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Abstract

Background This study aimed to evaluate the effects of air polishing powders on the roughness, microhardness, color, and
gloss of two types of gingiva-colored resin-based composites (GCRBCs).

Methods Disc-shaped specimens were prepared from two GCRBCs (Gradia Plus Gum, GC: Group G; Crea.lign, Bredent:
Group C). Specimens subjected to air polishing were divided into two subgroups (n=16): erythritol (Group G-e, Group C-e)
and sodium bicarbonate (Group G-s, Group C-s). The roughness (Ra), microhardness (VHN), color (AE*,, and A E00), and
gloss (GU) values of all samples were measured before and after the applications. The data were analyzed by dependent
t-test and two-way ANOVA.

Results Surface roughness showed statistically significant differences between initial and final measurements across all
groups (G-s: p<0.001; C-s: p=0.002; G-e: p=0.003; C-e: p=0.011), with final Ra values being consistently higher than
initial ones. Group C-e did not show significant differences (p=0.294) in terms of microhardness after treatment, while hard-
ness decreased in all other groups. In the final measurements, significant differences in color values were observed based
on the type of powder applied (p=0.026 for AE,,; p=0.048 for AE), with sodium bicarbonate causing more pronounced
changes compared to erythritol. Significant differences were observed in initial and final gloss values for all subgroups
(»=0.00).

Conclusion It was observed that air polishing, particularly with sodium bicarbonate, can lead to significant roughness and
discoloration in GCRBCs. Consequently, it is crucial to employ air-polishing devices correctly, limit their use on resin-based
composite restorations, and opt for less abrasive polishing powders. These practices are essential to prevent increased sur-
face roughness and surface microhardness and preserve color and gloss in GCRBCs.

Keywords Air-polishing - Gingiva-colored composites - Color - Surface roughness

Introduction silicone materials, gingiva-colored porcelains, and com-

posite resins can be used as gingiva-colored materials [2].

When performing surgical or reconstructive procedures in
the presence of alveolar resorption, resection, and asym-
metry, soft and hard tissue augmentation may not always
be feasible, requiring gingiva-colored materials to layer the
framework materials [1]. Autopolymerizing acrylic resins,
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The most commonly used gingiva-colored materials are
porcelains and indirect composite resins [1, 2]. Gingiva-
colored porcelains are used to meet aesthetic demands in
the gingival area; however, they have some disadvantages,
such as the challenge of matching ceramics with soft tis-
sues, the need for additional laboratory steps, distortion and
shrinkage during multiple firings, and the complexity of
repair procedures [2, 3]. Due to their low polymerization
shrinkage, strong adhesion and shear strength to implant-
supported frameworks, as well as their capacity for aesthetic
characterization, gingiva-colored resin-based composites
(GCRBCs) have emerged as a preferred alternative to por-
celain for permanent restorations [2, 3, 4, 5].
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Various instruments and techniques are available and sci-
entifically proven for periodontal treatment, including hand
instruments, ultrasonic scalers, and polishing devices [6].
The smoothing and polishing of the tooth surface is known
as polishing in modern dental practice. This can be done
manually or with motor-driven tools like strips, rubber pro-
phylactic cups, nylon bristle brushes, air polishers, or vector
systems in conjunction with a variety of prophylactic pastes
and powders [7]. The procedure by which air-polishing
systems work is that water and powder media are mixed in
compressed air and applied to the tooth surface [§].

Surface roughness, which is typically assessed using the
two-dimensional (2D) amplitude attribute Ra plays a criti-
cal role in plaque retention capacity [9]. It is well acknowl-
edged that a surface roughness of 0.2 pm is the threshold
for plaque retention [10]. According to the literature, reduc-
ing the surface roughness of dental composite resins also
increases the microhardness and color stability, while poten-
tially enhancing their gloss [11, 12]. It has also been reported
that these mechanical and optical properties are affected by
the chemical composition of the resin matrix (filler particle
type, filler size, filler percentage, and filler-matrix bonding,
etc.) as well as by environmental conditions and the polym-
erization methods [13]. The application of surface sealant
agents to composite resin restorations aims to fill surface
defects and reduce surface roughness. However, their long-
term effectiveness has not been fully established [14].

Several studies have examined the effects of various
air-abrasive powders on different dental materials during
the maintenance phase of periodontal treatment [15, 16,
17, 18]. Moreover, there are some studies investigating
the surface roughness [16, 17] and optical properties [11]
of tooth-colored composite resins after air-polishing, how-
ever there are no studies investigating the microhardness.
A recent study investigated how air-polishing affects the
mechanical properties of a single type GCRBC with respect
to power, angulation, duration, and powder type [19]. How-
ever, a comprehensive understanding of the roughness,
microhardness, and optical properties of different GCRBCs
after air-polishing with various powders is still needed.
The present study aimed to evaluate the surface roughness,
microhardness, color, and gloss of two different GCRBCs
after air-polishing protocols using two different air-abrasive
powders: erythritol and sodium bicarbonate.

The null hypothesis was that the use of different air-abra-
sive powders would not lead to significant differences in
surface roughness, microhardness, color stability, and gloss
among the tested groups.
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Materials and methods
Sample preparation

The flow chart of the study is given in Fig. 1.

Two different gingiva-colored composites (Gradia Plus
Gum, GC Europe NV, Leuven, Belgium, and Crea.lign
Gum, Bredent GmbH, Senden Germany) materials were
used. The brands and characteristics of the materials exam-
ined are shown in Table 1.

The main hypothesis of the research was to investigate
the differences between independent groups. Similar studies
that can be used in sample size calculation were examined,
and the sample size calculation that gives the highest num-
ber according to the statistical methods to be applied in line
with the main hypotheses was taken into consideration. In
this study, using the ‘G. Power-3.1.9.2’ program [20], at a
95% confidence level (a=0.05), the standardized effect size
was calculated as 0.6437 from a similar study [2] (Table 2,
UV aging), and the minimum sample size for each group
was obtained as 8 with a theoretical power of 0.80.

32-disc-shaped specimens with thicknesses of 2 mm
and diameters of 10 mm were prepared. A plastic mold was
filled with indirect composite resin. A cellulose strip band
and a glass slide were placed in the mold, applying finger
pressure. Both surfaces of the indirect composite resins
were pre-polymerized for 40 s with an LED light device
(DTE LUX-E Plus, Guilin Woodpecker Medical Instru-
ment, Guilin, Guangxi, China; 1200 mW/cm?) followed by
an additional 3 min of polymerization in the Labolight DUO
polymerization device (GC Europe NV, Leuven, Belgium).
The grinding was carried out with the help of a bench-top
laboratory polishing grinder (Forcipol 202 and Forcimat
52, Metcon Insturements, Osmangazi, Bursa, Turkey) using
silicon carbide sandpapers (500 to 1200 grits) (Atlas, Saint-
Gobain Abrasives, Istanbul, Turkey).

Polishing was performed with diamond-impregnated
polishing discs (Diacomp Plus Twist Set RA 342, EVE
Technik, Pforzheim, Germany) at a speed of 10,000 rpm for
20 s. Subsequently, the samples were cleaned in an ultra-
sonic cleaner with distilled water for 5 min and air-dried.
Any surface irregularities of the indirect composite were
smoothed out, and the surface was cleaned thoroughly. Fol-
lowing the manufacturer’s instructions, Optiglaze Color
Clear (GC Europe NV, Leuven, Belgium) was applied as a
surface coating agent using a clean brush [21]. Finally, the
samples were polymerized in the Labolight DUO polymer-
ization device for 90 s.

The prepared GCRBCs were classified into Group G
(Gradia Plus Gum, GC) and Group C (Crea.lign, Bre-
dent), and further subdivided into subgroups as Group
G-E, Group C-E (erythritol); Group G-S, and Group C-S
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Fig. 1 The flow chart of the study
Table 1 Materials used in this study
Material Manufacturer Composition LOT #
Gradia Gum GC Europe NV Resin: UDMA, NGDMA, TMPTMA 2,305,011
(GRG) Leuven, Belgium Filler: Trimodal (pre-polymerized particles, AIBSiO,, SiO,, 75 wt%)
Crea.lign GUM (crea.lign) Bredent, Senden, Germany Resin: BisGMA, UDMA and aliphaticdimethacrylate resins Filler: Inor- N231752
ganic nano-ceramic filler (50%)
Erythritol EMS, Nyon, Switzerland Erythritol 14 pm, Cetyl Pyridinium Chloride 0.05% 2,311,072
Sodium Bicarbonate EMS, Nyon, Switzerland Sodiumhydrogencarbonate 40 pm, hydrophobe modified silica, lemon ~ FB-143
taste
Optiglaze GC Corporation, Tokyo, PMMA, MMA, silica filler, photo inhibitor 2,303,201
Japan
Table 2 Distribution and comparison of microhardness measurements according to material, applications, and measurement time
Initial Final Time-Dependent
Groups Min -Max. Mean+S.D Min -Max. Mean+S.D Test Statistic P
G-s 42.7-70 60.97+9.55(62.35) 25.3-58.2 40.34+11.54(38.08) 6.43 <0.001*
C-s 26-31.1 28.42+1.65(28.2) 12.71-24 17.16+4.25(16.65) 7.06 0.001*
G-e 44.4-68.2 58.15+8.99(56.95) 19.7-56.41 40.72+13.47(41.92) 3.61 0.015*
C-e 26.3-36 31.17+£3.66(30.3) 23.9-35.5 28.87+4.28(27.55) 1.17 0.294
After Application Type 3 Sum of Squares Sd Sum of Squares F P
Material Application 0.41 1 0.41 5.62 0.028%*
Material 0.11 1 0.11 1.53 0.229
Material*Material 0.23 1 0.23 3.26 0.086
Application
*p<0.05

(sodium bicarbonate) based on the types of powders they
were exposed to.

Erythritol and sodium bicarbonate powders were applied
to the Optiglaze-coated surfaces of the specimens using the
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EMS Airflow® Prophylaxis Master. (EMS, Nyon, Swit-
zerland). Parts of an adjustable, customized jig were 3D
printed using the Creality Ender V3 printer (Creality 3D
Technology Co., Shenzhen, China) using the stereolithogra-
phy technique. Polylactic acid (PLA) resin (FilameX PLA,
Istanbul, Turkey) was used to print the pieces, which were
then put together with steel M3 bolts and nuts and secured
to a wooden block. Throughout the procedure, the samples
were maintained stationary and fixed on a horizontal plat-
form. The powder applications were conducted at a 5 mm
distance from the target surface and a 45-degree angle,
ensuring effective treatment and even distribution of the
material.

The process utilized full power settings (air pressure:
700 kPa; water pressure: 500 kPa) to maximize the effi-
ciency of the application, while a continuous flow of water
was incorporated to cool the area and enhance the effective-
ness of the treatment. Each application lasted for 10 s [22],
allowing sufficient time for the material to interact with the
surface without causing undue stress or damage. This care-
fully controlled methodology was designed to ensure repro-
ducibility and accuracy in the assessment of the results.

Surface roughness (Ra)

Surface roughness measurements before and after eryth-
ritol or sodium bicarbonate applications were made using
a 3D optical profilometer (Zeiss Smartproof 5, Carl Zeiss,
Jena, Germany). From each specimen center point, in 3D
imaging mode, at a total magnification of 20x (C Epiphalan-
Apochromat 20x/0.7 DIC, Carl Zeiss, 39Jena, Germany),
a 500 um x 500 um area was scanned in fast mode (4 um)
and 3 random readings were performed without a filter. The
images obtained were transferred to the automated software
analysis program (ConfoMap ST 7.4.8076, Carl Zeiss, Jena,
Germany). The arithmetic averages of the Ra values taken 3
times were recorded.

Microhardness (HVkp)

Microhardness measurements before and after erythritol
or sodium bicarbonate applications were performed by a
hardness tester (Shimadzu HMV-G Micro Hardness Tester,
Japan) equipped with a Vickers indenter under a 0.98-N
load with a 10-s contact period and 70x magnification. On
each specimen, three indentations were made in an equilat-
eral triangular mode 2 mm distant from the margins, and the
HVkp was averaged.
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Color measurements

CIELAB color space (CIE: International Commission on
[llumination) was used to determine the color differences
[23]. The primary parameters of color (L* lightness from
black (0) to white (100), a* amount of green (-) and red (+),
b* amount of blue (-), and yellow (+)) of all specimens in
the CIELAB (AE*ab) total color differences were recorded
before and after air-polishing procedures with a spectro-
photometer on white baseline (L* = 98.2, a* = —0.14, b*
= —0.24) (Vita Easyshade V, VITA Zahnfabrik, Germany).
The colorimeter was calibrated at the beginning and then
after every 20 measurements as per the manufacturer’s
instructions. Color measurements were made in a color
measurement cabin to ensure standardization. The inside of
the color measurement cabin was covered with a gray floor,

and the. Measurements were made with three measure-
ments from the center point of each specimen. Color dif-
ferences (AE*ab and A E;) were calculated based on the
formulas below [24]. CIELAB (A E*ab) formula was used
as follows

AE*ab:\/(AL*)2+(Aa*)2+(Ab*)2

CIEDE2000 (A E,) formula was used as follows:

A Egg
- (o) () )+ 2) (%)
KLSL KcSc KuSm T \KcSc ) \ KuSu

The results and dimensions of a reference study are used
to evaluate color variations in GCRBCs [25] This scale
indicated that the perceptual threshold limit was reached
when /AE*ab<1.7 and AE,<1.1, which was regarded as
an excellent match.

Gloss

The Gloss, (Gs in GU) of the before and after erythritol or
sodium bicarbonate applications of each specimen was mea-
sured with a glossmeter (Novo-Cure, Rhopoint Instruments
Ltd, East Sussex, UK) at a 60°-angle through a 4.5-mm
diameter aperture. Manufacturer’s calibration tile was used
before the measurement. The specimens were positioned
over the glossmeter with the central section oriented to the
glossmeter aperture, and an opaque device covered the sam-
ple in order to obstruct ambient light exposure during the
measurement. Three measurements of Gs were taken from
each sample. The same area was assessed, but the sample
was rotated roughly 33.3° between measurements to acquire
Gs values from various angles. The mean of these measure-
ments was regarded as the sample’s Gs.
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Fig. 2 Visualization of the surface roughness profile of indirect composites before and after treatment

Table 3 Distribution and comparison of roughness measurements according to material, applications, and measurement time

Initial Ra Final Ra Time-Dependent
Groups Min.-Max. Mean+S.D Min.-Max. Mean=+S.D Test Statistic P
G-s 0.01-0.04 0.02+0.01(0.02) 0.22-0.27 0.24+0.02(0.24) -22.46 <0.001*
C-s 0.02-0.05 0.04+0.01(0.04) 0.15-0.31 0.23+0.06(0.21) -8.02 0.002*
G-e 0.02-0.08 0.04+0.02(0.04) 0.09-0.18 0.13+0.04(0.13) -5.78 0.003*
C-e 0.02-0.09 0.05+0.02(0.05) 0.1-0.2 0.14+0.04(0.13) -4.05 0.011%*
After Application Type 3 Sum of Squares Sd Sum of Squares F P
Material Application 0.06 1 0.06 34.38 <0.001*
Material 0.00 1 0.00 0.07 0.784
Material*Material 0.00 1 0.00 0.41 0.529
Application
*p<0.05
Statistical analysis

Results

This study gives descriptive statistics of the data (mean,
standard deviation, median, minimum, and maximum). The
assumption of normal distribution was checked by Shapiro
Wilk test, homogeneity of variance by Levene’s test, and
sphericity assumption by Mauchly’s W test. In cases where
the normality assumption was met, the Dependent Sample
T-test was used to compare two dependent groups. The
two-way ANOVA test was used to examine the difference
between independent groups where the normality assump-
tion was met with the interaction effect. Analyses were per-
formed in the IBM SPSS 25 program.

The appearance of the surface roughness profile of the indi-
rect composites before and after processing is presented in
Fig. 2.

The Table 3 shows the roughness measurements’ distri-
bution and comparison based on the applied powder, materi-
als, and measurement time.

As a result of the analysis for measurement times, sta-
tistically significant differences were determined between
Ra measurements according to time in all materials and
applications (»<0.05). The final measurements were higher
than the initial measurements. As a result of the analysis in
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the final measurements, statistically significant differences
were found between Ra measurements according to applica-
tions, but no statistically significant differences were found
between Ra measurements according to materials, and the
material*application interaction effect was found to be
insignificant (p>0.05).

The distribution and comparison of hardness measure-
ments according to material, applications, and measurement
time are given in Table 2.

As a result of the analysis for measurement times, statis-
tically significant differences were found between hardness
measurements according to time for Group G-s, Group C-s,
and Group G-e (p<0.05). The initial measurements were
higher than the final measurements. For the analyses per-
formed for Group C-e, no statistically significant difference
was obtained between hardness measurements according
to time (p>0.05). In the final measurements, statistically
significant differences were found between the hardness
measurements according to the applied powder (p<0.05).
Still, statistically significant differences were not obtained
between the hardness measurements according to the mate-
rial, and the material*application interaction effect was
found to be insignificant (p>0.05).

Table 4 shows the distribution and comparability of color
measurements by material, application, and measurement
period. As a result of the analysis for measurement times, no
statistically significant differences were obtained between
AE measurements according to time in all materials and
applications (p>0.05). In the final measurements, statisti-
cally significant differences were found between the color
measurements according to the powder applied (p<0.05)
(Fig. 3), statistically significant differences could not be
obtained between the color measurements according to the
materials, and the material*application interaction effect
was found to be insignificant (p>0.05).

Table 5 shows how gloss measurements are distributed
and compared by material, application, and measurement
period.

As a result of the analysis for measurement times, sta-
tistically significant differences were determined between
gloss measurements according to time for all materials
and applications (p<0.05). The initial measurements were
higher than the final measurements. A statistically signifi-
cant difference was found between the gloss measurements
according to the powder applied in the measurements made
after the applications (Fig. 4).

Still, no statistically significant differences were obtained
between the gloss measurements according to the materials,
and the material*application interaction effect was deter-
mined to be insignificant (p>0.05).

Discussion

This in vitro study provides comprehensive information on
the effects of two types of commercially available and com-
monly used air polishing powders, based on sodium bicar-
bonate and erythritol, on the surface roughness, hardness,
color, and gloss of GCRBCs.

Based on the findings of this study, the null hypothesis,
which stated that different air-abrasive powders would not
create significant differences in surface roughness, micro-
hardness, color stability, or gloss among various GCRBCs,
was partially accepted.

Different composite materials may have distinct resin
compositions as well as filler particles with varying sizes
and compositions. The sensitivity of the surface to dam-
age may therefore vary [17]. For example, although the
better polishability and aesthetic appearance of nanofill
resin-based composites are considered superior to nano- or
micro-hybrid resin-based composites, due to the larger sur-
face area/volume ratio of the filler particle system, nanofill

Table 4 Distribution and comparison of color change measurements according to material, applications, and measurement time

AE,, AE,
Groups Min.-Max. Mean=+S.D Min.-Max. Mean=S.D
G-s 0.48-0.76 0.65+0.11(0.68) 0.48-0.93 0.69+0.15(0.71)
C-s 0.46-1.39 0.87+0.41(0.78) 0.45-1.44 0.87+0.43(0.77)
G-e 0.66-1.17 0.88+0.2(0.87) 0.69-1.15 0.89+0.18(0.88)
C-e 0.68-1.49 1.15+0.26(1.18) 0.69-1.46 1.13£0.26(1.13)
AE, Type 3 Sum of Squares Sd Sum of Squares F P
Material Application 0.40 1 0.40 5.73 0.026*
Material 0.37 1 0.37 5.39 0.030*
Material*Material Application 0.00 1 0.00 0.05 0.823
AE, Type 3 Sum of Squares Sd Sum of Squares F P
Material Application 0.32 1 0.32 4.42 0.048*
Material 0.28 1 0.28 3.81 0.064
Material*Material Application 0.00 1 0.00 0.05 0.814
*p<0.05
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Fig. 3 Box plots of the distribution of color measurements by applications and measurement time
Table 5 Distribution and comparison of gloss measurements according to material, applications, and measurement time
Initial Final Time-Dependent
Groups Min.-Max. Mean+S.D Min.-Max. Mean+S.D Test Statistic P
G-s 72.1-90.8  82.22+6.58(82.65) 16.8-50.2 30.43+£12.51(29.85) 15.93 <0.001*
C-s 70.1-88.6  80.82+6.58(81.8) 10.4-29.4 20.08+8.75(21.05) 22.87 <0.001*
G-¢ 72.9-91.1 83.62+6.17(85.2) 38.4-68.6 53.03+£11.38(55.8) 12.12 <0.001*
C-e 71.7-90.7 81.63+8.03(82.6) 45.6-68.3 55.47+8.48(56.4) 6.96 0.001*
After Application Type 3 Sum of Squares Sd Sum of Squares F P
Material Application 5043.10 1 5043.10 46.41 <0.001*
Material 94.01 1 94.01 0.86 0.363
Material*Material 245.12 1 245.12 2.25 0.149
Application
*p<0.05

resin-based composites may undergo a higher degree of
degradation during function in the oral cavity [26]. Nemeth
et al. reported that the effect of air polishing on micro-
hybrid resin-based composite was more than three times,
while it was less aggressive on nano-filler resin-based com-
posite [27]. Crea-lign, which contains only nanoparticles
and no glass filler, and Gradia, which contains prepolymer
and glass particles as filler, showed similar mechanical and
optical properties after air-polishing. However, the fact that
C-e is the only group that does not show a significant dif-
ference in hardness measurements depending on time can

be explained by the higher durability of Crea-lign due to its
filler content.

Periodontitis is a major cause of tooth loss in adults [28].
As aresult, patients with periodontal disease are more likely
to have fixed or removable prosthetic restorations compared
to periodontally healthy individuals [29]. This highlights
the clinical relevance of evaluating how decontamination
procedures affect restorative materials in such patients. Pol-
ishing is routinely performed during periodontal treatment,
both to remove the biofilm layer and to create a brighter and
smoother surface after the initial periodontal treatment [30].
The particle size, hardness, and angularity of the abrasive
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Fig.4 Box plots of the distribution of gloss measurements by application and measurement time

powder all affect the surface damage caused by kinetic abra-
sion [17]. The use of air-polishing with Erythritol and Gly-
cine powders in non-surgical periodontal or peri-implant
prophylaxis and treatment has been reported to be effective,
comfortable, and safe on natural teeth and implants [31].
However, it should not be forgotten that many of these
patients also have prosthetic restorations. Given their partic-
ular uses near or in touch with gingival tissues, this is even
more crucial for gingiva-colored composites [3]. Turung et
al. reported that various air-polishing powders negatively
affected the color stability of different CAD/CAM restor-
ative materials [18]. Babina et al. reported that air-polishing
with calcium carbonate and sodium bicarbonate powders
caused a greater increase in the surface roughness of com-
posite resins and restorations [32]. Gomes et al. reported
that the prophylaxis technique that uses the bicarbonate jet
afforded a significant increase in the surface roughness of
resin composite restorations [22]. Demirci et al. reported that
the air-polishing process increased the surface roughness of
ceramic-filled polyetheretherketone (PEEK) composites
[33]. We similarly observed that air-polishing increased the
surface roughness of GCRBCs, and these effects were more
pronounced when sodium bicarbonate powder was used.
Thus first null hypothesis was rejected.

@ Springer

Given its connection to abrasion resistance, hardness is a
crucial characteristic of composite materials. From a thera-
peutic perspective, a higher hardness is generally preferred
since it increases resistance to wear and scratches and, con-
sequently, the ability to retain the original surface character-
istics (i.e., gloss, roughness) [3]. It is known that increased
water absorption leads to a decrease in the hardness of
resins [34]. In this study, significant decreases occurred in
hardness values after application in all groups except the
C-e group. This can be explained by the lower surface abra-
sive effect of erythritol compared to sodium bicarbonate and
the higher microhardness of group C compared to group G.

For patients, the aesthetic appearance of the restorative
materials is highly significant, and color stability is essential
for a smile that looks good [18]. GCRBCs must be color
stable to preserve their natural and beautiful appearance
throughout time since any color alterations or discolor-
ations could jeopardize the effectiveness of treatment and
patient satisfaction [35]. Color stability is influenced by
the kind and proportion of the monomer matrix, with more
hydrophobic monomers being more stable [36]. Douglas et
al. also demonstrated that hydrophobic monomers reduce
water uptake and improve resistance to discoloration [37].
Benavides-Reyes et al. revealed that different GCRBCs
have different color stability and are differentially affected
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by different coloring procedures [35]. In this study, it was
observed that the color stability of two different GCRBCs
decreased statistically insignificantly after air-polishing;
the effect of sodium bicarbonate was higher than that of
erythritol, but there was no significant difference in terms
of the composites examined. Similarly, Kalyoncuoglu et al.
reported that the mean AExab values of all GCRBCs after
UV aging were at acceptable levels [2].

The amount of light reflected by a surface at the same
angle as the incident light is known as the gloss value and is
a metric used to examine how smooth a surface is. Although
Chiang et al. found a significant correlation between surface
gloss and subjective perception of surface texture, filler size,
loading, and distribution also affect surface gloss [38]. Filler
bonding has been proposed for composite resins to achieve
smoother surfaces. In this study, the surfaces of compos-
ite resin samples were coated with Optiglaze according to
the manufacturer’s instructions to mimic clinical practice.
It was observed that the surface gloss decreased and the
surface roughness increased after applying both types of
air polishing powder. This might be attributed to the wear
of the optiglaze layer on the sample surfaces. Furthermore,
previous studies reported that acrylic resin samples coated
with Optiglaze exhibit higher hardness values [39]. The
decrease in micro-hardness values observed in the present
study may be attributed to the abrasion of the Optiglaze
layer caused by air-polishing powders. The viscous nature
of Optiglaze, owing to its filler content, may have limited
its ability to spread evenly over composite surfaces [40],
making it more susceptible to mechanical removal. More-
over, variations in filler composition, resin matrix struc-
ture, and surface energy among different composites could
affect how well the Optiglaze layer adheres and responds
to mechanical stress, potentially influencing its resistance
to abrasive procedures [41]. Some studies have suggested
that Optiglaze may increase surface staining due to nano-
filler detachment from the resin matrix, leading to surface
voids [42, 43]. In contrast, other studies have shown that
Optiglaze significantly enhances the color stability of com-
posite resins compared to other surface sealants [14]. In the
present study, despite the use of two different composite res-
ins, no significant differences were observed between them
in terms of surface roughness, gloss, or micro-hardness,
suggesting a comparable performance of Optiglaze coat-
ing across these materials under air-polishing conditions. In
clinical practice, reapplication of Optiglaze may be a practi-
cal approach to recover esthetic and mechanical properties
after air-polishing-induced wear, but further in vitro studies
are needed to assess the long-term durability and effective-
ness of repeated coatings or polishing procedures.

This study has several limitations. First of all, the dis-
tance, contact pressure parameters, and application angle

were kept constant in this study. In addition, both the holder
made for this purpose and the platform with the treated sam-
ple were kept stationary throughout the experiment. Consid-
ering that the airflow head is in motion during the polishing
process in the mouth, our experimental setup may not have
accurately simulated reality. The in vitro nature of the study
is another limitation in itself due to the different intraoral
temperature and pH values and the lack of a washing effect
of saliva. The results are further constrained by the fact that
no plaque replacements were used in this investigation, as
its goal was to test roughness, microhardness, color, and
gloss rather than efficacy. The lack of a control group in
which optiglaze was not applied can also be considered as a
limitation. The amount of optiglaze and composite removed
from the surface after air polishing should be evaluated by
advanced techniques. - One additional limitation of this
study is the lack of long-term simulation (e.g., thermocy-
cling, aging) which may influence the durability of surface
effects. Further in vitro and clinical studies incorporating
additional parameters to better simulate air-polishing treat-
ments are needed for a comprehensive evaluation.

Conclusion

Sodium bicarbonate air polishing caused notable material
loss in GCRBCs. Proper use of air-polishing devices—by
limiting exposure time and selecting less abrasive pow-
ders—was essential to minimize surface roughness, pre-
serve hardness, and maintain the aesthetic properties of
resin-based composite restorations.
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