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Abstract

This study evaluated the physico-mechanical behavior and the fracture reliability of different dental resin composites indi-
cated for the restoration of the highly mineralized enamel. The following resin composites were tested: Concept Advanced
(Vigodent), Fill Magic (Vigodent), Llis (FGM), and Natural Look (DFL); Filtek Z250 (3M ESPE) was used as a universal
control. All composites were fully characterized with the following tests: degree of conversion (DC), flexural strength
(0), flexural modulus (E), water sorption (WS) and solubility (SL), hardness (KMN). Scanning electron microscopy was
used for morphological evaluation, whereas the topographical evaluation was carried out by profilometry (Ra) and atomic
force microscopy. The color stability of the resin composites was also assessed using a digital spectrophotometer and the
CIEL'a"b" system. Data were analyzed with ANOVA as well as the Weibull analysis (a=5%). DC was similar among all
composites (51.0-62.3%, p=0.104). Llis and the control showed overall greater mechanical performance and hardness than
the others. Llis and Natural Look presented lower WS and SL than the others. The control acquired smoother surface than
the enamel composites. Concept Advanced and Natural Look demonstrated the greatest and lowest reliability of the study,
respectively, whereas Llis showed the greatest characteristic strength (p <0.05). Llis showed the greatest color stability of
the study after 28 days of water storage (p <0.05). In conclusion, our findings confirmed the performance of four different
resin composites indicated to restore dental enamel, showing that two of them (Llis and Natural Look) can be sufficiently
strong for the restoration of stress-receiving areas, such as the posterior dentition. Most of the enamel composites were as
reliable as the universal control resin composite.

Keywords FTIR - Scanning electron microscopy - Flexural strength - Water sorption and solubility - Hardness - Weibull
analysis

1 Introduction

Dental esthetic restorative treatments are widely desired by
patients today, with resin composites being the most com-
mon direct restorative materials used, especially due to their
satisfactory mechanical and physical properties for restor-
Technical Editor: Paulo de Tarso Rocha de Mendonga, Ph.D. ing both posterior and anterior teeth [1, 2]. Of note, resin
composites have evolved since their development in the
early 1960s: while macrofilled composites (i.e., comprised
of larger fillers of ~ 15 um in size) were difficult to retain
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may possess greater wear resistance, hardness, and strength
characteristics than monomodal composites, denoting that
the quality of fillers and their related size configuration play
a significant role on the overall properties of resin-based
restorations [5].

The combination of resin composites to mimic the natural
tooth appearance is easy to perform, and specific materials
are available to restore both dentin and enamel substrates [7].
The main difference between dentin and enamel composites
relies on their fillers’ volume, shape, and size [5, 8], as well
as on the type of pigments incorporated that could influ-
ence optical appearance of the material [9]. Although the use
of enamel composites involves a smaller proportion when
compared with composites indicated to restore dentin, i.e.,
only to coat the “body” of the restoration, the direct impact
and stresses originated from oral function and mastication
processes are expected to occur within the former restorative
materials. Moreover, oral fluids and beverages present in the
human diet may favor the discoloration of restorations in a
time-progressive manner, thus affecting directly the outmost
layers of the restoration [6]. Consequently, enamel compos-
ites should present satisfactory properties and wear resist-
ance; otherwise, the restorative treatment may unavoidably
fail in a short period of time. Taking this into consideration,
it is extremely important to investigate the physico-mechan-
ical characteristics and color stability of enamel composites,
especially because this class of restorative material has been
still poorly investigated by laboratory and clinical studies,
since research is more focused on the performance of dentin
resin composites [10].

Hence, the purpose of this study was to perform a full
characterization on enamel resin composites by means of
important physico-mechanical properties. The null hypoth-
esis tested was that enamel resin composites would perform
similarly to a thoroughly used universal resin composite
(control).

2 Materials and methods

Four enamel resin composites, shade A1, were evaluated:
Concept Advanced (Vigodent, Rio de Janeiro, RJ, Bra-
zil), Fill Magic (Vigodent), Llis (FGM, Joinville, SC, Bra-
zil), and Natural Look (DFL, Rio de Janeiro, RJ, Brazil).
Filtek™ 7250 (3M ESPE, St. Paul, MN, USA) was used
as control, since it is a universal composite indicated for
the restoration of both dentin and enamel substrates. The
manufacturer, type of composite, lot number, and chemi-
cal composition of each resin composite are illustrated
in Table 1. Figure 1 shows a scheme of materials and all
properties tested in the study.

2.1 Scanning electron microscopy

One disk-shaped (6 mm diameter X | mm thickness) sam-
ple was prepared from each resin composite using a metal-
lic mold. Each material was inserted using a plastic spatula
and properly adapted into the mold, which was covered
with a mylar strip and a glass coverslip. Each sample was
light-activated using a light-emitting diode (LED) light-
curing unit (Radii; SDI, Bayswater, VIC, Australia) for
40 s at both the top and bottom surfaces. The irradiance
of the LED was constant (900 mW/cm?). All samples
were polished with wet #600-, #1200-, #1500-, #2000-,
and #2500-grit abrasive SiC papers, followed by 5, 1,
and 0.1 pm aluminum oxide solutions. The samples were
mounted on aluminum stubs, sputter-coated with gold/pal-
ladium, and evaluated using a scanning electron micro-
scope (SSX-550, Shimadzu, Tokyo, Japan) for qualitative
analysis of their microstructure and surface morphology.

Table 1 Information regarding the manufacturer, batch number, and composition of the resin composites evaluated in the study

Resin composites (type) Manufacturer

Lot Chemical composition

Concept Advanced (nanofilled) Vigodent Coltene SA Industria e
Comércio, Rio de Janeiro, RJ,
Brazil

Fill Magic (hybrid) Vigodent

Llis (micro-hybrid) FGM, Joinville, SC, Brazil

Natural Look (micro-hybrid)

Filtek™ 7250 (micro-hybrid) ~ 3M ESPE, St. Paul, MN, USA

261/10

6020A2

Bis-GMA, UDMA, methacrylic acid ester, barium, and
aluminum silicate

119/09 Bis-GMA, Bis-EMA, UDMA, TEGDMA, photoinitiator,
fillers, and pigments
300909 Bis-GMA, Bis-EMA, TEGDMA, CQ, co-initiator, silane,

micrometric barium and aluminum silicate, oxides, and
nanometric silica

Nova DFL, Rio de Janeiro, RJ, Brazil 11020318 Bis-GMA, Bis-DMA, TEGDMA, silanized barium crystals,

and hydrophobic amorphous silica

Bis-GMA, UDMA, Bis-EMA, photoinitiator, zirconium
glass fillers, and colloidal silica

Bis-GMA bisphenol A diglycidyl dimethacrylate, UDMA urethane dimethacrylate, Bis-EMA bisphenol A polyethylene glycol diether dimeth-
acrylate, TEGDMA triethyleneglicol dimethacrylate, CQ camphorquinone, Bis-DMA bisphenol A diethoxymethacrylate
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Fig. 1 Scheme demonstrating the dental resin composites and prop-
erties investigated in this study. Four enamel resin composites (Con-
cept Advanced, Fill Magic, Llis, and Natural Look) were compared

2.2 Degree of conversion

The degree of conversion (DC) of each resin composite
(n=10) was evaluated using Fourier-transformed infra-
red (FTIR) spectroscopy (Prestige21; Shimadzu, Tokyo,
Japan). The spectrometer was equipped with an attenuated
total reflectance device composed of a diamond crystal,
and configuration was as follows: Happ-Genzel appodiza-
tion (at a range of 1750-1550 cm™ 1), resolution of 8 cm™!,
and mirror speed of 2.8 mm/s. The preliminary reading
of the unpolymerized material was taken from a standard
volume of material (~ 0.5 mm-thick). Light activation was
performed for 40 s, and a final reading of the polymer-
ized material was carried out. The DC was then calculated

0 Degree of conversion (n=10)
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to a universal material (control; Filtek Z250). All the materials were
tested by means of topographical, physical, and mechanical analyses

as previously described [11] using the following formula
(Eq. 1):

(1635cm™" /1608 cm™" ) cured

X 100%
(1635cm='/1608 cm~! )uncured

DC=1-

(M

2.3 Flexural strength and flexural modulus

Bar-shaped samples were prepared from each resin composite
using a metallic mold (25 mm length X2 mm width X2 mm
thickness) (n=10). The materials were placed into the mold as
described before, but light-activated using a different protocol,
as follows: light activation was performed for 120 s at the top
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and bottom surfaces of the mold, at a fixed distance of 10 mm
from the LED source [12]. Each sample was polished with
abrasive SiC papers (#600 and #1200 grit) to remove surface
irregularities, followed by storage in distilled water at 37 °C for
24 h. The samples were submitted to three-point bending flex-
ural test on a mechanical testing machine (DL500; EMIC, Sao
José dos Pinhais, PR, Brazil) at a crosshead speed of 0.5 mm/
min. Data for flexural strength (¢) and flexural modulus (E)
were obtained from the stress—strain curves, using the follow-
ing formulas (Eqs. 2 and 3, respectively):

3FI

°= o )
FPB

= Toid ®

where F is the peak load (in N); / is the span length (in mm);
b and h are, respectively, the width and the thickness of the
specimen (in mm); and d is the deflection of the specimen at
load F during the straight line portion of the load—displace-
ment trace. The ¢ and E data were expressed in MPa and
GPa, respectively.

2.4 Water sorption and solubility

Ten disk-shaped samples of each resin composite (6 mm
diameter X 1 mm thickness) [11] were prepared using a metal-
lic mold and using the same protocol described before. The
samples were all placed into a desiccator containing freshly
dried silica gel and calcium chloride. After 24 h, the mass
of each sample was measured daily using a precision bal-
ance of 0.01 mg of readability (AUW 220D; Shimadzu
Corp. Nakagyo-ku, Kyoto, Japan), until a constant mass (m,)
was obtained. Thickness and diameter of the samples were
randomly measured at five points using a digital caliper to
calculate their volume (V, in mm?). The samples were then
immersed in distilled water at 37 °C for 7 days, removed, dried,
and weighed (m,). After weighing, the samples were dried
again inside the desiccator and weighed daily to record a third
constant mass (713), as previously described. For each sample,
the WS and SL data, in pg/mm3, were calculated using the
following formulas (Egs. 4 and 5, respectively):

my —my
WS =
- “

my — ms

SL=—— &)

2.5 Hardness

Ten disk-shaped samples of each resin composite (6 mm
diameter X 1 mm thickness) were prepared using the
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foregoing metallic mold and protocol. Each sample was
light-activated for 40 s on the top and bottom surfaces, pol-
ished with #600- and #1200-grit abrasive SiC papers, stored
in distilled water at 37 °C for 24 h, and then submitted to the
Knoop microhardness number (KMN) test using a micro-
hardness tester (FM 700, Future Tech, Kawasaki, Japan)
with 50 g of load and 15 s of dwell time. The KMN is the
ratio of the load applied by the indenter to the unrecovered
projected area. Five indentations were performed in each
specimen, and the mean value was recorded (Fig. 1).

2.6 Surface evaluation

The same samples used for hardness testing were also evalu-
ated by a surface profilometer (Surfcorder SE 1200, Kosaka
Laboratory Ltd., Tokyo, Japan). Prior to each group analysis,
the profilometer was calibrated by measuring against a refer-
ence block. The samples were rotated clockwise at random
angles, and three movements of the stylus were made across
the center of each sample with a cutoff value of 0.8 mm
and transverse length of 4 mm. After three readings, the
mean surface roughness parameter (Ra) was averaged and
expressed in um.

For 3D evaluation of the surface of each sample, atomic
force microscopy (AFM) was performed in one random
sample used for the surface roughness analysis. To that end,
an atomic force microscope (Bruker Dimension Icon; Bill-
erica, MA, USA) equipped with an antimony-doped silicon
cantilever was used in the contact mode. The cantilever was
125 um length and with a force constant of 42 N/m. Deflec-
tion and height-mode images were obtained simultaneously
at 5 um? areas, with a resolution of 512 x 512 pixel.

2.7 Color alteration

Five disk-shaped samples (6 mm diameter X 1 mm thickness)
of each resin composite were prepared as aforementioned
in Sect. 2.5. Color measurement of each sample was taken
using a digital spectrophotometer (Vita Easyshade, Vita
Zahnfabrik; Bad Sackingen, Germany) and the CIEL a’b"
color system (baseline measurement). The samples were
then immersed in distilled water (pH 5.3) for 28 days. New
color measurements were taken after 1 h, 1 day, 7, 14, and
28 days of water storage. The color alteration (AE") of each
sample was calculated using the following formula (Eq. 6):

AE* = \/ (AL*)? + (Aa*)? + (Ab*)? (6)

where AL", Aa”, and Ab” represent the differences between
the final and baseline L", a*, and b" color parameters,
respectively.
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2.8 Statistical analysis

All data were analyzed with the statistical program Sigma-
Plot version 12 (Systat Software Inc., San Jose, CA, USA)
using one-way analysis of variance (ANOVA) and Tukey’s
test as a post hoc test; for the color alteration, the data were
analyzed with two-way repeated measure ANOVA and Stu-
dent—-Newman—Keuls. The level of significance was set at
a=5% for all analyses. The reliability of the resin compos-
ites was evaluated using the Weibull analysis, as demon-
strated elsewhere [13].

3 Results

The morphology of each resin composite investigated is
shown in Fig. 2, which revealed that all materials were com-
prised of micrometric filler particles. Among the enamel
composites, Llis seems to possess smaller fillers on average,
opposed by Concept Advanced and Natural Look, which
seemed to be comprised of irregular and larger fillers. Llis
and Fill Magic seemed to demonstrate a similar morphology
to the control.

Results of degree of conversion, flexural strength, and
flexural modulus are shown in Fig. 3. All resin composites
produced similar degree of conversion state (p =0.104),
ranging from 51% (Natural Look) to nearly 62% (Fill Magic)
(Fig. 3a). Llis showed higher flexural strength than Concept
Advanced (p=0.003) and Natural Look (p=0.050), but
similar to Fill Magic and the control (p =0.609) (Fig. 3b).
The control showed the highest modulus, although similar
to Llis (p=0.107) (Fig. 3c). Llis showed similar flexural
modulus as compared with Natural Look (p =0.994), which
were both more rigid than Fill Magic (p <0.036) and Con-
cept Advanced (p <0.001).

Results of water sorption and solubility, hardness, and
surface roughness are presented in Table 2. The control
showed higher water sorption than all the enamel com-
posites (p <0.042). Llis and Natural Look exhibited less
amount of water sorption than Concept Advanced and Fill
Magic (p <0.001). All enamel composites demonstrated
similar solubility (p >0.121), but greater than the control
(p £0.030). The control and Llis exhibited a harder surface
than the other composites (p <0.001). Regarding surface
roughness, the control resulted in the smoothest surface of
the study, which was significantly greater than all the enamel
composites (p <0.001), which have not differed between
each other (p >0.787). As shown in Fig. 2, the AFM images
confirmed the smoothest pattern of Filtek Z250 (Fig. 2e),
with the least identification of grooves and valleys within
the material’s surface. Conversely, the AFM images for the
enamel composites were considerably rougher than the con-
trol, showing depressions and protrusions indicative of an
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Fig.2 Scanning electron microscopy micrographs of the resin com-
posites evaluated: Concept Advanced (a), Fill Magic (b), Llis (c),
Natural Look (d), and Filtek Z250 (e). Inset images within each SEM
micrograph represent the AFM analysis for each resin composite

irregular and scratched surface (Fig. 2—images A to D),
especially for Concept Advanced (image A).

Table 3 and Fig. 4 show the fracture reliability findings
of this study. While Concept Advanced presented the high-
est Weibull modulus and reliability, Natural Look showed
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Fig.3 Graphs showing the degree of conversion (a), flexural strength
(b) and flexural modulus (c¢) of each resin composite tested in the
study. Different letters above standard deviation bars indicate statis-

tically significant differences among the resin composites (p <0.05;
ANOVA and Tukey)

Table 2 Means and standard

deviation (+SD) of the water Resin composites WS (ug/mm?) SL (ug/mm®) KMN Ra (um)
sorption (WS), solubility (SL), Concept Advanced 18.6 (+1.2)B 2.8 (+0.9)" 41 (58 028 (+0.07)*
5;‘&‘;3;;20;?:&225:0‘;‘;‘;;:; Fill Magic 17.4 (+2.2)B 33 (£2.0)4 49 (8B 0.25(x0.07)*
(Ra) of resin composites Llis 11.8 (+1.8)¢ 2.1 (£ 1.4" 79 (£12)*  0.27 (£0.10)*
investigated Natural Look 12.1 (= 1.7)¢ 2.1 (£0.8)4 46 (£ 6)® 0.24 (£0.0M)A
Filtek Z250 22.5 (x4.7)" 0.7 (0.9)8 92 (+13)A 0.03 (£0.01)®

Distinct letters indicate statistically significant differences among the resin composites evaluated (p <0.05)

Table 3 Weibull modulus (m), characteristic strength (o, in MPa),
and the correlation coefficient (+*) with 95% confidence interval (CI),
when appropriate, for the resin composites tested in the study

Resin composites  m (95% CI) 0, (95% CI) e

Concept Advanced 11.0 (4.8-18.2)*  72.5(67.6-84.1)B 0.95
Fill Magic 9.0 (4.0-14.9)*B 103.5 (95.0-124.1)* 0.78
Llis 7.0 (3.1-11.6)*® 126.4 (113.2-159.5)* 0.88
Natural Look 2.6(1.1-4.3)8  113.1 (83.8-213.4)*B 0.96
Filtek Z250 5.3 (2.3-8.8)*8  113.5(98.2-154.3)* 0.96

Distinct letters indicate statistically significant differences among the
resin composites evaluated (p <0.05)

the lowest modulus of the study. The two foregoing resin
composites were statistically different from each other
(» <0.05), and all the other composites showed similar reli-
ability among each other. The control demonstrated an inter-
mediary Weibull modulus, denoting its less reliable structure
as compared with Concept Advanced, Fill Magic, and Llis.
Llis showed the greatest characteristic strength of the study,
although similar to the other composites (p >0.05), except
Concept Advanced (p < 0.05). Concerning the correlation
coefficient, Concept Advanced, Natural Look, and the con-
trol displayed the highest values of the study.

Regarding the color alteration of the resin composites
tested after short-term water storage, Concept Advanced
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Fig.4 Graphic representation of the Weibull analysis performed on
the resin composites tested in this study. The graph shows that Con-
cept Advanced demonstrated the most reliable structure (i.e., straight-
est line of the groups), opposed by Natural Look, which exhibited the
least straight line results

demonstrated the greatest color change, whereas Llis showed
the lowest AE" values (Fig. 5). The latter resin composite
was the only material that resulted in similar AE" values to
the threshold value (3.3) for lay people to detect a clinical
color alteration, thus suggesting its greater color stability,
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even after progressive water storage (p >0.112). On the
other hand, all the other composites resulted in color altera-
tion superior to that threshold (p <0.05).

4 Discussion

The major goal of this study was to compare the physico-
mechanical properties and fracture reliability of enamel
resin composites with that of a universal resin composite
(control). According to results shown in Fig. 1 and Tables 2
and 3, the physico-mechanical performance of the enamel
composites was not always similar to the control, thus reject-
ing the null hypothesis of study.

Resin composites are comprised of an organic matrix
filled with inorganic fillers [4], which strongly influence
on the characteristics of the material. Indeed, the type of
resin monomers and the type, shape, size, and concentra-
tion of fillers have a great impact on the final properties of
dental composites [5, 14]. Concerning the organic matrix
of materials evaluated, all composites were comprised of
bisphenol A diglycidyl dimethacrylate (Bis-GMA), as shown
in Table 1, which is a very stiff monomer that contributes to
the mechanical strengthening of the material. However, Bis-
GMA is also very viscous, thus requiring its mixture with
diluent monomers, such as tryethyleneglicol dimethacrylate
(TEGDMA), urethane dimethacrylate (UDMA), and bisphe-
nol A polyethylene glycol diether dimethacrylate (Bis-EMA)
[4]. One or two of the foregoing diluents are ingredients of
the resin composites investigated in this study.

The degree of conversion was one of the few properties
in which all composites were similar to each other (Fig. 3a),
probably due to the presence of Bis-GMA in all the materi-
als. Even with the presence of different diluents within the
polymeric systems, no significant differences were observed,
suggesting that the present resin composites showed little

Fig.5 Graph showing the color
alteration results of the study

for each resin composite tested 25
after different periods of water
storage. The gray dotted line 20
represents the color alteration *E
easily detected by lay people g
(AE"=3.3), indicating the € 5
threshold for clinical percep- -2
tibility of color alteration in g
dentistry % 10
S
[}
O 5
0

variation about their organic and inorganic composition,
which may account to their similar polymerization kinetics.
This belief may be applicable only to resin composites since
they are highly filled structures with inorganic particles of
self-limiting nature. In fact, highly filled composites are usu-
ally associated with reduced mobility of residual monomers,
affecting polymer chain formation [15]. Notably, all enamel
composites evaluated may be effectively used for restora-
tive purposes, since a similar state of cure was obtained
when compared with the control. Moreover, it is known that
adequate polymerization of resin composites offers optimal
mechanical and physical characteristics to the restoration, as
well as biological safety for the restorative treatment [16],
so that the degree of conversion is an important property of
dental resin-based materials.

Similarly to the degree of conversion analysis, the enamel
composites have also presented similar flexural strength
compared with the control (Fig. 3b); concerning modulus,
the enamel materials showed inferiority as compared with
the control, except for Llis (Fig. 3c). Indeed, Llis was the
only composite that presented an overall similar mechani-
cal behavior to the control. Considering that mechanical
strength depends mainly on the inorganic nature of the mate-
rial, factors such as the type, shape, size, and concentration
of fillers may have played a significant role on the mechani-
cal behavior of composites [5, 12, 14]. According to Table 1,
all resin composites possess similar inorganic composition,
varying with regard to the presence of barium, aluminum,
or zirconium glass fillers, as well as silica nanoparticles.
Only the inorganic nature of Fill Magic was totally unknown
(not supplied by the manufacturer). Regarding the content
of fillers, the exact concentration is also unknown within
the enamel composites, thus limiting the use of this factor
to support the results obtained. Nevertheless, as shown in
Fig. 2, Llis showed a uniform morphology, presenting regu-
lar and smaller filler particles. This may have contributed

—Filtek Z250 -= Concept Advanced ——Fill Magic --&-Llis -e--Natural Look

AE*=33
Color alteration
easily detected

by lay people

1 day 14 days
Period of water storage

7 days 28 days
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to its satisfactory mechanical behavior, which was similar
to the control. On the other hand, Concept Advanced, Fill
Magic, and Natural Look seemed to be comprised of fillers
of irregular shape and size situated within a wider range,
which may have allowed stress concentration in the bulk of
the materials and, consequently, reduced mechanical prop-
erties [5, 17]. Furthermore, the presence of only Bis-GMA
and UDMA within Concept Advanced has probably resulted
in low flexural strength and modulus characteristics, since
UDMA is recognized by its low rigidity [18], originating
greater deformation of the material when applied to a given
force. Consequently, fatigue may occur at the tooth—restora-
tion interface [19], affecting formation of a strong and cross-
linked polymer network.

It is also important to note that for resin composites, the
minimum requirement for a clinically acceptable flexural
strength is 80 MPa [20]; not less important, for universal
dental composites (i.e., hybrid, microhybrid), satisfactory
flexural modulus usually ranges from 8.8 to 13 GPa. Taking
the threshold values presented, only Llis and Natural Look
achieved both requirements, and similarly to the control.
These findings are important because they show that Con-
cept Advanced and Fill Magic are not sufficiently strong to
be applied as restorative materials in posterior teeth, since
aggressive stress derived from mastication and oral func-
tion would fatigue the material, allowing crack propaga-
tion and, perhaps, restoration fracture to occur [21]. Con-
cept Advanced and Fill Magic could be more interestingly
applied in the anterior dentition only.

Resin composites are usually placed into tooth cavities,
and considering that they will be in direct contact with the
wet environment present in the mouth, water sorption and
solubility tests were also performed in order to reveal the
physicochemical stability of the material against hygroscopic
and hydrolytic phenomena of degradation [22]. According
to results shown in Table 2, Llis and Natural Look presented
lower water sorption than Concept Advanced and Fill Magic.
In addition, all enamel composites presented lower water
sorption when compared with the control, but greater solu-
bility. Two main factors are usually associated with the water
sorption and solubility properties: “hydrophilicity” and the
“network cross-link nature” of the material [22]. Resin-
based materials constituted of polar groups (e.g., hydroxyl,
ester, urethane, and ether linkages) are more hydrophilic
than materials containing nonpolar groups. According to
Venz et al. [23], typical monomers used to prepare dental
resin composites may follow the subsequent order of hydro-
philicity: TEGDMA > Bis-GMA > UDMA. Considering that
Llis and Natural Look were the only TEGDMA-based com-
posites (Table 1), they were supposed to undergo greater
water sorption than the other materials [24]. Nevertheless,
the latter composites surprisingly demonstrated the lowest
water sorption of the study, which may be explained by the
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positive effect that TEGDMA has on the cross-linking of the
system [25], enhancing the material’s resistance to hydrol-
ysis. On the other hand, the other resin composites were
mostly UDMA based, fact that may have reduced the cross-
linking of the polymer network, thus increasing water sorp-
tion and solubility [11, 22]. It is worth to mention that all
composites met the requirements stated by ISO 4049:2009
[20], resulting in water sorption and solubility values lower
than 25 ug/mm? and 7.5 pg/mm?, respectively.

Enamel resin composites are commonly used as the final
layer/increment of the restoration, thus denoting that they
may receive the first and direct impacts originated from the
mastication process. Consequently, they are more suscepti-
ble to surface wear when compared with composites used to
restore dentin [26, 27]. Hardness has been thoroughly used
to predict the wear of resin composites, assuming that the
harder the surface, the lower the wear showed by the mate-
rial, and vice versa [28, 29]. Considering that Llis was the
only enamel composite as hard as the control (Table 2), it
would probably resist more wear than the other composites.
On the other hand, Concept Advanced, Fill Magic, and Natu-
ral Look presented, respectively, ~48, 38, and ~42% less
hardness than Llis, and their softer nature would probably
contribute to a worse wear resistance behavior. Hardness is
mainly influenced by the organic nature and the filler content
of the material [14]. Taking into consideration that Llis dem-
onstrated greater flexural strength, modulus, and hardness
than the other enamel composites, it can be inferred that the
latter are constituted of less amount of fillers [30], although
this information is unknown.

The superficial characteristic of each resin composite
was assessed by surface roughness and AFM analyses. The
real purpose of analyzing the roughness and topographical
morphology of composites was not to evaluate their polish-
ing state, but the easiness to get the material finished and
polished. Therefore, samples were polished with #600- and
#1200-grit abrasive SiC papers for 1 min each, followed by
surface analysis. According to results shown in Table 2 and
Fig. 2 [inset images within each scanning electron micros-
copy (SEM) micrograph], all enamel composites presented
rougher surface when compared to the control, ranging from
8- to 9.3-fold increase in roughness. This result was con-
firmed by the AFM images, which showed that the control
acquired a smoother surface as compared to the enamel com-
posites. At a first glance, it may be suggested that the enamel
composites were more difficult to polish. However, this find-
ing should be interpreted with caution since Filtek Z250 also
showed the hardest surface of the study (Table 2), which
was consequently expected to be the most difficult material
to get finished and polished [12]. In this way, and consider-
ing that the enamel composites were generally softer than
the control, the organic matrix of the former was probably
easily removed, resulting in peaks and valleys along their
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surface due to smear formation, which led to the increased
roughness values obtained [31, 32]. It is important to note
that surface roughness analysis is not the most appropriate
method to evaluate the topography of resin composites, dif-
ferently from the AFM analysis, which possesses resolution
far exceeding that of other stylus and optical based methods,
giving information on the 2D as well as 3D nanoscale [32].
Notably, our AFM findings confirmed the surface roughness
data obtained. From the clinical point of view, an interesting
fact could be drawn: Over-polishing a moderately soft resin
composite may increase the material’s surface roughness. So
that, the clinical finishing and polishing of the enamel resin
composites tested here should be performed with caution
and for shorter periods of time, as well as without using very
abrasive products.

The Weibull statistical analysis was carried out to
describe the structural homogeneity of the resin composites
tested [13]. The Weibull modulus is usually used as a meas-
ure of the distribution of strengths, expressing the reliability
of the material [33]. The most reliable composite tested in
this study was Concept Advanced (Table 3; Fig. 4—observe
the straightest line originated for Concept Advanced in the
graph), which was different from Natural Look. This finding
contradicts the mechanical properties presented by these two
foregoing composites, in which Natural Look was stronger
than Concept Advanced. One possible explanation for this
duality concerns to the standard deviation values of the flex-
ural strength data of the groups (i.e., the data used to cal-
culate the Weibull analyses). Indeed, the Weibull analysis
is an effective way to describe the resistance variation of
the material [33], and considering that Concept Advanced
showed a significant smaller variation of data (SD=7.5) as
compared with Natural Look (SD =29.8), the former would
also present a more reliable structure, which means its struc-
ture possesses less likelihood to fracture at small loads when
compared to the latter’s structure. Concerning the character-
istic strength of the composites, Llis showed the strongest
behavior, followed by the control and Natural Look, and,
lastly, Fill Magic and Concept Advanced. The characteristic
strength corresponds to the strength at a failure probability
of approximately 63% [33], so that the former resin com-
posites are definitely stronger than the latter ones, support-
ing more loads and stresses during function. The greatest
characteristic strength of Llis may be also associated with a
more uniform and homogeneous structure, perhaps free of
voids and defects, which directly influences on the overall
mechanical behavior of the material [34].

Lastly, the physical stability of the resin composites was
also evaluated by inducing hygroscopic and hydrolytic deg-
radation of the materials after water storage for 28 days,
which was assessed by the color analysis. According to
Fig. 5, Llis exhibited the greatest color stability, which may
be related to its lower water sorption uptake as discussed

before. Natural Look and the control also resulted in less
color alteration as compared to Concept Advanced and Fill
Magic, once again due to their more chemically stable com-
position. Color alteration may occur even after immersion in
distilled water, since degradation of the cross-links of resin-
based materials due to hydrolysis may modify the transmis-
sion of light within the resin composite, thereby affecting
its color perception [11, 22]. Nevertheless, the strongest and
the more stable the material’s structure, as demonstrated by
some composites tested (e.g., Llis, Natural Look, and Filtek
Z250), the lower the color alteration overtime. The color
stability of the resin composites tested here could be more
affected by using staining solutions (e.g., coffee, wine, soda,
tea) rather than distilled water, since the former may be com-
prised of alcoholic and acidic composition, which directly
enhances hydrolysis of resin-based dental restoratives [35,
36]. Further studies should investigate the color alteration
profile of different resin composites after exposure to stain-
ing solutions, in order to verify their physical stability over-
time and, consequently, the durability of dental restorative
procedures.

5 Conclusions

In summary, enamel resin composites can be as strong
as composites indicated to restore dentin, depending on
the material selected. It seems that the more uniform the
apparent morphology of fillers in the matrix, the greater
the mechanical performance of the material. Conversely,
some of the enamel composites tested may present insuf-
ficient strength and physical stability when compared with
the universal control composite. Taken together, the present
findings confirmed the performance of four different resin
composites indicated to restore dental enamel, showing that
two of them (Llis and Natural Look) were sufficiently strong
to be placed in both posterior and anterior dentition; whereas
the other two resin composites (Concept Advanced and Fill
Magic) could be more satisfactorily indicated to the restora-
tion of the anterior dentition only.
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