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(57) ABSTRACT 

An implantable prosthetic bearing is constructed of a com 
posite material having a first layer and second layer. The first 
layer has an articulating Surface defined therein, whereas the 
second layer has a engaging Surface defined therein for 
engaging either another prosthetic component or the bone 
itself. The first layer of the implantable prosthetic bearing is 
constructed of crosslinked polymer Such as Ultra-High 
Molecular Weight Polyethylene, whereas the second layer of 
the implantable prosthetic bearing is constructed of polymer 
such as Ultra-High Molecular Weight Polyethylene that is 
either non-crosslinked or crosslinked to a lesser degree than 
the first layer. In Such a manner, the first layer possesses 
mechanical properties which are advantageous in regard to 
the articulating Surface (e.g., enhanced wear and oxidation 
resistance), whereas the second layer possesses mechanical 
properties which are advantageous in regard to the engaging 
Surface (e.g., high ductility, toughness, and creep resistance). 
A method of making a prosthetic bearing is also disclosed. 
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COMPOSITE PROSTHETIC BEARING 
HAVING ACROSSLINKED ARTICULATING 
SURFACE AND METHOD FOR MAKING THE 

SAME 

0001. This application is a divisional application of U.S. 
patent application Ser. No. 10/058,495, which was filed on 
Jan. 28, 2002 and issued as U.S. Pat. No. . That appli 
cation is incorporated in its entirety herein by reference. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0002 Cross reference is made to U.S. patent application 
Ser. No. 10/058,508, which issued as U.S. Pat. No. 7,186.364 
on Mar. 6, 2007 and is entitled “Composite Prosthetic Bear 
ing Constructed of Polyethylene and an Ethylene-Acrylate 
Copolymer and Method for Making the Same.” by Richard 
King et al.; and U.S. patent application Ser. No. 1 1/626,040, 
which is entitled “Composite Prosthetic Bearing Constructed 
of Polyethylene and an Ethylene-Acrylate Copolymer.” by 
Richard King et al., each of which is incorporated in its 
entirety by reference. 

FIELD OF THE INVENTION 

0003) The present invention relates generally to a pros 
thetic bearing, and more particularly to a composite pros 
thetic bearing having a crosslinked articulating surface and 
method for making the same. 

BACKGROUND OF THE INVENTION 

0004 Implantable prosthetic bearings such as acetabular 
bearings, glenoid bearings, tibial bearings and the like have 
typically been constructed from polyethylene. Indeed, Ultra 
High Molecular Weight Polyethylene (UHMWPE) is gener 
ally utilized in the construction of a prosthetic bearing due to 
its favorable characteristics in relation to the articulating Sur 
face of the bearing. Moreover, it has been determined that 
certain characteristics of UHMWPE may be enhanced by 
exposing UHMWPE to radiation such as gamma radiation. In 
particular, exposing UHMWPE to predetermined doses of 
radiation crosslinks the UHMWPE thereby increasing its 
wear resistance. As such, heretofore designed prosthetic bear 
ings have been constructed of crosslinked UHMWPE in order 
to gain the aforedescribed benefits. Techniques for crosslink 
ing, quenching, or otherwise preparing UHMWPE are 
described in numerous issued U.S. patents, examples of 
which include U.S. Pat. No. 5,728.748 (and its counterparts) 
issued to Sun, etal, U.S. Pat. No. 5,879,400 issued to Merrill 
etal, U.S. Pat. No. 6,017,975 issued to Saum, et al., U.S. Pat. 
No. 6,242,507 issued to Saum et al., U.S. Pat. No. 6,316,158 
issued to Saum et al., U.S. Pat. No. 6.228,900 issued to Shen 
et al., U.S. Pat. No. 6,245.276 issued to McNulty et al., and 
U.S. Pat. No. 6,281.264 issued to Salovey et al. The disclosure 
of each of these U.S. patents is hereby incorporated by refer 
CCC. 

0005 Conventional (i.e. non-crosslinked) UHMWPE also 
possesses a number of favorable characteristics relating to the 
construction of a prosthetic bearing. For example, conven 
tional UHMWPE possesses superior ductility, toughness, and 
creep resistance characteristics relative to other polymers. 
0006. A prosthetic bearing is typically designed to include 
structures or features which perform two primary functions. 
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Firstly, a typical prosthetic bearing design includes an articu 
lating or bearing surface on which either a natural bone struc 
ture or a prosthetic component articulates. Secondly, a typical 
prosthetic bearing design also includes locking features in the 
form of mechanisms such as pins, tabs, tapered posts, or the 
like for locking or otherwise securing the bearing to either 
another component associated with a prosthetic assembly 
(e.g., a metal shell or tray) or to the bone itself. 
0007 As described above, certain polymers may have 
enhanced characteristics relating to one of these primary 
functions of the bearing (i.e., the function of providing an 
articulating surface), whereas other polymers may have 
enhanced characteristics relating to the other primary func 
tion of the bearing (i.e., the function of locking the bearing to 
another component or to the bone itself). What is needed, 
however, is a prosthetic bearing which is constructed from 
polymers which have enhanced characteristics relating to 
both primary functions of the bearing. 
0008 Another challenge associated with implantable 
prosthetic bearings relates to the construction of bearings 
which are designed to be secured directly to the bone without 
the use of a metal shell ortray. For example, prosthetic bear 
ings designed completely of polyethylene may be difficult to 
affix to the bone with the use of bone cement since most 
commonly utilized bone cements do not adhere well to poly 
ethylene. As such, a number of bearings have heretofore been 
designed which attempt to overcome this problem by use of a 
composite material. For example, a bearing disclosed in U.S. 
Pat. No. 5,645,594 issued to Devanathan etal includes a first 
layer of UHMWPE and a second layer of blended UHMWPE 
and poly methylmethacrylate (PMMA). PMMA is a common 
component in many types of bone cement. It is disclosed that 
the PMMA portion of the blend may be either PMMA 
homopolymers or PMMA copolymers. However, a blend is, 
by definition, non-homogeneous and is therefore often sus 
ceptible to undesirable process and product variations. What 
is needed therefore is a prosthetic bearing which facilitates 
enhanced adhesion of the bearing to bone cement when the 
bearing is being secured directly to bone without the use of an 
implanted metal shell or tray. 

SUMMARY OF THE DISCLOSURE 

0009. The present invention provides for an implantable 
polymer prosthetic bearing constructed of a composite mate 
rial having a first layer and a second layer. The first layer has 
an articulating surface defined therein, whereas the second 
layer has an engaging surface defined therein for engaging 
either another prosthetic component or the bone itself. In 
certain embodiments, the first layer of the implantable pros 
thetic bearing is constructed from a crosslinked polymer Such 
as UHMWPE, whereas the second layer of the implantable 
prosthetic bearing is constructed from a polymer such as 
UHMWPE that is either non-crosslinked or crosslinked to a 
lesser degree than the first layer. In such a manner, the first 
layer possesses mechanical properties which are advanta 
geous in regard to the articulating surface (e.g., enhanced 
wear and oxidation resistance), whereas the second layer 
possesses mechanical properties which are advantageous in 
regard to the engaging surface (e.g., high ductility, toughness, 
and creep resistance). 
0010. In accordance with one illustrative embodiment, 
there is provided a method of making an implantable bearing 
for an orthopaedic prosthesis. The method includes the step of 
exposing a first polymer layer to a first dose of radiation. The 
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method also includes the step of securing the first polymer 
layer to a second polymer layer so as to create a composite. 
The method further includes the step of forming the compos 
ite into a predetermined shape of the implantable bearing. 
0011. In accordance with another illustrative embodi 
ment, there is provided a method of making an implantable 
bearing for an orthopaedic prosthesis. The method includes 
the step of securing a layer of crosslinked polymer to a layer 
of non-crosslinked polymer so as to create a composite. The 
method also includes the step of forming the composite into a 
predetermined shape of the implantable bearing. 
0012. In accordance with another illustrative embodi 
ment, there is provided an orthopaedic prosthesis. The pros 
thesis includes an implantable bearing which is prepared by a 
process comprising the steps of (i) exposing a first polymer 
layer to a first dose of radiation, (ii)Securing the first polymer 
layer to a second polymer layer so as to create a composite, 
and (iii) forming the composite into a predetermined shape. 
0013. In accordance with a further illustrative embodi 
ment, there is provided an implantable bearing for an ortho 
paedic prosthesis. The bearing includes a crosslinked layer of 
polymer and a non-crosslinked layer of polymer that is 
secured to the crosslinked layer of polymer. 
0014. In accordance with another illustrative embodi 
ment, there is provided an implantable bearing for an ortho 
paedic prosthesis. The bearing includes a first layer of poly 
mer which is crosslinked to a first degree. The bearing also 
includes a second layer of polymer which is (i) crosslinked to 
a second degree that is different than the first degree, and (ii) 
secured to the first layer of polymer. 
0015 The above and other objects, features, and advan 
tages of the present invention will become apparent from the 
following description and the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a perspective view of an implantable gle 
noid bearing prosthesis which incorporates the features of the 
present invention therein; 
0017 FIG. 2 is a cross sectional view taken along the line 
2-2 of FIG. 1; 
0018 FIG. 3 is a perspective view of an implantable 
acetabular bearing prosthesis which incorporates the features 
of the present invention therein; 
0019 FIG. 4 is a cross sectional view taken along the line 
4-4 of FIG. 3; 
0020 FIG. 5 is a perspective view of an implantable tibial 
bearing prosthesis which incorporates the features of the 
present invention therein; and 
0021 FIG. 6 is a cross sectional view taken along the line 
6-6 of FIG. 5. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS 

0022 While the invention is susceptible to various modi 
fications and alternative forms, specific embodiments thereof 
have been shown by way of example in the drawings and will 
herein be described in detail. It should be understood, how 
ever, that there is no intent to limit the invention to the par 
ticular forms disclosed, but on the contrary, the intention is to 
cover all modifications, equivalents, and alternatives falling 
within the spirit and scope of the invention as defined by the 
appended claims. 
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0023 The present invention relates to implantable pros 
thetic bearings and methods of making the same. What is 
meant herein by the term “bearing is an orthopaedic implant 
prosthetic bearing of any type, condition, shape, or configu 
ration. Such bearings may be utilized in a number of joint 
replacement or repair procedures such as Surgical procedures 
associated with the hip, shoulders, knees, ankles, knuckles, or 
any other joint. Referring now to FIGS. 1-6, there is shown a 
number of implantable prosthetic bearings 10 Such as a gle 
noid bearing 12 for implantation into a glenoid of a patient 
(not shown), an acetabular bearing 14 for implantation into an 
acetabulum of a patient (not shown), and a tibial bearing 16 
for implantation into a tibia of a patient (not shown). Each of 
the prosthetic bearings 10 includes an articulating or bearing 
Surface 18 on which a natural or prosthetic component bears. 
For example, in the case of the glenoid bearing 12, a natural or 
prosthetic humeral head (not shown) bears on the articulating 
surface 18. Similarly, in the case of an acetabular bearing 14. 
a natural or prosthetic femoral head (not shown) bears on the 
articulating surface 18. Moreover, in the case of the tibial 
bearing 16, a pair of natural or prosthetic femoral condyles 
(not shown) bear on the articulating surface 18. 
0024. Each of the prosthetic bearings 10 also includes an 
engaging Surface 20 which has a number of features defined 
therein for engaging either another prosthetic component or 
the bone into which the bearing 10 is implanted. For example, 
in the case of the glenoid bearing 12, a number of pins or pegs 
22 may be defined in the engaging surface 20 thereof. The 
pegs 22 are received into a number of corresponding holes 
(not shown) formed in the glenoid surface of the patient. The 
pins 22 may be press fit or held in place with the use of bone 
cement. Moreover, if the glenoid bearing 12 is utilized in 
conjunction with an implanted metal shell, the engaging Sur 
face 20 of the bearing 12 may be configured with a tapered 
post (not shown) or the like for securing the glenoid bearing 
12 to the shell. 

0025. In the case of the acetabular bearing 14, a number of 
keying tabs 24 are defined in the engaging Surface 20 along 
the outer annular surface thereof. The keying tabs 24 are 
received into a number of corresponding keying slots (not 
shown) defined in an implanted metal acetabular shell (not 
shown) in order to prevent rotation of the acetabular bearing 
14 relative to the implanted shell. In the case offixation of the 
acetabular bearing 14 directly to the acetabulum of the patient 
(i.e., without the use of a metal shell), the engaging Surface 20 
of the bearing 14 may alternatively be configured with a 
number of posts or pegs (not shown) which are received into 
a number of corresponding holes formed in the patient's 
acetabulum. In such a case, the posts or pegs may be press fit 
or held in place with the use of bone cement. Moreover, it 
should be appreciated that the acetabular bearing 14 may be 
press fit or cemented to the patient's acetabulum without the 
use of posts or pegs on the engaging Surface 20 thereof. 
0026. In the case of the tibial bearing 16, a tapered post 26 

is defined in the engaging Surface 20 thereof. The tapered post 
26 is received into a corresponding tapered bore (not shown) 
defined in an implanted tibial tray (not shown) of a knee 
prosthesis (not shown). It should be appreciated that the 
engaging Surface 20 of the tibial bearing 16 may also be 
configured with features to allow the tibial bearing 16 to be 
secured directly to the tibia without the use of an implanted 
tray (e.g., by use of bone cement). Moreover, it should be 
appreciated that a tibial bearing for use with a tibial tray may 
also be designed without the use of the post 26. 
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0027. Each of the bearings 10 is constructed from a lami 
nar composite 30 having a number of layers 32, 34. The first 
layer 32 of the laminar composite 30 is constructed of a 
material which possesses mechanical properties favorable for 
use in the construction of the articulating Surface 18 (e.g., 
enhanced wear and oxidation resistance). The second layer 
34, on the other hand, is constructed of a material which 
possesses mechanical properties favorable for use in the con 
struction of the engaging Surface 20 (e.g., enhanced ductility, 
toughness, and creep resistance). It should be appreciated that 
the material utilized for construction of the second layer 34 
may also be selected based on the fixation type of the bearing 
10. In particular, the material utilized for construction of the 
second layer 34 may also be varied based on, for example, 
whether the bearing 10 is to be utilized in conjunction with an 
implanted shell or directly secured to the bone (e.g., by use of 
bone cement). 
0028. It should be appreciated that, as used herein, the 
term “layer is not intended to be limited to a “thickness” of 
material positioned proximate to another similarly dimen 
sioned “thickness' of material, but rather is intended to 
include numerous structures, configurations, and construc 
tions of material. For example, the term “layer may include 
a portion, region, or other structure of material which is 
positioned proximate to another portion, region, or structure 
of differing material. For instance, a peg or similar structure 
may define a first “layer of material, whereas a bearing body 
having a hole defined therein into which the peg is molded 
may define a second “layer” of material. Similarly, a flange 
secured around the periphery of a bearing body may define a 
first “layer material, whereas the bearing body itself defines 
the second “layer of material. 
0029. A polymer is preferably utilized in the construction 
of the layers 32, 34. As used herein, the term “polymer is 
intended to mean any medical grade polymeric material 
which may be implanted into a patient. A specific example of 
Such a polymer is medical grade polyethylene. The term 
"polyethylene', as defined herein, includes polyethylene, 
Such as a polyethylene homopolymer, high density polyeth 
ylene, high molecular weight polyethylene, high density high 
molecular weight polyethylene, ultrahigh molecular weight 
polyethylene, or any other type of polyethylene utilized in the 
construction of a prosthetic implant. A more specific example 
of such a polymer is medical grade UHMWPE. The term 
"polymer is also intended to include both homopolymers 
and copolymers; thus, "polymer includes a copolymer com 
prising ethylene and acrylate, such as methyl methacrylate, 
methyl acrylate, ethyl methacrylate, ethyl acrylate and butyl 
methacrylate. The term “polymer also includes oriented 
materials, such as the materials disclosed in pending U.S. 
patent application Ser. No. 09/961,842 entitled “Oriented, 
Cross-Linked UHMWPE Molding for Orthopaedic Applica 
tions”, which was filed on Sep. 24, 2001 by King et al., which 
is hereby incorporated by reference, and which is owned by 
the same assignee as the present application. 
0030 The term “polymer is also intended to include high 
temperature engineering polymers. Such polymers include 
members of the polyaryletherketone family and the polyim 
ide family. Specific members of the polyaryletherketone fam 
ily include polyetheretherketone, polyetherketone, and poly 
etherketoneetherketoneketone. 
0031. In one exemplary embodiment, a composite 30 is 
utilized in which the first polymer layer 32 of the composite 
30 is constructed with a crosslinked polymer, whereas the 
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second polymer layer 34 of the composite 30 is constructed 
with a non-crosslinked polymer. In a more specific exemplary 
embodiment, the polymer utilized in the construction of both 
the first polymer layer 32 and the second polymer layer 34 of 
the composite 30 is polyethylene. One particularly useful 
polyethylene for use in the construction of the first polymer 
layer 32 and the second polymer layer 34 of the composite 30 
is UHMWPE. 

0032. As described above, a polymer may be crosslinked 
by, for example, exposure to radiation Such as gamma radia 
tion. As such, the first polymer layer 32 (i.e., the crosslinked 
polymer layer) of the composite 30 of this exemplary embodi 
ment may be fabricated by exposing the first polymer layer 32 
to gamma radiation. Such exposure may be in the exemplary 
range of 10-150 KGy. The second polymer layer 34 (i.e., the 
non-crosslinked polymer layer) of the composite 30 of this 
exemplary embodiment is not exposed to such gamma radia 
tion. As a result, a composite 30 constructed in accordance 
with this exemplary embodiment provides for an articulating 
Surface 18 constructed of a crosslinked polymer, along with 
an engaging Surface 20 constructed of non-crosslinked poly 
mer. In a more specific exemplary embodiment, the first poly 
mer layer 32 (and hence the articulating surface 18 formed 
therein) is constructed of a crosslinked polyethylene Such as 
crosslinked UHMWPE, whereas the second polymer layer 34 
(and hence the engaging Surface 20 formed therein) is con 
structed of a non-crosslinked polyethylene Such as a non 
crosslinked UHMWPE. 

0033 Such a composite structure provides a number of 
advantages to the design of the prosthetic bearing 10. For 
example, as described above, use of a crosslinked polymer 
Such as a crosslinked polyethylene (e.g., crosslinked UHM 
WPE) enhances certain favorable mechanical characteristics 
relating to the articulating Surface 18 (e.g., high wear resis 
tance and high oxidation resistance). Moreover, use of non 
crosslinked polymers such as a non-crosslinked polyethylene 
(e.g., non-crosslinked UHMWPE) enhances the mechanical 
characteristics relating to the locking or engagement of the 
bearing 10 to another component or to the bone itself (e.g. 
enhanced ductility, toughness, creep resistance). As such, a 
prosthetic bearing 10 constructed in accordance with this 
exemplary embodiment has an articulating Surface 18 which 
possesses the favorable mechanical characteristics associated 
with crosslinked polymers, along with an engaging Surface 20 
(and associated features such as pegs, pins, posts, etcetera) 
which possesses the favorable mechanical characteristics 
associated with non-crosslinked polymers. 
0034. In another exemplary embodiment, a composite 30 

is utilized in which the first polymer layer32 of the composite 
30 is constructed from a polymer which has been crosslinked 
to a first degree, whereas the second polymer layer 34 of the 
composite 30 is constructed from a polymer which has been 
crosslinked to a second degree. Specifically, the second poly 
mer layer 34 is constructed of a polymer which has been 
crosslinked to a lesser degree than the polymer utilized in the 
construction of the first polymer layer32. One way to vary the 
degree in which a polymer is crosslinked is to vary the dose of 
radiation to which it is exposed. Specifically, in a general 
sense, the greater the dose of radiation to which the polymer 
is exposed, the greater the degree in which the polymer is 
crosslinked. As such, in regard to the composite 30 of this 
exemplary embodiment, the first polymer layer 32 is exposed 
to a first dose of gamma radiation, whereas the second poly 
mer layer 34 is exposed to a second, different dose of gamma 
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radiation. In a more specific exemplary embodiment, the dose 
of gamma radiation to which the second polymer layer 34 is 
exposed is less than the dose of radiation to which the first 
polymer layer 32 is exposed. 
0035 Hence, in a specific implementation of the compos 

ite 30 of this exemplary embodiment, the first polymer layer 
32 may be constructed from a polyethylene such as UHM 
WPE which has been exposed to a first dose of gamma radia 
tion. The second polymer layer 34, on the other hand, may be 
constructed with a polyethylene such as UHMWPE which 
has been exposed to a second, different dose of gamma radia 
tion. It should be appreciated that the dose of gamma radia 
tion to which the polyethylene of the second polymer layer 34 
is exposed is less than the dose of radiation to which the 
polyethylene of the first polymer layer 32 is exposed. 
0036. It should be appreciated that the second polymer 
layer 34 of this exemplary composite 30, although 
crosslinked to Some degree, still possesses many of the pre 
viously described favorable mechanical characteristics relat 
ing to a non-crosslinked polymer (e.g., enhanced ductility, 
toughness, and creep resistance) relative to polymers 
crosslinked to the same degree as the first polymer layer32. 
Specifically, by crosslinking the second polymer layer 34 to a 
lesser degree than the first polymer layer 32, the second 
polymer layer 34 is able to retain more of the favorable 
properties relating to the engaging Surface 20 relative to the 
properties it would possess if crosslinked to the same degree 
as the first polymer layer32. 
0037. As alluded to above, the material from which the 
second polymer layer 34 is constructed may be selected based 
on whether the bearing 10 is utilized in conjunction with 
another implanted prosthetic component or secured directly 
to the bone (e.g., by use of bone cement). For example, the 
above described use of a polyethylene (e.g., UHMWPE) in 
the construction of the second polymer layer 34 (albeit non 
crosslinked or crosslinked to a lesser degree than the first 
polymer layer32) is particularly useful in regard to the design 
of bearings 10 which are utilized in conjunction with an 
implanted shell ortray component. However, in regard to the 
design of bearings 10 which are secured directly to the bone, 
other types of materials may be desirable in order to increase 
the adhesion of the bearing 10 to bone cement. 
0038. For example, in another exemplary embodiment, the 
second polymer layer 34 may be constructed of a copolymer 
which provides for adhesion to both the polymer associated 
with the first polymer layer32 and bone cement. For instance, 
in the case of when a polymer Such as polyethylene is utilized 
in the construction of the first polymer layer 32, a copolymer 
comprising ethylene and an acrylate may be utilized. It should 
be appreciated that, as used herein, the term “acrylate when 
utilized generally (as opposed to when used in regard to the 
name of a specific compound or monomer) is intended to 
mean any compound possessing an O.B-unsaturated (i.e., 
2-unsaturated) ester moiety. Examples of Such C.f3-unsatur 
ated esters include methyl acrylate, ethyl acrylate, methyl 
methacrylate, ethyl methacrylate, butyl methacrylate, and the 
like. 
0039. Use of such an ethylene-acrylate copolymer pro 
vides a number of advantages. Firstly, the ethylene portion of 
the copolymer is particularly well suited for adhering to the 
polymer (e.g., polyethylene) of the first polymer layer 32 
during fusion of the first polymer layer 32 and the second 
polymer layer 34 to one another. On the other hand, the 
acrylate portion of the copolymer is particularly well suited 

Feb. 17, 2011 

for adhesion to bone cement Such as bone cement that 
includes poly methyl methacrylate (PMMA). In an exem 
plary embodiment, the ethylene-acrylate copolymer is 5-60% 
acrylate on a molar basis. In a more specific exemplary 
embodiment, the ethylene-acrylate copolymer is 15-35% 
acrylate on a molar basis. 
0040. In a specific exemplary embodiment, an ethylene 
methyl methacrylate copolymer may be utilized in the con 
struction of the second polymer layer 34. In another specific 
exemplary embodiment, an ethylene-methyl acrylate copoly 
mer may be utilized in the construction of the second polymer 
layer 34. In a further specific exemplary embodiment, an 
ethylene-ethyl acrylate copolymer may be utilized in the con 
struction of the second polymer layer 34. Moreover, in 
another specific exemplary embodiment, an ethylene-butyl 
methacrylate copolymer may be utilized in the construction 
of the second polymer layer 34. 
0041 As indicated above, the composite prosthetic bear 
ing 10 may also be designed to be press fit to another 
implanted prosthetic bearing component. For Such a press-fit 
application, the second layer of polymer 34 may include a 
material with properties desirable for such an application. For 
example, the second layer of polymer 34 may include an 
UMWPE, an ethylene homopolymer or an ethylene copoly 
mer. However, it should be understood that the invention is 
not limited to a particular polymer material for the second 
layer of polymer 34, and may encompass newly developed 
materials with properties desirable for the application, unless 
the claims expressly call for a particular material. 
0042. Moreover, it should also be appreciated that the 
aforedescribed ethylene-acrylate copolymers for use in the 
construction of the second polymer layer 34 may be utilized 
in conjunction with any number of different types of polyeth 
ylene-based first polymer layers 32. For example, the first 
polymer layer 32 may be constructed of UHMWPE. As a 
further example, the crosslinked UHMWPE of either layer 
32, 34 may be an oriented material such as the materials 
described in U.S. patent application Ser. No. 09/961,842. The 
first layer of polymer 32 may also comprise a crosslinked 
ethylene homopolymer. And although crosslinked polymers 
are believed at present to provide Superior wear resistance and 
oxidation resistance for the articulating Surface in ortho 
paedic implants, new materials may be developed in the 
future with improved properties. Accordingly, the present 
invention is not limited to any particular material, and may 
encompass newly developed materials, unless a particular 
material is expressly set forth in the claims. In one specific 
exemplary embodiment, a bearing 10 is constructed with a 
composite 30 having a first polymer layer32 constructed with 
crosslinked UHMWPE, along with a second polymer layer34 
constructed with an ethylene-acrylate copolymer. 
0043. The laminar composites 30 of the present invention 
may be fabricated by any technique which produces the afore 
described features. One exemplary manner for constructing 
the laminar composites 30 of the present invention is by use of 
compression molding techniques. For example, material 
from which the first polymer layer 32 is to be constructed is 
placed in a mold, along with material from which the second 
polymer layer 34 is to be constructed. Thereafter, the two 
materials are compression molded to one another under pro 
cess parameters which cause the second material (i.e., the 
material from which the second polymer layer 34 is con 
structed) to be molten and fused to the first material thereby 
creating the composite 30. It should also be appreciated that 
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the mold may be configured so as to not only fuse the two 
materials to one another, but also form the composite 30 into 
the predetermined shape associated with a prosthetic bearing 
10 (e.g., the glenoid bearing 12, the acetabular bearing 14, or 
the tibial bearing 16). In essence, the compression molding 
process not only creates the laminar composite 30 (i.e., fuses 
the two materials to one another), but also forms the resulting 
composite 30 into the desired, predetermined shape of a bear 
ing 10. 
0044. The starting materials (e.g., polymers such as poly 
ethylene) for use in the molding process may be provided in 
a number of different forms. For example, each of the starting 
materials may be provided as a preform. What is meant herein 
by the term “preform' is an article that has been consolidated, 
Such as by ram extrusion or compression molding of polymer 
resin particles, into rods, sheets, blocks, slabs, or the like. The 
term “preform also includes a preform "puck” which may be 
prepared by intermediate machining of a commercially avail 
able preform. Polymer preforms such as polyethylene pre 
forms may be provided in a number of different pre-treated or 
preconditioned variations. For example, crosslinked or non 
crosslinked (e.g., irradiated or non-irradiated) preforms may 
be utilized. Such preforms may be quenched or non 
quenched. 
004.5 The starting materials (e.g., polymers and copoly 
mers) may also be provided as powders. What is meant herein 
by the term “powder is resin particles. Similarly to as 
described above in regard to preforms, powders may be pro 
vided in a number of different pre-treated or preconditioned 
variations. For example, crosslinked or non-crosslinked (e.g., 
irradiated or non-irradiated) powders may be utilized. 
0046. The starting materials (e.g., polymers and copoly 
mers) may also be provided as porous structures. What is 
meant herein by the term “porous structure' is a structure of 
compacted resin particles. The porous structure may take 
many forms including blocks or pucks. However, unlike pre 
forms, a porous structure is constructed of unfused or par 
tially fused resin particles. The porous structure may be pro 
vided in varying degrees of porosity and may include 
crosslinked or non-crosslinked (e.g., irradiated or non-irradi 
ated) resin particles. In the case of a porous structure that is 
crosslinked via irradiation, the resin particles are typically 
compacted together prior to exposure to gamma or other types 
of radiation. However, it should be appreciated that the resin 
particles may be irradiated prior to compaction, if desired. 
0047. It should be appreciated that the starting materials 
(e.g., the preforms, powders, or porous structures) may be 
“pre-irradiated”, “pre-quenched', or otherwise precondi 
tioned prior to use thereof. In particular, it may be desirable 
for a manufacturer of prosthetic bearings to purchase material 
(e.g. polyethylene) which has been irradiated (or otherwise 
crosslinked), pre-quenched, or otherwise preconditioned by a 
commercial Supplier or other manufacturer of the material. 
Such “out-sourcing of preconditioning processes is contem 
plated for use in the processes described herein. 
0048. In addition to the forms of starting materials 
described above, the starting material may be in the form of a 
sheet or film, particularly where the layer of polymer com 
prises a copolymer of ethylene and acrylate. 
0049. In regard to fabrication of a composite 30 in which 
the first polymer layer 32 is constructed of crosslinked poly 
mer and the second polymer layer 34 is constructed of non 
crosslinked polymer, a number of fabrication processes may 
be utilized. Firstly, a preform of crosslinked polymer (i.e., 
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pre-irradiated) may be placed in a mold, along with a preform 
of polymer which is non-crosslinked (i.e., non-irradiated). 
Thereafter, the two preforms are compression molded to one 
another under process parameters which cause the non 
crosslinked preform of polymer to be molten and fused to the 
preform of crosslinked polymer. It should also be appreciated 
that during Such a molding process, the resultant composite 
30 formed by the fusing of the two preforms to one another is 
contemporaneously formed into the predetermined shape 
associated with a prosthetic bearing 10 (e.g., the glenoid 
bearing 12, the acetabular bearing 14, or the tibial bearing 16). 
In an exemplary implementation of this process, a preform of 
a crosslinked polyethylene such as crosslinked UHMWPE is 
compression molded to a preform of a non-crosslinked poly 
ethylene such as non-crosslinked UHMWPE. 
0050. Such a composite 30 (i.e., a first polymer layer 32 
constructed of crosslinked polymer and a second polymer 
layer 34 constructed of non-crosslinked polymer) may also be 
fabricated by the use of polymer powders or porous struc 
tures. For example, a preform of crosslinked polymer (i.e., 
pre-irradiated) may be placed in a mold, along with polymer 
powder which is non-crosslinked (i.e., non-irradiated). 
Thereafter, the two materials are compression molded to one 
another under process parameters which cause the non 
crosslinked polymer powder to be molten and fused to the 
preform of crosslinked polymer. The composite 30 formed by 
the fusing of the two materials (i.e., the crosslinked preform 
and the non-crosslinked powder) to one another may be con 
temporaneously formed into the predetermined shape asso 
ciated with a prosthetic bearing 10 (e.g., the glenoid bearing 
12, the acetabular bearing 14, or the tibial bearing 16). In an 
exemplary implementation of this process, the crosslinked 
preform may be provided as a crosslinked polyethylene pre 
form such as a crosslinked UHMWPE preform, whereas the 
non-crosslinked powder may be provided as a non 
crosslinked polyethylene powder Such as a non-crosslinked 
UHMWPE powder. 
0051 Similarly, a porous structure of crosslinked polymer 

(i.e., pre-irradiated) may be placed in a mold, along with 
polymer powder which is non-crosslinked (i.e., non-irradi 
ated). Thereafter, the two materials are compression molded 
to one another under process parameters which cause the 
non-crosslinked polymer powder to be molten and fused to 
the porous structure of crosslinked polymer. The composite 
30 formed by the fusing of the two materials (i.e., the 
crosslinked porous structure and the non-crosslinked pow 
der) to one another may be contemporaneously formed into 
the predetermined shape associated with a prosthetic bearing 
10 (e.g., the glenoid bearing 12, the acetabular bearing 14, or 
the tibial bearing 16). In an exemplary implementation of this 
process, the crosslinked porous structure is provided as a 
crosslinked polyethylene porous structure Such as a 
crosslinked UHMWPE porous structure, whereas the non 
crosslinked powder is provided as a non-crosslinked polyeth 
ylene powder such as a non-crosslinked UHMWPE powder. 
0.052 Moreover, a porous structure of crosslinked poly 
mer (i.e., pre-irradiated) may be placed in a mold, along with 
a polymer preform which is non-crosslinked (i.e., non-irradi 
ated). Thereafter, the two materials are compression molded 
to one another under process parameters which cause the 
non-crosslinked polymer preform to be molten and fused to 
the porous structure of crosslinked polymer. The composite 
30 formed by the fusing of the two materials (i.e., the 
crosslinked porous structure and the non-crosslinked pre 
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form) to one another may be contemporaneously formed into 
the predetermined shape associated with a prosthetic bearing 
10 (e.g., the glenoid bearing 12, the acetabular bearing 14, or 
the tibial bearing 16). In an exemplary implementation of this 
process, the crosslinked porous structure is provided as a 
crosslinked polyethylene porous structure Such as a 
crosslinked UHMWPE porous structure, whereas the non 
crosslinked preform is provided as a non-crosslinked poly 
ethylene preform such as a non-crosslinked UHMWPE pre 
form. 

0053. In regard to fabrication of a composite 30 in which 
the first polymer layer 32 is constructed of a polymer which 
has been crosslinked to a first degree and the second polymer 
layer 34 is constructed of a polymer which has been 
crosslinked to a second, lesser degree, a number of fabrication 
processes may also be utilized. Firstly, a preform of polymer 
crosslinked to a first degree may be placed in a mold, along 
with a preform of polymer which is crosslinked to a second, 
lesser degree. Thereafter, the two preforms are compression 
molded to one another under process parameters which cause 
the polymer of the second preform to be molten and fused to 
the polymer of the first preform. Similarly to as described 
above, the resultant composite 30 formed by the fusing of the 
two preforms to one another is contemporaneously formed 
into the predetermined shape associated with a prosthetic 
bearing 10 (e.g., the glenoid bearing 12, the acetabular bear 
ing 14, or the tibial bearing 16). In an exemplary implemen 
tation of this process, a preform of polyethylene Such as 
UHMWPE which is crosslinked to a first degree is compres 
sion molded to a preform of polyethylene such as UHMWPE 
which is crosslinked to a second, lesser degree. 
0054. Such a composite 30 (i.e., a first polymer layer 32 
constructed of a polymer which has been crosslinked to a first 
degree and a second polymer layer 34 constructed of a poly 
mer which has been crosslinked to a second, lesser degree) 
may also be fabricated by the use of polymer powders or 
porous structures. For example, a powder of polymer 
crosslinked to a first degree may be placed in a mold, along 
with a preform of polymer which is crosslinked to a second, 
lesser degree. Thereafter, the two materials (i.e., the powder 
and the preform) are compression molded to one another 
under process parameters which cause the polymer of the 
preform to be molten and fused with the polymer of the 
powder. Similarly to as described above, the resultant com 
posite 30 formed by the fusing of the two materials to one 
another is contemporaneously formed into the predetermined 
shape associated with a prosthetic bearing 10 (e.g., the gle 
noid bearing 12, the acetabular bearing 14, or the tibial bear 
ing 16). In an exemplary implementation of this process, a 
powder of polyethylene such as UHMWPE which is 
crosslinked to a first degree is compression molded to a pre 
form of polyethylene such as UHMWPE which is crosslinked 
to a second, lesser degree. 
0055. It should be appreciated that the forms in which the 
two materials are provided may be swapped. Specifically, a 
preform of polymer crosslinked to a first degree may be 
compression molded with a powder of polymer which is 
crosslinked to a second, lesser degree in a similar manner to as 
described above. 
0056 Moreover, a powder of polymer crosslinked to a first 
degree may be placed in a mold, along with a porous structure 
of polymer which is crosslinked to a second, lesser degree. 
Thereafter, the two materials (i.e., the powder and the porous 
structure) are compression molded to one another under pro 
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cess parameters which cause the polymer of the porous struc 
ture to be molten and fused to the polymer of the powder. 
Similarly to as described above, the resultant composite 30 
formed by the fusing of the two materials to one another is 
contemporaneously formed into the predetermined shape 
associated with a prosthetic bearing 10 (e.g., the glenoid 
bearing 12, the acetabular bearing 14, or the tibial bearing 16). 
In an exemplary implementation of this process, a powder of 
polyethylene such as UHMWPE which is crosslinked to a 
first degree is compression molded with a porous structure of 
polyethylene such as UHMWPE which is crosslinked to a 
second, lesser degree. 
0057. It should be appreciated that the forms in which the 
two materials are provided may be swapped. Specifically, a 
porous structure of polymer crosslinked to a first degree may 
be compression molded with a powder of polymer which is 
crosslinked to a second, lesser degree in a similar manner to as 
described above. 
0.058 A similar fabrication process may be utilized in 
regard to fabrication of a composite 30 having a first polymer 
layer 32 constructed of a polymer (e.g., polyethylene) and a 
second polymer layer 34 constructed of an ethylene-acrylate 
copolymer. In particular, a polymer preform may be placed in 
a mold, along with a preform of an ethylene-acrylate copoly 
mer. Thereafter, the two preforms are compression molded to 
one another under process parameters which cause the 
copolymer preform to be molten and fused to the polymer 
preform. Similarly to as described above, the resultant com 
posite 30 formed by the fusing of the two preforms to one 
another is contemporaneously formed into the predetermined 
shape associated with a prosthetic bearing 10 (e.g., the gle 
noid bearing 12, the acetabular bearing 14, or the tibial bear 
ing 16). In an exemplary implementation of this process, the 
polymer preform is provided as a polyethylene preform Such 
as a UHMWPE preform (crosslinked or non-crosslinked, 
quenched or non-quenched), whereas the copolymer preform 
is provided as a PMMA compatible preform. 
0059. It should be appreciated that other starting material 
forms may also be utilized in the fabrication of a composite 30 
in which the first polymer layer32 is constructed of a polymer 
(e.g., polyethylene) and the second polymer layer 34 is con 
structed of an ethylene-acrylate copolymer. For example, in 
addition to preforms, the polymer utilized in the construction 
of the polymer layer 32 may be provided as either powders or 
porous structures. Likewise, in addition to preforms, the 
copolymer utilized in the construction of the polymer layer 34 
may be provided as either powders or porous structures. 
0060. It should also be appreciated that although the com 
posites 30 have herein been described as having two layers, 
and have significant advantages thereby in the present inven 
tion, other composite configurations are also contemplated. 
For example, the composite 30 may be configured to include 
several alternating layers of materials similar to the materials 
used in regard to the two-layer composites described above. 
For instance, the composite 30 may be configured to include 
several (i.e., more than two) layers of alternating crosslinked 
and non-crosslinked UHMWPE. 

0061 Moreover, it may be desirable to use vacuum mold 
ing for some materials. For example, vacuum molding may be 
preferred where one or more of the layers comprises a non 
quenched material. 
0062) Advantageously, the tensile properties associated 
with the interfaces between the layers 32, 34 are as strong as 
at least the weaker of the individual layers 32.34. Such inter 
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facial tensile properties may be evaluated in an interfacial 
tensile test as a gauge for composite structure integrity. Type 
V tensile specimens of 400 micron thickness were prepared 
from various composites and were tested based on the ASTM 
D638 standard. The interface section was placed within the 
gauge length of the narrow section of the tensile test speci 
C. 

TABLE I 

Interfacial tensile properties of two examples of 
Crosslinked UHMWPE Composite Molding 

Ultimate 
Composite Tensile Elongation, 
Structure Composition Strength, ksi. % 

Preform I- Non-Irradiated GUR 1020 8.12+f- 0.95 397+f-55 
Preform II Preform - 50 KGy, 

Annealed GUR 1050 
Preform 

Powder - GUR 1020 Powder- 6.89 +/- 0.25 403 +/- 16 
Preform 50 KGy, Annealed GUR 

1050 Preform 

TABLE II 

Tensile properties of pre-consolidated UHMWPE material 

Ultimate Tensile 
Strength, ksi. Elongation, % 

50 KGy, Annealed GUR 1050, 7.56 +f- 0.49 301 +/- 23 
Ram Extruded 
Non-Irraidated GUR 1020, Ram 8.99 +f- 0.66 475+f- 26 
Extruded 

0063. As shown in Tables I and II, interfacial ultimate 
tensile strength data indicate that the interfaces of composites 
30 have an integrity which is approximately comparable to 
the fully consolidated or fully fused forms of the starting 
materials (i.e. the materials of which the individual layers 32. 
34 are constructed). Moreover, the corresponding data for 
elongation at break at the interfaces for the composites 30 are 
at least as good as the weaker of the two starting materials. 
0064. In the composite structures of Table I, the two poly 
mer layers 32,34 have been fused by heating the two layers to 
cause the adjacent portions of both polymer layers to become 
molten while compression molding the layers into the com 
posite. It should also be understood that other processes can 
be used to create such a melt-fused interface between the 
polymer layers. For example, welding can be used to create a 
melt-fused interface. It is believed that with melt-fusion, the 
polymer chains from each polymer layer become inter 
mingled and entangled to create the strong interface, with 
strong bonding between the layers. Generally, the expres 
sions "melt-fusion' and "melt-fused’ are used herein to 
denote interfaces between polymer layers wherein the parts 
of both polymer layers at the interface have been melted. 
0065. It is expected that other methods of securing the two 
polymer layers can be used for Some applications. For 
example, instead of melt-fusion, it is expected that mechani 
cal interlocks can be used in some applications. With the 
choice of appropriate materials and processes, mechanical 
interlocks between polymer layers may provide an interface 
with adequate mechanical and dynamic properties for the 
composite to be used as an implantable bearing for an ortho 
paedic prosthesis. 
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0.066 For an application relying upon mechanical inter 
locks, it is anticipated that mechanical interlocking with 
adequate interfacial strength can be achieved by providing a 
second layer of polymer 34 comprising a porous structure of 
a high-temperature engineering polymer, Such as one from 
the polyaryletherketone family or the polyimide family, and 
by control of process parameters. In such an application, a 
crosslinked UHMWPE layer may be used for the first layer of 
polymer 32 for the articulating surface. The crosslinked 
UHMWPE layer32, in the form of a powder or preform, may 
be compression molded to the layer 34 of porous high tem 
perature engineering polymer under a temperature that will 
melt at least a portion of the UHMWPE layer, so that UHM 
WPE melts into and fills some of the pores of the high tem 
perature engineering material; when this UHMWPE material 
solidifies, the two polymer layers will be mechanically 
bonded together. 
0067. The compression molding can be done at a tempera 
ture high enough to melt the UHMWPE layer but below the 
melting point of the second layer of polymer 34. The high 
temperature may be localized at the interface of the layers 32. 
34. The porous structure may comprise a solid section for 
machining into the final geometry. The structural integrity of 
the interface in this composite embodiment relies on 
mechanical interlocking of the two polymer layers. It is also 
anticipated that various mechanical locking mechanisms can 
be used, provided that materials and process parameters are 
selected to provide the desired strength at the interface of the 
polymer layers 32, 34. 
0068. The layer of porous high temperature engineering 
polymer may comprise a engineering polymer Such as poly 
etheretherketone, polyetherketone, polyetherketoneetherke 
toneketone or polyimide. These materials are biocompatible 
and are able to withstand the processing temperature for 
UHMWPE without significant deformation. Required pre 
form or porous structures can be readily fabricated from these 
raw materials using conventional processing techniques. 
Although it is expected that these polymer materials will be 
useful as one of the polymer layers when relying upon a 
mechanical interlock, the present invention is not limited to 
these materials unless the claims expressly call for them. The 
present invention may also encompass newly developed poly 
mers, unless a particular polymer is expressly set forth in the 
claims. 

0069. In addition, although the mechanical interlock that 
secures the two polymer layers together can be formed by 
compression molding the two polymer layers together, meth 
ods such as hot isostatic pressing may be used to secure the 
two layers of polymer 32, 34 together with a mechanical 
interlock. In addition, as new polymer materials are devel 
oped, new methods of securing the polymer layers together 
may also be developed. Accordingly, the present invention is 
not limited to any particular means of securing the polymer 
layers together, and may encompass newly developed mate 
rials and securing means, unless a particular material or pro 
cess is expressly set forth in the claims. 
0070. In addition to ultimate tensile strength and elonga 
tion, the interface of the two secured polymer layers in the 
composite bearing is expected to also have other mechanical 
and dynamic properties comparable to the other mechanical 
properties of at least the weaker of the fully fused or fully 
consolidated forms of the polymer material in the two layers. 
Mechanical and dynamic properties of the interface include 
not only ultimate tensile strength, yield strength, elongation 
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to break, and modulus, but also oxidation resistance, impact 
strength, compression strength, shear strength and fatigue 
strength (as shown through different forms of fatigue testing, 
e.g., three-point bending, tension, compression and flex 
fatigue). “Comparable' is meant to include no statistical dif 
ference in properties, as well as overlaps in data points, as in 
the case of the ultimate tensile strength of the Powder-Pre 
form Composite Structure of Table I and the 50 KGy. 
Annealed GUR 1050 Ram Extruded material in Table II, for 
example. 
0071. It should be understood that unless specific 
mechanical and dynamic properties are expressly called for in 
the claims, the invention is not intended to be limited to 
composites with interfaces with any particular mechanical or 
dynamic property. Although the composite article should 
have properties suitable for an orthopaedic implant, the prop 
erties at the interface may not need to be comparable to the 
mechanical and dynamic properties of the fully consolidated 
materials of the layers. For example, if the two polymer layers 
are made of materials with great enough shear strength, then 
the shear strength of the interface may be less significant. 
0072 The composite articles with layers secured through 
a melt-fusion process possess may be preferred over those 
with layers secured through mechanical interlocks. The tem 
perature of the melt-fusion process should be sufficient to 
destroy any contaminants at the pre-fusion interface. In addi 
tion, melt-fusion results in an interface where the two poly 
mers are in intimate contact, with no pore, Void, gap, crack or 
separation that would allow for the ingress of agents that 
would compromise sterilization. Therefore, surface steriliza 
tion should be adequate for the melt-fused polymer compos 
ite implants. The ability to use surface sterilization tech 
niques, such as gas plasma sterilization and ethylene oxide 
sterilization, instead of irradiation, is advantageous when an 
UHMWPE material is used as one of the polymer layers. 
Gamma irradiation sterilization of UHMWPE material can 
generate free-radicals and can make the material more sus 
ceptible to oxidation. 
0073 For polymer composite bearings with polymer lay 
ers secured through mechanical interlocks, some gap or sepa 
ration may continue to exist between the layers after they are 
secured together, since only one of the polymer layers will be 
melted. If the gap or separation is large enough, agents that 
could compromise sterilization could enter the gap. Accord 
ingly, unless special processing techniques are employed, 
sterilization could require gamma irradiation to reach the 
level of the interface of the polymer layers. In addition, if 
either polymer layer exists as a porous structure after the 
polymer layers are secured together, proper Sterilization will 
probably require gamma irradiation. 
0074. If it is desired to avoid gamma irradiation steriliza 
tion of composites with mechanical interlocks, known special 
processing techniques may be employed to ensure a sterile 
environment, such as processing in a clean room. 
0075. In addition, new sterilization techniques may be 
developed, and new materials may be developed, or materials 
may be selected that do not degrade undergamma irradiation 
sterilization. In either event, mechanical interlocking poly 
mer layers may be preferred. 
0076. In addition to the ability to surface sterilize the melt 
fused composite bearings of the present invention, the pros 
thetic bearings 10 and associated methods for making the 
same have a number of advantages over heretofore designed 
bearings and associated methods. For example, by construct 

Feb. 17, 2011 

ing the bearing as a composite (i.e., the composite 30), the 
materials selected with each layer of the composite may be 
selected to provide the desired mechanical and dynamic prop 
erties. In particular, as described above, the layer in which the 
articulating surface 18 of the bearing 10 is defined may be 
constructed with materials which have favorable mechanical 
and dynamic properties for use as an articulating Surface (e.g., 
high wear and oxidation resistance). On the other hand, the 
layer in which the engaging Surface 20 is defined may be 
constructed with materials which have favorable mechanical 
and dynamic properties for use as an engaging Surface (e.g., 
high ductility, toughness and creep resistance). 
0077 Moreover, use of an ethylene-acrylate copolymeras 
an underlying layer provides the bearings 10 of the present 
invention with advantages over heretofore designed compos 
ite bearings. Firstly, Such a copolymer has a component for 
both (1) providing suitable adhesion to the polyethylene 
based upper layer, and (2) providing Suitable adhesion to bone 
cement. Other attempts at providing this functionality have 
been met with limited Success since, amongst other things, 
they have attempted to utilize dry blends of materials (as 
opposed to an actual copolymer), and, as a result, have been 
Subjected to both process and product variations. 
0078 While the invention has been illustrated and 
described in detail in the drawings and foregoing description, 
Such an illustration and description is to be considered as 
exemplary and not restrictive in character, it being understood 
that only the illustrative embodiments have been shown and 
described and that all changes and modifications that come 
within the spirit of the invention are desired to be protected. 
007.9 There are a plurality of advantages of the present 
invention arising from the various features of the prosthetic 
bearing described herein. It will be noted that alternative 
embodiments of each of the prosthetic bearings of the present 
invention may not include all of the features described yet 
benefit from at least Some of the advantages of Such features. 
Those of ordinary skill in the art may readily devise their own 
implementations of prosthetic bearings that incorporate one 
or more of the features of the present invention and fall within 
the spirit and scope of the present invention as defined by the 
appended claims. 
0080 For example, although it has been described herein 
to crosslink materials via irradiation, a process which has 
numerous advantages in regard to the present invention, it 
should be appreciated that certain of such advantages may be 
achieved by crosslinking the materials by any Suitable tech 
nique. In addition, although the crosslinked polymer or more 
highly crosslinked polymer may typically be used for the 
articulating Surface of the composite with non-crosslinked or 
less crosslinked polymer being used for the engaging Surface, 
there may be instances where it is desirable for the 
crosslinked polymer or more highly crosslinked polymer 
layer to be used for the engaging Surface and the non 
crosslinked or less crosslinked polymer to be used for the 
articulating Surface. 

1. A method of making an implantable bearing for an 
orthopaedic prosthesis, comprising: 

exposing a first layer of polymer to a first dose of radiation, 
molding the first layer of polymer to a second layer of 

polymer So as to create a composite, and 
forming the composite into a predetermined shape of the 

implantable bearing. 
2. The method of claim 1, further comprising the step of 

exposing the second layer of polymer to a second dose of 
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radiation, which is different than the first dose of radiation, 
prior to molding the first layer of polymer to the second layer 
of polymer. 

3. The method of claim 2, wherein the second dose of 
radiation is less than the first dose of radiation. 

4. The method of claim 3, whereinforming the composite 
comprises forming an articulating Surface in the first layer of 
polymer. 

5. The method of claim 2, wherein: 
exposing the first layer of polymer comprises exposing the 

first layer of polymer to the first dose of radiation so as to 
crosslink the first layer of polymer to a first degree, and 

exposing the second layer of polymer comprises exposing 
the second layer of polymer to the second dose of radia 
tion so as to crosslink the second layer of polymer to a 
second degree which is less than the first degree. 

6. The method of claim 1, wherein molding the first layer of 
polymer to the second layer of polymer is contemporaneously 
performed with forming the composite into the predeter 
mined shape of the implantable bearing. 

7. The method of claim 1, wherein molding the first layer of 
polymer to the second layer of polymer comprises compres 
sion molding the first layer of polymerand the second layer of 
polymer to one another. 

8. The method of claim 1, wherein: 
both the first layer of polymer and the second layer of 

polymer comprise polyethylene, and 
molding the first layer of polymer to the second layer of 

polymer comprises melt-fusing the polyethylene of the 
first layer of polymer to the polyethylene of the second 
layer of polymer. 

9. The method of claim 1, whereinforming the composite 
comprises molding the composite into an acetabular bearing 
which is adapted to be implanted into an acetabulum of a 
patient. 

10. The method of claim 1, whereinforming the composite 
comprises molding the composite into a glenoid bearing 
which is adapted to be implanted into a glenoid of a patient. 

11. The method of claim 1, whereinforming the composite 
comprises molding the composite into a tibial bearing which 
is adapted to be implanted into a tibia of a patient. 

12. The method of claim 1, wherein: 
exposing the first layer of polymer comprises exposing a 

first polymer preform to the first dose of radiation, and 
molding the first layer of polymer to the second layer of 

polymer comprises molding the first polymer preform to 
a second polymer preform so as to create the composite. 

13. The method of claim 12, further comprising exposing 
the second polymer preform to a second dose of radiation, 
which is less than the first dose of radiation, prior to molding 
the first polymer preform to the second polymer preform. 

14. The method of claim 1, wherein: 
exposing the first layer of polymer comprises exposing a 

polymer powder to the first dose of radiation, and 
molding the first layer of polymer to the second layer of 

polymer comprises molding the polymer powder to a 
polymer preform so as to create the composite. 

15. The method of claim 14, further comprising exposing 
the polymer preform to a second dose of radiation, which is 
different than the first dose of radiation, prior to molding the 
polymer powder to the polymer preform. 

16. The method of claim 1, wherein: 
exposing the first layer of polymer comprises exposing a 

polymer powder to the first dose of radiation, and 
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molding the first layer of polymer to the second layer of 
polymer comprises molding the polymer powder to a 
polymer porous structure so as to create the composite. 

17. The method of claim 16, further comprising exposing 
the polymer porous structure to a second dose of radiation, 
which is different than the first dose of radiation, prior to 
molding the polymer powder to the polymer porous structure. 

18. The method of claim 1, wherein: 
exposing the first layer of polymer comprises exposing a 

polymer porous structure to the first dose of radiation, 
and 

molding the first layer of polymer to the second layer of 
polymer comprises securing the polymer porous struc 
ture to a polymer preform so as to create the composite. 

19. The method of claim 1, wherein at least part of at least 
one of the first layer of polymer and the second layer or 
polymer is melted during the molding step. 

20. The method of claim 1, wherein molding the first layer 
of polymer to the second layer of polymer comprises melt 
fusing the first layer of polymer and the second layer of 
polymer together. 

21. The method of claim 1, further comprising sterilizing 
the formed implantable bearing using a surface irradiation 
technique to a degree that is adequate for pre-implant steril 
ization. 

22. A method of making an implantable bearing for an 
orthopaedic prosthesis, comprising: 

molding a layer of crosslinked polymer to a layer of non 
crosslinked polymer so as to create a composite, and 

forming the composite into a predetermined shape of the 
implantable bearing. 

23. The method of claim 22, wherein molding the layer of 
crosslinked polymer to the layer of non-crosslinked polymer 
is contemporaneously performed with forming the composite 
into the predetermined shape of the implantable bearing. 

24. The method of claim 22, wherein molding the layer of 
crosslinked polymer to the layer of non-crosslinked polymer 
comprises compression molding the layer of crosslinked 
polymer and the layer of non-crosslinked polymer to one 
another. 

25. The method of claim 22, wherein: 
both the layer of crosslinked polymer and the layer of 

non-crosslinked polymer comprise polyethylene, and 
molding the layer of crosslinked polymer to the layer of 

non-crosslinked polymer comprises fusing the polyeth 
ylene of the layer of crosslinked polymer to the polyeth 
ylene of the layer of non-crosslinked polymer. 

26. The method of claim 22, whereinforming the compos 
ite comprises molding the composite into an acetabular bear 
ing which is adapted to be implanted into an acetabulum of a 
patient. 

27. The method of claim 22, whereinforming the compos 
ite comprises molding the composite into a glenoid bearing 
which is adapted to be implanted into a glenoid of a patient. 

28. The method of claim 22, whereinforming the compos 
ite comprises molding the composite into a tibial bearing 
which is adapted to be implanted into a tibia of a patient. 

29. The method of claim 22, wherein molding the layer of 
crosslinked polymer to the layer of non-crosslinked polymer 
comprises molding a crosslinked polymer preform to a non 
crosslinked polymer preform. 
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30. The method of claim 22, wherein molding the layer of 
crosslinked polymer to the layer of non-crosslinked polymer 
comprises molding a crosslinked polymer preform to a non 
crosslinked polymer powder. 

31. The method of claim 22, wherein molding the layer of 
crosslinked polymer to the layer of non-crosslinked polymer 
comprises molding a crosslinked, polymer porous structure 
to a non-crosslinked polymer powder. 

32. The method of claim 22, wherein molding the layer of 
crosslinked polymer to the layer of non-crosslinked polymer 
comprises molding a crosslinked, polymer porous structure 
to a non-crosslinked polymer preform. 

33. The method of claim 22, wherein molding the layer of 
crosslinked polymer to the layer of non-crosslinked polymer 
comprises molding an articulating Surface in the layer of 
crosslinked polymer. 

34. The method of claim 22, wherein at least part of one of 
the layer of crosslinked polymer and the layer of non 
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crosslinked polymer is melted during molding the layer of 
crosslinked polymer to the layer of non-crosslinked polymer 
comprises molding. 

35. The method of claim 22, wherein at least one of the 
layer of crosslinked polymer and the layer of non-crosslinked 
polymer is melted during the step of molding the layer of 
crosslinked polymer to the layer of non-crosslinked polymer. 

36. The method of claim 22, wherein molding the layer of 
crosslinked polymer to the layer of non-crosslinked polymer 
comprises molding comprises melt-fusing the layer of 
crosslinked polymer and the layer of non-crosslinked poly 
mer together. 

37. The method of claim 22, further comprising sterilizing 
the formed implantable bearing without gamma irradiation to 
a degree that is adequate for pre-implant sterilization. 
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