
Page 1/16

The Effect of Autoclave Aging with Different Surface
Polishing Systems on the Surface Properties, Phase
Transformation and Flexural Strength of Monolithic
Zirconia
Gülşah AKYILDIZ  (  gulsah.hediye@erdogan.edu.tr )

Recep Tayyip Erdogan University
Zeynep YEŞİL DUYMUŞ 

Atatürk University

Research Article

Keywords: Flexural strength, Phase transformation, Surface microhardness, Surface roughness

Posted Date: July 29th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1866524/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1866524/v1
mailto:gulsah.hediye@erdogan.edu.tr
https://doi.org/10.21203/rs.3.rs-1866524/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract
PURPOSE: This study was carried out to evaluate the effect of autoclave aging with different surface
polishing systems on the surface properties, phase transformation and �exural strength of monolithic
zirconia.

MATERIALS AND METHODS: 48 disc-shaped specimens with a diameter of 15 mm and a thickness of 1.2
mm were prepared from monolithic zirconia block (Prettau Zirkonzahn). The specimens were randomly
divided into 6 groups (n=8). The groups; control (only glazing), polished with Meisinger polishing kit and
polished with OptraFine polishing kit. After the polishing, each group was divided into two and one of
each group was aged in an autoclave. Surface roughness of specimens by pro�lometer device, surface
microhardness by Vickers microhardness test, three-dimensional surface images by Atomic Force
Microscope (AFM), surface properties by Scanning Electron Microscope (SEM), phase transformations by
X-Ray Diffraction (XRD) were analyzed.Finally, the �exural strengths were evaluated.

RESULTS: The effects of surface polishing applied on monolithic zirconia specimens on surface
roughness, microhardness, �exural strength and phase transformation were found to be statistically
signi�cant (p<0.05). The highest surface roughness was detected in the group that applied the Meisinger
polish kit. The effect of autoclave aging on the phase transformation was signi�cant (p<0.05), but the
effect on surface roughness, microhardness and �exural strength was not statistically signi�cant
(p>0.05).

CONCLUSION: It was observed that the surface polishing systems applied to the monolithic zirconia
specimens affected the surface properties, phase transformation and �exural strength. It was determined
that the aging process in the autoclave did not affect the surface properties and �exural strength, but
affected the phase transformation.

Introduction
With the developments of CAD/CAM technology, monolithic restorations can be designed aesthetically,
reduce the bonding problem arising because of using veneer ceramics and require less tooth preparation
[1] where the restoration can be �nely prepared [2, 3].

When grinding with diamond burs, both for aesthetic purposes and to harmonize the occlusion,
microcracks can be seen along with roughness on the surface of ceramic restorations. By manually
polishing the rough surfaces, stain formation, plaque and tartar accumulation can be prevented.
Biological and aesthetic continuity can be achieved [4–6].

Arti�cial aging is an important method used to evaluate the duration of clinical use of different dental
materials in in-vitro studies [7] Many studies have been conducted on autoclave aging, which is one of
the arti�cial aging methods [8, 9]
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Zirconia transforms between monoclinic, tetragonal and cubic phases. After the applied surface
treatments, the relative amounts of monoclinic and tetragonal phases are analyzed in XRD analysis [10].
While evaluating the surface properties; devices such as SEM, AFM, and pro�lometer are also used [11]
The Vickers test is widely used to evaluate the microhardness of dental materials [12].

Flexural strength tests are reliable in evaluating the strength of fragile materials. The three-ball piston
technique, which is one of the biaxial �exural tests, is a frequently used method [13].

In this study, it was aimed to evaluate the effect of autoclave aging with different surface polishing
systems on the surface properties, phase transformation and �exural strength of monolithic zirconia

The null hypothesis of this study was that the surface polishing systems applied to monolithic zirconia
increase the surface roughness and surface microhardness, decrease the phase transformation rate and
�exural strength, while the autoclave aging process does not affect the surface properties, phase
transformation ratio and �exural strength.

Materials And Methods
A total of 48 pre-sintered specimens from Prettau® Zirconia® monolithic block were prepared in a
CAD/CAM (Yenadent D15, Yenadent Ltd., Turkey). Pre-sintered monolithic zirconia specimens were
sintered in Ivoclar Vivadent Programat P300 furnace (Ivoclar Vivadent AG, Germany) with �nal
dimensions of 15 mm in diameter and 1.2 mm in thickness. A thin layer of glaze was applied to all
specimens (Ceramill Stain and Glaze, Amann Girrbach GmbH, Pforzheim, Germany).

Formation of experimental groups
The specimens were divided into three groups. The surface of the specimens except the control group
was grinded by the same user for 20 seconds at 20000 rpm with a back and forth sweeping motion with
blue band burs (881Z4, Meisinger, Neuss, Germany) containing 100 µm diamond particles recommended
for monolithic zirconia restorations under water coolant with an aerotor. Two different surface polishing
systems were applied to monolithic zirconia specimens (32 specimens) which were grinded.

Blue and pink rubbers were applied to 16 specimens by the same researcher for 30 seconds with
Meisinger Luster LUS91 intraoral polish kit at 10,000 rpm under water coolant. On the other 16
specimens, F and P rubbers in the OptraFine (Ivoclar Vivadent) polish kit were applied by the same
researcher for 30 seconds under water coolant at 10,000 rpm. Finally, the polish paste was applied with
nylon brushes without water coolant.

Specimens in all groups were divided into two groups (n = 8) (Fig. 1). One of the groups was aged in an
autoclave (Getinge, Getinge Group) at 134°C under 0.2 MPa pressure for �ve hours.

Examining the surface properties of the specimens



Page 4/16

Surface roughness was measured using a pro�lometer (Surtronic 25, Taylor Hobson Leicester, UK).

The surface microhardness values   of the specimens were determined by measuring the diagonals of the
traces under 200 grams of load for 15 s using a Vickers microhardness device (TMTeck HV-1000B,
TMTeck Manufacturing Limited, Beijing, China).

The surface of a randomly selected specimen from each group (20 µm2) was scanned using an atomic
force microscope (Hitachi 5100N, Tokyo, Japan) with a speed of 1.6 Hz and a vibration frequency of 10
KHz, and three-dimensional images were obtained with a resolution of 256×256 pixels.

A randomly selected monolithic zirconia specimen was gold plated in a gold plating device (SC7620,
Quorum Technologies, Newhaven, UK) because its surface was non-conductive. Afterward, the surfaces
of the specimens were evaluated using a scanning electron microscope (JSM-6610, Jeol, Peabody, USA).

Examining the phase transformations of specimens
Three randomly selected specimens from each group were analyzed by scanning with X-ray diffraction
device (Rigaku Smart-Lab Diffractometer, Tokyo, Japan) at 40 Kv voltage and 30 Ma current at 20–40
degrees using monochromatic CuK alpha rays (2Ѳ).. The amount of phase-changed monoclinic and
tetragonal phases of the specimens was evaluated using the Garvie and Nicholson Method formula [14].

Equation: Xm= [ Im(-111) + Im(111)]/[ Im(-111) + Im(111) + It(101)]

I: The highest value of the phase density

Im (-111):Plane showing the crystal geometry of the monoclinic phase (-111)

Im (111): Plane showing the crystal geometry of the monoclinic phase (111)

It (101) : Plane showing the crystal geometry of the tetragonal phase (101)

Evaluation of �exural strength data of specimens
In order to evaluate the �exural strength of monolithic zirconia specimens, a three-ball piston technique
was used in the Universal test device (Instron 3340, Wycombe, UK). Three steel balls with a diameter of
3.2 mm were placed on a metallic platform with a diameter of 10 mm, equidistant from each other. A
force was applied to the treated surfaces of the specimens with a cylindrical apparatus with a diameter
of 1.4 mm at the tip, at a loading speed of 0.15 mm per minute. The breaking force of each specimen
was recorded in newtons and the �exural strengths were converted to MPa in accordance with the piston
test on three balls.

σ is the biaxial �exural strength (MPa), P is the total load up to �exural in newtons and d is the specimen
thickness in mm.

σ = -0.2387P (X - Y) / d2
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X and Y were obtained as follows:

X = (1 + ν) ln (r2 / r3)2 + [(1 - ν) / 2] (r2 / r3)2

Y = (1 + ν) [1 + ln (r1 / r3)2] + (1 - ν) (r1 / r3)2

ν Poisson's ratio (= 0.23); r1 is the radius of the support circle, r2 is the radius of the charged area, r3 is the
radius of the specimen, all expressed in millimeters [15].

Statistical analysis
The data obtained in this study were evaluated by Two-way ANOVA and Tukey’s post hoc comparisons at
a signi�cance level of p < 0.05 (SPSS Inc., Chicago, IL., USA). The power analysis was calculated
according to the previous article [16] by considering the effect size = 2, beta error = 0.80, and alpha error = 
0.95. Finally, it was decided to use 8 specimens for each group that could be adequate for statistical
evaluation.

Results
Evaluation of surface roughness data

The mean (Ra) and standard deviation results of the surface roughness data of monolithic zirconia
specimens are shown in Table 1. All of the specimens’ surface roughness were evaluated. It was
determined that the difference between the applied surface polishing systems was signi�cant (p 0.05),
while autoclave aging was not signi�cant (p>0.05). The highest value was found in Meisinger polish kit
applied group.

Evaluation of surface microhardness data

 The mean and standard deviation results of the surface microhardness data of the specimens applied
with different surface polishing systems are shown in Table 2. All of the specimens’ surface
microhardness were evaluated. It was determined that the different surface polishing processes applied
were signi�cant (p 0.05), while the autoclave aging process was not signi�cant (p>0.05).

When the Meisinger polish kit applied group was compared with the OptraFine polish kit applied group, it
was determined that the Meisinger polish kit increased the surface microhardness. It was determined that
this increase was not statistically signi�cant (p>0.05).

Evaluation of atomic force microscopy data of surfaces

Three-dimensional images of the monolithic zirconia specimens, on which surface polishing systems
were applied, were taken with the AFM device before and after the aging process in the autoclave.

When the obtained images were evaluated;
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- In the specimens in the control group, the surface was regular before and after aging in the autoclave
and there were no small mounds (Fig. 2),

- In the group in which Meisinger polishing kit was applied, the bur traces were evident and �uctuations
were found before aging, the surface roughness increased after aging in the autoclave and irregular
pittings were observed (Fig. 3),

- In the specimens where OptraFine polishing kit and paste were applied, clear pits were observed on the
surface before aging in the autoclave, while a rough surface was observed with the increase in the depth
of these pits after aging in the autoclave (Fig. 4).

Evaluation of images obtained by scanning electron microscopy of surfaces

When the SEM images of the control group were examined, a homogeneous image and indistinct point
residues were determined on the surface of the specimens that did not undergo any treatment after
glazing. It was determined that autoclave aging did not cause any signi�cant surface difference in all
groups (Fig. 5).

After the grinding process, inhomogeneous pits and lines were obtained in the group in which the
Meisinger polish kit was applied (Fig. 6).

After the grinding process, inhomogeneous pits and �uctuations due to grinding were detected in the
group to which the OptraFine polish kit was applied (Fig. 7).

Evaluation of phase transformation data of specimens

The mean and standard deviation results of the phase transformation amounts of the specimens are
shown in Table 3. It was determined that the effect of the surface polishing systems applied to the
specimens and the autoclave aging process on the amount of phase transformation was statistically
signi�cant (p<0.05).

Although the phase transformation values obtained in the Meisinger polish kit and OptraFine polish kit
groups were lower than those of the control group, no signi�cant difference was found between the
groups (p>0.05).

Evaluation of �exural strength data of specimens

The mean and standard deviation results of the phase transformation amounts of the specimens are
shown in Table 4. It was statistically determined that the surface polishing systems were signi�cant
(p<0.05) and the autoclave aging process was not statistically signi�cat (p>0.05).

Although the �exural strength values obtained in the Meisinger polishing kit and OptraFine polishing kit
applied groups were lower than those of the control group, the difference between meisinger polishing kit
and optra�ne polishing kit groups was not statistically signi�cant (p>0.05).
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Discussion
In this study, the effect of autoclave aging with different surface polishing systems on the surface
properties, phase transformation and �exural strength of monolithic zirconia was investigated. Surface
polishing systems applied to monolithic zirconia specimens increased the surface roughness and surface
microhardness, decreased the phase transformation and �exural strength. But the effect of autoclave
aging on the amount of phase transformation was signi�cant. So some of the null hypothesis was
accepted and some of it was rejected.

Steiner et al. [17] applied mechanical polishing process on �ve different ceramics with �ve different
polishing systems (Komet, Optra-�ne, Shofu, Zenostar and Diatech) and found the smoothest surface in
the glazed specimens. They also determined that the OptraFine polish kit made the surfaces of the
specimens smoother due to the paste content. Çağlar et al. [18] investigated the effect of three different
polishing kits on the surface roughness and phase change of monolithic zirconia in their study. Meisinger
and EVE Diacera found that zirconia polish kits produced smoother surfaces, while the EVE Diapol
porcelain polish kit did not show any statistically signi�cant difference from other groups, but was more
unsuccessful compared to the two polishing kits.

In the present study, after the polishing systems were applied to the monolithic zirconia specimens, the
surface roughness was evaluated using with the pro�lometer device and the lowest surface roughness
values (0.31 Ra) were found in the specimens in the control group, which were glazed. After applying the
polishing rubbers included in the OptraFine polishing kit, polishing paste was used. Thanks to this paste,
lower surface roughness values (0.52 Ra) were obtained than those obtained through the Meisinger
polish kit (0.60 Ra). Obtaining different results after the use of polishing systems may depend on whether
the diamond particles in the system are natural or synthetic, the shape, size and density of the particles,
as well as the binding agent.

Roy et al. [19] compared the surface microhardness values of aged and non-treated Y-TZP ceramics, and
stated that non-aged Y-TZPs had higher microhardness values. In this study, the highest surface
microhardness value was found in the non-aged control group (1059.31 HV). Statistically, it was
determined that Meisinger and OptraFine polish kit increased the surface microhardness signi�cantly
compared to the control group.

Çağlar et al. [18] stated that as a result of XRD analysis, the polishing process did not cause a phase
change in monolithic zirconia in their study. In the present study, it was determined that the effect of
different polishing systems on the phase change was statistically signi�cant. This result is inconsistent
with the �ndings of Çağlar et al. [18]. It may be due to the use of different aging methods.

Pereira et al. [20] reported that the aging process (20 hours in an autoclave at 134°C at 2 bar pressure) did
not signi�cantly increase the roughness of monolithic zirconia. In the present study, a �ve-hour aging
process was applied to simulate 15-20 years of aging. There was no statistically signi�cant difference
between the surface roughness values before and after the autoclave aging process.
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Kohorst et al. [21] applied autoclave aging for 16, 32, 64, 128 hours on zirconia specimens except for the
control group. In the analyses performed after aging in the autoclave, 3Y-TZP surfaces became rough due
to the increased monoclinic phase content. They stated that this was due to the signi�cant elevation of
the phase-transformed zirconia crystals. In the present study, although it was determined that the surface
roughness of the specimens increased after aging in the autoclave, the difference was not statistically
signi�cant.

Gutierrez et al. [22] evaluated the hydrothermal aging of ZrO2-based materials, prepared the specimens in
the form of discs and measured the �exural strength values with a three-ball piston test. In the present
study, the piston on three balls test was applied to the specimens and it was found that the polishing kits
decreased the breaking strength compared to the glaze application.

Moon et al. [23] reported that surface polishing processes caused phase transformation of the zirconia,
reducing its transformation capacity and thus less resistant to applied forces.

Conclusion
When the effect of autoclave aging with different surface polishing systems on the surface properties of
monolithic zirconia was evaluated, it was seen that the lowest surface roughness values were found in
the specimens in the control (glazed) group. When polishing systems were compared, a smoother surface
was obtained in the OptraFine polish kit and the highest surface hardness was found in the group to
which the Meisinger polish kit was applied. The autoclave aging process increased the surface roughness
and decreased the surface microhardness values. The effect of the applied polishing systems and the
autoclave aging process on the phase transformation was found to be statistically signi�cant. It was
determined that the effect of surface polishing systems on �exural strength was signi�cant, while the
effect of autoclave aging was not signi�cant.
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                                                                               Autoclave Aging Process

Surface Polishing Systems   Non-aged*           Aged*    

 Groups Mean (SD)     Mean (SD)

Control            0.31 (0.03) a,A  0.37 (0.04)a,A

Meisinger Polishing Kit            0.60 (0.26)b,A  0.76 (0.32)b,A 

OptraFine Polishing Kit   0.52 (0.27)b,A  0.66 (0.7)b,A

*: Vertical signi�cant differences are shown in lower case, horizontal signi�cant differences are shown in
capital letters.

Table 2. Mean (HV) and standard deviation results of surface microhardness values

                                                                       Autoclave Aging Process

Surface Polishing Systems    Non-aged*           Aged*       

Groups        Mean (SD)   Mean (SD) 

Control         540.72 (77.93)a,A 532.75 (81.19) a,A

Meisinger Polishing Kit         1168.30 (141.87)b,A  1110.60 (80.89)b,A

OptraFine Polishing Kit   1059.31 (163.67)b,A    1043.30 (168.56)b,A

*: Vertical signi�cant differences are shown in lower case, horizontal signi�cant differences are shown in
capital letters.

Table 3. Mean and standard deviation results of phase transformation data

                                                                             Autoclave Aging Process

Surface Polishing Systems      Non-aged*           Aged*    

     Mean (SD) Mean (SD)

Control          21.08 (4.01)a,A 20.09 (6.35)a,B

Meisinger Polishing Kit          20.10 (4.34)b,A 18.97 (6.02)b,B

OptraFine Polishing Kit       19.37 (2.28)b,A   17.76 (5.76)b,B

*: Vertical signi�cant differences are shown in lower case, horizontal signi�cant differences are shown in
capital letters.
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Table 4. Mean (MPa) and standard deviation results of �exural strength values

                                                                               Autoclave Aging Process

Surface Polishing Systems    Non-aged*          Aged*    

     Mean (SD) Mean (SD)       

Control        674.50 (130.87) a,A 630.38 (108.87)a,A

Meisinger Polishing Kit        605.25 (85.30)b,A 555.50 (130.88)b,A

OptraFine Polishing Kit   663.00 (90.46)b,A   582.12 (120.20)b,A

*: Vertical signi�cant differences are shown in lower case, horizontal signi�cant differences are shown in
capital letters.

Figures

Figure 1

Dividing samples into groups
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Figure 2

A AFM image of Control group B AFM image of Control group after thermal aging

Figure 3
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A AFM image of Meisinger polishing kit applied group B AFM image of Meisinger polishing kit applied
group after thermal aging

Figure 4

A AFM image of OptraFine polishing kit and paste applied group B AFM image of OptraFine polishing kit
and paste applied group after thermal aging
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Figure 5

A SEM image of Control group B SEM image of Control group after thermal aging 

Figure 6

A SEM image of Meisinger polishing kit applied group B SEM image of Meisinger polishing kit applied
group after thermal aging
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Figure 7

A SEM image of Optra�ne polishing kit and paste applied group B SEM image of Optra�ne polishing kit
and paste applied group after thermal aging


