ORIGINAL RESEARCH
Dental Materials

Marcela Alvarez FERRETTI®
Renata PEREIRA®

Rodrigo Barros Esteves LINS
Mariana Gusméo Corsini SOARES®
Larissa Jacé Hessel PINTO®

Luis Roberto Marcondes MARTINS®
Flavio Henrique Baggio AGUIAR®

©@Universidade Estadual de Campinas
— Unicamp, Piracicaba Dental School,
Department of Restorative Dentistry,
Piracicaba, SP, Brazil.

Declaration of Interests: The authors
certify that they have no commercial or
associative inferest that represents a conflict
of interest in connection with the manuscript.

Corresponding Author:
Marcela Alvarez Ferretti
E-mail: marcela.a.ferretti@gmail.com

https://doi.org/10.1590/1807-3107bor-2021.v0l35.0010

Submitted: January 30, 2020
Accepted for publication: July 29, 2020
Last revision: August 21, 2020

Characterization of low-cost Brazilian
resin composites submitted to
tooth brushing

Abstract: This in vitro study aimed to evaluate surface microhardness,
roughness, color, gloss and topography of low-cost Brazilian resin
composites, compared with an international one. All 120 samples (Smm
o x 2mm height) were prepared and divided into 5 groups: Ultrafill
(Biodinamica), Llis (FGM), Fill Magic (Coltene), Applic (Makira), and
Filtek Z250XT (3M Oral Care). Surface microhardness (KHN) (n=10)
was analyzed at two time periods: before and after simulated tooth
brushing (STB). Other standardized samples of each group (n=10) were
analyzed for surface roughness (Ra), color (AL, Aa, Ab, AE, AE,;) and
gloss unit (GU) at the same two periods. The topography of non-brushed
and brushed samples of each group (n=4) was evaluated by scanning
electron microscopy. Data were analyzed statistically by two-way
repeated measures ANOVA with Bonferroni post-hoc test (KHN, Ra,
GU), and one-way ANOVA with Tukey post-hoc test (AL, Aa, Ab, AE, AE)
(2=0.05). Topographic images were submitted to descriptive analysis.
The low-cost Brazilian resin composites investigated were compared
with the international one and revealed: lower KHN, regardless of
before or after STB; statistically similar Ra before STB, except Ultrafill,
which presented higher values; lower Ra after STB, except Ultrafill,
which presented statistically similar values; statistically similar color
change in AL, Aa, Ab parameters; statistically similar color change in
AE, AEOO parameters, except Fill Magic, which presented lower values;
lower gloss before STB; lower gloss after STB, except Ultrafill, which
presented statistically similar values. In a situation of scarce resources,
low-cost Brazilian composites might be an acceptable cost-effective
restorative alternative.

Keywords: Composite Resins; Surface Properties; Toothbrushing.

Introduction

The search for quality of life and healthcare has intensified in recent
years. Moreover, since it has become increasingly easier to find information,
and dentistry has become globalized, people of all ages have become
more demanding about restorative dentistry treatments.!” As a result,
there has been a remarkable increase in the demand for dental services
in Brazil.** Among the options available today, there are not only public
and private dental clinics, but countless health insurance providers and
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exclusively dental insurance plans that facilitate
the access to treatment of people from different
socioeconomic groups. The services are affordable,
and payment options range.> According to data
from the National Supplementary Health Agency,
the number of health plan beneficiaries increased
25% from 2008 to 2013.° Exclusively dental health
insurance grew from 2.7 million in December 2000
to 16 million in September 2011.

On one hand, it is desirable for the population to
have easy access to dental treatment; on the other
hand, it is important to consider the resources
used in clinical procedures, and the implications
of low-cost treatments on dental profits. According
to Hebling et al.,® although fixed quotations may
range among dental clinics, some variable costs are
established by criteria that do not depend only on
the operator, such as the cost of dental materials.
In the case of resin composites, for instance, the
price is set by the material suppliers, the amount
to be used is determined by the cavity size, and
the choice of material should be based on scientific
evidence.”® Thus, one may speculate that the cost
quotations given by popular dental clinics for
composite dental work does not have to be high
in order for these clinics to profit from standard
restorative treatments. However, cost savings may
imply loss of effectiveness.

Effectiveness should be an acceptable and not
the highest amount, so that the intervention may
be cost-effective.” Nevertheless, whether the price
of the composites is directly proportional to the
quality of the treatment remains unknown. Cost-
effectiveness studies in the area of restorative
dentistry are scarce, and, when available, normally
consider restoration survival,'®" and not exactly the
properties of the materials.

Considering that the clinical success of restorative
procedures largely depends on the quality of the
material used, and that resin composites are used for
multiple purposes in dentistry,>'? it is essential that
professionals select efficient and quality materials,
based on their scientifically evaluated properties.
To date, there are no reports in the literature on the
properties of low-cost Brazilian resin composites.
Thus, this in vitro study aimed to evaluate the
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surface microhardness, roughness, color, gloss and
topography of four low-cost Brazilian composites,
before and after simulated tooth brushing, compared
to a standard international one. All the Brazilian
resin composites (Ultrafill, Llis, Fill Magic and
Applic) evaluated in this study were low-cost
products available on the local market, and all
widely used in dental clinics in Brazil. They were
compared with an international resin composite,
considered of satisfactory quality (Filtek Z250
XT). The alternative hypotheses tested were: a) the
international resin composite would present surface
properties superior to the Brazilian composites; b)
simulated tooth brushing would negatively influence
the tested properties of both the Brazilian and the
international products.

Methodology

Sample preparation

A total of 120 samples were prepared from five
different micro- and nanohybrid resin composites,
and divided into five groups: Ultrafill (Biodinamica,
Ibipord, Brazil); Llis (FGM, Joinville, Brazil); Fill Magic
(Coltene, Rio de Janeiro, Brazil); Applic (Makira,
Maringa, Brazil); Filtek Z250 XT (3M Oral Care, St.
Paul, , USA). The composition and prices of all the
resin composites are presented in Table 1. The price
of each composite, in local currency (reais: R$), was
converted to American dollars according to the
exchange rate of May 2020 (US$1.00 = R$ 5.34).

All the samples were prepared using a silicon
matrix with an orifice of 8 mm @ x 2 mm height. The
independent variables tested were as follows: surface
microhardness (n = 10); surface roughness, color and
gloss (n = 10); and surface topography (n = 4). The
matrix orifice was filled with a single resin composite
increment. Afterwards, a polyester strip covered by a
glass coverslip was positioned over the material. The
glass coverslip was pressed with a 500 g load for 3 min
to ensure better compaction of the resin composite
to prevent voids in the sample body. The composites
were light-cured (Valo, Ultradent Products, S. Jordan,
USA) at 1,400 mW/cm? and measured by a power
meter (Ophir Optronics, Jerusalem, Israel) for 20 or
40 s, according to the manufacturer’s instructions.
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Table 1. Materials specifications as reported by the manufacturer.

: . o Lot . e Filler loading Curing Price
Resin composite  Classification number Manufacturer Matrix composition (volume %) Shade fime (R$/U$)
. . . Biodindmica, BisGMA, UEDGMA, Inorganic R$13.99/
Ultrafil Microhybrid 36218 Ibiporé, Brazil Filler, Pigments, Catalysts 79 A2 40s Us 2.61*
BisGMA, TEGDMA, Bis-EMA,
o Camphorguinone, Co-
Llis Nanohybrid 230718 REi; Jomwlle, initiators, Silane, Barium- 56-59 EA2 20s R$22‘é]*/
Brazil . .4 Us$4.23
Aluminum Silicate Glass,
Silicon Dioxide Nanoparticles.
Coltene, Rio Bis-GMA, Bis-EMA, UDMA, R$17.49/
Fill magic Microhybrid 1702599  de Janeiro, TEGDMA, photoinitiator, 75 A2 40s s
i ) ) Us$3.27
Brazil fillers, pigments.
Bis-GMA, UDMA, TEGDMA,
Camphorquinone, Chivacure
. EPD, Butyl Hydroxy Toluene,
Applic Nanohybrid ~ 45918 . Maauira, 5 il OX 50, Aluminum, 56-59 EA2 205 \924.90/
Maringd, Brazil o U$4.66
Boron Silicate, Yellow Iron
Oxide, Red Iron Oxide, Black
Iron Oxide
Bis-EMA, Bis-GMA, UDMA,
. . . 3M Oral Care, TEGDMA, PEGDMA, Treated R$77.0/
Filtek Z250 XT Microhybrid 933261 St. Paul, USA Silanized Ceramics, Silane 67.8 A2 20s U$14.41*

Treated Silica.

Bisphenol A Diglycidyl Ether Dimethacrylate (Bis-GMA); Triethylene Glycol Dimethacrylate (TEGDMA); Ethoxylated Bisphenol A Glycol
Dimethacrylate (Bis-EMA); Diurethane Dimethacrylate (UDMA); Ethylene Urethane Dimethacrylate (UEDGMA), Polyethylene Glycol

Dimethacrylate (PEGDMA). *Reference values of May 28, 2020

The light-curing unit was positioned directly over
the polyester strip. The tip diameter was measured
with a digital caliper (Mitutoyo Corporation, Tokyo,
Japan), and the tip area was determined in cm?.
Irradiance (mW/cm?) was calculated by dividing the
optical power by the tip area.

Samples were dried-stored at 37°C. After 24 h,
they were submitted to finishing and polishing in a
polishing machine (APL-4, Arotec, Sdo Paulo, Brazil)
with #1,200, #2,000, and #4,000 grit carbide sandpaper
(Carbimet Paper Discs, Buehler, Lake Bluff, USA),
under water-cooling. The samples were cleaned in
ultrasonic baths (1440 D-, Odontobras, Rio Preto,
Brazil) for 15 minutes between sanding with each grit.

Simulated tooth brushing

Simulated tooth brushing was performed using
one soft toothbrush (Oral B Indicator Plus - Procter
& Gamble, Cincinnati, USA) for each sample. First,
the toothbrush handle and head were separated by
sectioning with a double-sided diamond disk (KG
Sorensen, Barueri, Brazil). Afterwards, the brush head
was fixed to the brush holder device of a simulated

brushing machine (MSet, Marcelo Nucci ME, Sao
Carlos, SP, Brazil) with thermoplastic glue (Brascola,
Sao Bernardo do Campo, Brazil), so that the toothbrush
bristles remained in contact with the surface of the
sample throughout all brushing cycles. The simulated
tooth brushing process was performed according to
ISO/TS 14569-2 specifications.”

A slurry solution was used to brush the samples.
It consisted of toothpaste (Colgate Maximal Caries
Protection, Colgate Palmolive Company, Sdo Paulo,
Brazil) diluted in distilled water, at a concentration
of 3 g/ml (3:1), in accordance with ISO 11609:2010
standards.* Each sample was submitted to linear
brushing movements, totaling 20,000 movements
(10,000 cycles), which correspond to approximately
12 months of brushing, at a frequency of 5 Hz, and
under a 200 g load, to simulate the force applied
during oral hygiene procedures.”'*” At the end of
the brushing cycles, the samples were removed from
the machine, washed with distilled water, dried with
absorbent paper (Kleenex, Kimberly-Clark, Sao Paulo,
SP, Brazil) and submitted to surface microhardness,
roughness, color, gloss and topography analyses.
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Knoop Microhardness Analysis (KHN)

Microhardness analysis was performed with
a microhardness tester (HMV-2000, Shimadzu
Corporation, Tokyo, Japan). A Knoop diamond
indenter applied a static load of 50 gf for 15 s to
the top surfaces of the samples. Three Knoop
indentations were made on the upper surface of
each sample: one at the center and two at a distance
of 200 pm from the center. The average value of
the indentation measurements was used in the
statistical analysis as the KHN value for each
sample. The measurements were repeated after
simulated tooth brushing.’®

Surface roughness analysis (Ra)

Surface roughness was measured using a
profilometer (Surftest 211, Mitutoyo, Tokyo, Japan).
Each sample was positioned perpendicular to the
profile tip, and the Ra values (arithmetic mean of
surface roughness) were obtained using a cut-off of
0.25 mm, with 0.05 mm/s speed. Three equidistant
measurements were performed per sample. The mean
of the measurements was calculated and tabulated.
These measurements were repeated after simulated
tooth brushing.”

Color analysis

Color was measured using a spectrophotometer
(CM 700D, Minolta, Osaka, Japan) previously calibrated
according to the manufacturer’s specifications. Samples
were placed in a polytetrafluoroethylene-based device,
in ambient light condition (GTI MiniMatcher MM-1,
GTI Technology, Newburgh, USA)."” The mean values
of three readings were calculated for each sample.
These values were quantified in the CIE L a* b*
color system, used in color software (Konica Minolta,
Chiyoda, Tokyo, Japan), in three coordinates, to allow
the calculation of color change (AE) = [(L1 - LO)* +
(a1 - a0)* + (b1 -b0) 3 ** and CIEDE2000 color difference
(AEw) = [(AL/K,S,) * + (ACTKS) + (AH7K, Sy +
R;* (AC/K:So) * (AH/KSy)]” (Paravina 2015, Perez
2016).2% The readings were also taken after simulated
tooth brushing. The International Commission on
[Mumination - CIE L* a* b* represents color parameters
in three dimensions, indicating variations of lightness
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for L¥ parameter (black-white), and chrome for a*
(red-green) and b* (yellow-blue) parameters.!

Gloss analysis (GU)

The gloss of the samples was measured by ZGM
Glossmeter (Zehntner Testing Instruments, Sissach,
Switzerland), in gloss units (GU). The device projects
a beam of light at angles of 20°, 60° or 85°. The angle
of 60° was applied to evaluate the gloss at the center
of the sample, and also perform the entire assessment
(ISO - Standards, ISO 2813:2014).> A metallic sample
holder with the same dimensions as the sample was
used to avoid the influence of external illumination.
Three measurements were performed per sample. The
mean of each three values of gloss unit was calculated
and tabulated. These measurements were repeated
after the simulated tooth brushing procedure.”

Surface topography analysis by Scanning
Electron Microscopy (SEM)

Four samples of each group were prepared to
analyze surface topography by SEM. Characterization
of the topography was determined by comparing the
time periods before and after brushing, using two
samples of each group analyzed before simulated
tooth brushing with two others after simulated tooth
brushing. The samples were coated with palladium-
gold alloy under high vacuum (SCD 050, BALTECAG,
Balzers, Liechtenstein) and analyzed by SEM (JSM
5600 LV, JEOL, Tokyo, Japan). Image magnifications
of 5000x were obtained.

Statistical analyses

Statistical analyses were performed with
SPSS 21.0 (SPSS, Chicago, USA). Shapiro-Wilk,
Kolmogorov-Smirnov and Levene tests were
conducted to confirm data normality and equality
of variances. Microhardness (KHN), roughness
(Ra) and gloss unit (GU) were analyzed by two-
way repeated measures ANOVA with Bonferroni
post-hoc test. CIELab parameters (AL* Aa* ADb¥),
color change (AE) and CIEDE2000 color difference
(AEy,) were analyzed by one-way ANOVA with
Tukey post-hoc test, with the significance level
set at 5%. Topographic images were submitted to
descriptive analysis.
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Results

Knoop microhardness (KHN)

The Knoop microhardness values before and after
simulated tooth brushing are shown in Table 2. Before
brushing, Filtek Z250 XT presented higher KHN values
than the Brazilian composites (p < 0.001). Fill Magic
exhibited lower KHN values than the other Brazilian
composites (p < 0.015). After brushing, Filtek Z250 XT
also presented higher KHN values than the Brazilian
composites (p <0.004), and all the Brazilian composites
presented similar results (p > 0.05). The microhardness
values of all the composites significantly increased
after brushing (p < 0.036).

Surface roughness (Ra)
The surface roughness values are shown in
Table 3. Before simulated tooth brushing, Ultrafill

Table 2. Mean and standard deviation (SD) of Knoop
Microhardness (KNH) before and after simulated tooth brushing.

Simulated tooth brushing

Resin composite

Before After
Ultrafill 65.06 (5.47) Bc 79.34 (12.41) Ab
Llis 68.57 (5.73) Bbe 77.94 (9.73) Ab
Fill Magic 59.35 (4.01) Bd 73.01 (9.28) Ab
Applic 71.71 (5.38) Bb 81.60 (7.18) Ab
Filtek Z250 XT 85.55 (6.36) Ba 94.56 (2.36) Aa

Mean values followed by the same letters did not differ statistically
(p > 0.05). Uppercase letters compare different time periods for the
same resin composite (rows), whereas lowercase lefters compare
different resin composites at the same time period (columns).

Table 3. Mean and standard deviation (SD) of roughness (Ra).

Resin composite

Simulated tooth brushing

Before After
Ultrafill 0.156 (0.01)Ba 0.197 (0.04) Aab
Llis 0.117 (0.02) B 0.145 (0.04) Ac
Fill Magic 0.133(0.02) B 0.156 (0.03) Ac
Araalfe 0.137 (0.01) B 0.187 (0.03) Ab
Filtek 7250 XT 0.132 (0.01) B 0.216 (0.02) Aa

Mean values followed by the same letters did not differ statistically
(p > 0.05). Uppercase letters compare different time periods for the
same resin composite (rows), whereas lowercase letters compare
different resin composites at the same time period (columns).

presented the highest values of all resin composites
(p < 0.048). Llis, Fill Magic, Applic and Filtek Z250
XT showed no differences in Ra values among
themselves (p > 0.05). After brushing, Filtek Z250
XT and Ultrafill showed higher roughness values
than Llis and Fill Magic. Fill Magic was similar
to Llis (p > 0.05). The surface roughness of all the
composites increased after brushing.

Color

Table 4 shows the values of color change after
simulated tooth brushing. AL and Ab coordinates
did not present any differences among the resin
composites (p > 0.05). The Aa coordinate presented
higher values for Applic, Filtek Z250 XT, and Ultrafill
(p > 0.05). However, Filtek Z250 XT did not differ from
the other resin composites, and Llis showed lower
values compared with Ultrafill and Applic (p < 0.018).
AE and AE, showed statistical differences between
Filtek Z250 XT and Fill Magic (p < 0.041). The other
groups did not show any statistical differences among
one another (p > 0.05).

Gloss (GU)

Table 5 shows the gloss values. Before simulated
tooth brushing, Filtek Z250 XT obtained higher
values than the Brazilian composites (p < 0.046).
Ultrafill presented lower gloss values than Filtek
7250 XT, Fill Magic and Applic, but values similar
to Llis (p > 0.05). Llis, Fill Magic and Applic did not
differ among one another (p > 0.05). After brushing,
Filtek Z250 XT presented higher gloss values than
the Brazilian composites (p < 0.018), except for
Ultrafill (p = 0.064). The other composites did not
differ statistically from one another (p > 0.05). After
brushing, all the composites showed a decrease in
gloss values (p < 0.001).

Surface topography by SEM

Figure represents the surface topography of the
composites obtained by SEM. Although Ultrafill,
Llis, Fill Magic and Applic presented some slight
deformations before brushing, overall, all the groups
had homogeneous surfaces in comparison with the
same groups after brushing. In the case of Applic,
exposure of filler particles is noticeable. After brushing,
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Table 4. Mean and standard deviation (SD) of difference of CIELab parameters (AL, Aa and Ab), color change (AE) and CIEDE2000

color difference (AE,), after simulated tooth brushing protocol.

Resin composite AL Aa
Ultrafill -0.73(0.83) a 0.44 (0.13) ab
Llis -0.57 (0.77) a -0.03(0.62)
Fill Magic -0.33(0.77) a 0.12 (0.11) be
Applic -0.87 (0.73) a 0.58 (0.18) a
Filtek Z50XT -0.49 (0.52) a 0.35 (0.27) abc

Ab AE AEq,
117 (0.49) a 1.95 (0.58) ab 1.17 (0.52) ab
-1.07 (0.89) a 1.62 (0.69) ab 0.98 (0.58) ab
-1.04(0.17) a 1.30 (0.24) b 0.88 (0.18) b
1.35(0.21) a 1.83 (0.31) ab 1.37 (0.29) ab
-1.25(2.59) a 2.48 (1.50) a 1.61(0.76) a

Mean values followed by the same letters did not differ statistically (p > 0.05). Lowercase letters compare different resin composites for the same

variable (rows).

Table 5. Mean and standard deviation (SD) of gloss.

Simulated tooth brushing
Resin composite

Before After
Ultrafill 77.93 (3.60) Ac 18.14 (9.87) Bab
Llis 81.49 (8.20) Abc 16.36 (4.66) Bb
Fill Magic 83.42 (5.98) Ab 18.74 (4.09) Bb
Applic 85.86 (2.77) Ab 18.13 (5.78) Bb
Filtek Z50 XT 88.78 (3.25) Aa 27.31 (6.83) Ba

Mean values followed by the same letters did not differ statistically
(p > 0.05). Uppercase letters compare different time periods for the
same resin composite (rows), whereas lowercase letters compare
different resin composites at the same time period (columns).

the homogeneity of exposed filler particle sizes could
be observed for Ultrafill, Llis, Fill Magic and Applic.
Even so, the spatial conformity of each filler particle
isirregular. Contrarily, the size of the Filtek Z250XT
filler particles is heterogeneous (some particles are
smaller than others), whereas their spatial conformity
is more rounded and regular.

Discussion

Although the physicomechanical properties and
characterization of costly resin composites made
by international manufacturers are well elucidated
in the literature, to the best of our knowledge,
no previous study has explored the surface
characteristics of low-cost Brazilian resin composites.
This study reports the surface microhardness,
roughness, color, gloss and topography of four
low-cost Brazilian resin composites, compared
to a standard international one, before and after

6 Braz. Oral Res. 2021;35:e010

simulated tooth brushing, bearing in mind that all
are widely used in dental clinics in Brazil.

The first hypothesis was that the international
resin composite would present properties superior to
those of the Brazilian composites, and was rejected.
Although Filtek Z250 XT presented the highest
microhardness and gloss values, both before and
after simulated tooth brushing, the surface roughness
evaluation showed that Filtek Z250 XT presented
higher values than Fill Magic, Llis and Applic after
brushing. In addition, the color of Filtek Z250 XT
underwent greater change than that of Fill Magic.
Such varied results after brushing led to the rejection
of the second hypothesis (simulated tooth brushing
would negatively influence the tested properties).

Filtek Z250 XT contains nano-zirconia/silica
spheroidal particles and a relatively soft organic
matrix of Bis-GMA, UDMA and TEGDMA.? The
hardness of the zirconia particles may have caused
the brushing cycles to wear them out to a lesser
extent than the soft organic matrix, resulting in an
irregular surface. Evidence of this is given in Figure 1,
which shows that the interparticle spacing of Filtek
7250 XT after brushing seems to be greater than
that of the other composites. The same results of
this morphological analysis were found in previous
studies.* As stated by Ruivo et al.,” the greater the
interparticle spacing, the less protected the soft
resin matrix against challenges, such as brushing.
A point to be borne in mind herein is that roughness
values above 0.2 pm allow greater biofilm retention,
representing a disadvantage to any material that
may be used.” In this study, Filtek Z250 XT was
the only resin composite that presented an average
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Legend: A) Ultrafill; B) Llis; C) Fill Magic; D) Applic; E) Filtek Z250 XT. / White arrows indicate inorganic fillers from each composite; green plus symbols
(+) indicate small inorganic Filtek Z250 XT fillers; orange asterisks (*) indicate orifices of Brazilian resin composite before simulated tooth brushing.

Figure. SEM images (5,000x magnification) showing the surface before (1) and after (2) simulated tooth brushing of each composite group.

Braz. Oral Res. 2021;35:e010 7
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roughness above 0.2 um after brushing, a value
statistically similar to that of Ultrafill.

Filtek Z250 XT and Ultrafill presented higher
roughness after brushing, owing to differences in
hardness between their organic matrix and filler
particles. Nevertheless, it should be pointed out
that the same increase in the roughness pattern
was observed for all the composites after brushing.
The present results are in accordance with previous
studies, which also tested composites after brushing
cycles. %2 As elucidated by Puckett et al.,** when
composites are submitted to brushing, chewing and
other strains, the distance between valleys and peaks
is increased, resulting in higher surface roughness.
In sum, the organic matrix is worn during brushing,
leading to protrusion or even removal of fillers, and
consequent development of bumps and pits.” Indeed,
the increase in microhardness and the decrease in
gloss of all composites after brushing suggest overall
filler exposure. These findings are in agreement with
previous studies, which indicate inverse correlation
between roughness and gloss.?*

It is worth noting that roughness depends on
the duration of the brushing'”?*® and the load
applied by the patient on the length of the toothbrush
bristles,**3> combined with the abrasives contained
in the toothpastes.*® In addition, the composite
characteristics, i.e. organic and inorganic matrix,
particle size, spatial conformation, hardness and
distribution, may play a role in the wear pattern
caused by brushing.?? In comparison, nanohybrid
and microhybrid composites, such as Filtek Z250
XT and Ultrafill, contain a higher range of particle
sizes. Ultrafill, for instance, presents particles up
to 2.2 pm, whereas Llis—a nanohybrid composite—
presents particles of 0.8 pm on average. This statement
is supported by Figure 1, in which Filtek Z250 XT
after brushing presents a higher range of filler sizes,
with greater spherical particles than those of the
other composites. Larger particles tend to protrude
further through the worn surface and present a longer
cantilever than the smaller ones, implying that they
are ejected from the resin composite matrix early in
face of challenges.*"3® Conversely, composites with
small fillers normally present decreased interparticle
spacing, thus protecting the organic matrix from the
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wear of brushing.” Regarding spatial conformation,
irregular-shaped filler particles tend to be more wear-
resistant than spherical ones. This occurs because
the irregular filler particles might have a higher
specific area for adhesion, even though both types
of particles are treated with silane coupling.** Thus,
resin composites with larger spherical filler particles
tend to lose their filler more easily, resulting in
greater surface irregularities. Furthermore, if these
filler particles are dislodged from the matrix during
brushing, they could participate as an abrasive
medium.*! This explains the contrasting roughness
values obtained by Filtek Z250 XT and/or Ultrafill
and Llis after brushing.

It should further be mentioned that the rheological
features of Ultrafill make it less malleable and more
viscous, thereby causing the incorporation of voids, as
may be noticed in Figure. Composite viscosity plays an
importantrole in the quality of the restoration.**** The
effect of monomer composition on viscosity has been
explored extensively. For instance, adding TEGDMA
of low molecular weight to an organic matrix should
reduce composite viscosity and better enable its
placement in the cavity.* Furthermore, the influence
of filler particles, including characteristics of number,
size and surface area, on composite rheological
properties has been well reported.*® According to
the Ultrafill manufacturer, the composite contains
Bis-GMA and UDMA, both monomers of high
molecular weight. The number and size of the filler
particles are disclosed, but their spatial conformation
remains unknown to the consumer. Since the specific
material description is undetermined, the impact
of each particular compound on the final material
properties is difficult to predict. However, the high
number of fillers associated with the absence of a
monomer of low molecular weight in the Ultrafill
composition may already indicate why this composite
presents high viscosity, incorporation of voids
and high surface roughness, both before and after
simulated brushing. The low gloss values of Ultrafill,
especially before brushing, should also be correlated
to its characteristics.

In view of these points, it should be highlighted
that Filtek Z250 XT showed higher gloss values than
all the other composites before brushing, and higher
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gloss values than Llis, Fill Magic and Applic after
brushing. This finding corroborates the studies that
indicate an inverse correlation between roughness and
gloss.?*! Nevertheless, composite gloss may be further
influenced by the difference in the refractive indexes
of the organic matrix and particles.”® Filtek Z250 XT
has high filler content by weight (82%). This feature,
added to its filler particularities—nano-zirconia/
silica spheroidal particles—may have influenced its
gloss. Thus, although the composite presented high
roughness, its spherical particles must have had an
influence on its light reflection and gloss.

The highest microhardness values of Filtek
7250 XT over the other composites, both before and
mainly after brushing, also corroborate our theory,
considering that hard zirconia particles might have
influenced the result. Similarly, Takahashi et al.?
reported the high mechanical resistance of Filtek Z250
XT. Nevertheless, the variability of microhardness
among the composites before brushing is an issue that
should be discussed, since the exposure of fillers is
lower after brushing. Indeed, the characteristics of an
organic matrix could have influenced the result. The
mechanical behavior of a polymer matrix is directly
associated with the creation of a three-dimensional
network,* as well as with network crystallinity.*
Thus, the chemical compounds and physical aspects
of the polymer are important for the quality and
type of this reaction.*® The distinct formulations of
each resin composite result in different qualities of
polymers. An interesting finding to be observed is
that the resin composite presenting the highest value
of microhardness before brushing was also the most
expensive one (Table 1). Although the monomer
composition might be similar for all composites,
data such as exact quantities of monomers, and
type of photo-initiators, activators, inhibitors and
fillers are incomplete. As already mentioned, since
the specific material description is unknown, the
impact of each particular compound on the final
material properties is difficult to predict. One could
infer that the differences in the light curing periods
applied to each resin composite in this study could
interfere with the microhardness results. Price et al.*’
elucidated that differences between microhardness
among brands of resin composites does not mean

that one composite is better cured than the other. The
differences between time of light exposure for each
composite may be associated with the filler loading.*
In other words, the resin composites that presented
the highest filler content herein had a curing time
of 40 s (Table 1). Thus, an increase in the curing time
for these composites would be needed for adequate
polymerization, but should not necessarily influence
the microhardness results.

The behavior of the composites regarding their
color variation (AE and AE,)) must be addressed as well.
Filtek Z250 XT presented higher color variation than
Fill Magic. The other composites showed a statistical
similarity to Filtek Z250 XT and Fill Magic. Despite
the differences observed between both composites,
the AE and AE,, values presented by both of them
were less than 2.7 and 1.8, respectively, i.e. they did
not represent any clinically visible color change.?**'!
Interestingly, an analysis of all the CIE L, & b* system
axes reveals that the AL values (luminosity) and the
Ab values (yellow/blue coordinate) are similar for
all groups. No composite was necessarily lighter
or darker, yellower or bluer than the others. The Aa
coordinate (red/green) also revealed that there were no
statistical differences between Filtek Z250 XT and Fill
Magic. Ashok and Jayalakshmi explain that different
factors are responsible for the color presented by resin
composites, such as: organic matrix type, filler particle
size, polymerization depth, and pigment agents.*
Thus, although all the composites tested have an A2
shade, subtle changes among them may be observed
due to differences in their compositions. As already
discussed, the findings presented in this study also
indicate that the mechanical action of brushing and
abrasion provided by toothpaste removed part of the
organic matrix from the composites, thus leading to
even greater discrepancies in their compositions and
possible color changes.

Conclusion

Although this research used simulated tooth
brushing, it can be said that low-cost Brazilian resin
composites presented properties similar or superior
to the international one in regard to roughness
and color, and properties similar or inferior to the
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international one in regard to microhardness and
gloss. Accordingly, in a situation of scarce resources,
low-cost Brazilian composites might be an acceptable
cost-effective restorative alternative. Nevertheless,
further studies are needed to determine whether the
price of resin composites is directly proportional to
their quality. For this purpose, more properties of low-
cost Brazilian resin composites should be assessed,
including their long-term behavior. Collaboration with
health economists to guide future research would
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also be highly recommended in order to evaluate
the comparative effectiveness and cost-effectiveness
of these composites.
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