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Abstract: Since the recent failure events of two particular series of zirconia femoral heads for total hip replacement prosthesis, a large decrease in the use of zirconia ceramics for orthopaedic implants has been observed. In spite of the biomedical success of this material during the last 10 years, this decrease in use was required for safety reasons, until the cause of the failures is known. It has been shown that these failures were related to the low temperature hydrothermal degradation (also known as aging). Thus, it is crucial to better understand the aging behavior, in order to be able to assess its importance and then control it if required. In this study, various techniques relevant to assess the hydrothermal degradation sensitivity of biomedical grade yttria-stabilized zirconia are discussed and compared. The expected outputs of conventional methods, that is, X-ray diffraction and scanning electron microscopy are examined. More recent methods like optical interferometry and atomic force microscopy are presented, with their respective beneﬁts and drawbacks. An up-to-date comparison of these different techniques is provided, and their use for ensuring the long-term reliability of a particular batch of zirconia in terms of aging degradation is demonstrated. © 2004 Wiley Periodicals, Inc. J Biomed Mater Res Part B: Appl Biomater 72B: 239 –245, 2005
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INTRODUCTION The requirements of biomaterials for total hip replacement are very demanding.1 To ensure the long-term reliability and thus the clinical success of an implant, the selected materials must meet a unique combination of biocompatibility and mechanical properties. Total hip replacement has gone through half a century of research and improvement, during which a wide variety of materials and materials combinations were examined. Until some recent failure events2,3 of two particular series of zirconia femoral heads, one of the most performing solutions achieved was the use of yttria-stabilized tetragonal zirconia (YTZP) for the femoral head.4,5 Its excellent biocompatibility, high fracture toughness, high strength, and low wear rates6,7 made YTZP very attractive for this application. The analyses of the broken femoral heads pointed to one of the drawbacks of yttria-stabilized zirconia, its sensitivity to low temperature degradation, also referred to as aging, which can have a deleterious effect on the service performance of
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YTZP components. This phenomenon has been investigated for the last 30 years, and is now fairly well established (when submitted to hydrothermal and /or mechanical stresses, the metastable tetragonal zirconia phase may transform to the stable monoclinic structure8 –11). The recent failures have nonetheless alarmed the biomedical community. Though very concerning for the patients, they were limited to two particular batches. Their origin has been related to an untimely, accelerated, and unexpected aging of the heads, starting from the inner surfaces. This phenomenon was due to a modiﬁcation modiﬁcation of the processing route. However, these events have had tremendous consequences on the use of zirconia as a bioceramic, because it has decreased dramatically. Many surgeons came back to alternative and sometimes less performing material solutions. On the other hand, it is worth mentioning that most of the YTZP femoral heads have now been implanted for more than 15 years without any critical problem being reported. Though most of the factors affecting the aging sensitivity were believed to be known, these events clearly proved there is room for new factors to be assessed. Knowing these new factors, the long-term reliability of the prostheses can be ensured, provided that a careful analysis of their degradation sensitivity is carried out ﬁrst. The monoclinic phase is the stable structure of zirconia ceramics at room temperature. When stabilized with oxides 239
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