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ABSTRACT

The degree of the indentation damage and strength degradation for 3Y-TZP ceramics and (Y,Nb)-TZP/Al,O; dental implant
composites was mvesngated under the Hertzian cyclic fatigue. Fatigue tests were conducted at contact loads of 500 to 3000 N and
up to 10” cycles in exact in vitro environments. At 500 N, no strength degradation and crack generation was observed up to 5x 10°
contact cycles. Fatigue properties of 3Y-TZP ceramics was superior to (Y,Nb)-TZP/Al,0; composites due to stress relief caused
by the phase transformation from tetragonal to monoclinic phase. As contact load increased, the drastic reduction in strength was
found when the damage transition from ring to radial crack occurred. The extent of strength degradation was more pronounced in
vitro environments probably due to chemical corrosion of artificial saliva through cracks introduced during large numbers of
contacts.
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Fig. 1. Strength variation as a function of Hertzian fatigue
contact cycles for 3Y-TZP ceramics under different
contact loads in artificial saliva.
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Fig. 2. Nomarski optical micrographs of Hert21an indentation and failure sltes of 3Y-TZP ceramics after fatigue test at contact load
500 N. (a) Hert21an indentation (5><IO cycles), (b) failure sites (5><10 cycles), (¢) Hertzian indentation (lxlO cycles), and (d)

failure sites (l><10 cycles).
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Fig. 3. Nomarski optical micrographs of (a) Hertzian indentation and (b) failure sites of 3Y-TZP ceramics after fatigue test of 1x10°
cycles at 1000 N,
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Fig. 4. Nomarski optical micrographs of Hertzian indentation sites of 3Y-TZP ceramics after fatigue test at 2000 N. (a) 1x10" cycles,

(b) 1x10° cycles, and (c) 1x10° cycles.
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Fig. 5. Nomarski optical mxcrographs of Hertzian indentation and fallure sites of 3Y-TZP ceramics after fatlgue test at 3000 N. (a)
Hertzian mdentatlon (l><IO cycles), (b) failure sites (lxl() cycles), (c¢) Hertzian indentation (l><10 cycles), and (d) failure

sites (1x10° cycles).
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Fig. 6. Strength variation as a function of Hertzian fatigue
contact cycles for (Y,Nb)-TZP/Al,05 composites under
different contact loads in artificial saliva.
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Fig. 7. Nomarski optical micrographs of Hertzian indentation and failure sites of (Y,Nb)-TZP/Al,O; composites after fatigue test at
1000 N. (a) Hertzian indentation (1><104 cycles), (b) failure sites (I1x10* cycles), {c) Hertzian indentation (1><105 cycles), and

(d) failure sites (1x10° cycles).
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Fig. 8. Nomarski optical micrographs of Hertzian indentation and failure sites of (Y,Nb)-TZP/Al,O; composites after fatigue test at
3000 N. (a) Hertzian indentation (l><103 cycles), (b) failure sites (l><103 cycles), (c) Hertzian indentation (l><104 cycles), (d)
failure sites (1><104 cycles), (e) Hertzian indentation (l><l()5 cycles), and (f) failure sites (1><105 cycles).
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