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Wear and fatigue damage of polyethylene could limit the longevity of total hip and knee
reconstructions used to treat end-stage joint diseases. Wear debris causes peri-prosthetic
osteolysis, resulting in bone loss and component loosening ultimately necessitating revision
surgery. Wear rate of polyethylene can be reduced by radiation crosslinking.

Irradiation not only crosslinks the amorphous phase of polyethylene but also creates residual
free radicals (RFR), the precursor to long-term oxidation. We used post-irradiation melting to
eliminate the RFRs and improve oxidative stability. We determined the molecular weight
between crosslinks (Mc) as a function of radiation-dose level and showed the wear rate to
scale linearly with Mc. Irradiated and melted polyethylene, in clinical use since 1998, show a
significant reduction in wear in vivo through radiographic follow-up studies and analysis of
surgically explanted acetabular liners. Irradiation and melting reduces the crystallinity and
mechanical properties of polyethylene therefore it cannot be used for high demand joint
applications, such as posterior stabilized knees.

We replaced the post-irradiation melting step with a-tocopherol (vitamin-E) doping to
stabilize the RFRs and prevent long-term stability and at the same time prevent the loss of
mechanical properties. lOOkGy irradiated polyethylene was soaked in 120°C vitamin-E
followed by a homogenization step at 120°C. The a-tocopherol doped samples showed no
detectable oxidation after accelerating aging at 80°C in air for 5 weeks. The wear rate was
comparable to that of 100-kGy irradiated and melted polyethylene with both clean and third
body added bovine serum lubrication. The fatigue strength of a-tocopherol doped
polyethylene (AKi=0.9MPa.ml/2) were higher than that of 100-kGy irradiated and melted
polyethylene (AKi=0.5 MPa.m1/2). Similarly, the ultimate tensile and yield strength of a-
tocopherol doped polyethylenes were significantly higher than irradiated and melted material.

The presence of a-tocopherol in the doped UHMWPE did not adversely affect the wear
behavior of irradiated UHMWPE. The presence of the potent antioxidant a-tocopherol
protected the irradiated LJHMWPE against oxidation. The elimination of post-irradiation
melting maintained the level of crystallinity and as a result did not adversely affect the fatigue
strength of irradiated polyethylene.
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