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A novel a-tocopherol (vitamin E, a-T)-stabilized, cross-linked ultra-high molecular weight
polyethylene (UHMWPE) (aTPE) was developed for total joint arthroplasty as a bearing
surface with low wear and improved mechanical properties [I]. Accelerated aging showed a-
T protects irradiated UHMWPE against oxidation [2]. However, accelerated aging may not
truly reflect in vivo and shelf oxidation. We used real-time aging to monitor the evolution of
oxidation and free radical signals of aTPE to determine the mechanism of oxidative stability.

UHMWPE blocks (30x30x10 mm) were machined and y-irradiated (85 kGy) in argon. The
blocks were doped in a-T for 5 hours at 120°C and homogenized for 64 hours at 120°C in
argon, packaged in vacuum and y- sterilized (25 kGy). Samples were aged in air at room
temperature, in air at 40°C and in water at 40°C. Measurements were at 1, 2, 3, 4 and 7
months. Sections cut from the aged blocks (150|im) were boiled in hexane overnight to
extract free species and evaluated by FTIR. Oxidation indices were calculated by taking the
area under the carbonyl peak and normalizing it to a skeletal peak. ESR was used to determine
the content and type of free radicals. Control was 100-kGy irradiated, unstabilized
UHMWPE.

aTPE showed a small amount of oxidation, which stabilized after 2 months. This indicated
that the decay of the hydroperoxides formed by the reaction of the residual free radicals with
oxygen was exhausted by a-T due to its ability to scavenge free radicals. In contrast, control
UHMWPE continued to oxidize because the residual free radicals likely continued to form
hydroperoxides and additional free radicals, furthering the oxidation reactions. There was a
shift in the free radical signature of both aTPE and control from the sextet alkyl/allyl radicals
to a sharp singlet during aging. Most likely, trapped free radicals move along the crystal stems
until they react with another free radical or until they reach the crystal folds where they are
able to abstract a hydrogen atom from nearby amorphous chains or react with diffused
oxygen. This would lead to an increase in polyenyl and peroxy free radicals, respectively,
giving a sharp singlet. The rate of the change of alkyl/allyl type free radicals was faster in
aTPE. It is possible that some a-T co-crystallized with UHMWPE, increasing the mobility of
the chains resulting in efficient quenching of the free radicals. aTPE showed the same free
radical evolution as control UHMWPE, suggesting that the mechanism of decay of the free
radicals was similar. However, this was not accompanied by oxidation in aTPE, supporting
the chain-breaking antioxidant activity of a-T. Real-time oxidation behavior of aTPE was
consistent with that observed with accelerated aging. This new UHMWPE is oxidation
resistant and is expected to maintain its mechanical properties in the long-term.
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