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Abstract

Objective: The purpose of this in vitro study was to determine the effect of different polishing methods applied on the surface roughness
and color stability of leucite-reinforced feldspathic ceramic.

Methods: The leucite-reinforced feldspathic ceramic slices were divided into 3 treatment groups and 2 control groups:
1 pm diamond polishing paste (P), silicon carbide polishing kit (PK), silicon carbide polishing kit followed by 1 pm diamond polishing
paste, glazed control group, and roughened control group. The color changes (AE) of the specimens were recorded with a spectropho-
tometer. The surface roughness was evaluated by using an atomic force microscope (AFM) and scanning electron microscopy (SEM).
The R, and R, values were statistically analyzed with Kruskal-Wallis and the Mann-Whitney U-tests. The Shapiro-Wilk, and one-way
ANOVA tests were used for comparing AE.

Results: Significant AE (color difference) values were found between groups after they were immersed in coffee solution (P < .05).
According to the R, and R, values, statistically significant difference was found between all treatments and the glazed and roughened
control groups (P < .05).

Conclusion: Polishing techniques significantly affected the color of the leucite-reinforced feldspathic ceramic. After adjustment of the
dental ceramic surface to remove the glaze, the polishing kit with paste application can be utilized.
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Introduction

Ceramic materials are widely preferred among the currently available dental materials, owing to their superior mechanical
and optical qualities. With recent improvements in computer-aided design and computer-aided manufacturing (CAD/
CAM) systems, the variety of ceramic materials has increased, and it has become possible to obtain satisfying esthetic
restorations that mimic the optical properties of natural teeth.’*

The surface glaze layer on the ceramic restoration ideally should preserve its continuity in the oral cavity during the indi-
vidual's lifetime.> The glaze layer may alter after commonly applied intra-oral applications aiming to re-establish function
and esthetics. This causes a negative impact on the surface roughness of the material, reducing the structural resis-
tance.®’ Surface roughness also affects the clinical success of restorations. This is because some disorders that diminish
esthetics, such as plaque buildup, bacterial accumulation, gingivitis, periodontitis, and caries can occur after those altera-
tions.® Therefore, polishing is recommended on the ceramic surface after minor adjustments.’

To date, many studies have investigated the effect of different porcelain surface-polishing techniques with the aim of achiev-
ing ideal smoothness as glazed ceramic surfaces. They have concluded that polishing techniques can be an alternative to
glazing of ceramic restorations. According to those studies, a multitude of polishing tools can be applied, such as diamond
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burs, silicon carbide papers, polishing wheels, porcelain pol-
ishing discs, and diamond pastes can be used to prevent or
reduce the roughness that occurs after intraoral adjustment
post-cementation and to attain a smooth surface.*10-1%

Color stability is another vital parameter for the long-term
success of ceramic restorations, but this aspect may not be
achieved on the rough surfaces that occur after minor adjust-
ments and/or polishing.'®'® A rough surface cannot reflect
light to the high degree that a smooth surface can.” Color
changes can be determined visually or with a device. By using
color measurement devices such as spectrophotometers and
colorimeters, it is possible to obtain more objective results
and standardize them with numerical color expressions
according to visual evaluation.202!

Several studies have evaluated the surface roughness and
color stability of different ceramics by using miscellaneous
polishing systems. 1315182223 However, there are limited data
about the effect of different surface-finishing protocols and
the final color change on leucite-reinforced glass ceramics. In
this study, the effects of using different polishing methods on
the surface roughness and color change of leucite-reinforced
glass ceramic have been investigated.

The null hypotheses were:

(1) The polishing techniques are not effective in repairing
the surface roughness of leucite-reinforced feldspathic
glass ceramics.

(2) There would be no difference between polishing groups
and the control group in terms of color change before
and after coffee immersion.

Methods

The leucite-reinforced feldspathic ceramic blocks (GC
Initial™ LRF Blocks, Tokyo, Japan) used in this study and 13
specimens (8 x 8 x 1 + 0.2 mm) were obtained with a low-
speed (200 rpm) diamond saw (IsoMet 1000; Buehler, Lake
Bluff, IL) under continuous water cooling, at equal thickness.
All samples were ground with gradient silicon carbide abra-
sive papers of grit 400, 600, and 1200 (Leco VP 100, Leco
Instrumente GmbH, Germany) for standardization. The thick-
ness of each specimen was measured and controlled with
a digital micrometer (Mitutoyo Corporation, Tokyo, Japan).
Each specimen's surface was glazed (VITA Akzent Glaze;
VITA Zahnfabrik, Bad Sackingen, Germany). The glaze pow-
der and liquid were mixed with a plastic spatula according to
the manufacturer’s instructions, and applied with a plastic
applicator on the specimens. The surface of the specimens
was checked before the polishing process. The specimens
were divided into 3 treatment groups and 2 control groups,
as follows: 1 pm diamond polishing paste (P), silicon carbide
polishing kit (PK), silicon carbide polishing kit followed by
1 pm diamond polishing paste (PK+P), glazed positive control
group, and roughened negative control group. In the glazed
positive controlgroup, no additionaltreatment was performed.
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In the 3 treatment groups and the roughened negative con-
trol group, one side of the glaze layer was removed with
diamond rotating burs (extra-fine, yellow band, 15 pm grit;
Komet Group, Besigheim, Germany) at nearly 10 000 rpm
under water cooling to simulate clinical adjustment. After
2 preparations, a new bur was selected. In the control groups,
no application was performed on the glazed ceramic sur-
faces. In the first treatment group (P), the surfaces were
polished with 1 pm diamond paste (DiaPolisher; GC, Tokyo,
Japan) using a nylon bristle brush under 10 000 rpm pressure
without water for 20 seconds. In the second treatment group
(PK), a silicon carbide polishing kit (coarse, medium, fine;
Drendel+Zweiling 3-Step Ceramic Polishing Kit; Kalletal,
Germany) was applied on abraded surfaces for 60 seconds
each. In the third treatment group (PK+P), the same sili-
con carbide polishing kit was applied on abraded surfaces for
60 seconds and then the surfaces were polished with the 1 pm
diamond paste using a nylon bristle brush under 10 000 rpm
pressure without water for 20 seconds. All applications were
carried out by a single researcher (G.P.) according to the
manufacturer's instructions.

The specimens were ultrasonically cleaned (CD-4800 Digital
Ultrasonic Cleaner; Jeken, Dongguan, China) with distilled
water for 10 minutes and dried for 30 seconds before the
color was measured. Before coffee immersion, baseline
color was measured with a digital spectrophotometer (VITA
Easyshade; VITA Zahnfabrik, Bad Sackingen, Germany) on a
standard white background (L*=90.9, a*=0.3, b*=4.9).
To prepare the coffee solution, 3.6 g coffee (Nescafe Classic;
Nestle Turkey, Bursa, Turkey) was placed in 300 mL of hot
water according to the manufacturer's suggested concentra-
tion and mixed with a spatula for 10 minutes. After filtration
through filter paper, the specimens were immersed in the
pigmenting solution at 37°C for 12 days, simulating 1 year of
coffee consumption.?*The solution was stirred every 3 days to
provide homogeneity. After 12 days of immersion, the speci-
mens were cleaned with tap water and dried tissue paper.
The device was calibrated according to the manufacturer's
instructions as before and the measurements were carried
out at the center of each specimen by the same experienced
investigator (G.P.). The L*a*b* color measurements were
obtained 3 times from each sample. The color differences
between groups were calculated by using the CIEDE2000
(AE,,) color difference formula, and the mean values were
recorded:

After the color measurement, the surface roughness of
3 specimens from each group was analyzed using non-
contact mode AFM (Nanoscope IV; Digital Instruments Veeco
Metrology Group, Plainview, NY). The arithmetic roughness
means (R,) and averaged roughness depth (R,) were attained
at 3 random locations with an area of 20 x 20 pm. One ran-
domly selected specimen from the roughened-negative and
glazed-positive control groups and one from each treatment
group were investigated with SEM (EVO LS,10 SE, Zeiss,
Germany) at a magnification of 100x.
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Table 1.
The Mean and Standard Deviation Values of AE Color Difference
Before and After Coffee Immersion of All Groups
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Table 3.
Mean and Standard Deviation of R, and R, Values with Various
Surface Polishing Protocols (um)

Groups AE SD
Before coffee immersion P 2.85 0.19
PK 2.63 0.22
PK+P 2.01 0.17
After coffee immersion for P 3.37 0.18
12 days PK 312 022
PK+P 2.15 0.25
Glazed control 0.86 0.26

According to the previous study, the effect size D=0.62 was
assumed.?®> With a power analysis at a level of 0.05% and
80% power, the required minimum sample size was n=8.
The obtained data sets were analyzed using SPSS v22 (IBM
Corporation, Armonk, NY, USA) (a=0.05). The Shapiro-Wilk
test was applied to check for normality, and it was found
that some data were not normally distributed (P > .05). The
Kruskal-Wallis test was used to identify significant differences
in R, and R, values, and the Mann-Whitney U-test was used
for comparisons between groups. The AE values were statisti-
cally analyzed with the Shapiro-Wilk test to define normality
and the significance of difference between groups was deter-
mined by one-way ANOVA, followed by the Bonferroni test
(P < .05).

Results

The mean and standard deviation values of AE before and
after coffee immersion of all groups have been shown in
Table 1 (P < .05). No significant AE was found between
all treatment groups in the color measurements recorded
immediately after the specimen’s surface polishing (P > .05).
According to the one-way ANOVA results of this study, a sig-
nificant difference was observed between the control group
(AE=0.86) and the other polishing groups in the AE values
after immersion in the coffee solution for 12 days (Table 2).
While there was no significant difference between the dia-
mond paste (P) (AE=3.37) and the polishing kit group (PK)
(AE=3.12), significantly, the lowest AE values were found in
the group treated with the polishing kit with the diamond
paste (PK+P) (AE=2.15) compared to the other treatment
groups.

The mean R, and R, values for all groups according to the
AFM are shown in Table 3. The difference among the R, and
R, values of polishing systems was not statistically signifi-
cant (P = .45). According to the R, and R, values, statistically

Glazed Roughened
Control Control
PK P PK+P (Positive) (Negative)
Average 022+ 030+ 017+ 0.02=x 0.43 +
roughness (R)) 0.05 0.08 0.10 0.00 0.06
Ten-point 116+ 147+ 111+ 014+ 1.71 =
height (R,) 0.40 0.17  0.39 0.09 0.40

significant difference was found between all treatments and
the glazed and roughened control groups (P < .05) (Table 4).
However, neither P nor PK nor PK+P was able to achieve
smoother surfaces than the glazed-positive control group
(Figure TA-E).

After polishing, the differences were observed both visually
and with SEM. Consistent with visual evaluation, the SEM
analysis showed that all polishing systems had a statistically
significant effect and flattened the surface roughness after
roughening with the bur. The PK+P group showed the low-
est surface roughness values among all tested groups. In the
P group, higher R, and R, values were found, but there was
no statistically significant difference for the other treatment
groups (Figure 2A-E).

Discussion

In the present study, the effect of polishing techniques on
surface roughness of leucite-reinforced feldspathic ceramic
blocks and the color change after coffee immersion were
investigated. In the color difference measurement, the AE
values were calculated. In this study, a value of AE > 3.0 was
considered an unacceptable color threshold. While there was
a significant difference in AE values after polishing between
all the treatment groups and the control group, there was
no significant color difference among the treatment groups.
A significant difference was observed between the control
group and the other polishing groups in the AE values after
immersion in coffee solution for 12 days. While there was
no significant difference between the diamond paste (P)
(AE=3.37) and polishing kit group (PK) (AE=3.12), signifi-
cantly lower AE values were found in the polishing kit with
diamond paste group (PK+P) (AE=2.15). These results were
similar to those obtained in the study by Yildinm et al.?®
According to the AFM results, the difference between the
R, and R, values of the polishing systems was not found to
be statistically significant. The R, and R, values obtained for
the P group were shown to indicate higher roughness than

Table 4.

Table 2. The Kruskal-Wallis Test Results of R, and R, Values Among Groups
One-Way ANOVA Results for AE Values after Coffee Immersion Test Statistics

Sum of Mean Average Ten-Point

Squares df  Square F Sig. Roughness (R,) Height (R,) P
Between Groups ~ 33.892 3 11.297 25.255 0.000 Chi-square 23.478 11.081
Within Groups 16.104 36 447 df 4 4 <.05
Total 49995 39 Asymp. Sig. .000 .026
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the PK and PK+P groups. The PK+P group demonstrated the
lowest surface roughness value. The results obtained from
this present study exhibited that polishing processes applied
on ceramic surfaces are effective on the roughened ceramic
surface but they are not as successful in terms of color stabil-
ity as glaze. In this regard, the hypotheses of the study were
partially rejected.

The results of this present study showed that the polish-
ing techniques affected final color (P=.00). The use of
PK+P demonstrated the lowest AE values when compared
to the other treatment groups. The lowest AE values were
found in the glaze control group (AE=0.86), and the PK+P
(AE=2.15) group, respectively. The PK+P group exhib-
ited clinically acceptable AE value values before and after
immersion in the staining solution (AE < 3.0). The AE values
obtained from P and PK before staining were found to be
below the clinically acceptable level. However, the AE values
obtained from the P and PK were greater than 3.0 after coffee
immersion. These values were regarded as visually percepti-
ble. In accordance with the results of this study, specimens of
both treatment groups had undergone color changes when
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immersed in coffee solution, and in conformity with previous
studies, it was found that the greater the surface roughness
values, the greater the recorded color differences (AE).*? This
could be attributed to the fact that individual parts of the
specular beam would be reflected from the rough surface at
different angles.?’

Maciel et al.?? examined the color change in the fluorapa-
tite and lithium disilicate glass ceramics where the polishing
kits and paste were applied after the 12-day immersion in
the coffee solution, and found clinically acceptable color dif-
ference values with the use of the polishing kits (AE=0.56-
3.94) (AE < 3.3). In the study by Sarac et al. color changes
caused by the different polishing techniques applied, either
combined or alone, to the feldspathic ceramic were exam-
ined and found to conform with this study result; higher
AE values were obtained with the use of polishing paste
alone compared to polishing kits with or without polish-
ing paste (AE=1.1-3.3 approximately) (AE < 3.5). Similarly,
Sarikaya et al." tested the effect of different polishing
methods on color change after 48-hour coffee staining on
low-fusing and feldspathic porcelain materials and they



Paken G.
Surface Alterations After Polishing Systems

Essent Dent 2021; 1(1): 23-29

ignal A = SE1
Wi

EHT =20.00 kv
IProbe = 100pA

Signal A = SE1
WD = 85mm

Mag= 100X m“"‘

Signal A = SE1
WD = 90mm

E

1 Probe =

EHT =20.00kV
100 pA

EHT =20.00kV

EHT =20.00 kv
I Probe= 100 pA

Signal A = SE1
WD = 8.0mm

Mag= 100X 200},

€y

Figure 2. Scanning electron microscope images (original magnification x100) of specimens after polishing. (A) Glazed
positive control group. (B) Polishing kit group (PK). (C) Diamond polishing paste group (P). (D) Polishing kit + polishing
paste group (PK+P). (E) Roughened negative control group.

suggested that polished specimens exhibited AE values rang-
ing from 1.08 to 2.14 in all of the porcelain materials tested
(1 < AE < 3.7). The authors concluded that although the
polishing techniques significantly affected the final color of
the tested ceramics, the AE values were clinically accept-
able. In this present study carried out on leucite-reinforced
feldspathic ceramic, the PK+P group and the control group
exhibited clinically acceptable AE values but the results of
the P and PK result were greater than 3.0. This difference in
results may be due to the variability of the clinically accepted
AE reference values in color measurement studies.?? The dif-
ferences were also associated with differences in ceramic
structure, polishing systems, and staining solution.

According to the AFM results, the samples in the P group
were shown to have higher roughness values than those in
the PK and PK+P groups. This study shows that polishing kits
yield a surface which is almost as smooth as glazing when
applied with a polishing paste. These results were also con-
sistent with previous studies.®'32> There were also studies
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that contrasted with this present study, which mentioned
that polishing kits generated better surface smoothness than
both polishing paste alone and in combination with polish-
ing discs.>™* Furthermore, in the study by Yilmaz et al.?® the
effects of glaze, pastes, rubber discs, and abrasive paper on
several ceramic systems were investigated and they found that
the surface smoothness provided by glazing and pastes was
clinically acceptable compared to that of the other groups.
In this present study, it was concluded that in all treatment
groups, the roughened ceramic surface could be polished to
miscellaneous degrees, but none of them reached the glazed
ceramic surface smoothness. Contrary to this study, other
related studies indicated that polishing kits provided as much
polishing as a glazed surface.’>2>2>30The differences might be
explained by the use of different ceramic types, and the vari-
ous brands of polishing kits tested in the studies.

In a study conducted on enamel surfaces, it was observed
that ultrasonic and sonic instruments roughened the enamel
more than fine diamond burs, and fine-grained burs are
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often used to eliminate occlusal defects in clinical prac-
tice.?" Previous studies have concluded that 30 pm diamond
rotating burs made the surface much rougher and polish-
ing with high-speed headpieces at 20 000 rpm weakened
the ceramic specimens.3233 In this study, the ceramic sur-
faces were abraded with a 15 pm diamond rotating bur,
and the working speed of the rotary instrument was set at
10 000 rpm during the polishing kit application to reflect
clinical practice.

The profilometer and the AFM are the most commonly used
instruments in studies evaluating surface roughness. One
study showed that the AFM gave reliable results in evaluat-
ing surface irregularity.?> Detection with AFM provides higher
resolution with a three-dimensional view and also gives more
detailed results than other examination techniques such as
a profilometer or visual evaluation, and more comprehensive
results were obtained when SEM was used with AFM.%?? |n this
present study, both the AFM and the SEM were used to detect
the surface roughness of ceramic surfaces after polishing.

In this study, only a single type of ceramic, polishing kit and
staining agent were tested. Different outcomes might have
been attained with different polishing materials and tech-
niques. Future studies should investigate several ceramic
materials and polishing methods. Further studies are needed
to evaluate the surface roughness and color change of the
leucite-reinforced feldspathic ceramic blocks after polishing
with different polishing materials and techniques, using sev-
eral solutions.

Conclusion
Within the limitations of this in vitro study:

1. The polishing methods applied in this study were effec-
tive on roughened ceramic surfaces. After polishing,
the differences were observed both visually and with
AFM and SEM. Furthermore, neither polishing paste nor
polishing kits, nor the application of both were able to
achieve outcomes as satisfactory as with glaze from the
standpoint of surface roughness and color stability.

The polishing kit applied with polishing paste yielded
clinically acceptable AE values, but in the other groups,
the values were higher than 3.0. Those AE values were
regarded as indicating visual perception.

The results of this study indicate that the polishing kit applied
with polishing pastes on leucite-reinforced feldspathic
ceramics may be clinically applicable in terms of surface
roughness and color stability. Therefore, using appropriate
polishing techniques for each type of ceramic can provide
esthetically beneficial results for clinicians.
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