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In an effort to combat oxidation of the load-bearing, polyethylene (PE) components of total
hip- and knee-joint replacement devices, antioxidant such as vitamin E (a-Tocopherol (a-T))
has been introduced into polymer matrix [1]. In this study we investigated effect of a-T on
free radicals in medical grade ultra-high molecular weight polyethylene (UHMWPE), GUR
1020 resin. Since oxidation resistance depends on radical reaction, we used electron spin
resonance (ESR) technique for direct detection of free radicals before and after irradiation.
High concentration (20% by vol.) of a-T was used so its ESR signal (due to a-T-O° radical)
could be distinguished among the overwhelming signals due to PE radicals. Two groups of
samples were investigated. In one group, samples were prepared from blends of a-T and
UHMWPE powder (a-T-P), and in the second group, from compression molded blocks (a-T-
B). In each group, samples were y-irradiated in sealed packages filled with N2, or in open air,
and free radicals were measured in open air environment as a function of time. Also included
in this study were a-T, and powder resin and compression molded blocks without any a-T.

Following irradiation in air, a-T-P and a-T produced identical ESR spectra showing
characteristic feature of a-T-O° radical [2]. Absence of PE radicals in the ESR signals
suggests quenching/repairing of PE radicals by a-T in presence of oxygen. However, when
irradiation was performed in N2, ESR signals of a-T-P exhibited superimposed resonance
lines due to PE and a-T-O° radicals. Furthermore, presence of a-T or a-T-O° radicals did not
prevent subsequent oxidation of PE radicals in producing stable, oxygen-induced radicals
(OIR). Post-irradiation oxidation index measured by FTIR, however, did not show any
difference between these samples.

Compression molded samples, with or without a-T, produced ESR spectra showing features
characteristics of PE radicals only, and there was no detecable a-T-O° radical, irrespective of
their irradiation environment, N2 or air. However, relatively weak signals of a-T-O° radicals
were detected in a-T-B before irradiation. Most likely these radicals were formed during
compression molding at elevated temperature, and they were destroyed or repaired by
irradiation.
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