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(57) ABSTRACT 

Arnethod and system for the creation or modi?cation of the 
Wear surface of orthopedic joints, involving the preparation 
and use of one or more partially or fully preformed and 
procured components, adapted for insertion and placement 
into the body and at the joint site. In a preferred embodi 
ment, component(s) can be partially cured and generally 
formed eX vivo and further and further formed in vivo at the 
joint site to enhance conformance and improve long term 
performance. In another embodiment, a preformed balloon 
or composite material can be inserted into the joint site and 
?lled With a ?oWable biomaterial in situ to conform to the 
joint site. In yet another embodiment, the preformed com 
ponent(s) can be fully cured and formed eX vivo and 
optionally further ?tted and secured at the joint site. Pre 
formed components can be suf?ciently pliant to permit 
insertion through a minimally invasive portal, yet resilient 
enough to substantially assume, or tend toWards, the desired 
form in vivo With additional forming there as needed. 
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METHOD AND SYSTEM FOR MAMMALIAN 
JOINT RESURFACING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of an 
international patent application ?led Aug. 28, 2001 and 
assigned Ser. No. PCT/US01/41908 Which application has 
not yet been published and Which itself is a continuation 
in-part of Provisional US. Application Serial No. 60/228, 
444, ?led Aug. 28, 2000, the entire disclosures of Which are 
incorporated herein by reference. 

TECHNICAL FIELD 

[0002] In one aspect, this invention relates to biomaterials 
formed eX vivo for implantation and use Within the body. In 
another aspect, the invention relates to in situ curable 
biomaterials. In yet another aspect, this invention further 
relates to the ?eld of orthopedic implants and prostheses, 
and more particularly, for implantable materials for use in 
orthopedic joints. 

BACKGROUND OF THE INVENTION 

[0003] Applicant has previously described, inter alia, 
prosthetic implants formed of biomaterials that can be 
delivered and ?nally cured in situ, e.g., using minimally 
invasive techniques. See for instance, US. Pat. Nos. 5,556, 
429, 5,795,353, 5,888,220, 6,079,868, 6,140,452, 6,224,630 
and 6,248,131 as Well as published International Application 
Nos. WO 95/30388 and WO 97/26847 and International 
Application PCT/US97/20874 ?led Nov. 14, 1997 (the dis 
closures of each of Which are incorporated herein by refer 
ence). Certain of these applications describe, inter alia, the 
formation of a prosthetic nucleus Within an intervertebral 
disc by a method that includes, for instance, the steps of 
inserting a collapsed mold apparatus (Which in a preferred 
embodiment is described as a “balloon”) through a cannula 
that is itself positioned through an opening Within the 
annulus, and ?lling the balloon With a ?oWable biomaterial 
that is adapted to ?nally cure in situ and provide a permanent 
disc replacement. See also, Applicant’s “Porous Biomaterial 
and Biopolymer Resurfacing System” (PCT/US99/10004), 
as Well as “Implantable Tissue Repair Device (PCT/US99/ 
11740), and “Static Mixer” (PCT/US99/04407) applica 
tions. 

[0004] See also, US. Pat. Nos. 3,030,951 (Mandarino), 
4,203,444 (Bonnell et al.), 4,456,745 (Rajan), 4,463,141 
(Robinson), 4,476,293 (Robinson), 4,477,604 (Oechsle, III), 
4,647,643 (Zdrahala), 4,651,736 (Sanders), 4,722,948 
(Sanderson), 4,743,632 (Marinovic et al.), 4,772,287 (Ray et 
al.), 4,808,691 (Konig et al.), 4,880,610 (ConstanZ), 4,873, 
308 (Coury et al.), 4,969,888 (Scholten et al.), 5,007,940 
(Berg), 5,067,964 (Richmond et al.), 5,082,803 (Sumita), 
5,108,404 (Scholten 61 al.), 5,109,077 (Wick), 5,143,942 
(BroWn), 5,166,115 (BroWn), 5,254,662 (SZycher et al.), 
5,278,201 (Dunn et al.), 5,525,418 (Hashimoto et al.), 
5,624,463 (Stone 61 al.), 6,206,927 (Fell), and EP 0 353 936 
(Cedar Surgical), EP 0 505 634 A1 (Kyocera Corporation), 
EP 0 521 573 (Industrial Res.), and FR 2 639 823 (Garcia), 
W0 93/ 11723 (Regen Corporation), WO 9531946 (Milner), 
WO 9531948 (Kuslich). 

[0005] Applicant’s PCT Application No. PCT/US97/ 
00457 (WO 9726847A1) includes the optional use of a 
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mold, such as a balloon, and describes the manner in Which 
“[t]he mold created Within the joint is preferably of suf?cient 
shape and dimensions to alloW the resulting cured bioma 
terial to replace or mimic the structure and function of the 
removed ?brocartilage. The mold can be formed of synthetic 
and/or natural materials, including those that are provided 
eXogenously and those provided by the remaining natural 
tissues. The mold can either be removed from the site, upon 
curing of the biomaterial, or is sufficiently biocompatible to 
alloW it to remain in position.” 

[0006] Applicant’s later PCT Application No. PCT/US97/ 
20874 (WO 9820939A2) further describes the manner in 
Which ‘“mold’ Will refer to the portion or portions of an 
apparatus of the invention used to receive, constrain, shape 
and/or retain a ?oWable biomaterial in the course of deliv 
ering and curing the biomaterial in situ. Amold may include 
or rely upon natural tissues (such as the annular shell of an 
intervertebral disc) for at least a portion of its structure, 
conformation or function. The mold, in turn, is responsible, 
at least in part, for determining the position and ?nal 
dimensions of the cured prosthetic implant. As such, its 
dimensions and other physical characteristics can be prede 
termined to provide an optimal combination of such prop 
erties as the ability to be delivered to a site using minimally 
invasive means, ?lled With biomaterial, and optionally, then 
remain in place as or at the interface betWeen cured bioma 
terial and natural tissue. In a particularly preferred embodi 
ment the mold material can itself become integral to the 
body of the cured biomaterial.” 

[0007] Applicant’s oWn use of such mold apparatuses to 
date has concentrated largely on the use of thin, extensible 
balloons adapted to be positioned and then ?lled in situ With 
curable biomaterial, With particular use as a replacement for 
the intervertebral disc folloWing microdiscetomy. In turn, 
there has been considerably less focus, to date, on the use of 
any such molds in other joints, such as the knee. FIGS. 6 
and 7 of Applicant’s PCT Publication No. WO 920939 A2, 
for instance, shoWs a balloon and corresponding drilling 
template for use in knee surgery, the balloon having foot 
portions protruding from a generally ovoid in?atable por 
tion. 

[0008] Finally, US. Pat. No. 6,206,927 describes a self 
centering meniscal prosthesis device suitable for minimally 
invasive, surgical implantation into the cavity betWeen a 
femoral condyle and the corresponding tibial plateau is 
composed of a hard, high modulus material shaped such that 
the contour of the device and the natural articulation of the 
knee eXerts a restoring force on the free-?oating device. In 
What appears to be a related manner, SulZer has introduced 
a unicompartmental interpositional spacer to treat osteoar 
thritis in the knee. See “Little Device Could Pack a Big 
Punch”, SulZer Medica Journal Edition Feb. 2000 (WWW 
.sulZermedica.com/media/smj -full-teX/2000/0002-full-teXt 
6.html). The device is described as a metallic kidney-shaped 
insert Which ?lls in for the damaged cartilage betWeen the 
femur and the tibia. 

[0009] Such a metallic device, as described in either the 
Fell patent and/or SulZer’s product literature, is described as 
appropriate for use in younger patients With moderate to 
severe chondromalacia, particularly since the product pro 
vides a hard, self-centering meniscal device that is “devoid 
of physical means that ?X its location”. In so doing, the 
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device of Fell et al. tends to require a signi?cant amount of 
intact cartilage and meniscus. Applicant’s oWn products to 
date, including those improved embodiments described 
herein, have been largely geared toWard more elderly 
patients, Where such healthy cartilage is lacking. In turn, 
Applicant’s devices tend to provide angular correction and 
improved anchoring of the implant at the joint surface. 

[0010] In spite of developments to date, there remains a 
need for a joint prosthesis system that provides an optimal 
combination of properties such as ease of preparation and 
use, and performance Within the body. 

BRIEF DESCRIPTION OF THE DRAWING 

[0011] 
[0012] FIG. 1 shoWs top and side perspectives of a 
preferred preformed knee implant prepared according to the 
present invention. 

[0013] FIG. 2 shoWs an embodiment in Which preformed 
components adapted to be inserted and assembled in situ. 

[0014] FIG. 3 shoWs an alternative embodiment in Which 
preformed components are employed. 

[0015] FIGS. 4 and 5 shoW an embodiment in Which a 
substantially open (saucer-shaped) mold is inserted into the 
joint site, to be ?lled With a corresponding curable biomat 
eral in situ. 

[0016] FIG. 6 shoWs a variety of alternative embodiments 
that include one or more preformed component. 

In the DraWing: 

[0017] FIG. 7 shoWs a variety of alternative means for 
anchoring a preformed component such as that shoWn in 
FIG. 6d. 

[0018] FIG. 8 shoWs a further variety for anchoring or 
stabiliZing a preformed portion by the use of ancillary 
portions and/or surface teXture. 

[0019] FIG. 9 shoWs a variety of embodiments in a 
substantially closed (balloon like) mold is adapted to be 
inserted into the joint site and ?lled With a corresponding 
curable biomaterial. 

[0020] FIG. 10 shoWs a mold adapted for use as an 
acetabular mold in connection With the replacement of the 
articulating surface in a hip. 

[0021] FIG. 11 shoWs a patella femoral joint form suitable 
for use in combination With the method and system of this 
invention. 

SUMMARY OF THE INVENTION 

[0022] The present invention provides a method and sys 
tem for the creation or modi?cation of the Wear surface of 
orthopedic joints, and particularly articulating joints such as 
the knee. In one preferred embodiment, the method relies, at 
least in part, upon the manner in Which the various stages of 
curing a curable biomaterial, and in turn, the various stages 
of forming a component from the cured or curing biomate 
rial, can be correlated and optimiZed in a desired manner. In 
turn, such a method provides the ability to both generally 
and speci?cally form the component for use in situ. 

[0023] The present invention includes a variety of embodi 
ments, each of Which preferably includes one or more 
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components that are formed eX vivo, and that are adapted to 
be inserted and ?nally formed or assembled in situ in order 
to provide a ?nal prosthesis and articulating joint surface. 
EXamples of the various embodiments include, for instance, 

[0024] 1) one or more components that are each partially 
molded eX vivo, in a manner that permits the component to 
be inserted and ?nally formed in situ, 

[0025] 2) a plurality of preformed components adapted to 
be assembled in situ, for instance in an overlapping or 
interlocking fashion, 

[0026] 3) an insertable open (e.g., saucer shaped) mold, 
adapted to be inserted and positioned Within the joint site, 
and there used in combination With a ?oWable biomaterial 
adapted to be delivered to the open mold in situ, under 
conditions that permit the ?oWable biomaterial to cure in 
contact and/or combination With the mold in order to form 
a ?nal prosthesis, 

[0027] 4) one or more generally eXtensible envelope (e.g., 
balloon-type) molds, adapted to be positioned and ?lled in 
situ With corresponding curable biomaterials, one or more of 
the molds themselves providing one or more regions of 
generally non-extensible, preformed material. In one 
embodiment, for instance, a plurality of such envelope 
portions (e.g., a bi-compartmental single envelope) can be 
adapted for use on both the medial and lateral tibial surfaces, 
respectively. 
[0028] By the selection and use of a suitable biomaterial, 
and other features as described herein, the present invention 
provides an optimal combination of bene?ts, as compared to 
methods previously described. Such bene?ts include those 
that arise in the course of preparation and storage (e.g., 
sterility, storage stability), those that arise in the surgical 
?eld itself (e. g., ease of use, adaptability, predictability), and 
those that arise in the course of long term use Within the 
body (e.g., biocompatibility, moisture cure characteristics, 
tissue congruity and conformability, retention, Wear charac 
teristics, and physical-mechanical properties). 

[0029] In one preferred embodiment, the method and 
system involve the preparation and use of partially cured 
components that can be formed outside the body, for inser 
tion and placement into the body, and that can then be further 
formed Within the joint site in order to enhance conform 
ance. The ability to ?nally form one or more components in 
situ provides various additional bene?ts, such as increased 
control over the overall siZe and shape of the ?nal prosthesis, 
improved shape and compliance of the surface apposing 
natural bone, and ?nally, improved shape and compliance of 
the opposite, articulating surface. 

[0030] As used herein, the Word “cure”, and in?ections 
thereof, Will refer to the eXtent to Which a curable bioma 
terial, as used to form a component of this invention, has 
begun or completed Whatever physical-chemical reactions 
may be contemplated in the course of fully forming the 
component, at the surgical site, for long term use in situ. In 
turn, the biomaterial can be considered as uncured (as in 
component parts that have not yet been miXed or composi 
tions that have not yet been activated), or it can be partially 
cured (e.g., Wherein the components have been miXed, or 
compositions activated, under conditions suitable to begin 
the curing process), or it can be fully cured (e.g., in Which 
case, Whatever chemical reactions may have occurred have 
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substantially subsided). Generally, uncured compositions 
are sterile, storage stable, and often ?oWable, though are 
typically not yet formed or capable of being formed. 

[0031] Curing compositions, by contrast, generally begin 
as ?oWable compositions, but become non?oWable over a 
?nite time period as they begin to gel or set. Curing 
compositions can also be minimally formed, e.g., outside the 
body by the use of molds and/or suitable shaping tools, 
and/or Within the body, as by the initial positioning of the 
component on supporting bone and by the repositioning of 
opposing, articulating bone surfaces. Thereafter, it is con 
templated that certain compositions of this invention can be 
further formed, over time, as by the gradual effect of 
articulating bone in the course of long term use. 

[0032] As also used herein, the Word “form”, and in?ec 
tions and variations thereof, Will refer to the manner and 
eXtent to Which a component has been siZed and shaped, in 
either a general and/or speci?c manner, for use at a joint site. 
In turn, the forming of such a component can occur either eX 
vivo and/or in vivo, as Well as in a general manner (e.g., by 
the use of an eX vivo mold or tools) and/or a speci?c manner 
(e. g., by ?nal curing in apposition to supporting bone and/or 
opposing articulating bone surfaces), as Well as combina 
tions thereof. 

[0033] A component can be “speci?cally” formed in this 
manner in order to conform the component (and particularly 
its surfaces) to the corresponding speci?c shapes and dimen 
sions of bone in situ, including both supporting bone sur 
faces and/or opposing (e.g., articulating) bone surfaces. 
Such speci?c conformation, in turn, can be used to improve 
a variety of characteristics of the ?nal implant, including 
comfort, mechanical performance, and/or long term stabil 
ity. Such conformation can also include aspects in Which one 
or more components, or the composite prosthesis, are “con 
formed” in correspondence With the joint site (e.g., by ?nal 
shaping and curing processes that occur in situ). 

[0034] Such conformation can also include aspects in 
Which the components, or prosthesis itself, are adapted to be 
“deformed” Within the site, as by the application of force. 
For instance, a substantially fully formed component can be 
provided to have suf?cient mechanical properties (e.g., 
strength and resilience) to permit it to be inserted into a joint 
site and effectively deformed under normal anatomic forces 
For instance, a substantially conveX component can be 
deformed to assume the corresponding concave shape in 
situ, in, While retaining suf?cient resilient strength to tend 
toWards its original conveX shape (e.g., analogous to the 
manner in Which a locking Washer can be deformed in use, 
While tending toWard its original shape). Preferably, a ?nal 
knee component is adapted to be deformed under conditions 
of use Within the body (e.g., under physiologic load), While 
maintaining desired siZe and tibial congruency, and in a 
manner that provides desired ?t and thickness for desired 
angular correction. 

[0035] Hence a “preformed” component Will generally 
refer to a component that is at least partially formed eX vivo, 
as by the surgeon’s selection and use of an appropriately 
siZed eX vivo mold. Such a preformed component can be 
speci?cally formed as Well, including in an eX vivo fashion, 
as by the use of a customiZed mold that is itself re?ective of 
the particular dimensions and contours of the intended joint 
site. Such customiZed molds can be prepared, for instance, 
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by the use of external imaging means, and/or by the appro 
priate use of negative and/or positive molds taken at the 
tissue site. Optionally, and preferably, the preformed com 
ponent is speci?cally formed, in Whole or in part, by being 
positioned in situ, prior to the completion of the curing 
process, and in apposition to both supporting bone and 
opposing bone surfaces. Once positioned Within the joint 
site, any such component or prosthesis can be adapted to be 
deformed in order to improve its retention and/or perfor 
mance in situ, e.g., resiliently deformed upon release of 
distracting forces and repositioning of the opposing bone 
surface. 

[0036] For instance, a preformed composition is provided, 
formed initially by the eX vivo onset of cure, in Which the 
composition can be implanted Within on the order of 10 
seconds to several days of the onset of cure, preferably 
Within about 30 seconds to about 10 minutes, and more 
preferably Within about one to about ?ve minutes, While 
maintaining a surface eXotherm of less than about 50 C., and 
more preferably less than about 45 C. once positioned Within 
the body. 

[0037] Once positioned in vivo, preferred preformed com 
ponents of this invention are adapted to be ?nally shaped, for 
a period of betWeen about 10 seconds and one or more hours, 
and more preferably betWeen about one minute and about 
?ve minutes. The loWer limit is de?ned largely by the time 
it takes to effectively reposition bone, or otherWise re 
establish suitable force on the implant. The upper limit, in 
turn, is generally de?ned by the susceptibility of the 
implanted composition to further deformation or shaping. 
Such ?nal shaping is generally accomplished, at least in part, 
under the force brought about by repositioning articulating 
bone surfaces. In one preferred embodiment, the partially 
cured composition is implanted under conditions that permit 
it to deform less than about 15%, preferably less than about 
10%, and most preferably less than about 5%, under physi 
ologic forces, While maintaining tibial congruency and 
imparting desired angular correction. 

[0038] Hence, a particularly preferred preformed compo 
nent of this invention can be implanted Within an initial 
about one to about ?ve minutes of the onset of its formation, 
and once implanted can be further molded or formed for a 
further period of about one to about ?ve additional minutes, 
in a manner that permits the resultant implant to substan 
tially retain a desired ?nal form and function. 

[0039] The system of the present invention thereby pro 
vides the surgeon With a variety of options, based on the 
manner in Which these curing and forming processes are 
correlated. In one particularly preferred embodiment, for 
instance, the surgeon is provided With a composition adapted 
to be partially cured and generally formed eX vivo, and then 
promptly inserted into the body and positioned at the joint 
site, Where it can be ?nally, and speci?cally, formed in the 
course of becoming fully cured. 

[0040] By partially curing the prosthesis eX vivo, the 
present system simpli?es the preparation process consider 
ably, e.g., by lessening or avoiding potential problems (such 
as curing in the presence of moisture, and surface eXotherm 
in the presence of tissue) that can arise When a comparable 
composition is miXed and delivered to the joint site While it 
is still ?oWable. Surprisingly, the present system permits 
such prostheses to be not only formed, but also manipulated 
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and inserted into the joint (e.g., through an incision of 
between about 1 cm and about 3 cm). Once inserted, the 
prosthesis can be positioned, and further formed in situ, all 
Within a reasonable time frame. In fact, it has been found 
that the procedure is amenable to outpatient use and even 
regional anesthesia. 

[0041] Moreover, the present system can avoid the use of 
such processes as the drilling anchor holes into the under 
lying bone, distraction of the knee joint, ligament release, 
leveling of the tibial plateau, and the various other proce 
dures typically involved With delivering the biomaterial 
directly to the joint site in still ?oWable form. Yet, the 
prosthesis of the present invention provides a combination 
of properties such as the eXtent of congruence With under 
lying bone, Wear characteristics, fracture toughness, and 
avoidance of ?brillated articular cartilage, that meets or 
eXceeds the combination of properties obtained using a 
comparable biomaterial in ?oWable form, delivered and 
largely cured in situ. 

[0042] In addition to its immediate use in such joints as the 
knee, the system of the present invention provides particular 
advantages When applied to ball and socket joints, such as 
the hip. In one such embodiment, a balloon can be ?lled With 
a biomaterial as described herein, and inserted and posi 
tioned Within the acetabulum, prior to or folloWing ?lling, to 
provide a soft, conformable, durable lining for the placement 
of a hip prosthetic portion. 

[0043] In a further embodiment, the method and system 
involve the preparation and use of one or more partially or 
fully cured component(s) formed outside the body, for 
insertion and placement into the body and optionally further 
?tting and securing at the joint site. These preformed com 
ponent(s) typically require less manipulation at the bedside 
and alloW for alternative methods of terminal steriliZation, 
and ?nal inspection and release at the manufacturing site. 

DETAILED DESCRIPTION 

[0044] The method and system (e.g., preformed compo 
nent(s) and/or curable biomaterial and mold) can be used to 
prepare a ?nal prosthesis, in vivo, that provides a ?rst major 
surface in apposition to and retained upon the supporting 
bone itself, and a second (generally substantially parallel 
and opposite) major surface adapted to provide a Wear 
surface for opposing (e.g., articulating) bone. By “retained 
upon” it is meant that the ?nal prosthesis is maintained in a 
desired position upon the supporting bone surface in a 
manner suitable for its intended use, e.g., by the use of one 
or more anchor points, by the use of adhesive or other 
suitable interface materials, by the use of sutures, staples, 
and the like, and/or by a mechanical lock achieved by the 
combination of a bone-contacting surface suitably con 
formed or conformable to the terrain of supporting bone, 
together With the retaining (and optionally including 
deforming) effect achieved upon repositioning opposing 
articulating bone surface. 

[0045] The ?rst and second major surfaces can be pro 
vided in any suitable manner, for instance, 1) by the prepa 
ration and insertion of a single partially cured and generally 
preformed component into the joint, preferably under con 
ditions that permit the component to become further, and 
speci?cally, formed in vivo, 2) by adding a ?oWable bio 
material to an initial preformed component (e.g., in the 
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shape of a balloon or open mold) positioned at the tissue site, 
3) by placing one or more fully cured and preformed 
components at the tissue site and optionally further ?tting, 
adapting and/or securing the component(s) as needed, and/or 
4) by assembling one or more preformed components in situ 
(e.g., side by side in an interlocking fashion upon the 
surface) such that the assembled components cooperate to 
provide the ?rst and second major surfaces. 

[0046] In addition to the partially or fully cured preformed 
component(s) and/or curable biomaterial and related molds, 
the method and system of this invention include the optional 
use of various additional materials and/or steps, e.g., to 
prepare the bone surface itself, to provide suitable interfaces 
(e.g., adhesive interfaces and/or protrusions that can be 
further secured to the joint site or by smoothing of the 
femoral condyle or tibial plateau as needed), to treat one or 
more surfaces in order to provide them With different or 
improved properties as compared to the inherent properties 
of the material providing the surface, and the like. EXamples 
of such materials include, for instance, the use of adhesive 
materials, tissue in-groWth stimulators, and ?brous materials 
(e.g., Webs adapted to tether the implant and/or to facilitate 
?brous tissue ingroWth). 

[0047] The partially or fully cured preformed compo 
nent(s) can themselves each provide uniform or non-uniform 
properties, and can be provided in a plurality or range of 
styles and siZes. These components can be designed to 
conform to lateral or medial compartments, or both, and to 
right or left knees, or both. In a preferred embodiment, all 
embodiments can be inserted into the joint site in a mini 
mally invasive fashion. By “minimally invasive”, in this 
conteXt, it is meant that the procedure of siZing, inserting, 
positioning and forming the prosthesis, in situ, can prefer 
ably be accomplished Without the need for open, invasive 
incisions of the type conventionally used for inserting total 
knee prostheses. In a preferred embodiment, the partially 
cured preformed components can be further formed and 
fully cured in vivo to enhance compliance With the joint site. 

[0048] The surface of the partially or fully cured pre 
formed component(s) can also be modi?ed to provide any 
desired properties (e.g., promote adhesion), such as by the 
design and use of polymers themselves or by surface treat 
ment of the fully cured or curing embodiments to provide 
suitable reactive groups such as amines, hydroXyl groups, or 
other reactive or hydrogen bonding functionalities. Simi 
larly, the partially cured preformed component or fully cured 
component, including balloons or composite materials, can 
be provided With appropriate surface coatings, e.g., biologi 
cally active agents to promote desired tissue interactions, 
including tissue or cellular adhesion, such as those selected 
from the group consisting of cytokines, hydroXyapatite, 
collagen, and combinations thereof. 

[0049] In one embodiment of this invention, partially 
cured, and generally preformed components are inserted into 
the joint site, and there further and speci?cally formed to 
enhance compliance. In an alternative embodiment, fully 
cured components in the shape of a balloon or open mold are 
employed to provide a ?nal composite material by inserting 
the balloon or mold into the joint and there ?lling it With a 
biomaterial that cures in situ and conforms With the joint 
site. In another alternative embodiment, the fully cured 
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component(s) are provided and inserted into the joint either 
singly or piecemeal and optionally further ?tted and secured 
in vivo. 

[0050] As an example of the ?rst such embodiment, the 
invention provides an open ex vivo mold, adapted to 
approximate the desired dimensions of the joint site, and to 
receive a curable biomaterial. A suitable mold can be 
formed, for instance, from the use of conventional materials 
such as silicone materials, that permit the curing biomaterial 
component to be easily and entirely removed at the desired 
time. Optionally, the mold can itself be provided With a 
coating or release liner, including those that can be inte 
grated, in Whole or in part, With the component thus formed. 
Once the ?oWable biomaterial has been delivered and par 
tially cured in this ex vivo mold, and any optional molding 
or fabricating steps have occurred, the biomaterial can be 
removed from the mold and inserted into the joint site, under 
conditions suitable to permit it to be further and ?nally 
formed in vivo to enhance conformance With the joint site. 
Optionally, additional ex vivo forming steps or features can 
be performed, e.g., by imparting desired curvature and 
femoral glide paths, prior to inserting and ?nal forming in 
vivo. 

[0051] Also, in the course of molding the component ex 
vivo, and/or transferring it to the tissue site, various struc 
tures and/or materials can be incorporated into and/or onto 
the component itself, to enhance its placement, retention 
and/or performance in situ. For instance, the mold itself can 
be provided in a form suf?cient to impart various integral 
structural features, such as tibial “tabs”, adapted to provide 
or improve the retention of the component at the tissue site. 
Such tabs, for instance, can be provided in the form of one 
or more protrusions integral With the mold itself and adapted 
to be positioned Within and/or affixed to the soft tissue 
and/or bone in vivo. Examples of such tabs are shoWn, for 
instance, in FIG. 1, Where reference number 18 depicts a 
raised posterior portion. 

[0052] An insertable component can also be provided With 
one or more ancillary portions or protrusions formed of 
materials other than that used to form the bulk of the 
component itself. For instance, sutures or ?brous materials 
can be incorporated into or onto the bulk material, for use in 
improving the initial and/or long term retention of the 
component in situ, e.g, by tethering the prosthesis at the joint 
site and in a desired position. Such other materials can be 
temporarily positioned into or upon the mold itself, for 
instance, or otherWise provided, in a manner that permits 
them to become integrated into the biomaterial as it ?lls the 
mold and becomes partially cured ex vivo. With the resulting 
component positioned in situ, the protrusions can be used to 
tether the implant, by securing them to the surrounding soft 
tissue and/or bone by use of adhesives, sutures, screWs, pins, 
staples or the like or combinations thereof. The materials can 
provide both an immediate ?xation function, and optionally 
also a desired long term function, by permitting them to be 
either absorbed by the body over time, and/or to permit or 
encourage ?brous tissue ingroWth for long term ?xation. 

[0053] The reinforcing material can be provided in any 
suitable form, e.g., as ?bers (e.g., sutures) or as a uniform 
Woven or non-Woven fabric, optionally including one or 
more reinforcing ?bers or layers. A suitable non-Woven 
fabric, for instance, is preferably a material such as is 
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commercially available under the trade name Trevira Spun 
bond from Hoechst Celanese Corporation. The non-Woven 
fabric is generally composed of continuous thermoplastic 
?ber, needle punched together to yield a felt-like fabric. In 
addition to fabrics like Trevira Spunbond, other materials 
such as polyester staple mat, glass ?ber mat, as Well as other 
organic and inorganic ?ber mats and fabrics can be 
employed. 
[0054] Reinforcing ?bers can be included Within the 
Woven or non-Woven fabric, or provided as separate layers 
of a composite. Such ?ber layers can preferably include a 
directional reinforcing ?ber layer of organic or inorganic 
structural reinforcing ?bers such as ?berglass, carbon ?bers, 
aramid ?bers Which is available from DuPont Corporation 
under the trade name Kevlar, linear polyethylene or polypro 
pylene ?bers such as is commercially available from Allied 
Signal, Inc. (noW HoneyWell) under the trade name Spectra, 
or polyester ?bers. The phrase “reinforcing ?ber” can 
include any ?ber Which, When used in its oWn right or added 
to a composite fabric material, retains or enhances desired 
structural properties. The ?bers can be randomly oriented, or 
preferentially, they can be oriented in one or more directions. 
While a number of speci?c types of materials have been 
given for use as the reinforcing ?ber layer, it Will be 
appreciated by those of ordinary skill in the art that other 
equivalent-type reinforcing ?ber layers can be employed in 
the practice of the invention. A reinforcing ?ber layer can be 
itself used to secure the prosthesis, or can be attached to a 
Woven or non-Woven ?ber layer having a number of inter 
stices or pores. Preferably, the reinforcing ?ber layer and 
other ?ber layers are secured to each other mechanically, as 
by conventional stitching, needle punching, stapling or 
buttons. In the case of certain applications, adhesives can 
also be used. 

[0055] Similarly, a partially cured preformed component 
(and/or ancillary portions incorporated therein) can also be 
provided With suitable means to improve its ability to retain 
the component in situ, e.g., by the use of surface character 
istics that provide improved chemical interactions With the 
joint site. Such interactions can be achieved by the judicious 
use of bulk material compositions themselves and/or the use 
of adhesives or other suitable interface materials. The par 
tially cured, preformed, component can also be physically 
modi?ed to increase its interactions With joint site, as by 
surface roughening, etching or cross-hatching, Which Would 
tend to provide increased surface area, and in turn, improved 
mechanical retention. A partially cured, preformed, compo 
nent can also be retained by external means that are other 
Wise secured to the surrounding bone and/or soft tissue by 
use of adhesives, sutures, screWs, pins, staples or the like or 
combinations thereof. On the major surface opposing articu 
lating bone, the partially cured preformed component can be 
provided With suitable means as Well, intended to improve 
or alter either its compliance and/or interactions With the 
opposing bone surface. 

[0056] In one particularly preferred embodiment, the sys 
tem includes a partially cured preformed component that is 
?rst molded outside of the joint site and adapted to be 
delivered to a tissue site and there positioned in a ?xed 
position. The mold can be of an open or closed con?guration 
(and/or can involve a one- or multi-step molding process), 
adapted to preform one or both major surfaces, respectively. 
Once positioned, the partially cured component is adapted to 
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be initially ?t and positioned Within the joint site, and to 
thereafter become better conformed to the speci?c dimen 
sions and/or terrain (e.g., anatomic structure) of the joint site 
in vivo. Optionally, and preferably, the molds are designed 
to yield components that have optimum adhesion and con 
formance to the joint sites. The molds may also be heated 
during the ex vivo partial curing process to optimiZe com 
ponent properties or to provide a component that is more 
formable in vivo. 

[0057] In an alternative preferred embodiment, the method 
and system involve the preparation and use of one or more 
fully or partially cured component(s) formed outside the 
body, for insertion and placement into the body and option 
ally further ?tting and securing at the joint site. In one 
embodiment, the invention provides a single preformed 
component that is inserted into the joint site and optionally 
further ?tted or secured as needed. In another embodiment, 
the invention provides a plurality of preformed components, 
formed of the same or different materials, and adapted to be 
delivered and positioned at the tissue site in a manner that 
provides a ?nal composite. The components can be com 
bined at the site in any suitable fashion, e.g., by providing a 
mechanical lock and/or by the use of interfacial materials 
such as adhesive layers. The components can be combined 
in any suitable fashion, e.g., as layers upon the bone, or as 
individual side-by-side components adapted to traverse the 
bone surface When combined. The use of preformed com 
ponent(s) can require less manipulation at the bedside and 
alloW for alternative methods of terminal steriliZation, and 
?nal inspection and release at the manufacturing site. The 
various means of retaining partially cured preformed com 
ponents, discussed herein, can be adapted to Work With fully 
cured preformed components. 

[0058] The method and system of this invention can be 
used for repairing a variety of mammalian joints, including 
human joints selected from the group consisting of the tibial 
plateau of the knee, the acetabulum of the hip, the glenoid 
of the shoulder, the acromion process of the shoulder, the 
acromio-clavicular joint of the shoulder, the distal tibial 
surface of the ankle, the radial head of the elboW, the distal 
radius of the forearm, the proximal phalanx surface of the 
great toe, the proximal metacarpal surface of the thumb, and 
the trapeZium of the Wrist. 

[0059] Those portions or combinations of preformed com 
ponent(s) that contact the bone surface are preferably 
adapted to physically conform closely to the prepared bone 
surface, e.g., to its macroscopic physical contours. Such 
conformation can be provided or enhanced in any suitable 
manner, e.g., 1) by providing a partially cured preformed 
component that is ?rst made in an ex vivo mold and then 
adapted or modi?ed to conform to the surface (e.g., by 
further forming in vivo), and/or 2) by use of a preformed 
balloon or composite mold material that is inserted into the 
joint site and ?lled With a ?oWable biomaterial that cures in 
vivo so that it conforms With the joint site and/or 3) by the 
use of fully cured preformed component(s) that has optimum 
geometry for biomaterial compliance once placed in the 
joint site and/or 4) by the preparation and use of a suitable 
(e.g., thin) interface material betWeen bone and preformed 
component (e.g., adhesive, ?ller, or cement material), and/or 
5) by the use of physical restraining means, such as adhe 
sives, pins, staples screWs, sutures or the like that are 
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attached to protrusions in the component itself or to an 
external means of securing it. 

[0060] The method and system of this invention Will be 
further described With reference to the DraWing, Wherein 

[0061] FIG. 1 shoWs a top and side perspective of a 
preferred preformed knee implant (10) prepared using an ex 
vivo mold according to the present invention. The implant 
provides a ?rst major surface (12) adapted to be positioned 
upon the tibial surface, and a generally planar second major 
surface (14) adapted to be positioned against the femoral 
condyle. In a typical embodiment, the second major surface, 
in turn, is preferably provided With a femoral glide path (16) 
to facilitate its performance in situ, in the form of a generally 
central oval depression about 1 mm to about 5 mm deep at 
its loWest point (2 mm as shoWn) and about 30 mm to about 
50 mm in length by 10 mm to 30 mm in Width (40 mm by 
20 mm as shoWn). Those skilled in the art, given the present 
description, Will readily determine the actual dimensions for 
optimal use, in both absolute and relative terms, depending 
on such factors as the actual joint siZe and desired results 
(e.g., angular correction). As shoWn, the implant is also 
provided With a raised tibial projection (18), adapted to catch 
the posterior portion of the tibial plateau. The implant can 
have dimensions on the order of betWeen about 40 to about 
60 mm in the anterior-posterior dimension, betWeen about 
30 mm to about 40 mm in the medial-lateral dimension, and 
a maximum thickness (at the posterior lip of betWeen about 
10 mm and about 20 mm. 

[0062] FIG. 2 shoWs an embodiments in Which a plurality 
of preformed components are adapted to be inserted and 
assembled in situ to provide the ?nal implant (20) FIG. 2a 
shoWs an embodiment, in Which preformed components (22 
through 25, respectively) are assembled in a side-by-side 
manner sequentially, and in situ, and upon the tibial surface. 
The matable preformed sections each provide at least a 
portion of the resultant bone-contacting surface and Wear 
surface, as Well as one or more portions adapted to provide 
a mechanical lock With one or more respective other por 
tions. The mechanical lock can be achieved in any suitable 
manner, as by the provision of corresponding male and 
female portions, respectively. The portions can be mated, in 
situ, e.g., in a press ?t or sliding manner, in order to attach 
the respective components. As can be seen in the raised 
perspective of the same embodiment, and FIG. 2b, in the 
resultant assembly, the combined components cooperate to 
provide both a tibial bone-contacting surface (28) and a Wear 
surface (26). 

[0063] In the alternative embodiment of FIG. 3, rather 
than being positioned in a side-by-side fashion across the 
bone surface (as in FIG. 2), a ?nal implant is provided using 
interlocking preformed components (shoW in this case as 
portions 31 through 33, respectively) are instead provided in 
a form that permits them to be stacked upon each other, e.g., 
by layering or sliding them onto each other, and positioned 
upon the surface, in situ. The portions can be assembled in 
any suitable fashion, e.g., entirely on the tissue site, entirely 
ex vivo, or in varying combinations as desired. Optionally, 
and preferably, the generally planar portions are provided 
With corresponding matable portions, e.g., in the form of 
grooves and tabs to provide a sliding ?t, or a depression and 
corresponding projection to provide either a press ?t, snap 
?t, or other suitable ?t suf?cient to prevent lateral displace 
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ment to the extent desired. The resultant formed prosthetic 
implant can be provided With various features as described 
herein, including desired molded portions adapted to pro 
vide better ?t or performance. Top portion (31) is particu 
larly Well suited to provide a desirable Wear surface, While 
one or more intermediate portions (as shoWn by element 32) 
are adapted to provide an optimal combination of such 
properties as thickness, cushioning, and angular correction. 
As shoWn the loWermost portion (33) is shoWn With a 
projection (34) adapted to be retained Within a correspond 
ing anchor hole or suitable depression formed into the bone 
itself. FIGS. 3b and 3c provide generally bottom and top 
vieWs, respectively, shoWing the manner in Which the por 
tions can be combined in a layered fashion. 

[0064] In the embodiment of FIG. 3, preformed layers are 
shoWn having protrusions adapted to be positioned in a 
corresponding indentation Within each underlying layer (or 
bone), in order to form a compact stack. In such an embodi 
ment, the corresponding system Will typically include at 
least tWo preformed components, including the initial, bone 
contacting component, and ?nal component providing the 
Wear surface. The system can provide one or more interme 
diate layers, e.g., the number and/or selection of Which can 
be used to provide a ?nal desired height to the overall 
composite, and/or to provide differing properties (e.g., With 
respect to compressibility, resilience, tissue ingroWth), and/ 
or to provide improved retention betWeen the ?rst and ?nal 
components. 

[0065] FIG. 4a shoWs an embodiment in Which a substan 
tially open (saucer-shaped) mold (40) is inserted into the 
joint site, to be ?lled With a corresponding curable biomat 
eral in situ. The top (42) of the mold is open to receive 
biomaterial (not shoW), While the bottom (44) provides a 
loWer major surface (46) adapted to contact bone and 
terminates in a ?lled protrusion (48) adapted to be posi 
tioned Within a corresponding anchor point drilled in the 
bone itself. The anterior edge (50) of the cup is substantially 
perpendicular to the plane of the cup itself, While the 
posterior edge (52) is tapered (and optionally raised) to 
accommodate the corresponding shape of the tibial spine. 

[0066] As shoWn, and for use in an adult human, the ex 
vivo mold accommodates a predetermined volume of bio 
material of on the order of about 5 ml to about 15 ml. As a 
further advantage of this invention, the amount of biomate 
rial actually can be predetermined and controlled to corre 
spond With the ex vivo mold volume. In addition the ex vivo 
molds are designed for optimum siZing and conformance to 
the joint site and MRI softWare may be used to chose best 
mold for joint site. Implant thickness and hence angular 
correction can be controlled in this Way. 

[0067] FIG. 4b shoWs a bottom perspective vieW of the 
mold apparatus of FIG. 4a, shoWing the ?lled protrusion 
(48). The posterior edge portion (and particularly the pos 
terior mesial edge portion, as seen in the ?gure) can be seen 
as provided With a groove or indentation (54), again to 
accommodate the typical shape of the corresponding tibial 
spine. Overall, the mold can be seen as assuming a generally 
kidney-shaped con?guration, adapted to correspond With the 
tibial surface. Such a mold can be provided in a plurality of 
siZes, and shapes, to be selected at the time of use to 
accommodate the particular patient’s needs and surgeon’s 
desires. 
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[0068] FIGS. 5a and 5b shoW the mold of FIG. 4a being 
positioned upon a tibial surface (FIG. 5a), With the protru 
sion positioned Within a corresponding anchor point, and (in 
FIG. 5b) With the tip of a biomaterial delivery cannula (56) 
positioned upon it, and With ?oWable biomaterial (58) being 
shoWn in the course of delivery. 

[0069] FIG. 6 shoWs a variety of alternative embodiments 
that include one or more preformed component. FIG. 6a 
shoWs a simple Wedge shaped embodiment (60), in Which 
the posterior portion (62) is signi?cantly increased in siZe as 
compared to the anterior (64). FIG. 6b shoWs an implant 
(66) molded to provide portions (here, layers) having dif 
fering Wear characteristics, including a preformed top hav 
ing improved Wear as compared to the separately formed 
bottom portion (70). FIG. 6c, by comparison, shoWs a 
plurality of components (72) adapted to be positioned and 
assembled in situ at the time of surgery. These include an 
upper portion (74) having improved Wear characteristics as 
compared to the others, a bottom portion (78) being suitably 
formed to the patient’s geometry and desired angular cor 
rection, and one (or more) central portions (76) adapted to 
be positioned betWeen the top and bottom portions to 
achieve desired properties such as overall thickness, angles, 
and/or physical chemical properties (such as moduli). 
[0070] The embodiment of FIG. 6a' shoWs a single piece 
(80) as might be cut from preformed material at the time of 
surgery, While FIG. 7 shoWs a variety of alternative means 
for anchoring a preformed component such as that shoWn in 
FIG. 6d. These include the use of a grout (82) or other 
suitable interface material as shoWn in FIG. 7a; the use of 
a separate external retaining device (84) as shoWn in FIG. 
7b; the use of externally provided pins, screWs, sutures, etc. 
as exempli?ed by elements (86) Which generally traverse the 
body itself as in FIG. 7c; and the use of one or more anchor 
portions (88) positioned along one or more suitable surfaces 
as shoWn in FIG. 7d. 

[0071] FIG. 8 shoWs a further variety for anchoring or 
stabiliZing a preformed portion by the use of ancillary 
portions and/or surface texture, including a roughened sur 
face (90) as in FIG. 8a; or tabs (e.g., provided by fabric or 
suture like materials) as shoWn as elements 92 and 94 of 
FIGS. 8b and 8c, respectively. In practice, the preformed 
components can bene?t from any suitable combination of 
the various features and embodiments described or shoWn 
herein. 

[0072] FIG. 9 shoWs a variety of embodiments in a 
substantially closed (balloon like) mold is adapted to be 
inserted into the joint site and ?lled With a corresponding 
curable biomaterial, the mold itself providing a preformed 
articulating Wear surface, including FIG. 9a Which shoWs an 
in?atable balloon portion (96) that includes an integral 
preformed Wear surface and portion (98), as Well as a lumen 
(100) adapted to ?ll the in?atable portion With ?oWable 
biomaterial. FIG. 9b shoWs a corresponding balloon (102) 
though Without a preformed portion, and including its bio 
material lumen (104). Although not shoWn, the balloon of 
this or any embodiment can include various interior and/or 
exterior surface coatings, and can have regions and/or layers 
having different desired physical-chemical properties (such 
as porosity). FIG. 9c shoWs a bi-compartmental closed 
balloon-like mold (106), Wherein each compartment is 
adapted to conform to a respective medial or lateral tibial 
surface. 
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[0073] FIG. 10 shows a mold adapted for use as an 
acetabular mold (110) in connection With the replacement of 
the articulating surface in a hip, When ?lled With biomate 
rial, the mold forming a concave portion adapted to retain a 
corresponding femoral head. The mold is shoWn providing 
a thin generally cup-shaped mold adapted to be ?lled in any 
suitable form (e.g., using a removable conduit (not shoWn) 
attached to the space betWeen inner and outer sealed layers 
(116 and 114, respectively) forming the mold. 

[0074] FIG. 11 shoWs a patella-femoral joint form suitable 
for use in combination With the method and system of this 
invention. As shoWn in the vieWs of 11a through 11c, the 
form includes a silicone or other suitable pad material (122) 
having aluminum or other suitable stay portions (124) and 
terminal handle or grasping portions (126). In use, With the 
knee at a generally 45 degree angle, the piece is formed to 
the femoral bone surface, With its form maintained by 
bending the aluminum stays. With anchor points cut into the 
femoral bone, if desired, the form is held tight against the 
bone With the upper handle held aWay from bone to permit 
the delivery of curable biopolymer betWeen the form and the 
bone. As polymer is placed onto the bone (and into any 
anchor points) the form is maintained for a time suf?cient to 
suitably form the polymer, Whereafter it can be removed. 

[0075] As described in Applicant’s co-pending U.S. pro 
visional application 60/228,444, the present application 
describes a method and system for the creation or modi? 
cation of the Wear surface using an implanted material ?xed 
to the support structure of the original Wear surface, to 
generally conform to the shape of the original surface in a 
mammal. A method or system Where the end of the bony 
surface is a rotating, sliding or rolling surface, such as in the 
knee, ?nger, hip, toe, spine, Wrist, elboW, shoulder, ankle, or 
TMJ joint. The implant Will function: 

[0076] a) as a spacer, 

[0077] b) as an impact absorber 

[0078] c) as a surface With improved coefficient of friction 
(as compared to the diseased surface), and/or 

[0079] d) to increase the Weight bearing area and improve 
congruency of the joint surface (as compared to the diseased 
condition). 
[0080] The method and system of this invention can be 
applied to areas of aseptic necrosis, such as the nevecular 
bone in the Wrist. The material to be implanted consists of 
a plurality of materials, such as polymers, including poly 
urethane, polyethyelenes, polyureas, polyacrylates, polyure 
thane acrylates, hydrogels, epoxies and/or hybrids of any of 
the above. 

[0081] In an alternative embodiment, the surface can be 
provided by any of a series of metals, including titanium, 
stainless steel, cobalt chrome millithium alloys and tanta 
lum. Other surface materials can include various ceramics 
and biologic polymers. 

[0082] The implantable material for the resurfacing can be 
formed ex vivo and/or in vivo as an injectable material that 
sets up to the molded shape. The methods for changing state 
from liquid to solid state include cooling or heating, the 
passage of time, Which alloWs for a change of state, or a 
chemical reaction betWeen different reactants. The reaction 
can be exothermic or endothermic. The set-up can be light 
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activated or chemically catalyZed or it could be heat acti 
vated. Examples of such systems include ?oWable polymers 
of tWo or more components, light activated polymers, and 
polymers cured either by catalysts or by heat, including body 
heat. Molds can be used in the form of balloons, dams or 
retainers. They can be used in combination With the local 
anatomy to produce the desired shape and geometry. Molds 
can be of materials that are retained and becomes part of the 
implant or could be removed after curing of the biomaterial 
component. 

[0083] In an alternative embodiment, the material Would 
be semi-solid and could be shaped and then set up in vivo. 
This Would alloW for the minimally invasive application, 
either through an arthroscopic portal or through a small mini 
arthrotomy. As a further embodiment, the material could be 
synthesiZed ex vivo and then machined to ?t using imaging 
to pre-determine the desired geometry and siZe of the 
implant. As a further alternative, a range of implant siZes 
could be provided and siZing could be accomplished during 
the procedure. An ex vivo mold could be ?t using molding 
materials and the implant could be molded on site just prior 
to implantation. 

[0084] Fixation methods for the implant Would include 
biologic glues to glue the implant to the underlying surface, 
trapping of the implant into a cavity on the surface that 
causes a mechanical lock, using various anchors to the 
underlying structure and ?xing the implant to that surface or 
using mold retainers and/or screWs, staples, sutures or pins. 
In alternative embodiment, anchors in the underlying struc 
ture may be used for ?xing the implant to that surface and 
We may also use a tissue ingroWth system to secure anchor 
mg. 

[0085] In the preferred embodiment, the patient Will have 
a diagnosis of osteoarthritis and have loss of cartilage on the 
articulating surface. A determination Will be made of the 
amount of correction needed for the reestablishment of a 
normal angle of articulation. The ligaments Will be balanced 
so that there is no loss of range of motion With the implant 
in place and the surface Will be placed in such a position that 
the eventual resulting surface geometry reestablishes the 
same plane and orientation of the original articular surface. 

[0086] Access to the site is obtained in a minimally 
invasive Way. In a preferred embodiment, this is accom 
plished through arthroscopic means With arthroscopic por 
tals. In an alternative embodiment, the access is accom 
plished by a mini arthrotomy With a small incision that 
alloWs access to the joint Without sacri?cing nerves, vessels, 
muscles or ligaments surrounding the joint. In the preferred 
embodiment ?brillated articulating cartilage that is degen 
erated is removed doWn to the subchondral surface. The 
surface is dried and prepared for appropriate anchoring. This 
may include anchor points that give a mechanical lock or 
that alternatively simply supply horiZontal and lateral sta 
bility. The surface may be prepared by drying and rough 
ening in case a tissue adhesive is used. Pre-made anchors 
may be installed. These may be made of various metallic 
materials or of polymers and may consist of pegs that Would 
extend up through the implant to anchor it to the underlying 
surface. This surrounding subchondral bone may be rough 
ened to enhance tissue ingroWth or implant adhesion. The 
?nal geometry of the implant may be determined by a dam 
or mold that is placed on the joint at the time the material is 














