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(57) ABSTRACT 

A medical implant system is described for inhibiting infec 
tion associated With a joint prosthesis implant. An inventive 
system includes an implant body made of a biocompatible 
material Which has a metal component disposed on an 
external surface of the implant body. Acurrent is alloWed to 
How to the metal component, stimulating release of metal 
ions toxic to microbes, such as bacteria, protozoa, fungi, and 
viruses. One detailed system is completely surgically 
implantable in the patient such that no part of the system is 
external to the patient While the system is in use. In addition, 
externally controlled devices are provided Which alloW for 
modulation of implanted components. 
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PROPHYLACTIC BACTERICIDAL IMPLANT 

REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority from US. Provi 
sional Patent Application Ser. No. 60/585,159, ?led Jul. 1, 
2004, the entire content of Which is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to systems and methods for 
inhibition of microbial infection related to surgical implant 
devices. In particular, the invention relates to systems and 
methods for inhibition of microbial infection related to 
orthopedic implants. 

BACKGROUND OF THE INVENTION 

[0003] Joint degeneration is the leading chronic condition 
in the elderly; it affects one in every eight Americans and 
almost half the population over the age of 65. (Brooks, P. M, 
Med. J. Aust., 173:307-308, 2000) The most common form 
of joint degeneration is osteoarthritis. Osteoarthritis Weak 
ens and breaks doWn cartilage and bone, causing pain as 
bones rub together. Eventually the constant rubbing of the 
bony surfaces destroys the surfaces that are rubbing against 
one another leading to rough, painful movement. Total joint 
replacement, or arthroplasty, represents a signi?cant 
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 ?ngers. Total joint replacement: 
Whether hip, knee, ankle, foot, shoulder, elboW, Wrist, and 
?ngers or other, is typically done as a ?nal stage treatment 
for a patient Who suffers from some form of joint degen 
eration. 

[0004] In its early stages, many people manage arthritis 
pain conservatively by using anti-in?ammatory medicines, 
Weight reduction, lifestyle modi?cation, physiotherapy, or 
occupational therapy. HoWever, as the disease progresses the 
pain intensi?es. When the 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 move 
ment and independence, and to dramatically reduce pain. 

[0005] Although joint replacement is a relatively large 
?eld Within orthopedics, the number of fracture ?xation 
devices utiliZed around the World far outranks the number of 
arti?cial joints. Fracture ?xation is groWing daily as the 
number of fractures associated With trauma accidents is 
increasing. Fixation devices can be internal or external in 
nature and include devices such as a plate, Wire, screW, pin, 
rod, nail or staple, Which aid in maintaining fracture frag 
ments in proper position during healing. Such devices are 
usually inserted after open reduction of the fracture and Will 
remain for the entirety of the healing process, often becom 
ing a permanent structure Within the body. 

[0006] Joint replacement surgery began in the early 
1950’s, and its frequency has groWn as surgical techniques 
and medical care associated With surgery improves. In the 
late 1980’s betWeen 500,000 and 1 million total hip replace 
ments Were performed per year, While in 2004 it is estimated 
that approximately 600,000 joint prosthesis and 2,000,000 
fracture-?xation devices Will be inserted into patients in the 
United States. 
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[0007] Unfortunately, as the number of implant surgeries 
increases, the number of associated infections also increases. 
Any person Who has an implant is at risk for developing an 
infection associated With the device. It is estimated that 2% 
of joint prostheses and 5% of ?xation devices Will become 
infected. Taking 3% as an average estimate of infected 
implants, as many as 30 million incidents of infection may 
occur. 

[0008] 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 hip patient. In 1991, the total cost 
of an infected patient, both in hospital and as an outpatient, 
Was $45,000 as compared to the total cost of $8,600 asso 
ciated With a non-infected patient. (Bengston, S., Ann. Med., 
25:523-529, 1993) 
[0009] Joint replacement implants and ?xation devices 
include a variety of materials foreign to the human body, 
such as metals, plastics, and polymeric substances, all of 
Which have the potential to serve as substrates for attach 
ment and groWth of microorganisms. 

[0010] In particular, certain microorganisms may exude a 
glycocalyx layer that protects certain bacteria from phago 
cytic engulfment by White blood cells in the body. The 
glycocalyx also enables some bacteria to adhere to environ 
mental surfaces (metals, plastics, root hairs, teeth, etc.), 
coloniZe, and resist ?ushing. 

[0011] Once microorganisms coloniZe an implant, it is 
often very dif?cult to eradicate or even inhibit the infection. 
For example, systemic administration of antibiotics is often 
ineffective due to limited blood supply to the areas of the 
implant. Additionally, many bacterial species today are 
resistant to antibiotics. 

[0012] Where infection cannot be inhibited it may spread 
and become even more serious, as in patients Who have an 
infection Within the bone, osteomyelitis. Such patients often 
must undergo a dif?cult and costly treatment involving 
extended hospitaliZation, joint debridement, aggressive anti 
microbial therapy, total joint removal folloWed by total joint 
replacement and possible amputation if the infection can not 
be eliminated. 

[0013] Since implantation of an orthopedic implant 
device, such as a joint replacement prosthesis or ?xation 
device, is quite common and associated infection frequent, 
there is a continuing need for neW approaches to inhibition 
of infection. In particular, it Would be very desirable for both 
the physician as Well as the patient to be able to treat a 
prosthetic osteomyelitic infection Without the removal of an 
implant. Further, economical and safe apparatus and meth 
ods of inhibiting implant associated infections are needed. 

SUMMARY OF THE INVENTION 

[0014] A medical implant system is provided Which 
includes an orthopedic implant body made of a biocompat 
ible material. In one option, the implant body is a joint 
replacement prosthesis implant. In a further option, the 
implant body is an orthopedic ?xation device. Optionally, 
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more than one implant body is provided as part of an 
inventive system. The implant body has an external surface 
and a metal component is disposed on the external surface 
of the implant body. An inventive system further includes a 
conduit for electrical current Wherein the conduit is in 
contact With the metal component. A poWer source is also 
included Which is in electrical communication With the 
conduit for electrical current. More than one poWer source 
may be provided, for example, Where more than one implant 
body is included. 

[0015] Optionally, an implant body is a joint replacement 
prosthetic implant. In a further option an implant body is a 
part of a joint replacement prosthetic implant 

[0016] 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. The conduit 
for electrical current provided in such an embodiment is 
optionally the implant body itself. Thus, a current from the 
poWer source may be connected to the metal component 
through the biocompatible material of the implant body. 

[0017] In a further option, the implant body is adapted to 
be disposed totally Within a human body When in use as an 
implant. 

[0018] Also optionally, a metal component disposed on a 
portion of the internal cavity Wall, preferably such that the 
portion of the metal component in the cavity is continuous 
With the portion of the metal component disposed on the 
external surface of the implant body. Also preferably, the 
metal component in the cavity has the same composition as 
the metal component on the external surface. Optionally, the 
form of the metal component in the cavity is the same or 
different compared to the form of the metal component on 
the external surface. For example, a Wire or metal ribbon 
may be attached to the metal component on the external 
surface and to the cavity Wall. In one embodiment, the metal 
component in the cavity is in contact With a terminal of a 
poWer source disposed therein. 

[0019] In a preferred option, the metal component 
includes a transition metal, selected from gold, Zinc, copper, 
cadmium, cobalt, nickel, platinum, palladium, manganese, 
and chromium. In a further preferred option, the metal 
component includes silver. 

[0020] In a further preferred option, the metal component 
is more electrically conductive than the biocompatible mate 
rial of the implant body. 

[0021] One form of a metal component is a coating 
disposed on the external surface of the implant body. Such 
a metal coating ranges in thickness betWeen 1><10_9-5><10_3 
meters, inclusive. 

[0022] Optionally, a metal coating disposed on a portion of 
the external surface of the implant body covers a portion of 
the external surface ranging from 1-100% of the total 
external surface of the implant body. Further optionally, the 
metal coating disposed on a portion of the external surface 
of the implant body covers a portion of the external surface 
ranging from 50-99% of the external surface of the implant 
body. Preferred is a con?guration in Which the metal coating 
is disposed as a single region of continuous coating on the 
external surface. 
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[0023] In one embodiment of an inventive medical 
implant system the implant body includes an articular sur 
face Which does not include a metal component such as a 
metal coating. 

[0024] In another option, metal component is provided in 
the form of a Wire, ribbon, or foil disposed on the external 
surface. 

[0025] An inventive system may be con?gured such that 
the poWer source is continuously poWering a current con 
ducted to the metal component for release of metal ions. 
Alternatively, a system includes a sWitch for poWering the 
current on or off. In a further embodiment, the current is 
modulated by circuitry adapted to control the current so as 
to increase or decrease the amount of current ?oWing and the 
amount of metal ions released. Thus, a resistor 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 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 by the patient. 

[0026] 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 implant body located in a 
human body at a site of potential infection. Delivery of 
current to the metal component is associated With antimi 
crobial action such as release of metal ions toxic to an 
infectious microbe at the site of potential infection, such that 
microbial infection is inhibited. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 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; 

[0028] FIG. 1A is a line draWing of an apparatus accord 
ing to an embodiment of the invention in the form of a hip 
joint implant shoWing an exterior vieW of the implant; 

[0029] FIG. 2 is a line draWing of an apparatus according 
to an embodiment of the invention in the form of a hip joint 
implant having a poWer source external to the body of the 
patient; 
[0030] FIG. 3 is a line draWing of a hip joint implant 
apparatus according to an embodiment of the invention, 
shoWing transmission of a signal to the apparatus in situ; and 

[0031] FIG. 4 is a line draWing of an inventive bone screW 
implant body. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The present invention provides methods and appa 
ratus for prevention and inhibition of implant-associated 
infection. 
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[0033] A medical implant system is provided Which 
allows for release of microbe-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 pro 
ducing the electrical current is provided Which may be 
external to the implant, or preferably, contained Within the 
implant. 

[0034] A medical implant system is provided Which 
includes an implant body made of a biocompatible material. 
Ametal 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 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. 

[0035] The term “implant body” as used herein refers to an 
orthopedic implant for replacement or repair of a component 
of the musculoskeletal system. For example, an orthopedic 
implant includes a joint replacement prosthetic implant for 
joint replacement 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 ?nger or 
toe joint among others. Further, an orthopedic implant is an 
orthopedic ?xation device used in replacement or repair of 
a component of the musculoskeletal system, such as a plate, 
Wire, screW, pin, rod, nail or staple. In a preferred embodi 
ment, an implant body is preferably an implant body Which 
is Wholly contained Within a patient’s body When in use for 
the purpose of the implant. 

[0036] The term “biocompatible material” as used herein 
refers to a material Which is relatively inert in use folloWing 
surgical placement into an individual such that adverse 
reactions such as in?ammation and rejection are rare. The 
biocompatible material is suf?ciently strong and durable to 
alloW the implant to perform its intended function, such as 
joint replacement or ?xation. Exemplary biocompatible 
materials include metal materials such as surgical stainless 
steel, titanium, and titanium alloys; ceramics; plastics; and 
combinations of these. 

[0037] The metal component includes a metal Which 
inhibits infection by microbes, such as bacteria, protoZoa, 
viruses, and fungi. Such antimicrobial metals are typically 
transition metals illustratively including silver, gold, Zinc, 
copper, cadmium, cobalt, nickel, platinum, palladium, man 
ganese, and chromium. A metal component preferably con 
tains at least 50% by Weight of an antimicrobial metal, 
further preferably contains at least 75% by Weight of an 
antimicrobial metal and still further preferably contains at 
least 95% by Weight of an antimicrobial metal. In another 
preferred embodiment, the metal component is substantially 
all antimicrobial metal. The antimicrobial properties of 
silver are particularly Well characteriZed and a metal com 
ponent preferably contains at least 50% by Weight silver, 
further preferably contains at least 75% by Weight silver and 
still further preferably contains at least 95% by Weight silver. 
In another preferred embodiment, the metal component is 
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substantially all silver. In particular, the metal component is 
capable of releasing a metal ion When an electrical current 
is applied to the metal component. 

[0038] In a preferred embodiment, the metal component is 
in the form of a coating disposed on the external surface of 
the implant body. The coating can be applied by any of 
various methods illustratively including dunk coating, thin 
?lm deposition, vapor deposition, and electroplating. The 
metal component in the form of a coating ranges in thickness 
betWeen 1><10_9-5><10_3 meters, inclusive, preferably 1x10’ 
74x10‘: meters, inclusive, and more preferably betWeen 
05x10’ -5><10_4 meters in thickness. 

[0039] In an example including a silver coating metal 
component, the total amount of silver used during the 
coating process ranges betWeen 0.016 grams in Weight and 
8.95 grams in Weight. Such a coating is at least 0.016 grams 
in Weight in order for enough silver material to be present for 
the ioniZation to occur. The total Weight of silver typically 
does not exceed 8.95 grams in order to maintain a nontoxic 
state for the patient. 

[0040] In an embodiment including a metal coating dis 
posed on the external surface of the implant body, a metal 
coating is preferably disposed on at least 50% of the external 
surface of the implant body, and more preferably a coating 
is disposed on at least 75% of the external surface of the 
implant body. In an embodiment including a metal coating 
disposed on the external surface of the implant body, the 
coating is optionally disposed on substantially all of the 
external surface of the implant body. In a further option, the 
implant body is coated With the metal coating on substan 
tially 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 interface of 
the “ball” and “socket” components of the joint prosthesis, 
that is, at the acetabular surfaces. Where the implant body is 
a ?xation device, it is preferred that the coating is present on 
at least 50% of the external surface of the implant body, and 
more on at least 75% of the external surface of the implant 
body, and further preferably on substantially all of the 
external surface of the implant body, including threads 
Where the device is a bone screW. 

[0041] A metal coating is preferably disposed on the 
external surface as a single continuous expanse of the 
coating material. 

[0042] Optionally, the metal component is in the form of 
a Wire, ribbon, or foil disposed on the 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. 

[0043] In order to deliver an electrical current to the metal 
component and release antimicrobial metal ions, a poWer 
source is included in an inventive system. A poWer source 
may be any of various poWer sources such as a battery, 
capacitor, or connection to external AC. Such poWer sources 
are knoWn in the art. 

[0044] In one embodiment of an inventive system, a 
poWer source is implanted in the body of an individual 
receiving a joint prosthesis. An implant poWer source in such 
an embodiment is self-contained, that is, requiring no con 
nection to external poWer. Illustrative examples include an 
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electrochemical cell such as a battery and a capacitor. In a 
preferred embodiment, the implant body has an internal 
cavity housing the poWer source and, optionally, other 
components of the system, including circuitry adapted to 
modulate a current from the poWer source. 

[0045] An internal cavity in an implant body includes a 
Wall de?ning the cavity and an opening for insertion of a 
poWer source and, optionally, other components of the 
system. 

[0046] In general, a preferred poWer source housed in an 
implant body cavity is lightWeight and siZed to ?t 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 require 
ments of a patient. For example, a temporary implant may 
not require a poWer source having as long a life expectancy 
as a permanent implant. 

[0047] 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 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. 

[0048] For example, a resistor, a sWitch, a signal receiver, 
a relay, a signal transmitter, transformer, a sensor, or a 
combination of these or other such components and con 
nectors may be included, optionally con?gured as a circuit 
board arrangement. In a preferred embodiment, all or part of 
the circuitry adapted to modulate an electrical current 
included in an inventive system is housed in a cavity in the 
implant body of an orthopedic implant. 

[0049] Thus, optionally, the internal cavity also contains a 
resistor for modulation of the current. For example, a 
resistor in series With a battery alloWs use of a larger siZe 
battery With a greater lifetime. The resistor in series can be 
used to reduce current How to a desired level. 

[0050] Once a poWer source capable of producing the 
required current and of the appropriate siZe is determined, a 
resistance can be calculated by using the equation; V=I*R. 
Where V is the voltage of the battery that has been selected, 
I is the current, 1 microampere, and R is the resistance that 
Will alloW for the current to How from the determined 
battery. This resistor then can be placed in series With the 
poWer source to yield the required current. It is noted that 
neither the current nor the voltage delivered from a poWer 
source Will be altered by the siZe of the implant. 

[0051] In a speci?c example, a surface mounted chip 
resistor Will satisfy the 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 manufac 
tured in a variety of siZes Which Will meet the siZe con 
straints. For example, the Ohmite, thick ?lm high voltage 
SMD chip, series MMCO8 Will easily ?t Within the shaft of 
the redesigned hip implant. The MMCO8 has dimensions of 
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over all length of 2.0 millimeters and over all Width of 1.25 
millimeters. This particular resistor is manufactured in resis 
tance betWeen 100 ohms and 51 mega-ohms. 

[0052] An inventive implant system may be con?gured 
such that a desired amount of an antimicrobial metal ion is 
released over a speci?ed period of time so as to optimiZe the 
inhibitory effects on undesirable microbes and minimiZe any 
unWanted side effects. In one embodiment, an inventive 
implant system is con?gured such that an included poWer 
source is in continuous operation and metal ions are released 
continuously. 
[0053] In a preferred option, a sWitch is included in an 
inventive system to control current to How from the poWer 
source to the metal component. A sWitch alloWs antimicro 
bial ions to be released during speci?ed periods of time by 
controlling current ?oW. For example, the sWitch is turned 
on to activate current and release antimicrobial ions at 
regular intervals, such as once a Week or once a month, for 
a time folloWing implantation in order to prevent infection. 
Further, Where an infection is detected or suspected, the 
sWitch is activated to alloW current How and release of metal 
ions to combat the infection. An included sWitch is capable 
of Withstanding the current and the voltage transferred 
across it. 

[0054] A sWitch is optionally and preferably controlled by 
a controller external to the body of the individual having an 
implanted prosthesis. An external controller may emit a 
signal operative to control a sWitch. In one example, a 
magnetically controlled sWitch, such as a reed sWitch is 
used. Magnetically based sWitches that are externally con 
trolled by a controller are currently manufactured and are 
available from commercial sources. Such sWitches are con 
trolled by a controller including a magnet Which is placed in 
proximity to the sWitch in order to turn the sWitch on or off. 
For example, a magnet 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 implant. Thus, 
the sWitch is in signal communication of With the controller. 

[0055] 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 
?oW. Preferably the transmitter is activated external to the 
body of an individual having an implanted prosthesis as 
described herein. For example, a radio 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 ?oW. 

[0056] In a further embodiment, microchip circuitry, pro 
grammed to modulate current How is included in an inven 
tive system. Preferably, the microchip circuitry is included 
in a cavity of an 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 ?oW. 

[0057] A sensor may be included to sense microbial 
groWth, such as bacterial groWth on an external surface of an 
implant body. Such a sensor communicates a signal indicat 
ing bacterial groWth to circuitry adapted to activate a sWitch, 
stimulating release of metal ions and inhibiting the 
microbes. 

[0058] Preferably, the implant body having a poWer source 
in an internal cavity is adapted to be disposed totally Within 
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a human body When in use. Thus, the implant body prefer 
ably has substantially the same dimensions and shape of a 
conventional implant body. 

[0059] In a preferred option, a portion of the metal com 
ponent is disposed in the internal cavity. For example, in a 
preferred option, a metal coating is present on a portion of 
the Wall of the internal cavity. Such a metal coating is 
preferably continuous With a metal component, such as a 
coating, disposed on the external surface of the implant 
body. Optionally, and preferably, a metal component present 
in the internal cavity is in electrical contact With one 
terminal of a poWer source present in the cavity. A metal 
component present in the cavity may also be in the form of 
a Wire, ribbon, or foil. Preferably the metal component in the 
cavity is in the same form as the metal component present 
on the external surface of the implant body and is continuous 
thereWith. 

[0060] 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 
Which the implant body is made. 

[0061] 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. 

[0062] In a preferred option, the cap is made of an 
electrically insulating material. 

[0063] In a further option, an electrically insulating mate 
rial is disposed betWeen the external surface of the implant 
body and the metal component. 

[0064] 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 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. 

[0065] FIG. 1 illustrates an exemplary embodiment of an 
inventive apparatus 100 in a partial external, partial cut aWay 
vieW. A draWing illustrating a prophylactic bactericidal hip 
implant is shoWn having a silver coating, depicted as stip 
pling, on the external surface 120. An internal cavity 170 is 
shoWn in cut aWay sectional vieW, shoWn as the stripe 
marked region. This cavity alloWs for the internal placement 
of the battery, sWitch and resistor components. AsWitch 130, 
resistor 140 and battery 150 are shoWn, Which are contained 
in the cavity. The remaining end of the original shaft has 
been machined to form a cap 160 so that a press ?t of the cap 
160 in cavity 170 can be obtained after assembly of the 
internal components. In this example, no coating is present 
on surfaces tending to Wear due to interaction With other 
implant parts or natural elements of the body, articular 
surfaces, shoWn Without stippling or stripe marks at 180. 
This alloWs for a dead end electrical circuit betWeen the 
battery and the external silver surface. Current Will ?oW 
through the better conductor, the silver coating, to the 
external surface and thus avoid the much poorer conductor, 
internal residual hardWare device. 

[0066] FIG. 1A shoWs an external vieW of a hip implant 
body 100 illustrating a metal coating, such as a silver 
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coating, shoWn as stippling, present on an external surface 
120 of the implant 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. 

[0067] A conduit from one terminal of the poWer source 
and a metal component is 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. 

[0068] In a further preferred embodiment of the invention, 
a metal component is in removable contact With the implant. 
For example, a metal component is in removable contact 
With an implant may have the form of a metal Wire in contact 
With an implant surface. 

[0069] 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 of the Wire may be positioned in 
proximity to the metal component of an implanted prosthe 
sis, 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 removed When risk of infection is loW 
and may be repositioned for stimulation of metal ion release 
as desired. 

[0070] FIG. 2 illustrates an inventive system 200 in the 
context of a human body including an external poWer supply 
250 and a conduit 270 contacting an implant body 210 
having a metal coating, shoWn as stippling, on a portion of 
the surface of the implant body 210. It Will be noted that no 
coating is present on an acetabular Wear surface of the 
implant prosthesis. Further shoWn is the “cup” portion of a 
hip replacement implant, marked by stripes. 

[0071] Another embodiment of an inventive apparatus is 
shoWn in FIG. 3 Which shoWs an inventive system 300 
including a hip replacement prosthesis 310 in the context of 
a human body. Also shoWn is an external controlling device 
390 Which may be used to modulate current How in an 
implanted prosthesis by acting on internal circuitry 380 in 
order to modulate delivery of metal ions to inhibit microbes. 

[0072] Joint replacement or repair implants include one or 
more implantable parts Which may be included as an implant 
body in an inventive system. For example, a hip joint 
replacement implant typically includes a femoral part, 
replacing the natural femoral head, and a socket part, or 
acetabular cup or shell, replacing the natural acetabulum. 
While an inventive system is extensively discussed herein 
With regard to an implant body Which is a femoral part of a 
hip joint replacement prosthetic implant, it is appreciated 
that the socket part, or cup portion of a hip implant pros 
thesis may also be included in an inventive system as an 
con?gured to include an internal cavity containing a poWer 
source and other components as described herein. A further 
example of joint replacement implant parts include a Wrist 
implant having a carpal component, for instance present 
Where a ?rst roW of carpal bones is removed, and a radial 
part, for instance inserted or attached to the radius bone. The 
radial part may provide an articular surface for interaction 
With a carpal part. Another example is a knee joint prosthetic 



US 2006/0004431 A1 

implant, having 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 con?g 
ured to include an internal cavity containing a poWer source 
and other components as described herein. Thus, an inven 
tive 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 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. 

[0073] As noted, an implant may be a temporary implant, 
intended to remain implanted for a limited period of time, or 
a permanent implant, intended to remain implanted long 
term, even as long as the remainder of the individual’s life. 
One type of temporary implant is knoWn as a “spacer” 
implant. A spacer implant typically has a similar siZe and 
shape compared to a permanent or short-term implant. A 
spacer implant is typically implanted in order to maintain the 
spatial integrity of an area Where a permanent joint replace 
ment implant Will be positioned eventually. For example, 
Where an individual has a badly infected implant Which must 
be removed, a spacer implant may be implanted While the 
infection is being fought. An inventive system is particularly 
advantageous in such a situation since a synergistic effect of 
an inventive antimicrobial system With a course of systemic 
or local antibiotics is achieved. Further, an inventive spacer 
implant may lessen or eliminate the need for use of bone 
cement, currently used in this situation. The insertion of a 
spacer implant Would alloW the patient to be much more 
active than if the joint Were ?lled With bone cement. Further, 
tissue encroachment at the site is decreased by placement of 
a spacer implant. 

[0074] FIG. 4 illustrates an implant body in the form of a 
?xation device, particularly, a bone screW 10. An external 
surface 20 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 30, a resistor 40 
and a battery 50 inserted in an internal cavity 70 shoWn in 
the cut aWay region marked by stripes. Also shoWn is a cap 
60 for closing the cavity and protecting the components 
disposed in the cavity from the external environment, as Well 
as limiting exposure of cells to the components disposed in 
the cavity. Also shoWn is a metal coating 80 inside the cavity 
70. Also shoWn is an embodiment in Which a metal coating 
is also present on the threads 90 of the illustrated bone screW. 

[0075] In one embodiment a poWer source, such as a 
battery, having a ?rst terminal, a second terminal, and a 
potential difference betWeen the ?rst and second terminals, 
is provided. Further provided is a conduit for an electrical 
connection betWeen the ?rst terminal and the metal compo 
nent. Also provided is a conduit for an electrical connection 
betWeen the metal component and the second terminal. 

[0076] A method for inhibiting microbial infection asso 
ciated With an orthopedic implant is provided Which 
includes providing an inventive system as described and 
delivering a current to a metal component disposed on an 
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external surface of an implant body, the implant body 
located in a human body at a site of potential infection. 

[0077] In one embodiment, an inventive method for inhib 
iting an infectious organism includes introducing an elec 
trical current into a metal component of an implanted joint 
prosthesis to release metal ions from the component. The 
metal ions have a biostatic or biocidal effect on microor 
ganisms such that groWth and/or attachment of microorgan 
isms on the implant and in the vicinity of the implant are 
inhibited. 

[0078] As noted above, biocidal metals and ions include a 
transition metals and ions. Preferred metals and ions include 
silver, gold, Zinc, copper and combinations thereof. Further, 
metals and ions such as cadmium, cobalt, nickel, platinum, 
palladium, manganese, chromium, and the like may be 
included. 

[0079] Infectious organisms inhibited by such metals and 
metal ions illustratively include bacteria, viruses and fungi. 

[0080] Generally, such metal ions inhibit infection at con 
centrations ranging betWeen 1x10“3 M-1><10_7 M, inclusive, 
and is preferably delivered in amounts suf?cient 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 5x10“5 M-0.25><10_6 M, 
inclusive. In particular, silver ions are delivered in amounts 
su?icisent to achieve a concentration in the range betWeen 
5x10’ M-0.25><10_6 M, inclusive. 

[0081] A metal ion is released from a metal component by 
application of an electrical current to the metal component. 
Bone and soft tissue cells are affected by electrical current 
and thus the amount of current delivered and the length of 
time for Which it is delivered must be considered in the 
context of the proximity of the implant to such cells. The 
amount of a metal ion released is dependant on the strength 
and duration of the electrical stimulus Which is adjusted 
accordingly. 

[0082] Generally, a current in the range of 0.1 microamps 
to 200 milliamps is delivered to a metal component. In 
general, a current is delivered to a metal component for 
periods of time ranging from about 1 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 delivered in order to 
ioniZe a silver surface layer. Also preferred is an embodi 
ment in Which 0.8-1.2 microamps of current is delivered to 
a silver coating. 

[0083] Small electrical currents in the ranges described are 
suf?cient to ioniZe a solid silver coating, producing silver 
ions. Without Wishing to be bound by theoretical consider 
ations, according to Faraday’s laW, under ideal conditions 4 
micrograms of silver Will be liberated per hour per micro 
ampere of current applied to silver. Calculation 1 beloW 
details this. 

(Equation 1.0) l Coulomb (lpAMP) *[ 1* 1 Amps* Sec 
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-continued 

[ 1 Faraday ] [107.868 gram/41G] i * f 

96,487 Coulombs 1 Fmday 

[1*106 pg] [3600 Sec — * 1 g Hour 1 = 4.02 pg/hour 

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

[0084] Additional theoretical considerations indicate that 
total lifetime exposure to silver ions advantageously do not 
exceed 8.95 grams for a person of average siZe, approxi 
mately 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, 
Jan. 9, 1999. 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. 

[0085] In one embodiment, a method of inhibiting bacte 
rial infection associated With an implant includes adminis 
tration 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. 

[0086] While inventive methods and apparatus are gener 
ally described 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. 

[0087] The apparatus and methods described herein are 
presently representative of preferred embodiments, exem 
plary, and not intended as limitations on the scope of the 
invention. Changes therein and other uses Will occur to those 
skilled in the art. Such changes and other uses are encom 
passed Within the spirit of the invention as de?ned by the 
scope of the claims. 

EXAMPLE 1 

[0088] An implant body is manufactured by obtaining a 
hip replacement prosthesis similar to a DePuy SUMMIT 
Tapered Hip System designed to include an internal cavity, 
about 10 millimeters in length and about 5 millimeters in 
Width and a cap to close the opening of the cavity as 
described herein. Articular surfaces of the implant body are 
masked and the remaining external surfaces are coated With 
a silver metal ?lm about 1 micron in thickness. A battery, 
resistor and sWitch are chosen to ?t in the cavity. Aportion 
of the cavity Wall adjacent to the external surface of the 
implant body is also coated With silver metal to a depth 
adjacent the positive terminal of the battery. 
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[0089] A battery With the desired pro?le is currently in 
production by many battery manufacturers. The Energizer 
battery number 337 satis?es all of the required siZe charac 
teristics needed for implementation Within a bactericidal hip 
implant. When examining the EnergiZer 337 battery one can 
see that the small siZe, 1.65 mm in height by 4.8 mm in 
diameter alloW the battery to easily ?t Within the 5 mm 
compartment. 

[0090] The 337 siZe battery provides a voltage of 1.55 
volts, Which is much greater than required for the application 
of ioniZing a solid silver coating. Thus, a resistor is chosen 
to be placed in series With the battery. Using a voltage of 
1.55 volts and a required current of 1 micro-ampere one can 
calculate the required resistor as shoWn in Equations 2.1 and 
2.2 beloW. 

(Equation 2.0) 

V 1.55 volt (Equation 2.1) 
: 15,550,000 ohms 

The required resistor should have a resistance of approxi 
mately 15.5 mega-ohms. Additionally the resistor must 
conform to the siZe requirements as set by the diameter of 
the pocket Within the shaft of the implant, 5 millimeters. 

[0091] UtiliZing a resistor With the required 15.5 mega 
ohms rating in series With the 337 battery Will provide for 
approximately 75573 hours of run time. The calculation of 
the run time for the battery under With this resistance is shoW 
in calculation # 3 beloW. During this running time the battery 
Will be producing the required 1 micro-ampere current that 
is required to ioniZe the solid silver coating. 

runiTime(NeWihip) _ runiTime(simulatediapplication Equation (3.0) 
MMCO8 — Resitance _ simulated — resistance 

runiTime(NeWihip) _ 486ihours 

15,550,0009 _ 100,0009 

Equation 3.1) 

runiTime(NeWihip) : 75573ihours Equation (3.2) 

[0092] An included sWitch, like all other components, ?ts 
Within the 5 millimeter diameter cavity that has been 
machined Within the shaft of the original hip implant. 
Additionally the sWitch Will have the ability to be turned ON 
and OFF once implanted Within the human body. In this 
example, a magnetically based sWitch is selected. Coto 
Technology manufactures a sWitch, RI-80 Series Dry Reed 
SWitch that is designed speci?cally for medical applications 
and Which meets the design siZe constraints. The sWitch has 
a maximum dimension of the central tube of 5 millimeters 
in length and 1.8 millimeters in diameter. This sWitch Will 
carry a maximum current of 0.5 amperes and a has a 
maximum operating voltage of 200 volts, both of Which are 
satisfactory operating characteristics needed for a bacteri 
cidal hip implant according to the invention. 

[0093] Any patents or publications mentioned in this 
speci?cation are incorporated herein by reference to the 
same extent as if each individual publication is speci?cally 
and individually indicated to be incorporated by reference. 
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In particular, US. Provisional Patent Application Ser. No. 
60/585,159, ?led Jul. 1, 2004, is hereby incorporated by 
reference in its entirety. 

[0094] The compositions and methods described herein 
are presently representative of preferred embodiments, 
exemplary, and not intended as limitations on the scope of 
the invention. Changes therein and other uses Will occur to 
those skilled in the art. Such changes and other uses can be 
made Without departing from the scope of the invention as 
set forth in the claims. 

1. A medical implant system, comprising: 

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

a metal component disposed on the external surface of the 
implant body; 

a conduit for electrical current, the conduit in contact With 
the metal component; and 

a poWer source in electrical communication With the 
conduit for electrical current. 

2. The medical implant system of claim 1, Wherein the 
implant body further comprises: 

an internal cavity, the internal cavity having a Wall and an 
opening; and 

a cap removably disposed in the opening of the internal 
cavity, Wherein the poWer source is disposed in the 
internal cavity and Wherein the conduit is the implant 
body. 

3. The medical implant system of claim 1, Wherein the 
implant body is adapted to be disposed totally Within a 
human body When in use. 

4. The medical implant system of claim 2, further com 
prising a metal component disposed on a portion of the 
internal cavity Wall. 

5. The medical implant system of claim 1, Wherein the 
metal component comprises silver. 

6. The medical implant system of claim 1, Wherein the 
metal component comprises a metal selected from the group 
consisting of: gold, Zinc, copper, cadmium, cobalt, nickel, 
platinum, palladium, manganese, and chromium. 

7. The medical implant system of claim 1, Wherein the 
metal component is a coating disposed on the external 
surface of the implant body. 

8. The medical implant system of claim 7, Wherein the 
metal coating ranges in thickness betWeen 1><10_9-5><10_3 
meters. 

9. The medical implant system of claim 7, Wherein the 
metal coating is disposed on a portion of the external surface 
of the implant body ranging from 1-100% of the external 
surface of the implant body. 
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10. The medical implant system of claim 7 Wherein the 
metal coating is disposed on a portion of the external surface 
of the implant body ranging from 50-99% of the external 
surface of the implant body. 

11. The medical implant system of claim 7, Wherein the 
metal coating is disposed as a single region of continuous 
coating on the external surface. 

12. The medical implant system of claim 7, Wherein the 
implant body comprises an articular surface having no 
coating. 

13. The medical implant system of claim 7, Wherein the 
metal component is in the form of a Wire disposed on the 
external surface. 

14. The medical implant system of claim 1, Wherein the 
metal component is more electrically conductive than the 
biocompatible material. 

15. The medical implant system of claim 1, further 
comprising a resistor in electrical communication With the 
poWer source. 

16. The medical implant system of claim 1, further 
comprising a sWitch in electrical communication With the 
poWer source. 

17. The medical implant system of claim 16, further 
comprising a controller in signal communication With the 
sWitch. 

18. The medical implant system of claim 2, Wherein the 
cap is made of an electrically insulating material. 

19. The medical implant system of claim 1, further 
comprising an electrically insulating material disposed 
betWeen the external surface of the implant body and the 
metal component. 

20. The medical implant system of claim 17, Wherein the 
controller is external to the body of an individual having an 
implant body disposed therein. 

21. Amethod for inhibiting microbial infection associated 
With an orthopedic implant, comprising: 

providing a medical implant system according to claim 1; 

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. 


