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ABSTRACT

Objectives: The aim of this study was to evaluate
a Y-TZP ceramic sintered by a microwave protocol
on volume shrinkage and surface roughness.
Material and Methods: Twenty four (N=24)
Y-TZP discs were fabricated by milling in CAD/
CAM for size standardization. The mean final
dimensions of the specimens were 15 mm X 1.6
mm. Samples were divided into 2 groups (n=12):
conventional resistive heating sintering protocol
(C - Control) and microwave sintering protocol
(MO - experimental). For the characterization
of the specimens, surface roughness (Ra and Rz
parameters) was evaluated with a roughness tester,
and volume shrinkage was measured with a hand
micrometer. Data were statistically evaluated by
Student’s t and Mann-Whitney U tests (a=0.05).
Results: The roughness results were: 0.25 um =+
0.02 (Ra) and 2.68 um * 0.666 (Rz) for the MO
samples; 0.26 um = 0.04 (Ra) and 2.73 um =
0.461 (Rz) for the C group (Ra: p = 0.19; Rz: p
= 0.81). The shrinkage results was: MO (21.02%
+ 2.70) and C (20.10% =+ 0.52) (p = 0.274).
Conclusion: The conventional and microwave
sintering methods were similar regarding surface
roughness and volume shrinkage of Y-TZP dental
ceramic.
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RESUMO

Objetivo: avaliar uma cerdmica de zirconia
estabilizada com 6éxido de itrio (Y-TZP) sinterizada
por um protocolo em micro-ondas quanto a contracao
volumétrica e a rugosidade superficial. Material e
Métodos: Vinte e quatro discos (n = 24) de Y-TZP
foram fresados em CAD / CAM para padronizacdo
do tamanho. A dimensdes finais médias dos corpos
de prova foram de 15 mm X 1,6 mm. As amostras
foram divididas em 2 grupos (n = 12): protocolo de
sinterizacdo convencional por aquecimento resistivo (C
- Controle) e protocolo de sinteriza¢do por microondas
(MO - experimental). A caracterizacdo das amostras foi
realizada pela avaliacao da rugosidade superficial, com
um rugosimetro (pardmetros Ra e Rz) e da contracdo
volumétrica, medida com um micrémetro manual. Os
dados foram estatisticamente avaliados pelos testes de
t-Studant e U-Mann-Whitney (a=0,05). Resultados:
Os resultados de rugosidade foram: 0,25 um = 0,02
(Ra) e 2,68 um * 0,666 (Rz) para o MO; e 0,26 um
+ 0,04 (Ra) e 2,73 um = 0,461 (Rz) para o grupo C
(Ra: p = 0,19; Rz: p = 0,81). A contracdo volumétrica
foi de: MO (21,02% =+ 2,70) e C (20,10% = 0,52)
(p = 0,274). Conclusao: os métodos de sinterizacao
convencionais e de microondas sdo semelhantes, no
que diz respeito a rugosidade superficial e retracdo de
volume da ceramica dental Y-TZP.

PALAVRAS-CHAVE

Ceramicas; Rugosidade superficial; Sinterizacdo por
micro-ondas; Zirconia.
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INTRODUCTION

Yttria stabilized  tetragonal zirconia
polycrystalline (Y-TZP), previously used in
the medicine industry, has begun to occupy a
place in dentistry with the development of the
CAD-CAM technology [1]. This ceramic has good
properties such as biocompatibility, aesthetics,
high hardness, chemical inertia and favorable
tribological characteristics [1-6]. Studying
some of these properties and characteristics is
fundamental for its clinical validation. Surface
roughness (SR), for example, is directly related
to the quality of the micromechanical retention
between the zirconia, the cement and the
veneering porcelain [7]. In addition, the surface
texture may also influence the translucency,
opalescence and mimicry of the natural dental
element [8-9].

Due to sintering, zirconia undergoes a
dimensional alteration denominated volumetric
contraction [10]. This is also an important index
to be evaluated, since zirconia restorations are
made by milling a CAD/CAM ceramic, trying
to minimize the errors and the mismatch of the
ceramic on the tooth [1].

Ceramics with good mechanical properties
are generally highly dense and composed of
submicron grains, which in turn depends on
the elimination of porosities and grain growth
control in the sintering process [11]. This can
occur in a conventional zirconia oven at a specific
temperature over a long period of approximately
10 hours [12-13]. However, there is also the
possibility of sintering in a microwave oven,
which generates benefits to the process as well as
reducing processing time [14]. This oven emits
electromagnetic waves that can be transmitted,
absorbed and/or reflected depending on the
material, thus allowing the heating in a fast and
uniform way, which reduces thermal stresses and
avoids the induction of cracks and damages to
the material [15].

Regarding this technique, there are studies
that recommend different times and temperatures
[10-16]. However, the effect of these variations
on the mechanical properties and microstructure
of zirconia is not yet known. A protocol was
developed by Barchetta [14] for sintering dental
zirconia by microwave energy at a temperature
of 1450°C in 15 min. It was proved that this
protocol is compatible with the conventional, but
presents a time advantage [14].

Since it is a new methodology to sinter
the Y-TZP, there is a shortage of comparative
studies about the microstructural characteristics
of the ceramic obtained by these two methods.
Therefore, surface roughness and volumetric
contraction of a Y-TZP ceramic sintered by
microwave energy and by conventional resistive
heating were evaluated in this research. The null
hypothesis is that there would be no difference
between the surface roughness and the
volumetric contraction found by the conventional
and microwave sintering technique.

MATHERIAL AND METHODS
Specimens preparation:

Pre-sintered blocks of polycrystalline
tetragonal zirconia stabilized by yttrium oxide
(VIPI Block Zirconn, VIPI Pirassununga, SP,
Brazil) were milled in a four axis CAD/CAM
machine (Mini K4, VIPI, Pirassununga, SP, Brazil)
to obtain twenty-four disk-shaped samples, which
should have dimensions of 15 mm thickness and
1.6 mm in diameter after sintering in the oven
(Figure 1).

The samples were randomly allocated into
2 groups (n = 12): one in which the sintering
was done in a conventional resistive oven for
zirconia (C); and another in which the sintering
was made in microwave oven customized for
zirconia sintering (MO).
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The sintering in the C group was done in a
Zyrcomat T oven (Vita, Zahnfabrick, Germany)
at 1530°C for 2 hours; however, the cycle lasted
ten hours with the heating and cooling time. On
the other hand, microwave sintering (MO group)
was performed in an oven with 1.4 KW at 2.45
GHz, customized for sintering the zirconia at a
temperature of 1450°C for 15 minutes (INTI,
Brazil). This cycle lasted one hour and forty-five
minutes including heating and cooling time.

Figure 1 - lllustrative image of the pre-sintered Y-TZP discs
milled with CAD-CAM technology

Surface roughness analysis:

The surface roughness quantitative
analysis was performed using a micro-durometer
(Mitutoyo SJ 400, Mitutoyo, Tokyo, Japan).
Mean roughness (Ra) corresponds to the
arithmetic mean of the absolute values of the
spacing ordinates (peaks and valleys) in relation
to the midline within the measurement path; and
mean depth roughness (Rz) corresponds to the
arithmetic mean of the absolute values of the
ordinates of the points of greatest distance, above
and below the midline.

The analysis was performed in three
samples per group, with three measurements
in one direction, and thee in another direction
perpendicular to the first, and 1 mm was taken
between each measurement. Thus, the end of the

rugosimeter had a 3 mm path and a mean value
was obtained for each sample from the six data
measurements.

The Student’s t-test (a=0.05) was
performed for analysis of the Ra and Rz data after
the descriptive statistics. The confidence interval
considered was 95%.

Analysis of volumetric contraction:

Measurement of the volumetric contraction
was performed using a manual bench micrometer
(Figure 2). Measurements were made for
all 12 specimens of each group, with two
diameter measurements in two different points
perpendicular to each other, in addition to five
thickness measures in different points parallel to
each other.

The arithmetic mean of diameter and
thickness of each sample was calculated before
and after sintering. Then, the contraction
percentage values of each sample were calculated
from the differences of the means before and after
sintering of the zirconia discs. Statistical analysis
was performed by Student’s t and Mann-Whitney
U tests, both using a significance level of 5% at
95% confidence interval.

Figure 2 - Example of the (a) diameter measurement and (b)
thickness of the zirconia disk, which were performed before
and after sintering the ceramic
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RESULTS
Surface Roughness:

The means of Ra and Rz for group C were
0.26 = 0.04 um and 2.73 * 0.46 um, respectively.
For the MO group they were 0.25 = 0.02 um and
2.68 = 0.67 um. They did not differ statistically
between them (Ra: p=0.19; Rz: p=0.81) (Figures
3 and 4).

Volumetric Contraction:

For both statistical tests applied, the means
of the MO group (21.02 = 2.70 mm2) and the
C group (20.10 = 0.52 mm2) did not differ
statistically (p=0.274) (Figure 5).
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Figure 3 - Ra roughness post sintering. Column chart (mean
+ standard deviation). According to two methods of sintering:
microwave (MO) and conventional oven (C)
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Figure 4 - Rz Roughness, post sintering. Column chart (mean
+ standard deviation). According to two methods of sintering:
microwave (MO) and conventional oven (C).
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Figure 5 - Post-sintering contraction. Column chart (mean +
standard deviation). According to two methods of sintering:
microwave (MO) and conventional oven (C)

DISCUSSION

Some studies have reported a quick and
practical alternative for sintering Y-TZP ceramic
by using microwave energy [8,12-15,17,18].
This research was conducted in order to evaluate
the influence of this type of sintering oven on the
surface roughness and the volumetric contraction
of the zirconia.

The material properties evaluated in this
study did not present a statistically significant
difference between zirconia sintering using the
conventional and the microwave oven, leading
to the acceptance of the null hypothesis and
corroborating previous studies that also evaluated
these two techniques [8,12,15-18].

The volume contraction value obtained for
the MO group was approximately 21.02%, while
for the C group it was approximately 20.10%,
both being equivalent and not statistically
different. These results are similar to the study by
Almazdi et al. [12]. They evaluated volumetric
contraction when applying the same techniques
and observed that there was no difference
between the groups, just as in the present study,
and the mean contraction was around 24.6%.
In comparison with the present research, this
small variation can be justified by the different
commercial brand of =zirconia, which also
implies different compositions of this material.
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In comparing the volumetric contraction of the
samples also obtained from these two sintering
methods, Marinel and Savary [19] also found
similar results to those previously reported,
however they evaluated copper oxide.

In the case of surface roughness analysis,
the results (Ra: p = 0.19; Rz: p = 0.81) present
a favorable factor, because if an increase in
roughness was observed by microwave sintering,
aesthetic damage to the zirconia monolithic
crowns would occur. This could favor bacteria
colonization and the formation of a dental biofilm,
which could lead to the appearance of caries and/
or periodontal disease, and consequently cause
failure of the dental rehabilitation. Roughness
can also influence the micromechanical retention
between zirconia and cement, and between
zirconia and veneering ceramics in the case of
bilayers [20-23].

Comparing these two sintering techniques,
a factor that can also be considered is the electric
energy consumption. The power of a microwave
oven is 1500W; however, a conventional
resistive oven is 5000W. Considering the time of
the sintering cycles with the use of each of the
equipment, we have energy consumption of 22550
KWH for conventional oven, and 2175 KWH in
the case of the microwave oven, representing
10 times lower consumption to the microwave
process. With less time and lower consumption
spent with electric power, similar statistical
results were obtained, not causing any damage to
the ceramics according to the evaluated criteria.
Based on the results presented in this study, the
microwave sintering technique can be considered
promising. However, sintering studies of Y-TZP
by microwave energy in which other material
properties of this ceramic should be performed
and evaluated for better and safer indication of
this technique.

CONCLUSIONS

Within the limitations of this study, it can
be concluded that the methods of conventional
and microwave sintering were statistically
compared to volumetric contraction and surface
roughness analysis.
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