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A_novel proposal for validating the durability of ceramic-composite artificial
hip joints and improving its prediction accuracy

TAKAHASHI, Yasuhito

3,300,000
ATZ ZTA
LTD ATZ
ZTA LTD
ZTA LTD ATZ

ceramic-on-ceramic

LTD
LTD

Alumina-toughened zirconia (ATZ) and zirconia-toughened alumina (ZTA)
artificial hip joints are known to undergo low-temperature degradation (LTD) due to the aging of
zirconia. Our accelerated aging results revealed nucleation and growth of zirconia monoclinic
crystals in ATZ, leading to faster LTD progression compared to ZTA; however, ATZ showed better crack

shielding capability due to greater compression generated during crack-induced transformation. On
the other hand, ZTA exhibited slower LTD progression due to the absence of crystal growth,
suggesting long-term structural stability; however, it is inferior to ATZ in crack-shielding
capability, necessitating caution in ceramic-on-ceramic sliding surface configuration. Furthermore,
accelerated aging with introduced microcracks under stress concentration provided data closer to
clinical scenarios than current standardization tests.
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Table 1
Property ATZ ZTA 1 ZTA 2
Al203 content [vol.%] 27.6 82 82
ZrO2 content [vol.%)] 72.4 17 18
Other oxides [vol.%)] - 1 -
Density [g/cm3] 5.51 4.37 4.37
Average grain size [um] 0.4 0.54 0.8
Fracture toughness (SEVNB) [MPavm] >7 5.8 >5
Activation energy [kJ/mol] 95.3 108 72
X hours at 134°C represent 1 year at 37°C 1.3 0.4 72
1 hour at 134°C represent x duration at 37°C 9 months 2.5 years 5 days
ASTM Vickers 200N
pre-crack LTD
monoclinic volumefraction, Vim
(Ceq)
12x12=144 pointYmap 488nm
Gauss/L orentz
Mehl-Avrami-Johnson (MAJ)
n  (Avrami )
In(In((2- Va)/(1- VO)=n In(b) + n In(t)
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