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Abstract

Background: This study evaluated the impact of polishing procedures on the surface texture and color stability of
two nano-hybrid resin composites, with or without zirconia filler.

Material and Methods: Cylindrical specimens (6 X 2 mm) were fabricated using a nano-hybrid resin composite con-
taining zirconia (Forma, Ultradent) or a composite without zirconia (Empress Direct, Ivoclar Vivadent). Specimens
were subjected to two finishing and polishing protocols (n = 12): aluminum oxide abrasive disks (Sof-Lex, 3M) or
disk-shaped abrasive rubbers (Jiffy, Ultradent). Roughness (Ra, pm) and color (CIEL*a*b* system, CIEDE2000,
Vita shade guide units [SGU]) were measured at baseline, after polishing protocol, and after immersion in coffee
solution. Results were evaluated using linear mixed-effects models for repeated measures, along with Tukey—Kra-
mer, Mann—Whitney, Friedman, and Nemenyi tests (o = 0.05).

Results: All groups exhibited an increase in Ra after polishing, with the highest values observed in specimens
polished with abrasive rubbers (p < 0.05). SGU values significantly increased for both resin composites following
coffee exposure, although the zirconia-based composite showed lower overall SGU changes (p < 0.05). After stai-
ning, AE  and AE  values were greater for the abrasive rubber groups compared to the aluminum oxide disk groups
and were also higher for the non-zirconia resin composite compared to the zirconia-based material (p < 0.0001).
Conclusions: Polishing with aluminum oxide abrasive disks resulted in smoother surfaces and reduced suscep-
tibility to staining. Nevertheless, the zirconia-containing resin composite demonstrated superior color stability
regardless of the polishing method.

Key words: Composite Resins, Dental Polishing, Dental Restoration Failure, Dental Restoration Wear.
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Introduction

The development of restorative materials that exhibit
mechanical and aesthetic properties similar to natural
teeth remains a challenge in dentistry, particularly in
terms of their stability within the oral environment and
their clinical longevity [1]. Resin composites have been
progressively developed and refined over recent deca-
des, becoming excellent materials for direct restorative
procedures [2-4].

Resin composite is a polymeric material composed
primarily of filler particles bound to an organic matrix
through a coupling agent [5,6]. This organic matrix typi-
cally consists of methacrylate monomers such as Bis-
GMA, which is combined with other dimethacrylates,
including TEGDMA and UDMA [6,7]. Filler particles,
along with other additives, are incorporated into the
polymer matrix to enhance the mechanical performan-
ce and clinical durability of resin composites [6]. These
particles constitute the inorganic content of the com-
posite and may include barium aluminosilicate, silica,
zirconia, quartz, ytterbium trifluoride or a combination
of different particles [8]. Increasing the filler content is
directly associated with improved mechanical proper-
ties, thereby enhancing the resistance of the composite
to challenges imposed by the oral cavity [5].
Accordingly, resin-based materials can be classified ba-
sed on the type, volume and size of filler particles [5,8].
Furthermore, the morphology and composition of these
particles are also important parameters for classifica-
tion [8,9]. The characteristics of filler particles directly
influence finishing and polishing outcomes. These par-
ticles may exhibit varying shapes, such as spherical or
irregular [5,10]. In addition, filler shape and size affect
surface wear and properties such as roughness and color
stability [5,10-14]. Among these, zirconia [zirconium
dioxide] has been widely used in dentistry due to its
excellent mechanical strength, biocompatibility, and op-
tical characteristics [15]. The incorporation of zirconia
can significantly enhance flexural strength, elastic mo-
dulus, and fracture resistance in resin composites [16].
Thus, commercial resin composites containing zirconia
particles have emerged on the market, some of which
are marketed by manufacturers as “zirconia nano-hybrid
composites.” These materials have been scarcely inves-
tigated in literature, particularly with respect to color
stability and in comparison to commercially available
restorative materials without zirconia.

Despite the mechanical advantages associated with the
incorporation of various filler particles, resin composi-
tes can degrade over time, because their surface is ex-
posed to physicochemical processes [1,5]. Differences
in the maintenance of surface polishing characteristics
have been observed depending on the type of filler par-
ticle [5,10]. In this context, evaluating the polishing of
zirconia-based nano-hybrid resin composites is essen-
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tial, as the hardness and degree of silanization of the
filler particles may affect their polishability and, con-
sequently, the surface roughness and color stability of
the restoration. Maintaining low roughness is a factor
associated with achieving a greater surface gloss, which
can influence color stability, susceptibility to staining,
and overall aesthetic properties, as well as biofilm accu-
mulation [18,19], surface wear [20,21], and the patient’s
perception of smoothness and comfort [22]. Although
the roughness and color of the material are primarily de-
termined by its optical and mechanical properties, these
characteristics are also influenced by the finishing and
polishing procedures employed, as well as the polishing
system used [10,23].

Finishing procedures are clinically performed to remove
defects and excesses around restorations [10,24], while
polishing serves to create a smooth and final glossy sur-
face similar to that of natural tooth [10,24]. The abrasive
or cutting element must be harder than the restorative
material to ensure the effectiveness of finishing and poli-
shing systems [14,25,26]. Considering the high hardness
of zirconia [27] and its potential limitations in adhesion
[28], further studies are warranted to identify the most
effective polishing systems for zirconia-containing resin
composites and to clarify whether the incorporation of
zirconia into the resin matrix affects the final polishing
outcome and susceptibility to staining.

Although the literature suggests that both the quantity
and size of filler particles influence the polish achie-
ved [5,29], the type of particle may also affect the po-
lishing outcome through its impact on wear resistance
and, consequently, the long-term maintenance of surface
smoothness [5,11]. Thus, it is important to investigate
the optical behavior, surface roughness retention, and
polishability of the resin composite containing zirconia
as a filler, as well as to compare these properties with
those of composites formulated with different filler com-
positions. Accordingly, the present study evaluated the
surface roughness and color properties of nano-hybrid
resin composites with and without zirconia particles af-
ter exposure to different polishing procedures. The null
hypotheses were: 1- the type of resin composite, when
polished with different systems, would not affect surfa-
ce roughness or color properties; and 2- the polishing
protocol would not influence the surface roughness or
color stability of resin composites subjected to a coffee
staining procedure.

Material and Methods

- Study Design

This study followed a 2 x 2 x 3 factorial scheme, with
three independent variables: 1) Resin composite: zirco-
nia-based nano-hybrid (Forma, Ultradent, South Jor-
dan, UT, USA) and conventional nano-hybrid (Empress
Direct, Ivoclar Vivadent, Schaan, Liechtenstein); II)
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Finishing and polishing system: abrasive disks (Sof-
Lex, 3M/Solventum, St. Paul, MN, USA) and abrasive
rubbers (Jiffy, Ultradent, South Jordan, UT, USA); III)
Evaluation time point: baseline, after polishing proce-
dure, and after exposure to coffee solution. The expe-
rimental units consisted of 48 disk-shaped specimens
fabricated from the two resin composites tested (n =
12). The analyses included surface roughness (Ra, um),
CIEL*a*b* coordinates (L*, a* and b*), shade guide
units (SGU, VITA Classical), and overall color changes
(AE, and AE ).

- Specimen Preparation

Each specimen was fabricated by placing the designated re-
sin composite from each group (n=12) into a silicone mold
with a 6 mm diameter and a 2 mm thickness using a spatula
(LM-Arte Applica, Quinelato, Rio Claro, SP, Brazil). The
surface was then covered with a Mylar strip and a glass
slide, and an axial load of 500 g was applied for 20 seconds
to ensure compaction and elimination of air bubbles. Light
curing was performed using an LED unit (Valo, Ultradent,
South Jordan, UT, USA) in standard mode (1000 mW/
cm?), for 20 seconds. The classification and composition of
the resin composites used are described in Table 1.

- Finishing and Polishing Protocol

The specimens from each group were randomly divided
into two subgroups, which received different finishing
and polishing treatments. The systems used are des-
cribed in Table 2. All procedures were performed using
a bench-top electric motor (Electromatic MS, KaVo, Bi-
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berach, Germany). The polishing instruments were re-
placed after use on three specimens.

Specimens in the abrasive disk group were finished and
polished using Sof-Lex disks (3M/Solventum, St. Paul,
MN, USA) in a sequence of grit sizes (coarse, medium,
fine, and superfine), each applied for 10 seconds at 10,000
rpm under water cooling. Afterward, the specimens
were rinsed with distilled water for 10 seconds, cleaned
in an ultrasonic bath (Thorton, Vinhedo, SP, Brazil) for
10 minutes, dried, and stored in relative humidity. Spe-
cimens in the abrasive rubber group underwent the same
procedure using a sequence of disk-shaped abrasive rub-
bers (Jiffy, Ultradent, South Jordan, UT, USA), based on
grit size (green, yellow, and white), also applied for 10
seconds each at 10,000 rpm under water cooling. After
polishing, the samples were likewise rinsed with disti-
lled water for 10 seconds, cleaned in an ultrasonic bath,
dried, and stored in relative humidity [30].

- Surface Roughness Evaluation

Surface roughness was measured using a surface profilo-
meter (Surftest SJ-210, Mitutoyo Co., Kanagawa, Japan)
at three time points: at baseline, after polishing procedu-
re, and after immersion in the coffee solution. Average
surface roughness (Ra, um) was calculated considering
1.25 mm of stylus path, 0.25 of cut-off, and a speed of
0.25 mm/s. Measurements were performed in triplicate
and the mean was considered the final Ra value, with the
stylus traversing the geometric center of each sample in
different directions.

Table 1: Restorative materials and composition according to manufacturers.

Resin Composite . . L. Classification/
(Manufacturer) Shade Organic Matrix Composition Filler Particle Composition
Conventional nano-hybrid
Empress Direct ALE Bis-GMA, UDMA, cycloalipha- Average filler size: 150 nm — 0.7 um
(Ivoclar Vivadent, tic dimethacrylate, propoxylated | Barium glass, ytterbium trifluoride, mixed oxides,
Schaan, Liechtenstein) bisphenol-A dimethacrylate silicon dioxide
78.1 wt% and 66 vol%

Zirconia-based nano-hybrid
Forma (Ultradent, South ALE BisGMA, TEGDMA, Bis-EMA, Average filler size: 5 — 50 nm
Jordan, UT, USA) UDMA Zirconia/silica particles, barium glass

64.8 vol%

Abbreviations: Bis-GMA, bisphenol A glycidyl methacrylate; UDMA, urethane dimethacrylate; TEGDMA, triethylene glycol dimethacrylate;
Bis-EMA, ethoxylated bisphenol dimethacrylate; EDMAB, ethyl 4-dimethylaminobenzoate. Information extracted from manufacturer labels.

Table 2: Manufacturers and composition of the finishing and polishing systems used.

Finishing and Polishing Description Manufacturer Composition
System
. . 3M/Solventum (St. Polyester disks impregnated with aluminum oxide:
Sof-Lex Abrasive disk Paul, MN, USA) coarse, medium, fine, and superfine
st Diskshaped | Uttradent (Sout |0 SeC 8 e e, medtum (yellow,
y rubber system Jordan, UT, USA) P ’ green), y ’
and fine (white)

Information extracted from manufacturer labels.
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- Color analyses

Color properties were determined using a digital spec-
trophotometer (VITA Easyshade, VITA Zahnfabrik, Bad
Sackingen, Germany) under standardized light condi-
tions at baseline, after polishing, and after coffee im-
mersion. The VITA Easyshade spectrophotometer was
calibrated according to the manufacturer’s instructions,
and readings were recorded using CIEL*a*b coordina-
tes. Color differences between time points were calcula-
ted using the AE , and CIEDE2000 (AE,) [31].

AE_= (ALY + (Aa)> + (Ab)

AE = \/(AL’/KL S)? +(AC/K.S.)* +(AH'/K, S )" +
R, (AC/K.S.) (AH'/K S)

Additionally, each specimen was assessed using the
VITA Classical scale (SGU), scored from 1 to 16 based
on luminosity, where 1 (B1) indicated the highest lumi-
nosity and 16 (C4) the lowest [32].

- Coffee Immersion Protocol

After polishing procedures, the samples were individua-
lly immersed in coffee solution (5 ml). The solution was
prepared by adding 4 g of coffee powder (Nestlé, Sdo
Paulo, SP, Brazil) to 300 ml of previously boiled water,
then steeped for 5 minutes [33]. Specimens were immer-
sed immediately after preparation and stored at 37°C for 7
days [34], during which the coffee solution was replaced
daily. After staining protocol, specimens were rinsed in an
ultrasonic bath with distilled water for 10 minutes, dried,
and re-evaluated for final color and surface roughness.

- Statistical Analysis

Statistical analyses were performed using the R program
(R Core Team, Vienna, Austria), considering a signifi-
cance level of 5%. Exploratory analyses were performed
to define the appropriate statistical tests for each varia-
ble. Linear mixed-effects models for repeated measures
and the Tukey—Kramer test were used for the L* and
b* coordinates. The remaining variables were analyzed
using the Mann—Whitney test for comparisons between
resin composites and polishing methods, and the Fried-
man and Nemenyi tests for comparisons over time.

Polishing protocols of a zirconia-based resin composite

Results

The p-values for the main effects and interactions are
presented for each variable in the corresponding tables.
- Roughness

As shown in Table 3, both resin composites exhibited a
significant increase in surface roughness after polishing.
Following polishing and staining with coffee, roughness
values were significantly higher in specimens polished
with abrasive rubbers compared to those polished with
abrasive disks, regardless of resin composite. No signi-
ficant difference in roughness was observed between the
two resin composites.

- Color (L*, a*, and b* coordinates)

As shown in Table 4, both resin composites exhibited a
significant increase in the L* coordinate value after poli-
shing with the abrasive disk. After staining with coffee,
L* values decreased for both composites, regardless of
the polishing system. The zirconia-based resin composi-
te showed higher L* values than the conventional resin
composite at all time points.

Table 5 presents the a* coordinate results. A significant
increase in a* values was observed after polishing and
after staining in all groups. The zirconia-based resin
composite showed higher a* values after polishing with
abrasive rubbers than with abrasive disks. In contrast, the
conventional resin composite showed higher a* values
after staining when polished with abrasive rubbers com-
pared to abrasive disks. At all evaluation time points, the
conventional resin composite exhibited higher a* values
than the zirconia-based composite.

As shown in Table 6, b* values increased significantly
after staining with coffee in all groups. Following stai-
ning, both resin composites exhibited higher b* values
when polished with abrasive rubbers. In all conditions,
the conventional resin composite showed higher b* va-
lues than the zirconia-based composite.

- Color Alteration (AE_ and AE )

The results for color alteration are shown in Figure 1
(AE,) and Figure 2 (AE ). After polishing, both resin

Table 3: Median (minimum and maximum values) of roughness (Ra, um) according to resin composite, polishing system, and time point.

Resin Polishing System Time Point p-value
Composite Baseline After Polishing After Staining
Conventional Abrasive disks 0.043 (0.030; 0.101) Ba | 0.153 (0.060; 0.261) Ab | 0.140 (0.055; 0.225) 0.0038
Ab

Abrasive rubbers | 0.042 (0.030; 0.104) Ba | 0.298 (0.056; 0.747) Aa | 0.297 (0.117; 0.763) Aa | <0.0001
p-value 0.9310 0.0051 0.0012
Zirconia- Abrasive disks 0.042 (0.027; 0.145) Ba | 0.160 (0.085; 0.237) Ab | 0.154 (0.089; 0.255) 0.0003
based Ab

Abrasive rubbers | 0.045 (0.028; 0.133) Ba | 0.311 (0.181; 0.612) Aa | 0.274 (0.080; 0.551) Aa | <0.0001
p-value 0.6033 <0.0001 0.0017

Distinct letters indicate statistically significant differences (p < 0.05): uppercase letters for comparisons across rows (polishing systems) and
lowercase letters for comparisons down columns (evaluation time point).
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Table 4: Mean (standard deviation) of L* values according to resin composite, polishing system, and time point.

Resin Polishing System Time Point

Composite Baseline After Polishing After Staining

Conventional Abrasive disks 88.73 (1.01) Ba 92.11 (1.37) Aa 74.50 (1.82) Ca
Abrasive rubbers 88.31 (0.79) Aa 89.01 (0.87) Ab 68.06 (2.92) Bb

Zirconia-based Abrasive disks *90.65 (0.93) Ba *94.21 (1.05) Aa *85.13 (1.46) Ca

Abrasive rubbers

¥90.40 (1.12) Aa

%90.93 (1.09) Ab

*81.08 (1.40) Bb

*Significantly different from the conventional resin composite under the same polishing condition and time (p < 0.05). Distinct
letters (uppercase across rows and lowercase within columns) indicate statistically significant differences (p < 0.05). p(resin
composite) < 0.0001; p(polishing system) < 0.0001; p(resin composite x polishing system) = 0.2221; p(time) < 0.0001; p(resin
composite x time) < 0.0001; p(polishing system x time) < 0.0001; p(resin composite x polishing system X time) = 0.0072.

Table 5: Median (minimum and maximum values) of a* values according to resin composite, polishing system, and time point.

Resin Polishing System Time Point p-value

Composite Baseline After Polishing After Staining

Conventional Abrasive disks 0.80 (0.00; 1.20) Ca 1.00 (0.20; 1.50) Ba 5.80 (5.40; 7.10) Ab <0.0001
Abrasive rubbers 0.65 (0.00; 1.10) Ca 1.30 (0.70; 1.50) Ba 7.55 (6.20; 9.40) Aa <0.0001

p-value 0.3865 0.1333 0.0003

Zirconia-based | Abrasive disks *-0.20 (-0.50; 0.10) Ca | *0.20 (-0.10; 0.30) Bb | *3.25 (2.60; 4.20) Aa <0.0001
Abrasive rubbers | *-0.05 (-0.40; 0.10) Ca | *0.40 (0.10; 0.60) Ba | *3.65 (3.00; 4.20) Aa <0.0001

p-value 0.3263 0.0056 0.1749

*Significantly different from the conventional resin composite under the same polishing condition and time (p < 0.05). Distinct letters (upper-
case across rows and lowercase within columns) indicate statistically significant differences (p < 0.05).

Table 6: Mean (standard deviation) of b* values according to resin composite, polishing system, and time point.

Time Point

Baseline

After Polishing

After Staining

23.34(0.66) Ba

22.88 (0.72) Ba

31.74 (1.98) Ab

23.32(0.55) Ba

22.78 (0.47) Ba

39.43 (2.88) Aa

#16.96 (0.94) Ba

16.59 (0.74) Ba

24,30 (0.71) Ab

Resin Polishing system

Composite

Conventional Abrasive disks
Abrasive rubbers

Zirconia-based Abrasive disks
Abrasive rubbers

*16.74 (0.59) Ba

16.03 (0.50) Ba

%28.02 (1.66) Aa

*Significantly different from the conventional resin composite under the same polishing condition and time (p < 0.05). Distinct
letters (uppercase across rows and lowercase within columns) indicate statistically significant differences (p < 0.05). p(resin
composite) < 0.0001; p(polishing system) < 0.0001; p(resin composite x polishing system) = 0.0013; p(time) < 0.0001; p(resin
composite x time) < 0.0001; p(polishing system x time) < 0.0001; p(resin composite x polishing system x time) = 0.0003.

composites exhibited higher AE and AE values when
polished with abrasive disks compared to abrasive rub-
bers. Considering baseline vs. polishing procedure, no
significant difference in AE and AE | was observed be-
tween the resin composites. However, after staining with
coffee compared to the post-polishing condition, AE , and
AE, values were significantly higher for the conventional
resin composite than for the zirconia-based composite and
were higher in the groups polished with abrasive rubbers.
- Color (SGU, VITA Scale)

As shown in Table 7, SGU scores increased significant-
ly after staining with coffee in all groups, regardless of
resin composite or polishing method. After polishing,
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the conventional resin composite exhibited higher SGU
values when polished with abrasive rubbers than with
abrasive disks. SGU readings for the zirconia-based re-
sin composite were higher after staining in specimens
polished with abrasive rubbers. In all situations, the con-
ventional resin composite showed higher SGU scores
than the zirconia-based composite.

Discussion

The maintenance of color, gloss, and surface polish is
essential for the clinical performance of resin composite
restorations [10,35,36]. The loss of these characteristics
may lead to restoration replacement, which can dama-
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ge the tooth by enlarging the cavity and consequently
removing sound structure [37,38]. Both polishing and
the characteristics of filler particles are associated with
the mechanical resistance and staining behavior of resin
composites [5]. Based on the results obtained, both null
hypotheses were rejected, since the type of resin compo-
site and the polishing system affected surface roughness

ers

between the resin composites at polishing time:
p = 0.9081 for abrasive disks, and p = 0.5637 for
abrasive rubbers.

and color properties. Moreover, immersion in coffee so-
lution led to additional degradation in both parameters.

Surface roughness is considered a clinically important
parameter, since it determines the ability of the surfa-
ce to retain biofilm and pigments [18,39]. Filler particle
shape has been suggested to influence surface roughness
[40], with irregular particles generally associated with
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Table 7: Median (minimum and maximum values) of the VITA scale shade guide units (SGU) according to resin composite, polishing

system, and time point.

Resin Polishing System Time Point p-value

Composite Baseline After Polishing After Staining

Conventional Abrasive disks 3(3;5 Ba 3(3;3)Bb 15 (15; 15) Aa 0.0001
Abrasive rubbers 4(3;5) Ba 5(@3;5)Ba 15 (15; 16) Aa <0.0001

p-value 0.2987 <0.0001 0.0833

Zirconia-based Abrasive disks *2(2;2) Ba *2(2;2) Ba *9 (2; 11) Ab 0.0063
Abrasive rubbers *2(2;2)Ba *2(2;2)Ba *11 (115 11) Aa 0.0001

p-value 1.000 1.000 0.0153

*Significantly different from the conventional resin composite under the same polishing condition and time (p < 0.05). Distinct letters
(uppercase across rows and lowercase within columns) indicate statistically significant differences (p < 0.05).

rougher surfaces. Although the resin composites varied
in composition, they exhibited comparable surface rou-
ghness values. This may be attributed to similarities in
filler volume percentage, classification as nano-hybrid
composites, and average particle size, as shown in Table
1. In contrast, the polishing system significantly affected
roughness in both materials, with the abrasive rubbers
resulting in higher Ra values, exceeding the clinically
acceptable threshold of 0.2 pm [41].

In general, lower Ra values are achieved with aluminum
oxide-impregnated disks [10,42], and the characteristics
of the polishing abrasive particles can affect the contact
surface [43]. Considering the Mohs hardness scale: dia-
mond > silicon carbide > tungsten carbide > aluminum
oxide > zirconium dioxide [44,45], it is possible that the
higher hardness of silica particles in the abrasive rubbers
led to the dislodgement of filler particles or scratching
of the superficial, resin-rich layer [46,47]. Additionally,
the abrasive disks involved four grit levels, compared
to three in the abrasive rubber group, a difference that,
along with longer application times and additional po-
lishing steps, has been associated with more favorable
roughness outcomes [24]. Finally, although the abrasi-
ve rubber particles may be smaller (Table 2), abrasive
disks distribute particles homogeneously across their
surface, while rubbers retain abrasives within a flexible
matrix. Future studies should employ microscopic ima-
ging to characterize these instruments more precisely.
Moreover, it is important to emphasize that various fi-
nishing and polishing protocols are available, as well as
polishing systems with different abrasive formulations
[12,35]. The present study aimed to differentiate the po-
lishing system types (rubbers versus disks) by applying
them in a sequence of decreasing abrasiveness, in accor-
dance with previous studies [13,22,38].

The roughness data help explain the color change pa-
tterns observed, namely higher AE and AE values
after polishing with disks (baseline vs. post-polishing),
and higher values after staining in the rubber groups
(post-polishing vs. post-staining). Roughness and color
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are correlated properties [33], and smoother surfaces
produced by disks reflect more light, resulting in greater
changes in the L* coordinate (towards white) and AE
and AE, values exceeding the proposed acceptability
thresholds [48] for color change [12]. Conversely, rou-
gher surfaces polished with abrasive rubbers retained
more pigments, contributing to decreases in L* (toward
black), and increases in a* (toward red) and b* (toward
yellow), resulting in more pronounced AE and AE
values after coffee immersion. Coffee beverage was se-
lected as the pigmentation agent due to its widespread
consumption and well-documented staining capacity
[49,50]. Its yellow pigments have polarity and affinity
for the polymer matrix [51], which likely explains the
observed increases in the b* coordinate. However, be-
cause coffee has a pH near 5, it does not significantly
alter surface roughness [12], consistent with the present
findings.

After coffee immersion, both composites exhibited cli-
nically perceptible color changes (AE, > 1.2; AE >
0.8), and surpassed the acceptability thresholds (AE,
> 2.7, AE,, > 1.8) [48], regardless of the polishing sys-
tem. Such changes may stem from intrinsic factors (e.g.,
material composition) and extrinsic ones (e.g., pigment
absorption from staining agents) [34,52]. In this context,
the zirconia-based resin composite was less susceptible
to staining than the conventional resin composite. Al-
though polishing affects stain susceptibility, the formu-
lation of the composite also plays a central role [12,43].
As a crystalline oxide of zirconium-based material, zir-
conia contains a polycrystalline structure that may form
a substrate less prone to pigment uptake [53,54]. The
zirconia-based composite tested in this study demonstra-
ted clinically acceptable color stability and resistance to
degradation under other conditions [55,56]. The incor-
poration of zirconia particles may influence the overall
surface microhardness of resin composites, as a previous
study reported higher microhardness values for the For-
ma compared with Empress [57]. However, the present
findings indicate that this does not adversely affect the
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polishability of the material, whereas both resin com-
posites exhibited similar patterns of surface roughness
alteration. Notably, the resin composite containing zir-
conia in its formulation demonstrated more favorable
color stability.

Nonetheless, as inherent to in vitro experimental mo-
dels, the present study has certain limitations. Althou-
gh the two composites exhibit similarities in monomer
matrix composition and filler volume fractions, they are
manufactured by different companies, which alone may
account for some of the differences observed. Moreover,
while the findings are of interest, it is not possible to iso-
late the specific contribution of zirconia, since the resin
matrix composition also plays a critical role in determi-
ning the properties of resin-based materials. The chemi-
cal nature of the monomers used in the resin matrix is
known to influence color stability and related properties,
such as water sorption and solubility [58]. In addition,
other factors may affect material performance, including
the hardness mismatch between filler and matrix, the de-
gree of monomer conversion, and the quality of the si-
lane coupling at the filler—matrix interface [40]. Further
investigations using experimental composites with con-
trolled formulations of individual components, as well
as studies including a broader range of commercial ma-
terials from different manufacturers, are recommended.

Conclusions

Zirconia-based resin composite was less susceptible to
staining by coffee than conventional resin composite,
which did not contain zirconia. Additionally, the fini-
shing and polishing system employing abrasive disks re-
sulted in improved smoothness and better color stability
for both types of resin composites.

Acknowledgement
Declared none.

Author Contributions

E.C.S.S., R.T.B., C.P.T. and W.F.V.J. conceived the idea of the study;
E.C.S.S., L.S.B. and L.J.G. conducted the experiment and collected
the data; D.ANN.L.L, C.P.T., EM.G.F and W.E.V.J. analyzed the data;
E.C.S.S. wrote the original draft of this paper; L.S.B., L.J.G., R.T.B.,
D.AN.L.L and W.F.V.J. revised and edited this paper; W.F.V.J. super-
vised the entire study.

Funding
Declared none.

Conflict of interest

All authors certify that they have no affiliations with or involvement in
any organization or entity with any financial interest or non-financial
interest in the subject matter or materials discussed in this manuscript.

References

1. Kreth J, Merritt J, Pfeifer CS, Khajotia S, Ferracane JL. Interac-
tion between the oral microbiome and dental composite biomaterials:
Where we are and where we should go. J Dent Res. 2020;99(10):1140-
1149.

e324

Polishing protocols of a zirconia-based resin composite

2. Moraschini V, Fai CK, Alto RM, Dos Santos GO. Amalgam and re-
sin composite longevity of posterior restorations: A systematic review
and meta-analysis. J Dent. 2015;43(9):1043-1050.

3. Broadbent JM, Murray CM, Schwass DR, Brosnan M, Brunton PA,
Lyons KS, Thomson WM. The dental amalgam phasedown in New
Zealand: A 20-year trend. Oper Dent. 2020;45(3):255-264.

4. Demarco FF, Collares K, Coelho-de-Souza FH, Correa MB, Cenci
MS, Moraes RR, Opdam NJ. Anterior composite restorations: A syste-
matic review on long-term survival and reasons for failure. Dent Ma-
ter. 2015;31(10):1214-1224.

5. Ferracane JL. A historical perspective on dental composite restorati-
ve materials. J Funct Biomater. 2024;15(7):173.

6. Peutzfeldt A. Resin composites in dentistry: the monomer systems.
Eur J Oral Sci. 1997;105(2):97-116.

7. Vasudeva G. Monomer systems for dental composites and their fu-
ture: a review. J Calif Dent Assoc. 2009;37(6):389-398.

8. Ruivo MA, Pacheco RR, Sebold M, Giannini M. Surface roughness
and filler particles characterization of resin-based composites. Microsc
Res Tech. 2019;82(10):1756-1767.

9. Kim KH, Ong JL, Okuno O. The effect of filler loading and mor-
phology on the mechanical properties of contemporary composites. J
Prosthet Dent. 2002;87(6):642-649.

10. Amaya-Pajares SP, Koi K, Watanabe H, da Costa JB, Ferracane JL.
Development and maintenance of surface gloss of dental composites
after polishing and brushing: Review of the literature. J Esthet Restor
Dent. 2022;34(1):15-41.

11. Lu H, Lee YK, Oguri M, Powers JM. Properties of a dental resin
composite with a spherical inorganic filler. Oper Dent. 2006;31(6):734-
740.

12. Eguivar YA, Franca FM, Turssi CP, Basting RT, Vieira-Junior WF.
Effect of simplified or multi-step polishing techniques on roughness
and color stability of resin composites. Am J Dent. 2023;36(6):274-
280.

13. Alvarenga ACF, Kantovitz KR, Turssi CP, Basting RT, Vieira-Ju-
nior WF, Franga FM. Effect of finishing and polishing systems on sur-
face roughness and color stability of aesthetic restorations exposed to
staining solution. Acta Odontol Latinoam. 2024;37(2):162-171.

14. Kocaagaoglu H, Aslan T, Giirbulak A, Albayrak H, Tasdemir
Z, Gumus H. Efficacy of polishing kits on the surface roughness
and color stability of different composite resins. Niger J Clin Pract.
2017;20(5):557-565.

15. Lin GSS, Abdul Ghani NRN, Ismail NH, Singbal KP, Yusuff
NMM. Polymerization shrinkage and degree of conversion of new
zirconia-reinforced rice husk nanohybrid composite. Eur J Dent.
2020;14(3):448-455.

16. Liu J, Zhang H, Sun H, Liu Y, Liu W, Su B, Li S. The development
of filler morphology in dental resin composites: A review. Materials
(Basel). 2021;14(19):5612.

17. Delaviz Y, Finer Y, Santerre JP. Biodegradation of resin composites
and adhesives by oral bacteria and saliva: a rationale for new material
designs that consider the clinical environment and treatment challen-
ges. Dent Mater. 2014;30(1):16-32.

18. Cazzaniga G, Ottobelli M, lonescu A, Garcia-Godoy F, Bram-
billa E. Surface properties of resin-based composite materials and
biofilm formation: A review of the current literature. Am J Dent.
2015;28(6):311-320.

19. Sturz CR, Faber FJ, Scheer M, Rothamel D, Neugebauer J. Effects
of various chair-side surface treatment methods on dental restorative
materials with respect to contact angles and surface roughness. Dent
Mater J. 2015;34(6):796-813.

20. Furuse AY, Gordon K, Rodrigues FP, Silikas N, Watts DC. Co-
lour-stability and gloss-retention of silorane and dimethacrylate com-
posites with accelerated aging. J Dent. 2008;36(11):945-952.

21. O’Neill C, Kreplak L, Rueggeberg FA, Labrie D, Shimokawa
CAK, Price RB. Effect of tooth brushing on gloss retention and surfa-
ce roughness of five bulk-fill resin composites. J Esthet Restor Dent.
2018;30(1):59-69.

22. Soares MH, Viera-Junior WF, Basting RT, Fran¢a FM, Turssi CP.



J Clin Exp Dent. 2026;18(3):e317-25.

Smoothness provided by a one-step finishing and polishing system and
its maintenance after 12-month aging. Am J Dent. 2023;36(4):188-
192.

23. Jaramillo-Cartagena R, Lopez-Galeano EJ, Latorre-Correa F, Agu-
delo-Suarez AA. Effect of polishing systems on the surface roughness
of nano-hybrid and nano-filling composite resins: A systematic review.
Dent J (Basel). 2021;9(8):95.

24. Kemaloglu H, Karacolak G, Turkun LS. Can reduced-step poli-
shers be as effective as multiple-step polishers in enhancing surface
smoothness? J Esthet Restor Dent. 2017;29(1):31-40.

25. Turssi CP, De Moraes Purquerio B, Serra MC. Wear of dental
resin composites: insights into underlying processes and assess-
ment methods--a review. J Biomed Mater Res B Appl Biomater.
2003;65(2):280-285.

26. Dhananjaya KM, Vadavadagi SV, Almalki SA, Verma T, Arora
S, Kumar NN. In vitro analysis of different polishing systems on the
color stability and surface roughness of nanocomposite resins. J Con-
temp Dent Pract. 2019;20(11):1335-1338.

27. Miyazaki T, Nakamura T, Matsumura H, Ban S, Kobayashi
T. Current status of zirconia restoration. J Prosthodont Res. 2013;
57(4):236-261.

28. Quigley NP, Loo DSS, Choy C, Ha WN. Clinical efficacy of me-
thods for bonding to zirconia: A systematic review. J Prosthet Dent.
2021;125(2):231-240.

29. Rodriguez HA, Kriven WM, Casanova H. Development of mecha-
nical properties in dental resin composite: Effect of filler size and filler
aggregation state. Mater Sci Eng C Mater Biol Appl. 2019;101:274-
282.

30. Marghalani HY. Effect of finishing/polishing systems on the sur-
face roughness of novel posterior composites. J Esthet Restor Dent.
2010;22(2):127-138.

31. Sharma G, Wu W, Dalal EN. The CIEDE2000 color-difference
formula: Implementation notes, supplementary test data, and mathe-
matical observations. Color Research & Application. 2005;30:21-30.
32. Polydorou O, Hellwig E, Hahn P. The efficacy of three different
in-office bleaching systems and their effect on enamel microhardness.
Oper Dent. 2008;33(5):579-586.

33. Chowdhury D, Mazumdar P, Desai P, Datta P. Comparative eva-
luation of surface roughness and color stability of nanohybrid com-
posite resin after periodic exposure to tea, coffee, and Coca-cola -
An in vitro profilometric and image analysis study. J Conserv Dent.
2020;23(4):395-401.

34. Demarco FF, Collares K, Correa MB, Cenci MS, Moraes RR, Op-
dam NJ. Should my composite restorations last forever? Why are they
failing? Braz Oral Res. 2017;31(suppl 1):e56.

35. Vargas MA, Margeas R. A systematic approach to contouring and
polishing anterior resin composite restorations: A checklist manifesto.
J Esthet Restor Dent. 2021;33(1):20-26.

36. Opdam NJ, Bronkhorst EM, Loomans BA, Huysmans MC.
Longevity of repaired restorations: a practice based study. J Dent.
2012;40(10):829-835.

37. Loomans B, Ozcan M. Intraoral repair of direct and indirect resto-
rations: Procedures and guidelines. Oper Dent. 2016;41(S7):S68-S78.
38. Aykent F, Yondem I, Ozyesil AG, Gunal SK, Avunduk MC,
Ozkan S. Effect of different finishing techniques for restorative ma-
terials on surface roughness and bacterial adhesion. J Prosthet Dent.
2010;103(4):221-227.

39. Rodrigues-Junior SA, Chemin P, Piaia PP, Ferracane JL. Surface
roughness and gloss of actual composites as polished with different
polishing systems. Oper Dent. 2015;40(4):418-429.

40. Bollen CM, Lambrechts P, Quirynen M. Comparison of surface
roughness of oral hard materials to the threshold surface roughness
for bacterial plaque retention: a review of the literature. Dent Mater.
1997;13(4):258-269.

41. Yadav RD, Raisingani D, Jindal D, Mathur R. A comparative
analysis of different finishing and polishing devices on nanofilled, mi-
crofilled, and hybrid composite: A scanning electron microscopy and
profilometric study. Int J Clin Pediatr Dent. 2016;9(3):201-208.

e325

Polishing protocols of a zirconia-based resin composite

42. Nascimento HOD, Vieira Junior WF, Basting RT, Turssi CP, Ama-
ral FLBD, Franga FMG. Effect of different polishing systems and stai-
ning solution on surface roughness and color stability of bulk fill resin
composites. Am J Dent. 2022;35(1):37-42.

43. Jefferies SR. Abrasive finishing and polishing in restorative den-
tistry: a state-of-the-art review. Dent Clin North Am. 2007;51(2):379-
397.

44. St-Pierre L, Martel C, Crépeau H, Vargas MA. Influence of poli-
shing systems on surface roughness of composite resins: Polishability
of composite resins. Oper Dent. 2019;44(3):E122-E132.

45. Chiang YC, Lai EH, Kunzelmann KH. Polishing mechanism of
light-initiated dental composite: Geometric optics approach. J Formos
Med Assoc. 2016;115(12):1053-1060.

46. Dennis T, Zoltie T, Wood D, Altaie A. Reduced-step composite
polishing systems - a new gold standard? J Dent. 2021;112:103769.
47. Paravina RD, Ghinea R, Herrera LJ, Bona AD, Igiel C, Linninger
M, et al. Color difference thresholds in dentistry. J Esthet Restor Dent.
2015;27 Suppl 1:S1-9.

48.Domingos PA, Garcia PP, Oliveira AL, Palma-Dibb RG. Composite
resin color stability: influence of light sources and immersion media. J
Appl Oral Sci. 2011;19(3):204-211.

49. Mundim FM, Garcia Lda F, Pires-de-Souza Fde C. Effect of stai-
ning solutions and repolishing on color stability of direct composites.
J Appl Oral Sci. 2010;18(3):249-254.

50. De Arruda BM, Bassi JC, Vitti RP, Scatolin RS. Color stability of
bulk fill composite resins submitted to coffee staining. Braz Dent Sci.
2021;24(1):1-7.

51. Bagheri R, Burrow MF, Tyas M. Influence of food-simulating so-
lutions and surface finish on susceptibility to staining of aesthetic res-
torative materials. J Dent. 2005;33(5):389-398.

52. Qaraghuli AM, Signore A, Benedicenti S, Halawani MTE, Solimei
L. Comparison and effect of common beverages on color stability of
different esthetic restorative materials: An in vitro study. J Contemp
Dent Pract. 2022; 23(11):1085-1090.

53. Matsumoto H, Yamamoto T, Hayakawa T. Color changes of dental
zirconia immersed in food and beverage containing water-soluble/li-
pid-soluble pigments. Dent Mater J. 2022;41(6):824-832.

54. Allccahuaman-Avalos R, Medina-Sanchez R, Castro-Ramirez L,
Ladera-Castafieda M, Cervantes-Ganoza L, et al. In vitro color sta-
bility evaluation of three polished and unpolished nanohybrid resin
composites immersed in a 0.12% chlorhexidine-based mouthwash at
different times. Polymers (Basel). 2023;15(6):1339.

55. Pimentel ES, Franga FMG, Turssi CP, Basting RT, Vieira-Junior
WE. Effects of in vitro erosion on surface texture, microhardness, and
color stability of resin composite with S-PRG fillers. Clin Oral Inves-
tig. 2023;27(7):3545-3556.

56. Goniilol N, Yilmaz F. The effects of finishing and polishing tech-
niques on surface roughness and color stability of nanocomposites. J
Dent. 2012;40 Suppl 2:e64-70.

57. Fajardo JI, Paltan CA, Armas-Vega A, Campanella-Maldonado C,
Requena-Cisneros S. Material-Dependent Microhardness Response to
Preheating in Nanoparticulate Composite Resins Cured with High-In-
tensity Light. Dent J (Basel). 2025;13(9): 403.

58. Gajewski VE, Pfeifer CS, Froes-Salgado NR, Boaro LC, Bra-
ga RR. Monomers used in resin composites: degree of conversion,
mechanical properties and water sorption/solubility. Braz Dent J.
2012;23(5):508-514.



