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Objectives This study aimed to compare the polymerization shrinkage and degree of
conversion of new zirconia-reinforced rice husk nanohybrid composite with commer-
cialized microhybrid and nanofilled composites.

Materials and Methods Overall, 180 samples were used for polymerization shrink-
age (buoyancy and optical methods) and degree of conversion tests in which they
were divided into Group 1, nanofilled composite (Filtek-Z350-XT; 3M ESPE, St Paul,
MN 55144-1000, USA), Group 2, microhybrid composite (Zmack-Comp), and Group 3,
nanohybrid composite (Zr-Hybrid). Polymerization shrinkage test was performed using
buoyancy and optical methods. For buoyancy method, samples were weighed in air
and water to calculate the shrinkage value, whereas, for optical method, images of
nonpolymerized samples were captured under a digital microscope and recaptured
again after light-cured to calculate the percentage of shrinkage. Degree of conversion
was tested using Fourier-transform infrared spectroscopy spectrometer.

Statistical Analysis Data were analyzed using one-way analysis of variance comple-
mented by post hoc Dunnett’s T3 test for polymerization shrinkage and Tukey’s hon-
estly significant difference test for degree of conversion. Level of significance was set
at p <0.05.

Results Group 3 demonstrated similar polymerization shrinkage with Group 1, but
lower shrinkage (p < 0.05) than Group 2 based on buoyancy method. However, opti-
cal method (p <0.05) showed that Group 3 had the lowest shrinkage, followed by
Group 1 and lastly Group 2. Besides, Group 3 showed a significantly higher degree of
conversion (p < 0.05) than Group 1 and comparable conversion value with Group 2.
Conclusions Zirconia-reinforced rice husk nanohybrid composite showed excellent
shrinkage and conversion values, hence can be considered as an alternative to com-
mercially available composite resins.
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Introduction

Composite resin has been introduced since the late 1950s
and is widely used as a restorative material in dentistry.!
It has several advantages over amalgam such as better aes-
thetic properties, ability to bond to the tooth structure, and
allowing for better conservation of tooth structure.? Due to
all these advantages, the use of composite resin has increased
drastically in modern preventive and restorative dentistry.

Despite the continuous advancements in composite res-
ins, it still suffers from polymerization shrinkage that ranges
from 2 to 5%. Polymerization shrinkage of composite resins
occurs mostly due to the conversion of monomer into poly-
mer chain in which the van der Waals forces are replaced by
covalent bonds that pull the particles closer.? This leads to
interfacial polymerization stresses, causing gap formation at
the dentine-bond interface, increasing the risk of recurrent
caries and consequently restoration failures.*> Several meth-
ods have been described to reduce polymerization shrinkage
such as using incremental placement of composite resin, soft
start light-curing technique, stress absorbing liners, use of
composite resin with higher filler content, or modifying the
resin component in composite resin.>4® The degree of con-
version also has a major impact on the success of composite
resin restorations.” The physical and mechanical properties
of composite resins are directly influenced by the level of
conversion during polymerization.® The degree of conversion
is determined by the proportion of remaining aliphatic C=C
double bonds in a polymerized sample to the total number of
C=C bonds in the nonpolymerized sample. Ideally, a compos-
ite resin should have all its monomer converted into polymer.
A lower degree of conversion will cause a reduction in bind-
ing of polymer network and lead to a decrease in polymer-
ization shrinkage.’ To date, many advanced techniques have
been used to determine the degree of conversion of compos-
ite resins among which Fourier-transform infrared spectros-
copy (FTIR) is the most widely used technique.®

Due to global environmental concern, silica from natural
resources has started to raise interest among researchers to
reinforce and improve the mechanical properties of com-
posite and rubber materials.’®'" As a result, a new version of
nanohybrid composite resin using rice husk as silica filler has
been introduced.' Rice husk is considered as an agricultural
biowaste and the advantages of using such natural product
in dental composites are ascribed to less cost, decreased tox-
icity, greater sustainability, lighter weight, and being more
environmentally friendly.”> However, information regarding
the use of rice husk as silica in dental composite is still lack
in the literature.'>'* Previous study found out that rice husk
nanohybrid composite demonstrated slightly inferior physi-
cal and mechanical properties than commercialized micro-
hybrid composite (Z 250), but these values were still within
the acceptable range.”

Recently, zirconia, also known as zirconium dioxide,
which is a white crystalline oxide of zirconium, has been
widely used in the field of dentistry due to its excellent phys-
ical and mechanical strength, biocompatibility, and optical

properties, since zirconia can backscatter incident light and
exhibit minimal light absorption from electronic polar-
ization, therefore, giving it a translucent appearance that
enhances its similarity with tooth dentine.'*!> Considering
a more innovative approach, the present study added 10%
w/w zirconia nanopowder into this rice husk nanohybrid
composite resin to reinforce the material. Hence, one can
speculate that this new nanohybrid composite resin is able to
demonstrate better physical, mechanical, and optical prop-
erties. To the extent of our knowledge, studies on the shrink-
age and degree of conversion of this new zirconia-reinforced
nanohybrid composite resin are not found in any published
literature.

Thus, our objective for the current study was to compare
the polymerization shrinkage and degree of conversion of
this new zirconia-reinforced nanohybrid composite resin
using organic filler derived from rice husk with other com-
mercialized composite resins. The null hypothesis was that
no significant difference exists in terms of polymerization
shrinkage and degree of conversion between zirconia-rein-
forced rice husk nanohybrid composite and the other two
commercially available composite resins.

Materials and Methods

Preparation of Zirconia-Reinforced Nanohybrid
Composite
The filler-to-monomer ratio was 75:25. Resin matrix was
composed of 50% w/w of bisphenol-A glycidyl methacrylate
(bis-GMA), 48% w/w of triethylene glycol dimethacrylate
(TEGDMA), and 2% w/w of camphorquinone (CQ). They were
weighed using digital weighing scales (WN-FAN; Worner
Laboratory or OEM, Zhejiang, China) with an accuracy of
0.0001 g. The mixing of these chemicals was done in a mix-
ing beaker placed on a vortex mixer (Fisherbrand Analog
Vortex Mixer; Fisher Scientific International, Inc., Hampton,
United States). The beaker was covered with aluminum foil
to protect the resin from ambient light. The matrix was then
stored in a refrigerator for 48 hours to stabilize it before mix-
ing with filler component. After 48 hours, 25% w/w of the
prepared matrix mixture was mixed using the same vortex
mixer with 65% w/w of spherical nano-silica from rice husk
obtained using sol-gel method from a previous study con-
ducted in Universiti Sains Malaysia.'? Lastly, 10% w/w of pure
zirconia nanopowder (MFCD00011310, American Elements,
Los Angeles, United States) was added to form a homogenous
composite material and the final composite product was kept
in the refrigerator for further usage.

The filler volume (V) was calculated with the following
equation:

v="u" 00

P, =P,

Whereby, m, is the total weight of composite resin in
gram, g; m, is the total weight of resin monomer used; p, is
the total density of composite, which is 1.981 g/cm?®; and p, is
the density of resin monomer used in g/cm?3.
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The information about resin monomer density was
provided by the manufacturers: Bis-GMA (1.161 g/cm?),
TEGDMA (1.090 g/cm?), and CQ (1.006 g/cm?); thus, the filler
volume of zirconia-reinforced rice husk nanohybrid compos-
ite resin obtained in the present study was 55.9%.

Grouping of Samples

A total of 180 samples were prepared of which 120 samples
were used for polymerization shrinkage tests (buoyancy
and optical methods; each consisted of 60 samples) and the
remaining 60 samples for the degree of conversion test. The
total sample size was calculated based on G*Power 3.1.9.4
software (Franz Faul; Universitit Kiel, Germany) with a
power of 0.8 added with 5% of dropout. Further, 60 samples
corresponding to each test were subdivided into groups of
20 samples each according to the types of composite as below:

» Group 1—Nanofilled composite (Filtek-Z350-XT)

* Group 2—Microhybrid composite (Zmack-Comp)

» Group 3—Zirconia-reinforced rice husk nanohybrid com-
posite (Zr-Hybrid)

The characteristics of each type of composite resin used
are shown in =Table 1.

Polymerization Shrinkage Testing

Buoyancy Method

The test was performed at room temperature using two dig-
ital weighing scales (WN-FAN; Worner Laboratory or OEM,
Zhejiang, China) with an accuracy of 0.0001 g. One digital
scale was used to measure the mass of sample in air, whereas
another scale was used to measure the mass of sample in water.
A beaker filled with 100 mL of distilled water was placed on
the digital scale that was used to measure the mass of sample
in water. Each sample consisted of 1 g nonpolymerized com-
posite resin. The test was conducted as recommended by the
American Society for Testing and Materials: D792-13 spec-
ification.'® The nonpolymerized sample was wrapped with
waterproof transparent plastic stretch film (Manual Stretch
Film, Scientex, Shah Alam, Malaysia; =Fig. 1A) and com-
pressed manually in between two flat glass plates (GLP2X2;
United Scientific Supplies, Inc., Waukegan, United States) at a
force of ~2 kg measured with a metal weight (abs-sl-weight-
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accuracy of 0.01 mm (=Fig. 1B). The glass plates and trans-
parent films were then removed carefully. The sample was
weighed in air (=Fig. 1C) and then placed in a beaker con-
taining 100 mL of distilled water (~Fig. 1D) to measure the
mass of sample in water. The density of the nonpolymerized
sample in g/cm was calculated according to the equation:

mwater (P P )
—water —P.)+P.
m m water air air

water ~ ' tair

P=

Whereby, P is the density of the composite resin, m__, is
the weight in grams (g) of the material in water, m__is the
weight in grams (g) of the composite resin in air, P, is the
density of distilled water according to density table at room
temperature, and P is the density of air, which is 0.0012 g/cm.

Subsequently, the nonpolymerized sample was removed
from the beaker and dried thoroughly with filter paper
(Grade 1, Whatman, Maidstone, United Kingdom). The entire
measuring processes were performed within 60 seconds to
prevent the nonpolymerized sample from undergoing pre-
mature polymerization under natural light. Next, the sam-
ple was light-cured for polymerization using light-emitting
diode (LED) light-curing unit (Elipar Free Light 2; 3M ESPE,
St. Paul, Minnesota, United States) with a light intensity of
600 mW/cm? The distance between the light source and the
sample was standardized by placing a 1 mm thick glass slide
(GLP2X2; United Scientific Supplies, Inc., Waukegan, United
States) in between the light source and sample. The tip of the
light source was in contact with the glass plate during the
light polymerization process. The LED light-cure unit was
calibrated by an LED radiometer (Demetron; Kerr, Danbury,
Connecticut, United States) before being used and after every
three samples, to ensure that the output of emitting light
source was standardized throughout the experiment. The
polymerization process under light cure was performed for
40 seconds as recommended by the manufacturers. The same
protocol was repeated to obtain the density for the polymer-
ized samples, and the mass of each sample was calculated by
subtracting the mass of the transparent plastic film from the
mass of the whole assembly. The percentage change in vol-
ume (V) after polymerization was calculated from the densi-
ties according to the equation as shown in a similar study:!”

set-small; PCS Instruments, United Kingdom) resulting in a 1 1 1
thin disc of sample of +1.0 mm thickness measured using a V= [P 7 ]P %100
digital caliper (19975; Shinwa Rules Co., Ltd., Japan) with an cured - Tuncured JTun cured
Table 1 Characteristics of composite resins used in this study
Type of Name Manufacturer | Type of resin monomer Type of filler Filler wt.|vol.
composite
Nanofilled Filtek Z350 XT | 3M ESPE Bisphenol A glycidyl methacrylate (bis-GMA); Zirconia and 78.5%/63.3%
ethoxylated bisphenol A glycol dimethacrylate | silica
(bis-EMA); urethane dimethacrylate (UDMA);
triethylene glycol dimethacrylate (TEGDMA);
polyethylene glycol dimethacrylate (PEGDMA)
Microhybrid Zmack Comp | Zhermack Bis-GMA,; bis-EMA; TEGDMA Bariumglass and | 77%/57%
silica
Nanohybrid Zr-Hybrid Universiti Sains | Bis-GMA; TEGDMA Zirconia and rice | 75%/55.9%
Malaysia husk silica
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Fig. 1 (A) Nonpolymerized sample wrapped with waterproof transparent plastic stretch film. (B) Thickness of nonpolymerized sample was
measured using a digital caliper with accuracy of 0.01 mm to ensure a thin disc about £1.0 mm. (C) Mass in air of nonpolymerized sample
weighed using a digital weighing scale. (D) Mass in water of nonpolymerized sample weighed in beaker containing 100 mL distilled water using
a digital weighing scale. (E) Nonpolymerized sample placed on a round plastic disc with diameter of 10 mm and thickness of 2 mm. (F) Sample

was measured under Hirox 3D Digital microscope using optical method.

Optical Method

Composite samples from each group were placed on a
smooth round plastic disc with a diameter of 10 mm and
a thickness of 2 mm (=Fig. 1E). Then, the plastic disc was
covered by two glass plates (GLP2X2) and compressed
manually at a force of ~2 kg measuring with a metal weight
(abs-sl-weight-set-small) to ensure a flat surface and to
remove excess material. The glass plates were removed
carefully, and a prepolymerization image was captured
under a digital microscope (Hirox 3D Digital microscope;
RH-2000, Hirox Co Ltd., Tokyo, Japan) at a 20x magnifi-
cation. The surface area (S,) and its thickness (H,) were
traced (=Fig. 1F) and measured by two blinded examin-
ers using Advanced 3D Hirox software for volume and area
measurements. The volume (V,) of the nonpolymerized
sample was obtained by:

Volume, V (mm?3) = S x H, whereby S is the surface area and
H is the thickness.

The sample then underwent polymerization for 40 seconds
with the same light-curing unit using identical polymeriza-
tion protocol as mentioned in previous buoyancy method.
Postpolymerization image was recaptured after the polymer-
ization process completed. The surface area (S,) and thickness
(H,) of the polymerized sample were traced and measured.
The volume (V,) was calculated as above. Percentage of shrink-
age was then calculated based on the equation:

Shrinkage = (V,-V,)/V, x 100%

Degree of Conversion Test

Nonpolymerized composite samples weighing 0.5 g from
each group were wrapped with the waterproof transpar-
ent plastic stretch film (Manual Stretch Film; Scientex,
Shah Alam, Malaysia) and compressed between two glass
plates (GLP2X2) with the same ~2 kg metal weight used in
shrinkage study until the sample was ~1 mm in thickness
measured using the same digital caliper. The glass plates
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and transparent films were gently and carefully removed.
An FTIR spectrometer (Nicolet Summit FTIR Spectrometer;
Thermo Fisher Scientific, Massachusetts, United States) oper-
ating under the conditions of 600-4,000 cm™ wavelength,
4 cm resolution, and 32 scans co-addition was used to test
the nonpolymerized sample. After that, the polymerization
process was performed using the same LED light-curing unit
as mentioned in earlier standardized polymerization pro-
tocol. The polymerized sample was tested again with the
same FTIR spectrometer. The percentage of unreactive car-
bon-carbon double bonds (% C=C) was determined from the
ratio of the absorbance intensities of aliphatic C=C (peak at
1,638 cm) against the internal standard aromatic C-C (peak
at 1,608 cm). Thus, the degree of conversion was obtained by:

%(cured)
h (Uncured)
P,

1
2

Degree of Conversion = x 100%,

whereby P, = peak area at 1,638 cm™ and P, = peak area
at 1,608 cm.

Statistical Analysis

Statistics were performed using the Statistical Package for the
Social Sciences (IBM, New York, New York, United States) ver-
sion 24 for Windows 10.0. The level of statistical significance
was set at 0.05. The data passed the normality test according
to Shapiro-Wilk test. Data analysis for polymerization shrink-
age using both buoyancy and optical methods was performed
using one-way analysis of variance (ANOVA) complemented
by post hoc Dunnett’s T3 multiple comparison test, whereas
data analysis for degree of conversion was performed using
one-way ANOVA complemented by post hoc Tukey’s honestly
significant difference (HSD) multiple comparison test.

Results

The null hypothesis was partially rejected. Results from
=Table 2 suggested that Group 1 and Group 3 exhibited
significantly lower shrinkage value than Group 2 in both

Lin et al.

buoyancy (p = 0.001) and optical (p = 0.001) methods.
Although Group 1 and Group 3 showed similar shrinkage
value (p = 1.000) based on buoyancy method, Group 3 was
found to have slightly lower shrinkage value (p = 0.864) than
Group 1 based on optical method. Post hoc Dunnett’'s T3
test showed that there were significant differences between
Group 1 and Group 2 (p = 0.007) and between Group 2 and
Group 3 (p = 0.013) using buoyancy method. A similar pat-
tern was also noted in optical method whereby significant
differences were noted between Group 1 and Group 2 (p =
0.001) and between Group 2 and Group 3 (p = 0.001). Besides,
analysis of correlation revealed that there was a statistically
significant correlation between results obtained from buoy-
ancy method and those from optical method (p = 0.029)
based on Pearson Correlation Coefficient (r = 0.283), which
suggested the reliability of both tests.

On the other hand, the present study revealed that Group
1 exhibited the lowest degree of conversion followed by
Group 2 and lastly Group 3 (p = 0.001) based on =Table 3.
Post hoc Tukey’s HSD test showed that there were signifi-
cant differences between Group 1 and Group 2 (p = 0.001)
and between Group 1 and Group 3 (p = 0.001), but no sig-
nificant difference was noted between Group 2 and Group 3
(p=0.922). Furthermore, no significant correlation (p =0.191)
was observed between polymerization shrinkage and degree
of conversion in the present study.

Discussion

Over the past few decades, composite resins have been
extensively studied and greatly improved.’® Although com-
posite resins exhibit excellent esthetic and mechanical prop-
erties with low cytotoxicity, they still have a major drawback,
which is polymerization shrinkage.'”® Several factors were
found to cause shrinkage in composite resin, such as the size
of filler, amount of filler particles, and the type of resin matrix
used.'®?2 The introduction of nanocomposites with optimal
distribution of nano-sized filler particles has been shown to
decrease the polymerization shrinkage of composite resin.?*
The smaller the filler size, the larger the area-to-volume ratio

Table 2 Polymerization shrinkage (%) of different composite resins (one-way ANOVA) and multiple comparisons of all groups

(Dunnett’s T3)
Group | Type of Mean (SD) F(df) p-Value Multiple comparisons
composite Groups Mean Standard p-Values
difference error
Buoyancy method
1 Filtek Z350 XT | 1.95(+0.20) | 8.47(2,57) | 0.001? Tvs.2 -0.2812 0.084 0.0072
2 Zmack Comp 2.23 (£ 0.34) Tvs.3 -0.014 0.057 1.000
3 Zr-Hybrid 1.95(£0.16) 2vs. 3 0.267 0.087 0.013°
Optical method
1 Filtek Z350 XT | 1.95(+0.12) | 5.96 (2,57) | 0.001° Tvs.2 -0.434 0.047 0.001°
2 Zmack Comp 2.39(x0.17) Tvs.3 -0.082 0.034 0.864
3 Zr-Hybrid 1.94 (£ 0.95) 2vs.3 0.352 0.044 0.001°

Abbreviations: ANOVA, analysis of variance; SD, standard deviation.
2Significance set at 0.05.
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Table 3 Degree of conversion (%) of different composite resins (one-way ANOVA) and multiple comparisons of all groups

(Tukey’s HSD)

Group | Type of Mean (SD) F(df) p-Value Multiple comparison
composite Groups Mean Standard p-Values
difference | error
1 Filtek Z350 XT 67.37 (£4.34) 12.91(2,57) | 0.001° 1vs.2 8.873 1.495 0.001
2 Zmack Comp 75.25 (£ 6.69) Tvs.3 3.686 0.994 0.001°
3 Zr-Hybrid 75.61 (£ 5.28) 2vs. 3 -5.187 1.181 0.922

Abbreviations: ANOVA, analysis of variance; HSD, honestly significant difference; SD, standard deviation.

2Significance set at 0.05.

of filler that can be incorporated in the resin matrix, and thus
the reduced volumetric shrinkage.'” This explains the lower
shrinkage value of Filtek-Z350-XT (nanofilled) and Zr-Hybrid
(nanohybrid) as compared with Zmack-Comp (microhybrid)
in the present study, which is in agreement with other sim-
ilar studies.?>?° Other possible reasons that influence the
shrinkage could be the filler loading and type of methacry-
late monomers used.

The amount of filler content not only plays an important
role in mechanical properties and wear resistance, but also
influences shrinkage stress of composite resin.?’ Benefits of
high filler content are improved mechanical and physical
properties, decreased thermal expansion and contraction,
and improved workability.?’3® On the contrary, lower filler
content causes higher shrinkage in composite resin since
filler particles do not mitigate the polymerization process.*3!
In addition, a lower filler volume indicates more space for the
remaining resin matrix and increases the volume of polym-
erizable resin.?® The filler content in Zmack-Comp (77% w/w;
57% vol.) is lesser than Filtek-Z350-XT (78.5% w/w; 63.3%
vol.), which explained its higher shrinkage value. However,
an unusual finding in the present study was noted in which
Zr-Hybrid with the lowest filler content (75% w/w; 55.9%
vol.) showed lower shrinkage value than Zmack-Comp and
Filtek-Z350-XT. The explanation could be based on the differ-
ent types of monomer combinations used in Zr-Hybrid and
Zmack-Comp.

The type of monomer used greatly affects the polymer-
ization shrinkage of composite resins. Using high-molecu-
lar-weight monomers with the presence of aromatic ring and
fewer double bonds per unit of weight, such as bis-GMA and
ethoxylated bisphenol-A dimethacrylate (bis-EMA), reduce
the polymerization shrinkage.?® Nevertheless, high-molec-
ular-weight monomers exhibit high viscosity.?? Therefore,
low-molecular-weight monomers, such as TEGDMA and ure-
thane dimethacrylate (UDMA), are added to dilute high-mo-
lecular-weight monomers and increase the resin mobility, but
such addition increases polymerization shrinkage.>? All com-
posite resins used in the present study contained bis-GMA
and TEGDMA. The ratio of TEGDMA to bis-GMA in Zr-Hybrid
is low, resulting in a lower shrinkage.' In Filtek-Z350-XT,
most of the TEGDMA was substituted by polyethylene glycol

dimethacrylate (PEGDMA) and UDMA, which presumably
caused a slight difference in shrinkage value when compared
with Zr-Hybrid.

The degree of conversion is another relevant factor to be
considered to evaluate composite resins because it strongly
influences the mechanical properties and long-term deg-
radation resistance.>* A high degree of conversion leads
to excellent physical and mechanical properties enabling
the restoration to withstand strong masticatory forces.*
However, a low degree of conversion not only compromises
the physical and mechanical properties, but also exhibits a
high amount of unreacted monomers that may irritate the
soft tissues, stimulate the growth of bacteria, and cause aller-
gic reactions.®* The degree of conversion is also associated
with the amount of filler particles in composite resin, where
the degree of conversion decreased with increased filler
loading due to the restricted mobility of resin-monomers.*
In the present study, FTIR was used to determine the degree
of conversion of composite resins and the result showed that
nanofilled composite, Filtek-Z350-XT, yield the lowest con-
version value (67.37%). This is in line with previous studies
that suggested that nanofilled composite resin demonstrated
alower degree of conversion.>*¢ Although Zr-Hybrid (75.61%)
has the lowest filler content, it demonstrated a comparable
degree of conversion with Zmack-Comp (75.25%).

This could also be explained on the basis of the resin
matrix component. Zmack-Comp showed slightly higher
conversion level most probably due to the partial substitu-
tion of bis-GMA, a stiff and hydrogen-bonded molecule, with
a longer and more flexible bis-EMA molecule.>® Apart from
that, bis-EMA does not have strong secondary intermolecu-
lar interactions, which also explains toward a higher degree
of conversion in Zmack-Comp as compared with Zr-Hybrid.*’
TEGDMA has a lower concentration of hydrogen bonds to be
disrupted; thus, it exhibits lower viscosity and higher rate
of conversion.®® Additionally, TEGDMA has a lower molecu-
lar weight that facilitates packing and increases the chance
of termination by disproportionation. This highly flexi-
ble molecule consisting of ether linkages in the backbone
causes primary cyclization and increases the termination
rate at higher conversion levels.* Thus, Filtek-Z350-XT was
reported to have a significantly lower degree of conversion
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due to the significant replacement of TEGDMA with UDMA
and PEGDMA.

Previous studies have suggested a direct relationship
between the degree of conversion and polymerization
shrinkage.>“*4! A higher degree of conversion will lead to a
higher polymerization shrinkage and vice versa. This trend
was found in Filtek-Z350-XT and Zmack-Comp based on the
result of the present study in which Filtek-Z350-XT with
lower shrinkage demonstrated lower degree of conversion,
whereas Zmack-Comp with higher shrinkage showed higher
degree of conversion. However, such a trend was not pre-
sented in Zr-Hybrid (p = 0.191) because Zr-Hybrid with lower
shrinkage value demonstrated the highest degree of conver-
sion, which is an odd and interesting finding.

Several limitations could be found in the present study. For
instance, although FTIR is widely used to verify the degree
of conversion of composite material,* it does not permit the
depth of cure assessment in which the differences in the
polymerization reaction at different levels of the composite
sample are ignored. Besides, even though buoyancy method
in polymerization shrinkage test provides a better under-
standing of the entire three-dimensional volumetric change
of composite resin, the presence of voids or entrapment of air
bubbles in the composite specimen will cause incorrect mea-
surements and greatly affect the result of the study. There is
also a possibility that water molecules may enter the plastic
stretch film and alter the polymerization reaction of compos-
ite resin. Nevertheless, optical method used in the present
study only shows two-dimensional surface shrinkage of the
composite material without providing more detailed infor-
mation regarding the shrinkage direction.? The accuracy of
this method in visualizing internal defects or failures of the
composite specimen is challenging. Thus, a higher sensi-
tivity-measuring tool such as microcomputed tomography
image scan is required to overcome such limitations and
enhance the internal validity of the study.?’” Apart from that,
the results of the present study should be verified on a larger
sample to provide a more reliable and valid outcome.

Within the limitation of this study, Zr-Hybrid was found to
have lower shrinkage than Filtek-Z350-XT and Zmack-Comp
with a significantly higher degree of conversion than Filtek-
Z350-XT and comparable conversion value with Zmack-Comp.
Further studies are suggested to improve the shrinkage value
and conversion rate of Zr-Hybrid by manipulating the filler
content and type of monomers used. Besides, comparisons
between the polymerization shrinkage and degree of conver-
sion of Zr-Hybrid with other advanced resin-based composites,
such as low-shrinkage and bulk-filled composite materials, are
warranted to determine its clinical relevance.

Clinical Relevance

An ideal composite resin should exhibit low shrinkage and
high degree of conversion to imply long-term success of the
restoration clinically.
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Present new zirconia-reinforced rice husk nanohybrid
composite showed excellent shrinkage and conversion value
than commercialized composite resins.
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