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The aim of this work was to compare the in vitro wear and roughness of different composite
resins after toothbrushing. Six resins were tested: Revolution (Kerr), Natural Flow (DFL), Flow It!
(Jeneric-Pentron), Fill Magic Flow (Vigodent) - flowable composites, Silux Plus (3M) - microfilled
composite, and Z100 (3M) - hybrid composite. Eight disks were prepared for each group (n = 48),
with 12 mm in diameter and 1mm thick. The specimens were stored in distilled water at 37 °C for
7 days, polished (Super Snap), weighed and submitted to the initial roughness test. Each sample was
fixed on plexiglass plates and subjected to simulated toothbrushing. After abrasion, the samples
were removed from the plates, weighed and submitted to the post-abrasion roughness test. Statistical
analysis was performed by using ANOVA and Tukey’s test. Pearson’s test was used to verify
correlation between wear and roughness. Data showed a similar resistance to wear of Natural Flow
and Z100, both presenting minimum mass loss and surface roughness. Silux Plus presented the
roughest surface after toothbrushing.
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1. Introduction

Research in the Esthetic Dentistry seeks to meet to the
demands of the clinicians, who desire restorative materials
with easier handling characteristics and superior physical,
mechanical and esthetical properties. However, it is known
that achieving all these characteristics in one material con-
stitutes a difficult task.

A desirable property for a restorative material is the
high resistance to wear. Clinically, the wear of a restoration
may result from the centric and functional contacts, the
attrition of food bolus, the interproximal contact areas, as
well as toothbrushing (abrasion wear), by the action of
toothbrush and dentifrice!®. Wear is a complex process,
since it involves abrasion, adhesion, fatigue, erosion and
friction, which interact among themselves’.

Wear by toothbrushing can happen in restorations situ-

ated on any dental surface, however it is more common on
the buccal surfaces of the teeth (class V restorations), since
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these sites tend to receive a more intense action of tooth-
brushing’. The abrasion resistance of a material can be
evaluated through its mass loss and superficial smoothness,
after a certain period of toothbrushing'®. Rough surfaces
can lead to the increase of plaque retention and staining.
The superficial texture can also influence the esthetical
properties of composite resins, since it affects the light
reflectance and the apparent shade of a translucent mate-
rial®.

Several materials have been indicated for class V res-
torations, and the composite resins are the most used. The
microfilled resins have been broadly indicated for this type
of restoration, due to an easier polishing, which allows the
presence of a flatter surface close to periodontum, as well
as alow modulus of elasticity, allowing a greater deflection
of tooth-restoration!!. Another type of resin class V-indi-
cated is the flowable composite. They are constituted by
small particles that correspond to the ones of the traditional
hybrid composites (hybrid fillers ranging from 0.1 to 1 wm,
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or microfillers from 0.02 to 0.04 um). However, they differ
from hybrid resins by having a smaller amount of inorganic
filler, and consequently a higher matrix proportion, which
provides low viscosity and high fluidity, besides a low
modulus of elasticity*'2.

Due to the reduced filler content of the flowable com-
posites, it is assumed that they could present a lower
resistance to toothbrush abrasion than the composites with
a larger amount of fillers.

Based on this hypothesis, the aim of the present work
was the in vitro assessments of wear rate and surface
roughness of different flowable composites, in comparison
to a microfilled resin and a hybrid composite after tooth-
brush abrasion.

2. Materials and Methods

For the present study, six different composite resins
were selected: Revolution (Kerr Corp., Orange, CA, USA),
Natural Flow (DFL Ind. E Com. Ltda, Rio de Janeiro - RJ,
Brazil), Flow It! (Jeneric-Pentron Inc., Wallingford - CT,
USA), Fill Magic Flow (Vigodent S/A Ind. Com., Rio de
Janeiro - RJ, Brazil) - flowable composites, Silux Plus (3M
Dental Products, St. Paul - MN, USA) - microfilled com-
posite and Z100 (3M Dental Products, St. Paul - MN, USA)
- hybrid composite, used as control. The composition of the
tested materials is shown in Table 1.

Eight samples were made for each material, totaling 48
specimens. They consisted of disks obtained with a teflon
mold with 12 mm in diameter and 1 mm deep. Each
material was inserted into the mold in one increment with
an appropriate instrument. A glass slide was placed over
the mold/resin under pressure and the material was light-
cured (Curing Light XL 3000, 3M, Sedlbauer AG,
Grafenau) for 40 s, according to manufacturers’ instruc-
tions, obtaining a flat surface. The samples were removed
from the mold, stored in distilled water at 37 °C for 7 days
and after this period, the surfaces opposite to the glass slide
were finished and polished with Super-Snap (Shofu Inc.,
Kyoto, Japan) sequential disks in decreasing abrasive or-

Table 1. Restorative materials.
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der. Each specimen was weighed in an analytic electronic
balance (Ohaus Corporation, Union - NJ, USA) to deter-
mine its initial mass in grams (M), and the initial surface
roughness (Ra;) of each sample was measured with a rough-
ness meter (Prazis, ARO S.A., Buenos Aires, Reptiblica
Argentina). For this purpose, each specimen was carefully
fixed with wax on a metallic support and the needle situated
at the extremity of the equipment’s arm was positioned on
the sample surface and programmed to trace a course of
4.8 mm. Two additional measurements were accomplished
by rotating the disk in an angle of 90°, and a mean was
obtained from the three values.

For the wear test, each specimen was fixed on the center
of a plexiglass slide with 50 x 20 mm (in agreement with
the dimensions requested by the toothbrushing machine),
by adding a drop of monomer of acrylic resin (Artigos
Odontoldgicos Classico Industria Brasileira, Sdo Paulo -
SP, Brazil) on the surface of the plexiglass and the sample,
pressing it against the plate. Plexiglass patterns with the
same dimensions of the resin disks were also used in the
abrasion test, as control for wear. The machine used for
simulated toothbrushing was of Pepsodent type, developed
at the Precision Workshop from the University of Sdo Paulo
- Ribeirdo Preto (Fig. 1).

The toothbrush used was Kolynos (Kolynos do Brasil
Ltda, S. B. Campo - SP, Brazil) with soft bristles, and as
abrasive agent, a suspension of the Sorriso Branqueador
(Kolynos do Brasil Ltda, S. B. Campo - SP, Brazil) denti-
frice, with high abrasivity degree, and distilled water in a
1:1 proportion.

The specimens were randomly assigned into groups,
and for each test it was used five resin samples and a
plexiglass pattern, which were positioned inside the con-
tainers with 15 mL of the suspension. Toothbrushing was
accomplished with horizontal movements of the toothbrush
under a weight of 0.2 kgf and a traveled course of 3.8 cm.
The rotation was of 2 cycles/s and the total time of tooth-
brushing was of 100 min. Both slurry and toothbrush heads
were replaced for every new sample.

Name Manufacturer Lot Type of Filler % (vol)  Size (um)
Revolution Kerr Corp.- USA 905255 Barium glass; synthetic silica 55% 1
Natural Flow DFL Ind. e Com. Ltda. 9908730 Boro-aluminum silicate glass; synthetic silica 43% NA
Flow It! Jeneric-Pentron Inc. 26653  Barium-boro-fluoro-silicate glass 55% 1.5
Fill Magic Flow Vigodent S/A Ind. e Com. 01199  Barium-aluminum silicate NA 0.7
Silux Plus 3M Dental Products-USA 19990915 Colloidal silica 40% 0.04
7100 3M Dental Products-USA 9GM  Zirconium; silica 71% 1

NA - Information not available.
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Figure 1. Line diagram of the toothbrushing apparatus.

After the test, the specimens were carefully removed
from the plexiglass with the aid of a scalpel, rinsed in
running water, dried and weighed, obtaining the final mass
(M2). The three measurements of post-abrasion roughness
(Raf) were accomplished following the same sequence
described for the initial roughness test; however, the equip-
ment’s arm was positioned so that the tracing direction was
perpendicular to the direction of the toothbrushing action,
with the aim of registering the undulations caused by the
abrasion procedure. The abrasion resistance was evaluated
through the mass loss suffered by the material during
toothbrushing (M1-M>) and the averages of surface rough-
ness (it was not possible to calculate the volume loss, since
the manufacturers did not provide the density of the tested
materials). The data were submitted to the Analysis of
Variance (ANOVA) and Tukey’s Test. The Pearson’s Test
was used to verify if there was any correlation between
wear and roughness values.

3. Results and Discussion

The average of mass loss and superficial roughness of
the different tested resins are listed in Tables 2 and 3.

With regard to wear, there was a statistically significant
reduction (p < 0.05) of the mass of samples after tooth-
brushing. The minimum mass loss was observed in Natural
Flow (0.0038 g), which presented a statistically similar
result to Z100 (0.0061 g). Revolution, Flow It!, Silux Plus
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and Fill Magic Flow presented similar wear rates (0.0091 g,
0.0083 g, 0.0079 g and 0.0067 g, respectively).

Analyzing the roughness averages, Revolution, Flow
It!, Fill Magic Flow and Silux Plus presented a statistically
significant increase (p < 0.05) in their surface roughness
after abrasion. Natural Flow presented the lowest post-
abrasion roughness degree (0.312 pwm), being this result
similar to that observed for Z100 (0.499 um). Silux Plus
presented the roughest surface after the test (3.278 pum),
with significant difference. Revolution, Flow It! and Fill
Magic Flow showed degrees of roughness situated between
7100 and Silux Plus. Additionally, the correlation between
mass loss and surface roughness was found to be strong:
1> =0.34 (p < 0.05).

Initially, all the tested composite resins presented a
relatively low rate of surface roughness, since the proce-
dures of finishing and polishing produced flat and polished
surfaces. However, as expected, it was observed that tooth-
brush abrasion caused alterations on the surfaces of the
samples in different degrees, according to the material. In
this study, Natural Flow presented the greatest surface
integrity after toothbrushing, with the least mass loss and
the lowest surface roughness. In spite of having an amount
of filler inferior to Z100, Natural Flow presented similar
performance to the hybrid composite. According to Bayne

Table 2. Mass loss after toothbrush abrasion.

Material Mean (g) Standard deviation
Natural Flow 0.0038% +0.0017
Z100 0.0061%° +0.0018
Fill Magic Flow 0.0067" +0.0016
Silux Plus 0.0079" +0.0023
Flow It! 0.0083" +0.0017
Revolution 0.0091¢ +0.0032

Equal letters indicate statistical similarity.

Table 3. Initial and post-abrasion roughness averages of restorative

materials.

Material Ra-i (um) Ra-f (um)
Natural Flow 0.198 (£ 0.033)*  0.312 (£ 0.108)"
7100 0.114 (+0.053)*  0.499 (+0.263)™°
Fill Magic Flow 0.114 (£ 0.046)*  0.835 (£ 0.379)>¢
Revolution 0.159 (£ 0.043)*  0.872 (+0.44)>¢
Flow It! 0.137 (£ 0.052)*  1.038 (£ 0.546)°
Silux Plus 0.137 (£0.066)"  3.278 (+ 1.945)

Equal letters indicate statistical similarity.
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et al >*, wear resistance is related to the interparticle space,
as well as to the size and density of fillers. In the flowable
composites, the interparticle space is reduced by the pres-
ence of small and joined fillers which protect the matrix, in
spite of their volume percentage being of just 30 to 50% on
average. Such fact could lead the flowable composites to
present good results of wear. In their study, Bayne er al.?
did not observe statistically significant difference between
flowable and traditional resins, all presenting a relatively
low wear rate. Condon et al.?, Sulong et al.® and Suzuki et
al.'* also suggested that small particles could provide some
protection to the matrix against abrasion. This would hap-
pen because filler particles have a high modulus of elastic-
ity and are abrasion-resistant, and when small enough, they
can effectively reduce the spacing among them, which
would protect the matrix*. On the other hand, Rada'? points
that one of the concerns in relation to flowable composite
resins is that they are not so resistant to wear when com-
pared with more viscous composites. In the present study,
it was observed that two of the tested flowable composite
resins (Revolution and Flow It!) suffered a significant wear
and presented surfaces rougher than the control hybrid
resin.

In regard to mass loss, the microfilled composite Silux
Plus presented a wear rate similar to the flowable composite
resins (except Natural Flow), however, in agreement with
several works®!>!8 it showed an inferior performance to
the traditional hybrid resin.

According to Aker", the size of filler particles can
affect the resistance to abrasion. The author suggests that
the volume loss is caused by the combination of the re-
moval of the matrix and the eventual dislodgment of some
particles as the matrix is worn away, and the big particles
seem to hinder that removal.

Manhart et al.'” and Tanoue ez al.*® observed that wear
resistance of composite resins, could be influenced not only
by filler content and size, but also by other factors such as
matrix-filler interaction. Xie er al.?' assessed the wear
resistance of glass-ionomer cements, and observed that
bigger glass fillers and a better-integrated microstructure
contributed to a greater wear resistance.

In a study' about some chemically-cured resins with
different types of filler, it was observed that a microfilled
resin showed the greatest resistance to abrasion and pre-
sented the flattest surfaces after simulated toothbrushing.
Gladys er al.'” found in their study a roughness value of
0.11 um for Silux Plus after abrasion, which was statisti-
cally similar to the hybrid composite (Z100).

Bayne et al.* proposed that the protection supplied by
the microfillers to the matrix can be endangered if they are
agglomerated, increasing significantly the real interparticle
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spaces and decreasing consequently the effective resistance
of the material. In the present study, a significant alteration
on Silux Plus surface was observed, with accentuated
grooves produced by the bristles of the toothbrush. This
resin is constituted by particles of colloidal silica, which,
in agreement with Phillips*?, tend to agglomerate. Com-
paratively, Fortin ef al.?> obtained in their recent study, a
roughness value of 2.24 um for Silux Plus after toothbrush-
ing.

However, in contradiction to our results, Ehrnford®
observed that a microfilled composite resin presented a
comparatively flatter and more lustrous surface than the
conventional resin, suggesting that this fact would have
happened due to a more uniform wear of the former. This
disagreement could be due to differences in the abrasivity
presented by dentifrices.

Similarly to the present study, Mandikos ez al.** ob-
served a significant correlation between depth of wear and
mean of surface roughness of some indirect composite
resins after toothbrushing. They also suggested that the
differences in wear, hardness and surface roughness could
occur due to differences in the chemistry or in the light-cur-
ing methods.

4. Conclusion

Based on the results obtained, it can be concluded that
only one flowable composite (Natural Flow) showed a
similar behavior to the hybrid composite resin (Z100) in
relation to surface integrity (wear and surface roughness),
which was superior to the other tested materials. When
compared with the microfilled composite (Silux Plus),
Natural Flow presented less wear and a smoother surface.
The other flowable composites (Revolution, Flow It! and
Fill Magic Flow) showed similar wear rates to Silux Plus.
However Silux Plus presented the roughest surface after
toothbrushing.

This study suggests that greater or minor alterations on
the material surface after toothbrushing with dentifrice
depends on the composition and inherent characteristics of
composite resins, being necessary the accomplishment of
additional studies concerning the type, amount and ar-
rangement of fillers, to verify the influence on the mechani-
cal properties.

In general, the restorative materials investigated pre-
sented mass loss, leading to an increase of their roughness,
showing a correlation between these two factors.
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