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IntrOductIOn
Direct composite restorations are gaining an increased popularity 
over the conventional amalgam restorations due to esthetic 
demands and concerns regarding mercury in amalgam [1]. The 
clinical success of the composite restorations is very much 
dependent on its polymerization and degree of conversion. Highly 
viscous composites are very hard to adapt accurately to cavity 
preparations and may leave behind unwanted voids, hence, more 
flowable composites with less filler content were introduced. There 
are many factors which affect the viscosity of resin.

One of the greatest limitations of direct resin composite restoration 
is linked to its high polymerization shrinkage. During polymerization, 
it changes from a pre gel phase to a post gel phase. During the pre-
gel stage, the reactive species can rearrange themselves without 
generating much internal and interfacial stresses to compensate 
for any volumetric shrinkage [2-4]. However, in the post gel stage 
the resin has partially set and can no longer undergo plastic 
deformation to compensate for any volumetric shrinkage. As a 
result, tensile stresses are generated at the resin tooth interface 
and causes pulling of the material away from the tooth surfaces 
[5,6].

C-factor, also known as configuration factor is the ratio of unbonded 
to bonded surface which affects the polymerization shrinkage of 
the restoration. During polymerization of resin composite, any 
volumetric shrinkage will be compensated by rearrangement or 
flow of the resin composite. Only free surfaces of a restoration 
are able to act as a reservoir for plastic deformation in the pre 
gel stage. Thus, if clinically the C-factor can be decreased, the 
polymerization shrinkage may be decreased as well.

Composites with less viscous consistency were introduced 
because it increases adaptation and decreases micro-leakage 

 

along the restoration tooth interface. Many attempts have been 
made including incorporating flowable composites, fiber inserts, or 
chemical and laser treatments of dentin [7-13]. Chairside warming 
of composite resins before photopolymerisation is seen to reduce 
viscosity and increase flowability by increasing the degree of 
conversion. When temperature increases, both the radical and 
monomer mobility increases resulting in a more highly cross-linked 
polymer network [14]. With this increase in conversion, mechanical 
and physical properties of the resin are also increased. Also, pre-
heated composites have a better surface hardness and greater 
depth of cure [15,16]. A study by Bortolotto and Krejci showed 
that when temperature was raised from 5°C to 40°C, there is a 
significant increase in the Vickers Hardness at a curing depth of 
0.5mm [17]. 

AIm
The aim of the study is to determine the effect of temperature on 
the degree of micro leakage in resin composite restorations.

mAtErIALS And mEtHOdS
The study was conducted in Saveetha Dental College, Chennai, 
India and was approved by the Scientific Review Board Committee. 
A total of 60 extracted non carious premolars, previously stored 
in hydrogen peroxide at room temperature were used. Class 1 
preparations were made in each tooth in the central groove with 
a high-speed hand-piece with a #245 carbide bur (MANI, INC). 
The cavity was made with a pulpal floor depth of 1.5mm, 4mm 
mesiodistal width and 3mm width buccolingually. The specimens 
were randomly assigned to the three groups. Group 1 (n=20) were 
filled with composite at room temperature (37°C), Group 2 (n=20) 
were filled with preheated composite at 50°C and Group 3 (n=20) 
were filled with preheated composite at 60°C. All restorations were 
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ABStrAct
Introduction: Resin composites have been the pinnacle of direct 
esthetic restorations ever since its discovery. However, it comes 
with its own disadvantages. Post-operative sensitivity and 
marginal discoloration frequently occur due to polymerization 
shrinkage and micro leakage, which is the major cause of failure 
in resin composite restorations.

Aim: To evaluate the effects of preheated composite at different 
temperatures on microleakage.

materials and methods: A total of 60 extracted non-carious 
human premolars were collected and class 1 cavity (1.5x4x 
3mm) was prepared in each and were randomly divided into 
three groups. Group 1 (n=20) was filled with microhybrid resin 
composite (Heraeus Charisma Smile) at room temperature. 
Group 2 (n=20) was filled with the same resin composite which 
was preheated to 50°C and Group 3 (n=20) was filled with 

resin composite preheated to 60°C. Teeth were subjected to 
a thermocycling regime (500X, 5 - 55°C), followed by a dye 
infiltration by immersing in basic fuschin for 24 hours. The 
tooth was sectioned longitudinally and the extent or absence 
of micro-leakage was determined by the amount of dye 
penetration along the resin composite-tooth interface using a 
confocal microscope.

results: There was minor micro-leakage detected at the 
occlusal margin of the control tooth specimen. The sample 
with preheated composite restoration at 50°C showed an intact 
tooth-restoration interface with no micro leakage. However, 
the preheated composite at 60°C showed large amount of 
microleakage.

conclusion: Under the current limitation of the study, preheated 
composite at 50°C showed the least micro-leakage.



www.jcdr.net Joshua Ng Chor Yang et al., Effects of Preheated Composite on Micro leakage-An Invitro Study

Journal of Clinical and Diagnostic Research. 2016 Jun, Vol-10(6): ZC36-ZC38 3737

 

Keywords: Bonding, Class 1 restoration, Marginal integrity, Microhybrid composite

placed by a single operator. Tooth was etched with acid etchant 
(Eco-etch, Ivoclar Vivadent) for 15 seconds and rinsed with saline 
and air dried gently. Bonding agent (Te-Econom Bond, Ivoclar 
Vivadent) is applied using an applicator tip and light cured for 
20 seconds. Micro hybrid resin composite (Heraeus Charisma® 
Smile) was then placed in increments of 1mm with a Teflon 
coated instrument using an oblique technique and light cured for 
20 seconds. Occlusal adaptation of composite was done with a 
Teflon coated instrument and finished with a flame shaped finishing 
bur. Composite was placed as mentioned in those specimens 
subjected to the control group. The roots of the tooth specimens 
were sealed with Glass Ionomer Cement (Glass Ionomer Cement 
Type 2 Shofu) to prevent penetration of dye from the apical region. 
Restorations in the preheated resin composite treatment were 
placed using resin composite heated externally by a waterbath to 
a temperature of 50°C and 60°C. 

Teeth were then subjected to thermocycling, according to the 
International Organization for Standardization standard 11405 for 
500 cycles at 5°C-55°C  with a 30sec dwell time. Dye infiltration 
with basic fuschin was used to examine the micro leakage between 
the resin composite-tooth interfaces. Specimens were painted 
with 2 coats of finger nail varnish, leaving a 1 mm margin around 
the cavity to prevent dye penetration from any other occlusal 
irregularities. Tooth was then placed in a solution of basic fuschin 
for 24 hours. After 24 hours, the tooth specimens were sectioned 
longitudinally, in a mesiodistal direction through the middle of 
the restoration using a diamond disc. The extent or absence of 
micro-leakage was determined by the amount of dye penetration 
along the resin composite-tooth interface visually with a confocal 
microscope.

rESuLtS
The statistical analysis was done using one way ANOVA [Table/
Fig-1] to test for any significance. Comparison between Group 
1 and Group 2 revealed statistical difference as well with the 
comparison between Group 1 and Group 3. There were significant 
differences between all groups as shown by the Post-hoc Tukey 
test [Table/Fig-2].

There was minor micro-leakage detected at the occlusal margin of 
the control tooth specimen [Table/Fig- 3a-c]. The sample with pre-
heated composite restoration at 50 °C showed an intact tooth-
restoration interface with no micro leakage [Table/Fig- 4a-c]. The 
preheated resin composite at 60 °C however showed large amount 
of micro leakage at the resin tooth interface [Table/Fig- 5a-c].

dIScuSSIOn
The aim of this in vitro study was to evaluate the effects of 
preheated composite restorations on the marginal fit and micro 

leakage compared to restoring a cavity under normal physiological 
situations. Observation with confocal microscope was used as it 
is a non destructive technique which can clearly indicate leakage 
limits and eliminate stain spread due to specimen sectioning.

From the results of the study, preheated treatment at 50°C 
showed optimum restoration tooth interface with the least or no 
micro leakage compared to the preheated treatment at 60°C 
and the control sample. This was in accordance to a study done 
by Nivea Regina et al., in which pre-heated composite samples 
showed better marginal adaptation compared to those at room 
temperature [18]. This is due to better adaptation of the composite 
to the cavity walls as the viscosity of composite decreases when 
heated. Thermal vibrations causes the composite monomers to 
move further apart thus allowing them to glide alongside each 
other more readily [19]. This allows more effective wetting of the 
cavity walls.

The preheated sample to 60°C showed the greatest amount of 
micro-leakage contrary to the presumed results that the higher 
the temperature the better the marginal fit. This may be due to 
the likelihood of temperature drop between the heating process 
and filling and curing of the resin in the cavity. When the resin 
composite is cured, it has probably already reached a lower 
temperature where the enhanced mechanical properties due to 
increased temperature have diminished. As described by Daronch 
et al., a significant 50% of the temperature attained will be lost 
after 2 minutes and close to 90% after 5 minutes of composite 

[table/Fig-3a]: Confocal fluorescence image of control group teeth without pre-
heating resin composite (37°C) showing mild micro leakage.
[table/Fig-3b]:  Confocal phase contrast image of control group teeth without pre-
heating composite (37°C) showing mild micro leakage.
[table/Fig-3c]: Confocal superimposed image of control group teeth without pre-
heating resin composite (37°C) showing mild microleakage at the pointed arrow.

group N mean
Std. 
Dev

f-value p-value

Group–1(37°C) 20 109.20 3.139

4012.701 <0.001
Group–2(50°C) 20 89.75 2.099

Group–3(60°C) 20 160.15 2.346

Total 60 119.70 30.041

group N mean Difference p-value

Group – 1 (37°C)
Group–2 (50°C) 19.450 <0.001

Group–3(60°C) 50.950 <0.001

Group – 2 (50°C) Group–3 (60°C) 70.400 <0.001

[table/Fig-1]: One way ANOVA to compare mean micro-leakage between the 
control Group 1 at 37°C with groups which received preheated treatment, Group 
2(50°C) and Group 3(60°C ).
Statistically Significant (p<0.05)

[table/Fig-2]: Tukey HSD Post Hoc tests showing pair wise comparison between 
the control Group 1 at 37°C with groups which received preheated treatment, Group 
2(50°C) and Group 3(60°C ).

[table/Fig-4a]: Confocal fluorescence image of sample pre-heated to 50 °C showing 
an intact restoration tooth interface with no micro leakage.
[table/Fig-4b]: Confocal phase contrast image of sample pre-heated to 50 °C 
showing an intact restoration tooth interface with no micro leakage.
[table/Fig-4c]: Confocal superimposed image of sample pre-heated to 50 °C 
showing an intact restoration tooth interface with no micro leakage.

[table/Fig-5a]: Confocal fluorescence image of sample pre-heated to 60 °C showing 
the restoration tooth interface with microleakage.
[table/Fig-5b]:Confocal phase contrast image of sample pre-heated to 60 °C 
showing the restoration tooth interface with micro leakage.
[table/Fig-5c]: Confocal superimposed image of sample pre-heated to 60 °C 
showing the restoration tooth interface with micro leakage at the pointed arrows.
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removal from heating device [20]. In a study done by Wagner et al., 
delaying the curing of preheated composite after placement was 
also found to be counter productive as the drop in temperature 
of composite allowed the viscoelastic nature of the restoration to 
pull away from the walls of the tooth surface faster [21]. Due to 
the higher temperature it was heated to, the elastic deformation 
was even faster [21]. Another study also revealed that when 
resin composites are heated to temperatures of 54°C to 68°C, 
a significant increase in volumetric shrinkage is seen [22]. In the 
clinical practice, there are concerns regarding placing pre heated 
composite of higher temperature into cavities as it may cause 
thermal injury to the pulp. However, Daronch et al., found out that 
there was no significant difference between the preheated resin 
composites and resin composites that are not heated [23].

LImItAtIOn
One of the limitations of this study would be the size of the sample. 
It could be increased for a better result. Also, the method for pre 
heating composite could be better with a more standardized 
device. Also, this in vitro study was done using only one type 
of composite. More clinical studies should be carried out with 
other variant composites at different temperatures to give a more 
conclusive result.

cOncLuSIOn
In a clinical scenario, composites can be warmed to mimic flowable 
composites in achieving better adaptability to the cavity walls by 
reducing viscosity and thereby reducing micro leakage, without 
losing its mechanical properties as to a flowable composite which 
has lesser filler particles. With preheated composites, there is an 
ease of composite manipulation as it can be easily injected into a 
cavity without using hand instruments. However, it is advised to 
work at a quicker pace while using preheated composites so as to 
prevent dissipation of heat.
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