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ABSTRACT
Introduction: It has been previously believed that increments up to 2mm thick are ideal for insertion into cavities without causing the
physical-mechanical property of the material to cause. In the controversial results, they appeared on the market as “BULK FILL” resins

which, according to manufacturers, can be inserted in single increments of up to 5mm. Objective: to evaluate a Knopp microhardness
of the bottom and top surfaces of two bulk fill resins after a photoactivation with the Radii-Cal (SDI) apparatus. Methods: Twenty test
specimens (n = 10) were made according to one mark of each resin. After being inserted in matrix and photoactivated, they were removed

and stored in dark containers, kept at room temperature, in the course, microhardness test. Five indentations in each top surface and
five in each bottom surface were performed in each one shows: a central one and like other four the distance of approximately 200μm
of the central location, under load of 0.5kg for 10 seconds Results: There were Interaction and statistical difference between variables

(surfaces tested - top and bottom and composite resins) (p=0.02). The results of the results showed that, regardless of the surface tested

(base or base surface), Filtek TM Bulk Fill resin (3M, USA) showed significantly higher microhardness values than Sonic Fill resin (Kerr,
USA). Another result is a composite resin independent production table tested, a top surface obtained microhardness values statistically

superior to beams found on the bottom surface. Conclusion: Filtek Bulk Fill resin (3M, USA) presented better microhardness, regardless
of the surface evaluated, compared to Sonic Fill resin (Kerr, USA). It is that the effectiveness of the polymerization in the base presented
smaller results than were not found in the independent top of the sample.
Keywords: Composite Resins; Polymerization; Hardness Tests.
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RESUMO
Introdução: Anteriormente acreditava-se que incrementos de até 2mm de espessura eram ideais para serem inseridos em cavidades

sem que pudessem causar alterações nas propriedades físico-mecânicas do material. Na controversa desses resultados, surgiram no

mercado as resinas “BULK FILL” que, segundo os fabricantes, podem ser inseridas em incrementos únicos de até 5mm. Objetivos:

avaliar a microdureza Knopp das superfícies de base e topo de duas resinas bulkfill, após a fotoativação com o aparelho Radii-Cal (SDI).
Métodos: Foram confeccionados 20 corpos de prova (n=10) de acordo com a marca de cada resina. Depois de inseridos em matriz

e fotoativados, foram removidos e armazenados secos em recipientes escuros, mantidos em temperatura ambiente e, em seguida,

realizado o teste de microdureza. Cinco endentações em cada superfície de topo e cinco em cada superfície de base foram realizadas
em cada a mostra: uma central e as outras quatro na distância de, aproximadamente, 200μm da localização central, sob carga de 0,5kg
por 10 segundos. Resultados: Houve interação e diferença estatística entre as variáveis (superfícies testadas -topo e base e resinas
compostas) (p=0,02). Pelos resultados encontrados, nota-se que, independente da superfície testada (superfície de topo ou de base), a

resina Filtek TM Bulk Fill (3M, USA) apresentou valores de microdureza significativamente maiores em relação a resina Sonic Fill (Kerr,
USA). Outro resultado apresentado nesta tabela é que independente da resina composta testado, a superfície de topo obteve valores
de microdureza estatisticamente superiores aos valores encontrados na superfície de base. Conclusão: O resina Filtek Bulk Fill (3M,

USA) apresentou melhores resultados de microdureza,independente da superfície avaliada, em relação a resina Sonic Fill (Kerr, USA).
É que a efetividade da polimerização na base apresentou menores resultados que os encontrados no topo independente da amostra.
Palavras-chave: Resinas Compostas; Polimerização; Testes Laboratoriais.

INTRODUCTION
Notably, conventional composite resins consist of universal

and versatile application materials, and can be indicated for both
anterior and posterior teeth¹. The dental composites used made from

methacrylate are composed of an organic matrix, inorganic filler and
a bonding agent (silane), which binds the particle to the matrix². Bis-

GMA is the monomer most used in dental composite formulations;
however, due to its high molecular weight, high viscosity and low
mobility, other monomers with lower viscosity and/or higher mobility,

such as TEGDMA and UDMA were inserted to improve the handling
quality of the material, besides increasing the degree of conversion
during the polymerization reaction³.

Regardless of the monomeric composition, the clinical success

of composite resin restorations is closely related to their degree of
conversion4, and this method of analysis is the most common way of
evaluating the polymerization quality of the composites. However, the

degree of polymerization does not provide a complete characteriza-

tion of the formed polymer network, since polymers with the same

conversion level may have different densities of cross-links, due to

differences in the linearity of the chains and, consequently, different
physical properties.

Thus, the polymerization effectiveness can also be analyzed

through other mechanical properties of the composite6, which reflect
in good clinical performance.

Until recently, it was agreed among scholars that many factors

can affect the amount of light energy that is received at the top and
2

bottom surface of the restoration performed using resinous material.
Among these factors are the photoactivation distance and the size
of the resin increment applied in the cavity.

As it moves away from the irradiated surface, the polymerization

of the composites becomes less effective because the particles of
charge and resin matrix have the capacity to absorb or disperse the
light7. As a result of this energy attenuation process, there is neces-

sarily a lower amount of excitation of camphorquinone molecules,
resulting in an inadequate polymerization reaction and lower compos-

ite hardness. Thus, the top surface depends less on the intensity of
light than the base surface8, since the energy reaching the irradiated

surface seems to be sufficient to occur an adequate polymerization9.
Previously, it was believed that increments up to 2mm thick

were ideal for insertion into cavities without causing changes in the

physical-mechanical properties of the material. However, studies
have shown that even in increments of 1mm thickness, changes in

the properties of the material, especially with respect to top surface
and base surface, already occur5.

In the controversy of these results, resins with different formula-

tions and indications aimed at minimizing the effects caused by the
thickness of the material, mainly by the lower polymerization on the

base surface of the composites, appeared in the markets. The technology of BULK FILL resins is based on the chemical alteration of the

monomer to create monomers with less viscosity10. There has also
been a change in the photoinitiators, which are now more sensitive to

light; in addition, BULK FILL resins tend to be more translucent to allow
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additional light irradiation as deep as possible11. In parallel with the

Knoop Microhardness Test (KNH)

increments can be 4 to 6 mm of filling,¹¹ or single increments of up to

201012. The evaluation of the KHN measurement was performed on

thus reducing the clinical time in cases of deep and wide cavities.

Shimadzu Corporation, Tokyo, Japan). Five Knoop indentations were

chemical composition, the manufacturers indicate that the inserted
5 mm, which, without doubts, would simplify the restorative process,
Currently, available data for these materials are still limited, and

therefore require more laboratory studies so that better information
on the behavior of these materials is better investigated. Therefore,

the aim of this study is to evaluate the mechanical behavior of the
bulk fill Sonicfill (Kerr, USA) and Filtek Bulk Fill (3M, USA) resins by

means of the Knoop microhardness test of top and bottom surfaces.

The protocol used was based on the study by Borges et al.,

the top surface of each specimen through the apparatus (HMV-2T E,
performed on the surface of all specimens: one central and the other

four in the distance of approximately 200μm from the central location,
under load of 0.5Kg per 10s. The values of the five indentations for
each surface were recorded and the final mean of the surfaces of all
experimental units calculated.

STATISTICAL ANALYSIS

MATERIALS AND METHODS

After the data obtained, we performed the exploratory data

Manufacture of specimens
The specimens were made by a single operator, according to

ISO 404929 specifications. All specimens were made under the same

conditions of temperature, illumination and relative humidity and then
divided into two groups (n=10), taking into account the factors studied

analysis - analysis of variance (split-plot ANOVA) and the data showed

interactions between the tested surfaces (top and bottom) and the
resins used. Multiple comparisons were performed using the Tukey
test. In all analyzes the significance level of 5% was considered.

RESULTS

herein, which are the two commercial brands of bulk fill composite
resins Filtek (3M Espe, USA) and Sonicfill (Kerr, USA).

On a glass plate, a polyester strip was placed and then two

cylindrical Teflon matrices with 6mm diameter and 2mm thickness
each were added, adding 4mm. The resin was inserted in a single

increment in the matrix, using Suprafill spatula (Millennium), in the
case of Filtek bulk fill, and in Sonicfill the ultrasonic resin insertion
apparatus was used as recommended by the manufacturer.

After this step, a polyester strip was placed on the specimen

and photoactivated for 20s, using the photopolymerizer set directly
against the polyester strip.

The polyester strip was used to allow no adhesion of the resin

to the tip, preventing the accumulation of resin at the tip of the light
curing device, thus preventing this accumulation could interfere with
the light radiation of the apparatus.

After polymerization, the specimens were removed from the

matrix and then stored in dark containers so that no external light

Knoop Microhardness
Table 1 presents the mean and standard deviations of the Knoop

microhardness values of the bulk fill composites and of the top and
bottom surfaces of the test specimens. In this case it was observed
that interaction and statistical difference between the variables (sur-

face tested - top and bottom and composite resins) (p=0.02). The
results showed that, regardless of the surface tested (top or bottom

surface), Filtek TM Bulk Fill composite showed significantly higher
microhardness values than Sonic Fill resin. Another result presented

in this table is that, independently of the composite resin tested, the

top surface obtained values of microhardness statistically higher than
the values found in the bottom surface.

Means followed by distinct letters (upper-case horizontal and

lower-case vertically comparing distance within each surface) differ
from each other (p≤0.05).

DISCUSSION

interference could alter the quality of the photoactivation until the tests

were performed. The light intensity of photoactivation was measured
by a digital radiometer (Hilux Led Max Curing Light Meter).

The degree of polymerization is closely related to the intensity of

light received by the photoinitiators so that they can be excited and

Table 1. Means and standard deviation of Knoop microhardness values on
the top and bottom surfaces of two bulk fill resins.
Surface
Bottom

Top

Sonic Fill

45.86 (2,34) Aa

48.32 (1,96) Ab

Composite Resin

Fitek Bulk Fill

48.76 (2,32) Ba

51.57 (2,05) Bb

3

Rev Bras Cien Med Saúde. 2018;6(6):1-5

www.rbcms.com.br

the monomers can be converted into polymers4,26. During the labora-

top surface showed better mechanical performance than the bottom

the matrices (4mm of distance) and measured with the radiometer,

Bulk Fill showed higher hardness values, both at the top and bottom

tory test, in this study, in which the photopolymerizer was placed on
we can observe that the power received by the radiometer at 4mm

dropped drastically from 1792 mw/cm to a mean of 782 mw/cm . This
2

3

decrease in irradiance caused by the distancing of the polymer source
probably caused a light scattering5. Thus, although the photoactivation

distance was not a factor in this study, we can affirm that the greater
the distance of the irradiated surface, the greater the light scattering5,25

and this possibly causes worse properties in the resinous materials.
These evidences are proven when analyzing the Knoop hard-

ness values found on the top and bottom surface of each resin.
Regardless of the type of bulk fill resin tested, the hardness values
found on the top surface were statistically higher than the values on

the bottom surface, as in previous studies5,25. All of this was again

confirmed with the results of the micro-meter, which demonstrated

that the top surfaces presented higher knoop microhardness than
the bottom surfaces.

In relation to the comparison of the tested materials, the results

showed that the Filtek Bulk Fill resin obtained better results for both
bottom and top surfaces compared to the results of the Sonicfill

resin. The most plausible justification for the difference found is the
type of monomers present in its organic matrix, which in the sonic fill

is BisGMA (bisphenol A polyethylene glycol dimethacrylate) and in
Filtek Bulk Fill the organic load is UDMA (Diurethane dimethacrylate)
as the different diluents, TEGDMA (triethylene glycol dimethacrylate)

on Sonicfill resin and EDMA (ethylene glycol dimethacrylate) found
in Filtek bulk fill. Bis-GMA is capable of promoting strong hydrogen

bonding through the hydroxyl group, increasing molecular weight, giving little mobility and high stiffness. There is also a synergistic effect
between Bis-GMA and TEGDMA which increases the cross-linking
density, that is, the cross-links between linear molecules producing

three-dimensional polymers with high molecular mass19,27. Thus, the

substitution of this monomer by another, in this case EDMA, caused
changes in the mechanical properties of the material.

Another fact that deserves to be highlighted is that although the

specimens of the resin were manually made, at the end of the inser-

tion of the increment in the matrix, this set was compressed, in this

case there could be less spaces between the material. In the Sonicfill

resin, the insertion mode was mechanical, it could also be one of the
reasons for this material to have lower hardness values, both at the

top and at the bottom, because depending on the torque applied, the
speed of release of the material can be modified28.

CONCLUSION
In view of the results of this study it can be concluded that:the

4

surface, independent of the resin tested. The composite resin Filtek
surfaces, in relation to Sonic Fill resin.
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