
(19) United States 
US 20020002246A1 

(12) Patent Application Publication (10) Pub. N0.: US 2002/0002246 A1 
Wang et al. (43) Pub. Date: Jan. 3, 2002 

(54) COMPOSITIONS, PROCESSES AND 
METHODS OF IMPROVING THE WEAR 
RESISTANCE OF PROSTHETIC MEDICAL 
DEVICES 

(76) Inventors: Aiguo Wang, Wood-Ridge, NJ (US); 
Aaron Essner, Bloomingdale, NJ (US) 

Correspondence Address: 
LERNER, DAVID, LITTENBERG, 
KRUMHOLZ & MENTLIK 
600 SOUTH AVENUE WEST 
WESTFIELD, NJ 07090 (US) 

(21) Appl. No.: 09/909,156 

(22) Filed: Jul. 19, 2001 

Related US. Application Data 

(62) Division of application No. 09/515,877, ?led on Feb. 
29, 2000. 

Publication Classi?cation 

(51) Int. Cl? ................................................... .. C08L 23/00 

(52) Us. 01. ............................................................ ..525/240 

(57) ABSTRACT 
Methods and compositions for fabricating prosthetic medi 
cal devices exhibiting improved Wear resistance include 
selectively cross-linking polymeric resins then curing and 
shaping the polymer into a ?nished article. The selectively 
cross-linked polymeric compositions may be created by 
blending a speci?c amount of cross-linked resins With a 
speci?c amount of uncross-linked resins then cured into a 
polymeric matrix Whereby the desired degree or percentage 
of overall cross-linking is obtained. The polymeric material 
may then be formed directly into a ?nished article by 
injection molding the polymeric material. 
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COMPOSITIONS, PROCESSES AND METHODS OF 
IMPROVING THE WEAR RESISTANCE OF 

PROSTHETIC MEDICAL DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a divisional application of US. Patent 
Application No. 09/515,877, ?led Feb. 29, 2000. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to polymeric compo 
sitions and methods of making the same for use in fabricat 
ing prosthetic medical devices, as Well as prosthetic devices 
made at least partially therefrom With improved Wear resis 
tance. 

[0003] Many prosthetic medical devices are implanted 
into load-bearing joints such as knees, hips, etc. As such, 
these prosthetic devices must be very strong and possess a 
high degree of Wear resistance. Presently, the prosthetic 
medical device industry has utiliZed various metals and 
polymers and combinations thereof to fabricate prosthetic 
devices. Unfortunately, both metals and polymers have 
drawbacks. For example, metals such as stainless steel, 
tungsten and titanium, and alloys thereof, may succumb to 
the corrosive environment of the body and eventually begin 
to Wear. Such Wear may result in ?ne metallic particles being 
scraped aWay from the contact surface of the device and into 
surrounding tissue and bone Which may potentially cause 
pathogenic problems. Polymers, such as polyethylene, 
polypropylene and nylons may also exhibit Wear and may 
consequently produce particles Which diffuse into tissue and 
bone. Both metallic and polymeric particles shed from these 
prosthetic medical devices are of concern because they may 
be inherently reactive With the tissue and bone they contact, 
thus possibly causing tissue degradation or necrosis. 

[0004] Various methods have been devised attempting to 
reduce the Wear rate of the load bearing prosthetic medical 
devices. For polymers, a common practice Within the pros 
thetic medical device industry is to use cross-linked poly 
mers and resins to form the medical device. Polymers are 
commonly cross-linked by chemical catalysis or irradiation 
exposure. Most cross-linking methodologies do result in 
greater Wear resistance. HoWever, indiscriminate or uncon 
trolled cross-linking may result in the formation of a Weak 
ened polymeric matrix, not capable of Withstanding the 
enormous pressures placed on the devices in the patient 
resulting in degradative Wear as described above. 

[0005] Another difficulty conventionally encountered in 
the manufacturing process of prosthetic medical devices is 
that they cannot be formed by inexpensive injection molding 
techniques. Instead, these medical devices must be formed 
by extrusion, for example, Which requires further machining 
into the ?nished article. Injection molding, on-the-other 
hand, alloWs for the ?nal article to be formed in virtually one 
step. 

[0006] Therefore, a need exists Within the prosthetic medi 
cal device industry to fabricate an improved polymeric 
prosthetic device possessing suf?cient strength to Withstand 
the stress and pressure imposed on it, yet resist Wear so that 
foreign particles liberated from the prosthetic device do not 
cause health problems to the patient. There also exists a need 
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to fabricate the devices inexpensively by injection molding. 
The present invention provides compositions, as Well as 
methods of improving the Wear resistance of prosthetic 
medical devices, by selectively cross-linking a polymeric 
resin using a controlled cross-linking process providing 
optimum strength and Wear resistance, thus diminishing or 
eliminating the frequency by Which foreign particles are 
liberated from the implanted prosthesis, thereby reducing 
the risk of compromising the patient’s health. The present 
invention also provides compositions and methods of injec 
tion molding prosthetic medical devices thus rendering a 
less expensive, and more facile prosthetic medical device 
fabrication process. 

SUMMARY OF THE INVENTION 

[0007] It has been discovered that by selectively cross 
linking components of a polymeric matrix used for pros 
thetic medical devices, a device can be fabricated that 
possesses the required strength and Wear resistance and 
thereby avoids or reduces the level of polymeric material 
liberated from the device. 

[0008] One aspect of the present invention provides for a 
polymeric composition containing mixtures of cross-linked 
and non-crosslinked polyole?nic resins blended together 
and ultimately formed into cured polymeric articles. Pref 
erably, the resulting composition and fabricated article made 
from the blended polymeric material of the present invention 
contains cross-linked, linear and branched polyole?nic res 
ins. The physical properties of the resulting compositions of 
the present invention have been found to exhibit an unex 
pectedly high degree of Wear resistance and strength. As 
such, a preferred use of the composition of the present 
invention may be for prosthetic joints or components for 
devices for shoulders, elboWs, ankles, Wrists, ?ngers, jaWs, 
hips, knees, vertebra, and other load-bearing orthopedic 
prosthetic medical devices. Other preferred prosthetic medi 
cal devices fabricated from the composition of the present 
invention include such articles as syringes, catheters and 
surgical implements requiring a high degree of Wear resis 
tance. 

[0009] In another aspect of the present invention, a 
method of producing the polymeric composition is provided. 
In other aspects of the invention, methods for fabricating 
prosthetic medical devices made from the polymeric com 
position are provided. 

[0010] A preferred embodiment of the present invention 
seeks to achieve a desirable balance of Wear resistance and 
high tensile strength and toughness. A desirable balance is 
achieved by virtue of combining, in an integrated matrix, 
cross-linked and non-crosslinked polyole?nic polymers and 
resins. Once blended, the present invention provides for the 
mixture to be formed in any suitable manner or otherWise 
made into prosthetic medical devices. The ?nished articles 
preferably can then be processed and packaged for use alone 
or as components of prosthetic medical devices. 

[0011] It has been discovered that certain compositions of 
the present invention alloW for the blended polymeric mix 
ture to be injection molded. This is possible because selected 
mixture combinations exhibit theological properties and 
characteristics Which are amenable to injection molding. 
Such mixtures exhibit a relatively loW viscosity providing a 
?oWable liquid to be fed into injection molding equipment. 
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[0012] Another aspect of the present invention provides 
for the use of polyole?nic polymers and resins. Within the 
context of the present invention, a polymer is de?ned as an 
organic compound having repeating units of similar or 
different monomers. A resin is de?ned herein as a partially 
cured polymer having utility as a moldable material suitable 
for curing into a solid article. The polymers and resins of the 
present invention have molecular Weights ranging from 
betWeen 1,000 to 10,000,000. While the invention prefer 
ably uses polyole?nic polymers or resins, any polymer 
capable of being formed into, and used as, prosthetic devices 
may be used. Preferably, examples of such polyole?nic 
materials may be polyethylene (PE), polypropylene (PP), 
high molecular Weight polypropylene (HMWPP), high 
molecular Weight polyethylene (HMWPE), ultra high 
molecular Weight polyethylene (UHMWPE) and ultra high 
molecular Weight polypropylene (UHMWPP), high density 
polyethylene (HDPE), loW density polyethylene (LDPE), 
high density polypropylene (HDPP) and loW density 
polypropylene (LDPP). Other polymers and resins of the 
present invention may be polysilanes, polyurethanes, poly 
ethers, polyamides, polyesters, polyalkyl acrylates, nylon, 
rubber and epoxy resins. It should be understood that the 
above list of polymers is not exhaustive, and other polymers 
may also be employed in the present invention. 

[0013] A further aspect of the invention provides for the 
use of mixtures of polymers and resins, both cross-linked 
and non-crosslinked varieties, to form a single blended 
matrix. It is also emphasiZed that not every polymer or resin 
component of the present invention need participate in, or be 
responsible for, the structural integrity or physical charac 
teristics of the resulting prosthetic medical device, but could 
also serve to improve processing and handling manipula 
tions performed on the raW materials, intermediate articles 
and Workpieces, as Well as the ?nished devices. 

[0014] Another aspect of the invention provides for the 
use of lubricants, dyes, stabiliZers and other processing 
compounds to be incorporated into the polymeric matrix. 
These compounds enhance the polymeric mixture’s manu 
facturing properties but do not necessarily contribute to the 
structural integrity of the ?nal matrix. 

[0015] In another aspect of the present invention, solid 
materials may be incorporated into the polymer or resin 
mixtures. Such solid materials may be, for example, 
chopped carbon or glass ?ber or nanotubes, carbon black, 
graphite poWder, talc, mica, polyamide ?ber and other ?llers 
commonly used in the polymer industry. 

[0016] In another aspect of the invention, a process is 
provided Whereby polyole?nic polymers or resins are sealed 
in a container preferably purged of most or all oxygen and 
?lled With an inert atmosphere such as nitrogen. Preferably, 
a poWdered form of the polyole?nic polymer resin is irra 
diated to effect a certain degree of cross-linking to the 
polyole?nic polymer or resin. Other cross-linking methods 
may also be utiliZed, such as those employed in US. Pat. 
Nos. 5,728,748, 5,650,485, 5,449,745, 5,414,049, 5,153, 
039, 5,160,464, 5,037,928 and US. Provisional Application 
No. 60/130,322, each of Which is incorporated herein as if 
fully set forth. The irradiated material, noW possessing a 
certain degree of cross-linking, is ready to be blended into 
a polymeric mixture, and processed into a prosthetic device. 
Optionally, the present invention also provides for further 
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irradiation of the ?nished article or Workpiece. Such subse 
quent irradiation may be necessary or desirable for further 
strengthening or steriliZation of the ?nished article or Work 
piece. 
[0017] In another aspect of the present invention the 
irradiated polyole?nic polymer or resin is blended With 
non-irradiated polyole?nic polymer or resin into a mixture 
Which is then preferably processed and cured into either a 
?nished article or un?nished stock article. The processed 
polymeric mixture may also be rendered as a poWder or 
pellet, for example. 

BRIEF DESCRIPTION OF DRAWINGS 

[0018] FIG. 1 is a representation of data plotting Wear rate 
(mg/mil) vs. percentage of cross-linked polymer incorpo 
rated into the ?nal matrix. 

[0019] FIG. 2 is a representation of data plotting Wear rate 
(mg/mil) vs. percentage of cross-linked polymer incorpo 
rated into the ?nal matrix. 

[0020] FIG. 3 is a representation of a process How chart 
diagramming the steps involved in molding the polymeric 
blends. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0021] The compositions according to a preferred embodi 
ment of the present invention are blends of irradiated or 
otherWise cross-linked polyole?nic polymers or resins com 
bined With linear or uncross-linked polyole?nic polymers or 
resins. These compositions of the present invention improve 
the durability of articles fabricated therefrom by increasing 
the Wear resistance in load-bearing environments. See 
FIGS. 1 and 2. 

[0022] The cross-linked, linear and/or branched poly 
ole?nic polymers or resins may be the same or different 
monomeric starting materials. The blended polymer or resin 
mixture may then be processed and cured directly into 
prosthetic devices by injection molding, or alternatively into 
stock articles or Workpieces that may be formed into the 
desired shape in the future. The blended polymer may also 
be produced in a poWder, ?ake or pellet to be used for future 
processing. 
[0023] Generally, the composition of the present invention 
may be blended to contain from about 1% to about 99% by 
Weight, based on the total Weight of the composition, of a 
polyole?nic polymer or resin poWder Which has been irra 
diated With radiation for a suf?cient period of time to cause 
cross-linking of the polyole?nic polymer or resin. In a 
preferred embodiment, a range of about 1-1,000 Mrads may 
be used to irradiate the polyole?n. In an even more preferred 
embodiment of the present invention, 1-100 Mrads may be 
used, and in the most preferred range 5-20 Mrads may be 
used. 

[0024] Preferred polymers for irradiation may be selected 
from one or more of the folloWing: polyethylene, polypro 
pylene and/or branched derivatives thereof. In a preferred 
embodiment, the polymer type is a polyethylene. The poly 
ole?ns of the present invention may have a molecular Weight 
ranging betWeen about 1000 to about 10,000,000. Prefer 
ably, UHMWPE may be used in the present invention. The 
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ratio of irradiated and non-irradiated polyole?n may range 
from about 1-99% irradiated polyole?n. In a preferred 
embodiment, a 50:50 mixture of irradiated and non-irradi 
ated polyole?nic poWder may be blended together. An even 
more preferred embodiment of the present invention pro 
vides for the mixture of a 30:70 blend of irradiated to 
non-irradiated polyole?nic poWder. 

[0025] In yet another preferred embodiment a blend of 
UHMWPE poWder is blended With HDPE poWder. In this 
embodiment, either the UHMWPE or the HDPE may be 
cross-linked. In an even more preferred embodiment of the 
present invention, the UHMWPE is cross-linked then 
blended With uncross-linked HDPE. Apreferred ratio blend 
is 1:99 % UHMWPE to HDPE. In a more preferred embodi 
ment, the ratio may be 20:80 UHMWPE to HDPE. The most 
preferred ratio is 30:70 UHMWPE to HDPE. This mixture 
is preferably injection molded into a prosthetic device. 

[0026] In another aspect of the invention, a method is 
provided to prepare the above described polymeric compo 
sitions. In such a method, a selected polyole?nic polymer or 
resin is packaged in an air-tight container Which is trans 
parent or opaque. The container is purged of at least most of 
the ambient oxygen and, preferably, ?lled With an inert 
atmosphere such as nitrogen or argon. The ?lled package is 
then preferably irradiated using gamma ray, x-ray or electron 
beam irradiation. The total dose may vary according to the 
amount of cross-linking desired. After irradiation, the poW 
der is preferably heated to a temperature beloW, at, or above 
the melting point of the polymeric material and annealed for 
a selected period of time at the elevated temperature. The 
material is then preferably cooled or alloWed to cool. The 
irradiated material is then mixed With non-irradiated poly 
ole?nic linear polymer or resin. The Weight percent for the 
mixture Will vary according to the desired amount of cross 
linking to be contained in the ?nal product as discussed 
above. The mixing may be performed in a blender, rotary 
mixer, tumbling mill, or any other suitable blending or 
mixing device. The mixed poWder is then extruded or 
molded into material stock. See FIG. 3. Alternatively, the 
mixed poWder may be injection molded into the desired 
shape. If necessary, the ?nal component is then machined 
into the desired shape, cleaned and packaged. The packaged 
article may then be steriliZed by the use of a non-radiation 
method such as gas plasma or ethylene oxide, or by another 
irradiation treatment such as those set forth in the above 
patents and applications Which have been incorporated by 
reference. 

[0027] In a preferred embodiment of the composition, 
UHMWPE is packaged in a substantially oxygen-free envi 
ronment. The packaged material is then irradiated for a total 
dose of 10-12 Mrads. The package is then annealed at an 
elevated temperature ranging from approximately 100° C. 
-150° C. for three days, folloWed by ambient cooling. The 
irradiated material is then blended With non-cross-linked 
UHMWPE or HDPE to a ratio of approximately 5-30% 
irradiated poWder. See FIG. 2. The poWder blend is then 
preferably melted into a liquid Which exhibits rheological 
properties and characteristics suitable for injection molding 
applications. The liquid product is then fed into injection 
molding equipment Which correspondingly renders the poly 
mer into a ?nished article or preformed bar or block. The 
?nished article may then be packaged and steriliZed using 
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ethylene oxide or gas plasma. The preformed bar or block 
may be further processed into a ?nished article. 

[0028] In another preferred embodiment, additives such as 
lubricants, dyes, stabiliZers and other process enhancing 
compounds are incorporated into the polymeric mixture. 
Such compounds may not necessarily enhance the strength 
or structural integrity of the ?nal polymeric matrix, but do 
aid in the manufacturing process or enhance the overall 
appearance of the ?nished article. Examples of these com 
pounds may be long chain fatty acids and their salts, organic 
and inorganic coloring agents, free radical inhibitors, pH 
buffering agents and other materials knoWn to enhance 
processing of polymers Within the polymer industry. 

[0029] In another preferred embodiment of the present 
invention, solid materials may be incorporated into the 
polymer or resin mixtures. Such solid materials may be, for 
example, chopped carbon or glass ?ber or nanotubes, carbon 
black, graphite poWder, talc, mica, polyamide ?ber and other 
?llers commonly used in the polymer industry. As is knoWn 
in the polymer industry, such ?llers may be advantageously 
added to a polymer matrix for the purposes of enhancing 
strength, durability, bulk density, machineablity of the 
resulting polymeric article. Of, course the above list is not 
exhaustive and other uses of the ?llers may also be contem 
plated. 

[0030] In another aspect of the invention the polymeric 
material is prepared as discussed immediately above, then 
compression molded or extruded into a preformed bar or 
block. The preformed articles may be shaped into ?nished 
prosthetic medical devices in the future. 

EXAMPLES 

EXAMPLE I 

[0031] GUR1050 (e.g., UHMWPE having average 
molecular Weight of 4,000,000-6,000,000) poWder Was irra 
diated at 12 Mrads in a nitrogen atmosphere and stabiliZed 
in a nitrogen atmosphere at 100° C. for three days. Several 
mixtures of the cross-linked irradiated poWder Were pre 
pared by blend-mixing With non-irradiated poWder in the 
folloWing proportions 

SAMPLE % IRRADIATED, % NON 

NUMBER CROSSLINKED IRRADIATED 

1 5 95 

2 10% 90% 

3 30% 70% 

4 100% 0% 

[0032] A reference sample (Sample 0) containing 0% 
irradiated and 100% un-irradiated poWder Was also pre 
pared. 
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[0033] The powder samples Were compression molded 
into blanks Which Were machined into cups and then sub 
jected to a hip simulator test to determine the Wear rate of the 
material. 

[0034] The results Were as folloWs: 

SAMPLE WEAR RATE % REDUCTION % 
NUMBER (mm3/1O6 cycles) (from reference) CROSSLINKED 

0 (Reference) 102.1 0 O 
1 231 77.4 5 
2 10 6 89.6 10 
3 5.8 94.3 30 
4 1 9 98.1 100 

[0035] The results shoW that a mixture containing as little 
as 5% irradiated material produces an almost 77% reduction 
in the Wear rate. In mixtures containing 30% irradiated 
material, the Wear reduction is almost 94%. Therefore, 
mixtures containing from about 5% to about 30% irradiated 
material demonstrate an optimum Wear reduction versus cost 
as the cost of production of the material increases as the 
percentage irradiated material content increases. 

EXAMPLE II 

[0036] GUR1050 (e.g., UHMWPE having average 
molecular Weight of 4,000,000-6,000,000) poWder Was irra 
diated at 12 Mrads in a nitrogen atmosphere and stabiliZed 
in a nitrogen atmosphere at 100° C. for three days. Amixture 
of the cross-linked irradiated poWder Was prepared by 
blend-mixing With HDPE non-irradiated poWder in the 
folloWing proportions: 

SAMPLE % IRRADIATED, % NoN 
NUMBER CROSSLINKED IRRADIATED 

1 0 100 (UHMWPE) 
2 30 (UHMWPE) 70 (HDPE) 

[0037] A reference sample (Sample 1) containing 0% 
irradiated and 100% non-irradiated poWder Was also pre 
pared. 

[0038] The poWder samples Were injection molded into 
blanks Which Were machined into cups and then subjected to 
a hip simulator test to determine the Wear rate of the 
material. 
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[0039] The results Were as folloWs: 

SAMPLE WEAR RATE % REDUCTION % 
NUMBER (mm3/1O6 cycles) (from reference) CROSSLINKED 

1 (Reference) 102.1 0 O 
2 4.1 95.9 30 

[0040] While the foregoing description of examples and 
?gures illustrates preferred embodiments of the various 
methods, compositions and articles of manufacture in accor 
dance With the present invention, it should be appreciated 
that the invention also covers various permutations of the 
foregoing described features, and that certain modi?cations 
may be made in the foregoing Without departing from the 
spirit and scope of the present invention Which is de?ned by 
the claims set forth immediately hereafter. 

1. A prosthetic medical device comprising: 

a) a cured polymeric substance produced from a blended 
mixture of at least one cross-linked and at least one 

non-crosslinked polyole?nic resin(s). 
2. The prosthetic medical device according to claim 1 

Wherein said crosslinked and non-crosslinked polyole?nic 
resins are selected from the group comprising PE, PP, 
HMWPE, HMWPP, HDPE, HDPP, LDPE, LDPP, UHM 
WPE and UHMWPP. 

3. The prosthetic medical device according to claim 1 
Wherein said cross-linked and non-cross-linked polyole?nic 
resins are UHMWPE. 

4. The prosthetic medical device according to claim 1 
Wherein said cross-linked polyole?nic resin(s) are produced 
by exposing said resin(s) to an irradiation source. 

5. The prosthetic medical device according to claim 4 
Wherein said resin(s) are contained in an inert environment. 

6. The prosthetic medical device according to claim 1 
Wherein the device is in the shape of components of implant 
able devices selected from the group comprising compo 
nents of implants for a shoulder, an elboW, an ankle, a Wrist, 
a ?nger, a jaW, a hip, a knee, or a vertebra. 

7. The prosthetic medical device in claim 1 Wherein the 
device a load-bearing orthopedic implant. 

8. The prosthetic medical device according to claim 1 
Wherein said cured polymeric substance has been injection 
molded. 

9. The prosthetic medical device of claim 1 Wherein said 
at least one cross-linked polyole?nic resin is UHMWPE and 
said at least one non-crosslinked polyole?nic resin is HDPE. 

* * * * * 


