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Abstract

Objective: the objective of the present study was to ana-
lyze the polymerization shrinkage gap of different com-
posite resins. Methods: four commercial brands (n=5)
were tested: Z350 (3M/ESPE); Filtek Bulk Fill (3M/ESPE);
Surefill (Dentsply); Xtra Base (Voco). Increments of com-
posite resins were inserted into a circular metal matrix
of 7 mm internal diameter and 4 mm high and pressed
by two glass plates supported on polyester strips. After
photoactivation with a Optilight Plus device (Gnatus),
with light intensity of 1000 = 10mW/cm?, the test sam-
ples were polished and 24h later, taken to the scanning
electron microscope for analysis of the polymerization
shrinkage gap, measured at 4 points in the sample (3, 6,
9, and 12 o’clock). The data were analyzed by analysis
of variance (Anova one-way). Results: the highest mean
of polymerization shrinkage gap was observed for Filtek
Z350 (BM/ESPE), while the lowest mean of gap was
found for Xtra Base (Voco) brand, with significant dif-
ferences between the groups. Conclusion: the inorganic
filler content and different associations in the organic
matrices interfered expressively in the polymerization
shrinkage gap.

Keywords: Bulk Fill resins. Composite resins. Polymeri-
zation shrinkage.

Introduction

The dimensional shrinkage of the restorative
material could modify the composite/tooth inter-
face, resulting in a true hermetic seal that would
ensure restorations without infiltrations and with
perfect marginal adaptations!. However, this is the
greatest challenge of the current adhesive dentis-
try, since most of these materials cannot achieve
excellence in these results. The polymerization sh-
rinkage is obtained through the conversion of mo-
nomeric molecules into a polymer network, leading
to a greater intermolecular proximity?2.

The volumetric shrinkage, which is a result of
the development of an internal stress, occurs lar-
gely in a range of 1.5 to 5%, as product of the rigid
nature of the cross-linked polymeric matrix that is
formed?®. The formation of this stress implies in the
imperfection of the margins of the restorations with
composite resin, which affects significantly its cli-
nical longevity®. The possible partial transmission
of this shrinkage stress to the adhesive interface
compromises the marginal integrity and results in
postoperative sensibility, as well as in a greater sus-
ceptibility of micro infiltration of the restorations®.

Thus, it has been previously reported that the
stress generated by the polymerization shrinkage
directly triggers clinical consequences in the resto-
ration®. Therefore, several studies have been car-
ried out to evaluate the measurement, generation
and characterization of this stress, as well as the
improvement of the physical, chemical and mecha-
nical properties of the composites®+.
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Increasingly importance has been given to the
development of novel composite resins, especially
the Bulk Fill composites, which has shown promi-
sing results. These composites are indicated for
base and restoration of posterior teeth to obtain
low shrinkage and a unique increment in the cavity
with volume of 4 mm!. Therefore, it is important to
evaluate the polymerization shrinkage of this mate-

ate the behavior of these materials in the complex
process of polymerization contraction. Thus, the
objective of the present study was to analyze the
polymerization contraction gap of diverse types of
Bulk Fill composites and a conventional nanopar-
ticulate resin.

Methods

rial compared to conventional composites.

Resins of diverse classifications and composi-
tions contract in distinct ways after photoactiva-

tion. Therefore, it is extremely important to evalu-

The composite resins analyzed and their cha-
racteristics are shown in the Table 1.

Table 1 — Commercial names (manufacturers), classification, composition, manufacturing lots and photoactivation time of the composite resins

utilized
Product Classification Resin matrix Filler % Volume T ey Photoa.ctlvatlon
(lot number) Time
SiO, (20 nm), ZrO, (4-11
7350 (3M/ESPE) Nanofilled T.EGDMA’ L.JDMA’ nm), aggregated ZrO,/ 59,5% N569664 20s
Bis-EMA, Bis-GMA 2
’ SiO, cluster (0.6-10 pm
. . 10nm to 3.5 pm zirconia/
. . Bis-GMA, BisEMA, P
Filtek Bulk Fill GM/ Flowable | UDMA and Procrylat | €@ filler 100 nm 0 5.0, o | (473356 20s
ESPE) pm ytterbium trifluoride
monomers .
filler
Baruim and strontium
) SDR patented UDMA, . . o
Surefill (Dentsply) Flowable TEGDMA, EBPDMA alumino-fluoro-silicate 68% 130103 20s
glass
Bis-GMA, UDMA, 2-3 pm Ba B Al Si glass o
Xtra Base (Voco) Flowable TEGDMA filler 75% 1341137 20s

* Bis-GMA (bisphenol-A diglycidylether methacrylate), Bis-EMA (bisphenol-A polyethethylene glycol diether dimethacrylate), UDMA (urethane dimethacrylate),

TEGDMA (triethylene glycol dimethacrylate), EBPDMA (ethoxylated bisphenol-A-dimethacrylate).

Source: authors.

For the preparation of the specimens, circular
metal matrices with internal diameter of 7.0 mm,
external diameter of 11.5 mm and 4.0 mm of height
were used (Figure 1).

Figure 1 — Metal matrix

Source: authors.
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Each matrix was placed on a polyester strip,
and then, on a glass plate. The restorative com-
posite was inserted into the matrix in a single in-
crement and the surface was covered with another
polyester strip and pressed with a glass plate for
30s to get a flat surface, standardize the volume of
material within the matrix and minimize surface
irregularities of the composite. Then, the plate was
removed for photoactivation.

The composite resins were photoactivated ac-
cording to the recommendation of the manufacturer
of the respective products (20s), with the use of the
Optilight device (Figure 2a) (Gnatus Equipamentos
Médico-Odontologicos, Ribeirdo Preto, SP, Brazil).
The intensity of light was measured in each speci-
men using a radiometer (Gnatus, Ribeirao Preto, SP,
Brazil) at 1000 + 10 mW/cm?, so that five specimens
were made for each composite resin trade mark.

After preparation, both surfaces of the speci-
mens were planed and polished with a silicon carbi-
de sandpaper of granulation No. 1200 (Norton S.A.,
Sao Paulo, SP, Brazil). Then, the specimens were
immersed in an ultrasonic tank for 15min to remo-
ve the residues. Four markers were then placed on
the metal matrix, corresponding to 3, 6, 9 and 12h
(Figure 2b) and stored at 37 °C for 24 + 1h, until
measurement of the polymerization shrinkage gap.
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Table 2 - Mean and standard deviation of the polymerization

shrinkage gap
Composite resin Mean Standard deviation
Z350 (Control) 24,35(A) 5,98
Filtek Bulk Fill 11,76(B) 3,43
Surefill 7,42(B) 3,21
Xtra Base 2,01(C) 1,58

Source: authors.

According to the SEM analysis, the Bulk Fill
Xtra base resin presents the lowest polymerization
shrinkage (Figure 3).

Figure 2 — (a) Photopolymerization of the test specimen; (b) Test spec-
imens in the tank.

Source: authors.

The specimens were attached, metallized (Sput-
ter coater SCD 050 Bal-Tec, Schaan, Liechtenstein),
fixed in metallic stubs with carbon tape and measu-
red by a scanning electron microscopy (JEOL-JSM
5900/Japan). The readings of the measurements
were performed at the four points mentioned with
a magnification of 3000 x, using as reference the
gap formed between the restorative material and
the matrix.

The images were analyzed and the values of the
measurement of the gap width were obtained in mi-
crometres (um) using the Image J software (Image
Processing and Analysis in Java) and arithmetic
means of each specimens were calculated. Of note,
the readings were performed on the top surface of
the specimens, that is, on the irradiated region clo-
sest to the photopolymerizer. The data were analy-
zed by analysis of variance (Anova one-way) and
Tukey (p<0.05) with the assistance of statistical
software ASSISTAT 7.7.

10kV X3, 000

Results

10kV

Table 2 shows the means and standard devia-
tion for t}:le polymenzatlpn contr"actlon gap in all Figure 3 — Evaluation of the scanning electron microscopy of the
tested resins. The analysis of variance (Anova one- composite gap: (a) Z350, (b% Filtek Bulk Fill, (c) Surefill, (d)
-way) demonstrated a statistically significant diffe- Xtra Base Filtek Bulk Fill
rence for the resin type factor (p<0.0001). Source: authors.
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Discussion

The previously established concept that distinct
classifications and compositions of the composite
resins contract in different ways throughout the
polymerization was confirmed by the present stu-
dy. This aspect was observed in the microscopic
analysis of the contraction gap formed between the-
se composites and their respective metal matrices.
The composite resin is considered the material of
choice for the repair of damaged or decayed dental
structures due to its aesthetic appearance, easy
application and adhesion to dental tissues. Howe-
ver, a great challenge in the use of these materials
refers to the polymerization shrinkage. Therefore,
numerous studies have been carried out, especially
in the last two decades, to find out improvements
in the mechanical and aesthetic properties of such
materials®’.

The Bulk Fill resins were developed with the
aim of obtaining larger increments of up to 4mm for
deep and wide dental cavities, providing a quicker
and easier procedure when compared to the tradi-
tional incremental technique®?%8. Therefore, it was
expected that its behaviour in front the polymeriza-
tion contraction process would be similar or smal-
ler than the universal composites, a fact observed
in the present study. Thus, single increments were
used in the tests with all the resins, because the
microscopically observed area was the most super-
ficial layer and as such, do not affect the result. The
Filtek Bulk Fill (3M/ESPE) and Surefill (Dentsply)
resins showed significant differences in the polyme-
rization shrinkage gaps, compared to the Xtra Base
(Voco) resin. Therefore, the differences between the
formulations of these materials must be emphasi-
zed.

The mobility of the Bis-GMA molecule is deter-
mined by the reactivity and high molecular weight
throughout the polymerization shrinkage, whi-
ch determines the possibility of dilution to obtain
higher conversion values, as well as a compatible
viscosity to provide particle filler incorporation to
the composite®1°.

It is known that each Bis-GMA and Bis-EMA
molecule contains two aliphatic carbon double
bonds and six aromatic double carbon bonds, that
may lead to a lower contraction due to the molecu-
lar weight of these monomers, while the TEGDMA
and the UDMA have two carbon double bonds ali-
phatic®. The presence of UDMA in the compositions
of the composite resins proposes a smaller amou-
nt of Bis-GMA in such formulations. Therefore, a
higher presence of Bis-GMA reduces conversion and
shrinkage of polymerization, as well as it explains
the high viscosity observed by the hydroxyl groups
and the rigidity provided by the aromatic rings
(high molecular weight) allowing a smaller agglo-
meration of reactive groups. These factors are res-
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ponsible for the decrease in the mobility necessary
for the dissemination of the polymer chain, thus
reducing the final conversion!'. For all studied re-
sins the presence of UDMA was observed, fact that
demonstrates a standardization and possible mini-
mization of the polymerization shrinkage.

The TEGDMA monomer presented significantly
lower mean values for the polymerization contrac-
tion gap'?. This work demonstrated that only the
Filtek Bulk Fill resin did not have this monomer in
its composition, which may be a contributing fac-
tor to the significant cleavage of the polymerization
contraction of this group.

In the present study, the universal resin obtai-
ned a higher contraction tension value than the
Bulk Fill resin. In fact, fluid resins present, by na-
ture, low modulus of elasticity, which associated
with a great fluidity during the initial phase of the
polymerization, caused a decrease in the contrac-
tion tension, when compared to the conventional re-
sins'®, In addition, all the Bulk Fill resins evaluated
here were of low viscosity, which may have contri-
buted to their low contraction tensions.

Other mechanisms may also contribute for the
reduced contraction tensions of Bulk Fill resins, in-
cluding the appearance of new monomers'4, as well
as the insertion of rheological modulators!®, such
urethane dimethacrylate, which presents promi-
sing effects on the decreasing of the voltages gene-
rated by the polymerization.

The discrepancies between the polymerization
contraction gaps presented by the composites are
linked to significant differences in the content of fil-
ler particles per volume in the composition of these
materials'é. This factor can be verified in the X-tra
Base (Voco) resin, which presented smaller gaps. It
presents 75% of filler particles per volume, a value
that is notably higher than the others. Thus, as
mentioned above, by increasing the filler content
and, therefore, decreasing the flowability, the mo-
dulus of elasticity increases in the same proportion
and the amount of organic matrix present in the
composite is decreased!’. This fact assists in a re-
duction in the polymerization contraction?®.

An increase in the modulus of elasticity of a ma-
terial can be obtained through a greater incorpora-
tion of filler particles, which reduces the amount of
organic matrix in the composite and favours a re-
duction in the polymerization shrinkage!82°,

Considering the differences in the composition
of the organic matrices of Bulk Fill resins, it is also
possible that the contraction gap is related to the
presence of the TEGDMA monomer in some for-
mulations, as well as the interactions with other
diluent monomers. Finally, further studies are re-
quired to characterize the involvement of photoini-
tiators and patented molecules in this process!+15.

In summary, it should be emphasized that the
performance and clinical longevity of resin restora-
tions are closely linked to the marginal integrity,
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that is, it is conditioned to lower contraction and
stress of polymerization contraction. These factors,
in turn, are controlled by the knowledge about the
photoactivation units, control of the technique and
composition of the materials.

Conclusions

Differences in the composition and classifica-
tion of the composite resins contributed to changes
in the contraction during the polymerization pro-
cess. In conclusion:

1. The differences in organic matrices, whi-
ch were influenced by the presence of the
TEGDMA monomer, influenced the contrac-
tion tension.

2. The content of particle filler per volume in-
terfered significantly in the polymerization
shrinkage gap.

Resumo

Objetivo: analisar a fenda de contragdo de polimeriza-
cao em diferentes compdsitos. Métodos: foram testadas
quatro marcas comerciais (n=5): Z350 (3M/ESPE); Fil-
tek Bulk Fill (3M/ESPE); Surefill (Dentsply); e Xtra Base
(Voco). Incrementos de resinas compostas foram inseri-
dos em uma matriz metalica circular de 7 mm de dia-
metro interno e 4 mm de altura e prensados por duas
placas de vidros apoiadas em matrizes de poliéster. ApSs
fotoativagcdo com aparelho Optilight Plus (Gnatus), com
intensidade de luz 1000 = 10mW/cm?, os corpos foram
polidos e, 24 horas depois, levados ao microscépio ele-
trénico de varredura, para analise da fenda de contracdo
de polimerizacdo, medida em 4 pontos na amostra (3, 6,
9 e 12 horas). Os dados foram avaliados por anélise de
varidncia (Anova one-way). Resultado: Filtek Z350 3M/
ESPE) manifestou a maior medida de fenda de contragdo
de polimerizagdo, ja Xtra Base (Voco) apresentou a me-
nor fenda com valores médios significantes. Conclusdo:
o conteldo de carga inorganica e diferentes associagées
nas matrizes organicas interferiram expressivamente na
fenda de contragdo de polimerizagao.

Palavras-chave: Resina Bulk Fill. Resinas compostas.
Contragao de polimerizacao.
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