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1
ANTIBIOTIC DELIVERY SYSTEM AND
METHOD FOR TREATING AN INFECTED
SYNOVIAL JOINT DURING
RE-IMPLANTATION OF AN ORTHOPEDIC
PROSTHESIS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

Notice: More than one reissue application has been filed
for the reissue of U.S. Pat. No. 8,900,322. The reissue
applications are U.S. patent application Ser. Nos. 15/846,
021, 15/336,472, and 14/817,103. More particularly, U.S.
patent application Ser. No. 15/846,021 (the present appli-
cation) is a continuation reissue application of U.S. patent
application Ser. No. 15/336,472, filed Oct. 27, 2016, now
U.S. Reissue Pat. No. RE46,669, issued Jan. 16, 2018, which
is a continuation reissue application of U.S. patent appli-
cation Ser. No. 14/817,103, filed on Aug. 3, 2015, now U.S.
Reissue Pat. No. RE46,283, issued Jan. 24, 2017, which
sought reissue of U.S. patent application Ser. No. 13/759,
239, filed Feb. 5, 2013, now U.S. Pat. No. 8,900,322, issued
Dec. 2, 2014.

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[This application] U.S. patent application Ser. No. 13/759,
239, filed Feb. 5, 2013, now U.S. Pat. No. 8,900,322, issued
Dec. 2, 2014, is a divisional of U.S. patent application Ser.
No. 12/712,748, filed Feb. 15, 2010, now U.S. Pat. No.
8 545,706, issued Jun. 4, 2013, and entitled “Antibiotic
Delivery System and Method for Treating an Infected Syn-
ovial Joint During Re-implantation of an Orthopedic Pros-
thesis,” [having U.S. Ser. No. 12/712,748, and filed Feb. 25,
2010,] which claims the benefit of U.S. [provisional patent
application] Provisional Patent Application Ser. No. 61/208,
540, filed Feb. 25, 2009, now expired, and entitled “Joint
Purification Systems|[,].” [having Ser. No. 61/208,540, and
filed on Feb. 25, 2009.]

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, generally, to an antibiotic
delivery system and, more specifically, to such a system and
method for treating an infected synovial joint and adjacent
medullary canals as a means of eliminating infection during
a two-stage re-implantation of an orthopedic prosthesis.

2. Description of the Related Art

A total joint replacement (TJR) is a medical procedure
that involves the repair and replacement of joints, such as
hips and knees. In these cases, the bones at the hip or knee
joints are prepared in receive orthopedic implants that mimic
the structure of the joint that is replaced. For example, a total
knee replacement is representatively shown at 10 in FIG. 1.
The total knee replacement 10 includes tibial 12 and femoral
14 components that imitate the structure and function of the
natural knee joint. The tibial component 12 is operatively
mounted to the tibia bone 16 and the femoral component 14
is operatively mounted to the femoral bone (not shown).
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2

Similarly, a total hip replacement includes a femoral com-
ponent that terminates in a neck having a hemispherical ball
that mimics the upper terminal portion of the natural femoral
bone.

Currently, there are approximately one million total joint
replacement (TJR) surgeries involving either hips or knees
performed annually in the United States. Obviously, more
TIR surgeries are performed throughout the world. How-
ever, the demand for TJR surgery is expected to soar in the
future. Doctor-diagnosed arthritis is expected to increase
40% from 2005 to 2030. According to the 2003 National
Institute of Health Census Panel Report on total knee
replacement, only 9% to 13% of TIJR candidates have been
willing to undergo the procedure. As patients become more
aware of their options, as well as the success of TJR, demand
may reach even higher levels.

Baby boomers will start reaching the age of 65 years in
2011. Also, over the past decade, the prevalence of TIR has
increased not only in older patients (those who are 65 years
or older) but also in younger patients (those less than 65
years old). Premium implant technology such as hard-on-
hard bearings and hip resurfacing have been introduced to
address the increased activity and longevity of younger
patients. The demand for primary total hip and total knee
replacements on patients younger than 65 years old was
projected to exceed 50% of joint replacement recipients by
2011 and 2013, respectively. Demand for primary total hip
replacement is expected to grow 174% and for total knee
replacement by 673% by the year 2030. Data collected from
the U.S. Nationwide Implant Sample (NIS) between 1993
and 2005 has also been evaluated. This data indicates that by
2030 future demand of primary and revision TJR procedures
(where an older implant is replaced with a new one) will be
significant. For example, primary total knee replacements
are projected to be 4,580,000. The need to revise and
re-implant total knee replacements is projected to be 269,
000. Primary total hip replacements are projected to be
975,000. And the need to revise and re-implant total hip
replacements is projected to be 103,000 per year. These
estimated projections total 6,000,000 TJR surgeries annu-
ally.

In relatively rare cases, however, infection is a devastating
complication of TJR surgeries. The rate of infection in these
types of surgeries ranges between 0.5% and 1.5%. Unless an
infection is properly diagnosed within the first two to four
weeks following the original surgery (which is uncommon),
the infected implant must be removed in combination with
an extensive debridement of the surrounding joint tissue and
bone. According to the Center for Disease Control, there are
currently approximately 12,000 infected TJR cases annually
in the United States. Obviously, this number increases when
the entire worldwide scope of TIR surgeries is considered.
At 1% infection rate, and assuming the projections noted
above are generally accurate, there will be 60,000 instances
of infected total joints annually in the future.

Over the past two decades, the standard of care for
treatment of an infected TJR in the United States has
included a two-stage re-implantation process. In the first
stage of this process, the infected components are surgically
exposed by incision. Scar tissue is then de-bulked as well as
other soft tissue releases, and sometimes an osteotomy. This
stage also includes the removal of all prosthetic components
and foreign material including, for example, acrylic bone
cement. After extensive joint debridement of infected soft
tissue and bone, a spacer block consisting of heavily dosed
antibiotic bone cement is placed temporarily into the joint
space. The purpose of the antibiotic bone cement is to
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sterilize the joint environment and to serve as an antibiotic
delivery system. Additionally, the bone cement acts as a
spacer to preserve joint space and maintains ligament length.
However, the antibiotic released by the bone cement is
uncontrolled and is quite costly to use. For example, a
typical knee spacer may require three bags of acrylic bone
cement, twelve vials of an antibiotic such as Tobramycin
(1.2 g) at a cost of $800 per vial, and six vials of an antibiotic
such as Vancomyecin (1 g) at $17 per vial. This quickly adds
up to about $11,000 in material alone. In addition, more
operating room time is necessary to prepare this spacer
material. This increases the cost of the operation.

Under the current standard of care, following the removal
of the infected implant and the insertion of the antibiotic
bone cement spacer, the patient must generally wait between
six and, more typically, twelve weeks before the second
stage of the procedure can be performed. This period of time
is necessary so that the medical professionals can be con-
fident that the infection has been successfully eradicated.
Only after the infectious condition has been eliminated, may
the second stage proceed. During the second stage, the new
prosthesis is re-implanted. The success rate with this two-
stage re-implantation process is typically around 90%.

In other countries, such as throughout Europe, a one-stage
re-implantation process has been popular. This involves the
removal of the infected implant, as noted above, followed by
aggressive debridement and then immediate re-implantation
of a new implant. The success rate for this technique has
typically been in the 70%-85% range. However, this tech-
nique has not gained popularity to any degree in the United
States. The one-state implantation process is generally
reserved for patients who are considered to be too feeble or
sick to undergo the traditional two-stage re-implantation
process.

Both the one-stage and two-stage surgical re-implantation
protocols have their disadvantages. For example, and as
noted above, the two-stage re-implantation process requires
six to twelve weeks between operations. This is a very
difficult time for the patient as they do not have a functional
joint in place and it is typically very painful to mobilize or
ambulate with an antibiotic spacer. Articulating spacers are
somewhat better than static spacers, but are also more
expensive as well as more difficult and time-consuming to
place during the original stage one procedure. From a health
care standpoint, the two-stage procedure also requires two
separate hospitalizations. Finally, from a surgeon’s stand-
point, a significant amount of scar tissue develops during the
time span between the two procedures. This makes for a very
difficult and time-consuming second stage operation. In
addition, the two-stage re-implantation process involves not
one, but two, very difficult surgical procedures. The esti-
mated cost of removing the infected original implant, elimi-
nating the infection, extended hospitalization, nursing home
care or home health care during the period between the first
and second operations, a well as re-implanting a new pros-
thesis is currently roughly $100,000 per case. This is a
tremendous overall burden on the universal health care
system and, in the United States alone, reaches approxi-
mately $1.2 billion per year. This statistic does not begin to
measure losses in patient economic productivity, quality of
life, as well as pain and suffering. Moreover, this statistic
does not reflect the costs associated with the projected
increase in TJR operations in the future as noted above.

On the other hand, a one-stage re-implantation surgical
protocol requires absolute identification of the infecting
organism in order to proceed. Unfortunately, it is very
difficult to achieve this absolute identification in the current
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health care systems. In addition, a one-stage re-implantation
protocol requires the use of fully-cemented components.
Fully-cemented components are typically not favored by
U.S. surgeons for revision surgery. Fully-cemented compo-
nents typically require very high amount of antibiotic. This
often is as high as 10% by weight. For example, 4 g of
antibiotic are required for a 40 g bag of cement. The increase
of antibiotic by weight raises concerns regarding structural
weakening of the cement.

Moreover, and in both one-stage and two-stage re-im-
plantation surgical protocols, the release of the antibiotic
from the bone cement is completely uncontrolled. This is a
significant disadvantage of both protocols and essentially
acts to lengthen the time between the first and the second
surgical procedures in the two-stage re-implantation pro-
cess.

Thus, there remains a need in the art for a device that may
be employed during re-implantation surgical procedures that
may be used to deliver antibiotic in a controlled and titrat-
able manner directly into the synovial joint cavity and
adjoining medullary canals as a means of eliminating the
infection following the removal of a previous orthopedic
implant. In addition, there remains a need in the art for such
a device that can provide stability and maintain the physical
dimensions of joint space and normal soft tissue envelope in
any joint under-going the re-implantation of an orthopedic
implant. In addition, there remains a need in the art for such
a device that may be easily employed, facilitates the reduc-
tion in the time needed to conduct the stage one re-implan-
tation surgery and that reduces the overall time between the
first and second stages of a two-stage re-implantation sur-
gical protocol.

SUMMARY OF THE INVENTION

The present invention is directed toward an antibiotic
delivery system including a device and method for treating
an synovial joint and adjacent tissues, including bone,
during the re-implantation of an orthopedic prosthesis. The
antibiotic delivery device includes an intramedullary stem
adapted to be removably mounted in a medullary canal of a
bone. The stem includes an inlet adapted to be in fluid
communication with a source of fluid-borne antibiotic, a
plurality of outlets disposed along the stem and a channel
extending between the inlet and the plurality of outlets for
delivering fluid-borne antibiotic from the inlet to the plu-
rality of outlets so as to distribute the antibiotic along the
medullary canal in a controlled fashion.

In addition, the present invention is also directed toward
a method of treating an infected synovial joint and adjacent
tissue during a two-stage re-implantation of an orthopedic
implant. The method includes the steps of removing the
infected implant mounted to the medullary canal of a bone
and debriding the medullary canal. An intramedullary stem
is then installed into the medullary canal. The stem includes
an inlet, a plurality of outlets, and a channel extending
between the inlet and the plurality of outlets. In addition, the
method includes the step of providing a source of fluid-
borne antibiotic to the inlet of the intramedullary stem so as
to distribute the antibiotic through the channel and outlets
into the medullary canal in a controlled fashion.

The antibiotic delivery system of the present invention, as
well as the method overcomes the disadvantages in the
related art in providing a modular, implantable device
designed for short-term use of approximately one week as a
part of an abbreviated two-stage re-implantation technique
for treatment of septic TIR of either the knee or the hip. The
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present invention provides structural rigidity to the joint and
the limb during the period of time between the removal of
an infected prosthesis and the re-insertion of a new pros-
thesis. This allows the patient to be mobile, while minimiz-
ing pain. The present invention also eliminates the need for
an external stabilizing device, such as a cast, between the
first and second stages of the re-implantation process. In
addition, the system maintains joint space while acting as a
temporary spacer. As explained in greater detail below, the
implant assembly maintains the proper length of vital struc-
tures, including ligaments, muscles, tendons, neurovascular
structures, etc., until the new prosthesis can be implanted.
The system and method of the present invention act to
deliver a controlled titratable antibiotic dosed directly into
the synovial joint cavity and the medullary canals via an
infusion system thereby attaining and maintaining much
higher local joint space and tissue levels of antibiotics than
can be obtained by current antibiotic spacers (static or
articulating) as well as perental/I.V.-administered antibiot-
ics. In addition, the system and method of the present
invention act to irrigate and cleanse the synovial joint and
medullary canals through a novel concept utilizing intermit-
tent pulsatile levage. In this way, the present invention
facilitates the reduction in the time between the first and
second stages of a two-stage re-implantation process from
six to twelve weeks under the current standard of care to
approximately one week.

Other objects, features, and advantages of the present
invention will be readily appreciated as the same becomes
better understood while reading the subsequent description
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE. DRAWINGS

FIG. 1 is a perspective view illustrating a surgically
exposed total joint replacement of a knee;

FIG. 2 is a perspective view of the antibiotic delivery
system of the present invention;

FIG. 3 is an elevational view of one embodiment of an
intramedullary stem of the present invention;

FIG. 4 is an end view of the distal end of the intramed-
ullary stem illustrated in FIG. 3;

FIG. 4A is a cross-sectional view taken along lines 4A-4A
of FIG. 3;

FIG. 5 is an end view of the proximal end of the
intramedullary stem illustrated in FIG. 3;

FIG. 6 is an elevational view of another embodiment of
the intramedullary stem of the present invention;

FIG. 7 is a top plan view of the implant assembly of the
present invention;

FIG. 8 is a perspective view of the implant assembly of
the present invention;

FIG. 9 is a top plan view of the implant assembly of the
present invention showing the anterior half of the coupler
removed;

FIG. 10 is a partial enlarged exploded view of the coupler
and tibial and femoral intramedullary stems;

FIG. 11 is a side exploded view of the implant assembly
of the present invention illustrating the assembly of the
anterior half to the posterior half of the coupler;

FIG. 12 is a partial cross-sectional plan view illustrating
the implant assembly mounted in a human knee joint;

FIG. 13 is a partial cross-sectional side view of an
alternate embodiment of the femoral intramedullary stem of
the present invention; and
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FIG. 14 is an exploded partial cross-sectional side view of
the femoral intramedullary stem illustrated in FIG. 13.

DETAILED DESCRIPTION OF THE
INVENTION

One embodiment of an antibiotic delivery system accord-
ing to the present invention is generally indicated at 110 in
FIG. 2, where like numerals are used to designate like
structure throughout the figures. The antibiotic delivery
system 110 includes an implant assembly, generally indi-
cated at 112, a pump, generally indicated at 114, and a source
of fluid-borne antibiotic, generally indicated at 116. The
antibiotic implant assembly 112 forms one component of the
antibiotic delivery system 110. One of the assembly’s basic
components includes an intramedullary stem. One embodi-
ment of the intramedullary stem is generally indicated at 118
in FIGS. 3-5. In the case of a total knee replacements the
assembly 112 includes a tibial intramedullary stem, gener-
ally indicated at 250, and a femoral intramedullary stem,
generally indicated at 350 in FIGS. 7-12. Each of these
components will be described in greater detail below.

More specifically, various features of the intramedullary
stem will now be described with respect to the embodiment
designated 118 in FIGS. 3-5. Those having ordinary skill in
the art will appreciate that the features described with
respect to the embodiment illustrated in these figures are
also generally present in the other embodiments described
below. The intramedullary stem 118 is adapted to be remov-
ably mounted into a medullary canal of a bone. The stem 118
includes an inlet 120 that is adapted to be in fluid commu-
nication with the source of fluid-borne antibiotic 116 and
other appropriate fluids, as will be described in greater detail
below. In addition, the stem 118 includes a plurality of
outlets 122 that are disposed along the stem 118. In addition,
a channel 124 (FIG. 4A) extends between the inlet 120 and
the plurality of outlets 122 for delivering fluid-borne anti-
biotic from the inlet 120 to the plurality of outlets 122 so as
to distribute the antibiotic along the medullary canal in a
controlled fashion.

In the embodiment illustrated in FIGS. 3-5, the antibiotic
implant assembly 112 and the intramedullary stem 118, per
se, is particularly adapted for use in connection with the first
stage of a re-implantation of a total knee replacement where
the first implant has become infected. As explained in
greater detail below and as illustrated in FIG. 12, the
antibiotic implant assembly 112 of the present invention
may also be particularly adapted for use in the first stage of
a total hip replacement where the first implant has become
infected. Each of these assemblies will be described in
greater detail below.

Referring now specifically to the device as it is employed
in connection with a re-implantation of a knee, the intramed-
ullary stem 118 illustrated in FIGS. 3-5 defines a body,
generally indicated at 126, having a longitudinal axis A. The
body 126 includes a plurality of fins 128 extending therea-
long and disposed in spaced angular relationship with
respect to each other. In the embodiment illustrated herein,
the body 126 includes four fins 128 spaced at 90° relative to
one another. The fins 128 are adapted to engage the med-
ullary canal in a removably stable fashion. However, those
having ordinary skill in the art will appreciate that the body
126 of the intramedullary stem 118 may have any number of
fins 128 disposed at any angle relative to each other and have
any convenient shape. Alternatively, the body 126 may or
may not employ fins of the type illustrated herein.
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In one embodiment, the body 126 of the intramedullary
stem 118 includes an intra-articular end 130 having base
plate 132 disposed at the proximal end 134 of the body 126
and a distal end 136 disposed remote from the proximal end
134. The body 126 may also have a tapered cross-section
disposed along the longitudinal axis A from the proximal
end 134 to the distal end 136 of the body 126 of the
intramedullary stem 118. In one embodiment, the fins 128
may have a 2° taper, gradually narrowing from the proximal
end 134 to the distal end 136 of the stem. The distal end 136
may terminate in a bullet-like tip 140. However, those
having ordinary skill in the art will appreciate that the exact
shape of the distal end 136 can vary and that the taper may
differ from approximately 2°. Moreover, the shape and size
of the distal end 136 as well as the extent of the taper may
be a function of the various sizes of the stems that may be
employed with patients of different sizes. Those having
ordinary skill in the art will appreciate from the description
herein that the body 126 of the intramedullary stem 118, and
its distal end 136, can have any shape that facilitates stability
of the implant in the medullary canal and that further
facilitates the insertion and removal of the device, and that
assists in providing a press-fit of the stem in the medullary
canal, so as to provide axial and rotational stability.

The inlet 120 is located in the base plate 132 of the body
126. Similarly, the plurality of cadets 122 are disposed
between the outer surface 142 of at least one of the plurality
of fins 128. In the embodiment illustrated herein, the outlets
122 are disposed along the longitudinal length of the body
126 of the intramedullary stem 118 in the valleys 144
defined between adjacent fins. The size and shape of the
plurality of outlets 122 may vary depending on a number of
factors including, but not limited to, the type of antibiotic
fluid and other agents that pass through the stem 118, the
desired pressure and flow of the fluid-borne antibiotic, as
well as various patient factors, such as age. In addition and
in one embodiment, the plurality of outlets 122 may vary in
size, ranging from a smaller size at the proximal end of the
stem, to a larger size at the distal tip, in order to compensate
for a loss in pressure. In any event, those having ordinary
skill in the art will appreciate that the size, location along the
body 126 of the intramedullary stem 118, as well as the
number of the outlets 122 may vary pursuant to a number of
factors, all of which are within the scope of the present
invention.

In the embodiment illustrated in FIGS. 3-5, the outer
surface of the plurality of adjacent fins 128 is generally
planer or smooth. However, another embodiment of the
intramedullary system is, generally indicated at 218 in FIG,
6, where like numerals increased by 100 are used to desig-
nate like structure with respect to the stem illustrated in
FIGS. 3-5. In this embodiment, the fins 228 may include
longitudinally extending irregular outer surfaces 242 that are
adapted to engage the medullary canal and that allow the
flow of fluid-borne antibiotic between the fins 228 and the
medullary canal. More specifically, in the embodiment illus-
trated here, the irregular surfaces 242 may define a plurality
of serrations that present peaks 243 and valleys 245,
whereby the peaks 243 are in contact with the medullary
canal and the valleys 245 present openings through which
fluid-borne antibiotic may pass. However, those having
ordinary skill in the art will appreciate that the outer surface
142, 242 of the fins 128, 228 may take any geometric shape
that is calculated to advance the dispersion fluid-borne
antibiotic throughout the medullary canal.

As noted above, the intramedullary stem of the present
invention forms a part of an antibiotic implant assembly 112.
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One such assembly is illustrated in FIGS. 7-12 and is
particularly adapted for use in the first stage of a two-stage
knee re-implantation process. To this end, the present inven-
tion may include a tibial intramedullary stem, generally
indicated at 250. The tibial intramedullary stem 250 is
adapted to be removably mounted within the medullary
canal of a tibia bone. Similarly, the assembly of the present
invention may also include a femoral intramedullary 350
stem that is adapted to be removably mounted within the
medullary canal of the femoral bone. Like reference numer-
als increased by 100 with respect to the intramedullary stem
118 described in FIGS. 3-5, are used to describe like
structure for the tibial intramedullary stem 250. Similarly,
like reference numerals increased by 200 with respect to the
intramedullary stem 118 described in FIGS. 3-5 are used to
designate like structure with respect to the femoral intramed-
ullary stem 350 illustrated in FIGS. 7-12. It should also be
noted that the intramedullary stems 250, 350 employ the
structure of the outer surface 242 of the fins 228 illustrated
in FIG. 6.

Like the intramedullary stem illustrated in FIGS. 3-5, the
tibial intramedullary stem 250 includes a body 226 with an
intra-articular end 230 having a base plate 232 disposed at
the proximal end 234 of the body and the distal end 236
disposed remote from the proximal end 234 (FIGS. 8-10).
An inlet 220 (FIG. 9-11) is formed in the base plate 232 to
the body 226 and a plurality of outlets 222 are disposed
along the longitudinal length of the body 226. A channel 224
(FIG. 10) extends between the inlet 220 and the plurality of
outlets 222 for purposes of distributing fluid-borne antibiotic
and other fluid-borne agents into the medullary canal of a
tibia bone. Similarly, like the intramedullary stem 118
illustrated in FIGS. 3-5, the femoral intramedullary stem 350
includes a body 326 with an intra-articular end 330 having
a base plate 332 disposed at the proximal end 334 of the
body 326 and the distal end 336 disposed remote from the
proximal end 334. An inlet 320 is formed in the base plate
332 to the body 326 and a plurality of outlets 322 are
disposed along the longitudinal length of the body 326. A
channel 324 (FIG. 10) extends between the inlet 320 and the
plurality of outlets 322 for purposes of distributing fluid-
borne antibiotic and other fluids into the medullary canal of
a femur bone. From the description herein taken along with
the drawings, and with the exception of the irregular outer
surface of the fins, those having ordinary skill in the art will
appreciate that both the tibial and femoral intramedullary
stems 250, 350 include all of the features and structural
components as the intramedullary stem 118 illustrated in
FIGS. 3-5 and described above.

As noted above and illustrated in FIG. 2, the implant
assembly also includes a coupler, generally indicated at 410.
The coupler 410 operatively interconnects the tibial
intramedullary stem 250 and the femoral intramedullary
stem 350 and acts to stabilize the joint defined therebetween.
The system also includes a pump, generally indicated at 114.
The pump 114 is disposed in fluid communication with the
source of fluid-borne antibiotic 116 as well as other fluid-
borne agents and the intramedullary stems 118, 250, 350 via
the coupler 410. The pump 114 acts to control the delivery
of titratable fluid-borne antibiotic from the source of fluid-
borne antibiotic to the inlet 120, 220, 320 of the intramed-
ullary stems 118, 250, 350 via a conduit 412 or any suitable
tubing or other delivery means. In addition, the system may
also include a source of cleansing/debriding fluid. In this
case, the pump 114 further acts to control the delivery of
cleansing fluid in intermittent pulsatile levage fashion to the
inlet 120, 220, 320 of the intramedullary stems, as will be
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described in greater detail below. In addition, the pump 114
may also be employed to remove excessive fluid from the
medullary canal and surrounding tissue prior to the reintro-
duction of fresh antibiotic, irrigating fluid, or other fluid-
borne agents into the stem, the synovial joint, and the
surrounding medullary canal to facilitate the cleaning of the
treated tissue. From the preceding description, those having
ordinary skill in the art will appreciate that the present
invention facilitates the control of a the frequency, duration,
dosage and pressure of the fluid-borne antibiotic and any
other agents administered by the system in a sustainable and
renewable manner. Thus, the present invention facilitates a
far better sterile wound bed in a much shorter time than is
achievable using the current standard of care.

As best shown in FIG. 10, the coupler 410 includes an
inlet 414 that is adapted for fluid communication with the
source of fluid-borne antibiotic 116 as well as at least one
outlet 416, 418 in fluid communication with the inlets 220,
320 to the tibial 250 and femoral 350 intramedullary stems.
The coupler 410 acts to distribute the fluid-borne antibiotic
from the source of fluid-home antibiotic 116 to the plurality
of outlets 222, 322 through the channels 224, 324 of the
tibial and femoral intramedullary stems 230, 350. Likewise,
those having ordinary skill in the art will appreciate that the
coupler 410 also functions to distribute cleansing fluid and
any other fluid-borne agents for any purpose directly into the
synovial joint and into the medullary canal. In addition, as
best shown in FIGS. 7, 8 and 12, the coupler 410 acts to hold
the tibial and femoral intramedullary stems 250, 350 rigidly
together in longitudinal alignment.

More specifically and as best shown in FIGS. 9-11, the
coupler 410 may be divided into anterior 420 and posterior
422 half sections that are operatively mounted together in
sealed fashion using fasteners 424 of any suitable type.
Together, the anterior 420 and posterior 422 halves of the
coupler 410 define a reservoir 426 disposed in fluid com-
munication with the inlet 414 to the coupler 410 as well as
the inlets 220, 320 to the tibial and femoral intramedullary
stems 250, 350. The coupler 410 includes a tibial stem
receptacle, generally indicated at 428, that is adapted to
receive the proximal end 234 of the body 226 of the tibial
intramedullary stem 250 so as to establish fluid communi-
cation between the reservoir 426 and the inlet 220 to the
intramedullary stem 250. Referring specifically to FIG. 10,
the tibial stem receptacle 428 includes an inlet port 430, a
nipple section 432, and a transverse portion 434 extending
between the inlet port 430 and the nipple 432. The intra-
articular end 234 of the intramedullary stem 250 is adapted
to be snugly received in the inlet port 430. Similarly, the
base plate 232 is adapted to be received in the transverse
portion 434 and the inlet 220 is adapted to be received in the
nipple portion 432 of the tibial stem receptacle 428. A gasket
(not shown) may be employed at the inlet 220 to the
intramedullary stem 250 to provide a proper seal between
the inlet 220 of the stem 250 and the nipple portion 432 of
the tibial stem receptacle 428.

Similarly, the coupler 410 includes a femoral stem recep-
tacle, generally indicated at 438, adapted to receive the
proximal end 334 of the body 326 of the femoral intramed-
ullary stem 350 so as to establish fluid communication
between the reservoir 426 and the inlet 320 to the femoral
intramedullary stem 350. The femoral stem receptacle 438
includes an inlet port 440, a nipple section 442, and a
transverse portion 444 extending between the inlet port 440
and the nipple section 442. The intra-articular end 334 of the
femoral interamedullary stem 350 is adapted to be snugly
received in the inlet port 440. Similarly, the base plate 332
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is adapted to be received in the transverse portion 444 and
the inlet 320 is adapted to be received in the nipple section
442 of the femoral stem receptacle 438. A gasket may also
be employed at the inlet 320 to the femoral intramedullary
stem 350 to establish an appropriate seal at this juncture with
the nipple section 442 and the stem receptacle 438. Other
seals may be employed to make the coupler fluid-tight as
necessary. Thus, the stem receptacles 428, 438 in both ends
of the coupler 410 are complimentarily shaped with respect
to the intra-articular ends 234, 334 of the tibial and femoral
intramedullary stems 250, 350 such that the stems are rigidly
held in place by the coupler 410 when it is fully assembled,
as illustrated, for example, in FIGS. 7, 8, 9 and 12.

As noted above, the tibial and femoral intramedullary
stems 250, 350 may have a 2° taper gradually narrowing
from the proximal to the distal end of the device. The tibial
and femoral stems 250, 350 may have increasing lengths
with each increase in stem diameter. Both the tibial and
femoral stems 250, 350 may increase in diameter by 1 mm
increments from approximately 14 mm to 22 mm at the base
of the stems. This allows for a “press fit” in the intramed-
ullary canal for axial and rotational stability. The intra-
articular ends 234, 334 of the stems may all have one
standard diameter and may be solid circumferentially for an
axial length, such as 25 mm so that any proximal end of any
stem will fit into any coupler. In any event, those having
ordinary skill in the art will appreciate that the dimensions
set forth herein are merely representative and are not meant
to limit the size and shape of the components of the system.

Another embodiment of the antibiotic implant assembly
of the present invention is illustrated in FIGS. 14-15. In this
embodiment, the antibiotic delivery device is particularly
adapted for use in stage one of a two-stage re-implantation
process for a hip prosthesis. Like reference numerals
increased by 400 with respect to the intramedullary stem 118
described in FIGS. 3-5, are used to designate like structure
for the femoral intramedullary stem 518. Like the embodi-
ment illustrated in FIGS. 3-12, the antibiotic delivery device
includes a femoral intramedullary stem 518 that is adapted
to be removably mounted into a medullary canal of a femur
bone. In this case, the stem 518 is mounted at the upper
portion of the femur bone. The femoral intramedullary stem
518 includes a body 526 having a proximate end 534 and a
distal end 536 disposed remote from the proximate end 534.
The stem 518 also includes a femoral head 560 and neck 562
extending from the proximal end 534 of the body 526 and
between the body 526 and the femoral head 560. In one
embodiment, the femoral head 560 and neck 562 are modu-
lar components. In its operative mode, the femoral neck 562
will be supplied in various incremental lengths, such as 5
mm increments, so that the space between the body 526 and
the femoral head 560 may be customized for any given
patient to maintain soft tissue tension of the hip in order to
achieve stability and resistance to dislocation of the femoral
head 560 and the socket. The femoral intramedullary stem
518 also includes at least one inlet 520, 521. However, in the
embodiment illustrated herein, the body 526 includes more
than one inlet, as will be described in greater detail below.
In addition, the body 526 and the femoral head 560 have a
plurality of outlets 522 and a channel 524 extending between
the at least one inlet 520, 521 and the plurality of outlets 522
for delivering fluid-borne antibiotic from the inlet 520, 521
to the plurality of outlets 522 so as to distribute the antibiotic
along the intramedullary canal as well as the socket of the
hip joint in a controlled fashion. In this context, those having
ordinary skill in the art will appreciate that the body 526 of
the femoral intramedullary stem 518 illustrated in FIGS.
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14-15 may have any of the other structure and features
described with respect to the stems illustrated in FIGS. 3-12
above.

In the embodiment illustrated in FIGS. 14-15, the body
526 includes an inlet 520 and the femoral bead includes a
separate inlet 521. Both inlets 520, 521 are in fluid com-
munication with the source of fluid-borne antibiotic 116. The
femoral head 560 has a hemispherical shape that is compli-
mentarily received in the socket of the hip joint. In its
operative mode, the femoral bead 560 will have a range of
sizes in, for example, 1 mm increments, so that the head may
be customized to fit a particular socket in any given patient.
In this way, and as explained in greater detail below, the
fluid-borne antibiotic is distributed directly through both the
medullary canal of the femur bone as well as at the socket
of'the hip joint in a controlled fashion. Like the embodiment
disclosed above, the flow of the antibiotic may be controlled
by the pump 114. Similarly, the pump 114 may be used to
disperse any type of fluid, such as cleansing fluid, in
intermittent pulsatile levage fashion throughout the device.

In its operative mode, the antibiotic implant assembly, its
individual intramedullary stems, as well as the entire system
is employed in the first stage of what is an abbreviated
two-stage re-implantation process. This process begins with
the removal of the infected implants and aggressive debride-
ment of the medullary canal. As noted above, in a traditional
two-stage re-implantation, an antibiotic cement spacer
would be placed between the tibia and femur bones in a knee
as well as the upper portion of the femur and hip socket, in
connection with a re-implantation of a hip. The wound
would then be closed and would heal completely in the next
six to twelve weeks before the patient would return for the
second stage. This extended period of time between the first
and second stages is necessary, in part, because the antibiotic
is distributed fern the cement using elusion principles and is
essentially uncontrolled.

However, in the abbreviated two-stage re-implantation
employing the antibiotic delivery system of the present
invention, the intramedullary stem 118, 218, 250, 350, 518
is mounted in the respective bone and provides direct
antibiotic irrigation of the wound once the system is
installed in both the tibia and femur (in the case of a knee
replacement) or in the upper portion of the femur and hip
socket (in the case of a hip replacement). Moreover, as best
show in FIG. 12, the coupler 410 in combination with the
tibial and femoral intramedullary stems 250, 350 acts to
stabilize the joint and provides the necessary spacing
between the tibia and femur bones. The wound may be
covered with a polyurethane continuously connected porous
sponge (for example, Granufoam manufactured by KCI).
This porous sponge also occupies deep and superficial
wound space. The incisional wound edges are then com-
pletely sewn over the negative pressure wound therapy
sponge except for the area just large enough to allow a
suction disk to be attached to the sponge. The open area of
the incision is typically about 6 cm to 8 cm in length,
however, those having ordinary skill in the art will appre-
ciate that the incision can have any suitable length. The
location of the incision is proximal incision on the knee, and
distal incision on the hip. An occlusive see-through dressing
is then applied. This is incorporated directly over the anti-
biotic in flow tubing and the outgoing wound suction tubing.

The direct infusion of antibiotic, such as Vancomycin,
into the infected joint cavity allows for a very high level of
drug concentration to be delivered in a fast and titratable
fashion. This is in contrast to solely relying on the traditional
antibiotic cement spacer to release the antibiotic through
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elusion principles alone, which is uncontrollable and typi-
cally starts out with most of the antibiotic released within the
first few days, then gradually tapering off over the next
weeks to months.

The present invention also takes advantage of concentra-
tion gradients. Over a typical 24-hour period, 4 g of Van-
comycin could be delivered directly into the wound bed at
the site of the infection at a concentration of approximately
13.3 mg per mm. In contrast, traditional IV antibiotic
delivery systems, in which 1 g of antibiotic are given every
24 hours, will achieve a serum concentration level of around
10 pg to 20 pug per mm, and even less of a level in the actual
joint space itself through diffusion. Those having ordinary
skill in the art will appreciate that the practice among
surgeons may vary and so different types of antibiotics in
different concentrations may be preferred by different sur-
geons under different circumstances. Nevertheless, in the
example set forth above, there is a concentration difference
of'a 1,000 fold or more in what concentration the actual joint
space itself is projected to see between the two techniques.
In addition, and using the traditional two-stage technique
described in the background section of this application, there
is no way to control the overall amount or rate of antibiotic
elusion from the cement spacer.

The intramedullary stems 118, 218, 250, 350, 518 of the
present invention may be manufactured of any suitable
material. However, one suitable material of note includes a
copper alloy. Copper has recently been recognized by the
U.S. Environmental Protection Agency as the first solid
surface material to be registered under the Federal Insecti-
cide, Fungicide and Rodentcide Act. According to the EPA
registration, certain copper alloys continuously reduce bac-
terial contamination achieving approximately 99.9% reduc-
tion within two hours of exposure. In addition, copper alloys
can also kill greater than 99.9% of bacteria within two hours
of exposure. Moreover, certain copper alloys deliver con-
tinuous and ongoing antibacterial action, even alter repeated
wear and re-contamination. Those having ordinary skill in
the art will appreciate that many different types of copper
alloys may be suitable for this purpose. However, in order
for the alloys to have antibacterial properties, it is believed
that they must contain at least 65% copper. As presently best
understood, there are currently 48 cast alloys which are
included in the Group II Copper Alloys which have between
85% and 95% copper. In any event, those having ordinary
skill in the art will appreciate that the present invention is not
limited to any specific copper alloy or any particular mate-
rial.

Like the stems, in one preferred embodiment the coupler
410 may also be metallic and may be manufactured using a
copper alloy. Multiple couplers may be available, each
having a variable thickness and transverse dimension that
act to separate the abutting ends of the stems by, for example
5 mm increments, to allow the distance between the tibial
and femoral stems to be customized in order to allow proper
distraction of the joint cavity (for example between 25 mm
and 40 mm), until the desired tension on the ligaments could
be obtained. As noted above, in addition to the pump
delivering the antibiotic fluid, the system 110 may also
employ a negative pressure wound therapy to remove anti-
biotic irrigation fluid and to aid in the eradication of infec-
tion through principles unique to that technology.

The antibiotic delivery system 110 and the associated
implant 112 assembly of the present invention overcomes
the disadvantages in the related art in providing a modular,
implantable device designed for short-term use of approxi-
mately one week as a part of an abbreviated two-stage
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re-implantation technique for treatment of a septic (infected)
TIR of either the knee or the hip. The present invention
provides structural rigidity to the joint and the limb during
the period of time between the removal of an infected
prosthesis and the re-insertion of a new prosthesis. This
allows the patient to be mobile, while minimizing pain. In
addition, the implant assembly 112 maintains joint space
while acting as a temporary spacer. This maintains proper
length of vital structures, including ligaments, muscles,
tendons, neurovascular structures, etc., until the new pros-
thesis can be implanted. The system 110 and the individual
components thereof act to deliver a controlled and titratable
antibiotic dosed directly into the synovial joint cavity and
medullary canals via an infusion system. In addition, the
system and its components act to irrigate and cleanse the
medullary canals through a novel concept utilizing intermit-
tent pulsatile levage.

The present invention has been described in an illustrative
manner. It is to be understood that the terminology that has
been used is intended to be in the nature of words of
description rather than of limitation. Many modifications
and variations of the present invention are possible in light
of the above teachings. Therefore, within the scope of the
appended claims, the present invention may be practiced
other than as specifically described. In addition, those hav-
ing ordinary skill in the art will appreciate from the fore-
going description, taken along with the drawings, that the
term “system” as used in the claims may encompass indi-
vidual components of the system, such as the intramedullary
stems, the implant assembly for both a knee and hip, as well
as the entire system, including the implant assembly, the
pump, and the source of antibiotic fluid. Thus, the term
“system” as it is used in the claims does not necessarily
encompass all of the components of the system and, depend-
ing on the scope of the individual claims, may refer to
merely a subcomponent of that system.

What is claimed is:

[1. An antibiotic delivery system comprising:

a femoral intramedullary stem adapted to be removably
mounted into a medullary canal of a femur bone, said
femoral intramedullary stem including a body having a
proximate end and a distal end disposed remote from
said proximate end, said body including a plurality of
fins extending therealong and disposed in spaced angu-
lar relationship with respect to each other so as to define
valleys that provide fluid flow spaces disposed between
adjacent fins, said fins adapted to engage said medul-
lary canal in a removably stable fashion, a femoral head
and a neck extending from said proximal end of said
body and between said body and said femoral head,
said femoral intramedullary stem including at least one
inlet, and a plurality of outlets disposed along said stem
and between an outer surface of one of said plurality of
adjacent fins in said valleys and in fluid communication
with said fluid flow spaces and a channel extending
between said inlet and said plurality of outlets, said
femoral head having a plurality of outlets and a channel
extending between said at least one inlet and said
plurality of outlets for delivering fluid-borne antibiotics
from said at least one inlet to said plurality of outlets so
as to distribute said antibiotic along said intramedullary
canal and the socket of a hip joint in a controlled
fashion.]

[2. An antibiotic delivery system as set forth in claim 1,
wherein said body includes an inlet and said femoral head
includes an inlet, both inlets being in fluid communication
with a source of fluid-borne antibiotic.]
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[3. An antibiotic delivery system as set forth in claim 1,
wherein said femoral head has a hemispherical shape so as
to be complimentarily received in the socket of a hip joint.]

[4. A method of treating an infected joint during a
two-stage re-implantation of an orthopedic implant, said
method comprising the steps of: removing the infected
implants mounted to the medullary canal of a bone; debrid-
ing the medullary canal; installing an intramedullary stem
into the medullary canal where the stem includes an inlet, a
plurality of outlets and a channel extending between the inlet
and the plurality of outlets; said stem including a plurality of
fins extending along a longitudinal axis of the stem and
disposed in spaced angular relationship with respect to each
other so as to define valleys that provide fluid flow spaces
disposed between adjacent fins and a plurality of outlets
disposed along said stem and between an outer surface of
one of said plurality of adjacent fins in said valleys and in
fluid communication with said fluid flow spaces providing a
source of fluid-borne antibiotic to the inlet of the intramed-
ullary stem so as to distribute the antibiotic into the med-
ullary canal in a controlled fashion.]

[5. A method of treating an infected orthopedic implant as
set forth in claim 4, wherein said step of installing an
intramedullary stem includes installing a tibial intramedul-
lary stem into the medullary canal of the tibia bone and
installing a femoral intramedullary stein into the medullary
canal of a femur bone.]

[6. A method of treating an infected orthopedic implant as
set forth in claim 5, wherein the method further includes the
step of positioning a coupler between the tibial intramedul-
lary stem and the femoral intramedullary stem so as to
provide axial stability between the tibial and femoral
intramedullary stems.]

[7. A method of treating an infected orthopedic implant as
set forth in claim 6, wherein the method further includes the
step of establishing fluid communication between the cou-
pler and the inlet of the tibial and femoral intramedullary
stems and providing fluid communication between the cou-
pler and a source of fluid-borne antibiotic so as to distribute
the antibiotic through the tibial and femoral intramedullary
stems and along the medullary canals in a controlled fash-
ion.]

8. A system for treating infected tissue, the system com-
prising:

an intramedullary stem adapted to be removably mounted

into a medullary canal of a bone, wherein the intramed-
ullary stem comprises a body with a longitudinal axis,
a proximal end, a distal end, an outer body surface
adapted to engage the inner wall of the bone, an inlet
in fluid communication with a fluid, a plurality of
outlets disposed longitudinally along the outer body
surface, and a channel extending between the inlet and
the plurality of outlets, the body including a plurality of
fins extending therealong and disposed so as to define
valleys that provide fluid flow spaces disposed between
adjacent fins, wherein the fluid is delivered to the
plurality of outlets so as to distribute the fluid along the
medullary canal in a controlled fashion; and

a fluid removal element fluidly coupled with the intramed-

ullary stem configured to remove fluid from the med-
ullary canal.

9. The system of claim 8, wherein the fluid removal
element comprises a negative pressure wound therapy sys-
tem.

10. The system of claim 9, further comprising a pump,
wherein the pump applies a vacuum for the negative pres-
sure wound therapy system.
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11. The system of claim 10, wherein the pump pumps the
fluid in a pulsatile fashion.

12. The system of claim 8, further comprising a spacer
element.

13. The system of claim 12, further comprising an addi-
tional stem coupled to the intramedullary stem via the
spacer.

14. The system of claim 8, wherein the plurality of outlets
are disposed at least partially circumferentially along the
outer body surface.

15. The system of claim 8, wherein the plurality of fins
extend along the longitudinal axis of the body.

16. The system of claim 8, wherein the plurality of fins are
spaced at least partially circumferentially along the outer
body surface so as to define one or more valleys between
adjacent fins.

17. The system of claim 8, wherein the plurality of fins are
spaced evenly circumferentially along the outer body sur-
face.

18. The system of claim 8, wherein an outer surface of the
plurality of fins is irvegularly contoured so as to form fluid
flow spaces therealong and to permit the fluid to flow past
the fluid flow spaces.

19. The system of claim 18, wherein the irregularly
contoured outer surface of the plurality of fins comprises
serrations.

20. The system of claim 8, wherein the intramedullary
stem further comprises a base plate at the proximal end
thereof.

21. The system of claim 20, wherein the inlet is disposed
on the base plate.

22. The system of claim 8, further comprising a pump,
wherein the pump is in fluid communication with a source of
the fluid and the inlet of the intramedullary stem, wherein the
pump acts to control delivery of the fluid to the medullary
canal through the plurality of outlets of the intramedullary
stem.

23. The system of claim 22, wherein the pump pumps the
fluid in a pulsatile fashion.

24. A method of treating an infected joint, said method
comprising:

installing an intramedullary stem into a medullary canal

of a bone, wherein said installing comprises engaging
an outer stem surface of the intramedullary stem to the
inner wall of the bone, the outer stem surface compris-
ing a plurality of fins extending therealong and dis-
posed so as to define valleys that provide fluid flow
spaces disposed between adjacent fins when engaging
with the inner wall of the bone;

irrigating the infected joint using a fluid that moves

through the intramedullary stem; and

removing the fluid.
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25. The method of claim 24, further comprising removing
one or more implants from an infected medullary canal of a
bone.

26. The method of claim 24, further comprising debriding
the medullary canal.

27. The method of claim 24, wherein the fluid comprises
an antibiotic.

28. The method of claim 24, wherein the fluid is removed
using a negative pressure wound therapy system.

29. An intramedullary implant for treating an infected hip
Joint, said intramedullary implant comprising:

a stem adapted to be removably mounted into a medullary
canal of a bone, the medullary canal defined by an
inner wall of the bone, wherein the stem comprises a
longitudinal axis, a proximal end, a distal end, an outer
stem surface adapted to engage the inner wall of the
bone, an inlet, a plurality of outlets disposed longitu-
dinally along the outer stem surface, and a channel
extending between the inlet and the plurality of outlets,
the stem including a plurality of fins extending therea-
long and disposed so as to define valleys that provide
fuid flow spaces disposed between adjacent fins;
head that is coupled to a neck, wherein the neck is
disposed at the proximal end of the intramedullary
stem; and

a fluid removal element fluidly coupled with the intramed-

ullary stem configured to remove fluid from the med-
ullary canal.

30. The implant of claim 29, wherein the fluid removal
element comprises a negative pressure wound therapy sys-
tem.

31. The implant of claim 30, further comprising a pump,
wherein the pump applies a vacuum for the negative pres-
sure wound therapy system.

32. The implant of claim 31, wherein the pump pumps the
fluid in a pulsatile fashion.

33. The implant of claim 29, wherein the head comprises
an outer head surface that is configured to engage a socket
of a joint.

34. The implant of claim 33, wherein the head comprises
a plurality of outlets disposed along the outer head surface
and in fluid communication with the inlet of the intramed-
ullary stem.

35. The implant of claim 34, wherein the fluid is further
delivered from a fluid source to the plurality of outlets
disposed along the outer head surface so as to distribute the
fuid along the socket of the joint in a controlled fashion.

36. The implant of claim 29, wherein the head is releas-
ably attached to the intramedullary stem.

37. The implant of claim 29, wherein the fluid moves
throughout the head.



