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Abstract
BACKGROUND: Preheating resin composite was one of the latest achievements to improve the mechanical 
properties of composite.

AIM: This study was conducted to assess the effect of preheating of resin composite on microtensile bond strength 
to dentin.

METHODS AND MATERIALS: A  total of 32 human molars were selected and divided into two groups according 
to the type of resin composites either microhybrid (P60) (R1) or nanohybrid (Z250 XT) (R2). The molar teeth were 
embedded in acrylic resin blocks then the occlusal enamel was removed parallel to cementoenamel junction to 
expose the dentin. Each group was subdivided into four subgroups according to the number of preheating cycles of 
resin composite either no heating (C0), one preheating cycle at 68℃ (C1), two preheating cycles at 68℃ (C2), or 
three preheating cycles at 68℃ (C3). After bonding of resin composite, specimens were cut into beams 1 mm thick 
and stressed in tension using a universal testing machine (4 teeth per group/12 beams per tooth).

STATISTICAL ANALYSIS USED: Two-way ANOVA and Tukey’s post hoc tests were used to test the effect of 
preheating resin composites for the interaction of different variables.

RESULTS: In both variables of the study, the type of resin composite and the number of preheating cycles have a 
statistically significant effect on the microtensile bond strength to dentin. There was a significant interaction between 
the variables.

CONCLUSION: Pre-heating of Filtek P60 as a packable composite at 68℃ can achieve significantly higher 
microtensile bond strength compared to Filtek Z250 as a microhybrid composite.

 Key Messages: Preheating of resin composite enhances the mechanical properties of resin composite. Furthermore, 
better adaptation is due to easily flow of the material in additional to the improvement of microtensile bond strength of 
resin composite due to monomer and radical mobility due to complete polymerization during preheating.
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Introduction

During the past decades, resin composites 
have become the most common material in direct 
restorations due to the increasing demand for 
esthetics and continued improvement in technology 
due to its adaptation and shrinkage during its 
polymerization [1]. Manufacturers have increased the 
filler content to enhance the properties of composite but 
this modification, however, results in the higher viscosity 
of the materials so it may not adapt fully to the cavity 
walls, which may result in poor marginal integrity [2].

In addition, many modern composites are 
sticky and difficult to manipulate, making placement 
more challenging. It has been suggested that a flowable 
composite liner should be utilized before the regular 
composite material is placed in cavity preparation 
to overcome these constraints. Many studies have 
recommended that conventional composites should 
be warmed instead of using a flowable composite. 

In comparison to typical composites, they feature 
decreased viscosity, enhanced wettability, and 
increased elasticity [3]. Regardless of preheating 
temperature, conventional composites yield film 
thickness values larger than those of room temperature-
flowable composite resin [4].

The primary disadvantages of flowable 
composites are the polymerization shrinkage and higher 
values of expansion and contraction with temperature 
than conventional composites, so for these reasons, 
the use of flowable composite is limited [5]. Preheating 
of conventional composites was evaluated that it is not 
a substitute for the use of flowable composite resins 
but it was evaluated to solve the drawbacks of flowable 
composite so decrease the microleakage and increase 
microtensile bond strength (μTBS) [6].

As a result, modern resin composites have 
become widely introduced for a variety of purposes in 
restorative dentistry, despite various drawbacks such 
as considerable polymerization shrinkage, worse wear 
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resistance than amalgam, partial monomer conversion, 
and unwanted water sorption [7]. Filtek P60 is a packable 
resin composite with almost the same composition 
as Filtek Z250 XT and a high cure depth [8]. The 
manufacturers have introduced many resin composites 
with different properties for each area of application 
which indicate that resin composites respond to an 
increase in external temperature by decrease in their 
viscosity due to their viscoelastic nature. The increased 
flow was caused by thermal energy, which increased the 
molecular mobility of monomer chains and increased 
the collision frequency in the composite resin [8], [9]. 
Compounds with higher conversion have more cross-
linking and less free space in polymers, which improve 
their mechanical properties. The fraction of carbon–
carbon double bonds that have been transformed into 
a single bond to form a polymeric resin is referred to as 
the degree of conversion [10].

Heat treatment can enhance the internal 
structure and filler distribution of dental composites, 
and these benefits last long after the material cools 
down [11]. Studies have demonstrated that prolonged 
or repeated pre-warming cycles for resins do not 
cause any component degradation [12]. The effect of 
pre-warming and pre-cooling on the nanohybrid resin 
composite before placement increased monomer 
conversion and polymerization; free radicals and 
propagating polymer chains became more mobile as 
a result of decreased resin material viscosity, resulting 
in a more complete polymerization reaction [13]. More 
improved mechanical qualities, such as hardness and 
flexural strength, mirrored this [14], [15]. Therefore, 
the present study was designed to investigate the 
effect of preheating nanohybrid resin composite and 
microhybrid resin composite on dentin. Microtensile 
bond strength testing was used in in vitro study to 
see how preheating affected the composite’s bonding 
to the dentin. The tested null hypothesis was that the 
composite temperature and the curing cycles have no 
significant effect on microtensile bond strength.

Materials and Methods

Selection of teeth

A total of 32 intact sound freshly extracted 
human impacted third molars were collected from “The 
National Institute of Diabetes and Endocrinology”; 
they were extracted from patients aged 20–30  years 
old for periodontal reasons. The study was carried out 
after approval of the Research Ethics Committee of 
the Faculty of Dentistry Suez Canal University, Egypt 
(#267/2020). Immediately after extraction, teeth were 
thoroughly washed under running water to remove blood 
and mucous, scaled to remove calculus and remnants 
of periodontal ligaments, and polished with fine pumice 

and soft rubber cups at conventional speed. The teeth 
were examined for freedom of cracks using a magnifying 
lens to be used in this study for the preparation of 
specimens for microtensile bond strength tests. All the 
teeth exhibiting any signs of caries, microcracks, or any 
other defective structure were discarded. The effect 
size f = (0.9262159) was calculated and assuming that 
the standard deviation within each group = 7.75 using 
alpha level of 5% and beta level of 80%, sample size 
calculation was done using G*Power version 3.1.9.2.  
The teeth were then stored for 24 h in distilled water 
having 0.5% chloramine-T antiseptic solution at room 
temperature until being utilized [16]. Specimens were 
randomly divided into groups according to the type of 
resin composite into two groups – 16 teeth each, either 
microhybrid resin composite (R1) or nanohybrid resin 
composite (R2). These groups were further subdivided 
into four subgroups, four teeth each, according to the 
number of preheating cycles into either no preheating 
(C0), one preheating cycle (C1), two preheating cycles 
(C2), or three preheating cycles (C3). From each 
subgroup, 12 beams were prepared.

Specimen preparation

The occlusal enamel was removed parallel 
to the cementoenamel junction to expose the dentin 
using a slow-speed diamond saw sectioning machine 
(Buehler IsoMet Low Speed Saw, Lake Bluff, IL, USA) 
under water coolant and then the molar teeth were 
embedded in acrylic resin. Dentin surfaces were 
finished and wet polished with 600-grit sic paper to have 
a roughened surface and smear layer. The exposed 
dentin surface was etched for 15 s occlusally, rinsed 
with water for 15 s then blot dried. Two successive 
layers of bonding agent were applied on the etched 
dentin surface using a microbrush, then a gentle air 
stream in one direction was applied for 10 s then cured 
for 10 s. The resin composite in this test was applied in 
two increments, 1.5 mm each, with a final of thickness 
3 mm. The resin composite was supported by celluloid 
matrix all around and tightened by glue to be secured 
and the thickness was measured by marking a black 
mark on the matrix as a guide for the total thickness 
then measured by manual caliper to assure the right 
thickness. Each increment was cured for 20 s of total 
40 s for both increments. The tip of the light curing unit 
was set at 0  mm distance from the resin composite. 
The first group of each composite resin was applied 
on dentin surfaces with no heating temperature (C0) in 
two increments of 1.5  mm thickness than light cured 
for 40 s. In the second group, the composite resin was 
subjected to one preheating cycle at 68℃ (C1) using 
a Calset Composite Warmer device (AdDent, Inc., 
Danbury, CT, USA) then the preheated composite was 
applied in two increments then cured. In the third group, 
the composite resin was subjected to two preheating 
cycles at 68℃ (C2), between each of the heating cycles 
the composite syringe was left on the table for 4 min to 
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allow it to return to room temperature and then reheated 
for another heating cycle and the preheated composite 
was applied in two increments then cured. In the fourth 
group, the composite resin was subjected to three 
preheating cycles at 68℃ (C3), with 4 min of cooling 
between each of the heating cycles then the preheated 
composite was applied as previously mentioned. After 
specimen preparation, all specimens were then stored 
in artificial saliva at room temperature until being tested.

Microtensile bond strength (μTBS) 
measurement

The test was applied on beams that were 
obtained by sectioning each tooth longitudinally into 
multiple sticks. From each tooth, the central beams 
of similar cross-sectional area and remaining dentin 
thickness were tested (n = 4/12 beam per tooth). The 
Geraldeli’s jig separated to let each beam mounted to 
it with a cyanoacrylate adhesive and apply tensile force 
using a universal testing machine (Lloyd Instruments 
Ltd., Ametek company, West Sussex, UK).

Statistical analysis

The mean and standard deviation of μTBS 
values of the tested groups were collected and 
tabulated. Data were explored for normality using 
Kolmogorov–Smirnov and Shapiro–Wilk tests, and 
data showed parametric (normal) distribution. Two-way 
ANOVA tests were used to test the interactions between 
different variables. The significance level was set at p 
≤ 0.05. Statistical analysis was performed with IBM® 
SPSS® Statistics Version 20 for Windows.

Results

The results showed that different resin 
composites had a statistically significant effect at 
p < 0.0001. Furthermore, the number of cycles had 
a statistically significant effect at p < 0.009 and this 
is shown in Table 1. The interaction between the two 
variables also had a statistically significant effect at 
p < 0.004.

The results showed Table 2 and Figure 1 that 
the effect of a number of cycles for the microhybrid resin 
composite (R1) that there was a statistically significant 
difference between (C0), (C1), (C2), and (C3) groups 
where (p = 0.001). A statistically significant difference 
was found between (C0) and (C2) where (p = 0.001), 
whereas no statistically significant difference was found 
between (C0) and each of (C1) and (C3) groups where 
(p = 0.050) and (p = 0.415). No statistically significant 
difference was found between (C1) and each of (C2) 
and (C3) groups where (p = 0.397) and (p = 0.645). No 
statistically significant difference was found between 
(C2) and (C3) groups where (p = 0.050). On the other 
side, the results for the nanohybrid resin composite 
(R2) showed that there was no statistically significant 
difference between (C0), (C1), (C2), and (C3) groups 
where (p = 0.634).

Figure  1: Bar chart representing microtensile bond strength for 
different tested materials

For the effect of resin composite for C0 and C3, 
there was no statistically significant difference between 
(R1) and (R2) groups (p = 0.226) and (p = 0.081), 
respectively. For C1 and C2, there was a statistically 
significant difference between (R1) and (R2) groups 
(p = 0.035) and (p = 0.002), respectively.

Discussion

Nowadays, composite resins are highly 
recommended as restorative materials due to their 
overwhelming mechanical and esthetic properties 
and as a mercury-free alternative material to 
amalgam [17]. Composite resins include limitations 
such as polymerization shrinkage, post-operative 
sensitivity, insufficient proximal contact, low wear 
resistance, and a lack of suitable adaptation in some 
clinical situations [18]. Due to their improved flowability, 
flowable composites can eliminate the gaps between the 
tooth and the restoration, which is one of the downsides 
of traditional composites. Their low filler particles, on the 
other hand, may result in significant shrinkage and loss 
of the mechanical qualities of the restorations [19], [20].

The usage of standard composites that have 
been preheated in a chairside warming device before 

Table 1: Results of two‑way ANOVA for the effect of different 
variables on microtensile bond strength
Source Type III Sum 

of Squares
df Mean Square F Sig.

Corrected Model 2766.13 7 395.161 6.153 0.0001
Intercept 48399.450 1 48399.450 753.635 0.0001
Resin composite 990.754 1 990.754 15.427 0.0001
Number of cycles 809.672 3 269.891 4.203 0.009
Resin composite*Number of cycles 965.704 3 321.901 5.012 0.004
Error 3596.397 56 64.221    
Total 54761.977 64      
Corrected Total 6362.527 63
df: Degrees of freedom = (n−1), *Significant at p ≤ 0.05.
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polymerization is a recent alternative invention [21]. 
When polymers are heated, their viscosity decreases. 
This is based on the idea that heat energy pushes 
monomers and oligomers apart, making it easier for 
them to slide past one other [22], [23]. Preheating of 
composite restoration enhances the durability and 
stress relief [17], [24]. Lower composite viscosity 
improves the prepared cavity wall’s adaptability and 
wettability, minimizing microleakage. Furthermore, 
raising the polymerization temperature improves both 
radical and monomer mobility, resulting in a larger 
total conversion, which can improve the physical 
and mechanical properties of preheated composites 
including surface hardness and flexural and diametric 
tensile strength [25].

Microtensile bond strength testing was used to 
see how preheating affected the composite’s bonding 
to the dentin. μTBS has number of advantages over 
traditional bond strength testing methods, including the 
ability to explore interfacial bond strengths on small 
areas < 1 mm2 [14]. Because numerous specimens may 
be collected from a single tooth, this test becomes more 
adaptable, allowing for more creative study settings and 
greater control of substrate variables [26].

In this part of the study, two composite resins 
were used; a microhybrid packable resin composite 
(P60) and a nanohybrid resin composite (Z250 XT) 
to investigate the effect of preheating of composite of 
different filler loading and different viscosities with having 
the same resin base material. As a bonding agent, 
Single BondTM could be used in one of three application 
modes: Self-etch, etch, and rinse or selective etching 
mode. In the current study, etch-and-rinse mode was 
selected, as it is less acidic and provides high bond 
strength as it was proved in previous studies [27].

The surface hardness of the preheated 
composite resin increased with the use of microhybrid 
composite resins. When compared to the nanohybrid 
and microhybrid composite resins, the nanofill composite 
resin showed the lowest diametral tensile strength. This 
is because the morphology of the composite resin filler 
varies [28].

In the present study, increasing the temperature 
to 68℃ increased the µTBS to dentin in case of P60 
microhybrid resin composite which was increased with 
the second preheating cycle but did not further increase 
with a third heating cycle. On the other hand, with the 
Z250 XT nanohybrid resin composite, preheating did not 
affect the µTBS with any cycles of preheating compared 
to the room temperature. Thus, the null hypothesis was 

partially rejected as preheating only affected the µTBS 
of the microhybrid resin composite.

Conclusions

Under the limitations of this in vitro study, the 
following could be concluded:
1.	 µTBS of the microhybrid composite P60 

composite resin was significantly improved 
by preheating. Although repeated preheating 
does not significantly affect the µTBS of the 
nanofilled Z250 XT composite resin, the 
difference was statistically significant with only 
one material.

2.	 As a result of heat treatment, different 
composite brands exhibit differing mechanical 
properties.

3.	 However, further studies with a larger sample 
size, encompassing a variety of restorative 
materials, were used to evaluate the effect of 
preheating for maximum therapeutic benefit.
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