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Aim: This study aimed to assess the polymerization 
effectiveness of bulk-fill composite resins in longitudinal 
microhardness. Methods: Blocks of bulk-fill composite 
resin with thicknesses of 6 mm were analyzed with Vickers 
microhardness. The resin blocks were divided into two 
groups (n=6): resin AURA and OPUS. The microhardness test 
was performed before (base and top) and after (longitudinal 
microhardness) sectioning the blocks at distances of 2 mm,  
4 mm, and 6 mm from the top of the block. The mean 
microhardness values were tabulated and subjected to 
ANOVA followed by Tukey’s test (p<0.05). Results: The 
OPUS bulk-fill resin samples presented microhardness 
means of 55.9 kgf/mm2, 53.7 kgf/mm2, and 49.3 kgf/mm2, 
the AURA bulk-fill resin samples presented microhardness 
means of 57,02 kgf/mm2, 55,86 kgf/mm2 e 51,77 kgf/mm2 
for the distances of 2 mm, 4 mm, and 6 mm, respectively. 
Tukey’s statistical test showed a significant difference 
in microhardness values at different distances of 2 mm,  
4 mm, and 6 mm (p<0.001) for each resin. Although there 
was a statistically significant difference within and between 
the groups assessed, all samples showed polymerization 
effectiveness when comparing the top and base of the 
block. Conclusion: Polymerization was effective in different 
thicknesses (2 mm, 4 mm, and 6 mm) in both resins studied. 
The microhardness ratio was adequate when comparing 
the base and top.
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Introduction

Over the last decade, resin composite materials have increased significantly in the 
dental field. Improvements in esthetic properties and strategies of adherence to the 
dental structure increased the number of direct and semi-direct procedures with resin 
materials1. However, polymerization shrinkage is still the most significant disadvan-
tage to be overcome regarding resin materials2. Some resin composites can have 
a volumetric polymerization shrinkage variation from 2% to 3%, producing cracks 
between the dental structure and the restorative material3. Such cracks may form 
secondary caries or pathological changes on the dental pulp.

To overcome the polymerization shrinkage phenomenon, a new category of resins 
has been developed over the last years. Bulk-fill resins may be applied in incre-
ments with a thickness equal to or greater than 4 mm and polymerized in a sin-
gle step4. According to the manufacturer’s data, combining a potent photoinitiator 
system and high material translucency allows polymerization to reach deeper lay-
ers adequately. Some studies performed with bulk-fill resins showed satisfactory 
polymerization results compared to composite resins used in restorative proce-
dures in increments5-7.

The microhardness test has been an effective tool for assessing the polymeriza-
tion effectiveness of composite resins8,9. This test allows measuring the degree 
of monomer conversion into polymers inside resin materials. The degree of con-
version depends mainly on factors such as monomer chemical structure, pho-
toinitiator concentration, polymerization conditions, and curing mode9. In more 
significant increments, a light-emitting source’s energy drastically decreases 
as it enters the material. Thus, resins inserted in increments may present more  
standardized results10.

Regarding the degree of conversion and the behavior of bulk-fill resins, this result 
needs to show a consensus in the scientific literature11. This becomes even scarcer 
when investigating increments of different thicknesses. The literature reports that dif-
ferent brands of bulk-fill resins present limits for diversified increments, which does 
not standardize the material11. In the study by Silva (2019)12, when testing three differ-
ent brands of Bulk-fill resin, it was found that in one of the brands, there was a statisti-
cally significant difference between the microhardness between the layers evaluated. 
Therefore, microhardness must be compared, mainly at the top and base, to verify its 
homogeneity in the restored material.

Thus, the present study aimed to investigate the degree of conversion, through the 
microhardness test, of three different thicknesses (2 mm, 4 mm, and 6 mm) in two 
composite resins and analyze the top and base microhardness.

Materials and Methods
For this study, two bulk fill resins were used from the commercial brands AURA and 
OPUS, which, according to the manufacturers, can produce resin increments of up to 
5 mm in thickness.
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Specimens were produced (n=36) in a cylinder shape, 10 mm x 6 mm in diameter and 
thickness. Measuring the depth of the metallic mold to build the specimens required a 
millimeter periodontal probe (Millennium). The specimens were produced by inserting 
a single composite resin increment with an insertion spatula (Duflex).

A polyester matrix and a glass slide were placed on the resins. Then, a mild digital 
pressure was applied to eliminate potential material excess and ensure surface 
smoothness for the samples to be analyzed. Later, the glass slide was removed, 
maintaining the polyester matrix, followed by material curing with a light-cur-
ing device (SDI, Victoria, Australia) with an intensity of 470 mW/cm2 placed on 
the upper surface of the sample for 40 seconds, according to the manufactur-
er’s recommendations. During the study, the intensity of luminous energy emit-
ted by the light source was monitored with the help of a radiometer (SDS Kerr,  
Middleton, USA).

After polymerizing the specimens, the excess was removed with a #15 scalpel blade, 
and the blocks were subjected to Vickers microhardness at the top and base. After 
verifying surface microhardness, the specimens were sectioned with sandpaper discs 
attached to a handpiece and a bench motor (Beltec) to verify the longitudinal micro-
hardness of the blocks.

The sectioned surfaces were polished with 1200-granulation sandpaper for 60 sec-
onds. Next, each block was stored in a white and opaque recipient to prevent light 
from entering and identifying.

Microhardness was determined with the Vickers microhardness test. First, the sam-
ples were subjected to superficial silver metallization with the device (model 108, Kurt 
J. Lesker Company, Pennsylvania, USA) to make indentation reading easier. In each 
sample, the base and top were analyzed, whereas the base was the surface away 
from the light source, and the top was the layer closest to it. Four indentations were 
performed at the top and four at the base. For longitudinal microhardness (2 mm,  
4 mm, and 6 mm), four indentations were performed at each distance (resulting in  
12 longitudinal indentations in the block). A load of 1 kg/F was applied for 10 seconds 
in a microhardness tester (FM 800).

The sample was placed on the device platform to stand perpendicular to the axis of 
the indentation device. A 40x objective and the sample area were selected to perform 
indentation. After indentation, the marks of both diagonals left on the material surface 
after load ablation were measured. After reading the values, the machine calculated 
the arithmetic mean and the area of the inclined indentation surface, recording the 
Vickers hardness value, which is the quotient obtained when dividing the load (in kgf) 
by the indentation area.

The data were statistically analyzed with the Shapiro-Wilk normality test. The Levene 
test was used to assess homoscedasticity, which later allowed the analysis of vari-
ance (2–way ANOVA, resin, and thickness) complemented by Tukey’s HSD test (SPSS 
for Windows 11.5, SPSS, Chicago, IL) at an significance level of p<0.05.
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Results
The OPUS bulk-fill resin samples presented microhardness means of 55.9 kgf/mm2,  
53.7 kgf/mm2, and 49.3 kgf/mm2 for the distances of 2 mm, 4 mm, and 6 mm, 
respectively. Tukey’s test was applied to compare the samples and identified a signif-
icant difference among the three values (p<0.001). The same pattern was observed 
for the microhardness means of the AURA resin samples. The microhardness val-
ues for 2 mm, 4 mm, and 6 mm away from the light source were 57.02 kgf/mm2, 
55.86 kgf/mm2, and 51.77 kgf/mm2, respectively. Tukey’s statistical test showed a 
significant difference in microhardness values at different distances of 2 mm, 4 mm, 
and 6 mm (p<0.001) when compared. 

When comparing the microhardness means between both bulk-fill resins investigated, 
the microhardness values for the AURA bulk-fill resin were lower than those of the 
OPUS bulk-fill resin (Table 3).

Table 1. Resins used and composition of organic and inorganic portions.

Material Organic matrix Inorganic load Load  
(weight %) Manufacturer

AURA Bulk fill UDMA 
Bis-GMA

UHD load, silica of 0.02-0.04 µm, 
barium glass of 0.4 µm 81.00% SDI

OPUS Bulk fill
UDMA 

Bis-EMA 
TEGDMA

Silanized barium glass, red iron 
oxide, white titanium oxide 79.00% FGM

Table 2. Group distributions, mean (standard deviation), lower and upper values, and base/top ratio of 
each group analyzed.

Brand N Mean (standard 
deviation) kgf/mm2

Confidence interval
Ratio (base/top)

Lower limit Upper limit

OPUS 2 mm 6 55.91(0.19)A 55.71 56.12

OPUS 4 mm 6 53.72(0.53)B 53.17 54.29 0.88

OPUS 6 mm 6 49.37(0.86)C 48.47 50.29

AURA 2 mm 6 57.02(0.29)D 56.72 57.33

AURA 4 mm 6 55.86(0.46)A 55.37 56.35 0.90

AURA 6 mm 6 51.77(0.55)E 51.19 52.36

*Different letters determine statistical differences between the groups investigated.

Table 3. Comparison of resin types and increment thicknesses for the top and base of the samples.

Brand N Mean  
kgf/mm2

Standard 
deviation

Confidence interval
Tukey’s HSD

Lower limit Upper limit

top

OPUS 2 mm 6 60.69 4.88 55.56 65.81 AB

OPUS 4 mm 6 81.29 4.89 76.15 86.41 D

Continue
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Continuation

OPUS 6 mm 6 72.19 3.45 68.56 75.81 CD

AURA 2 mm 6 52.75 9.2 43.09 62.41 A

AURA 4 mm 6 67.66 2.98 64.53 70.79 BC

AURA 6 mm 6 66.29 5.13 60.89 71.68 BC

base            

OPUS 2 mm 6 60.16 4.50 55.44 64.88 AB

OPUS 4 mm 6 80.65 4.75 75.67 85.64 D

OPUS 6 mm 6 58.91 3.54 55.20 62.62 ABC

AURA 2 mm 6 52.98 9.58 42.92 63.03 AC

AURA 4 mm 6 63.88 3.86 59.84 67.93 B

AURA 6 mm 6 49.65 4.66 44.76 54.54 C

*Different letters represent groups with statistically significant differences (p<0.05). ANOVA followed by 
Tukey’s test.

According to Tukey’s statistical test, when comparing the microhardness values for 
increments at the same distance from the light source, all means presented statisti-
cally different values (Table 3).

Discussion
Several methodologies have been used to assess the polymerization effectiveness of 
resin materials10,11. Degree of conversion and microhardness are physical tests estab-
lished in the literature10,13. Despite the great variety of tests, the Vickers microhardness 
test has been effective, extensively promoted, and shown results that indicate the 
behavior of resin materials.

The microhardness of different composite resins was assessed because it is among 
the most important physical characteristics of restorative materials and is directly 
linked to the strength and ability of abrasion or wear of material14. The Vickers micro-
hardness test is performed over the length of the specimen and used to determine 
polymerization depth because changes in microhardness may reflect the degree of 
material polymerization10.

Conventional composite resins are indicated for use in increments of 2 mm15.  
Bulk-fill resins may be used in more significant increments16. The maximum thick-
ness indicated by the manufacturers of AURA and OPUS bulk-fill resins is 5 mm. 
To analyze polymerization effectiveness, the methodology used had the sectioning 
technique of composite resin samples in the direction of their long axis. Thus, it was 
possible to assess microhardness in three thicknesses of each specimen (2 mm,  
4 mm, and 6 mm).

According to Orlawski and colleagues (2015)17, to achieve satisfactory polymerization 
effectiveness, bulk-fill resins must present some fundamental characteristics, such as 
material translucency, to allow the light to penetrate more efficiently in deeper areas, 
thus increasing polymerization effectiveness. Moreover, the chemical composition of 
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the material and the distance between the light source and the composite resin sur-
face also interfere with polymerization depth18.

Another factor that explains the differences in resin hardness is that polymeriza-
tion depends on other factors of composite resins, such as the type and size of 
the load and its chemical composition. Load size interferes with light dispersion19 
and, according to Guiraldo and colleagues (2009)20, the loss of polymerization light 
energy is related to the light dispersion by load particles. Thus, it is assumed that 
the larger the load size, the lower the light dispersion and the higher the degree of 
conversion and microhardness.

Therefore, light intensity directly affects polymerization depth, and the microhard-
ness value obtained on the surface closest to the light source may be higher than21. 
Light intensity was not assessed in this study; thus, during the entire experiment, the 
intensity of luminous energy emitted by the light source was standardized, aided by 
a radiometer to measure intensity. The time of light exposure was the same for all 
samples. Moreover, the superficial values of the top of each resin sample differed 
from the material.

The results show a statistically significant difference between the layers of the sam-
ples within the same group and between the resin groups used in the experiment. 
There was a decrease in microhardness values toward the deepest layers of the com-
posite resins, obeying a pattern in both resin groups studied.

A lower hardness in the deepest layers comes from inefficient polymerization, which 
may reduce composite resin component conversion and, consequently, more excel-
lent residual monomer remnants11. The presence of residual monomers at the base 
of the composite resin layer may diffuse through the hybrid layer and reach dentinal 
tubules toward the pulp tissue. This may lead to resin cytotoxicity, cause pulp sensi-
bility, and reduce the material’s mechanical properties15.

According to Esteves (2015)13, the statistical difference between the mean microhard-
ness values of the layers and the decrease in verified microhardness by the increase 
in composite resin depth may occur due to the decrease in light-curing intensity over 
the composite thickness. This may explain the result in the present study regarding 
the differences in microhardness values among the inner layers of bulk-fill composite 
resins assessed.

When comparing the microhardness means between both bulk-fill resins investigated, 
the microhardness values for the AURA bulk-fill resin (2 mm, 4 mm, and 6 mm) were 
lower than those of OPUS bulk-fill resin (2 mm, 4 mm, and 6 mm). However, although 
presenting differences for hardness, all samples obtained polymerization effective-
ness in different thicknesses, considering that the ratio (base/top) values were higher 
than 0.8 kgf/mm2.

The most common form of measuring composite resins’ conversion or polymer-
ization effectiveness rate is verifying the value obtained through the ratio between 
base/top microhardness10,21. This reflects the relative extension of conversion of the 
most profound surfaces relative to the top surface. The value used as a criterion has 
been 0.8 kgf/mm2, indicating an adequate polymerization rate of the material10,22.
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Translucency is one of the factors that can explain the difference in hardness among 
resins. Studies such as those by Arimoto and colleagues (2010)23 reinforce the role 
of material translucency in light transmission. Translucency is the relative amount 
of light transmittance or diffuse reflection of a material surface through a turbid 
medium, which is affected by the background color24. More translucent material 
allows better light transmission, resulting in better conversion and, consequently, 
greater hardness24.

Bulk-fill resins are more translucent than conventional ones because their compo-
sition includes different photoinitiators25. Conventional resins have camphorqui-
none, which has a more yellowish color and makes resins more opaque, com-
plicating the passage of light. Regarding bulk-fill resins, the photoinitiators are 
phosphine oxides (BAPO and TPOb)26. They present lower yellow tonality than 
materials formulated with camphorquinone and provide higher material translu-
cency, allowing light to penetrate up to the base (6 mm) effectively. This explains 
why conventional resins should be inserted in increments and bulk-fill resins can 
be inserted in a single increment24,26.

According to data provided by the manufacturers, the OPUS and AURA bulk-fill res-
ins have 79% and 81% load weight, similar values. However, the material micro-
hardness assessment with Tukey’s test showed a statistically significant difference 
among the superficial values of this mechanical property. Hence, other components 
in the composition of materials may contribute to the mechanical properties of bulk-
fill resins. Some studies suggest that monomers such as TEGDMA and UDMA are 
responsible for decreasing material viscosity12. In this case, the presence of these 
components may contribute to the difference in microhardness values presented 
by the materials investigated. This confirms that the increased amount of load par-
ticles increases hardness20.

The data of the present study corroborate Reis and colleagues (2017)27, who 
reported that low-viscosity bulk-fill resins such as the ones analyzed (OPUS and 
AURA) showed adequate light-curing efficiency up to 4 mm when analyzing the base 
and top of the material.

A limitation of the present study is that it did not test different conversion degrees 
using a higher-intensity polymerization light or increasing exposure time to the polym-
erization light. Then, a suggestion for further new studies to analyze microhardness 
variations and the achievement of the degree of conversion using a polymerization 
light with higher intensity or increasing the time of exposure to the polymerization 
light, aiming to analyze whether a higher degree of conversion and higher microhard-
ness values can be obtained in bulk-fill composites.

Conclusion
Polymerization effectiveness was found in different thicknesses (2 mm, 4 mm, and  
6 mm) in both resins studied. This was verified with base/top surface microhardness. 
However, when comparing the microhardness means between both bulk-fill resins 
investigated, the microhardness values for the AURA bulk-fill resin were lower than 
those of the OPUS bulk-fill resin.
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