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ABSTRACT

Objectives: The aim of this study was to evaluate the effect of food-simulating liquids (FSLs) and thermal aging on
the surface roughness and color stability of bulk-fill and conventional composites.

Materials and Methods: A total of 320 disc-shaped samples were prepared, with 40 samples from each of 4 different
bulk-fill composites (Filtek Bulk Fill, X-tra fil, Beautifil Bulk Restorative, and Estelite Bulk Fill Flow), and 4 conventional
nano-filled composite resins (Filtek Z550, CeramX SphereTEC one, Admira, and Kalore). The prepared samples were
randomly divided into subgroups for exposure to FSLs (ethanol, heptane, citric acid) and thermal cycling (TC) (n=10
per subgroup) for 28 days. Initial profilometric surface roughness measurements (Rao) of all samples and AFM and
SEM analyses of selected samples were followed by exposure to FSLs and TC. After completion of aging protocols,
measurements and analyses were repeated to obtain the Ra: (post-treatment surface roughness), and change in
surface roughness (ARaio) was then calculated. Subsequently, initial color measurement of the samples was
conducted using a spectrophotometer, followed by immersion of the samples in a coffee solution for 24 hours. Color
measurements were repeated, and color change (AE) was calculated. Two-way repeated measures ANOVA was used
to compare Rao and Rai values and one-way ANOVA for comparing ARa and AE values. Post-hoc Tukey tests were
employed for pairwise comparisons. The significance level was set at a=.05.

Results: While the surface roughness of bulk-fill composites was affected by the protocols applied (p<0.05), most of
the conventional composites generally remained unaffected. Bulk-fill composites exhibited greater ARa and AE
values. The highest ARa and AE values were observed in the Beautifil Bulk Restorative group, with the greatest
discoloration seen after immersion in citric acid.

Conclusions: Thermal cycling and immersion in FSLs affect surface roughness and color stability of composite resins
depending on the content and structure of the composites.
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Amag: Bu calismanin amaci gidalan taklit eden sivilar ve termal yaslandirmanin bulk-fill ve konvansiyonel
kompozitlerin ylizey purizIilugi ve renk stabilitesi Gizerine etkisini degerlendirmektir.

Gereg ve Yontemler: 4 farkl bulk-fill kompozit (Filtek Bulk Fill, X-tra fil, Beautifil Bulk Restorative ve Estelite Bulk Fill
Flow) ve dort konvansiyonel nano dolduruculu kompozit rezin (Filtek Z550, CeramX SphereTEC one, Admira ve Kalore)
kullanilarak disk seklinde her birinden 40 toplam 320 adet 6rnek hazirlandi. Hazirlanan 6rnekler gidalari taklit eden
sivilarda (etanol, heptan, sitrik asit) bekletilmek ve termal siklus uygulamasi igin rastgele 4 alt gruba ayrildi (n=10).
Gruplardaki 6rneklerin ilk profilometrik ylzey purizlulik 6lgimu (Rao) ve segilen drneklerin AFM ve SEM islemi
sonrasi gidalari taklit eden sivilarda 28 giin bekletme ve termal siklus uygulamasina gegildi. ilgili islemler sonrasi
Olgtim ve analizler tekrarlanarak (Ra:) degerleri elde edilerek puruzlilik degisimi (ARai.0) hesaplandi. Daha sonra
orneklerin ilk renk 6lgim spektrofotometre ile yapilarak 24 saat kahve soltisyonunda bekletildi ve sonrasinda renk
Olgimu tekrarlandi ve renk degisimi (AE) hesaplandi. Rao- Ra: degerlerinin karsilastiriimasi igin two-way repeated
measures ANOVA, ARa ve AE degerlerinin karsilastiriimasi icin one-way ANOVA, ikili karsilastirmalar icin post-hoc
Tukey testi kullanildi (a=,05).

Bulgular: Bulk-fill kompozitlerin yiizey purizlilikleri uygulanan protokollerden etkilenirken (p<0,05) konvansiyonel
kompozitlerde gruplarin gogu etkilenmemistir. Bulk-fill kompozitler daha yiiksek ARa ve AE degerleri gostermistir. En
yuksek ARa ve AE Beautifil Bulk Restorative grubunda gortliirken en fazla degisim ise sitrik asitte bekletme sonrasi
gorilmustar.

Sonuglar: Gidalar taklit eden sivilarda bekletme ve termal siklus uygulamasi, kompozit rezinlerin icerigi ve yapisina
gore ylzey plruzluligi ve renk stabilitesi Gzerine etkilidir.

Anahtar Kelimeler: Bulk-Fill Kompozitler, Gidalar Taklit Eden Sivilar, Termal Siklus, Yiizey PuruzlUlugi, Renk
Stabilitesi.
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Introduction

In recent years, the use of resin-based composite
(RBC) materials in dental restorations has increased due
to their ability to meet aesthetic expectations and
technological advances in matrix, filler structure, and
content.! Nano-filled composite resins, which are among
the most commonly preferred composites today, are
routinely used in the restoration of both posterior and
anterior teeth in the clinical setting. Bulk-fill composites
that can be inserted into cavities in a single layer with a
thickness of 4-5 mm have been introduced as an
alternative to these conventional composite resin
materials, placed in 2 mm increments using layering
techniques.? This innovation has overcome shortcomings
of layering techniques, such as interlayer contamination,
air entrapment, and weak interlayer bonding, which
require technical precision and extended time for the
restoration of large and deep cavities.®>* Bulk-fill
composites are available in two different types: flowable
(low-viscosity) and sculptable (high-viscosity). Studies
comparing the mechanical properties of bulk-fill and
conventional composites have vyielded contradictory
results.?>®

Over time, RBC restorations in the oral cavity are
exposed to various factors such as the forces generated
during chewing and the moisture introduced by saliva, as
well as chemical compounds present in food and
beverages, and thermal effects due to the varying
temperatures of the food ingested.” RBC materials are
susceptible to changes caused by chemicals found in food
and beverages, leading to alterations in surface structure
and physical properties. Consequently, increased surface
roughness can occur over time, resulting in the loss of
material’s aesthetic qualities and aging.®® The increase in
surface roughness resulting from chemical degradation
can lead to issues such as discoloration of restorations,
increased plaque accumulation, irritation of soft tissues,
and the development of recurrent caries.%!!

In order to assess the impact of chemical compounds
present in the oral environment on dental composites,
food simulating liquids (FSLs) have been established by
the Food and Drug Administration (FDA).*? Thermal aging
and aging using FSLs are commonly employed methods for
the artificial aging of composite resins.*3** Thermal aging
is intended to simulate temperature fluctuations within
the oral cavity. For this purpose, ethanol and citric acid
can be used to simulate certain alcoholic beverages, soft
drinks, vegetables, fruits, mouthwashes, candies, and
syrups, while heptane is used to simulate butter, fatty
meats, and vegetable oils.’>® It has been observed that
the chemical composition and physical-mechanical
properties of the composites are affected by the use of
these solutions, with the matrix being more affected than
the filler component.'” In various studies, color changes
and color stability of composites after exposure to FSLs
and thermal aging have been examined, showing
differential results based on the materials and solutions
used.1®1°
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Profilometers are among the most commonly used

devices to evaluate the surface roughness of dental
composites. Profilometers provide  quantitative
measurements of surface roughness, typically expressed
as Ra, for the examined samples. In addition to
profilometric measurements, scanning electron
microscopy (SEM) and atomic force microscopy (AFM) can
be used to analyze surface roughness and
characteristics.?’ AFM has the ability to provide detailed
three-dimensional topography of the examined surface at
a nanometric level. Thus, AFM is regarded as a reliable
method for investigating the surface properties of dental
materials following various procedures.?
In the literature, there are studies reporting the effects of
FSLs on the surface and physical properties of bulk-fill
composites.}*?223 Unlike previous studies, the present
study aimed to investigate the effects of both FSLs and
thermal aging on surface properties and color stability
using conventional and bulk-fill composites with different
content and characteristics, as well as to compare these
properties among composites. The null hypotheses tested
in our study were that FSLs and thermal aging would not
have an impact on the surface roughness and color
stability of the composite materials used, and that the
surface roughness and color stability of the composites
would not change according to the aging protocol.

Material and Methods

In our study, a total of 320 samples were prepared
using four different bulk-fill composite resins (Filtek Bulk
Fill, X-tra fil, Beautifil Bulk Restorative, and Estelite Bulk
Fill Flow) and four conventional nano-filled composite
resins (Filtek 2550, CeramX SphereTEC one, Admira, and
Kalore), with 40 samples from each composite. Detailed
information about the composites used is provided in
Table 1. Teflon discs with a width of 8 mm and thickness
of 2 mm were used for sample preparation. After placing
the composites onto the discs, they were polymerized for
20 seconds using a LED light-curing device (Elipar
DeepCure-S, 3M ESPE, St. Paul, MN, USA) with an output
of 1470 mw/cm?. At this step, the light intensity of the
device was periodically monitored using a radiometer
(Radiometer, Peng Lim Enterprise Co., Ltd., Taiwan).
Following polymerization, the sample surfaces were
sanded using 1000-grit sandpaper to achieve
standardization. Subsequently, polishing was carried out
using fine and extra-fine steps of a polishing system
(Optidisc, Kerr Corporation, Orange, CA, USA) in a
standard manner. Next, the samples were rinsed with
water-air spray to remove residues from the surface and
then dried. Finally, the samples prepared from each
composite were divided into four subgroups (n=10 per
subgroup) based on the solution in which they will be
immersed (aging method).

Surface Roughness, SEM and AFM Analyses
Surface roughness and color measurements were
conducted for all samples, and one sample from each
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group was selected for SEM and AFM analyses. A contact-
type profilometer (Surftest SJ-301, Mitutoyo, Japan) was
used to measure the surface roughness of the samples,
setting the cut-off length (Ac) at 0.8 mm, tracing length at
4 mm, and stylus speed at 0.25 mm/s. Calibration of the
profilometer was checked before starting the
measurements and between the samples. Three
measurements were obtained from different points on
the surface of the samples, and the average of the
measurements was used to determine the initial surface
roughness value (Rao) for each sample, expressed as Ra.
One sample from each group was used for SEM and
AFM analyses in this study. As the analysis would be
repeated after the aging procedure following the initial
SEM analysis, the samples were not coated. To enhance
conductivity, the samples were wrapped with carbon tape
to ensure no direct contact with the surface. The samples
were then placed on the platform of the SEM device (Jeol
Jsm 6510, Jeol Ltd., Tokyo, Japan). Representative areas
were chosen for obtaining baseline SEM images at 1000x
magnification under 5 kV electric current. Subsequently,
for AFM analysis, the samples were placed in the AFM
device (XE-100, Park Systems, South Korea), and images
were acquired from a 20x20 um area at a scanning rate of
1.0 Hz and a resolution of 512x512 pixels. The images from
the AFM analysis were examined using the XEl Data
Analysis Program, 1.6 Version (PSIA Inc., USA), and 3D
topographic images were obtained. For each sample, the

root mean square roughness (Sq) and average roughness
(Sa) values were noted.

Aging with FSLs and Thermal Cycling

After completing the initial surface roughness, SEM,
and AFM analyses, the samples underwent aging with
three different FSLs and thermal cycling. For the first
group consisting of each composite resin, thermal cycling
(TC) was applied to the samples for a total of 5000 cycles
of increasing temperatures from 5°C to 55°C (£2°C), with
transfer times of 5 seconds and dwell times of 30 seconds.
The second group of samples was immersed in a n-
heptane solution (Tekkim Chemical Ind., Istanbul, Turkey)
at 37°C for 28 days. The third group of samples was
immersed in a 10% (w/v) citric acid solution (ChemBio
Laboratory Research, Istanbul, Turkey) at 37°C for 28 days.
The fourth group of samples was stored in a solution of
75% ethanol and water (Teksoll, Tekkim Chemical Ind.,
Istanbul, Turkey) at 37°C for 28 days. After completion of
the immersion and thermal cycling steps, the samples
were removed, rinsed, and dried. Surface roughness
measurements were conducted as previously mentioned
to determine the final surface roughness values (Rai). The
change in surface roughness (ARaio = Rai — Rao) was
calculated by subtracting the initial surface roughness
values (Ra0) from the final Ra values (Ral). Additionally,
SEM and AFM analyses were repeated for one sample
from each group.

Table 1. Type, chemical composition and manufacturer details of the composite resins used in the study.

Composite resins

Filler particle

. Type Contents size and ratio  Manufacturer
A
(Abbreviation) (%Wt/Vol)
Filtek Bulk Fill High-viscosity bulk- Bis-GMA, Bis-EMA, UDMA, Zirconia, 0.004- 0.1 um 3M ESPE, St.
(FBF) fill Silica, Ytterbium trifluoride 76.5/58.4 Paul, MN, USA
X-tra fil High-viscosity bulk- BIS_GMA' UD.MA' TEGDMA 2-3pum Voco,
) Inorganic fillers in a methacrylate Cuxhaven,
(XF) fill ) 86/70.1
matrix Germany
. High-viscosity Bis-GMA, UDMA, Bis-MPEPP,
BeaUtlflliBUIk giomer based bulk- TEGDMA, S-PRG based on F-Br-Al- Si AOREL St
Restorative (BF) fill i 87/74.5 Kyoto, Japan
Estelite Bulk Fill Flow Flowable bulk-fill Bis-GMA, Bis-MPEPP, TEGDMA, SiO2, avg 0.2 um  Tokuyama,
(EB) composite and ZrO2 fillers 70-56 Japan
Filtek Z550 Nanohvbrid Bis-GMA, UDMA, Bis-EMA, PEGDMA, 0.02 -3 um 3M ESPE, St.
(2550) Y TEGDMA, Zirconia, Silica 81.8-67.8 Paul, MN, USA
Ceram.XSphereTEC M?thacrylate mOdIfI?d pon5|I(?xane,
One Nanoceramic dimethacrylate, Barium-aluminum 0.1-1.5um Dentsply,
borosilicate glass, functional 77/ 55 Milford, USA
(CX) . I .
prepolymerized silicon dioxide
Admira Bis-GMA, UDMA, Organic modified  0.04-07 um "0
(AD) Ormocer ceramic, silica 79 - 56 AUHENE)
! GERMANY
UDMA, DX-511 (UDMA), Bis-EMA
. . . GC
Kalore Nanohvbrid lanthanide fluoride, strontium glass, 0.4-0.7 um e —
(KAL) ¥ barium glass, fluoroalumina silicate 82-69 P !

glass, silicon dioxide

Tokyo, JAPAN

* Bis-GMA: Bisphenol A-diglycidyl methacrylate; Bis-EMA: ethoxylated bisphenol A glycol dimethacrylate; UDMA: urethane dimethacrylate; TEGDMA:
triethylene glycol dimethacrylate; Bis-MPEPP: 2,2-bis(4-methacryloxypolyethoxyphenyl) propane; S-PRG: Surface pre-reacted glass-ionomer;

PEGDMA: polyethylene glycol dimethacrylate;
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Evaluation of Color Stability

To assess the color stability of the samples after aging,
a contact-type spectrophotometer (Vita Easyshade® V,
VITA Zahnfabrik GmbH & Co. KG, Germany) was used for
color measurements. Color measurements of the samples
were conducted on a white background under standard
conditions. For each sample, color measurements were
obtained three times consecutively from the center of the
samples using the CIEL*ab* system. The average of three
measurements was noted as the initial color values of Lo*,
ao* and bo*.

Subsequently, the samples from each group were
immersed in a coffee solution [Nescafé Classic 2 g (Nestlé,
Switzerland) - 200 ml boiling water] for 24 hours, which
corresponds to one month of coffee consumption 2%, After
24 hours, the samples were removed from the solution,
rinsed with distilled water, dried using absorbent paper,
and then subjected to the second round of color
measurement. The color measurements were repeated
three times as previously mentioned, and the average
values were recorded as the final color values as L1* a1*
and bz1*.

The initial (Lo*, ao*, bo*) and final (L1*, a1*, b1*) color
values were used to calculate the color change (AE1-0) for
the samples using the formula;

AE10 = [(L1*-Lo*)? + (a1*-a0*)? + (b1*-bo*)4 V2.

Statistical Analysis

Statistical analysis of the study data was performed
using IBM SPSS Ver. 22.0 (Statistical Package for Social
Sciences; IBM Corp., Armonk, NY) software. The normality
of data distribution was checked using Kolmogorov-
Smirnov and Shapiro-Wilk tests, while the homogeneity of
the data was assessed using the Levene test. The results
of these tests showed that the data exhibited normal
distribution and homogeneity. For the comparison of
initial and post-aging surface roughness (Rao/ Ra1) values,
a two-way repeated measures ANOVA was used, and
Tukey's test was employed for comparisons among the
Rai values. One-way ANOVA was used to compare the
data for color change (AE) and change in surface
roughness (ARa), and Tukey's test was used to compare
the differences among the groups. The statistical analysis
of all data was conducted at a significance level of p <0.05
with a 95% confidence interval.

Results

Changes in Surface Roughness Following Aging with
FSLs and Thermal Cycling

Pre-aging (initial) and post-aging surface roughness
values with standard deviations are presented in Table 2.
After thermal aging and immersion in FSLs, the average
surface roughness values of bulk-fill composite resins
were found to be significantly different compared to the
initial surface roughness values in all groups. In
conventional composites, significant differences in Ra
values were observed only in the groups where the CX
composite resin was immersed in heptane and the AD

composite resin was immersed in citric acid, while no
significant differences were found in Ra values in other
groups after aging.

Following thermal aging and immersion in FSLs, the BF
composite resin group aged with citric acid showed the
highest Ra value, while the lowest Ra value was observed
in the KAL group subjected to TC. Except for the BF
composite resin group, the final surface roughness values
(Ra1) were statistically similar among all composite resins.
In the BF group, similar Ra: values were obtained after TC
and heptane application, while the Ra: values observed
after citric acid and ethanol applications were different.
For the purpose of comparing the effects of TC and FSLs
applications on surface roughness more accurately,
surface roughness change (ARa) values were used for
statistical analysis and comparisons were made based on
these values. The ARa values and standard deviation
values after TC and FSLs applications are displayed in
Table 3, and the distribution by groups is shown in Figure
1. Considering the ARa values of the composite resins
subjected to aging protocols, the highest ARa value was
observed in the BF composite resin group after exposure
to citric acid, while the lowest ARa value was found in the
KAL composite resin group aged in heptane solution. The
ARa values of bulk-fill composite resins were higher than
those of conventional composites. Overall, all applications
resulted in greater surface roughness change (ARa) in the
BF composite resin compared to other composite resins.
Except for the BF composite resin, all other bulk-fill
composites showed similar surface roughness changes
depending on the protocol applied after aging with TC and
FSLs, while BF had higher ARa values compared to those
of other bulk-fill composites. All protocols resulted in
statistically similar ARa values in the FBF composite resin
(p=0.395). For conventional composites, similar ARa
values were observed after TC and ethanol immersion,
while the KAL composite resin showed lower ARa values
than other conventional composites after exposure to
citric acid and heptane. Among other bulk-fill composite
resins, the highest ARa values were obtained after ethanol
application, whereas in the BF composite resin group,
citric acid resulted in the highest ARa values.

Effects on Color Stability

The average color change (AE) and standard deviation
values of the samples stained in coffee solution after TC
and FSLs applications are presented in Table 4, and the
distribution by groups is shown in Figure 2. Following
immersion in coffee solution after aging with TC or FSLs,
the AE values were significantly different depending on
the aging protocol in all groups except for the FBF and XF
composite resin groups (p<0.001). For the FBF and XF
composite resin groups, the AE values resulting from
staining solution after FSLs and TC applications showed no
significant difference, indicating that they had no effect on
color change (p=0.094 and 0.092).

The highest AE value was observed in the BF composite
resin group after citric acid application, while the KAL
composite resin group aged with TC showed the least color
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change. After all applications, the highest AE values were
observed in the BF composite resin in all groups, and the
lowest AE values were observed in the KAL composite resin
in all groups. For the BF composite resin, the AE values of
the samples subjected to TC, heptane, and ethanol after
staining were similar, while the color change of the samples
treated with citric acid was statistically different. For the EB
composite resin, the AE values of the groups exposed to TC
and heptane were similar to those of the groups subjected
to ethanol and citric acid. For the FZ550 composite resin,
the AE values of the groups subjected to heptane and
ethanol were comparable. For the CX composite resin,
staining after heptane and citric acid treatment resulted in
a similar color change which was greater than the color
change caused by other applications. Compared to other

conventional composites, the AD composite resin exhibited
the greatest color change after exposure to staining
solution following all aging protocols.

For the KAL composite resin, the AE values of the groups
subjected to TC and heptane were similar to those of the
groups treated with ethanol and citric acid. EB, FZ550, CX
and KAL showed similar color changes after immersion in
the staining solution following TC. Although KAL and XF
composites exhibited similar color changes compared to
FBF, EB, FZ550, CX following staining after immersion in
citric acid, their color changes were different from each
other. After all applications, BF exhibited significantly
different color changes compared to other composites.

Table 2. Average surface roughness values (Rao/ Raz) and standard deviations before and after aging protocols

Composite Resins Aging Types EN Rax
Thermal Cycling 0.199 +£0.012 # 0.222 +0.006 B2
Heptane 0.202 £ 0.008 A 0.221 +0.010 &2
Filtek Bulk Fill Citric Acid 0.203 +0.0124 0.226 + 0.007 B2
Ethanol 0.201+0.0124 0.228 + 0.009 B2
p=0.755
Thermal Cycling 0.332£0.0154 0.351 +£0.017 82
Heptane 0.340 £0.014 ~ 0.362 £ 0.015 B2
X-tra fil Citric Acid 0.339+0.016 4 0.368 + 0.017 B2
Ethanol 0.336+0.0184 0.366 + 0.019 B2

p=0.372

Thermal Cycling
Heptane

Citric Acid
Ethanol

Beautifil-Bulk Restorative

0.252 +0.013 #
0.254 +0.013 #
0.252 +0.011#
0.254 +0.0114

0.314 £0.013 82
0.313 +0.009 82
0.428 +0.016 B
0.345 +0.010 B¢
p=0.001

Thermal Cycling
Heptane

Citric Acid
Ethanol

Estelite Bulk Fill Flow

0.170+0.0124
0.176 +0.013 #
0.171+0.011 4
0.180 + 0.012 #

0.190 +£0.013 B2
0.194 £+ 0.012 B2
0.193 +£0.010 B2
0.205 +0.012 B2
p=0.101

Thermal Cycling
Heptane

Citric Acid
Ethanol

Filtek Z550

0.178 £+ 0.022 #
0.183 +0.027 #
0.176 +0.024 #
0.173 £0.022 4

0.186 £ 0.022 A
0.196 + 0.024 A2
0.192 +0.029 A
0.185 +0.020 A2
p=0.400

Thermal Cycling
Heptane

Citric Acid
Ethanol

Ceram.X SphereTEC

0.212 +0.008 #
0.208 + 0.012 #
0.220 + 0.008 #
0.211 +0.014 4

0.223 + 0.005 A2
0.232 +0.015 B2
0.237 £ 0.011 A2
0.227 £0.014 »2
p=0.124

Thermal Cycling
Heptane

Admira Citric Acid
Ethanol

0.220 £+ 0.013 #
0.218 +0.012 #
0.222 +0.019*
0.217 £ 0.023 #

0.231 +0.013 A2
0.232 +0.013 #2
0.241+0.018 &2
0.230 + 0.024 2
p=0.745

Thermal Cycling
Heptane

Kalore Citric Acid
Ethanol

* Superscript uppercase letters indicate differences between Rao and Rai values in the same row. Superscript lowercase letters and p values indicate

differences among the aging protocols in the same composite group.
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0.128 +0.012#
0.134 +0.013 #
0.133+0.011 4
0.137 £0.012 4

0.135 +0.013 #2
0.139 +0.012 #2
0.141 + 0.010 A2
0.149 £ 0.012 #2
p=0.193
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SEM and AFM Analyses

Representative SEM and AFM images acquired for the
purposes of observing any changes on the sample surfaces
are provided in Figures 3-6. AFM analyses showed similar
Sa values compared to those obtained with the
profilometer. The surface topography and Sa values varied
depending on the aging method and the composites used.
Among the composite resins, the most irregular surface
topographies were observed in the groups where BF

composite resin was used. The BF composite resin stored in
citric acid showed greater Sa values.

The results of SEM analysis were consistent with those
of the AFM analysis. The increased susceptibility of the BF
composite resin to FSLs was evident in the SEM images,
where greater surface irregularities were observed. There
were no significant changes on the surfaces of
conventional composites.

Table 3. Average change in surface roughness values (ARa) and standard deviations following aging protocols

Composite Resins Thermal Cycling Heptane Citric Acid Ethanol p values
Filtek Bulk Fill 0.023 + 0.009 A2 0.020 +0.005 A2 0.023 £0.007~*  0.026 + 0.006**  p=0.395
X-tra fil 0.019 £ 0.005 A2 0.022 + 0.005A2° 0.028 £ 0.003~*  0.030 + 0.008*" p<0.001
Beautifil-Bulk Restorative 0.062 +0.002 &2 0.060 + 0.00852 0.176 + 0.0058° 0.091 + 0.0028¢ p<0.001
Estelite Bulk Fill Flow 0.020 + 0.002 A2 0.018 + 0.003A2 0.022 + 0.0024%¢  0.025 + 0.003*°  p<0.001
Filtek Z550 0.008 + 0.003 ¢2 0.013 £ 0.007¢? 0.016 £ 0.006%>  0.013 +£0.005%**  p<0.001
Ceram.X SphereTEC 0.011 +0.006 ©? 0.024 + 0.009*° 0.017 +0.006%%* 0.016 + 0.005%%®  p<0.001
Admira 0.011 £ 0.003 ©? 0.014 + 0.005%> 0.019 £0.003%¢  0.012 +0.003%*®  p<0.001
Kalore 0.007 + 0.002 @b 0.005 + 0.002P2 0.007 + 0.002°% 0.011 + 0.002%P p<0.001

p<0.001

p<0.001

p<0.001 p<0.001

* Superscript uppercase letters indicate differences between the rows in the same column (composite resins). Superscript lowercase letters indicate

differences between the columns in the same row (aging protocols).
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Figure 1: Comparison of change in surface roughness values (ARa) among composite resins after different aging
protocols.

Table 4. Average color change (AE1.0) values and standard deviations after immersion in staining solution, presented by

aging protocols

Composite Resins Thermal Cycling Heptane Citric Acid Ethanol p values
Filtek Bulk Fill 1.989 £ 0.31842 2.072 £ 0.0824PE2 1939 +0.167482 2,155+ 0.147 482 p=0.094
X-tra fil 2.328 £0.234582 2.199 £ 0.084AF2 2,179 + 0.183 52 2.333 £0.14642 p=0.092
Beautifil-Bulk Restorative 3.643 +0.243¢? 3.950 +0.273¢? 4,548 +0.313 ¢ 3.863 £0.206 % p<0.001
Estelite Bulk Fill Flow 1.590 £ 0.216°* 1.729 £0.155%%2 2,141 +0.124"8% 1,971 +0.1708P> p<0.001
Filtek Z550 1.625 +0.058 P 1.887 £0.199P8F 2,161 + 0.097 A8¢ 1.845 +0.097 PP p<0.001
Ceram.X SphereTEC 1.593 + 0.067 °? 2.074 £0.1335> 2,162 +0.099 ABb 1.862 + 0.094 °¢ p<0.001
Admira 2.838 £0.128¢2 2.365+0.155%® 2,509 + 0.200 “° 2.830+0.213°%2 p<0.001
Kalore 1.390 £+ 0.216°2 1.529+0.15962  1.921+0.1254 1.771£0.170°° p<0.001

p<0.001

p<0.001

p<0.001 p<0.001

* Superscript uppercase letters refer to the differences between the rows in the same column (composite resins). Superscript lowercase letters refer

to the differences between the columns in the same row (protocols).
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Figure 2: Comparison of color change (AE) among composite resins after different aging protocols
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Figure 3: SEM and AFM images of FZ550 composite resin initial and after immersion in ethanol solution.
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Figure 6: SEM and AFM images of BF composite resin initial and after immersion in citric acid.
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Discussion

In this study comparatively evaluating the effects of
thermal cycling and immersion in food-simulating liquids
on the surface properties and color stability of bulk-fill and
conventional composite resins, the protocols applied
affected surface roughness and color stability of the bulk-
fill composite resins, while for conventional composites,
surface roughness was unchanged in all groups except for
two groups. Moreover, changes in surface roughness
varied depending on the protocol and composite used.
The color stability of the stained composites also differed
among the composite groups based on the protocol
applied after thermal cycling and immersion in food-
simulating liquids. Therefore, both null hypotheses were
rejected.

Although improvements have been achieved in the
materials used for dental restorations in modern dental
practice, the longevity of dental composites in the oral
environment remains a concern for clinicians. Dental
composites can undergo changes over time in the oral
cavity, such as discoloration, water absorption,
dissolution, microleakage, increased roughness, and
wear. Such changes are influenced by the type and ratio
of fillers, as well as the content and monomers that make
up the resin matrix.?> Studies have reported that FSLs and
TC which are commonly used to simulate the oral
environment, lead to degradation, monomer release,
dissolution, increased surface roughness, discoloration,
reduced hardness, and accelerated aging of composite
resins.?> 26 These alterations have been attributed to the
deterioration of the polymer matrix of the composite and
the interface between resin and filler, as well as the loss
of inorganic filler particles.?”-28 In this study, the FSLs used,
significantly  increased  surface  roughness and
discoloration particularly in bulk-fill composites, with
variations observed among different composite resins.
This discrepancy could stem from the structural
differences among composite resins, as mentioned
earlier.

The use of bulk-fill composites by clinicians is rapidly
increasing due to the advantages they offer. Changes in
the composition of bulk-fill composites have been
designed to enhance polymerization depth compared to
conventional composites. One of these changes includes
increasing the size of filler particles. In bulk-fill
composites, the aim of increasing the filler particle size is
to enhance translucency to enable single-layer
polymerization. The size, shape, and quantity of the filler
particles and their relationship with the resin matrix are
the key determinants of surface morphology.?® The
increase in filler particle size in bulk-fill composites leads
to an increase in surface roughness, which also results in
increased spaces between fillers, i.e., the resin matrix.3% 3!
Furthermore, irregularities resulting from the detachment
of small particles from the surface are less pronounced. In
our study, the greater increase in surface roughness and
discoloration after FSLs and TC observed in the bulk-fill
composites, especially those with larger particle sizes,
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compared to conventional composites might be
attributed to the larger particle size and the greater ratio
of resin matrix between the particles.

Giomers are a new generation of glass ionomer hybrid
materials that release fluoride due to the surface pre-
reacted glass ionomer (SPRG) particles embedded in their
resin matrix. In our study, the highest ARa and AE values
were observed in the BF group following aging protocols.
Similar findings have been reported in other studies,
where the greatest increase in surface roughness after FSL
was found in giomer-containing materials, and
particularly the high ARa and AE values observed in the
groups exposed to citric acid were attributed to the
potential degradation of SPRG particles in the presence of
citric acid.3>3 Looking at other composites, different
aging protocols led to similar ARa values, and the variation
in BF composite depending on the applied protocols
supports the potential sensitivity of SPRG to citric acid.
While there is no specific data on particle size for BF
composite in the literature, it is believed that the void
resulting from the degradation of SPRG particles might
contribute to increased surface roughness and
discoloration.33 In a study by Cabadag and Gonulol, similar
to our study findings, the surface roughness values of the
BF increased compared to the initial values, but
contrastingly, no significant difference was observed
between the initial and final surface measurements of
other bulk-fill composites; this discrepancy might be
explained by variations in the duration of FSLs exposure in
our study.3?

Deterioration and discoloration of the composite
restorations over time still represent their major
disadvantages. Especially in today's world, where patients
have higher aesthetic expectations, discoloration is one of
the main factors affecting the replacement of composite
restorations. The color stability of composite resins
depends on various factors such as the resin matrix
structure, water absorption, filler particle structure and
size, and the matrix-filler relationship.3* In our study, the
higher AE values observed in bulk-fill composites
indicating discoloration could be attributed to these
factors. Additionally, the higher AE value of the AD
composite compared to other conventional composite
resins might be due to the presence of different types of
fillers and their bonding to the resin matrix.3® The better
color stability of the KAL composite resin compared to
other composites could be related to the hydrophilic
properties of the UDMA and DX-511 monomers in its
content, resulting in lower water absorption compared to
Bis-GMAS3®. Degradation occurring at the filler particle-
resin matrix interface and increased surface roughness
due to mechanical and chemical deterioration can
enhance discoloration.?® It has been reported that the
solutions used as FSLs, especially ethanol, reduce the
surface hardness of composite resins and induce
degradation at the filler particle-resin matrix interface,
leading to the formation of microcracks.” In a study, the
average AE value for the participants to notice color
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changes was reported to be 1.8.3” In our study, except for
a few groups, color changes exceeding this value were
observed in most groups.

As with any in vitro study, this study has a number of
limitations. Restorations within the oral cavity are
subjected to various conditions such as different
temperatures of food and beverages, chewing forces,
other mechanical factors, and the erosive effects of
organic acids produced by bacteria. The inability to
replicate combinations of these conditions in vitro is a
limitation of this study. With advances in the
characteristics and content of restorative materials,
further research would be needed to fully assess the
physical and chemical stabilization of these materials
under various conditions.

Conclusions

Based on the data obtained from this study, it can be
concluded that the food-simulating liquids and thermal
aging have an impact on the surface roughness and color
stability of the bulk-fill composites, while the surface
roughness of conventional composites is less affected
compared to bulk-fill composites. The findings of this
study also suggest that the protocol applied and the
composite structure affect the extent of surface
roughness and color change. Moreover, the content of the
products that people take with the diet is effective on the
physical and chemical properties of the restorative
materials used.
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