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ABSTRACT

Objective
To evaluate the influence of different additional polymerization methods on the microhardness of two direct composite resins. 

Methods
Direct Composite resins samples (Fill Magic and Opallis) and a Laboratory Composite Resin (Ceramage) were lightcured according to 
manufacturer instructions. Then, the direct resins were submitted to additional polymerization. Experimental groups were divided into (n = 5): 
group 1: Conventional Polymerization; group 2: Extra Light (80s); group 3: Autoclave; group 4: Laboratory Resin Ceramage. Vickers hardness 
test was carried out after a week of light-free storage in water, and results were subjected to ANOVA / Tukey statistical analysis. 

Results
Resin Lab Ceramage showed higher astatistically significant microhardness within all other resins in this study (p ≤ 0.05); Fill Magic showed no 
statistically significant difference between the groups tested compared to its control (p> 0.05); Opallis resin submitted to autoclave was the 
only method that showed a higher statistically significant difference compared to the control group (p ≤ 0.05). 

Conclusion
It concludes that hardness of a direct composite resin tested - Opallis - was increased by Autoclave post-cure polymerization, however, not 
enough to achieve the hardness of a laboratory composite. Furthermore, increasing lightcuring time does not produce a harder surface.

Indexing terms: Hardness. Hot temperature. Polymerization. 

RESUMO

Objetivo
Avaliar a influência de diferentes métodos de polimerização complementar na microdureza de duas resinas compostas de uso direto.

Métodos
As amostras foram confeccionadas com as resinas FillMagic, Opallis e Ceramage (Resina Composta Laboratorial); e fotopolimerizadas conforme 
recomendações do fabricante. Em seguida, as resinas de uso direto foram submetidas à polimerização complementar. Os grupos experimentais 
foram divididos em (n=5): grupo 1: Fotopolimerização convencional; grupo 2: Luz adicional (80s); grupo 3: Autoclave; grupo 4: Resina 
Laboratorial Ceramage. O ensaio de microdureza Vickers foi realizado após uma semana de armazenagem em água, em invólucros livres de 
luz, e os resultados foram submetidos à análise estatística ANOVA/Tukey. 

Resultados
A Ceramage apresentou maior valor de microdureza Vickers, com diferença significativa em relação a todas as outras resinas utilizadas neste 
estudo (p ≤ 0,05); a FillMagic não apresentou diferença significativa entre seus grupos experimentais e o seu controle (p > 0,05); na Opallis, a 
autoclave foi único método que apresentou diferença significativa quando comparado ao seu grupo controle (p ≤ 0,05). 

Conclusão
Conclui-se que a dureza de uma resina composta de uso direto testada - a Opallis - foi aumentada pela polimerização complementar em 
Autoclave, porém, não foi suficiente para atingir a dureza da resina composta laboratorial. Além disso, o aumento no tempo de fotoativação 
das resinas de uso direto não produz uma superfície de maior dureza. 

Termos de indexação: Dureza. Temperatura alta. Polimerização. 
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Post-cure polymerization of composite resins

its variations may affect the physical properties of resin 
systems. The degree of conversion varies according to 
the composition of the materials, including monomeric 
systems, initiator and solvent concentration, amount 
and type of particles8-10.

With the polymerization of a composite, the 
highest polymerization conversion possible is desired, as 
the material will present better physical, chemical and 
mechanical properties11. Thus, some studies have suggested 
additional heat polymerization in composite resins in 
order to increase the degree of conversion and, therefore, 
improve their properties12-17. Such evidence suggests 
the use of suitable composites for direct procedures, 
undergoing additional polymerization, in preparing 
indirect procedures. Laboratory-made indirect resins are 
often polymerized by specific equipment, raising the cost 
of this type of work. One way to solve this problem would 
be using previously lightcured direct resins, and carrying 
out additional polymerization by heat with the equipment 
available at the dentist’s office, such as autoclave, stove or 
microwave2. Thus, the polymerization shrinkage pressure is 
eliminated, which shall take place outside the oral cavity, 
and also improves the  polymer conversion degree. 

There are some methods for measuring the degree 
of conversion of the resinous composites and one of the most 
used is the infrared spectroscopy, which measures the amount 
of double bonds before and after polymerization, determining 
the degree of conversion15. Another method is the surface 
hardness test (Vickers or Knoop), where a diamond adapted 
to a compression machine with an attached microscope 
promotes an indentation on the test corpus, obtaining a 
surface hardness value for the material. The greater the 
toughness presented by the material is, the greater the degree 
of conversion of the matrix resinous will be12-13.

Aiming at making the indirect restoration process 
more accessible, with the use of direct composite resins 
associated with additional polymerization methods, 
this study aimed at evaluating the influence of different 
methods of additional polymerization in the microhardness 
of two direct composite resins.

METHODS

The materials used in this experiment were the 
direct composite resins Opallis (FGM, Joinville, Brazil) and 
FillMagic (Vigodent S.A. Ind. Com. Bonsucesso, RJ, Brazil..) 
resins; and laboratory composite resin Ceramage (Shofu 
Dental Corporation, Kyoto, Japan). Details of the materials 
are described in Chart 1.

INTRODUCTION

At the moment of choosing the restorative 
material to be used, the advantages, disadvantages, 
and the intrinsic characteristics of this material, such 
as aesthetics, mechanical properties, surface finishing, 
polymerization shrinkage and cost / benefit, are evaluated. 
With the aesthetic demand in restorative procedures, 
there has been a gradual replacement of metal alloys 
and silver amalgam restorations with resin systems1. 
The clinical use of composite resin has expanded in 
restorative dentistry, with indication to direct and indirect 
restorations, mainly due to their aesthetic quality and 
good physical properties2-3. 

Direct resins promote a strengthening of 
the tooth structure and good clinical performance4. 

Nevertheless, there are some problems related to direct 
restorative technique such as polymerization shrinkage. 
Such contraction may result in the formation of cracks 
in the tooth / restoration interface, causing microleakage 
and postsurgical sensitivity, harming  major dental 
reconstructions with direct composite resin. In addition, 
another problem refers to the execution of the direct 
technique being more complicated because it requires skill 
for carving the restoration and preparing proper points of 
approximal contact, especially in large dental damage; and  
it also requires finishing and polishing procedures5.

As a clinical alternative, you can choose to make 
indirect composite resin restorations for extensively damaged 
teeth6. Research on polymers and ceramic technology 
aimed at improving mechanical and physical properties of 
indirect resins led to the incorporation of multifunctional 
glass particles and methacrylate in their compositions1,6. 

Indirect or laboratory resins present high density of inorganic 
ceramic particles compared to traditional direct composites, 
and a change in the resin matrix, with the inclusion of 
multifunctional monomers with more binding sites, 
increasing the polymerization chains with additional curing 
by heat and pressure in oxygen-free environments Most 
indirect resin systems use heat in the process of additional 
polymerization, resulting in an increase of its hardness, 
flexural strength, fracture toughness and wear resistance, in 
addition to greater color stability1.

During this post-polymerization process, the 
movement and alignment of monomers take place, 
forming the polymer chains, from the union of the 
active sites of these monomers with double carbon 
bonds7. The breaking of these double monomer bonds 
into single bonds is defined as degree of conversion, and 
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resin and for 40 seconds in FillMagic resin, as 
recommended by the manufacturer;

b)	 group 2 (G2) - Additional light. Lightcure on top 
of the sample for 80 seconds on both resins;

c)	 group 3 (G3) - Additional Polymerization in 
an autoclave (Ortosintese, São Paulo, Brasil). 
The samples of this group, after receiving the 
lightcure protocol performed in group 1, were 
immediately packed separately in transparent 
plastic bags prepared to be used  in autoclave, 
properly cut specifically for the case and sealed 
with a heat sealer. All samples in this group 
underwent the same autoclave cycle (134oC, 7 
minutes, 2.5 Kg/cm3);

d)	 group 4 (G4) was comprised by Positive Control, 
represented by the laboratory composite resin 
Ceramage (n = 5). 
Thus, the experimental groups characterize the 

variable “polymerization method”. The variables formed 
by the ‘resin type “and the” polymerization method “can 
be observed in Chart 2.

After additional polymerization, the samples 
were polished with a 600-grit water sandpaper (Norton 
Abrasives, Guarulhos, Brazil) on the top surface for 5 
seconds. The specimens were then stored for one week at 
room temperature in sealed bottles containing black water, 
so as to prevent access of light to the specimens.

Preparation of samples

To characterize the variable “resin type”, 15 samples 
of FillMagic resin and 15 samples of Opallis resin, A2 color 
were made in a split steel matrix with a diameter of 3 mm at 
the bottom, 4 mm at the top and a width of 2 mm. For this 
purpose, a polyester matrix strip was positioned on a metallic 
surface and, on the strip, a steel matrix was placed in order 
to prepare the samples was placed.  The composite resin was 
inserted on the matrix cavity in single increment of 2 mm. A 
new matrix strip was placed on the resin inserted in the metal 
matrix and another metal surface was pressed on it for about 
5 seconds, to obtain a flat surface – which was important for 
the hardness reading. Then, the metal plate was removed and 
the lightcure was performed on the matrix strip for the time 
recommended by the manufacturer of each resin and using 
a LED photopolymerizer with a power of 400 mW/cm2 (Light 
Emitting Diode - LD Max Gnatus, São Paulo, Brasil). 

Five samples of laboratory composite resin 
Ceramage comprised the Positive Control Group, and 
were made in a dental prosthesis laboratory by the TPD 
in charge, following the manufacturer’s recommendations.

Experimental groups

Samples of the direct composite resins were 
randomized into 3 groups (n = 5): 
a)	 group 1 (G1) - Negative control group: Lightcure 

at the top of the sample for 20 seconds in Opallis 

Chart 2. Distribution of the study variables.

Polymerization method G1 G2 G3 G4
Resin type
A - Opallis 20s top light 80s top light 20s top light + autoclave

B - FillMagic 40s top light 80s top light 40s top light + autoclave

C - Ceramage 3 min. of light + 15 min. stove.

Chart 1. Description of the resins used in this study.

Composite resin Characteristics Composition
Opallis

(#Batch 30911)
FGM, Joinville, SC, Brasil

Microhybrid,
Direct composite resin

Average particle size of 0.5 µm, total content of weight load from 78.5% 
to 79,8% and volume from 57 to 58%  Bis-GMA, Bis-EMA, UDMA and 

TEGDMA. The loads are a combination of silanized barium-aluminum silicate 
glass and nanoparticles of silicon dioxide, camphorquinone as photoinitiator, 

accelerators, stabilizers and pigments.
Fill Magic

(#Batch 1300662)
Vigodent S.A. Ind. Com. 

Bonsucesso, RJ, Brasil

Microhybrid, direct 
composite resin

Average particle size of 0.5 µm, with an average percentage of weight load 
of 75%, comprised of Bis-GMA, Bis-EMA, UDMA, TEGMA, photoinitiator, 

loads and pigments.

Ceramage
(#Batch 041280)

Shofu Dental Corporation, 
Kyoto, Japan

Micro-ceramic hybrid, 
Laboratory composite resin

73% of zirconium silicate-based microfine ceramic load (PFS load, 
Progressive Fine Structured Filler). The composition is supported by an 

organic polymer matrix

Note: Abbreviations: Bis-GMA: bisphenol-A glycidylmetaclorate; Bis-EMA: Bisphenol-A-polyethylene glycol diether-dimethacrylate; TEGDMA: triethyleneglycoldimethacrylate; 
TEGMA: Triethylene glycol methacrylate UDMA: urethane dimethacrylate,
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(G2=19.49 and G3=21.09) presented no significant 
statistically difference between each other (p=0.071 in G2 
and p=0.067 in G3). 

In contrast, in Opallis, Autoclave (G3=21.09) was 
the only method of additional polymerization that showed 
a significant statistically difference (p=0.044) comparing 
to the control group (G1=17.23), as the Additional Light 
group (G2=19.49) showed no difference compared to the 
control (p=0.663).

In FillMagic there was no significant statistically 
difference among the groups tested related to their control. 

DISCUSSION

The laboratory composite resin Ceramage showed 
the best results of Vickers microhardness related to the direct 
use of resins, which, even with additional polymerization, did 
not obtain statistically significant improvement. In literature, 
we have found data that go along with our results20-21, also 
demonstrating higher hardness values that comes from 
other laboratory resin over several different direct resins 
used in this experiment as well as over the FillMagic resin. 

From the results of this study, it was possible 
to notice that direct composite resins did not achieve 
significant improvement in top hardness when subjected to 
additional polymerization, except for the Opallis resin, post-
polymerized in Autoclave. Although some studies showed an 
increase in the microhardness of composite resins promoted 
by various complementary polymerization methods2,16-17,22, 
our results did not identify this difference, what can be 
explained by the composition of resins, which influences the 
degree of conversion of heat-induced polymer chains. In a 
hardness evaluation study, the Opallis resin showed a non-
significant increase in hardness when subjected to additional 
polymerization in autoclave22. In our results, this increase in 
hardness was statistically significant compared to the control 
group, which received only the traditional lightcuring. 

In another study, three microhybrid composite 
resins were selected, among them the Opallis, which 
were submitted to polymerization with a halogen device 
and a LED. The lowest hardness averages were found in 
the Opallis resin, which corroborates the results of this 
experiment. The author suggests that the co-initiator is not 
activated with the length of light emitted by the lightcuring 
device, since it is not specified by the manufacturer in the 
technical resin profile8,21. 

The completion of lightcuring with longer exposure 
to light increased the hardness of Opallis, although without 
statistical significance. However, comparing it to the 

Method to evaluate the results and for statistical analysis 

After seven days, the specimens were submitted to 
hardness test on a Vickers type microdurometer (INSIZE, São 
Paulo, Brazil), which has a diamond indenter with pyramidal 
base. For this,  a load of 100 gf was applied for 10 seconds. 
Three indentations were carried out, one at the center and 
two at the ends, on top of each specimen test piece. The 
specimens were analyzed by another examiner to obtain 
blinding in data collection. The average of each group 
was obtained from the three values of hardness obtained 
on each surface. These average values were considered as 
dependent variable for statistical analysis. The independent 
variables “resin type” and “polymerization method” were 
compared with one another using the one-way ANOVA 
variance analysis with identification of individual significance 
held by Tukey test, considering statistically significant 
difference when p≤0,0518-19.

RESULTS

The results may be observed in Table 1, which 
shows the average values and standard deviation of the 
Vickers hardness number (VHN) of the variables “resin 
type” and “polymerization method”. 

The Ceramage resin showed the highest value of 
Vickers microhardness (30.67), with statistically significant 
difference from all other resins used in this study, regardless  
the polymerization method.  

Regarding the polymerization method in 
the control group (G1), the FillMagic showed higher 
microhardness (24.55), and this group presented statistically 
significant difference (p<0.001) when compared to Opallis 
(17.23). In the Additional Light (G2) and Autoclave (G3) 
groups, FillMagic (G2=23.16 and G3=24.79) and Opallis 

Table 1. Average and standard deviation of the Vickers hardness of two 
direct composite resins and two indirect composite resin.

Groups Resins Microhardness (VHN)*

Control Opallis 17.23 (2.23) E

Fill Magic 24.55 (4.70) B

Additional Light Opallis 19.49 (1.65) DE

Fill Magic 23.16 (0.94) BCD

Autoclave Opallis 21.09 (0.72) BCD

Fill Magic 24.79 (3,35) B

Laboratory Ceramage 30.67 (5.65) A

Note: Different capital letters in the same column indicate statistically significant 
differences (p ≤ 0.05).  * VHN = Vickers Hardness Number, unit of measurement of 
hardness used in the experiment.
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FillMagic resin, which, lightcured in the traditional manner, 
had better significant results, there was no difference 
between resins in the additional light group, indicating 
an improvement of its properties. Clinically, these results 
suggest that lightcuring can be supplemented even in 
restorations made by direct technique, in order to obtain 
better performance of the restoration material.

There is evidence in the literature that the Fill 
Magic resin showed no significant increase in Knoop 
microhardness when subjected to heat treatment in a 
blast furnace (170° C / 10 minutes). In the same study 
it was noted that composites with less inorganic load 
presented significant improvements in hardness after heat 
application23. Another author has also shown in his results 
that there was no increase in hardness for the FillMagic 
resin when subjected to additional polymerization in 
autoclave12. In our results, the use of the heat was not 
capable of significantly increase the hardness of the surface, 
which goes along with the literature and suggests that this 
form of post-cure is not effective for this composite. 

Restorative materials have evolved, and composite 
resins started to incorporate to its organic matrix other 
monomers such as UDMA and Bis-EMA. Resins with this 
composition have higher molecular weight than resins 
based on Bis-GMA and TEGDMA. As a consequence, they 
have fewer double bonds per weight unit, which enables 
the material to have a higher degree of conversion when 
exposed to light, as well as less polymerization shrinkage and 
water absorption24. This statement agrees with the findings 
of Loguercio et al.25, who have reported that the addition 
of UDMA over TEGDMA promoted an improvement of 
mechanical properties related to bis-GMA composite base, 
in addition to having a higher degree of conversion. This 
may explain why the additional polymerization used in this 
study showed no increase in hardness, except for Opallis in 
Autoclave, as both direct composite resins used presented 
UDMA and Bis-EMA in its composition, characterizing them 
as good materials for direct use. 

The experiment may have potential limitations 
that influence the results, which should be considered, 

especially for being an in vitro study. The samples must 
have flat surface to implement the Vickers hardness test; 
the sample number may be another bias factor in obtaining 
the data, however, this experiment used an appropriate 
sampling as shown in the literature19,26.

Our work is clinically relevant, as by testing surface 
microhardness of composite resins, we are providing 
information on the mechanical properties of these materials 
to the dental surgeon27-28. The hardness is directly related to 
wear resistance, as evidenced in the literature, establishing 
a correlation where the higher the hardness, the lower the 
surface wear of the composite resin18,29-30. Wear resistance is 
one of the main properties of a composite and the capability 
of the material to be suitable for use in areas of masticatory 
effort depends on it. Thus, it is possible to obtain clinically 
relevant information regarding the performance of different 
restorative materials and polymerization methods by 
performing an in vitro test of simple execution.

CONCLUSION

We conclude with this experiment, that the hardness 
of a direct composed resin used - the Opallis - was increased 
by additional polymerization in autoclave, however, it was 
not enough to achieve the hardness of laboratory composite 
resin, which showed the highest values among the materials 
used. Furthermore, it can be concluded that the increase in 
lightcuring time for the direct composite resins tested does 
not produce a harder surface. 
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