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DRUG DELIVERY TO A JOINT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of Us. Provi 
sional Application Ser. No. 60/536,135, ?led Jan. 13, 2004, 
and also claims the bene?t of Us. Provisional Application 
Ser. No. 60/566,737, ?led Apr. 29, 2004. The aforemen 
tioned patent applications are hereby incorporated herein by 
this reference. 

INTRODUCTION 

[0002] Pain and disability from arthritis, joint degenera 
tion, and surgery have been treated by a combination of oral 
medications or intra-articular injections of steroid com 
pounds designed to reduce in?ammation. In addition, other 
devices, such as hyaluronic acid products, have been 
injected to provide visco-supplementation. Unfortunately, 
these approaches have signi?cant systemic side effects or are 
not effective for extended periods of time. 

[0003] In order to provide local or regional blockade for 
extended periods, clinicians currently use local anesthetics 
administered through a catheter or syringe to a site Where the 
pain is to be blocked. This requires repeated administration 
Where the pain is to be blocked over a period of greater than 
one day, either as a bolus or through an indWelling catheter 
connected to an infusion pump. These methods have the 
disadvantage of potentially causing irreversible damage to 
nerves or surrounding tissues due to ?uctuations in concen 
tration and high levels of anesthetic. In addition, anesthetic 
administered by these methods are generally neither con 
?ned to the target area, nor delivered in a linear, continuous 
manner. In all cases, analgesia rarely lasts for longer than six 
to tWelve hours, more typically four to six hours. In the case 
of a pump, the infusion lines are di?icult to position and 
secure, the patient has limited, encumbered mobility and, 
When the patient is a small child or mentally impaired, they 
may accidentally disengage the pump. 

[0004] In part, this disclosure describes implantable 
devices that may be used to deliver drugs to a joint. 

SUMMARY 

[0005] In one aspect, this disclosure describes devices and 
methods for delivering drugs to the synovial ?uid of a joint 
by locally implanting a drug delivery device. In certain 
embodiments, the device is positioned in such a Way that 
agitation of synovial ?uid facilitates elution of the drug from 
the device. 

[0006] In one aspect, a method of intra-ar‘ticular drug 
delivery includes selecting an attachment Zone in a synovial 
joint and a?ixing a drug release device in the attachment 
Zone. Exemplary suitable attachment Zones include intra 
ar‘ticular regions of the synovial joint Where there is no 
interfacing articular cartilage. In certain instances, an attach 
ment Zone may include intra-ar‘ticular regions of bone that 
are non-load-bearing and optionally removed from the 
articulation surface. In certain embodiments, the drug 
release device includes a base a?ixable in the attachment 
Zone, a sustained-release drug carrier, and a drug. The device 
may be positioned, in certain applications, so that the device 
releases the drug into the synovial ?uid of the synovial joint, 
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and further, so that agitation of the synovial ?uid may 
facilitate elution of the drug from the drug release device. 

[0007] In a further aspect, a method of providing a thera 
peutic to a skeletal articulation includes identifying a safe 
Zone of the articulation and coupling a therapeutic elution 
apparatus in the safe Zone. Exemplary safe Zones include 
non-load-bearing regions in or around the articulation. In 
certain embodiments, the therapeutic elution apparatus 
includes a body couplable in the safe Zone, and a therapeutic 
dispersed in a controlled-release binder. The apparatus may 
be positioned, in certain applications, so that it releases the 
therapeutic into the articulation environment. 

[0008] In another aspect, a drug delivery device includes 
a base and a sustained-release drug carrier coupled to the 
base. In certain embodiments, the base may be so siZed and 
shaped as to be capable of a?ixation in an attachment Zone 
of a synovial joint. Typically, the carrier includes a drug to 
be eluted in vivo, often into the synovial ?uid upon implan 
tation of the device in a joint. In certain applications, the 
carrier may be so formed as to elute the drug into synovial 
?uid su?icient to sustain a therapeutically effective concen 
tration of the drug in the synovial ?uid for at least 8 hours. 

[0009] In yet another aspect, a Wide range of therapeutic 
drugs are contemplated, including but limited to antiin?am 
matories, antiinfectives, analgesics, and anesthetics. AWide 
range of drug carrier materials are contemplated, including 
but not limited to polymers, such as polytetra?uoroethylene, 
poly?uorinated ethylenepropylene, polylactic acid, polygly 
colic acid, silicone, and mixtures thereof. 

[0010] In still another aspect, a drug delivery device may 
be delivered by a Wide variety of methods, such as by 
placement into a drill site, or forceful injection by gun. In an 
embodiment, a method of intra-articular drug delivery may 
include selecting an attachment Zone in a synovial joint, and 
a?ixing a drug release device in the attachment Zone, the 
drug release device comprising a base a?ixable in the 
attachment Zone, a sustained-release drug carrier, and a 
drug, the device positioned so that the device releases the 
drug into the synovial ?uid of the synovial joint, and so that 
agitation of the synovial ?uid facilitates elution of the drug 
from the drug release device. 

[0011] In any preceding embodiment, the attachment Zone 
may include a non-articulating portion of bone and/or car 
tilage Within the synovial joint. 

[0012] Any preceding embodiment may further include 
removing the bone and/ or cartilage in the attachment Zone to 
create a void, and so inserting the drug release device into 
the void that at least one surface of the drug release device 
is in communication With the synovial ?uid. 

[0013] In any preceding embodiment, the drug release 
device may be so inserted that its surface in communication 
With the synovial ?uid is about ?ush With surrounding bone 
and/or cartilage. 

[0014] In any preceding embodiment, the attachment Zone 
may include a band of bone and/or cartilage adjacent to an 
articulating surface Within the synovial joint. 

[0015] In any preceding embodiment, the band may 
extend from about 0.5 millimeters to about 1 centimeter 
aWay from the articulating surface. 
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[0016] In any preceding embodiment, the synovial joint 
may be a hip joint, and the attachment Zone may include a 
non-articulating portion of bone and/or cartilage Within the 
hip. 

[0017] In any preceding embodiment, the attachment Zone 
may include a band of bone and/or cartilage adjacent to at 
least one of a femoral head, and an acetabulum. 

[0018] In any preceding embodiment, the synovial joint 
may be a knee joint, and the attachment Zone may include 
a non-articulating portion of bone and/ or cartilage Within the 
knee. 

[0019] In any preceding embodiment, the attachment Zone 
may include a band of bone and/or cartilage adjacent to at 
least one of a tibial plateau, a femoral condyle, a patel 
lofemoral area, the medial rim of a femoral trochlea, the 
lateral rim of a femoral trochlea, and the periphery of an 
intercondylar notch. 

[0020] In any preceding embodiment, the synovial joint 
may be a shoulder joint, and the attachment Zone comprises 
a non-articulating portion of bone and/ or cartilage Within the 
shoulder. 

[0021] In any preceding embodiment, the attachment Zone 
may include a band of bone and/or cartilage adjacent to at 
least one of the anatomical neck of a humerus, a glenoid 
cavitym and a glenoid neck. 

[0022] In any preceding embodiment, the synovial joint 
may be an arthroplastic joint comprising at least one pros 
thesis, and the attachment Zone comprises a non-articulating 
portion of bone and/or cartilage Within the joint. 

[0023] In any preceding embodiment, Wherein the attach 
ment Zone may include a band of bone and/or cartilage 
adjacent to the at least one prosthesis. 

[0024] In any preceding embodiment, the drug release 
device may be forcefully injected by gun. 

[0025] In any preceding embodiment, the drug release 
device may include threads on its outer surface, and the drug 
release device may be a?ixed by drilling a hole in the 
attachment Zone and screWing the drug release device into 
the hole. 

[0026] In any preceding embodiment, the drug release 
device may include a base, so siZed and shaped as to be 
a?ixable in an attachment Zone of a synovial joint, and a 
sustained-release drug carrier coupled to the base, the carrier 
including a drug, the carrier so formed as to elute the drug 
into synovial ?uid, upon implantation of the device in a 
joint, su?icient to sustain a therapeutically effective concen 
tration of the drug in the synovial ?uid for at least 8 hours. 

BRIEF DESCRIPTION OF THE FIGURES 

[0027] FIG. 1 depicts a cross section of an exemplary 
intra-articular drug delivery device. 

[0028] FIG. 2 depicts an exemplary positioning of an 
intra-articular drug delivery device. 

[0029] FIG. 3 depicts a cross section of a generaliZed 
synovial joint. 
[0030] FIG. 4 depicts a cross section of a knee joint 
shoWing exemplary placements of an intra-articular drug 
delivery device. 
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[0031] FIGS. 5-8 depict various synovial joints and exem 
plary placements of an intra-articular drug delivery device 
therein. 

[0032] FIGS. 9-11A depict exemplary drug delivery 
devices and components. 

[0033] FIGS. 12-13 depict exemplary placements of drug 
delivery devices. 

[0034] FIG. 14 depicts an exemplary insertion device for 
a drug delivery device. 

[0035] FIGS. 15-17 depict various synovial joints and 
exemplary placements of an intra-articular drug delivery 
device therein. 

[0036] FIG. 18 depicts an exemplary placements of an 
intra-articular drug delivery device in the context of arthro 
plasty. 

DETAILED DESCRIPTION 

[0037] 1. Overview 

[0038] The present disclosure provides devices and meth 
ods for delivering drugs to joints, particularly synovial 
joints. In part, this disclosure provides controlled-release 
devices that are capable of being implanted in the joint to 
deliver therapeutic agents, often to the synovial ?uid. In 
certain examples, the devices, When implanted, are capable 
of providing sustained drug release of therapeutic agents 
into the synovial ?uid of the affected joint for the relief of 
pain, reduction of in?ammation, the enhancement of joint 
lubrication, the treatment of infection, and/or the treatment 
or prevention of other diseases or conditions. 

[0039] In a preferred embodiment, a device is implanted 
Within a joint into bone in an area that is substantially 
exposed to synovial ?uid ?oW, preferably alloWing sustained 
elution of the therapeutic compound into the synovial ?uid 
and a substantially even distribution of the desired thera 
peutic Within the joint. In certain instances, the implantation 
site is constantly exposed to synovial ?uid ?oW. 

[0040] Each joint contains speci?ed areas de?ned hereaf 
ter as “attachment Zones” that permit drilling, anchoring, or 
other types of a?ixing of a device. Certain attachment Zones 
Will not cause substantial damage to the load-bearing or 
articulating cartilage or other surfaces of the speci?ed joint. 
In certain embodiments, the placement and location of the 
device does not cause material damage to the cartilage 
surface, as it may placed and secured using an anchoring 
device that ?xes the device to bone, in the joint cavity, but 
not into or on the articulating surface of the joint in a manner 
that could cause such damage While the device is in place. 

[0041] The controlled release devices may be biocompat 
ible and may be capable of being implanted or otherWise 
placed into a joint. In an exemplary embodiment, a device 
may have a core including a drug/polymer composition and 
an outer layer along the long axis of the device that is 
substantially impermeable to the entrance of an environ 
mental ?uid and substantially impermeable to the release of 
the drug during a delivery period, With drug release possible 
across a short axis plane of the device, Which axis or end of 
the device may be exposed to synovial ?uid upon placement. 
In certain instances, the end of the device may have a 
semipermeable membrane or alternatively it may expose the 
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core directly. In certain instances, the short axis plane of a 
device may account for a minority, such as no more than 
about 10%, no more than about 20%, no more than about 
30%, no more than about 40%, or less than 50%, of the total 
surface area of the device. The device can be so siZed and 
shaped, and formed of such materials, as to facilitate deliv 
ering a variety of drugs With varying degrees of solubility 
and molecular Weight. Methods are also provided for using 
these drug delivery devices. 

[0042] In certain aspects, the devices may be implanted in 
regions of a joint that are non-load-bearing and/or that do not 
form part of the cartilaginous articulation surfaces of bones. 
In further examples, the devices may be anchored to and 
recessed Within bone either fully or in part. In certain 
instances, usually When recessed fully, the portion of the 
device’s surface exposed to the synovial ?uid is substan 
tially ?ush With the bone surface. In still further embodi 
ments, the devices may be positioned in a joint so that 
agitation of synovial ?uid past or through the exposed 
surface facilitates elution of a therapeutic incorporated in the 
device. In other examples, the one or more therapeutics may 
be formulated for sustained release, such as by impregnating 
them in a matrix, or mixing them With a suitable composi 
tion, such as a polymer. 

[0043] 2. De?nitions 

[0044] For convenience, before further description of 
exemplary embodiments, certain terms employed in the 
speci?cation, examples, and appended claims are collected 
here. These de?nitions should be read in light of the remain 
der of the disclosure and understood as by a person of skill 
in the art. 

[0045] The articles “a” and “an” are used herein to refer to 
one or to more than one (i.e., to at least one) of the 
grammatical object of the article. By Way of example, “an 
element” means one element or more than one element. 

[0046] The term “access device” is an art-recognized term 
and includes any medical device adapted for gaining or 
maintaining access to an anatomic area. Such devices are 
familiar to artisans in the medical and surgical ?elds. An 
access device may be a needle, a catheter, a cannula, a trocar, 
a tubing, a shunt, a drain, or an endoscope such as an 
otoscope, nasopharyngoscope, bronchoscope, or any other 
endoscope adapted for use in the joint area, or any other 
medical device suitable for entering or remaining positioned 
Within the preselected anatomic area. 

[0047] The terms “biocompatible polymer” and “biocom 
patibility” When used in relation to polymers are art-recog 
niZed. For example, biocompatible polymers include poly 
mers that are generally neither themselves toxic to the host, 
nor degrade (if the polymer degrades) at a rate that produces 
monomeric or oligomeric subunits or other byproducts at 
toxic concentrations in the host. In certain embodiments, 
biodegradation generally involves degradation of the poly 
mer in a host, e.g., into its monomeric subunits, Which may 
be knoWn to be effectively non-toxic. Intermediate oligo 
meric products resulting from such degradation may have 
different toxicological properties, hoWever, or biodegrada 
tion may involve oxidation or other biochemical reactions 
that generate molecules other than monomeric subunits of 
the polymer. Consequently, in certain embodiments, toxi 
cology of a biodegradable polymer intended for in vivo use, 
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such as implantation or injection into a patient, may be 
determined after one or more toxicity analyses. It is not 
necessary that any subject composition have a purity of 
100% to be deemed biocompatible; indeed, it is only nec 
essary that the subject compositions be biocompatible as set 
forth above. Hence, a subject composition may comprise 
polymers comprising 99%, 98%, 97%, 96%, 95%, 90%, 
85%, 80%, 75% or even less of biocompatible polymers, 
e.g., including polymers and other materials and excipients 
described herein, and still be biocompatible. 

[0048] To determine Whether a polymer or other material 
is biocompatible, it may be necessary to conduct a toxicity 
analysis. Such assays are Well knoWn in the art. One 
example of such an assay may be performed With live 
carcinoma cells, such as GT3TKB tumor cells, in the 
folloWing manner: the sample is degraded in 1M NaOH at 
37° C. until complete degradation is observed. The solution 
is then neutraliZed With 1M HCl. About 200 pL of various 
concentrations of the degraded sample products are placed 
in 96-Well tissue culture plates and seeded With human 
gastric carcinoma cells (GT3TKB) at l04/Well density. The 
degraded sample products are incubated With the GT3TKB 
cells for 48 hours. The results of the assay may be plotted as 
% relative groWth vs. concentration of degraded sample in 
the tissue-culture Well. In addition, polymers and formula 
tions may also be evaluated by Well-knoWn in vivo tests, 
such as subcutaneous implantations in rats to con?rm that 
they do not cause signi?cant levels of irritation or in?am 
mation at the subcutaneous implantation sites. 

[0049] The term “biodegradable” is art-recognized, and 
includes polymers, compositions and formulations, such as 
those described herein, that are intended to degrade during 
use. Biodegradable polymers typically differ from non 
biodegradable polymers in that the former may be degraded 
during use. In certain embodiments, such use involves in 
vivo use, such as in vivo therapy, and in other certain 
embodiments, such use involves in vitro use. In general, 
degradation attributable to biodegradability involves the 
degradation of a biodegradable polymer into its component 
subunits, or digestion, e.g., by a biochemical process, of the 
polymer into smaller, non-polymeric subunits. In certain 
embodiments, tWo different types of biodegradation may 
generally be identi?ed. For example, one type of biodegra 
dation may involve cleavage of bonds (Whether covalent or 
otherwise) in the polymer backbone. In such biodegradation, 
monomers and oligomers typically result, and even more 
typically, such biodegradation occurs by cleavage of a bond 
connecting one or more of subunits of a polymer. In contrast, 
another type of biodegradation may involve cleavage of a 
bond (Whether covalent or otherWise) internal to side chain 
or that connects a side chain to the polymer backbone. For 
example, a therapeutic agent or other chemical moiety 
attached as a side chain to the polymer backbone may be 
released by biodegradation. In certain embodiments, one or 
the other or both generally types of biodegradation may 
occur during use of a polymer. As used herein, the term 
“biodegradation” encompasses both general types of bio 
degradation. 

[0050] The degradation rate of a biodegradable polymer 
often depends in part on a variety of factors, including the 
chemical identity of the linkage responsible for any degra 
dation, the molecular Weight, crystallinity, biostability, and 
degree of cross-linking of such polymer, the physical char 
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acteristics of the implant, shape and size, and the mode and 
location of administration. For example, the greater the 
molecular Weight, the higher the degree of crystallinity, 
and/ or the greater the biostability, the biodegradation of any 
biodegradable polymer is usually sloWer. The term “biode 
gradable” is intended to cover materials and processes also 
termed “bioerodible”. 

[0051] In certain embodiments, if the biodegradable poly 
mer also has a therapeutic agent or other material associated 
With it, the biodegradation rate of such polymer may be 
characterized by a release rate of such materials. In such 
circumstances, the biodegradation rate may depend on not 
only the chemical identity and physical characteristics of the 
polymer, but also on the identity of any such material 
incorporated therein. 

[0052] In certain embodiments, polymeric formulations 
biodegrade Within a period that is acceptable in the desired 
application. In certain embodiments, such as in vivo therapy, 
such degradation occurs in a period usually less than about 
?ve years, one year, six months, three months, one month, 
?fteen days, ?ve days, three days, or even one day on 
exposure to a physiological solution With a pH betWeen 6 
and 8 having a temperature of betWeen 25 and 37° C. In 
other embodiments, the polymer degrades in a period of 
betWeen about one hour and several Weeks, depending on 
the desired application. 

[0053] The terms “comprise, comprising, 1nclude,”“in 
cluding,”“have,” and “having” are used in the inclusive, 
open sense, meaning that additional elements may be 
included. The terms “such as”, “e.g.”, as used herein are 
non-limiting and are for illustrative purposes only. “Includ 
ing” and “including but not limited to” are used interchange 
ably. 

[0054] The term “drug delivery device” is an art-recog 
nized term and refers to any medical device suitable for the 
application of a drug to a targeted organ or anatomic region. 
The term includes those devices that transport or accomplish 
the instillation of the compositions toWards the targeted 
organ or anatomic area, even if the device itself is not 
formulated to include the composition. As an example, a 
needle or a catheter through Which the composition is 
inserted into an anatomic area or into a blood vessel or other 

structure related to the anatomic area is understood to be a 
drug delivery device. As a further example, a stent or a shunt 
or a catheter that has the composition included in its sub 
stance or coated on its surface is understood to be a drug 
delivery device. A drug delivery device can include a rigid 
or ?exible container. It may include a semi-solid composi 
tion that release drug by dissolution of the device or by 
leaching of drug from the device. We should also be clear 
that “implant” covers attaching to the joint in any Way, e.g., 
by implanting into a cavity in bone or cartilage or by 
suturing or otherWise adhering the device to the surface of 
bone, tendon, or cartilage. 

[0055] When used With respect to a therapeutic agent or 
other material, the term “sustained release” is art-recog 
nized. For example, a subject composition that releases a 
substance over time may exhibit sustained release charac 
teristics, in contrast to a bolus type administration in Which 
the entire amount of the substance is made biologically 
available at one time. For example, in particular embodi 
ments, upon contact With body ?uids including blood, tissue 
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?uid, lymph or the like, the polymer matrices (formulated as 
provided herein and otherWise as knoWn to one of skill in the 
art) may undergo gradual degradation (e.g., through 
hydrolysis) With concomitant release of any material incor 
porated therein, for a sustained or extended period (as 
compared to the release from a bolus). This release may 
result in prolonged delivery of therapeutically effective 
amounts of any incorporated a therapeutic agent. Sustained 
release Will vary in certain embodiments as described in 
greater detail beloW. 

[0056] The term “delivery agent” is an art-recognized 
term, and includes molecules that facilitate the intracellular 
delivery of a therapeutic agent or other material. Examples 
of delivery agents include: sterols (e.g., cholesterol) and 
lipids (e.g., a cationic lipid, virosome or liposome). 

[0057] The term “or” as used herein should be understood 
to mean “and/or”, unless the context clearly indicates oth 
erWise. 

[0058] The phrases “parenteral administration” and 
“administered parenterally” are art-recognized terms, and 
include modes of administration other than enteral and 
topical administration, such as injections, and include, With 
out limitation, intravenous, intramuscular, intrapleural, 
intravascular, intrapericardial, intraarterial, intrathecal, int 
racapsular, intraorbital, intracardiac, intraderrnal, intraperi 
toneal, transtracheal, subcutaneous, subcuticular, intra-ar 
ticular, subcapsular, subarachnoid, intraspinal and 
intrasternal injection and infusion. 

[0059] The term “treating” is art-recognized and includes 
preventing a disease, disorder or condition from occurring in 
an animal Which may be predisposed to the disease, disorder 
and/or condition but has not yet been diagnosed as having it; 
inhibiting the disease, disorder or condition, e.g., impeding 
its progress; and relieving the disease, disorder or condition, 
e.g., causing regression of the disease, disorder and/or 
condition. Treating the disease or condition includes ame 
liorating at least one symptom of the particular disease or 
condition, even if the underlying pathophysiology is not 
affected. 

[0060] The term “?uid” is art-recognized to refer to a 
non-solid state of matter in Which the atoms or molecules are 
free to move in relation to each other, as in a gas or liquid. 
If unconstrained upon application, a ?uid material may ?oW 
to assume the shape of the space available to it, covering for 
example, the surfaces of an excisional site or the dead space 
left under a ?ap. A ?uid material may be inserted or injected 
into a limited portion of a space and then may ?oW to enter 
a larger portion of the space or its entirety. Such a material 
may be termed “?oWable.” This term is art-recognized and 
includes, for example, liquid compositions that are capable 
of being sprayed into a site; injected With a manually 
operated syringe ?tted With, for example, a 23-gauge needle; 
or delivered through a catheter. Also included in the term 
“?oWable” are those highly viscous, “gel-like” materials at 
room temperature that may be delivered to the desired site 
by pouring, squeezing from a tube, or being injected With 
any one of the commercially available injection devices that 
provide injection pressures su?icient to propel highly vis 
cous materials through a delivery system such as a needle or 
a catheter. When the polymer used is itself ?oWable, a 
composition comprising it need not include a biocompatible 
solvent to alloW its dispersion Within a body cavity. Rather, 
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the ?oWable polymer may be delivered into the body cavity 
using a delivery system that relies upon the native ?oWabil 
ity of the material for its application to the desired tissue 
surfaces. For example, if ?oWable, a composition compris 
ing polymers can be injected to form, after injection, a 
temporary biomechanical barrier to coat or encapsulate 
internal organs or tissues, or it can be used to produce 
coatings for solid implantable devices. In certain instances, 
?oWable subject compositions have the ability to assume, 
over time, the shape of the space containing it at body 
temperature. 

[0061] Viscosity is understood herein as it is recogniZed in 
the art to be the internal friction of a ?uid or the resistance 
to ?oW exhibited by a ?uid material When subjected to 
deformation. The degree of viscosity of the polymer may be 
adjusted by the molecular Weight of the polymer and other 
methods for altering the physical characteristics of a speci?c 
polymer Will be evident to practitioners of ordinary skill 
With no more than routine experimentation. The molecular 
Weight of the polymer used may vary Widely, depending on 
Whether a rigid solid state (higher molecular Weights) desir 
able, or Whether a ?uid state (loWer molecular Weights) is 
desired. 

[0062] The phrase “pharmaceutically acceptable” is art 
recogniZed. In certain embodiments, the term includes com 
positions, polymers and other materials and/or dosage forms 
Which are, Within the scope of sound medical judgment, 
suitable for use in contact With the tissues of human beings 
and animals Without excessive toxicity, irritation, allergic 
response, or other problem or complication, commensurate 
With a reasonable bene?t/risk ratio. 

[0063] The phrase “pharmaceutically acceptable carrier” 
is art-recognized, and includes, for example, pharmaceuti 
cally acceptable materials, compositions or vehicles, such as 
a liquid or solid ?ller, diluent, excipient, solvent or encap 
sulating material, involved in carrying or transporting any 
subject composition from one organ, or portion of the body, 
to another organ, or portion of the body. Each carrier must 
be “acceptable” in the sense of being compatible With the 
other ingredients of a subject composition and not injurious 
to the patient. In certain embodiments, a pharrnaceutically 
acceptable carrier is non-pyrogenic. Some examples of 
materials Which may serve as pharrnaceutically acceptable 
carriers include: (1) sugars, such as lactose, glucose and 
sucrose; (2) starches, such as corn starch and potato starch; 
(3) cellulose, and its derivatives, such as sodium carboxym 
ethyl cellulose, ethyl cellulose and cellulose acetate; (4) 
poWdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) 
excipients, such as cocoa butter and suppository Waxes; (9) 
oils, such as peanut oil, cottonseed oil, sun?oWer oil, sesame 
oil, olive oil, corn oil and soybean oil; (10) glycols, such as 
propylene glycol; (11) polyols, such as glycerin, sorbitol, 
mannitol and polyethylene glycol; (12) esters, such as ethyl 
oleate and ethyl laurate; (l3) agar; (l4) bu?fering agents, 
such as magnesium hydroxide and aluminum hydroxide; 
(l5) alginic acid; (16) pyrogen-free Water; (17) isotonic 
saline; (l8) Ringer’s solution; (19) ethyl alcohol; (20) phos 
phate buffer solutions; and (21) other non-toxic compatible 
substances employed in pharmaceutical formulations. 

[0064] The term “pharmaceutically acceptable salts” is 
art-recognized, and includes relatively non-toxic, inorganic 
and organic acid addition salts of compositions, including 
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Without limitation, therapeutic agents, excipients, other 
materials and the like. Examples of pharrnaceutically 
acceptable salts include those derived from mineral acids, 
such as hydrochloric acid and sulfuric acid, and those 
derived from organic acids, such as ethanesulfonic acid, 
benZenesulfonic acid, p-toluenesulfonic acid, and the like. 
Examples of suitable inorganic bases for the formation of 
salts include the hydroxides, carbonates, and bicarbonates of 
ammonia, sodium, lithium, potassium, calcium, magnesium, 
aluminum, Zinc and the like. Salts may also be formed With 
suitable organic bases, including those that are non-toxic and 
strong enough to form such salts. For purposes of illustra 
tion, the class of such organic bases may include mono-, di-, 
and trialkylamines, such as methylamine, dimethylamine, 
and triethylamine; mono-, di- or trihydroxyalkylamines such 
as mono-, di-, and triethanolamine; amino acids, such as 
arginine and lysine; guanidine; N-methylglucosamine; 
N-methylglucamine; L-glutamine; N-methylpiperaZine; 
morpholine; ethylenediamine; N-benZylphenethylamine; 
(trihydroxymethyl)aminoethane; and the like. See, for 
example, J. Pharm. Sci., 66:1-19 (1977). 

[0065] A “patient,”“subj ect,” or “host” to be treated by the 
subject method may mean either a human or non-human 
animal, such as primates, mammals, and vertebrates. 

[0066] The term “prophylactic or therapeutic” treatment is 
art-recognized and includes administration to the host of one 
or more of the subject compositions. If it is administered 
prior to clinical manifestation of the unwanted condition 
(e.g., disease or other unWanted state of the host animal) 
then the treatment is prophylactic, i.e., it protects the host 
against developing the unWanted condition, Whereas if it is 
administered after manifestation of the unWanted condition, 
the treatment is therapeutic (i.e., it is intended to diminish, 
ameliorate, or stabiliZe the existing unWanted condition or 
side effects thereof). 

[0067] The term “synovial joint” refers to a moveable 
articulation of tWo or more bones. The articulation is de?ned 
by a synovial cavity, Which contains a volume of synovial 
?uid, is lined With a synovial membrane, and is surrounded 
by a ?brous capsule. The opposing bone surfaces are each 
covered With a layer of cartilage. The cartilage and synovial 
?uid reduce friction betWeen the articulating bone surfaces 
and enable smooth movements. Synovial joints can be 
further distinguished by their shape, Which controls the 
movements they alloW. For example, hinge joints act like the 
hinge on a door, alloWing ?exion and extension in just one 
plane. An example is the elboW betWeen the humerus and the 
ulna. Ball and socket joints, such as the hip, alloW movement 
in several planes simultaneously. Condyloid (or ellipsoid) 
joints, such as the knee, permit motion in more than one 
plane in some positions but not others. For example, no 
rotation is possible in the extended knee, but some rotation 
is possible When the knee is ?exed. Pivot joints, such as the 
elboW (betWeen the radius and the ulna), alloW one bone to 
rotate around another. Saddle joints, such as at the thumb 
(betWeen the metacarpal and carpal) are so named because 
of their saddle shape, and alloW movement in a variety of 
directions. Finally, gliding joints, such as in the carpals of 
the Wrist, alloW a Wide variety of movement, but not much 
distance. 

[0068] Synovial joints include but are not limited to shoul 
der (glenohumeral and acromioclavicular), elboW (ulno 
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humeral, radio-capitellar and proximal radioulnar), forearm 
(radioulnar, radiocarpal, ulnocarpal), Wrist (distal radioul 
nar, radio-carpal, ulnocarpal, mid carpal), hand (carpo 
metacarpal, metocarpophalangeal, interphalangeal), spine 
(intervertebral), hip, knee, ankle (tibiotalar, tibio?bular), and 
foot (talocalcaneal, talonavicular, intertarsal, tarso-metatar 
sal, metatarsal-phalangeal, interphalangeal). 
[0069] The terms “therapeutic agent”, “drug”, “medica 
ment” and “bioactive substance” are art-recognized and 
include molecules and other agents that are biologically, 
physiologically, or pharmacologically active substances that 
act locally or systemically in a patient or subject to treat a 
disease or condition, such as joint pain, degeneration, 
in?ammation, or infection. The terms include Without limi 
tation, medicaments; vitamins; mineral supplements; sub 
stances used for the treatment, prevention, diagnosis, cure or 
mitigation of disease or illness; or substances which affect 
the structure or function of the body; or pro-drugs, Which 
become biologically active or more active after they have 
been placed in a predetermined physiological environment. 

[0070] Such agents may be acidic, basic, or salts; they may 
be neutral molecules, polar molecules, or molecular com 
plexes capable of hydrogen bonding; they may be prodrugs 
in the form of ethers, esters, amides and the like that are 
biologically activated When administered into a patient or 
subject. 
[0071] The phrase “therapeutically effective amount” is an 
art-recognized term. In certain embodiments, the term refers 
to an amount of a therapeutic agent that, When incorporated 
into a polymer, produces some desired effect at a reasonable 
bene?t/risk ratio applicable to any medical treatment. In 
certain embodiments, the term refers to that amount neces 
sary or suf?cient to eliminate, reduce or maintain (e.g., 
prevent the spread of) a tumor or other target of a particular 
therapeutic regimen. The effective amount may vary 
depending on such factors as the disease or condition being 
treated, the particular targeted constructs being adminis 
tered, the siZe of the subject or the severity of the disease or 
condition. One of ordinary skill in the art may empirically 
determine the effective amount of a particular compound 
Without necessitating undue experimentation. 
[0072] The term “preventing”, When used in relation to a 
condition, such as a local recurrence, a disease such as 
cancer, a syndrome complex such as heart failure or any 
other medical condition, is Well understood in the art, and 
includes administration of a composition Which reduces the 
frequency of, or delays the onset of, symptoms of a medical 
condition in a subject relative to a subject Which does not 
receive the composition. Thus, prevention of cancer 
includes, for example, reducing the number of detectable 
cancerous groWths in a population of patients receiving a 
prophylactic treatment relative to an untreated control popu 
lation, and/or delaying the appearance of detectable cancer 
ous groWths in a treated population versus an untreated 
control population, e.g., by a statistically and/or clinically 
signi?cant amount. Prevention of an infection includes, for 
example, reducing the number of diagnoses of the infection 
in a treated population versus an untreated control popula 
tion, and/ or delaying the onset of symptoms of the infection 
in a treated population versus an untreated control popula 
tion. 

[0073] “RadiosensitiZer” is de?ned as a therapeutic agent 
that, upon administration in a therapeutically effective 
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amount, promotes the treatment of one or more diseases or 
conditions that are treatable With electromagnetic radiation. 
In general, radiosensitiZers are intended to be used in 
conjunction With electromagnetic radiation as part of a 
prophylactic or therapeutic treatment. Appropriate radiosen 
sitiZers to use in conjunction With treatment With the subject 
compositions Will be knoWn to those of skill in the art. 

[0074] “Electromagnetic radiation” as used in this speci 
?cation includes, but is not limited to, radiation having the 
Wavelength of 10'20 to 10 meters. Particular embodiments of 
electromagnetic radiation employ the electromagnetic radia 
tion of: gamma-radiation (10'20 to 10'13 m), x-ray radiation 
(10-11 to 10-9 m), ultraviolet light (10 nm to 400 nm), visible 
light (400 nm to 700 nm), infrared radiation (700 nm to 1.0 
mm), and microWave radiation (1 mm to 30 cm). 

[0075] The phrases “systemic administration, adminis 
tered systemically,”“peripheral administration” and “admin 
istered peripherally” are art-recognized, and include the 
administration of a subject composition or other material at 
a site remote from the disease being treated. Administration 
of an agent directly into, onto or in the vicinity of a lesion 
of the disease being treated, even if the agent is subsequently 
distributed systemically, may be termed “local” or “topical” 
or “regional” administration, other than directly into the 
central nervous system, e.g., by subcutaneous administra 
tion, such that it enters the patient’s system and, thus, is 
subject to metabolism and other like processes. 

[0076] In certain embodiments, a therapeutically effective 
amount of a therapeutic agent for in vivo use Will likely 
depend on a number of factors, including: the rate of release 
of the agent from the polymer matrix, Which Will depend in 
part on the chemical and physical characteristics of the 
polymer; the identity of the agent; the mode and method of 
administration; and any other materials incorporated in the 
polymer matrix in addition to the agent. 

[0077] The term “EDSO” is art-recognized. In certain 
embodiments, ED5O means the dose of a drug Which pro 
duces 50% of its maximum response or effect, or altema 
tively, the dose Which produces a pre-determined response in 
50% of test subjects or preparations. The term “LDSO” is 
art-recognized. In certain embodiments, LD5O means the 
dose of a drug Which is lethal in 50% of test subjects. The 
term “therapeutic index” is an art-recognized term Which 
refers to the therapeutic index of a drug, de?ned as LDSO/ 
EDSO. 
[0078] The terms “incorporated” and “encapsulated” are 
art-recognized When used in reference to a therapeutic agent 
and a polymeric composition, such as a composition dis 
closed herein. In certain embodiments, these terms include 
incorporating, formulating or otherWise including such 
agent into a composition Which alloWs for sustained release 
of such agent in the desired application. The terms may 
contemplate any manner by Which a therapeutic agent or 
other material is incorporated into a polymer matrix, includ 
ing for example: attached to a monomer of such polymer (by 
covalent or other binding interaction) and having such 
monomer be part of the polymeriZation to give a polymeric 
formulation, distributed throughout the polymeric matrix, 
appended to the surface of the polymeric matrix (by covalent 
or other binding interactions), encapsulated inside the poly 
meric matrix, etc. The term “co-incorporation” or “co 
encapsulation” refers to the incorporation of a therapeutic 
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agent or other material and at least one other a therapeutic 
agent or other material in a subject composition. 

[0079] More speci?cally, the physical form in Which a 
therapeutic agent or other material is encapsulated in poly 
mers may vary With the particular embodiment. For 
example, a therapeutic agent or other material may be ?rst 
encapsulated in a microsphere and then combined With the 
polymer in such a Way that at least a portion of the 
microsphere structure is maintained. Alternatively, a thera 
peutic agent or other material may be su?iciently immiscible 
in a controlled-release polymer that it is dispersed as small 
droplets, rather than being dissolved, in the polymer. Any 
form of encapsulation or incorporation is contemplated by 
the present disclosure, in so much as the sustained release of 
any encapsulated therapeutic agent or other material deter 
mines Whether the form of encapsulation is su?iciently 
acceptable for any particular use. 

[0080] The term “biocompatible plasticiZer” is art-recog 
niZed, and includes materials Which are soluble or dispers 
ible in the controlled-release compositions described herein, 
Which increase the ?exibility of the polymer matrix, and 
Which, in the amounts employed, are biocompatible. Suit 
able plasticiZers are Well knoWn in the art and include those 
disclosed in Us. Pat. Nos. 2,784,127 and 4,444,933. Spe 
ci?c plasticiZers include, by Way of example, acetyl tri-n 
butyl citrate (c. 20 Weight percent or less), acetyl trihexyl 
citrate (c. 20 Weight percent or less), butyl benZyl phthalate, 
dibutyl phthalate, dioctylphthalate, n-butyryl tri-n-hexyl cit 
rate, diethylene glycol dibenZoate (c. 20 Weight percent or 
less) and the like. 

[0081] “Small molecule” is an art-recogniZed term and 
refers to a molecule Which has a molecular Weight of less 
than about 2000 amu, or less than about 1000 amu, and even 
less than about 500 amu. 

[0082] 3. Implant Structure 

[0083] A Wide variety of structures may be employed for 
providing drug delivery to synovial joints. Typically, a drug 
delivery device may include a base that is so siZed and 
shaped as to be a?ixable in the synovial joint, and a drug 
carrier coupled to the base that includes a therapeutic drug. 

[0084] An exemplary implantable intra-articular drug 
delivery device is depicted in FIG. 1. As shoWn in this 
exemplary embodiment, the base of the device may include 
a housing (5), and the drug carrier may include a mass (4). 
The mass (4) may be disposed inside the housing. In some 
instances, the mass (4) may be a cartridge. For example, the 
cartridge may be manufactured separately from the housing 
and later inserted into the housing. The cartridge or mass (4) 
may be replaceable, so that the drug carrier may be removed 
from the device Without disturbing the housing’s a?ixation 
in a joint. 

[0085] The outer layer of the mass (4) may be formed at 
least in part by a material substantially impermeable to the 
drug and/or environmental ?uids (such as synovial ?uid in 
a joint). The material may include a polymer. Examples of 
polymers include polytetra?uoroethylene, poly?uorinated 
ethylenepropylene, polylactic acid, polyglycolic acid, sili 
cone, and mixtures thereof. 

[0086] The mass (4) may have a surface (1) exposed to the 
environment, such as synovial ?uid. The surface (1) may be 
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covered at least in part by a membrane, such as a semi 
permeable membrane. The membrane may be formed to 
prevent particulate materials, such as biodegradable poly 
mer, from passing out of the drug carrier and into the 
synovial ?uid, While permitting the drug released from the 
carrier (2) to pass out of the cartridge and in to the joint. This 
?lter may take consist of a semi-permeable, osmotic mem 
brane or a porous cellulose ?lter such as a Millipore ?lter. 

[0087] In certain embodiments, the housing (5) may be 
made at least in part of a biocompatible material. Further 
more, in some embodiments, the housing (5) may be made 
of an implantable material, such as a material suitable for 
implantation in bone, implantation in cartilage, and/or 
implantation in other biomaterials in a joint. In certain 
embodiments, the housing is formed at least in part of a 
material of su?icient strength to be implanted into bone 
Without damage. In particular, the housing may be formed at 
least in part of a material that can maintain the housing’s 
integrity during implantation. This may help prevent leakage 
of a drug in the carrier through a crack or ?ssure in the 
housing. In some embodiments, the reservoir housing may 
be constructed from a metal, such as titanium, nickel tita 
nium, stainless steel, anodiZed aluminum, or tantalum, or a 
plastic, such as polyethylene, nylon, or polyurethane. Alter 
natively a composite or ceramic may be used. The housing 
may also include a material or modi?ed material to alloW for 
osseous integration of the implantiie, bone ingroWth. 
Other suitable materials Will be apparent to one of ordinary 
skill in the art. Moreover, combinations of materials may be 
used. 

[0088] In certain embodiments, the device may be a?ix 
able in an attachment Zone of a joint. As depicted in FIG. 1, 
the housing (5) may include one or more barbs (3). The barb 
or barbs (3) may lodge in and/or against, for example, a bony 
surface, and thereby minimize the device’s motion relative 
to the bone. In some embodiments, barbs (3) may be axially 
aligned. They may be circumferentially spaced in relation to 
each other about the base. 

[0089] In some embodiments, the barb or barbs may be 
able to adopt different states; in some states, the barbs may 
be retracted or otherWise disposed to facilitate mobility and 
positioning of the device; in other states, the barbs may be 
expanded or otherWise disposed to facilitate lodgment and 
immobility of the device. The barb or barbs may be transi 
tionable betWeen one or more such states. For example, a 

barb may have a ?rst, or “retracted” state, in Which the 
barb’s span lies close enough to the device as not to impede 
positioning the device. The barb may have a second, or 
“expanded” state, in Which the barb’s free end so protrudes 
from the device as to impinge surrounding anatomy, thereby 
promoting a?ixation of the device. 

[0090] In some embodiments, the barb may me deform 
able among various states. For example, a barb may be 
biased toWard a particular state. A barb may be constrained 
to an unbiased state and alloWed to assume a biased state 

When the constraint is removed. In some embodiments, a 
constraint may be mechanical, such as a sleeve or an 
adhesive. In some embodiments, a constraint may be chemi 
cal, so that the barb changes con?guration in response to a 
chemical reaction. In some embodiments, the barb may have 
a shape memory. A shape memory may be dependent, for 
example, on temperature. In one embodiment, a barb may 
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assume a “retracted” state below attachment Zone tempera 
ture and an “expanded” state at attachment Zone tempera 
ture, so that disposition of a device in an attachment Zone 
causes the barb to transition from the retracted state to the 
expanded state. A barb may be elastically or plastically 
deformable; a barb may be reversibly or irreversible deform 
able. 

[0091] In the embodiment depicted in FIG. 1, the barbs 
extend rearWardly and radially outWardly from the body. In 
some embodiments, the barb end(s) may extend to positions 
outside a longitudinal projection of the largest geometric 
cross-section of the body transverse to its longitudinal axis. 

[0092] Barbs (3) may be formed at least in part by a Wide 
variety of materials. Examples include materials disclosed in 
Us. Pat. No. 4,665,906 entitled “Medical Devices Incorpo 
rating SIM Alloy Elements”, issued May 19, 1987 to Jervis. 
Other exemplary materials are nickel-titanium alloys, such 
as nitinol. The combination of the material and orientation of 
the barbs on the reservoir housing can help the barbs to 
“spring back” toWard their normal, unstressed condition 
after the insertion process of the device into bone, for 
example, is complete. 

[0093] The device may include other features to make it 
a?ixable in an attachment Zone of a joint. For example, the 
base may have a variable diameter. The device may adopt a 
?rst diameter to facilitate insertion, and a second diameter to 
facilitate a?ixation. The device may be provided With an 
adhesive, such as bone cement, that promotes adhesion of 
the device to the material of the attachment Zone. The device 
may be provided With cells, groWth factors, cytokines, or 
other biomaterials to promote in?ltration and anchoring of 
the device by host tissue. 

[0094] The device of this exemplary embodiment may be 
embedded in a bone such that the device’s surface is ?ush 
With the surrounding bone, and so that the semipermeable 
membrane faces the synovial cavity. A schematic depiction 
of this orientation is shoWn in FIG. 2. The device may be 
thus positioned so as not to present an obstruction for 
potential interference With joint motion. Furthermore, When 
so positioned, the device may be exposed to synovial ?uid 
through the semipermeable membrane. Thus, as synovial 
?uid ?oWs over the membrane, diffusion of therapeutic 
agent may occur. In addition, synovial ?uid can in?ltrate the 
device through the membrane and thus provide ?uid com 
munication for the agent to reach the synovial ?uid. 

[0095] In preferred embodiments, a sustained drug deliv 
ery device for intraarticular use may have a cross-sectional 
diameter in the range of about 0.5 mm to about 5 mm. It may 
have a length in the range of about 3 mm to about 20 mm. 

[0096] Other structures are contemplated. In one exem 
plary embodiment, the device includes a base coated With 
the drug carrier. In another exemplary embodiment, the 
device may be so siZed and shaped to be a prosthetic 
replacement for all or a portion of a bone. For example, the 
device base may be a portion of a femur used in a total knee 
replacement. Many other examples of bone prosthetics Will 
be readily apparent to one of ordinary skill in the art. The 
drug carrier is coupled to the base as described above. 
Alternatively, the prosthetic base can de?ne a recess into 
Which a drug carrier, such as a modular cartridge, may be 
placed. 
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[0097] FIGS. 9-11 depict other embodiments of drug 
delivery devices. In one embodiment, the device 10 may 
include a stage/housing 11. The stage 11 may be externally 
threaded. The external threads can help keep the stage in 
position. For example, the threaded stage could be screWed 
into a pre-drilled hole in an attachment Zone. Alternatively, 
the device could be inserted in a self boring/self tapping 
manner, in the recipient attachment Zone. The stage may 
include a tip, such as a sharpened tip 15, suitable for this 
purpose. 

[0098] FIG. 11a shoWs another embodiment of a drug 
delivery device. The housing may include an outer threaded 
surface and inner threaded or smooth surface. The housing 
may de?ne an inner cavity. A plug of drug/polymer mixture 
may be placed the cavity. The inner threads on the housing 
facilitate anchoring the plug and may also facilitate removal 
and exchange of a cartridge With the drug polymer mixture. 

[0099] FIG. 12 shoWs some exemplary placements of 
threaded devices, similar to those shoWn in FIG. 4. 

[0100] The stage 11 may also include a central socket 12. 
The central socket may be threaded. A drug implant 13 may 
be disposed in the central socket 12. The implant 13 may 
have the same or similar shape as the socket 12 to help it 
remain in position. For example, the implant can be molded 
With threads on its body to match the recipient threads of the 
socket of the stage. The threads may be machined to have a 
thread interval or “pitch” of about 0.25 mm to 1.5 mm and 
can vary to about 0.1 mm to 0.25 mm at the loWer end ofthe 
implant. The threads may have ?at top lands With a nominal 
Width of about 0.10 mm to 0.15 mm. 

[0101] The implant 13 can be removed and/or replaced 
When it has degraded, When the drug is degraded, exhausted, 
or being delivered in subtherapeutic concentration, or When 
the need or desirability has passed for the particular drug 
being eluted. The insert may be held in the stage by the 
aforementioned threading. In one embodiment, a differential 
thread pitch can be provided to “lock” the insert in place, to 
preclude loosening and escape into the joint space 

[0102] In certain embodiments, the device can have an 
outer diameter in the range of about 1 mm to about 10 mm. 
In certain embodiments, the device can have a length of 
about 3 mm to about 2 cm. 

[0103] As shoWn in FIG. 13, The cap of the drug/polymer 
insert may include a rounded surface 14. This surface can 
reduce physical interaction With surrounding soft tissue. 
This surface can also expose an adequate surface for drug 
elution and desired pharmacokinetic release. 

[0104] 4. Attachment Zones 

[0105] As discussed above, each joint contains speci?ed 
areas de?ned hereafter as “attachment Zones” that permit 
drilling, anchoring, or other types of a?ixing of a device. 
Certain attachment Zones Will not cause substantial damage 
to the load-bearing or articulating cartilage or other surfaces 
of the speci?ed joint. In certain embodiments, the placement 
and location of the device does not cause material damage 
to the cartilage surface, as it may be placed and secured 
using an anchoring device that ?xes the device to bone, in 
the joint cavity, but not into or on the articulating surface of 
the joint in a manner that could cause such damage While the 
device is in place. 
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[0106] In some embodiments, an attachment Zone may be 
an intra-articular region of a synovial joint Where there is no 
interfacing articular cartilage. It may be located, for 
example, in a bone portion that is non-load-bearing and 
removed from the articulation surface of the synovial joint. 
The device may be attached at an attachment Zone Within the 
synovial joint, allowing for continuous exposure to synovial 
?uid ?oW and resulting release of therapeutic, Without 
damaging the articular surface that is in apposition during 
range of motion of the given joint. 

[0107] FIG. 3 shoWs one example of an attachment Zone 
in a synovial joint. The joint depicted is an idealiZed 
synovial joint but roughly approximates the femur-tibia 
articulation at the knee. An exemplary attachment Zone is 
indicated by the bracket. In this example, the indicated 
attachment Zone is located in the joint and is remote from the 
load-bearing portions of the bone and also from the articu 
lating surfaces of the bones. Although the Zone may include 
portions of the bone With cartilage, the cartilage is not 
interfacing cartilage, i.e., does not form part of the articu 
lation surface of the joint. 

[0108] FIG. 4 shoWs exemplary placements of drug deliv 
ery devices in the depicted attachment Zone. In accordance 
With the attachment Zone example shoWn in FIG. 3, the 
device may be placed in a non-load-bearing and non 
articulating portion of the bone. As suggested in FIG. 4, 
more than one device may be implanted in a single joint. 

[0109] Attachment Zones exist in every synovial joint. A 
joint may have more than one attachment Zone, and attach 
ment Zones may noncontiguous (i.e., they may be regions of 
the joint isolated from each other). FIGS. 5-8 depict 
examples of attachment Zones in the shoulder, elboW, hip, 
and Wrist/thumb joints, respectively. As shoWn in FIG. 5, 
attachment Zones in the shoulder joint can be in the area of 
redundant capsule medially and inferiorly. As shoWn in FIG. 
6, attachment Zones in the elboW can be at the distal aspect 
of the medial or lateral epicondyle superior to the trochlea 
and capitellum respectively, or just distal to the radial head 
on the neck of the radius. As shoWn in FIG. 7, a hip 
attachment Zone exists just distal to the femoral head in the 
femoral neck. In FIG. 8, Wrist and thumb (carpometacarpal) 
attachment Zones are shoWn on the ulna at the distal aspect 
of the distal radioulnar joint, at the distal aspect of the radial 
styloid, and at the base of the ?rst metacarpal. Other joints, 
such as various interfaces in the ankle, also have suitable 
attachment Zones. 

[0110] FIGS. 15-17 depict additional exemplary place 
ments for drug delivery devices. The attachment Zones 
indicated in the ?gures including nonarticulating regions of 
articular cartilage or bone. They may be said to be “para 
articular” because they are located just outside the portions 
of articular cartilage that receive the articulating load. For 
example, FIG. 15, like FIG. 3, shoWs an idealiZed synovial 
joint that roughly approximates the knee articulation. The 
indicated attachment Zones are identi?ed as those portions of 
the articular cartilage that do not bear Weight. Many synovial 
joints include articular cartilage that is non-load-bearing. A 
portion of non-load-bearing cartilage, then, can be removed 
in order to place a drug delivery device Without harming the 
joint’s load-bearing capacity, overall function, or health. 

[0111] Portions of bone just beyond the non-load-bearing 
articulating cartilage can also be selected as attachment 
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Zones. An advantage of selecting an attachment Zone illus 
trated in FIGS. 15-17 is that these attachment Zones are as 
close as possible to the articulating surfaces of the joint 
Without interfering With articulation. As a result, they are 
exposed to relatively robust synovial ?uid circulation com 
pared to the recesses of the joint Where the synovial mem 
brane folds back on itself. They are also more accessible by 
various surgical and minimally-invasive techniques for 
implantation, exchange, and/or removal. Another advantage 
is that regions of bone or cartilage nearer the articulation are 
less likely to become scarred or otherWise inaccessible 
folloWing trauma or arthritic episodes in the joint. 

[0112] Nonarticulating articular cartilage, as it might be 
called, can be found in the knee joint at both the tibial 
plateau and the femoral condyles, as Well as in the patel 
lofemoral area, the medial rim of the femoral trochlea, the 
lateral rim of the femoral trochlea, and the periphery of the 
intercondylar notch. 

[0113] FIG. 16 depicts an exemplary shoulder joint and 
indicates some para-articular attachment Zones. An attach 
ment Zone on the humerus may be found in a band just 
inferior to the anatomical neck, While an attachment Zone on 
the scapula may be found around the ridge of the glenoid 
cavity or the glenoid neck. 

[0114] FIG. 17 depicts an exemplary hip joint and indi 
cates some para-articular attachment Zones. An attachment 
Zone on the femur is a band just inferior to the femoral head, 
While a para-articular attachment Zone on the hip bone may 
be found in a band just around the rim of the acetabulum. 
This ?gure shoWs that articulating cartilage extends just past 
the margin of the acetabulum. The cartilage extending past 
the margin is para-articular because it does not touch the 
head of the femur and so does not bear a load. 

[0115] FIG. 18 depicts exemplary attachment Zones in a 
joint that has been subjected to arthroplasty. When the 
natural para-articular cartilage and/ or bone is removed, neW 
attachment Zones may be de?ned in non-articulating areas 
adjacent the prosthetic surfaces. As shoWn in FIG. 18 for a 
hip arthroplasty, attachments Zones are de?ned as rims 
surrounding the prostheses. For example, a hip attachment 
Zone is located in band adjacent the outer edge of the 
prosthetic acetabular cup, While a femoral attachment Zone 
is located in a band around the prosthetic femoral stem. In 
an arthroplastic shoulder joint, attachment Zones may be 
de?ned on the humerus as a band surrounding the humeral 
stem, and on the scapula in a band adjacent the outer edge 
of a glenoid component. In an arthroplastic knee, attachment 
Zones may be de?ned on the femur as a band surrounding the 
femoral component of the knee replacement, and on the tibia 
as a band surrounding the tibial tray of the replacement. 

[0116] When a bone is spared in an arthroplasty, the 
attachment Zone may be de?ned as that of the native bone. 
In some cases, hoWever, such a partial arthroplasty may 
change Which portions of articulating cartilage bear Weight. 
In that case, the para-articular attachment Zone Will be 
de?ned in a band around the articulating surface of the 
implant. 

[0117] A drug delivery device may be implanted contem 
poraneously With arthroplasty. Bene?ts of contemporaneous 
?tting may be the forestalling, diminishing, or prevention of 
in?ammation, infection, pain, etc., depending on Which 




















