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Statement of Purpose: The use of zirconia (3Y-TZP) for 
dental applications is steadily expanding.  Full contour, 
monolithic zirconia restorations have been recently 
introduced, together with zirconia dental abutments and 
implants.  However, surface adjustments by grinding may 
be necessary while air abrasion of the restorations is a 
recommended clinical step prior to cementation.  
Concurrently, it is well established that 3Y-TZP is 
susceptible to low temperature degradation (LTD) in a 
humid environment, and that this susceptibility is 
dependent on grain size, larger grains being more 
susceptible to LTD.   It has also been shown that when 
3Y-TZP is heat treated after grinding or machining, 
recrystallization into smaller grains occurs.  The aim of 
this study was to assess the effect of surface 
recrystallization heat treatment after grinding or air 
abrasion on susceptibility to aging and flexural strength of 
dental zirconia. The hypothesis tested was that 
recrystallization heat treatment after grinding or air 
abrasion may induce the formation of ultrafine grains at 
the surface and thereby prevent the formation of 
monoclinic phase.   

Methods: Cylindrical zirconia blanks (TZ3YE, Tosoh 
Corp. Japan) were prepared by cold isostatic pressing.  
Discs (1.5x18mm) were cut from the blanks, sintered at 
1500ºC for 5h and randomly divided into 10 groups 
(n=10).  One group was left untreated as control (A). 
Other groups were ground (B), air-abraded (C), ground 
and recrystallized at 1200ºC/2h (D) or 1000ºC/15 min. 
(E), air-abraded and recrystallized at 1200ºC/2h (F). Four 
more groups were prepared according to conditions for 
groups A, D, E and F and aged in autoclave at 
134ºC/2bars for 30 minutes (G, H, I, J).  Crystalline 
phases were analyzed by x-ray diffraction (XRD). The 
amount of strain was assessed from peak broadening. The 
biaxial flexural strength was measured according to ISO 
standard 68721.  The microstructure was investigated by 
SEM.  The real grain size was determined according to 
ISO standard 133562. 

Results: XRD confirmed the presence of monoclinic 
phase after aging 30 min. (Group G), and after grinding or 
air abrasion (Groups B and C). No monoclinic phase was 
found after recrystallization followed by aging (Groups H, 
I and J) (Figure 1A). A significant amount of ferro-elastic 
domain switching was present after grinding (B) while  

 

none was noted after air abrasion (C).  Strain-induced 
peak broadening was greater after grinding than after air 
abrasion and lowest for the as-sintered group. A 
significant decrease in mean real grain size (p<0.05) 
occurred after recrystallization heat treatment at 1000ºC 

for 15 min. (0.073±0.013m) and 1200ºC for 2h 

(0.137±0.009 m; Figure 1B), compared to the control 

group (0.993±0.144 m).  ANOVA and Tukey's test 
showed that the mean flexural strength was significantly 
higher for groups B (1657±197MPa) and C 
(1651±139MPa) while there were no significant 
differences amongst any of the other groups, compared to 
the control (1510±184MPa).  The Weibull modulus was 
highest (19) after air abrasion and recrystallization at 
1200ºC for 2h (group F).   
 

 
Figure 1. A: XRD after aging (plain) and after grinding 
and recrystallization at 1000ºC/2h followed by aging 
(dashed). B: SEM of the microstructure after air abrasion 
and recrystallization at 1200ºC/2h (Bar: 500 nm). 
 
Conclusions: Heat treatment after grinding or air 
abrasion of dental zirconia led to recrystallization into 
significantly smaller grains.  The temperature of the heat 
treatment determined the grain size.  Recrystallization 
prevented the formation of monoclinic phase after aging, 
without significantly altering the flexural strength. A 
recrystallization heat treatment after grinding adjustments 
or air abrasion of zirconia for dental restorations may be 
beneficial to the reliability and long term clinical 
performance.   
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