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Abstract 

 Objective: Zirconia is generally used in dentistry. Grinding zirconia is difficult because of 

the high value of its surface hardness. Therefore, specific burs for grinding zirconia were created. 

To receive proper marginal fit, sometimes grinding a high spot at the inner surface of zirconia fixed 

partial denture was needed. The objective was to assess the effect of grinding inner surface on 

biaxial flexural strength (BFS), phase analysis and surface roughness of translucent zirconia. 

  Materials and Methods: Forty samples, disc-shaped translucent zirconia, were randomly 

divided into four groups. CT group: no grinding samples; MD group: samples were ground by 

medium-grit diamond burs; FD group: samples were ground by fine-grit diamond burs; and HS 

group: samples were ground by heatless stone burs. The burs in MD group were represented as 

widespread commonly used burs; meanwhile, the burs in FD and HS groups were specifically for 

grinding zirconia. All samples were ground for a half-minute. The BFS was tested by Universal testing

machine and the results were evaluated using one-way analysis of variance Scheffé test were 

performed to compare BFS among the groups (p-value < 0.05) 

 Results: The monoclinic phase were existed in all ground zirconia groups and the roughness

was raised compared with the CT group. The BFS of FD and HS group were not statistically significant

differences from the CT group (p-value > 0.05). However, a significant reduction of BFS was 

observed in the MD group in comparison with the CT group (p-value < 0.05).

 Conclusions: Clinical inner surface adjustment of translucent zirconia fixed partial dentures 

with specific burs (FD and HS group) had no significant reduction of the BFS. Conversely, the BFS 

was reduced significantly after translucent zirconia was ground by common diamond burs (MD 

group).
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Introduction 

 Due to patient’s demand for esthetic and 

tooth-colored dentistry have increased, translucent

zirconia became popular (1). It can mimic the 

optical properties of the natural tooth and also 

has good mechanical properties (2). Zirconia 

consists of changeable crystallographic forms 

and occurs in three different phases: monoclinic

phase (M) stable up to 1,170 ºC, tetragonal 

phase (T) between 1,170-2,370 ºC and cubic 

phase (C) at above 2,370 ºC (3). Conventional

zirconia used in dentistry was added with 3 

mol% yttria to stabilize the T-phase at room 

temperature called 3YTZP (4). The profit of 3Y-

TZP is excellent flexural strength at 900-1,200 

MPa (5), but its light transmission is limited (6).

 To improve the translucency of zirconia, 

4-5 mol% of yttria (4,5Y-TZP) were added to 

increase the quantity of cubic phase called 

“Translucent Zirconia” (7). The C-phase of zirconia

is isotropic in different crystallographic directions,

which reduces the dispersion of light that appear 

at grain boundaries. Consequently, the cubic 

zirconia presents more translucent (4). On the 

other hand, the flexural strength of translucent 

zirconia was decreased to 600-750 MPa (8). 

 Under the stimuli, for example grinding

and airborne-particle abrasion, may create 

microcracks and trigger T-M phase transformation

at the crack tip. The T-M phase transformation 

results in a local volume increase of approximately

4.4% (9), which reduces crack size and also 

prevents crack propagation. This mechanism is 

called “Transformation toughening” that strengthens

the zirconia materials.

 In zirconia fixed partial denture, the marginal

fit should be verified. Even though using a 

computer-aided design and computer-aided 

machining (CAD-CAM) technology (10), high spots

at the inner surface of restoration may occur in 

some cases. Grinding inner surface of zirconia

restoration was needed to achieve a proper 

marginal fit between restoration and tooth 

abutment (11). Grinding exhibits a counteracting

effect on the flexural strength of translucent 

zirconia. Either it produces a compressive stress 

layer on ground surface that can increase 

flexural strength by transformation toughening 

(9) or creates surface flaws that can weakening 

the zirconia (12).

 To grind or polish zirconia, having a high 

grinding efficiency bur is required. Accordingly, 

specific grinding burs for zirconia, which have 

more diamond particles imprinted, have been 

manufactured and are presently in the market. 

In these burs, diamond grid is imprinted in the 

silicone stone, so raising the grinding efficiency 

and decreasing heat generation. High-speed 

grinding burs for zirconia are often used to grind 

zirconia fixed partial denture. Iseri (13) stated 

that when grinding zirconia with the high-speed 

bur, the value of flexural strength decrease 

become less, along with less heat production. 

Recently, low-speed heatless stone burs were 

introduced for grinding a zirconia, which claimed 

high grinding efficiency with less heat generation. 

However, there has been no explicit guideline to 

choose a suitable bur for grinding inner surface 

of translucent zirconia restoration, therefore the 

researcher mimicked the use of grinding inner 
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surface in clinical practice by choosing medium-

grit diamond burs, fine-grit diamond burs, and 

heatless stone burs for grinding translucent 

zirconia. Fine-grit diamond burs and heatless 

stone burs represent the dedicated specific 

zirconia-grinding burs, while medium-grit diamond

burs are generally used and accessible in the 

dental clinic. The aim of this research is to provide 

a practical guideline on choosing the proper bur 

for grinding inner surface of translucent zirconia 

fixed partial denture. The null hypothesis is there 

are no differences in biaxial flexural strength of 

translucent zirconia ground with different burs. 

Materials and Methods

1. Sample Preparation 

 The sample size was calculated by two 

dependent means equation (14) according to prior

study(15), total sample size is at least thirty-

three samples. Forty disc-shaped samples were 

manufactured according to ISO 6872 (16). The 

samples were designed and milled by CAD-CAM

(VHF S2, VHF, Germany) using 4Y-TZP KatanaTM 

STML Zirconia block in A3 color (Kuraray Noritake

Dental, Japan). The zirconia’s properties and 

components used in this research are listed 

Table1 After that, the samples were sintered 

(Sintra Plus, Shenpaz Dental Ltd, Israel) according

to the manufacturer’s instruction (heat rate 1:10 ºC/

min up to 1,550 ºC; hold for 2 hours, followed 

by slow cooling 1:10 ºC/min down to room 

temperature). 

 The dimensions of the samples were 15 

± 0.1 mm in diameter and 1.2 ± 0.1 mm in 

thickness. The samples were cleaned with 

ultrasonic cleaner (5210, Bransonic, Germany) 

for thirty seconds. The diameter and the thickness

of the samples were measured using a digital 

micrometer (Park tool, USA). Forty samples were 

randomly divided into each of the four groups 

being three groups for different grinding burs 

(Fig 1.) and one control group as follows. CT 

group (control group): no grinding samples; MD 

group: samples were ground by medium-grit

round shaped diamond burs (grit size 90-106 

µm, Jota, Switzerland); FD group: samples were 

ground by fine-grit rugby shaped diamond burs 

(grit size 38-45 µm, Jota, Switzerland); and 

HS group: the samples were ground by flame 

shaped heatless stone burs (grit size 44-74 µm, 

Jota, Switzerland). The burs in the FD and HS 

groups were particularly for grinding zirconia 

while the burs in the MD group were represented 

as widespread commonly used burs.
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Table 1. Properties and components of Katana™ STML zirconia block.

Properties

 Fracture toughness

 (MPa(m)1/2) 3.2

 3-point flexural strength (MPa) 784

 Modulus of elasticity (GPa) 200-210

 Vickers hardness 1,300

 Sintering density (g/cm3) 6.4

 CTE (10-6/K) 9.8 ± 0.2

  Translucency (%)

 (Sample thickness 0.5 mm) 38

Components (Wt%)

 Phase composition Cubic mainly

 ZrO2 + HfO2 88-93

 Y2O3 + HfO2 7-10

 Other oxides 0-2

Fig 1. Burs.

(A) Medium-grit diamond bur, (B) Fine-grit diamond bur, (C) Heatless stone bur.
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2. Define Grinding Area

 A translucent acrylic lid was formed by 

CAD-CAM in the same size as the specimen 

with a 7 mm diameter space at the center to 

pinpoint the grinding area. Using putty silicone 

as the base to make a specimen stable while in 

the grinding process. Put the acrylic lid on top 

of the specimen and mark the grinding area with 

a pencil then remove the acrylic lid (Fig 2.).

Fig 2. Define Grinding Area.

(A) Putty Silicone, (B) Acrylic Lid, (C) Grinding Area.

3. Grinding

 Grinding was achieved by a well-trained 

operator using a high-speed handpiece (Twin-

Power PAR-4HX-O, J.Morita, Japan) at 370,000 

rpm under water cooling for MD and FD groups. 

For HS group, use a low-speed handpiece 

(J.Morita, Japan) at 42,000 rpm without water 

cooling. Translucent zirconia discs were ground 

with side of the bur aligned parallel to the disc 

surface and the bur moved in same direction 

for a half-minute under gentle pressure until the 

pencil mark were eliminated. To secure stability 

during grinding, the samples were set in a putty 

silicone and operator’s finger rest on it. Replaced 

the burs after grinding of every fifth samples 

to preserve a steady amount of grit (17-19). All 

samples were ultrasonically cleaned for 10 min-

utes. Randomly pick up one specimen from each 

group to observe the surface of zirconia under 

the stereo microscope (SZ 61, Olympus, Japan) 

at 25x magnification.

4. Surface Roughness Test

 The non-contact surface roughness tester 

(Infinitefocus SL, Alicona, Austria) was used to 

determine the average surface roughness (Sa) 

for one specimen of each group at 50x magnifi-

cation. 
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5. Phase Analysis Test 

 Randomly choose another specimen 

of each group to identify the percentage of 

crystalline phases of the zirconia, using an X-Ray 

Diffractometer (XRD; Bruker, D8, Germany). Data 

was collected in a Bragg-Brentano assembly on 

2θ ranges between 10 to 65 degrees with a step 

size of 0.5 degrees in continuous mode for one 

minute. The percentage of crystalline phases 

were calculated using the method established 

by Garvie and Nicholson (20).

6. Biaxial Flexural Strength (BFS) Test

 All samples were subjected to a BFS test 

by the Universal testing machine (Instron 8872, 

Instron, UK) at a crosshead speed of 0.5 mm/

min, the load to failure was recorded for each 

disc and BFS was computed using the equations

according to ISO 6872 (16). 

7. Statistical analysis

 The statistical analysis of BFS was 

performed by SPSS statistic 23 (IBM®). Means 

and standard deviations of BFS were calculated. 

After that, the normality and the homogeneity of 

variance were tested. The data of the experiments

were statistically analyzed by one-way analysis 

of variance. The Scheffé test was used to evaluate

the statistical significance among groups (p-value 

≤ 0.05). 

Results

 The stereo microscope (Fig 3.) showed 

that all grinding groups created an irregular 

surface. MD group; zirconia ground with medium-

grit diamond burs; introduced the most obvious

 deep and irregular scratches (Fig 3.B) followed 

by FD group; zirconia ground with fine-grit 

diamond burs which presented shallow scratches

(Fig 3.C). In HS group; zirconia ground with 

heatless stone burs; had no noticeable surface 

scratch (Fig 3.D). The values of average surface 

roughness (Sa) were presented in Table 2; MD 

group had the highest value of Sa (1,635 µm) 

followed by FD group (807 µm) and HS group 

(472 µm). The Sa of all the grinding groups was 

higher than the control group (394 µm). XRD, as 

follows in Table 2, showed that all the grinding

groups presented the M-phase while there was 

an absence of M-phase in the control group 

which C-phase was mainly presented.
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 Means and standard deviations of BFS 

(MPa) of all groups are presented in Table 3. 

The results from the Shapiro-Wilk test showed 

that the BFS values were normally distributed 

(p > 0.05).  Using Levene’s test to examine the 

homogeneity of variances. One-way analysis of 

variance showed a significant difference among 

groups. Scheffé test showed that zirconia in MD 

group had the lowest mean BFS (392.05 ± 81.87 

MPa) with significantly different from the control

group (534.50 ± 70.64 MPa) and HS group 

(503.86 ± 63.55 MPa).  Meanwhile, zirconia in FD 

group (457.49 ± 56.83 MPa) and HS group had 

no significantly different BFS compared with the 

control group as follows in Table 3.

Fig 3. Surface of the samples 

(A) CT group, (B) MD group, (C) FD group, (D) HS group.
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Discussion

 Grinding translucent zirconia is difficult

because of the high value of its hardness. 

Nowadays, there is no definite instruction of 

grinding zirconia and choosing the burs even 

though sometimes grinding inner surface of 

zirconia restoration was needed to fit in the 

abutment. Medium-grit diamond burs, fine-grit 

diamond burs and heatless stone burs were 

chosen for grinding translucent zirconia because 

these burs are widely used in the practical dental 

clinic.

 Surface appearance under the stereo 

microscope showed that grinding translucent 

zirconia with common diamond burs, medium-grit 

diamond burs, created deep and sharp scratches. 

Meanwhile, grinding with specific burs, fine-grit 

diamond and heatless stone burs, presented 

shallow scratches. This research showed that all 

ground zirconia had higher surface roughness 

than the control group in accordance with previous

studies which study in conventional zirconia (3Y-

TZP)(15,17,21). Due to the common use of burs 

for grinding zirconia in dental clinic, the different

Table 2. The results of the average surface roughness (Sa) and phase analysis tests.

    Phase Analysis (%)

 Group Sa (µm) C-phase T-phase M-phase

 CT 394 58.75 41.25 -

 MD 1,635 38.36 59.11 2.53

 FD 807 35.40 62.31 2.29

 HS 472 33.63 63.77 2.61

Table 3. The results of biaxial flexural strength (BFS) test.

 
Group

              BFS        
Group

               BFS  Mean p-value

  Mean SD  Mean SD Difference 

 CT 534.50 70.64 MD 392.05 81.87 142.45 0.001*

   FD 457.49 56.83 77.01 0.119

   HS 503.86 63.55 30.64 0.804

 MD 392.05 81.87 FD 457.49 56.83 65.44 0.230

   HS 503.86 63.55 111.82 0.010*

 FD 457.49 56.83 HS 503.86 63.55 46.38 0.526

Post hoc analysis: Scheffé, * = The mean difference is significant (p-value < 0.05)
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shape of burs was chosen in this research. 

According to Nadin, et al. (22) stated that polishing

zirconia with different shapes of burs produced 

statically similar surface roughness values. 

Specific burs for grinding zirconia show the lower

value of roughness; Sa in group FD = 807 µm 

and HS group = 472 µm, compared to common

diamond burs in MD group; Sa = 1,635 µm 

corroborates with Chavali, et al. (23), which stated

that due to the numerous of diamond particles 

were imprinted in the specific diamond burs for 

zirconia, grinding or polishing 3Y-TZP with specific

diamond burs for zirconia had more efficiently 

than common diamond burs for ceramics. Surface

roughness of ground translucent zirconia might 

play a crucial role in the strength of materials, 

Flury, et al. (24) revealed that surface roughness

has a significant negative correlation with flexural

strength consistent with this research; the higher 

surface roughness, the lower flexural strength 

(Table 2 and 3). However, Wang, et al. (25) 

focused on deep and sharp flaws that effect 

flexural strength more than the average surface 

roughness, deep and sharp defects act as areas 

of stress concentration and can be the weak 

point of zirconia materials which may lead to 

catastrophic failure during loading. 

 M-phase was detected in all ground 

specimen groups whereas it was absent in the 

control group as same as prior studies that used 

conventional zirconia (26-28). Kosmac, et al. (29) 

revealed that M-phase had a direct variation 

toward the decrease of BFS unlike the result 

of this research, which showed that the highest 

M-phase was found in HS group, but it also had 

the highest BFS as well. This may be since only 

one specimen was randomly assigned to XRD. 

Due to irradiating X-rays beam may impact the 

specimen in the core material, which is deeper 

than the ground layer. Therefore, the result of 

M-phase in each group may not represent its 

value in the ground surface. Nevertheless, Gabriel

R. Hatanaka et al. found M-phase in all grinding 

groups and the quantity of % M-phase had no 

correlation with decreasing of flexural strength 

same as this research.

 In this research, BFS of grinding translucent

zirconia (4Y-TZP) with specific burs (FD and 

HS group) had no significant differences from 

the control group (p-value > 0.05). Meanwhile, 

translucent zirconia ground with common diamond

burs, medium-grit diamond burs, had significantly

decreased BFS compared to the control group 

(p-value < 0.05). Accordingly, the null hypothesis

was rejected. Grinding can create flaws, as 

shown in this research, depending on the bur’s 

roughness,  grinding force, temperature, rotation 

speed, and volume of M-phase (30). These flaws 

or cracks can spread into the bulk of translucent

zirconia (31), resulting in decreasing its BFS 

when the crack level is deeper than the compressive

layer of estimate 15 to 20 µm (27,32). Nevertheless,

the BFS of zirconia depends on the equilibrium 

between the increased BFS by transformation 

toughening mechanism and the decrease in 

these properties owing to the grinding defections

(33). In accordance with Kyung-Rok Lee, et al 

(28) stated that grinding 3Y-TZP with specific 

burs for zirconia does not significantly decrease 

BFS compared with the control group while 

grinding 3Y-TZP with common burs for ceramics

significantly decreased BFS. Also, there is M-phase

detected in all grinding groups but it was absent 

in the control group.
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Conclusion 

 Grinding inner surface of translucent 

zirconia, 4Y-TZP, with specific burs for zirconia 

(FD and HS group) did not significantly decrease 

BFS. However, BFS of translucent zirconia 

ground by widespread commonly used diamond 

burs (MD group) was decreased significantly 

compared to the control group.
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