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Evaluation of the surface roughness of a nanofilled composite resin
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Resumo

Introdugdo: O controle da técnica restauradora direta com resina composta no que se refere as caracteristicas de
lisura superficial, é um dos fatores que deve ser considerado para o sucesso restaurador. Objetivo: O propdsito deste
estudo foi avaliar a rugosidade superficial de uma resina composta nanoparticulada submetida a diferentes técnicas
de alisamento e finalizagdo. Material e método: Cinquenta corpos de prova foram confeccionados utilizando a resina
composta Z 350 XT (3M ESPE), divididos em cinco grupos sendo: G1 (controle): padrao tira de poliéster; G2: espatula
para insergdo de resina; G3 pincel limpo com dlcool e seco; G4; pincel limpo com alcool, seco e umedecido com
adesivo Single Bond (3M ESPE); e, G5: pincel limpo alcool, seco e umedecido com selante de superficie Natural
Glaze (DFL). Apds a confecgdo os corpos de prova foram estocados por 24 horas em agua deionizada. A rugosidade
superficial foi mensurada por meio de um rugosimetro de precisao. As médias foram comparadas por analise
de variancia, seguida do Teste de Tukey a 5% de significdncia. Resultado: A menor rugosidade superficial foi
observada em G1 e a maior em G3 O grupo G5, apresentou valores de rugosidade superficial inferiores aos demais
grupos testados e proximos ao grupo controle. Conclusio: As técnicas de alisamento e finalizacdo influenciaram a
rugosidade superficial da resina composta. O uso de selante resinoso, pela técnica de copolimerizagao, resultou em
menor rugosidade e o emprego do pincel limpo e seco promoveu rugosidade, além do limite aceitdvel o que pode
comprometer o desempenho de restauragdes.

Descritores: Resinas compostas; materiais dentarios; propriedades de superficie.

Abstract

Introduction: Controlling the surface smoothness characteristics of the composite resin when performing a direct
restorative technique is one of the factors involved in achieving restorative success. Objective: The purpose of this
study was to evaluate the surface roughness of a nanofilled composite resin submitted to different smoothing and
finishing techniques. Material and method: Fifty test specimens were made with the Z350 XT composite resin
(3M ESPE) and then divided into five study groups according to the smoothing and finishing method applied, as
follows: G1 (control), polyester strip; G2, composite spatula; G3, brush cleaned with absolute alcohol and dried; G4,
brush cleaned with absolute alcohol, dried and moistened with Single Bond (3M ESPE); and G5, brush cleaned with
absolute alcohol, dried and moistened with Natural Glaze surface sealant (DFL). After fabrication, the specimens
were stored for 24 h in deionized water. The surface roughness of the specimens was measured using a profilometer.
Surface roughness means were compared by analysis of variance followed by Tukey’s test at a level of significance of
5%. Result: The lowest surface roughness was observed in G1 (control group) and the highest, in G3. G5 had lower
surface roughness values compared to the other test groups, and presented values similar to those of the control
group. Conclusion: The smoothing and finishing techniques influenced the surface roughness of the composite resin.
Application of the surface sealant by the copolymerization technique resulted in lower roughness values. The use
of a clean, dry brush promoted roughness values beyond the acceptable limit, and is therefore liable to compromise
the performance of composite resin restorations.

Descriptors: Composite resins; dental materials; surface properties.
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INTRODUCTION

The surface smoothness of a restorative material is an important
characteristic that directly influences the longevity of restorations’.
This property also relates to an increase in wear of restorative
materials, accumulation of bacterial biofilm, gingival inflammation
and susceptibility to color change by staining®*.

Since its introduction, no material has been as modified and
improved as composite resin®. The main component of this material,
which relates to surface smoothness, is its filler, i.e., the inorganic
particles. The factors involved are the type of particle, its size and
quantity”. Roughness increases with the size of the filler particles
and their irregular shape?. One of the most important advances
in composite resins was the development nanotechnology to
obtain filler particles®. Smaller particles were produced to improve
composite resins without affecting the physical properties of
these materials®. With this development, there was a reduction in
polymerization shrinkage, an increase in strength and elasticity

and an improvement in polishing’.

Despite all the progress, this material continues to be very
sensitive, and the main reason for clinical failure is the application
of inappropriate techniques®. When adapting, manipulating and
smoothing composite resins, clinicians often resort to empiricism
and intuition, rather than science, without awareness of the effects
of their technical choices.

Various adaptation, smoothing and finishing techniques are
recommended when performing direct restorations with composite
resins. The use of brushes is recommended for adapting composites,
removing minor excesses, reconstructing dental morphology, and
obtaining smooth surfaces, with a smooth transition between the
resin and the dental substrate, in order to simplify the finishing
and polishing steps. Another option for the adaption, smoothing
and finishing of composite resins is the use of resin agents applied
with a brush’. The resin agents available have varied compositions
of resin monomers, such as bis-GMA, TEGDMA, THFMA and
UDMA?, and were introduced into the market to fill surface defects,
maintain surface smoothness, improve resistance to wear'® and the
marginal integrity of restorations'!. Two techniques are used to apply

Table 1. Characteristics of the materials used in the study
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resin agents: the conventional technique, in which the resin agent
is applied after light-curing of the surface layer of the composite
resin and normally after polishing, preceded by acid etching™'? and
the copolymerization technique, in which the resin agent is applied
directly to the final layer of the composite resin before light-curing’.
The copolymerization technique is applicable for medium and small
Class V, Class I and Class III lingual restorations, in which the
shaping and contouring can be obtained before polymerization’.
In these situations, this technique is recommended as an option to
reduce the finishing time required for the restoration.

Recently, the Natural Glaze resin agent (DFL, Rio de Janeiro,
RJ, Brazil), classified by the manufacturer as a surface sealant, was
introduced into the market. So far, however, there are no studies
evaluating its performance either in vitro or in vivo. Along the
same line, dental adhesives — which also contain resin monomers
and are frequently available for clinical use - could also be used as
surface sealing and smoothing agents'. In the literature, however,
there are no studies evaluating this option. Therefore, based on the
context presented, this study’s objective was to evaluate the surface
roughness of a nanofilled composite resin submitted to different
smoothing and finishing techniques in vitro.

Based on the information presented, a null hypothesis was
formulated, according to which the smoothing and finishing techniques
would have no influence on surface smoothness. An alternative
hypothesis was also formulated, according to which the techniques
that use a resin agent by means of the copolymerization technique
would produce smoother surfaces.

MATERIAL AND METHOD

Materials

To conduct this study, the Filtek™* Z350 XT (3M ESPE,
St. Paul, MN, USA) composite resin and the Adper Single Bond™
2 (3M ESPE, Sumaré, SP, Brazil) and Natural Glaze (DFL, Rio de
Janeiro, R], Brazil) resin agents were used to adapt and smooth the
composite resin. A description of the materials used in this study
is presented in Table 1.

Material Classification Color Composition (% of volume)*
Matrix based on bis-GMA, UDMA, TEGDMA, PEGDMA and
Filtek 7350 XTR Nanofilled, photopolymerizable bis EMA, 55.6% of inorganic particles for transluce.:r.)t colors, with a
(3M ESPE) composite resin A2E combination of non-agglomerated/non-aggregated silica filler (20 nm),
non-agglomerated/non-aggregated zirconia filler (4 to 11 nm) and
aggregated zirconia/silica cluster filler (4 to 20 nm).
Ethanol, bis-GMA, silane treated with silica particles, 2-hydroxyethyl
Adper Single Bond™ 2 . . methacylate, glycerol 1, 3 dimethacrylate, copolymer of acrylic acid
(3M ESPE) i - itk el syt ) and itaconic acid and diurethane dimethacrylate. 10% of colloidal
silica (5 nm).
Natural Glaze Surf. lant ) Bis-GMA, TEGDMA, 2, 6 DI, urethane, camphorquinone, benzil
(DFL) uriace seatan dimethyl ketal, Quantacure EHA.

*Information provided by the manufacturer.
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Methods

Preparation of the test specimens

Fifty disk-shaped test specimens were fabricated, and then
divided into five groups (n = 10) according to the composite resin
smoothing and finishing technique applied.

A stainless steel split die was used to fabricate the test specimens,
with a diameter of 8 mm and thickness of 2 mm. In all groups, the
composite resin was inserted in a single increment and initially
adapted in the die with a resin spatula. After this step, the groups
were formed according to the smoothing and finishing techniques
described in Table 2.

The use of the brush in Groups 3, 4 and 5 was standardized
with light strokes and application in all directions. After placement,
smoothing and finishing of the composite resin, the test specimens
were pre-polymerized for 20 s with a Blue Fase light-curing unit
(Ivoclar Vivadent, Liechtenstein, Germany). A layer of water-soluble
liquid glycerin was then applied to the test specimens with a brush
to inhibit contact with oxygen, and the resin was light-cured for
another 20 s.

Storage conditions

After fabrication, the test specimens were washed thoroughly
with a water and air spray, to remove the glycerin, identified and
maintained separately in closed plastic bottles with deionized
water in an incubator at 37 °C for 24 h. After this period, they were
submitted to surface roughness readings.

Evaluation of surface roughness

The quantitative measurement of surface roughness was
made using a Mitutoyo Suftest SJ-201P precision roughness tester
(Takatsuku, Kawasaki Kanagaua, Japan). The roughness tester was
configured to work with an Ra (um) parameter and cut-off value
of 0.25 pum. Six readings were made of each test specimen, 3 on
the x axis and 3 on the y axis, from which a roughness mean was
obtained for each test specimen of the study groups.

Table 2. Groups and respective surface smoothing and finishing
techniques

Group Smoothing and finishing technique
Gl Surface with standard polyester stri
(Control) " W poly P
& Adaptation, surface smoothing and finishing with a

spatula appropriate for composite.

Adaptation with a composite spatula, surface
G3 smoothing and finishing with a brush cleaned with
absolute alcohol and dried.

Adaptation with a composite spatula, surface
smoothing and finishing with a brush cleaned with

G4 absolute alcohol, dried and moistened with a drop of
Single Bond 2 adhesive; copolymerization technique.
Adaptation with a composite spatula, surface
G5 smoothing and finishing with a brush cleaned with

absolute alcohol, dried and moistened with a drop of
Natural Glaze adhesive; copolymerization technique.
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Statistical analysis

The nominal surface roughness values were tabulated in
spreadsheets and analyzed by means of SPSS software (Statistical
Package for Social Sciences, version 18.0). Once the normality and
homoscedasticity were verified, using respectively the Shapiro-Wilk
and Levene tests, the groups were compared with regard to surface
roughness by means of analysis of variance (ANOVA) and by the
Tukey test, adopting a significance level of 5%.

RESULT

ANOVA showed that there were significant differences between
the groups studied (F = 101.847; p <0.05). The Tukey test showed
significant differences between the group means (p < 0.05), as
can be observed by the mean surface roughness values (Ra) and
standard deviations (in pm) presented in Table 3.

DISCUSSION

Maintaining a smooth surface is essential to improving the
longevity of esthetic restorative materials'2. Roughness testers have
been used for years to measure surface roughness'. Surface texture
is quantified by means of random readings, in pm, and a mean
(Ra, arithmetic roughness) is calculated by group’. The arithmetic
roughness parameter has been used by many studies to estimate the
surface quality of composite resins?>>'*'*, and is well accepted as a
characteristic used for the comparison of resin-based materials'®"”.
The present study also used the Ra measurement parameter since it
is a representative average of the peaks and valleys of a scan made
over a wide area of each test specimen.

The composite resin used in the present study is classified as
nanofilled, and is characterized as showing low surface roughness,
a material-dependent feature'®.

According to the literature, a mean surface roughness (Ra)
of 0.2 um is the threshold surface roughness for bacterial plaque
retention, and a roughness above this value results in biofilm
retention and in an increased risk of caries and periodontal
disease’. Moreover, it is proven that staining is accelerated by an
increase in surface roughness'. With regard to the results of the
present study, only two groups showed values lower than or equal

Table 3. Means and standard deviations (SD) of the surface roughness
for each of the study groups (in um)

Group Mean (SD)
(coitlrol) 0.071 (0.055)*
— 0.272 (0.054)°
G3 0.464 (0.049)
o 0.322 (0.039)°
G5 0.136 (0.045)"

Means followed by the same letter do not differ statistically, according to the F
test, with a 5% probability.
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to 0.2 um, namely, Groups 1 (control) and 5, in which a surface
sealant applied by means of the copolymerization technique was
used for smoothing and finishing. This result suggests that this
is an option to be used when the polyester strip technique is not
recommended, or when performing it is clinically impossible.
The Ra values for Groups 2 and 4 were statistically equal, and
higher than those of Group 5, albeit within acceptable limits. On
the other hand, the roughness obtained by applying the smoothing
and finishing technique with a clean and dry brush (Group 3) - a
method frequently used in clinical practice --- was twice as high
as the acceptable roughness and could negatively influence the
performance of esthetic restorations.

In evaluating the Ra of different smoothing and finishing
techniques applied to a nanofilled composite resin, significant
differences were observed between the study groups. However,
no group was statistically similar to Group 1 (control), in which
the surface smoothness was obtained using a polyester strip.
This group showed the lowest Ra, accepted as the ideal standard
and representative of clinical situations in which these polyester
matrices are used'. Their use in control groups is reported in
numerous studies"*'®. The surface smoothness obtained by
means of this procedure is due to formation of a surface layer
rich in organic matrix*'*. However, it is not always possible to use
polyester strips to imprint their standard of smoothness on the
final layer of a restoration. Thus, other smoothing and finishing
techniques are suggested.

Of the smoothing and finishing techniques evaluated in the
present study, the one that showed Ra values closest to those of
Group 1 was the Group 5 technique, in which a surface sealant
was applied by the copolymerization technique. This probably is
justified by the composition of this material, rich in resin monomers
(bis-GMA and TEGDMA), which are the same components of the
organic matrix of composite resins. These monomers probably
form a layer rich in organic matrix similar to that obtained when
a polyester strip is used, albeit by applying sealant with a brush
instead of by exerting pressure with the strip.

No statistically significant differences were observed between
the performance of Group 2 - in which the composite resin was
placed, smoothed and finished with a spatula - and that of Group 4,
in which the smoothing and finishing were performed with Single
Bond 2 adhesive by the copolymerization technique. Thus, since the
use of the spatula for composite resin alone provided the same result,
we feel that there is no point in applying the Single Bond 2 adhesive
by the copolymerization technique to the surface of the restoration.
Furthermore, by eliminating this step, it is possible to simplify the
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procedure, save time and reduce costs. In addition, it may also be
suggested that the hydrophilic monomers and ethanol present in
the composition of Single Bond 2 may promote surface dissolution
of the organic matrix. This may have contributed to an increase
in roughness values and, consequently, to poorer performance of
the group in which the Single Bond 2 (Ra = 0.322 pum) was used,
compared to the group in which the Natural Glaze surface sealant
(Ra =0.136 um) was used.

Of the groups tested, the one that showed the highest mean
surface roughness was Group 3 (Ra = 0.464 um), in which the
smoothing and finishing were performed with a clean and dry
brush alone. In this technique, the bristles of the brush in contact
with the non-polymerized composite resin left grooves that explain
a mean surface roughness that was significantly higher than that
of the other groups, and twice as high as the value recognized as
being able to avoid retention of bacterial plaque, namely, 0.2 um®.
Therefore, using the technique of a clean and dry brush is not a
desirable option when a smooth surface is needed.

It should be emphasized that this study initially proposed to
evaluate the immediate performance of different smoothing and
finishing techniques with regard to mean surface roughness (Ra);
however, based on the results obtained here, it would be interesting
to evaluate the behavior of these surfaces over time, submitting
them to aging processes and to the challenges posed by the oral
environment.

CONCLUSION

The present study demonstrated that the different smoothing
and finishing techniques applied to a nanofilled composite resin
showed an impact on the mean surface roughness (Ra) of the test
specimens. The null hypothesis was therefore rejected.

The technique that used the resin sealant by the copolymerization
method produced a surface with less roughness compared to the
technique that used the adhesive system or the technique in which
only the spatula was used. The alternative hypothesis was therefore
partially accepted.

Use of a clean and dry brush produced the greatest surface
roughness value, twice as high as the limit considered acceptable,
and is therefore liable to compromise the performance of composite

restorations.

Studies are warranted to evaluate the effect of aging on the
results obtained by the techniques tested in this study, in order to
verify whether these results are maintained or altered over time.
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