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Abstract 

Biaxial Flexural Strength of Ce-TZP/Al2O3 and 
Y-TZP according to grinding methods 

 

Il Gwang Sim D.D.S., M.S.D. 
 

The Graduate School 
Yonsei University 

Department of Dentistry 
 
 

(Directed by Prof. Jee Hwan Kim, D.D.S., M.S.D., Ph.D.) 
 

 

 
Purpose: The aim of this study was to determine the effects of grinding used in occlusal 

adjustment usually on the biaxial flexural strength (BFS) of Ce-TZP/Al2O3 and Y-TZP. 

 

Materials & Methods: NanoZr block (Ce-TZP/Al2O3 nanocomposite) and Katana 

zirconia block (Y-TZP) were prepared by milling with CAD/CAM into disk-shaped 

specimens. For each type of zirconia, 16 specimens were prepared without grinding for 

the control group (diameter of 16 mm and thickness of 1.20 ± 0.05 mm, mean ± SD), 
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while 48 specimens were prepared for 3 experimental groups (n = 16 each; 16 mm in 

diameter and 1.50 ± 0.05 mm thick) with different types of surface grinding process 

resulted in the specimens having an overall thickness of 1.20 ± 0.05 mm: superfine 

diamond bur (group I), zirconia stone bur (group II), and zirconia stone and fine polishing 

bur (group III). These specimens underwent an aging process in a steam autoclave for 5 

hours at 0.2 MPa and 134℃, and then X-ray diffractometry was applied along with 

measurements of surface roughness and BFS 

 

Results: After grinding, the monoclinic phase percentage increased in 3 experimental 

groups. It increased in Ce-TZP/Al2O3 and Y-TZP in following order respectively: group 

I, group II, group III and group III, group I, group II. The increase was greater for Ce-

TZP/Al2O3 than for Y-TZP. The Ra value showed similar changes for both types of 

zirconia. Ra value of group II increased compared to control group whereas that of 

group I and III decreased. Following the aging process, Y-TZP showed a greater 

increase in the monoclinic phase percentage, but the change was not statistically 

significant. The Ra value showed similar changes in both types of zirconia, with no 

significant differences between before and after the aging process. The results of the 

BFS test showed that applying the aging process after grinding significantly increased 

the strength of both types of zirconia, with Ce-TZP/Al2O3 being significantly stronger 

than Y-TZP. In terms of groups, the strength increased in order of control, group II, 

group III, and group I. 
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Conclusion: The grinding promotes an increase in the t-m transformation and increases 

the strength of zirconia. The specimens processed using the superfine diamond bur 

exhibited the highest BFS, and Ce-TZP/Al2O3 had a higher BFS and greater resistance to 

low temperature degradation (LTD) than did Y-TZP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key words: Biaxial flexural strength (BFS), Grinding, Low temperature degradation 

(LTD), Occlusal adjustment, Phase transformation, Zirconia  
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1. Introduction  

 

Zirconia is the hardest known ceramic material used in dental materials. At room 

temperature, pure zirconia is in its monoclinic phase1. With increasing temperature, it 

transforms into the tetragonal phase at 1170℃ and into the cubic phase at 2370℃. 

However, the tetragonal phase can be retained in a stable state at room temperature by the 

addition of stabilizer such as Y2O3, CeO2, MgO, CaO which decrease the surface energy 
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and increase the density of zirconia2-4. The stabilized zirconia has flexural strength of 900 

to 1200 MPa, and fracture toughness of 9 to 10 MPa, which has been widely used in 

dentistry5.  

In the early stage of development, due to their lack of translucency, the zirconia was 

used as either a core or framework material. In order to provide a more natural 

appearance, the porcelain veneering technique was utilized. Because the common 

technical complication such as veneering porcelain chipping occurred, unveneered 

zirconia started to be used as an optional material for all-ceramic restorations6,7. As a 

result of recent advancement in zirconia stain and glazing technique, monolithic zirconia 

crown is now widely used8.  

When the zirconia is subjected to tensile stress, at the vicinity of crack point, the 

tetragonal phase is transformed to the monoclinic phase, and thereby undergone a volume 

increase of 3-5 %. This increase the compressive stress which is capable of prevent the 

further crack growth called transformation toughening9. However, the tetragonal-to-

monoclinic (t-m) transformation can be provoked by humidity and elevated temperature. 

In the oral cavity, this phenomenon can occur leading to the onset of the t-m 

transformation initiating from the material’s surface and advancing to its interior, thereby 

increasing the subsurface stress which leads to deterioration of the mechanical properties. 

This phenomenon is called low-temperature degradation (LTD)10,11. 

To overcome the possibility of LTD of Y-TZP, new types of zirconia have recently 

been developed and Ce-TZP/Al2O3 nanocomposite is one of them which is formed by 

adding ceria as a stabilizer instead of yttria12. The Ce-TZP/Al2O3 contains large amount of 

Al2O3 compared to Y-TZP. While there have been many studies regarding strength, 
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adhesion, and hardness of zirconia, studies on uses of zirconia besides usage in 

framework and core have been scarce13-17.  

As widely known, fine polishing process is recommended by previous studies after 

occlusal adjustment because the polished zirconia appears to be wear-resistant with 

regard to opposing natural tooth compared to the glazing18. However, the changes in 

mechanical properties of zirconia during occlusal adjustments cannot be completely 

compensated by polishing process19. According to the recent studies, the overall survival 

rate of zirconia FPD was 94 % after 48 months, and 84 % after 84 months20,21. However, 

the changes in physical properties during occlusal adjustments may lead to decrease in 

survival rate of zirconia FPD. Although there is some controversy regarding the effect of 

grinding on zirconia, some investigator concluded that grinding process increased the 

strength of zirconia13,19,22 while others reported decreases in strength23-26. Therefore, it is 

difficult to conclude how the grinding of zirconia affects on its strength during occlusal 

adjustment. Especially, there are no studies have yet demonstrated the effect of aging 

process on strength of Ce-TZP/Al2O3 and Y-TZP after various occlusal adjustments.  

X-ray diffractometry (XRD) is usually performed to measure the phase of zirconia 

surface and used in many previous studies including studies by Chevalier11,27-29. 

Especially, the phase percentage was calculated by applying the integral area under the 

peak of monoclinic phase over sum of the integral area under the peak of monoclinic 

phase and the integral area under the peak of tetragonal by using assigned equation30,31.  

Also, the average roughness value (Ra), arithematic mean of the absolute values of 

peaks and valleys measured from a medium plane, was used to measure the roughness of 

zirconia surface32-34. It was measured using profilometer and commonly used 
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internationally to denote the roughness of surface. The mean values of surface roughness 

are determined by repeatedly measuring the surface. 

There were many previous studies regarding to the strength of zirconia, which focused 

on fracture possibility of zirconia and its standards according to ISO 687235. The results 

of analysis using three and four-point flexural strength test were used in these 

studies19,28,36. Also, the specimen dimensions were determined by the standard of ISO 

687235 in flexural strength test.  

Therefore, the aim of this study was to determine the effects of grinding used in 

occlusal adjustment usually on the biaxial flexural strength (BFS) of Ce-TZP/Al2O3 and 

Y-TZP. 
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2. Materials & Methods 

 

2.1. Sample preparation 

Ce-TZP/Al2O3 (NanoZr block, SN 14626K002 20T, Panasonic Healthcare Co., Ltd., 

Ehime, Japan) and Y-TZP (Katana zirconia block, LOT DIBOT 22T, DGNJD 22T, 

Kuraray Noritake Dental Inc., Aichi, Japan) were prepared by milling with the aid of 

CAD/CAM into disk-shaped specimens. The specimens fabricated using a 

stereolithography file were milled (Trione-Z, Dio Implant Co., Busan, Korea), and then 

sintered with distilled water rinsing in accordance with ISO 687235. Sixteen specimens 

were then prepared for the control group (each with a diameter of 16 mm and thickness of 

1.20 ± 0.05 mm, mean ± SD), while 48 specimens were then prepared for 3 experimental 

groups (groups I, II, and III; 16 mm in diameter and 1.50 ± 0.05 mm thick) (Fig. 1), each 

containing 16 specimens; the compositions of the 4 study groups are listed in Table 1. 

 

2.2. Grinding 

The grinding was not performed in the control group after the sintering process. The 

specimens in group I were ground under water spray using a superfine diamond bur 

(SF102R, Shofu Co., Kyoto, Japan) with a high-speed motor (Kavo Dental GmbH, 

Biberch, Germany) and high-speed handpiece (Gentle mini LUX 5000B, Kave Dental 

GmbH, Biberch, Germany). The specimens in group II were ground without water spray 
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using a stone bur for the occlusal adjustment of zirconia (Zirco master, Seichong Co., 

Seoul, Korea) with a low-speed motor (Kavo Dental GmbH, Biberch, Germany) and low-

speed handpiece (INTRAmatic 10CN, Kavo Dental GmbH, Biberch, Germany). The 

specimens in group III were ground in the same way as those in group II, but with surface 

polishing performed using a zirconia polishing bur (Zirco master, Seichong Co., Seoul, 

Korea). A new superfine diamond bur was used when grinding each specimen, while the 

stone bur and polishing kits for zirconia were used until they could no longer be used. 

All experimental specimens (that were originally 1.5 mm thick) were ground on one 

side to produce a thickness of 1.2 mm by a single skilled researcher (I.G. Sim). A mold 

with a depth of 1.2 mm and 16 mm in diameter was used to hold the specimens while 

they were being ground in order to increase the accuracy of the final thickness (Fig. 2). 

The specimens were placed in the mold and ground until the bur reached the mold edge. 

Digital calipers (ASB digimatic calipers, Mitutoyo Co., Kawasaki, Japan) were then used 

to measure the dimensions of the specimens. Repeating the grinding and measuring 

process resulted in the specimens having an overall thickness of 1.20 ± 0.05 mm  
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Table 1. Experimental groups 

Group Specimen and Grinding method 

Control 
(n = 16) 

Control, 1.2 mm thickness 
As sintered [without any additional treatment] 

Group I 
(n = 16) 

Grinding with superfine diamond bur, 1.5mm thickness 
with coolant, high-speed handpiece 

Group II 
(n = 16) 

Grinding with zirconia stone, 1.5mm thickness 
without coolant, 35,000 RPM low-speed handpiece 

Group III 
(n = 16) 

Grinding with zirconia stone & polishing kit, 1.5mm thickness 
without coolant, 35,000 RPM low-speed handpiece 

 

 

 

 

Fig. 1. Specimens preparation by milling with CAD/CAM, Specimens of 16 mm in 

diameter and 1.2 mm in thickness or 1.5 mm in thickness disc-shaped samples are 

processed by milling with CAD/CAM. 
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Fig. 2. Specimens grinding with metal mold, A. Schematic image of metal mold for 

grinding. B. Specimen grinding manually in metal mold until the bur reaches the mold.  

 

 

 

 

 

Fig. 3. Schematic illustration of the tests that were performed in this study, Biaxial 

flexural strength test was performed for each experimental group after grinding and aging 

process. 
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2.3. Low-temperature aging 

After grinding, the aging process was designed and performed in all specimens to 

reproduce the low temperature degradation process as recommended by the ISO 1335637 

standard (Fig. 3). The standard suggested the aging method (steam autoclave: 5 hours at 

0.2 MPa & 134℃) and the limitation of LTD below 25 % for the Y-TZP ceramic. 

According to Chevalier38, under the condition mentioned above, it was calculated that 1 

hour of autoclave treatment under these conditions has the same effect as 3-4 years t-m 

transformation in vivo. 

 

2.4. Quantitative analysis of phase transformations 

After the grinding and aging process, the monoclinic phase percentage in the three 

experimental groups and the control group were measured using X-ray diffractometry 

(XRD, Ultima IV, Rigaku, Tokyo, Japan). The phase percentage was then calculated using 

the method reported by Garvie and Nicholson31: 

 

= ( ) + ( )( ) + ( ) + ( ) × 100 

 

where and denote the integral intensities of diffraction under the peak of the monoclinic 

phase (i.e., 2θ = 28.2° and 2θ = 31.3°, respectively), and denotes the integral intensities of 

diffraction under the peak of the tetragonal phase (i.e., 2θ = 30.2°). The XRD patterns 
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were analyzed using the whole fitting pattern routine in MDI JADE (version 9.0, Material 

Date Inc., Livermore, CA, USA) 

 

2.5. Surface topography and roughness analysis 

The surface topography and roughness of each specimen were analyzed by scanning 

electron microscopy (SEM; S-800 field-emission scanning electron microscope, Hitachi 

Ltd., Tokyo, Japan) and a 3D optical surface roughness analyzer (GT-X3 BASE, Brucker 

Co., Kalker, Germany) both after grinding and after the aging process. 

The surface roughness of three specimens in each group was measured after grinding 

and aging, and the Ra value was measured at five different points on the adjusted surface 

of a specimen in each group. An SEM image (×5,000) of one specimen of each group was 

obtained after coating at 6 mA for 1 minutes using an ion sputter (E-1010, Hitachi Ltd.), 

which produced a 3-mm-thick coating. 

All measurements were performed after cleaning with distilled water. 

 

2.6. Biaxial flexural strength test 

The BFS values of 14 specimens in each group were measured to compare the values 

after grinding and the aging process. Each specimen was placed on supports and the load 

was applied at the center of the specimen to reproduce the occlusal force. The load was 

applied via a flat tip with a radius of 0.6 mm, and the speed of head was 1 mm/min. The 

loading force was increased until the point of fracture was recorded using a testing 
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machine (3366, Instron Engineering, Norwood, MA, USA). The BFS of each specimen 

was calculated using the following equation obtained from ISO 687235: 

 σ = 0.2387 ∙ ( )⁄  

 

Where σ is the maximum center tensile stress (in MPa), P is the total load causing 

fracture (in N), and b is the thickness of the specimens (in mm). X and Y were calculated 

as following: 

 = (1 + )ln( ⁄ ) + (1 ) 2 ∙ ( ⁄ )⁄  = (1 + ) 1 + ln( ⁄ ) + (1 ) ∙ ( ⁄ )  

  

Where  is Poisson’s ratio (  = 0.25), r1 is the radius of the support circle (6 mm), r2 is 

the radius of loaded area (0.6 mm), and r3 is the radius of specimen (8 mm). 

 

2.7. Fractured surface analysis 

The BFS testing revealed different fracture patterns of the specimens, and so the 

fractured surfaces of the loading areas were analyzed using stereoscopic microscopy 

(M165FC, Leica Microsystems, Wetzlar, Germany) and SEM. 
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2.8. Statistical analysis   

 The results of XRD, surface roughness (Ra), and BFS were analyzed using the SPSS 

program (version 23.0, SPSS, IBM, Chicago, IL, USA), and the Shapiro-Wilk test was 

used to test for normality. The Kruskal-Wallis test and the Mann-Whitney test were 

performed to analyze the XRD and Ra values, while two-way ANOVA and the Bonferroni 

multiple-comparison test were performed to analyze the BFS (α = 0.05). 
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3. Results 

 

3.1. X-ray diffractometry 

The results of the XRD analyses revealed the t-m transformation by grinding occurred 

in Ce-TZP/Al2O3 groups more than Y-TZP groups and it has statistically significant 

differences (p = 0.015) (Table 2 and 3). Also, the t-m transformation after grinding 

occurred more in experimental groups than the control groups (p = 0.012) (Table 3). Most 

pronounced t-m transformation after grinding was found in group I in Ce-TZP/Al2O3 

whereas the transformation was most pronounced in group III in Y-TZP (Table 2). It was 

concluded that, the aging process affected the Y-TZP groups more than Ce-TZP/Al2O3 

groups, and it rather decreased the amount of monoclinic phase percentage in group III. 

The most significant changes in monoclinic phase percentage by aging process have 

occurred in control group of Y-TZP. However, the differences in percentage of 

monoclinic phase before and after aging were not statistically significant (p = 0.087) 

(Table 3). 

 

3.2. Scanning electron microscopy and surface roughness 

SEM revealed significant difference in the surface wear patterns caused by different 

grinding methods (Fig. 4 and 5). As SEM picture of zirconia group I and II showed, the 

patterns of surface roughness formed by high-speed in case of group I were different from 
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the ones formed by low-speed in case of group II which resulted in different Ra value 

(Table 2 and Fig. 6). The Ra values for each group ground differently had a statistically 

significant difference (p < 0.001) whereas the Ra values for different zirconia types had 

no significant difference (p = 0.576) (Table 4). Also, SEM images revealed no significant 

differences in the surface pattern and Ra values of each group indicated no statistically 

significant difference before and after aging process (p = 0.282) (Table 4).  

 

 

 

Table 2. Experimental results of XRD, surface roughness, biaxial flexural strength test, 

XRD = m-phase %, Surface roughness = Ra, Biaxial flexural strength = σ, C-Group = 

Ce-TZP/Al2O3, Y-Group = Y-TZP, Mean ± Standard Deviation  

 

Group 
After grinding After aging  (MPa) 

m-phase (%) Ra (µm) m-phase (%) Ra (µm) 

C-Control 2.10 ± 0.19 0.84 ± 0.35 2.27 ± 0.68 0.73 ± 0.15 1239.83 ± 232.87 

C-Group I 26.30 ± 1.65 0.54 ± 0.12 27.53 ± 1.60 0.47 ± 0.12 1498.23 ± 141.74 

C-Group II 16.83 ± 0.76 1.73 ± 0.37 18.10 ± 0.85 1.98 ± 0.51 1265.91 ± 100.63 

C-Group III 14.83 ± 0.12 0.73 ± 0.17 13.97 ± 2.40 0.59 ± 0.18 1374.59 ± 165.91 

Y-Control 0.00 ± 0 1.17 ± 0.50 18.20 ± 1.30 1.42 ± 0.68 905.85 ± 76.48 

Y-Group I 7.47 ± 0.70 0.56 ± 0.14 11.87 ± 1.34 0.53 ± 0.21 1176.43 ± 151.23 

Y-Group II 6.43 ± 1.01 1.71 ± 0.36 12.47 ± 1.01 1.64 ± 0.23 1031.87 ± 184.03 

Y-Group III 13.37 ± 2.55 0.60 ± 0.20 12.20 ± 1.51 0.54 ± 0.18 1079.67 ± 174.82 
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Table 3. Statistical analysis results of XRD 
 

< Kruskal-Wallis & Mann-Whitney >                                     *p < 0.05, a < b 

Group Mean Rank χ2 P 

Control 13.50a 

10.872* 0.012 
Group I 31.38b 

Group II 27.17b 

Group III 25.96b 

Group Mean Rank Z P 

Ce-TZP/Al2O3 29.40 
2.423* 0.015 

Y-TZP 19.60 

After grinding 21.04 
1.712 0.087 

After aging 27.96 

** Same letters correspond to statistical similarity 

** Different letters correspond to statistical difference 
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Table 4. Statistical analysis results of Ra values 
 

< Kruskal-Wallis & Mann-Whitney >                          *p < 0.05, a < b < c < d 

Group Mean Rank χ2 P 

Control 1.041c 

157.718* < 0.001 
Group I 0.524a 

Group II 1.764d 

Group III 0.613b 

Group Mean Rank Z P 

Ce-TZP/Al2O3 117.99 
0.560 0.576 

Y-TZP 123.01 

After grinding 115.68 
1.075 0.282 

After aging 125.32 

** Same letters correspond to statistical similarity 

** Different letters correspond to statistical difference 
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Group After grinding After aging 

Control 

  

Group I 

  

Group II 

  

Group III 

  
 

Fig. 4. SEM results of Ce-TZP/Al2O3 groups (×5,000). 
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Group After grinding After aging 

Control 

  

Group I 

  

Group II 

  

Group III 

  
 

Fig. 5. SEM results of Y-TZP groups (×5,000). 
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Group 
Ce-TZP/Al2O3 Y-TZP 

After grinding After aging After grinding After aging 

Control 

 

Group I 

 

Group II 

 

Group III 

 
 

Fig. 6. Image results of surface roughness (Ra). 
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3.3. Biaxial flexural strength 

Analyzing the obtained data by two-way ANOVA revealed that the main effect of 

zirconia types and group differences differed significantly with the BFS (p < 0.001). 

However, no significant difference was found in the interaction effect between zirconia 

types and group differences (p = 0.735) (Table 5). The estimated mean BFS of each 

zirconia type was measured in order to examine how the strength varied with the type of 

material. The results revealed that the estimated mean BFS was higher for Ce-TZP/Al2O3 

(1344.639 MPa) than for Y-TZP (1048.457 MPa). The estimated mean and SD examine 

differences in strength (Table 6). The results in Table 6 indicate that the BFS was 

significantly higher in the experimental groups than the control group, and peaked in 

group I. 

The analyzed fracture patterns of the Y-TZP specimens revealed that the fractures 

originated from the point where the force was applied and propagated in a radiating 

pattern, resulting in the specimens breaking into multiple pieces. However, the fracture 

patterns of the Ce-TZP/Al2O3 specimens (excluding three specimens in group I) showed 

that the fracture line crossed the point where the force was applied, resulting in the 

specimen being broken in half (Fig. 7). Fractured surface analysis by stereoscopic 

microscopy and SEM revealed that the fracture originated from the point where the force 

was applied in Y-TZP specimens, while the origin was not clear in the Ce-TZP/Al2O3 

specimens (Fig. 8 and 9). The fractured surface appeared much rougher for Y-TZP than 

for Ce-TZP/Al2O3.  
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Table 5. Two-way ANOVA results of biaxial flexural strength test 
*p < 0.05 

Source F p 

Zirconia 
(Ce-TZP/Al2O3 vs Y-TZP) 75.271* < 0.001 

Group 
(Cont. vs Group I vs Group II vs Group III) 10.963* < 0.001 

Zirconia * Group 0.425 0.735 

 

 

 

 

 

 

 

 

 

 

Table 6. Bonferroni multiple comparison results of biaxial flexural strength test 
 a < b < c 

Group Mean S.D. 

Control 1072.841a 

34.139 
Group I 1337.327c 

Group II 1148.891ab 

Group III 1227.132bc 

** Same letters correspond to statistical similarity 

** Different letters correspond to statistical difference 
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A. Ce-TZP/Al2O3                           B. Y-TZP 

Fig. 7. Fracture patterns of the specimens, displaying fractures patterns of each specimen 

which showed two pieces of Ce-TZP/Al2O3 and multiple pieces of Y-TZP. 
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Group Ce-TZP/Al2O3 Y-TZP 

Control 

  

Group I 

  

Group II 

  

Group III 

  
 

Fig. 8. SEM images of fractured surfaces (×200). The white arrows indicate the point of 

loading. 
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Group Ce-TZP/Al2O3 Y-TZP 

Control 

  

Group I 

  

Group II 

  

Group III 

  

 

Fig. 9. Stereoscopic microscope images of fractured surfaces (×60). The white arrows 

indicate the point of loading. 



２８ 
 

4. Discussion 

 

This study found that the BFS was significantly higher after grinding the zirconia, 

which contrasts with the findings of some previous studies23-26 (Table 2 and 6). This can 

be theoretically explained by a toughening mechanism involving an increased amount of 

the monoclinic phase caused by the t-m transformation.  

Pereira et al.13 explained that several factors including the grit size and the speed of the 

grinding tool can influence the mechanical properties of zirconia after grinding. A linear 

correlation between the percentage of the monoclinic phase and the BFS was not 

observed in the present study, which indicates that the percentage of the monoclinic phase 

is not the only factor affecting the strength. The BFS was higher in groups I and III than 

in group II, whereas the Ra value was higher in group II than in groups I and III. 

Therefore, not only the percentages of the monoclinic phase but also the Ra values affect 

the BFS. These results are consistent with previous studies finding no linear correlation 

between BFS and Ra value when the depth of the introduced surface defect caused by 

grinding is shallower than the depth of existing surface flaws39. However, when the 

grinding process introduces surface defects that are deeper than the existing surface flaws, 

a stronger linear correlation is present. 

The BFS values were significantly higher in the Ce-TZP/Al2O3 groups than in the Y-

TZP groups (Table 2 and 5). These results are consistent with those of previous studies15-

17, indicating that Ce-TZP/Al2O3 might be suitable for use not only in the framework and 

core but also in posterior crowns. 
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XRD showed that the monoclinic phase percentage increased due to the t-m 

transformation caused by grinding in all of the experimental specimens compared to the 

control specimens. The percentage of the monoclinic phase was significantly higher in the 

Ce-TZP/Al2O3 groups than in the Y-TZP groups, which contrasts with the results from 

some previous studies. However, this could also be due to a larger grinding force being 

applied to the Ce-TZP/Al2O3 specimens than the Y-TZP specimens, whereas the same 

force was applied to the specimens in previous studies. Assuming that the occlusal 

adjustment is the force applied to the surface of specimens, the force applied to the 

samples to grind away 0.3 mm of material (as done in the present study) would vary with 

the material properties. Ce-TZP/Al2O3 has a higher flexural strength than Y-TZP, and so 

would require a longer grinding time than other types of zirconia. Therefore, a greater 

overall grinding force would have been applied to the Ce-TZP/Al2O3 specimens, leading 

to the occurrence of more pronounced t-m transformations. Also, Ce-TZP/Al2O3 is more 

susceptible to stress-induced transformation than is Y-TZP, further contributing to the t-m 

transformation caused by grinding being more pronounced in Ce-TZP/Al2O3 than in Y-

TZP40. 

These considerations mean that the specimens in group I, which were finished using a 

superfine diamond bur with fine particles, had the highest flexural strength, since they 

required a longer grinding time to reduce the thickness of the specimen by 0.3 mm. 

Moreover, the Ra values in group I were similar to those in group III. 

There was an increase in the monoclinic phase percentage of Y-TZP after the aging 

process, while no significant changes were found for Ce-TZP/Al2O3. This difference is 

due to the higher susceptibility of the Y-TZP control group to LTD (Table 2). As reported 
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previously, Ce-TZP/Al2O3 is less susceptible to LTD than is Y-TZP, leading to a high 

resistance to LTD41. The t-m transformation induced by the grinding of zirconia occurred 

on the superficial layers, and those in the monoclinic phase would then be resistant to 

LTD. It was difficult to examine the differences in susceptibility to LTD with the 

grinding method. However, the observed decrease in the monoclinic phase percentage in 

Group III after the aging process suggests that applying a polishing process after occlusal 

adjustment can help to increase the resistance to LTD.  

The fracture patterns differed significantly between the Ce-TZP/Al2O3 and Y-TZP 

specimens, which can be explained by the high fracture toughness of Ce-TZP/Al2O3
40. In 

other words, this limited the crack propagation so that the specimens were simply broken 

into half. 

One limitation of this study is that only in-vitro experiments were performed. Also, it 

would be difficult to conclude whether or not there is the linear correlation between the 

BFS of zirconia and the lifespan of prosthodontics in this study. Finally, the various 

conditions that are present in the real oral cavity were not reflected in this study. 

Therefore, further experiments that reflect the diverse oral conditions are needed. 

Furthermore, studies related to possible usage of Ce-TZP/Al2O3 in prosthodontics are 

needed, although excellent physical properties such as the high BFS of Ce-TZP/Al2O3 

were identified in this study. Long-term studies related to effects of the aging process on 

LTD are also needed.  
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5. Conclusion 

 

The present findings suggest that grinding promotes an increase in the t-m 

transformation and increases the strength of zirconia. The specimens processed using the 

superfine diamond bur exhibited the highest BFS, and Ce-TZP/Al2O3 had a higher BFS 

and greater resistance to LTD than did Y-TZP. 
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국문 초록 
 
 
 

Grinding 방법의 차이가 Ce-TZP/Al2O3 와 

 Y-TZP 의 이축굴곡강도에 미치는 영향 

심  일  광 (D.D.S., M.S.D.) 
 

연세대학교 대학원 치의학과 

 
지도교수 : 김  지  환 (D.D.S., M.S.D., Ph.D.) 

 

Purpose : 이 연구의 목적은, 교합조정에 보통 사용되는 grinding 방법들이, 

Ce-TZP/Al2O3 와 Y-TZP 의 이축굴곡강도에 미치는 영향에 대해 알아보고자 

하는 것이다.  

 

Materials & Methods : Ce-TZP/Al2O3 인 NanoZr block 과 Y-TZP 인 

Katana zirconia block 을 사용하였으며, 각 zirconia 종류별로, control 

그룹에는 두께 1.20 ± 0.05 mm, 직경 16 mm, 16 개를 제작하였고, 나머지 

experimental 그룹에는 두께 1.50 ± 0.05 mm, 직경 16 mm, 48 개를 

제작하여, 4 개 Group (Control, Group I : Superfine diamond bur grinding, 



３８ 
 

Group II : Zirconia stone bur grinding, Group III : Zirconia stone bur 

grinding & fine polishing)으로 나누어 1.20 ± 0.05 mm 가 되도록 그룹별 

grinding 후, ISO 13356 에 따라 aging (steam autoclave: 5 hours at 0.2 

MPa & 134°C) 시행한 뒤, X-ray diffraction, Surface roughness, Biaxial 

flexural strength 를 측정 및 분석하였다.  

 

Results : Grinding 후, monoclinic phase percentage 가 모든 그룹에서 

증가하였으며, Ce-TZP/Al2O3 에서는 group I, group II, group III 순서로 

높은 값을 보인데 비해, Y-TZP 에서는 group III, group I, group II 순서로 

높은 값을 보였고, Ce-TZP/Al2O3 가 Y-TZP 에 비해 더 큰 폭으로 

증가하였다. Ra value 는 두 종류의 zirconia 모두에서 유사한 변화를 

보였으며, group II 는 control group 에 비해 증가하였으나, group I 과 group 

III 는 감소하였다.  Aging process 후, monoclinic phase percentage 는 Y-

TZP 가 Ce-TZP/Al2O3 에 비해 더 큰 폭으로 증가하였으나, 통계학적으로 

유의성은 없었다. Ra value 는 두 종류의 zirconia 모두에서 유사한 변화를 

보였으며, aging 전과 후에 통계학적으로 유의한 차이는 없었다. 이축굴곡강도 

실험 결과, 두 종류의 zirconia 모두에서 grinding 후 aging 이 통계학적으로 

유의하게 강도를 증가시켰고, Ce-TZP/Al2O3 의 강도가 Y-TZP 에 비해 

통계학적으로 유의하게 강도가 높았다. 그룹별로는 group I, group III, group 

II, control 순서로 높은 이축굴곡강도를 보였다. 
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Conclusions : Grinding 은 zirconia 의 t-m transformation 을 유발하고 

굴곡강도를 증가시키며, Superfine diamond bur 로 grinding 한 그룹이 가장 

높은 굴곡강도를 보였다. Ce-TZP/Al2O3 가 Y-TZP 에 비해 높은 굴곡강도를 

보였으며, 저온열화에 대한 저항성이 높았다. 
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