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Abstract: Zirconia, attributable to high strength, toughness, hardness, and excellent wear resistance, as well as fa-
vorable biocompatibility, has been increasingly and widely applied to dental restoration. However, the phase trans-
formation toughness of zirconia ceramics improves at the cost of service life deterioration. And zirconia ceramics
may suffer failure and fracture after long-term mastication in the oral surroundings due to frequent changes in tem-
perature and masticatory force, especially in the extremely complex biochemistry surroundings, such as fairly moist
oral cavity and saliva. The research progress of zirconia ceramics in the field of dental restoration, toughening theo-
ries and their research state of dental ceramics were reviewed. This paper also summarized the issue of toughening
degradation which is occurred in clinical application, and elucidated the mechanism and approaches. With the en-
hancement of comprehensive mechanical properties and the future demand for healthy functionalization, zirconia
ceramics will be more widely applied in the biomedical field.
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Fig.1 Nucleation and evolution of monoclinic phase in a cracked tetragonal single crystal under tension stress®
(a)—(d): Correspond to time 0, 1.4 ps, 1.6 us, 2.5 us, respectively
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Fig.3 Magnified view of the crack evolution'??
(a)—(d): Correspond to time 0, 1.2 ps, 4.8 us, 10.0 ps, respectively
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Fig. 6 Fracture morphology of CNF/ZrO, sintered by (a)
spark plasma sintering and (b) hot sintering!®®
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Fig. 9 Surface topographies of (a) not aged Y-TZP, (b) aged
Y-TZP, (c) not aged Mg-PSZ, and (d) aged Mg-PSzZ!*"
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Fig. 10 Scheme of the aging process™

(a) Nucleation on a particular grain at the surface, leading to micro-
cracking and stresses to the neighbors; (b) Growth of the transformed
zone, leading to surface roughening; (c) Further development of trans-
formation
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8Y-CSZ with LTD 31.240.3 3.78+0.03
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