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Abstract 
Background: Additional heat polymerization in composite resins allows greater effective ness of microhardness, 
flexural strength, fracture tough ness, wear resistance, and increased color stability.
Material and Methods: 150 composite resin specimens were made using a 4 mm diameter and 2 mm thick bipartite 
steel matrix. Five resins composed of different compositions were tested (Brilliant Everglow/Coltene, Filtek One 
BulkFill/3M, Filtek P60/3M, Filtek Z350XT/3M, Filtek Z250XT/3M), and for each of them three types of polyme-
rization were tested: light curing only (n=50); photopolymerization + autoclave thermopolymerization (n=50) and 
photopolymerization + microwave thermopolymerization (n=50). Each specimen was submitted to three indenta-
tions by means of the Vickers microhardness test, applying a load of 300gf, associated with the time of 15s. Data 
were analyzed descriptively by means of statistics, standard deviation and coefficient of variation and inferentially 
by the F test (ANOVA) in the comparison between groups. The margin of error used in statistical test decisions 
was 5%.
Results: The highest vicker microhardness averages were from the Control group (light curing only) on P60 (82.16) 
and Z250 XT (79.61) resins. The lowest averages were all verified on Brilliant Everglow resin in all polymerization 
methods studied: Photopolymerization (37.32), with microwave (43.80) and autoclave (45.12), followed by Bulk 
Fill 3M resin, ranged from 52.23 to 59.15.
Conclusions: Both autoclave and microwave thermopolymerization methods showed similar behavior on the mi-
crohardness of the composites studied. Considering the resin type, there was a varied behavior compared to thermo-
polymerization, which increased the microhardness values for Brilliant Everglow resins (Coltene) and Filtek One 
Bulkfill (3M) and decreased for Filtek P60, Filtek Z350XT and Filtek Z250XT resins.
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Introduction
Composite resins are materials of choice for posterior 
tooth restorations (1). This class of materials has aes-
thetic quality combined with satisfactory physical and 
mechanical properties (2). Therefore, it still has limita-
tions such as polymerization contraction, difficulties in 
reestablishing proximal contact, inadequate resistance to 
abrasion and fracture in large areas of occlusal contacts 
and incomplete polymerization (3). However, clinical 
alternatives aimed at improving the properties of resto-
rative material should be encouraged.
For direct restorations with composite resin, material’s 
polymerization is performed by visible light photopoly-
merization with an average wavelength of 470nm (4). This 
method has the advantage of being fast, safe and inexpen-
sive (5). However, there are some limitations, such as the 
necessity to perform polymerization in small composite in-
crements and the low and unequal conversion of monomers 
in different thicknesses of the restoration body (4).
Indirect restorations in composite resin are indicated 
in cases of major dental destruction (6). This technique 
allows for better proximal contact and restoration car-
ving as it is not performed inside oral cavity (7). It mi-
nimizes stress induced by polymerization, or there is no 
plaster model and later compensated contraction during 
cementation (8). And it is possible to obtain an impro-
vement in mechanical properties of the material through 
thermopolymerization (9).
Additional heat polymerization allows greater effective-
ness of microhardness, flexural strength, fracture tough-
ness, wear resistance, and increased color stability in resto-
rative treatment (10). Additional curing treatment results in 
greater conversion of monomers into polymer chains (11).
Studies show that autoclave thermopolymerization 
is able to increase duration of restored parts (12,13). 
However, this step may not be possible to perform in the 
single clinical session due to the time of the autoclave 
cycle. Some clinical reports suggest that thermopoly-
merization can be performed by inserting restored parts 
immersed in water for 3 minutes in microwave ovens 
(5,14,15), which would facilitate this laboratory step. 
However, scientific evidence on this subject are scarce, 
further studies are needed to prove its effectiveness and 
applicability in clinical practice. 
The objective of this study is to evaluate the influence 
of different polymerization methods on microhardness 
of composite resins. The null hypotheses tested are: (1) 
there is no difference between the different polymeri-
zation methods on microhardness of the different mate-
rials tested; (2) There is no influence of different types of 
composite resin on hardness.

Material and Methods
The present work is an in vitro laboratory study, deve-
loped at the Multiple Materials Research Laboratory 

(LMPM) of the Pernambuco School of Dentistry (FOP 
/ UPE) and at the Clinical and Biomaterials Research 
Center of the Federal University of Pernambuco (UFPE). 
Five resins of different compositions were tested (Table 
1), and each resin group was divided into 3 subgroups 
depending on the type of polymerization employed: (1) 
light curing only, (2) light curing + autoclave, (3) light 
curing + micro, thus an amount of  15 subgroups (5 re-
sins with 3 polymerization method for each). For each 
subgroup, 10 specimens were made, making a sample 
of n=150.
The composite resin specimens were made from a split 
steel matrix, 4 mm in diameter and 2 mm thick. The com-
posites were inserted into the matrix on a polyester strip 
above a single-increment glass slide. Another polyester 
strip was placed over the resin inserted in the matrix and 
pressed by another glass slide to obtain a plane, smooth 
and polished surface. After the resin was inserted into 
the matrix and under pressure on the glass slide, light cu-
ring was performed for 20 seconds with a Radii-Cal high 
power LED (SDI) device. The light intensity of the devi-
ce was measured by means of a radiometer (Hilux-LED) 
and maintained between 900 and 1,200 Mw / cm².
After light curing of all dimensions, additional curing 
was performed following the directions in Table 2.
After preparation, the specimens were stored in black 
closed containers, in order to prohibit any light passage 
to the made samples. These containers were filled with 
8mL of distilled water inside and remained closed for 
48 hours. After this time, the specimens were taken for 
analysis.
Each specimen was submitted to the Vickers microhard-
ness test. In each specimen 3 measurements were made 
randomly by means of a square base diamond pyra-
mid-shaped indentator, with an angle of 136o between 
the opposite faces, applying a load of 300gf, associated 
with the 15s time with the use of the Insize ISHV - D120 
microdurometer (INSIZE - Loganville, Georgia, USA). 
The Vickers microhardness calculation for each speci-
men was obtained considering the average of the 3 in-
dentations performed in each specimen.
Data were expressed as measurements: mean, standard 
deviation (mean ± SD) and coefficient of variation. For 
the comparison between the polymerization forms in 
each resin and the comparison between the resins in each 
polymerization method, the F test (ANOVA) was used, 
and if the difference was significant, Tukey’s multiple 
comparison tests were used in the case of. checking for 
variance equality or multiple size comparisons in case 
of rejection of equality of variances for the comparisons 
in question.
The choice of the F test (ANOVA) was due to the ve-
rification of the normal distribution in the data in each 
combination of resin and polymerization form. Normali-
ty was verified by the Shapiro-Wilk test and the equality 
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Material Manufactorer N° de 
lot 

Type 
and shade 

 

Load Type of Load Composite 
Matrix 

Cod 
 

Name 
 

Vol 
% 

W 
t% 

FP60 Filtek P60 3M ESPE 
Dental 

Products/ St. 
Paul, EUA 

19102
00307  
19189
00212 

Microhybrid 
A3 

 
61% 

 
85% 

Aluminum Oxide, 
Benzotriasol, 

Treated Silanized 
Ceramics. 

 

bisGMA, UDMA, 
TEGDMA, BIS-
EMA, EDMAB 

FZ250XT Filtek 
Z250 XT 

3M ESPE 
Dental 

Products/ St. 
Paul, EUA 

19016
00225 
18241
00623 

Microhybrid 
with 

nanoparticles 
A3 

60% 70-
85% 

Treated Silanized 
Ceramics, Zirconia, 

Silica 

bisGMA, UDMA, 
TEGDMA 

FZ350XT Filtek 
Z350XT 

3M ESPE 
Dental 

Products/ St. 
Paul, EUA 

19093
00536 
19066
00333 

Nanoparticles 
A3 

63,3
% 

78,5
% 

Zircônia and Silica BisGMA,UDMA 

BEG Brilliant 
EverGlow 

Coltene 
Whaledent AG 

(Suíça) 

10037
2 

Submicrohybrid
, nanoparticles 

A2/B2 

56% 74% Zinc Oxide, 
Amorphous Silica 

 

Metacrilatos, 
Vidro Dentário 

FOBF Filtek One 
Bulk Fill 

Restorative 

3M ESPE 
Dental 

Products/ St. 
Paul, EUA 

NA223
65 

NA503
41 

Nanoparticles 
Cor A3 

58,8
% 

76,5
% 

Silica nanoparticle, 
zirconia 

nanoparticle, silica 
and zirconia 

nanoclusters and 
ytterbium 
trifluoride 

nanoagglomerates 
 

AUDMA, AFM, 
Diuretano-DMA, 
dodecano- DMA 

	

Table 1: Description of the properties of the materials used in the research.

POLYMERIZATION METHOD PROCEDURE
Photopolymerization only The specimens were subjected to conventional light curing for 20 seconds using 

the high frequency Radii-Cal-SDI light curing light (900-1200 mW/cm2). No fur-
ther polymerization was performed later.

Photopolymerization + Autoclave Immediately after light curing, specimens were conditioned in fully sealed con-
tainers with surgical grade paper and autoclaved at 129 ° C for 16 minutes at a 

pressure of 216 kPa (2.2 kgf / cm) - Autoclave Vitale Class (Cristofoli, São Paulo, 
Brazil).

Photopolymerization + Microwave After light curing, the specimens were conditioned in fully closed containers 
immersed in 8mL of distilled water and subjected to 3 minutes through a 450 W 

power cycle in a microwave oven (Electrolux MTD30).

Table 2: Procedure to each polymerization method.

of variances was by Levene’s F test. The margin of error 
used in deciding statistical tests was 5%. Data were en-
tered into EXCEL spreadsheet and the program used to 
obtain statistical calculations was IMB SPSS version 23.

Results
Table 3 presents the statistics: mean, standard deviation 
(mean ± standard deviation) and microhardness coeffi-
cient of variation according to resin type and polyme-
rization method. In this table we highlight the highest 
averages of the Control group (light curing only) on re-

sins P60 (82.16) and Z250 XT (79.61). The lowest ave-
rages were all verified on Brilliant Everglow resin in all 
polymerization methods studied: Photopolymerization 
(37.32), with microwave (43.80) and autoclave (45.12), 
followed by Bulk Fill 3M resin. ranged from 52.23 to 
59.15. For the fixed margin of error (5%), significant di-
fferences between the polymerization forms are shown. 
The multiple comparison tests found significant differen-
ces between the resins: in the light curing group, except 
between Z250 XT 3M and P60 3M resins; between all 
resin pairs when microwaves were used; except between 
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Polymerization form
Composite Resin Photopolymerization Microwave Autoclave P value

Mean ± DP (CV) Mean ± DP (CV) Mean ± DP (CV)
BEG 37,32 ± 2,74 (7,35) (A, a) 43,80 ± 1,71 (3,90) (B, a) 45,12 ± 2,43 (5,40) (B, a) p(1) < 0,001*

FZ350XT 72,91 ± 2,83 (3,88) (A, b) 68,69 ± 2,48 (3,61) (B, b) 59,95 ± 2,14 (3,58) (C, b) p(1) < 0,001*
FZ250XT 79,61 ± 2,45 (3,08) (A, c) 75,21 ± 2,75 (3,66) (B, c) 76,77 ± 2,70 (3,52) (AB, c) p(1) = 0,003*

FP60 82,16 ± 2,13 (2,59) (A, c) 78,56 ± 2,99 (3,81) (B, d) 74,32 ± 7,89 (10,62) (B, c) p(2) = 0,007*
FOBF 52,23 ± 3,02 (5,78) (A, d) 56,81 ± 1,58 (2,78) (B, e) 59,15 ± 2,58 (4,36) (B, b) p(1) < 0,001*
P value p(1) < 0,001* p(1) < 0,001* p(2) < 0,001*

Table 3: Statistics of microhardness by resin according to the polymerization method.

(*) Significant difference at 5.0% level
(1) Through F test (ANOVA) with Tukey comparisons
(2) Through F test (ANOVA) with Tamhane comparisons
Note: If the capital letters in parentheses are all distinct, understand the difference between the corresponding groups.
Note: If the lowercase letters in parentheses are all distinct, understand the difference between the corresponding resins.

Z350 XT 3M and Bulk Fill 3M resins and between Z250 
XT 3M and P60, when the autoclave method was used. 
The expressed variability of the coefficient of variation 
has been shown to be greatly reduced since these values 
were at most 10.62% and therefore less than 33.3%.

Discussion
The first null hypothesis, that there is no difference be-
tween the different polymerization methods in the hard-
ness of the different materials tested was rejected since 
there were statistically significant differences between 
the additional polymerization methods with the control 
group in all materials searched. 
The second null hypothesis that there is no influence of 
different types of composite resin on hardness was also 
rejected, since statistically significant differences are ob-
served between the researched materials treated with the 
same type of polymerization.
Hardness can be defined as the ability of a substance to 
resist an edentulator or penetrator. Knowledge of such 
mechanical property is important in dentistry, relating its 
results to the indication and clinical longevity of restora-
tive materials (16). A high Vickers microhardness value 
of a restorative material is directly related to the durabi-
lity of the restoration as it provides increased wear resis-
tance, establishing a direct correlation between hardness 
and wear (17).
Among the existing tests for microhardness evaluation, 
the Vickers microhardness test is the most suitable for 
composite resins due to its higher stability and should 
preferably be used when checking the hardness of resin 
composites (17).
As observed in the present study, the composition of the 
restorative material directly influenced the hardness of 
the material. The mechanical properties of composite re-
sins, considering the material composition, are related to 
the polymeric matrix (monomer composition), inorganic 

filler (type, size and distribution of filler) and binding 
agent (18). In the FP60 group, a higher hardness was 
observed when compared to the other groups (BEG; 
FZ350XT; FZ250XT; FOBF) in all types of polymeri-
zation. This may be related to the type (microhybrid) 
and charge particle size that is larger in the FP60 group. 
The lowest values were from the groups corresponding 
to BEG and FOBF resins, both of nanoparticulate tech-
nology, presenting smaller inorganic particle size when 
compared to microhybrid technology FP60. When low 
microhardness results are obtained, the risk of dissolu-
tion of the composite organic matrix, followed by expo-
sure of the inorganic particles, increases the restoration 
roughness and the consequent accumulation of bacterial 
plaque, contributing to the restoration longevity decrea-
se (19). 
Higher temperatures present in the additional thermo-
polymerization increase free radicals and monomer mo-
bility resulting in a higher resin matrix conversion and 
consequently higher microhardness values, which gua-
rantees greater durability of the oral cavity restoration 
(20). As shown in Table 3, the BEG and FOBF groups 
had statistically significant hardness values when ther-
mopolymerization was employed when compared to 
control groups where only light curing was performed.
In the present study, 2 types of additional thermopoly-
merization were analyzed together with the initial curing 
of 20s in 5 composites of different properties and clinical 
indications. It was found that autoclave and microwave 
thermopolymerization showed no significant change in 
microhardness values between the additional autoclave 
and microwave thermopolymerization types. These fin-
dings are similar to the results found by other studies 
(5,15), that compared the same additional thermopoly-
merization methods with the same time and power para-
meters as described in the present study.
Arossi and his contributors (5) evaluated the influence 
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of additional polymerization on microhardness of di-
rect and indirect restorative composites. In this work, 
the samples, after conventional 20 sec light curing, 
were subjected to the heat of the microwave oven with 
a power of 450W for 3 minutes, while in the autocla-
ve a time of 7 minutes with a temperature equivalent 
to 134°C was used. No significant difference was found 
between the additional heat treatment groups, but higher 
microhardness values were achieved when compared to 
the conventional light curing method.  Poskus (15) also 
analyzed the relationship of additional heat treatment to 
Vickers Microhardness. For the samples, only resins of 
hybrid technology were used, which were light cured for 
40 sec and microwaved and autoclaved with the same 
parameters as the study by Arossi and his contributors 
(5). The study also concluded that there was no diffe-
rence between the complementary light curing groups, 
however, when compared to the control group (40 sec 
light curing), the additional treatment obtained higher 
microhardness values.
In order to reduce clinical time in posterior teeth res-
torative procedures, bulk fill resins were introduced in 
the dental market. This composite category has gained 
popularity by simplifying and reducing clinical time, 
making the restorative method simpler (21). In the pre-
sent study, the FOBF group, corresponding to Bulk Fill 
filtek one resin (3M), obtained lower vickers microhard-
ness values in light curing (52.23) when compared to 
the groups: light curing + autoclave (59.15) and light 
curing + microwave (56.81). Similar results were also 
found in the BEG resin group, which recorded lower va-
lues in conventional polymerization (37.32), compared 
to the values presented in the groups corresponding to 
the additional heat treatment: autoclave (45.12) and mi-
crowave (43.80). Both composites present the nanohy-
brid technology, differing only in the resin matrix, where 
the FOBF group presents lower viscosity, consequently 
lower load, when compared to the BEG group resin, be-
ing, therefore, more viscous. 
Additional polymerization through elevated temperatu-
res promotes greater molecular mobility, increasing the 
microhardness value by converting the residual mono-
mers into new polymer chains in the resin matrix (22). In 
addition, during the further heat polymerization process, 
about 1.3% of the organic portion of the matrix evapora-
tes, providing a material with fewer constituents of poor 
properties and greater biocompatibility (5). A study (23) 
comparing different storage temperatures of bulkfill re-
sins found an increase in vickers microhardness when 
samples were stored at a temperature equivalent to 35°C 
for a period of 24 hours.
A study on the influence of inorganic particle content 
on different material properties also showed that na-
nohybrid materials had lower microhardness values 
compared to microhybrid (24), as it corresponds to the 

values of the study, since the lower values of microhard-
ness vickers were found in the nano technology feature 
groups (BEG, FOBF, FZ350XT). 
This is due to the fact that materials with nano-char-
ged particles have a higher surface area volume, which 
tends to absorb more water, and consequently, greater 
degradation of the organic matrix/charge particle inter-
face (25). The decrease in vickers microhardness va-
lues can also be explained by the amount of load, the 
groups BEG, FOBF e FZ350XT have a lower amount of 
load when compared to the FP 60 and FZ250XT group, 
which have higher amount of inorganic load and higher 
microhardness values.
Ho and his contributors (26) analyzed by additional heat 
treatment, UDMA base materials showed higher water 
softening through temperature change when compared 
to base materials Bis-GMA. Result that may have in-
fluence in the present study, since the materials were sto-
red in closed container containing water and subjected 
to elevated temperatures. Lower microhardness values 
were found in the BEG and FOBF groups, both nano 
technology and composed of a large amount of UDMA.
In materials where a high degree of conversion is found 
even in conventional photoactivation, there is little ten-
dency for an increase in the degree of conversion after 
additional polymerization (16), as in the results found in 
the groups FP60, F250XT, F350XT. 
This fact can also be explained by the use of the high fre-
quency photoactivator apparatus (900-1200 mW/cm2), 
which was used in the preparation of the specimens.
Unlike the results of Loguercio (27) which justified an 
improvement in the mechanical properties of 3M ESPE 
Z350 resin over 3M ESPE P60 due to the addition of 
more UDMA and lessTEGDMA, in the present study 
P60 resin showed the best microhardness result, being 
composed of higher amount of TEGDMA, a result also 
found in a previous study (16). 
The FP60 group has a microhybrid characteristic, this 
type of composite resin has in its composition two or 
more quartz and glass particle shapes between 0.2 and 
3µm in size along with 5 to 15% of much smaller parti-
cles. The number of inorganic particles and their distri-
bution bring to this type of composites some advantages, 
such as: high hardness, lower polymerization shrinkage 
and less water absorption (28).
For an increase in crosslink in the composite resin ma-
trix to occur, this material must be subjected to an ad-
ditional 150 ° heat treatment for at least 1 hour (29). In 
the present study, although specimens were subjected to 
additional heat polymerization, perhaps the time taken 
was insufficient to lead to statistically significant results. 
However, recent studies have shown increased micro-
hardness vickers with parameters used in the present 
study (5,15).
A study that compared 5 polymerization methods, inclu-
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ding autoclave and microwave thermopolymerization, a 
significant difference was found only in the group repre-
sented by the additional autoclave polymerization (14). 
Previous studies have not found statistically significant 
results regarding microhardness difference when sub-
jected to additional autoclave polymerization tests in at 
least 1 of the analyzed groups (30,31). Although other 
authors in the literature argue that additional heat poly-
merization has beneficial consequences for the mechani-
cal properties of composite resin (3,5,32,33).
Additional polymerization of direct composite resins is 
usually performed on specific dental office appliances 
such as the autoclave. In evaluating the efficiency of 
alternative complementary polymerization methods in 
direct resins, it can be observed in the present study that 
the additional microwave polymerization was efficient, 
increasing the microhardness of the previously cured 
composite, corroborating previous findings (5,15). The-
re are still few studies that prove the use and effective-
ness of microwaves in additional thermopolymerization, 
requiring further research in the area.

Conclusions
1. Autoclave and microwave thermopolymerization me-
thods showed similar behavior on the microhardness of 
the composites studied.
2. The studied resins showed a different behavior when 
compared to thermopolymerization, which increased 
the microhardness values for Brilliant Everglow (Col-
tene) and Filtek One Bulkfill (3M) resins and decrea-
sed for Filtek P60, Filtek Z350XT and Filtek Z250XT 
resins.
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