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ABSTRACT

Objective: This study aimed to investigate the effects of polishing system on the color stability, surface roughness, and hardness of resin 
composites in the presence and absence of accelerated artificial aging (AAA).

Methods: Six resin composites (Universal Restorative 200, G-Aenial Anterior, Ceram-X Duo, Admira, IPS Empress Direct, Clearfil Majesty 
Esthetic) were evaluated. Thirty disc-shaped samples were prepared for each composite group. Resin composite groups were divided into 
three subgroups: control (Mylar strip), disc (Optidisc), and rubber (Dimanto) (n=10). Color change (ΔE00) was calculated using the CIEDE 2000 
formula. Before and after AAA, the surface roughness (Ra, µm) and hardness (VHN) values were measured. Data were analysed using ANOVA, 
the Bonferroni test, and Pearson correlation (p<0.05).

Results: The Mylar strip group showed less color change than the polished groups. Universal Restorative 200 and IPS Empress Direct were 
associated with less discoloration than other resin composite groups. Before AAA, Mylar strips and Universal Restorative 200 were exhibited 
smoother values. There was no difference in the surface roughness between Dimanto-treated resin composites those associated with other 
materials before and after AAA (except Ceram-X Duo and Universal Restorative 200). Universal Restorative 200 yielded higher hardness values 
than other composites (p<0.05). The Mylar strips yielded lower VHN values than the polished groups, but there were no differences among the 
polishing systems. There was a significant, weak, and positive correlation between color and roughness change.

Conclusion: Composite type, finishing/polishing, and AAA had statistically significant effect on surface roughness and hardness. The Optidisc 
group exhibited less coloration and smoother surfaces than the Dimanto group. Nanohybrid (IPS Empress Direct) and microhybrid (Universal 
Restorative 200) resin composites performed better than other resins in terms of color change and roughness. Polishing systems applied to 
resin composite materials increased hardness.
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Effect of Polishing Systems on the Color and Surface Properties 
of Resin Composites in the Process of Accelerated Artificial 
Aging

1. INTRODUCTION

With developments and improvements of the physical-
mechanical properties of resin composites, their clinical use 
has increased; however, color stability, which affects the life 
of the restoration, remains a material-specific problem (1). 
Color change in resin composites is multifactorial, depending 
on the internal and external coloring of the materials. 
Internal factors are related to the chemical structure of the 
resin matrix component of the materials, and external factors 
are related to the coloring substances (such as the patient’s 
diet, hygiene, smoking habits) (2). Color differences can 
be assessed visually or with color-measuring instruments. 
These instruments (colorimeters and spectrophotometers) 
quantitatively indicate coloration and avoid the pitfalls of 
subjective visual color comparisons (3). The CIEDE 2000 
formula provides better correlations than the CIE L*a*b 

formula, and the CIEDE 2000 formula determines color 
differences perceived by the human eye better than the CIE 
L*a*b formula (4).

The mechanical properties of resin composites in aesthetic 
restorations are also important factors influencing their 
clinical longevity (5). Mechanical and physical properties are 
reflected by differences in filler volume, size, and shape, and 
improvements in these materials have been implemented 
via changes in matrix composition and polymerization 
technology (6). Finishing/polishing can be considered 
essential steps in restorative procedures that increase the 
aesthetics and clinical lifespan of restored teeth. Resin matrix 
and filler particles change in terms of hardness; as a result, 
they do not wear out to the same plane. Therefore, due to 
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the removal of some particles during the process of finishing/
polishing, surface defects may occur, such as microcracks 
and irregularities in the materials, which reduces the wear 
resistance of the restorations (7). Clinicians can choose from 
a variety of polishing tools for clinical use, such as diamond 
burs, stones, rubber cups, bits, discs, strips, and pastes. Efforts 
have been made to develop finishing/polishing instruments 
and one-step systems for resin composites (8). Given that 
simplified application systems are less time-consuming, it 
is important for clinicians to know which finishing/polishing 
systems offer adequate surface quality to increase the 
longevity of resin composite restorations (9).

A clinically useful lifespan begins immediately after the 
application of restoration materials. Although it may be 
possible to immediately assess color and other variables 
related to aesthetics, it is difficult to predict and compare 
long-term outcomes due to the rapid development and 
introduction of new generations in the dental market (2). 
Artificial aging methods are used to evaluate the effects on 
the optical and mechanical properties of resin composites 
(10). Clinical studies must validate the treatment procedures, 
but such studies are expensive and time-consuming. In vitro 
studies are designed to simulate clinical conditions as closely 
as possible within the scope of clinical procedures (11). 
Accelerated artificial aging (AAA) imitates oral conditions 
through exposure to 300 h of weathering in a weather-O-
meter, which is reportedly equivalent to 1 year of clinical 
use or intraoral treatments (12). AAA imitates the effects 
of prolonged exposure to environmental factors, such as 
differences in light, temperature, and moisture, and it 
approximates long-term clinical use in short time intervals 
(13). Studies evaluating AAA and resin composite polishing 
systems are scarce in the literature.

This study aimed to assess the influence of two polishing 
methods on color changes, surface roughness, and hardness 
among six resin composites in the presence and absence of 
AAA. The following null hypotheses were investigated: (1) 
different polishing methods would not effect color changes, 
surface roughness and hardness of resin composites; and (2) 
AAA would not influence color changes, surface roughness 
and hardness among resin composites.

2. METHODS

Shade equivalent A2 of six different resin composites (Clearfill 
Majesty Esthetic, Kuraray, Okayama, Japan; IPS Empress 
Direct, Ivoclar Vivadent, Schaan, Liechtenstein; Universal 
Restorative 200, 3M-ESPE, St. Paul, MN, USA; G-Aenial 
Anterior, GC Corp. Tokyo, Japan; Ceram-X Duo, Dentsply, 
Konstanz, Germany; Admira, Voco, Cuxhaven, Germany) were 
used (Table 1). Thirty disc-shaped samples were prepared for 
each composite, adding up to 180 samples in total. A Teflon 
mould (8 mm diameter and 2 mm thickness) was used to 
prepare disc-shaped specimens of the resin composites. The 
resin composites were placed into holes, and a Mylar strip 
was placed over the top surfaces. Resin composites were 
cured with light-emitting diode (LED; Woodpecker LED.E (P), 

Guilin Woodpeckers Medical Inst. Co., Guilin, China)–curing 
light at 1200 mW/cm2 for 40 s directly over Mylar strips. 
The resin composite groups were randomly divided into 
three subgroups (n=10). Except for the Mylar strip group, 
1200 grit silicon carbide abrasive paper was used with water 
before application using the polishing systems. Two different 
polishing systems (Optidisc, KerrHawe, Bioggio, Switzerland; 
Dimanto, Voco, Cuxhaven, Germany) were used. The polishing 
systems are shown in Table 1. The four-step OptiDisc system 
includes four aluminium oxide (Al2O3)–embedded discs, 
and each was used for 15 s in dry conditions. The one-step 
Dimanto system (rubber cup) includes diamond-embedded 
discs and was used for 60 s in dry conditions. The polishing 
systems were applied using a handpiece at a speed of 10,000 
rpm. All the specimens were rinsed for 10 s and then stored 
at 37°C for 24 h in distilled water.

2.1. Color Change Measurements

The initial color measurements were performed using a 
spectrophotometer (Lovibond RT Series, Tintometer Group, 
Lovibond House, UK). The spectrophotometer was calibrated 
according to the manufacturer’s instructions. The CIEDE 2000 
formula was used to determine color differences (14,15):

where ΔL′, ΔC′, and ΔH′ are the differences in lightness, 
chroma, and hue, respectively, between two specimens. 
The relationship between the variations of chroma and hue 
in the blue region is defined by the rotation function (RT). 
The weighting functions of lightness, chroma, and hue are 
denoted by SL, SC, and SH, respectively. KL, KC, and KH are the 
parametric factors of set 1 in this study (16).

2.2. Surface Roughness Measurements

Initial surface roughness was measured using a contact 
surface roughness device (Mar Surf PS1, Mahr, Göttingen, 
Germany). The average roughness (Ra, µm) values were 
recorded, and each specimen was recorded three different 
times using a profilometer, and the average value was 
calculated for each.

2.3. Surface Hardness Measurements

Initial surface hardness was measured using a surface 
hardness device (LHV-1D, Bursam NDT, Bursa, Turkey). A 
300-g load with a 10-second dwell period (17) was used on 
the surface for three measurements, and the average value 
was calculated for each material.
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Table 1. List of materials used in present study

Resin 
Composites

Manufacturer Type Composition wt-vol Lot No.

Universal 
Restorative 
200

3M Espe, St.
Paul, MN, USA

Universal/
Microhybrid

BisGMA, UDMA, Bis-EMA, zirkonium/silica, 0,01-3,5 µm %82 wt
%60 vol

N996478

G Aenial 
Anterior

GC Corp. Tokyo, 
Japan

Microhybrid UDMA, dimethacrylate co-monomers, pre – polymerized organic filler, 
silica, strontium,
lanthanoid fluoride, fumed silica (0,1–17µm)

%73 wt
%64 vol

1909091

Ceram.X Duo 
(Enamel)

Dentsply De Trey 
GmbH, Konstanz, 
Germany

Nanoceramic Bis-GMA, UDMA, TEGDMA, Methacrylate modified ploysiloxane 
(organically modified ceramic), dimethacylate resin, Bis(4-methyl-phenyl), 
iodonium hexafluorophosphate, barium-aluminum-borosilicate glass (10 
nm), methacrylate functionalised silicon dioxide nano filler

%76 wt
%57 vol

180.800.1099

Admira Voco GmbH
Cuxhaven, 
Germany

Ormocer Ormocer, BisGMA, UDMA, aromatic and aliphatic dimethacylate, 0.7 µm. %78 wt.
(%56 vol. 
microfiller)

1914502

IPS Empress 
Direct 
(Enamel)

IvoclarVivadent, 
Schaan,
Liechtenstein

Nanohybrid BisGMA, UDMA, TEGDMA, Barium glass, ytterbium trifluoride, and mixed 
oxides silicon dioxide, copolymer 0,4 µm-100 nm

%75-79 wt
%52-59 vol

Y35243

Clearfil 
Majesty 
Esthetic

Kuraray Noritake 
Dental Inc., 
Okayama,
Japan

Nanohybrid BisGMA, hydrophobic aromatic dimethacrylate, di-Camhorquinone, 
silanated barium glass filler, pre – polymerized organic filler, 0,37 µm-1,5 
µm

%78 wt
%40 vol

4H0173

Finishing/
Polishing 
materials

Manufacturer Type Composition Lot No.

OptiDisc KerrHawe, 
Bioggio, 
Switzerland

Discs Aluminum impregnated discs,
 (Coarse-Medium-Fine-Extrafine)

6778506

Dimanto Voco GmbH
Cuxhaven, 
Germany

Rubber Diaomond particles impregnated silicon rubber
 (One-step pre and high gloss polishing)

1915625

Bis-GMA; bisphenol A glycol dimethacrylate; Bis-EMA; bisphenol A ethoxylated dimethacrylate; TEGDMA; triethylene glycol dimethacrylate, UDMA; urethane 
dimethacrylate.

2.4. AAA

After initial measurements, all specimens were aged for 
300 h and 150 kJ/m2 (3) in an accelerated ageing chamber 
(Atlas ci 4000; Atlas Electronic Devices Co, Mount Prospect, Il, 
USA) (18). The aging procedure was performed as described 
elsewhere (19). After AAA procedures, color change, surface 
roughness and hardness measurements were repeated.

2.5. Statistical Analysis

Statistical analysis was performed using SPSS Statistics 
for Windows, Version 27.0 (IBM Corp., Armonk, NY, USA). 
First, the normality of the distribution was checked. Paired-
samples t-test analysis was used to make before-and-after 
comparisons to examine the significance of the effects of 
AAA on the roughness and hardness of the resin composite 
materials. Independent-samples t-tests were used to compare 
color changes, surface roughness, and surface hardness of 
the polishing systems used for the resin composite materials. 
Color change was analysed using two-way ANOVA. Three-
way ANOVA was used to analyse the interaction between 

composite type, polishing systems, and AAA in the influence of 
surface roughness and hardness of the composites. Bonferroni 
tests were used for multiple comparisons. Pearson correlation 
was used to reveal the relationship between changes in color 
and surface roughness values. For all statistical tests, the 
significance level was set at p<0.05.

3. RESULTS

3.1. Color Results

Table 2 shows ΔE00 values. The analysed factors (composite 
type and finishing/polishing group) had no significant 
influence on color changes (Table 3). The ΔE00 values of the 
Ceram-X Duo were indicated to be statistically significantly 
higher than those of the Universal Restorative 200 and IPS 
Empress Direct (p<0.001). The Optidisc and Dimanto groups 
were found to have significantly higher mean ΔE00 values than 
the Mylar strip group (p<0.001 for each). The Dimanto group 
had a significantly higher mean ΔE00 value than the Optidisc 
group (p=0.017).
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3.2. Surface Roughness Results

The analysed factors (composite type, finishing/polishing 
group, and AAA) had a statistically significant influence on 
surface roughness (Table 4), and Ra value differences are 
shown in Table 5. Before AAA, when the compared resin 
composites in the rubber group were evaluated according 
to composite type, there were no significant differences 
(p>0.05). The Ceram-X Duo yielded higher Ra values than 
the Universal Restorative 200 (p=0.046). The Optidisc with 
Universal Restorative 200 yielded significantly lower Ra 
values than the other composites. However, there were 
no differences between the Ra values associated with IPS 
Empress Direct and Clearfil Majesty Esthetic. After AAA, 
Optidisc and Dimanto with Universal Restorative 200 were 
associated with significantly lower surface roughness values 
than Ceram-X Duo (p=0.014, p=0.035, respectively). Before 
and after AAA, the Mylar strip group exhibited lower Ra values 
than the finishing/polishing groups (p<0.001). Additionally, 
the Optidisc group exhibited significantly lower roughness 
values than the Dimanto group (p<0.001).

3.3. Surface Hardness Results

The analysed factors (composite type, finishing/polishing 
group, and AAA) had a statistically significant influence on 
surface hardness (Table 4). Vickers hardness number (VHN) 

differences are shown in Table 6. Among all finishing/polishing 
groups, the Universal Restorative 200 exhibited the highest 
VHNs (p<0.05). The polishing groups exhibited significantly 
higher hardness values than the control group. Before and 
after AAA, no significant difference was observed between 
the Optidisc and Dimanto groups in terms of hardness.

Table 4. Interactions among the three factors using Three-Way 
ANOVA

Interaction factors
Roughness Hardness

p p

Composite <0.001 <0.001

Group <0.001 <0.001

AAA <0.001 <0.001

Composite* Group <0.001 <0.001

AAA*Composite 0.092 0.239

AAA*Group 0.001 <0.001

AAA* Composite *Group 0.020 <0.001

3.4. Pearson Correlation Results

There was a statistically significant, weakly positive 
relationship between color change and roughness (r=0.168, 
p=0.024).

Table 2. ANOVA results for color change (∆E00)

Interaction factors Type III Sum of Squares df Mean Square F p
Group 30.5 2 15.226 24.14 <0.001
Composite type 61.6 5 12.321 19.530 <0.001
Group ✻ Composite type 10.5 10 1.051 1.670 0.093

Table 3. Mean color changes (ΔE00) and standard deviation of the tested materials

Resin composites Control Optidisc Dimanto Total
Ceram-X Duo 3.54 ± 0.83 4.21 ± 0.54 4.39 ± 0.47 4.39 ± 0.47

A
Universal Restorative 200 2 ± 0.56 2.9 ± 0.89 3.3 ± 1.13 2.73 ± 1.02

B
G-Aenial Anterior 3.68 ± 0.93 4.28 ± 1.11 4.34 ± 0.61 4.1 ± 0.93

A
IPS Empress Direct 2.52 ± 1.24 2.57 ± 0.57 2.86 ± 0.57 2.65 ± 0.84

B
Clearfil Majesty Esthetic 2.9 ± 0.44 4.16 ± 0.36 4.33 ± 0.75 3.8 ± 0.84

A
Admira 3.01 ± 0.49 3.12 ± 1.29 4.43 ± 0.56 3.52 ± 1.06

A
Total 2.94 ± 0.96

a
3.54 ± 1.08

b
3.94 ± 0.93

c
Different capital letters represent statistically significant differences in each column (p< 0.05).
Different lower letters represent statistically significant differences in each row (p< 0.05).
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4. DISCUSSION

The interaction between composite type and polishing 
system was not significant in terms of the influence on color 
change. However, significant differences were found in the 
interaction between the composite resin materials and the 
polishing systems in terms of surface roughness and hardness. 
Therefore, we failed to fully reject the first null hypothesis. 
AAA was associated with significant differences in the color, 
surface roughness, and hardness of the resin composites. 
Therefore, the second null hypothesis was rejected.

In this study, acceptable perceptibility and acceptability 
thresholds were 0.81 and 1.77, respectively (15). Color 
change ΔE00 values were all between 2.0–4.43, and the resin 
composites were associated with clinically unacceptable 
color changes after AAA. Resin composite color changes 
are affected by external and internal factors. External 
factors include the duration and intensity of light emission 
during light-curing, as well as environmental factors, such 
as ultraviolet radiation, water, and temperature. Internal 
factors include the content of the resin matrix, filler loading 

Table 5. Surface roughness values (Ra, µm) (mean±std.deviation) of the resin composites
Control Optidisc Dimanto

Before AAA
After
AAA

p Before AAA
After
 AAA

p Before AAA
After
AAA

p

C 0.19 ± 0.02
Aa

0.21 ± 0.03
ABC1

>0.05 0.25 ± 0.02
ACb

0.28 ± 0.02
A2

<0.05 0.26 ± 0.02
Ab

0.31 ± 0.01
B2

<0.05

U 0.15 ± 0.01
Ba

0.16 ± 0.03
B1

>0.05 0.15 ± 0.02
Ba

0.23 ± 0.03
C2

<0.05 0.24 ± 0.03
Ab

0.27 ± 0.02
A2

<0.05

G 0.17 ± 0.02
ABa

0.22 ± 0.04
C1

<0.05 0.23 ± 0.03
ACb

0.28 ± 0.02
A2

<0.05 0.25 ± 0.03
Ab

0.31 ± 0.03
AB2

<0.05

I 0.16 ± 0.04
ABa

0.18 ± 0.02
ABC1

>0.05 0.18 ± 0.03
BCa

0.21 ± 0.01
BC1

<0.05 0.25 ± 0.02
Ab

0.28 ± 0.01
AB2

<0.05

M 0.17 ± 0.03
ABa

0.18 ± 0.02
AB1

<0.05 0.19 ± 0.01
BCa

0.25 ± 0.02
AC2

<0.05 0.25 ± 0.02
Ab

0.30 ± 0.02
AB3

<0.05

A 0.17 ± 0.02
ABa

0.20 ± 0.03
ABC1

<0.05 0.21 ± 0.04
Ca

0.27 ± 0.03
AC2

<0.05 0.27 ± 0.03
Ab

0.31 ± 0.01
AB2

<0.05

C; Ceram-X Duo, U;Universal Restoratif 200, G;G-Aenial Anterior, I;IPS Empress Direct, M;Clearfil Majesty Esthetic, A;Admira, AAA; Accelerated artificial aging, 
p; represent statistically significant differences in each group of the same resin composites (between before and after AAA of specimens values)
Different capital letters represent statistically significant differences in each column (p<0.05).
Different lower letters (comparisons of before AAA, specimen values between the groups) represent statistically significant differences in each row (p<0.05).
Different superscript numbers (comparisons of after AAA, specimen values between the groups) represent statistically significant differences in each row 
(p<0.05).

Table 6. Surface hardness values (VHN) (mean±std.deviation) of the resin composites

Control Optidisc Dimanto
Before

AAA
After
AAA p

Before
AAA

After
AAA p

Before
AAA

After
AAA p

C 52.00 ±1.75
Aa

67.87 ± 1.93
A1

<0.05 63.51 ± 2.43
Ab

75.74 ± 1.73
AD2

<0.05 60.26 ± 1.72
AEb

73.84 ± 1.51
A2

<0.05

U 87.73 ± 2.20
Ba

92.43 ± 2.04
B1

<0.05 92.09 ± 2.49
Bb

103.48±3.48
B2

<0.05 91.09 ± 2.42
Bab

101.78±4.00
B2

<0.05

G 37.70 ± 1.91
Ca

55.32 ± 2.20
C1

<0.05 43.28 ± 1.68
Cb

60.97 ± 1.64
C2

<0.05 42.83 ± 2.05
Cb

59.60 ± 1.92
C2

<0.05

I 50.50 ± 1.61
Aa

75.76 ± 1.84
D1

<0.05 61.32 ± 1.01
Ab

78.41 ± 1.97
D1

<0.05 58.10 ± 1.36
Ab

77.68 ± 1.99
D1

<0.05

M 43.18 ± 3.53
Da

52.40 ± 1.55
CE1

<0.05 45.65 ± 1.55
Ca

55.34 ± 0.84
E1

<0.05 44.79 ± 1.21
Da

52.55 ± 0.90
E1

<0.05

A 57.91 ± 2.15
Ea

68.03 ± 1.24
A1

<0.05 63.54 ± 1.90
Ab

73.55 ± 2.06
A2

<0.05 61.89 ± 2.05
Eb

71.77 ± 1.50
A2

<0.05

C; Ceram-X Duo, U;Universal Restoratif 200, G;G-Aenial Anterior, I;IPS Empress Direct, M;Clearfil Majesty Esthetic, A;Admira, AAA; Accelerated artificial aging, 
p; represent statistically significant differences in each group of the same resin composites (between before and after AAA of specimens values)
Different capital letters represent statistically significant differences in each column (p<0.05).
Different lower letters (comparisons of before AAA, specimen values between the groups) represent statistically significant differences in each row (p<0.05).
Different superscript numbers (comparisons of after AAA, specimen values between the groups) represent statistically significant differences in each row 
(p<0.05).
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and particle size distribution, type of photoinitiators, and 
remaining C=C bonds (20). During light-curing, initiators 
and tertiary aromatic amines form products that, under 
temperature or UV light challenges, cause resin discoloration 
towards red or yellow (21). A previous study (12) found that L* 
values decreased and b* values increased in resin composites 
after AAA. In the present study, L* values decreased and b* 
values increased in resin composites after AAA. Admira and 
Ceram-X Duo contain ormocer matrix, which is defined by 
an interpenetrating network of inorganic-organic polymers 
(22). In our study, Admira, Ceram-X Duo, G-Aenial Anterior 
resin composites were associated with more discoloration 
than the other materials. The staining susceptibility of resin 
composites may be due to the degree of water sorption and 
the hydrophilicity of the resin matrix. Resin composites can 
absorb water and are also able to absorb other fluids with 
pigments, which results in discoloration (23). Discoloration 
may be caused by inseparable highly cross-linkable organic 
networks and inorganic structures (20) and by AAA disrupting 
the ormocer structure. G-Aenial Anterior consists of a mixture 
of urethane dimethacrylate (UDMA) and dimethacrylate co-
monomers; it is free of Bis-GMA and has been confirmed 
in previous studies to facilitate discoloration. Bis-GMA and 
TEGDMA have high water absorption capacity due to their 
hydrophilic structure. The color stability of UDMA has 
been demonstrated to be superior to that of Bis-GMA (24); 
however, our findings were contrary to this observation. 
G-Aenial Anterior, a microhybrid composite with higher 
filler volume (64%), did not seem to have advanced color 
stability compared with Ceram X-Duo and Admira, ormocer-
containing materials with lower filler volumes (57% and 
56%, respectively). This may indicate that the lower color 
stability and higher solubility may be associated with 
monomer structures, for which AAA affects the chemical 
structures. In a previous study, microhybrid composites 
were found to be more stain-resistant than nanocomposites 
and microfilled composites (25). However, in our study, IPS 
Empress Direct (nanohybrid) exhibited the lowest ΔE00 values 
among the resin composite materials investigated (except 
for Universal Restorative 200). IPS Empress Direct can resist 
ageing-related staining. This can be explained by the use of 
different photoinitiators that remove amine groups, improve 
polymerization kinetics, and reduce the yellowing effect of 
curing. Smaller particle size and better dispersion of the resin 
matrix produces smoother surfaces (24). Although a previous 
study found that small nanofilled composite resin particles 
resulted in less discoloration (25), another study found that 
increased particle size caused a decrease in the organic filler 
matrix ratio, resulting in less discoloration (26); our study 
findings with Universal Restorative 200, a microhybrid resin 
composite, aligned with the latter observation. Use of the 
Universal Restorative 200 microhybrid and larger particle 
sizes may be effective for minimizing discoloration.

A previous study investigated color changes, surface 
morphology, and tooth restoration interface degradation 
among different resin composites (hybrid, microhybrid, 
nanoparticle-containing, and silorane) after AAA and found 

that Filtek Z250 (a microhybrid) was associated with the 
least color change. It has been stated that physical surface 
modifications caused by AAA may affect color changes (27) 
and that color changes caused by AAA are probably due to 
degradation at the monomer matrix/particle interface (28). 
An ideal polishing instrument should have abrasive particles 
harder than the filler contents of the material, thus allowing 
composites to reduce in terms of both the resin matrix and 
filler particles during polishing. Soft abrasive particles from the 
fillers only remove the resin matrix, and the hard aluminium 
oxide found in most polishing systems is significantly higher 
harder than most of the fillers in resin composites (29). Lu 
et al. (30) found that the smoothest surfaces were created 
using aluminium oxide–coated discs, that can perform an 
equal amount of abrasion, from both organic resin and 
inorganic fillers. A previous study evaluated the effects of 
the aging procedure on the surface roughness of compomer 
and resin composites (nanohybrid and ormocer). The study 
found that AAA did not affect the surface roughness, but 
there were differences between the materials (31). Similarly, 
another study stated that AAA did not influence the surface 
roughness of resin composites (32). Increases in color change 
and surface roughness have been shown to be interrelated 
(33). Another study (34) reported a lack of statistically 
significant increases in surface roughness values among resin 
composites after AAA; the investigators found that there was 
no correlation between surface roughness and color change. 
However, in our study, resin composites showed significant 
increases in surface roughness values after AAA, and a 
weakly positive correlation was found between roughness 
change and color change. Surface roughness can influence 
color change, as surface morphology influences susceptibility 
to discoloration. Surface roughness evaluation is relevant to 
the study of composite restoration since surface morphology 
affects susceptibility to discoloration (23). AAA and polishing 
produced rougher surfaces, which in turn caused significant 
color alterations. It has been observed that changes in 
resin composites are associated with internal factors (34) 
and external alterations that occur within specimens. A 
systematic review reported that the surface roughness of 
nanofiller or submicron composites was not superior to that 
of conventional microhybrid resin composites (35). In our 
study, the surface roughness values before and after AAA 
were found to be between 0.15 and 0.31 µm. Significant 
differences were observed between the Ceram-X Duo 
and Universal Restorative 200 control groups before AAA. 
After AAA, differences were detected between the two 
microhybrid resin composites (Universal Restorative 200 and 
G-Aenial Anterior). These differences can be attributed to the 
different chemical compositions of the materials, especially 
the filler content ratio. It is well known that the smoothest 
obtainable surfaces are achieved by curing the material in 
direct contact with a Mylar strip (23). The higher filler weight 
and volume of Universal Restorative 200 may have resulted 
in smoother surfaces in the Mylar strip group. It has been 
reported that surfaces formed with Mylar strips may have a 
resin-rich layer and poor physicomechanical properties. After 
polishing, the surface micromorphology of the composites is 
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affected by the type, amount, size, and hardness of the filler 
particles. It is also affected by the flexibility of the polishing 
materials, the hardness of the abrasive, size, and the method 
of application (36). In our study, Ceram-X Duo yielded the 
highest mean Ra value (0.31 µm) after AAA, while the mean 
Ra value for this material was similar in the rubber and disc 
application groups. This situation may be caused by the 
ormocer structure as well as the glass particles in Ceram-X 
Duo (37). Universal Restorative 200 exhibited a less-rough 
surface than other materials (except for IPS Empress Direct). 
Although there is no difference between the materials in the 
rubber group, disc application may have contributed to the 
smoothness of the nanohybrid composites. Several studies 
have found that multi-step systems perform better than one-
step systems (9,38). One-step systems can be implemented 
with a single polishing material, and smooth surfaces are 
provided in a shorter time (39). One study found that the 
texture of the final surface depends on the technique and 
material used (40), but there is no consensus on the materials 
and techniques that provide the smoothest surfaces for resin 
composites (41). According to our study, Optidisc (multi-step) 
created smoother surfaces and, therefore, lower staining 
susceptibility than Dimanto (one-step). The effectiveness 
of polishing discs containing aluminium oxide particles to 
create smooth surfaces tends to diminish gradually (39). The 
Dimanto polishing system contains particles impregnated 
with diamonds. Diamond is harder than aluminium. 
Therefore, diamond abrasive particles may cause deeper 
scratches on the surface of the composites, which may 
increase surface roughness. We found that a one-step 
polishing system did not produce the same surface quality 
on the resin composites. This is not attributable to the quality 
of the polishes but entirely to the interaction between the 
polisher and the composite resin.

In the present study, Mylar strip was associated with lower 
hardness values than the polishing systems. This finding is 
similar to other studies (8,42). Alfawaz, (43) investigated 
two polishing methods (a one-step [PoGo] and a multi-step 
[Sof-Lex] method) applied to two different composites (Z350 
XT and Ceram-X). Mylar strips were chosen as the control 
group. The control group yielded lower hardness values than 
the polished groups, but there was no significant difference 
between the polishing systems. Tornavoi et al. (44) found that 
AAA did not affect the hardness values of resin composites, 
but there were significant differences in hardness between 
the materials. Schulze et al. (45) found that Knoop hardness 
values of resin composites increased significantly after AAA. 
In contrast, a previous study (46) reported that microhardness 
values of resin composites decreased significantly after 
AAA. In our study, hardness values of resin composites 
increased significantly after AAA. Factors such as the device 
used, light, humidity and heat (45) caused differences in 
the mechanical properties of the materials. Studies have 
shown that water absorption by the resin matrix and orifice 
temperature can change the cohesion between the matrix 
and inorganic particles, reducing the mechanical properties 
of these materials and causing them to degrade (44,47). The 

results obtained in our study showed statistically significant 
differences between dental composites and demonstrated 
that the type of composites used might also influence the 
hardness results obtained. In our study, the highest hardness 
values among all groups were observed in association with 
Universal Restorative 200, and the lowest hardness values 
were observed in association with G-Aenial Anterior. This 
may be attributable to the filler ratio of the composite, as 
well as the influence of the hardness of the inorganic filler on 
the general hardness of the material (8). In our study, zirconia 
particles may have affected the increase in the VHN values of 
Universal Restorative 200. Previous study (44) reported that, 
among different resin composites, the composite material 
(Z250-microhybrid) with silica and zirconia content was 
harder. The microhardness of resin composites depends on 
several factors, such as the content of the resin matrix and 
the type and shape of the particle. Moreover, the hardness 
of resin composite is directly related to filler particles (48). In 
this context, the difference in material contents in our study 
reflects differences in hardness values.

One of the limitations of this study was the evaluation of the 
color and surface properties of resin composites using an in 
vitro methodological approach. Within the methodological 
limitations, we aimed to mimic the effects on resin materials 
of aging processes that may occur in the oral environment 
in a short time to estimate the clinical performance of 
the resin composites. However, various factors in the oral 
environment, such as saliva, temperature, pH, and brushing, 
can affect the long-term color stability, surface roughness, 
and hardness of resin composites. Further studies using 
different polishing and ageing methods should be conducted 
on resin composites. It should also be noted that flat sample 
surfaces were used in the present study, and in clinical 
practice, restorations created with resin composites consist 
of convex or concave irregular structures.

5. CONCLUSION

Within the limitations of this in vitro study, it was concluded 
that:

Composite type, finishing/polishing, and AAA had statistically 
significant effect on surface roughness and hardness. 
The Mylar strip groups had smoother surfaces and less 
discoloration than the polishing groups. The Optidisc (multi-
step) group exhibited more stain resistance and smoother 
surfaces than the Dimanto (one-step) group. Nanohybrid 
resin composite (IPS Empress Direct) and microhybrid resin 
composite (Universal Restorative 200) were associated with 
more favourable color changes and roughness values with 
Optidisc (multi-step) than with Dimanto (one-step). Polishing 
systems applied to composite materials increased the 
hardness values of the materials.
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