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 ABSTRACT 
Statement of the Problem: Composite resin may be used in different temperatures; it 
is crucial to determine the effect of temperature on mechanical properties of nanohy-
brid and silorane-based composite. 
Purpose: This in vitro study compared the flexural strength and modulus of elasticity 
of nanohybrid and silorane-based resin composite, at 4˚C, room temperature (25˚C), 
and 45˚C. 
Materials and Method: In this experimental study, 60 specimens were prepared in a 
metal split mold (2×2×25mm). Two different resin composites, Filtek Z250 XT (3M/ 
ESPE) and Filtek P90 (3M/ESPE), were evaluated. The material were inserted into 
split molds at room temperature, 4˚C or 45˚C and cured with LED (1200 mW/cm2) for 
20 seconds in four points (n=10). Then, a three-point bending test was performed 
using a universal testing machine at a crosshead speed of 0.5 mm/min for measuring 
the flexural strength and flexural modulus of samples. The data were analyzed by the 
two-way ANOVA and Tukey test (p< 0.05). 
Results: The mean highest flexural strength was observed at 45˚C, showing statistical-
ly significant difference with flexural strength at 4˚C (p= 0.0001) and 25˚C (p= 0.003) 
regardless of the type of resin composite. The flexural modulus at 45˚C was highest, 
showing the statistically significant difference with flexural modulus at 4˚C (p= 
0.0001) and 25˚C (p= 0.002). The flexural modulus was statistically different between 
nanohybrid and silorane-based resin composite (p= 0.01) in 25˚C and 45˚C, but there 
were no statistically significant differences between flexural strength of Filtek Z250 
XT and Filtek P90 regardless of the temperatures (p= 0.062). 
Conclusion: Preheating the resin composite at 45˚C improves flexural strength and 
modulus of nanohybrid and silorane-based resin composite. However, flexural 
strength and modulus of the tested materials were not affected by precooling. The 
flexural modulus of nanohybrid resin composite was significantly higher than silorane-
based resin composite in 25˚C and 45˚C temperatures. 

   

Corresponding Author: Motamedi M., Dept. of Operative Dentistry, School of Dentistry, Shiraz University 
of Medical Sciences, Shiraz, Iran.     Tel: +98-71-36263193-4     Fax: +98-71-36263192      
Email: mehran_motamedi@yahoo.com 
  

 
Cite this article as: Sharafeddin F., Motamedi M., Fattah Z. Effect of Preheating and Precooling on the Flexural Strength and Modulus of Elasticity of Nanohybrid and Silorane-based 
Composite.  J Dent Shiraz Univ Med Sci., 2015 September; 16(3 Suppl): 224-229.  
 

 
Introduction 
Increasing the temperature of restorative material prior 
to placing in the cavity has recently gained popularity 

among dental practitioners. [1] Generally, preheating 
causes a reducing viscosity which promotes improve-
ment of marginal adaptation, enhanced handling proper 
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Table 1: The brand names, manufacture, chemical composition and batch numbers of the materials used in this study. 
 

Brand/ Manufacturer Batch Number Chemical composition 
Filtek Z250 XT (shade A2),/ 
3M EPSE, St Paul, MN, USA N431404 BIS-GMA, UDMA, BIS-EMA, TEGDMA. Silica particle 20 nm and Zirco-

nia/Silica particle 10-0.1 microns (%67.8 by volume) 

Filtek P90 (shade A2),/ 3M 
EPSE, St Paul, MN, USA N384451 

3,4-epoxycyclohexylrthhylcyclo- polymethylsiloxane,bis-3,4-epoxycyclo- hexy 
lethylphenyl methylsilane. Camphorquinone, stabilizer and pigments. Quartz/ 
yttrium fluoride (53%by volume) 

 
ties [1] increased polymerization rate, degree of conver-
sion, [2] and improved mechanical and physical proper-
ties. [3]  

It has been reported that pre-heating composite 
has same or higher degree of conversion as composite 
cured at room temperature even if the light-curing time 
was reduced as much as %75, [4] reducing the photo-
curing time, which in turn, increases efficiency and de-
creases the chair time. A previous study showed that 
cooling before light-curing did not affect the hardness of 
resin composite after polymerization. [5] Moreover, it 
was observed that precooling decreases the shrinkage of 
composite resins. [6] Therefore, manufactures recom-
mend keeping the composite syringes inside the refrig-
erator. Therefore, it seems the effect of precooling on 
mechanical properties of resin composite should be 
studied. 

A few new material developments, such as nano-
hybrid and silorane-based resin composite have been 
studied during the last decade. Nanohybrid composites 
have been produced by adding Nano sized particle (5-
100nm) [7] in the microhybrid resin composites. Si-
lorane- based resin composites have a new silorane 
monomer that is the combination of oxiran and siloxan. 
[8] Their mechanical properties are the same as, or even 
better than, the methacrylate-based composites. Two 
important advantages of silorane-based composite are 
increased hydrophobicity due to the presence of siloxan 
and low polymerization shrinkage due to the ring-
opening siloxan. [9]   

To the best of authors’ knowledge, the effect of 
preheating on the mechanical properties of nanohybrid 
resin composites and comparing it with microfilled resin 
composites has already been studied, while the effect of 
precooling has not yet been examined. Also, the effect 
of temperature on the mechanical properties of silorane-
based resin composite has not been studied yet. The 
flexural strength and modulus are fundamental mechan-
ical properties for brittle materials, [10] hence; it seems 
that it is of utmost importance to examine the effect of 

different temperatures on the flexural strength and mod-
ulus of resin composite. 

The aim of this in vitro study was to compare the 
flexural strength and modulus of precooling, preheating 
and room temperature on silorane-based and nanohybrid 
resin composite. The null hypotheses were as the flex-
ural strengths and modulus would not be affected by 
composite-based materials and also the flexural 
strengths and modulus would not be affected by tem-
perature of resin composite. 
 
Materials and Method 
In this experimental study, 60 specimens of two resin 
composite material in 6 groups (n=10) were prepared. A 
nanohybrid composite Filtek Z250 XT (3M ESPE USA) 
and a silorane-based resin composite Filtek P90 (3M 
ESPE USA) were used (Table 1). An incubator was 
used to obtain the temperature of 25˚C and 45˚C for the 
composite resins. Composite syringes were placed in 
the incubator for at least 15 minutes so that the tempera-
ture rose to 25˚C and 45˚C. [11] Composite syringes 
were placed in the refrigerator for at least 30 minutes to 
stabilize the cooled temperature (4˚C). [11] 

The materials were inserted into split rectangular 
molds with a slot in central part of the mold with the 
dimensions specified by the ISO 4049/2000 specifica-
tion (25×2×2 mm) (Figure 1).  

 

 
 

Figure 1: Split molds 
 
The mold was positioned over a glass slide and a 

Mylar strip and the resin composite was inserted as a 
single increment at room temperature (25˚C), precooled  
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Table 2: Mean values and standard deviations of Flexural strength the tested groups. 
 

Temperature 
Composite 

4˚C 25˚C 45˚C 
Mean SD Mean SD Mean SD 

Filtek Z250 XT 111.70Aaa 6.70 118.30Aa 13.54 134.40Ba 11.00 
Filtek P90 104.71Aa 10.00 115.37Aa 12.395 126.30Ba 17.06 
a Means followed by the same letter indicates no significant statistical difference in the row and the same lowercase letter indicates no significant 
statistical difference in the column (p> 0.05) 

 
(4˚C) and preheat (45˚C). The total insertion time from 
the material removal from the syringe to the insertion of 
the composite resin in the mold in one increment was 
approximately 40 seconds. Then Mylar strip was posi-
tioned over the composite and pressed against with a 
glass slide, so the excess of material in the corner was 
carefully removed before polymerization. Then, the 
specimens were cured with LED (Demetron; Kerr, 
Switzerland) with 1200mW/cm2 intensity for 20 seconds 
at four points because the diameter of the tip of light 
guide was 8mm and the length of mold was 25mm. All 
the specimens were stored in water for 24 hours in the 
room temperature. After the removal of the specimens 
from the split molds, a three-point bending test was per-
formed using a universal testing machine (ZWICK/ 
ROELL ZO20, Germany) at a crosshead speed of 0.5 
mm/min. The maximum loads were obtained and flex-
ural strength (σ) was calculated in mega Pascal (MPa) 
by using the following equation: σ= 3FL/ 2BH2   where 
F is the maximum load (N); L is the length of the spec-
imen (mm); B is the width of the specimen (mm), and H 
is the height of the specimen (mm). The modulus of 
elasticity (Gpa) was determined as: E=FL3 /4BH 3d   
where F is the maximum load (N); L is the length of the 
specimen (mm); B is the width of the specimen (mm); 
H is the height of the specimen (mm) and d is the de-
flection (mm) corresponding to the load F. 

The data were analyzed by one-way analysis of 
variance (ANOVA) and Tukey HSD test (p< 0.05). 
 
Result 
The results were subjected to the one-way analysis of 
variance (ANOVA) and the differences between the 

materials and temperatures were assessed with Tukey 
test to determine the effect of temperatures on the mate-
rials with the significance level set at p< 0.05. 

Table 2 summarizes the mean values and standard 
deviations of flexural strength of the tested groups. The 
one-way ANOVA showed that there were no statistical-
ly significant differences (p= 0.062) between flexural 
strength of Filtek Z250 XT and Filtek P90 regardless of 
the temperature differences. Given the composite resin 
temperatures of 4˚C, 25˚C and 45˚C, there were signifi-
cant differences in flexural strength (p= 0.0001) regard-
less of the type of composite resin material that have 
been used. 

There was a statistically significant difference be-
tween the mean highest flexural strength at 45˚C and 
that at 4˚C (p= 0.0001) and also between the flexural 
strength at 45˚C and 25˚C (p= 0.003). However, there 
was no statistically difference between the flexural 
strength at 4˚C and 25˚ C (p= 0.074). 

While there were no statistically significant differ-
ences between two resin composites in flexural strength 
value, there were statistically significant differences (p= 
0.01) between two composite resin in flexural modulus 
in 25˚C (p= 0.01) and 45˚C (p= 0.01) (Table 3) but there 
was no statistically significant differences between two 
resin composites in 4˚C in flexural modulus. The flex-
ural modulus and strength of tested group had the simi-
lar behavior in three different temperatures regardless of 
the type of resin composite (Figure 2). 

 
Discussion 
In this study, the flexural strength and flexural modulus 
were assessing to compare the functions of nanohybrid 

 
Table 3: Mean values and standard deviations of Flexural Modulus of the tested groups. 
 

Temperature 
Composite 

4˚C 25˚C 45˚C 
Mean SD Mean SD Mean SD 

Filtek Z250 XT 15.440Aa 1.75 17.220Aa 1.37 19.690Ba 2.01 
Filtek P90 15.410Aa 1.63 15.790Ab 2.56 17.240Bb 1.63 
 

a Means followed by the same uppercase letter indicates no significant statistical difference in the row and the same lowercase letter indicates no 
significant statistical difference in the column (p> 0.05) 
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Figure 2: Mean of flexural strength and modulus of the resin composites 
 
and silorane-based resin composites in three different 
temperatures. Fractures within the body of restorations 
and at the margins have been cited as a major problem 
in the failure of posterior resin composites. [10] The 
fracture-related properties of resin based composites, 
such as fracture resistance, elasticity and the marginal 
degradation of materials under stress have generally 
been evaluated by determining the material parameters 
such as flexural strength and flexural modulus. [12-14] 
Although the findings cannot be extrapolated to the clin-
ical behavior without considering other factors such as 
flaw distribution [15] and the structural reliability of the 
material, [16] the in vitro three-point bending flexural 
test is recommended by the ISO 4049/2000 [17] specifi-
cation for polymer-based materials and is widely used 
for comparative purposes. [18]  

The present study showed that the flexural 
strengths of the methacrylate-based nanohybrid and 
silorane-based composite resins presented no statistical-
ly significant difference (p= 0.062) at 4˚C, 25˚C and 
45˚C, therefore, the first hypothesis was partially ac-
cepted. Uctasli [19] et al. have examined the effect of 
pre-heating and room temperature on the nanohybrid 
and microfilled resin composite and found that there 
were no statistically difference between the flexural 
strengths of the tested materials. Also in current study, 
the flexural strength of nanohybrid and silorane-based 
resin composites were not statistically different. A few 
studies have examined the effect of preheating and pre-
cooling on the nanohybrid resin composite, but to the 
best of our knowledge, the effect of temperature on the 
silorane-based resin composites has not been studied 
yet. 

The findings of the study showed that the flexural  

strengths of nanohybrid and silorane-based resin com-
posite were higher at temperature of 45˚C, since heating 
composite resins prior to placement increases the mon-
omer conversion and polymerization rate. [20] With 
increased paste temperature, free radicals and propagat-
ing polymer chains become more mobile as a result of 
decreased paste viscosity which results in a more com-
plete polymerization reaction (more double-bond for-
mation) and greater cross-linking. [20] However, the 
flexural strengths of resin composite were not signifi-
cantly different at temperatures of 4˚C and 25˚C. This 
justifies that removing the resin composite syringe from 
the refrigerator immediately before its use will not have 
any adverse effect on the flexural strength of composite 
resin. Froes-Salgado [21] et al. conducted a study that 
evaluated the effect of composite pre-polymerization 
temperature on flexural strength of a nanofilled compo-
site (Filtek Z350, 3M/ESPE) and found that pre-heating 
the composite prior to light polymerization did not alter 
the flexural strength. In our study, however, preheating 
(45˚C) improved the flexural strength of nanohybrid and 
silorane-based composite resin. 

Filler content, filler size, and distribution of filler 
would influence the physical and mechanical properties 
of resin composites. [22] It has been reported that the 
filler volume and filler load level of resin composite 
have a strong correlation with material strength and 
elastic modulus. [19] Kim et al. [23] have reported that 
the mechanical properties of resin composite were relat-
ed to their filler content. So, resin composites with high-
er filler loading exhibit higher flexural strength and 
modulus. Filtek P90 composite is filled with a combina-
tion of fine quartz particles and radiopaque yttrium fluo-
ride and is classified as a microhybrid resin-composite. 
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The concentration of filler particles in this composite is 
53% by volume. The filler in Filtek Z250XT is zirco-
nia/silica in a concentration of 67.8% by volume and is 
classified as nanohybrid resin composite. In the present 
study, resin composite with the higher filler loading 
(Filtek Z250XT) has exhibited the higher flexural 
strength and the composite with lower filler content 
(Filtek P90) has shown lower flexural strength. This 
result is in agreement with previous findings. 

A tooth restoration material should mimic me-
chanical and physical characteristics of dentin and 
enamel. [24-25] Xu et al. [26] measured the elastic 
modulus of human enamel and dentin and obtained a 
mean value of 94 Gpa and 19 Gpa for enamel and den-
tin respectively. Flexural modulus of nanohybrid and 
silorane-based composite resin in all tested temperatures 
were different from those of enamel. However, the pre-
sent study showed that nanohybrid resin composite (Fil-
tek Z250XT) had mean flexural modulus (17.44) similar 
to the flexural modulus of dentin that can be effective in 
longevity of restorations. 

While flexural strengths of nanohybrid and si-
lorane-based resin composites were not statistically dif-
ferent, there were statistically significant differences 
between the flexural modulus of nanohybrid and si-
lorane-based resin composites in 25c˚ and 45c˚ (p= 
0.01). The nanohybrid resin composite (Filtek Z250XT) 
had higher flexural values than silorane-based resin 
composite (Filtek P90). Flexural modulus had similar 
behavior to flexural strength regardless of the type of 
resin composite in all tested temperatures. It was ob-
served that flexural modulus of both resin composites 
has been improved by preheating temperature (45˚C) 
but the flexural modulus was not significantly different 
at temperature of 4˚C and 25˚C.  

Beun et al. [27] reported that the nanohybrid resin 
composite had higher flexural modulus while the uni-
versal hybrid resin composite had higher flexural 
strength. In another study, Uctasli et al. [19] concluded 
that no significant difference was found between flexur-
al strength of microhybrid (Filtek Z250) and nanohybrid 
(Grandio) resin composite while flexural modulus of 
nanohybrid resin composite was statistically higher than 
microhybrid resin composite. In the present study, na-
nohybrid resin composite (Filtek Z250XT) exhibited 
higher flexural strength and modulus than silorane-

based resin composite (Filtek P90). This might be due to 
the different filler loading of the tested composite. Resin 
composite with the lowest filler content (Filtek P90) 
presented lower modulus in comparison with Filtek 
Z250X. However, no study has compared the effect of 
filler content on the flexural strength of silorane-based 
resin composite with nanohybrid resin composite. The 
findings of our study, along with some preceding ones, 
showed that different filler volume fractions and filler 
load levels of the resin composite would result in differ-
ent elastic modulus of materials.  

Although these are in vitro results, they are of sig-
nificance because these factors cannot easily be quanti-
tatively determined in vivo. Nevertheless, further clini-
cal studies are necessary to confirm these results. 
 
Conclusion 
It can be concluded the precooling (4˚C) and room tem-
peratures (25˚C) did not have any effects on the flexural 
strength and modulus but preheating the resin composite 
at 45˚C improved the flexural strength and flexural 
modulus of nanohybrid and silorane-based resin compo-
sites. There were also significant differences between 
flexural modulus of the two resin composites in two 
different temperatures (4c˚and 45c˚) and the mean flex-
ural modulus of silorane-based resin composite (Filtek 
P90) was significantly higher than that of nanohybrid 
resin composite (Filtek Z250XT). 
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