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1. Introduction

ABSTRACT

Background. Metal ceramic restoration (MCR) is a gold standard due to its ability
to withstand masticatory forces and aesthetics. However, it frequently appears to
experience a fracture in the oral cavity. The ceramics in MCR consist of an opaque
dentin and enamel layer, which contain silica to give the ceramic strength. Silica
is an abundant material, mainly synthesized from rice husks. The study was
aimed to investigate the effect of silica added to commercially opaque porcelain
powder in increasing the flexural strength of MCR. Methods: The research
sample was rectangular Co-Cr metal [(25£1) mm x (3£0.1) mm x (0.5 £ 0.05) mm)],
and opaque porcelain powder and dentin [(8+0.1) mmx (3£0.1) mm x(1.1+0.1)
mm]|. White silica powder was synthesized from rice husk by sonication for 270
minutes, characterized by x-ray fluorescence (XRF). Silica was mixed with
commercial opaque porcelain powder with various concentrations of 0, 0.5, and
1%, porcelain coating procedure on the centre of the surface metal, followed by
sintering at 9500C. Results: Characterization with XRF showed that the
elemental content of pure silica was 83.9%. The average flexural strength value
with three-point bending in each sample is 109.67+12.163; 131.26+3.817; and
108.35+4.26. The results of statistical tests using One Way ANOVA stated a
significant increase in the flexural strength of MCR (p<0.05) post added the rice
husk silica to the commercial opaque porcelain powder. Conclusion: Adding
0.5% silica resulted in the optimal flexural strength of MCR.

Metal ceramic restoration (MCR) can withstand
masticatory forces and produces excellent esthetics
because of its metal coping support and ceramic
material coating.! Nonetheless, the MCR has low
flexural strength, which increases fracture risk,
especially in the posterior area with excessive
grinding forces.2 Galiatsatos et al., reported 106
units of MCR fractured within three years inserted in
the oral cavity.3 Fractures in MCR presented in the
form of cohesion and adhesion fractures. Cohesion
fractures occur due to damage between the porcelain

layers, and adhesion fractures occur due to the loose

bond between the porcelain and metal.3 The MCR
consisted of opaque, dentin, and enamel layers. The
opaque layer is the first layer that plays an essential
role in bonding ceramic materials to metal. The
composition of silica particles in commercial opaque
porcelain is around 52-55% and acts as a filler
material that is hard and stable so that it can endure
large masticatory forces in the oral cavity.!

Silica is an abundant material and is widely used
for various applications, including food
manufacturing, medicine, industrial materials, and

dental materials. The primary source of silica is rice
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husks, a waste product that is less wuseful in
Indonesia.* Rice husk has a relatively high silica
content compared to other minerals.5 Flexural
strength can be intensified by adding low-
concentration silica. Wongwitthayakool et al. stated
that the addition of 0.25% silica from rice husk to
(PMMA)

material showed the most optimal flexural strength.¢

polimethyl-methacrylate acrylic base
Hasran et al., identified the flexural strength value of
rice husk silica in composite resin as 83 Mpa, which
is suitable as a filling material for posterior teeth.?
The study objective was to investigate adding silica

from rice husks to opaque porcelain on increasing

the MCR flexural strength.

2. Methods

An experimental laboratory design was applied in
this research. The sample used was Co-Cr metal [(25%1)
mm X (3+0.1) mm x (0.5 £ 0.05) mm] and porcelain
[(8+0.1) mm % (3+£0.1) mm x (1.1£0.1) mm] plated over
the centre of the metal surface.®8 The equipment used
to test the sample was the Universal Testing Machine
(TENSILON). Rice husks were dissolved with HCl 1N,
stirred at a temperature of 90°C for an hour, filtered,
dried in an oven at 80°C overnight, dissolved in NaOH
1IN at 80°C for an hour, until a solution of sodium

silicate was formed, added with HCI 1N to reach pH 7,

centrifuged to obtain a white precipitate, dried, and by
ultrasonic for 270 minutes to form white silica powder.
Characterization of the chemical structure of the white
powder by x-ray fluorescence (XRF). Then the silica is
mixed into commercially opaque porcelain powder (Vita
VMK Master) with varying concentrations of 0%, 0.5%,
and 1%, coating the MCR sample with silica opaque
porcelain powder and dentin then burning at a
temperature of 9500C.9.10 Flexural test with three-point
bending on all samples to determine the difference in
flexural strength of each sample. One way ANOVA test
determines the significance of each MCR sample's

increase in flexural strength.

3. Results

XREF test results show the elements present in rice
husk and silica powder. Silica elements in rice husk
and white silica powder were 63.7% and 83.9%,
respectively (tables 1 and 2). In this study, the average
value of flexural strength with three-point bending on
the samples of commercial and rice husk silica MCR
were 109.67+6.212; 131.26+3.817; and 108.35%4.265
(table 3). We found that adding 0.5% silica from rice
husks to opaque porcelain powder increased the
flexural strength of the MCR sample, but the addition

of 1% silica resulted in a decrease in flexural strength.

Table 1. X-ray fluorescence (XRF) analysis of rice husk particles

Composition Si P K

Ca A\ Cr Mn Zr Ba

Percentage (%) 63.7 1.7 5.75

2.5 0.47 1,7 15.0 1.1 4.4

Table 2. X-ray flourescence (XRF) analysis of rice husk silica powder

Composition Si P

Ti Cr Mn Ba Nd

Percentage (%) 83.9 0.61

0.09 0.75 4.6 1.8 8.2

Therefore, the one-way ANOVA test was performed
to determine whether rice husk silica addition
increased the flexural strength of MCR. The one-way

ANOVA test showed a significant increase in the

flexural strength of MCR post added the rice husk silica
to the commercial opaque porcelain powder (table 3)
with p<0,05. The most optimal flexural value was found

in the 0.5% silica group, while the lowest was the 1%.
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Table 3. The effect of adding rice husk silica to the opaque layer on the flexural strength of MCR

Addition of silica

Flexural Strength (Mpa)

Mean Standard deviation p-value
0% 109.67 12.163
0.5% 131.26 3.817 0.001*
1% 108.35 4.265

*one-way ANOVA test, p<0,05

Table 4. Comparison with post-hoc LSD analyzed

Silica Silica
0% 0.5 % 1%
0 % 0.001* 0.792
0.5 % 0.001* 0.001*
1% 0.792 0.001*

*Post-hoc LSD Test, p<0.05

Table 4 showed a significant increase in the flexural
strength of MCR post added the rice husk silica to the
commercial opaque porcelain powder between 0 % to
0.5 %; 0.5% to 0%; 0.5% to 1%; and 1% to 0.5 %
(p<0.05), while silica 0% to 1 % and 1% to O % is not
significant (p>0.095).

4. Discussion

This research was conducted in an experimental
laboratory using MCR samples per ISO 2012. We
found that silica synthesized by the sonication
method can produce pure silica powder (83.9%). The
sonication method was carried out with time
variations of up to 270 minutes. The VMK master
brand of opaque porcelain and dentin were combined
with metal through a sintering process at a
temperature of 920 °C according to the

manufacturer's instructions to achieve a
homogeneous union and form an MCR sample.
Ceramics are solid compounds of inorganic, non-
metallic, and metalloid atoms held together mainly by
mixed bonds consisting of ionic and covalent bonds.
Ceramics have several distinctive properties that
metals do not, including stable chemical inertness,

high-temperature stability, brittleness, high melting

point, and electrical insulating ability.11-14 Because of
these properties, ceramics offer a wide range of
applications to modern society, including being used
in ceramic mixtures to repair tooth decay. In the
ceramics industry, silica (SiO2) is essential for
production. Silica is believed to be the main backbone
of the ceramic industry. Most manufacturers use
silica sand, gravel, sandstone, granite, quartz, and
quartzite as a source of silica for the manufacture of
ceramics. Sources of silica are found in nature, one of
which is rice husk.15-17

Rice is the second most-consumed food source
globally. Rice production reaches almost 800 million
tons per year, and Indonesia is one of the world's
largest rice producers and consumers. Indonesia is
the largest producer and consumer of rice globally,
which is correlated with the high amount of residue
left from rice processing, namely rice husks. Rice
husk is a by-product of the rice processing industry,
obtained from 20% by weight of bulk seeds. The main
content of rice husk is 70-80% organic substances
such as cellulose lignin, and the remaining 20-30%
consists of mineralogic components such as silica,
alkali and trace elements. Rice husk is waste from

rice processing through the combustion process.
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Processing 1000 kg of grain produces 200 kg of rice
husks (20%). Rice husk (200 kg) can produce about
45 kg of amorphous silica. Amorphous silica under
various conditions is considered to be more reactive
than crystalline silica and has a complex spherical
structure. Silica can be used as a catalyst, an
admixture in inks, concrete hardeners, detergents,
soaps, and as a hardening element in brick making,
including as a potential admixture in the
manufacture of dental porcelain to repair tooth
decay.7,18-20

Mixing of 0.5% silica to commercially opaque
porcelain powder resulted in the optimal flexural
strength of the MCR (p<0,05). The higher silica
concentration (1%) added to the porcelain powder
decreased the flexural strength of MCR because
agglomeration occurred at a large amount of silica
concentration. The results of this study were in line
with the research conducted by Wongwitthayakool et
al., which stated that the addition of 0.5% silica
powder to an acrylic resin base of polimethyl
methacrylate acrylic (PMMA) resulted in the optimal
flexural strength of the PMMA base.6

5. Conclusion

There was an increase in flexural strength in MCR
samples with 0.5% rice husk silica on commercial
opaque porcelain, but a decrease in flexural strength
with 1% rice husk silica on commercial opaque

porcelain.
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