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Abstract

Aseptic loosening is the most common complication in total hip replacement
(5- 10% at 10 years follow up). The magnitude of the problem is illustrated
by the fact that about one million hip prostheses are implanted worldwide
each year. Many parameters affect the longevity of the implant where aseptic
loosening caused by wear debris and raised intraarticular pressure are the most
common reasons for revisions. To monitor wear in vivo and also to predict the
longevity of new materials for hip prostheses are therefore important issues.

The main aims of this thesis are to validate a new non-invasive method for
assessment of in vivo wear of acetabular cups in 3 dimensions using computed
tomography (CT), and to investigate the influence of counterface surface
roughness and γ-irradiation sterilisation in wear testing of ultra high molecular
weight polyethylene (UHMWPE) for hip prostheses. A new low friction coating,
Micronite was also investigated using a multidirectional pin-on-disk machine.

The 3D-CT method was found to be easy to use and showed an accuracy
and repeatability at a clinical relevant level for assessment of acetabular cup
wear. The method should lend itself well to semi-automation. The Micronite
coating showed potential for use in artificial joints due to its low friction and
intact surface after wear testing compared to a stainless steel disk that showed
wear tracks. However, the surface roughness of the stainless steel disks was
increased by the coating. Therefore further investigations are needed. In the
hip simulator study, it was found that a rougher counter surface increased the
wear 2-fold. It was also found that sterilisation by γ-irradiation (in nitrogen)
increased both fluid absorption and wear of the UHMWPE cups compared to
the non-sterilised cups. A study with infrared spectroscopy and derivatisation
techniques using NO, HCl, and SO2 showed that the increased wear and
absorption were due to oxidation induced by γ-irradiation. The oxidation
was found to be inhomogeneous with higher oxidation near the surfaces. The
contribution of the roughened heads to the increased oxidation was only minor.
Crystallinity changes upon wear testing of the sterilised cups were detected
with Raman spectroscopy and differential scanning calorimetry. However,
the changes were small and the influence on wear properties is therefore
questionable.
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