery of current to the netal
conmponent causes release of metal ions toxic to an infectious nicrobe at
the sitg of potegt idlialdd(Bsdlan a Gweht pathtbetidsnohé drsti tofngiasl mhespower

i nhibited. 30. The nethod of claim?29 wherein the netal caonpanent nprlses
an anti 1 crstires andehesecens) teupioal df trRaTFE SHBTPrereESHIRY W m%flp

copper; . pot | ver . and _co [ r qand
cadni u Zp rsi 6518%1% reacggj% the %%Arh tgllnllﬁ{gl ‘?flﬁgb%ag g@ H{%’n a%ﬂlTﬂﬁmn%t hod of
cl ai m 3fs V\h&frﬁm&ﬁe}‘ﬂﬁ)dlyrtfse@d bpﬂmdrmjababeo Ithze exténalnsupass of the itmplné system and
the metal conponent conprises an antimcrobial nmetal selected fromthe
group cBﬁS|§@@h§H@ﬁﬁw@llver copper; both silver and copper; both silver
and cadm um both copper and cadm um and a conbination of silver, copper
and cadm um 32. The nethod of claim30 wherein the infectious mcrobe is a
G am negati ve bagt.eri Uhe ﬁredictah'ﬂnpimtasbrstcmmmem 26 ovipréis dlae eap compitiseg Aobi al

net al sel ected fromthe ou c I’ISI n a d bot c d
cadmi um 2 33ProPHdINgRoHRN glF %‘ﬁ@’ilﬁstahtgp‘%)ﬁ?%ﬁ d flnhlé i gﬁl Sag
fungus apd the, %E%lscr‘émag mseﬁodﬁﬁrw&eén%ﬁﬂﬂrhdﬂlg?p&lﬁbﬁlof telcap imedaest ed

fromthe group consisting of: silver; and both silver and copper.
4" with the screw thread insert to form a male connector for reciprocal interaction of the

5  threaded surface of the internal cavity and the male connector.

1 28. A medical implant system, comprising:

2 a support structure for supporting at least two orthopedic fixators, the support

3 structure adapted to secure the at least two orthopedic fixators to the support;

4 a first orthopedic fixator supported by the support structure, the first fixator

5  having a first external surface;

6 a second orthopedic fixator supported by the support structure, the second fixator

7  having a second external surface;

8 a first metal component containing an antimicrobial metal disposed on the first

9 external surface of the first fixator;
10 a power source having a first terminal and a second terminal, the first terminal in
11  electrical communication with the first metal component; and
12 an insulator disposed on the support structure in a current path between the first
13 terminal of the power source and the second terminal of the power source preventing
14 current flowing from the first terminal from reaching the second terminal without
15  completing a circuit including a conductive body tissue or fluid adjacent to the external
16  surface of the first fixator when implanted.

1 29. A method for inhibiting microbial infection associated with an orthopedic

2 implant, comprising:

3 providing a medical implant system according to claim 1, 21, 26 or 28;
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delivering a 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,
wherein the delivery of current to the metal component causes release of metal ions toxic
to an infectious microbe at the site of potential infection, such that microbial infection is

inhibited.

30. The method of claim 29 wherein the metal component comprises an
antimicrobial metal selected from the group consisting of: silver; copper; both silver and
copper; both silver and cadmium; both copper and cadmium; and a combination of silver,

copper and cadmium.

31.  The method of claim 30 wherein the infectious microbe is a Gram positive
bacterium and the metal component comprises an antimicrobial metal selected from the
group consisting of: silver; copper; both silver and copper; both silver and cadmium; both

copper and cadmium; and a combination of silver, copper and cadmium.

32.  The method of claim 30 wherein the infectious microbe is a Gram
negative bacterium and the metal component comprises an antimicrobial metal selected

from the group consisting of: copper; and both copper and cadmium.

33, The method of claim 30 wherein the infectious microbe is a fungus and
the metal component comprises an antimicrobial metal selected from the group consisting

of: silver; and both silver and copper.



