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Preserving Strength

Preserving strength matters for long-term
performance of hip and knee replacements

The first generation of highly crosslinked polyethylene showed improved wear characteristics in hip liner
applications compared to conventional polyethylene.™ The process to achieve this improvement in wear
characteristics may decrease the mechanical strength of the polyethylene, making it less than ideal for knee
applications. Today, Stryker has developed an advanced polyethylene that improves wear characteristics
while preserving mechanical strength, making it the ideal bearing for both hip and knee applications.

Crystallinity Matters

Implants manufactured through
commercial crosslinking methods
are effective in reducing wear in
applications such as hips, where
a repetitive crossing pattern
creates a high level of cross
shear. When remelting heat
treatment

is used, reductions in crys -
tallinity

can cause a loss in strength.! The
figure at right shows how X3¢
tensile strength stacks up against
traditional polyethylene types.®
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X3 : Preserving Mechanical
Strength

To promote crosslinking, irradi -
ation is typically applied to vir-
gin polyethylene. After irradia-
tion, the material may be
rarelted in order to stabilize it.
However, the process of irradi -
ating and remelting polyethylene
results in a loss of material
strength including tensile yield
and

ultimate tensile strengths.?
Applying

an annealing heat treatment
process below the melting tem-
perature has
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The higher the irradiation dose, the more remelting compromises the strength

of the polyethylene.® =
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been shown to stabilize polyeth -
ylene

without compromising its
mechanical strength.t 13 14

Stryker researchers have devel -

oped
a method of sequential crosslink -

ing

and annealing that achieves wear
reduction while preserving
mechanical strength.s 1. 13, 14 X3
is sequentially crosslinked using
three separate gamma radiation
doses with an annealing

step after each irradiation.
Sequential irradiation and
annealing provides more complete
crosslinking with reduction
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Reducing Wear

Reducing wear matters for long-term success
of hip and knee replacements

Compared to conventional polyethylene, the first generation of highly crosslinked polyethylene has demonstrated
improved wear characteristics in acetabular insert applications.' While the processing of this polyethylene
significantly improves the wear characteristics, it may not achieve the functional strength of conventional
polyethylene. The potentially reduced mechanical strength, combined with the biomechanical loading of the
knee, limits the prudent application of this first generation highly crosslinked polyethylene in knee applications.

Stryker scientists have developed
a

breakthrough in bearing technol -
oy

that results in a polyethylene
bearing material that offers
superior wear

characteristics while preserving
mechanical strength.:® 11 13 1 The
result is a bearing surface option
with properties ideal for both hip
and knee applications.

Early Wear Solutions Caused
Potential Compromises

Early efforts to improve wear
resistance may not have achieved
the same

mechanical strength as convention-
a

polyethylene. Radiation- induced
crosslinking followed by remelt -
ing

has shown to decrease tensile and
yield strength of the
polyethylene.?

X3¢ : Improving Wear Without
Compromise

Stryker scientists have developed
a method of sequentially
crosslinking

polyethylene that achieves
improved

wear reduction over previous gen-
erations of polyethylenet-s 3. 16
while preserving mechanical
strength similar to unaltered

polyethylene. !t 4 X3° is sequen -
tially crosslinked using three
separate gamma radiation doses
with an annealing step following
each irradiation. The sequential
irradiation and annealing process
provides a greater percentage of
crosslinking with minimal free
Iadicals.u, 15, 17
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Hip simulator testing comparing conventional and X3° polyethylene revealed that X3°

wear rates did not vary significantly with head size or polyethylene thickness in the range shown.®
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Resisting Oxidation

Resisting oxidation matters for confidence
in long-term jolnt replacement outcomes

Delamination and pitting, sometimes reported in knee implant revisions, have been associated with evidence
of oxidation and contact fatigue stress. While wear reduction in highly crosslinked polyethylene has provided
long-term successes, today’s patients are placing greater demands on both hip and knee replacements.
Stryker scientists have developed a novel highly crosslinked polyethylene that provides oxidation resistance
similar to virgin polyethylene without compromising strength.® '

Expectations: TJA Patients
Demands on total joint replace -
ments are continually increas -
ing, fueled by patient expecta -
tions with respect to functional
outcomes. When longer life
expectancies are corbined with
these high expectations, lifestyle
recovery objectives will result
in new challenges for bearing
surfaces. With these challenges,
patients will demand technologies
that provide

improved material strength.

Reassessing Remelting:
Mechanical Strength Outcomes
Heat treatment has long been used
after irradiation to encourage
greater crosslinking while reduc -
ing free radical content. During
this process, if the

tenmperature is raised above the
melting point, the crystalline
structure and

morphology of the polyethylene is
altered. This remelting process
affects the mechanical strength of
the polyethylene. Specifically, it
reduces the yield and

ultimate tensile strengths.?

X3®: A New Process to

Resist Oxidation

Stryker researchers have found

that amnealing, in which polyeth -
viene is

heated below the melting temper -
atures, can reduce free radicals

while preserving mechanical
Strerl . 11,13-15

Further, a process of sequential
crosslinking through a series of
three irradiation doses and three
amealing steps provides optimal
strength and wear characteristics.
4-8, 11, 13, 14, 16

This sequential crosslinking
process

Oxidation Resistance
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