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Abstract

Background: The use of composites in dental restoration has been commonly criticized, due to their underwhel-
ming mechanical properties. This problem may be solved partially by preheating. The present research aims to
determine the effect of preheating on the mechanical properties of two different classes of composites.

Material and Methods: A Silorane-based (Silorane) and a Methacrylate-based (Z250) composite were preheated to
different temperatures (25, 37, and 68 °C) and afterwards were tested with the appropriate devices for each testing
protocol. The material’s flexural strength, elastic modulus, and Vickers microhardness were evaluated. Two-way
ANOVA, and Tukey’s post hoc were used to analyze the data.

Results: Microhardness and elastic modulus increased with preheating, while flexural strength values did not in-
crease significantly with preheating. Furthermore the methacrylate-based composite (Z250) showed higher values
compared to the Silorane-based composite (Silorane) in all the tested properties.

Conclusions: Preheating Silorane enhances the composite’s microhardness and elastic modulus but does not affect
its flexural strength. On the other hand, preheating Z250 increases its microhardness but does not change its flexural
strength or elastic modulus. In addition, the Z250 composite shows higher microhardness and flexural strength than
Silorane, but the elastic modulus values with preheating are similar. Therefore Z250 seems to have better mechani-
cal properties making it the better choice in a clinical situation.
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Introduction

In dental restorations, composite resins have underwhel-
ming mechanical properties compared to amalgam;
however, they do not contain mercury, a highly toxic
substance found in amalgam compounds, and have hig-
her aesthetic appeal. Consequently, their recently in-
creased popularity as posterior filling materials remains
controversial (1-3). Mechanical properties in resin com-
posites are mainly related to the microstructure (type,
size, number of filler particles) and the composition (2).
Improved mechanical properties of resin composites
along with good clinical performance have made them
better suited for posterior restorations (4). Despite im-
proved mechanical properties, clinical data shows that
mass fracture is one of two main problems of composite
restorations, the other being secondary decay (5).
Proper techniques should be implemented to improve
mechanical properties and degree of conversion without
sacrificing marginal adaptation of the composite. One
recommended method is Soft-Start light polymerization
(6), and the other that is getting more popular is prehea-
ting composites (7-10). A study found that by preheating
composite to 60 degrees Celsius before curing, the de-
gree of conversion from surface to depth increases by 2
mm (9).

Other studies revealed preheating resin composites be-
fore placing in the cavity and shaping, increases adap-
tation with the prepared walls by lowering viscosity and
increasing flow, thus reducing micro leakage and increa-
sing restoration durability (11-14).

Preheating composite before placing in the cavity in-
creases radicals and monomers (9,15), and improves
polymerization (5) thereby increasing the crosslinking
of the polymer network and improving mechanical and
physical properties (10). Furthermore preheating increa-
ses the surface hardness and the cure depth of composi-
tes (16,17). The polymerization rate of resin composites
is 50-75%, which directly affects mechanical properties,
and therefore restoration longevity (18).

Deb et al. report higher flexural strength after preheating
of the studied composites (18). However, two other stu-
dies show no significant difference in flexural strength
between preheated and non-heated composites (19,20).
Other studies on surface hardness of composites after
heating show heating before cure increases surface hard-
ness of some composites (17,20,21). On the other hand,
heating other composites before curing does not increase
the surface hardness (20). Aforementioned studies show
that depending on composite type and different compo-
sitions of composites, heating them before curing results
in different outcomes in the mechanical properties of
composites.

Silorane based composites are a new type of composites
introduced by 3M-ESPE. These composites are made
from silorane monomers. Silorane is made of a com-
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bination of Siloxane and Oxirane. The polymerization
mechanism of silorane is cationic ring opening and is
different from methacrylate based composites which
are polymerized by free radical based polymerization
(22,23). Considering the different composition and po-
lymerization mechanisms of these composites from me-
thacrylate composites, the question that comes to mind
is whether preheating could affect the mechanical pro-
perties of these composites? Would it improve the me-
chanical properties of these composites or will it show
negative effects on Silorane-based composites? The aim
of the current study is to study the effect of preheating
on mechanical properties (flexural strength, microhard-
ness, and modulus of elasticity) of two different classes
of composites.

Material and Methods

Our goal in this study was to examine how preheating
affects the mechanical properties of two composites, one
silorane-based and one methacrylate-based. We evalua-
ted three mechanical properties (flexural strength, mo-
dulus of elasticity, and microhardness,) of the two com-
posites preheated to 3 different temperatures (25, 37, and
68 °C). The two composites used were Filtek Silorane in
the shade A2 (3M-ESPE, Dental product, St. Paul, MN,
USA) and Filtek Z250 in the shade A2 (3M-ESPE, Den-
tal product, St. Paul, MN, USA). The resulting data was
evaluated statistically by Two-Way ANOVA followed
by Tukey’s Post Hoc for pairwise comparisons.

The study protocol was approved by the local research
ethics committee.

-Flexural Strength and Elastic Modulus

We first evaluated the two composites’ flexural streng-
th. To prepare samples for this test, we first placed each
composite in a thermostatically controlled water bath for
15 minutes which had been set to the specific prehea-
ting temperature (25 or 37 or 68 °C). Afterwards, we
packed the composite into a 25mm>2mmx2mm mold
and placed a Mylar strip on top and then a glass slide
on top of that to remove excess material. We then cured
the composite with a visible light curing device called
Demetron A.2 (Kerr Dental Equipment) at an intensity
of 1000 mW/cm? for 40 seconds. Each composite (Z250
or Silorane) was warmed to either 25, 37, or 68 °C re-
sulting in 6 groups. We made 17 samples for each group,
with a total of 102 samples.

After preparing the samples, a three-point bending test
was done with the Universal Testing Machine (Houns-
field Test Equipment, Model H5KS-Surray-UK) at a
crosshead speed of 0.5mm/min and the flexural strength
was found using the formula (20): o = 3FL/2bh%

Where F is the load (force) at the fracture point (N), L
is the length of the support span (mm), b is width of the
sample (mm), and h is thickness of the sample (mm).
To evaluate the material’s elastic modulus, we used the
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maximum load and deflection attained from the flexural
strength testing. These numbers were placed into the fo-
llowing formula to give us the elastic modulus in each
sample (20): E = FL¥/4bh%d.

Where d is the deflection (in millimeters) corresponding
to the maximum load F. The data obtained from the expe-
riment was then evaluated by Two-way ANOVA followed
by Tukey’s Post Hoc analysis where it was applicable.
-Vickers Microhardness

We then evaluated the microhardness of the composites.
The composites tested were Filtek Silorane in the shade
A2 (BM-ESPE, Dental product, St.Paul, MN, USA) and
Filtek Z250 in the shade A2 (3M-ESPE, Dental product,
St.Paul, MN, USA). We placed the composites in a si-
milar water bath set to the specific preheating tempe-
rature (25 or 37 or 68 degrees Celsius) for 15 minutes.
Afterwards, the composite was placed into a mold with a
diameter of 4mm and a thickness of 2mm; a Mylar strip
and a glass slide were placed on top to remove excess
material. It was then cured with a visible light curing
device named Demetron A. 2 (Kerr Dental Equipment)
at an intensity of 1000 mW/cm? for 40 seconds. Similar
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to the flexural strength experiment, we made a total of
102 samples, with 17 for each composite at each tem-
perature.

To determine the microhardness of the prepared sam-
ples, we used a Microhardness tester (UH, VMHS,
AUTO, WALTER UHL, Technische Mikroskopie GMbH
Co.KG-Loherstrabe, Germany) with a Vickers indenter
with a 300gr load for 10 seconds (17). The resulting data
was then evaluated statistically by Two-Way ANOVA fo-
llowed by Tukey’s Post Hoc for pairwise comparisons.

Results

We conducted statistical analysis by Two-Way ANOVA
on the results of the mechanical experiments. The analy-
sis showed that the Z250 composite had higher flexu-
ral strength than Silorane (p<0.005) (Table 1, Fig. 1).
However, Mean flexural strength did not have a statisti-
cally meaningful dependency on the preheating tempe-
rature (F2, 96=0.83, p=0.43). The Z250 composite also
had higher microhardness values (p<0.0005) (Table 2,
Fig. 2).

Regarding the elastic modulus, the Z250 composite’s

Table 1. Mean and Standard Deviation of flexural strength (MPa) in the groups and

subgroups of the study.

Composite | Temperature (°C) Mean Std. Deviation N
7250 25 114.76 27.14 17
37 125.67 22.50 17
68 124.37 22.35 17
Silorane 25 102.82 25.76 17
37 103.95 26.16 17
68 91.56 18.35 17

temperature
W25 (O
B3 (0

125004 Be00

100.00

75.00

Mean Flex.Stress at Max MPa

0,00~

2250 silorane

Type of composite

Emor bars: 95% CI

Fig. 1. Mean flexural strength of Z250 and Silorane compos-
ites at different preheating temperatures (Error Bars = 1 Stan-
dard Deviation).

modulus was found to be higher than that of Silorane
(p=0.015) (Table 3, Fig. 3). We also observed a statisti-
cally significant difference in elastic modulus values bet-
ween preheating temperatures (F2, 96=8.21, p=0.001).
Our cross analysis between the type of composite and the
different temperatures showed significant statistical diffe-
rence (F2,96=10.57, p<0.001). Silorane’s elastic modulus
significantly increased with preheating. However, Z250’s
elastic modulus did not show any change.

A Tukey analysis test showed the 37 °C group had higher
elastic modulus values than the 25°C group (p<0.0005).
Also between the 25 °C and 68 °C groups there was a
statistically significant difference (p=0.038) where the
elastic modulus values for 68 °C were higher. We saw
no statistical difference between the 37 °C and 68 °C
groups (p=0.43).

Microhardness also significantly varied across pre-
heating temperatures (F2, 96=18.98, p<0.001). Ba-
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Table 2. Mean and Standard Deviation of Microhardness (Vickers’s Hardness) in the

groups and subgroups of the study.

Composite | Temperature (°C) Mean Std. Deviation N
7250 25 81.07* 14.08 17
37 101.42° 11.71 17
68 105.28° 10.23 17
Silorane 25 57.24* 10.14 17
37 58.80° 8.80 17
68 63.92° 7.59 17
Temperature Temperature
W2sc W2sc
120.00-] marc 10,000.000- W@37'c
Oes'c Oes'c
100,00
8,000.000
g 80.00] w
4 o
2 = 6000000
g w
S 6000 5
£ =
§ 4,000.000
40.00
2,000.000
20,00
0.00-

2250

Silorane

Fig. 2. Mean microhardness of Z250 and Silorane composites at
different preheating temperatures (Error Bars = 1 Standard De-
viation).

0.000~

2250

Silorane
Fig. 3. Mean Elastic Modulus of Z250 and Silorane composites

at different preheating temperatures (Error Bars = 1 Standard
Deviation).

Table 3. Mean and standard deviation of elastic modulus (MPa) in the groups and sub-

groups of the study.
Composite | Temperature (°C) Mean Std. Deviation N
7250 25 6384.19 3500.45 17
37 6157.16 1337.87 17
68 6006.42 1356.46 17
Silorane 25 2997.93¢ 1230.37 17
37 7121.46° 2308.12 17
68 5823.70° 1289.58 17
sed on the results of a Tukey analysis test, the 37 °C Discussion

groups had higher microhardness values than the 25°C
groups (p<0.001). Also, microhardness values of the
68 °C group were higher than those of the 25°C groups
(»<0.001). Between the 37 °C and 68 °C groups there
was no significant statistical difference (p=0.25).
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In this study, we evaluated how preheating affects the
mechanical strength of two different composites (Z250
and Silorane). To do this, we conducted flexural strength
and microhardness tests on 2 different composites, each
preheated to 25, 37, or 68°C. We also calculated elas-
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tic modulus values from the flexural strength test and
used all 3 mechanical property values to compare how
the preheating treatment had affected the samples. In the
following paragraphs, we will consider each mechanical
property separately and compare our results with pre-
vious findings.

We found that preheating does not significantly affect
the flexural strength of Z250 or Silorane. Previously,
Uctasli et al. preheated Z250 and Grandio to different
temperatures (25, 40, 45, 50 degrees Celsius) and tested
their flexural strength and modulus. They found Z250
had higher values of flexural strength and modulus at all
the tested temperatures compared to Grandio; in addi-
tion, they observed no significant correlation between
flexural strength and preheating of the two composites
and also between flexural modulus and preheating. Uc-
tasli et al. concluded that the mechanical properties of
resin composites are related to their filler content, whe-
re the composite with the highest volume of filler has
the highest flexural strength and flexural modulus (20).
In Deb et al. 5 study the only composites that showed a
significant increase in flexural strength after preheating
were Spectrum TPH and F2000. Their other composi-
tes, Herculite, Heliomolar, Filtek P60, and Wave, didn’t
show significant differences in flexural strength after pre-
heating compared with their ambient state. They believe
that the increase in the flexural strength for Spectrum
TPH and F2000 may have been due to the increase in
molecular mobility in the polymer system and hence bet-
ter cross-linking in the polymer chains (18). There was
a strong negative correlation between flexural strength
and shrinkage for ambient and preheated conditions in
Deb et al. s study (18), so we can expect a composite
with low shrinkage like Silorane to have higher flexural
strength. However, another factor affecting strength is
filler load. Deb ef al. reported that the purpose of increa-
sing the inorganic filler in a composite is to reinforce the
organic matrix (18). Z250 has a higher filler percentage
(82%) compared with Silorane (76%) and this fact may
be responsible for the superior flexural strength of Z250.
Since pre-heating appears to not affect flexural strength
we believe that the filler load is the only factor that can
affect the flexural strength of composites.

In a comparison of the two composite’s elastic moduli,
we found Z250’s elastic modulus to be significantly hig-
her than Silorane’s. This may be a consequence of the
higher filler loading percentage in Z250 compared to Si-
lorane. It may also be due to the different polymerization
mechanisms where Silorane is polymerized by cationic
ring opening and Z250 is polymerized by free radical
addition polymerization of the corresponding metha-
crylate monomers. We found that preheating Silorane
significantly affects its elastic modulus, but preheating
7250 showed no such effect.

In this study, the microhardness of both Z250 and Silora-
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ne increased with preheating. Nada et al. (21) found simi-
lar results with Z100 and Clearfil Majesty. They specula-
te their surface hardness increase may have been due to a
higher rate of conversion (caused by higher temperature)
that resulted in highly cross-linked networks. However,
the increase in microhardness was only consistent in
7100 and Clearfil Majesty and not for Light Core speci-
mens. Nada ef al. (21) wrote that this is most likely due
to the different chemical composition of these composi-
tes, specifically the monomer nature. Z100 and Clearfil
Majesty both contain TEGDMA in their Bis-GMA ba-
sed monomers, but Light Core does not. Increasing the
amount of TEGDMA in the monomer increases the resin
composite’s degree of conversion. Nada et al. (21) also
report that filler mass fraction influences a composite’s
surface and mechanical properties. Filler loading must
be high in order to support the highly cross-linked net-
works formed after preheating a composite (21). This
could be another reason for the higher microhardness of
7250 (82% filler loading) compared to Silorane (76% fi-
ller loading). Another factor that could affect the micro-
hardness of the composites is the composite cooling be-
fore being placed in the molds. A study reported a 50%
drop in temperature within 2 minutes of removing com-
posite from the composite campule. Positive outcomes
in testing also depend on the brand of composite and the
type (21). Munoz et al. reported that preheating hybrid
and microhybrid composites increased the hardness and
depth of curing (using both Halogen and LED curing
lights) (16). In another study it was found that an increa-
sed temperature decreased the composites viscosity and
enhanced radical mobility resulting in higher conversion
rates and a harder composite (7). Similar to our results
with the 37°C and 68°C preheated samples, Munoz et al.
found that there was little difference in surface hardness
between polymerizing the composite at 60°C compared
to 37.7°C (16). Daronch et al. reported a correlation bet-
ween surface microhardness and degree of polymeriza-
tion, suggesting that increases in VHN values may have
been due to better polymerization at higher temperatures
(9,10). Since after preheating the composite is to be pla-
ced in contact with the tooth, pulpal damage is a primary
concern. A study found that when placing a composite
preheated to 60°C into a prepared tooth, the temperature
increased 7.9°C (16). We must note that elastic modulus
is known to represent the elastic mechanical response
and flexural strength represents a material’s resistance
to cracking. But microhardness measures, such as the
Vickers indentation test, are known to gauge a material’s
resistance to plastic deformation. Neither composite dis-
plays an increase in flexural strength with increases in
preheating temperature, so we can assume the strength
against cracking does not improve. On the other hand,
both composites show an increase in Vickers microhard-
ness with an increase in preheating temperature; we be-
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lieve that this shows the composite’s resistance to plastic
deformation is increasing. This has positive implications
for posterior tooth restorations.

In this study, we evaluated a few mechanical proper-
ties of composites after pre-heating. Further research is
needed to evaluate the other mechanical properties and
whether or not they are influenced by preheating. We
conducted this study in vitro without the use of any den-
tal tissue. Experimental results may differ in a clinical
situation. It may be helpful to do testing on the composi-
tes and dental tissue to determine the effect of preheating
on the dental tissue and on the pulp.

In conclusion, preheating Silorane enhances the
composite’s microhardness and elastic modulus but does
not affect its flexural strength. On the other hand, pre-
heating Z250 increases its microhardness but does not
change its flexural strength or elastic modulus. In addi-
tion, the Z250 composite shows higher microhardness
and flexural strength than Silorane, but the elastic modu-
lus values with preheating are similar.
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