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Aim: This study examines the effects of chairside finishing and polishing on
the surface roughness (SR) of zirconia (ZR), lithium disilicate (LD), and hybrid
ceramics (HC) to identify material-specific variations and determine optimal
clinical protocols for smooth, durable, and esthetic ceramic surfaces.
Methodology: Three modern dental ceramics Zr (IPS e. max® ZirCAD), LD (IPS
e. max® CAD), and HC (Vita Enamic®) were used to create 135 disc-shaped
specimens. Each specimen (10 mm diameterx2 mm) was either glazed or
finished polished following the protocols set for study. A Profilometer evaluated
SR of the two surfaces in micrometers (um), while the surface topography was
examined using scanning-electron-microscope (SEM). Using SPSS, ANOVA and
post hoc multi-comparison tests were used for statistical analysis.

Results: One-way ANOVA revealed significant differences among groups
(p < 0.05). For Zr, the glazed specimens exhibited the highest SR (p = 0.000),
while Optra Fine® and Diasynt® produced smoother surfaces with no significant
difference between them (p = 0.226). In the LD group, Diasynt® showed
significantly higher roughness compared with both OptraFine® and glazed
specimens (p = 0.000), whereas OptraFine® and glazed groups did not differ
significantly (p = 0.060). For HC, Diasynt® produced the highest roughness,
followed by glazing, with OptraFine® yielding the smoothest surfaces. Overall,
OptraFine® consistently yielded the lowest surface roughness across all
materials, with LD exhibiting the smoothest surfaces (0.119 + 0.031 ym).
Conclusion: SR of CAD/CAM ceramics was influenced by both material type and
finishing method. OptraFine® consistently produced the smoothest surfaces.
LD was the smoothest material, and ZR benefited more from polishing than
glazing. Material-specific finishing is essential for optimal smoothness, esthetics,
and durability.

CAD/CAM restorations, chairside polishing, dental ceramics, hybrid ceramics, lithium
disilicate, polishing systems, zirconia
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Introduction

The quest for aesthetically beautiful and functionally robust
dental restorations has fueled the widespread use of modern dental
ceramics in restorative dentistry. Materials like zirconia (ZR),
lithium disilicate (LD), and hybrid ceramics (HC) have significant
advantages, including high strength, excellent biocompatibility,
and superior optical qualities (Pereira et al, 2023; Amaya-
Pajares et al., 2016). Despite these advantages, clinical treatments
typically necessitate intraoral changes like as trimming, contouring,
or marginal adaptation, which always affect the surface of the
restorations (Zarone et al., 2019; Irusa et al., 2022). The literature
presents conflicting evidence regarding the most effective method
for achieving the smoothest surface on indirect restorations.
Some studies suggest that glazing produces a superior finish,
while others report no substantial difference between glazing
and mechanical polishing. Conversely, multiple investigations
have shown that mechanical polishing can outperform glazing
in reducing surface roughness (Sampaio-Fernandes et al., 2022;
Albani et al, 2024). Ideally, the prosthetic surface should
be glazed and/or polished, before final cementation of the
indirect restoration. However, because glazing/reglazing is carried
out in a laboratory, it needs many sessions. Thus, chair-side
polishing is faster and easier. Furthermore, certain patients
may require frequent intraoral finishing and polishing in the
event of excess cement removal, prosthesis fracture, and/or
orthodontic bracket removal (Irusa et al, 2022; Sampaio-
Fernandes et al., 2022; Albani et al., 2024).

Surface roughness (Ra) is an important consideration in
the long-term success of ceramic restorations. Roughened
surfaces can lead to increased plaque formation, discoloration,
faster wear of opposing dentition, and worse esthetic results.
During chairside adjustments of indirect restorations, the
ceramic surface may become roughened. As a result, chairside
finishing and polishing treatments are widely used to restore
smoothness and improve the clinical performance of ceramic
restorations. However, the efficiency of these methods is heavily
influenced by both the material’s microstructure and the finishing
methodology utilized (Rashid, 2014).

ZR is a polycrystalline ceramic that lacks a glassy phase, which
has a substantial impact on its surface behavior when polished or
glazed. ZR’s lack of a glass matrix makes it very wear resistant, but it
also restricts its ability to be evenly polished using standard finishing
procedures (Kulvarangkun et al., 2022). In contrast, LD and HC have
significant glassy components within their microstructure, allowing
for more uniform surface adaption during finishing and polishing.
These microstructure variances have an impact on qualities like
as gloss retention, plaque buildup, and antagonist tooth wear, in
addition to the desired surface smoothness (Schneider et al., 2013;
Carek et al., 2022). Given these inherent material properties, it is
critical to study material-specific differences in Ra after chairside
finishing and polishing (Saric1 and Day1, 2025; Wright et al., 2004).

Understanding material-specific variations in Ra following
chairside finishing and polishing is essential for optimizing
the longevity, esthetics, and functional performance of ceramic
restorations. Choosing the appropriate finishing protocol for each
type of ceramic can help minimize plaque accumulation, reduce
wear on opposing dentition, and enhance overall patient satisfaction,
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thereby improving the clinical success of contemporary restorative
procedures. In addition, these distinctions can help clinicians pick
the best finishing techniques for each ceramic type, thus improving
the overall therapeutic results. Accordingly, this study aimed to
evaluate the effects of different chairside finishing and polishing
protocols on the Ra of ZR, LD, and HC. By examining these material-
specific differences, the results are expected to provide evidence-
based guidance for selecting and optimizing finishing procedures for
modern dental ceramics in clinical practice.

Materials and methods
Ethical approval

This in vitro experimental study was carried out at the College of
Dentistry Research Center (CDRC), College of Dentistry, King Saud
University, Riyadh, Saudi Arabia. Ethical approval for the study was
obtained from the CDRC (Approval No. FR 0741).

Specimen Preparation

A total of 135 disc-shaped specimens were fabricated from three
types of contemporary dental ceramics: ZR (IPS e. max® ZirCAD),
LD (IPS e. max® CAD), and HC (Vita Enamic® ) (n = 45 each). The
details of the test materials used in the study are presented in Table 1.
All specimens were standardized and verified with a digital caliper
to dimensions of 10 mm in diameter and 2 mm in thickness to
ensure uniformity. CAD/CAM milling procedures were employed
for specimen fabrication using pre-sintered or partially crystallized
blocks provided by the respective manufacturers.

Following milling, ZR specimens were subjected to a final
sintering cycle in a high-temperature furnace according to
the manufacturer’s protocol to achieve full densification. LD
specimens underwent a crystallization firing process in a porcelain
furnace to develop their final crystalline structure and mechanical
strength. In contrast, HC specimens, composed of a dual-network
structure consisting of approximately 86 wt% feldspathic ceramic
infiltrated with 14 wt% polymer, did not require any sintering or
crystallization. These blocks were already polymer-infiltrated and
cured during industrial manufacturing.

Prior to experimental procedures, all specimens
ultrasonically cleaned in distilled water for 10 min to remove surface

were

debris and contaminants, and then air-dried.

Simulated clinical adjustment

To replicate the clinical scenario in which ceramic restorations
require intraoral adjustment before polishing, all specimens
underwent a standardized simulated adjustment procedure prior
to allocation into the finishing and polishing groups. A fine-
grit diamond bur (Magic Touch Line HP for Zirconia, Lithium
Disilicate, and E-Max® , Strauss Diamond Instruments, United
States) mounted on a slow-speed handpiece (Kavo EXPERTmatic
Lux E25L, Kavo, Germany) was used to create controlled surface
irregularities under standardized conditions: 20,000 rpm, light and
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TABLE 1 Composition and characteristics of the dental materials evaluated in this study.

10.3389/fmats.2025.1744731

Materials Abbreviation Manufacturer Chemical
composition
Zirconia ceramics ZR IPS e.max® ZirCAD Ivoclar vivadent, schaan, 88.0%-95.5% ZrO2, X16329
lichtenstein >4.5% - < 7.0% Y203,
<5.0% HfO2, <1.0%
Al203, <1.5% other
oxides
Lithium disilicate LD IPS e.max® CAD Ivoclar vivadent, schaan, 5.0%-11.0% P205, 702]YZ
Liechtenstein 0.0%-8.0% ZnO,
0.0%-5.0% Al203,
0.0%-5.0% MgO,
11.0%-19.0% Li20,
0.0%-13.0% K20,
57.0%-80.0% SiO2,
0.0%-8.0% ZcO2
Coloring Oxides
Hybrid ceramic HC Vita enamic® Vita, zahnfabrik, 86% ceramic, 14% 98520
Germany polymer
Diamond impregnated DP DIASYNT® plus EVE ernst vetter GmbH, Diamond impregnated 493405
ceramic polishing system Germany course, medium and fine
grits
Diamond polishing OF OptraFine® Ivoclar vivadent, schaan, Diamond impregnated 601990AN
system for ceramics Liechtenstein gray, green and pink
polishers

consistent pressure, a 10-s adjustment time per specimen, and
a continuous unidirectional sweeping motion across the entire
surface, with water cooling to minimize heat generation. All
adjustments were performed by the same experienced operator,
and the bur was replaced after every 10 specimens to maintain
uniform cutting efficiency. This protocol ensured a consistent degree
of surface roughening across all samples, closely mimicking the
chairside occlusal or marginal adjustments commonly performed
prior to ceramic polishing.

Grouping of specimens

The specimens were randomly divided into three main groups
(n =45 per material type). Each ceramic group was then subdivided
into three subgroups (n = 15 per subgroup) as per the surface
finishing procedures as follows:

« Finishing and Polishing with OptraFine®.
« Finishing and Polishing with DIASYNT®.
« Glazing in a Furnace.

Surface Preparation of the specimens
Experimental group OptraFine®
Specimens allocated to this group were finished and polished

using the OptraFine® ceramic polishing system, specifically
designed for dental ceramics. The protocol followed the
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manufacturer’s recommendations and was performed with a low-
speed handpiece (<12,000 rpm) (Kavo EXPERTmatic Lux E25L
Contra Angle Handpiece, Kavo, Bismarckring 39, 88400 Biberach,
Germany) under standardized operator conditions.

The OptraFine® sequence consisted of three polishing steps:

1. Finishing (OptraFine-F, Gray): Surface irregularities created
during simulated adjustments were removed. Each specimen
surface was finished for 30 s at 6,000-10,000 rpm with light,
intermittent pressure to prevent heat buildup.

2. Pre-polishing (OptraFine-P, Green): The ceramic surfaces
were further smoothened. Each surface was polished for
30s at 6,000-10,000 rpm, using minimal pressure and
intermittent strokes.

3. High-gloss polishing (OptraFine HP, Pink with polishing
paste): A thin layer of polishing paste was applied, and
polishing was carried out for 30 s at 4,000-6,000 rpm using a
felt wheel.

All procedures were performed by the same operator to
minimize variability. Air cooling was applied intermittently to
reduce the risk of heat-induced surface alterations. The total
polishing time per specimen was standardized at approximately 90 s
(30 s per step).

Experimental group DIASYNT®

Specimens allocated to this group were finished and polished
using the DIASYNT® Plus diamond-impregnated dental ceramic
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polishing system, designed for chairside adjustments of high-
strength dental ceramics. The protocol followed the manufacturer’s
instructions and was performed using a low-speed handpiece
(<12,000 rpm) (Kavo EXPERTmatic Lux E25L Contra Angle
Handpiece, Kavo, Bismarckring 39, 88400 Biberach, Germany)
under standardized operator conditions.

The DIASYNT® Plus system consisted of a two-step diamond
polisher sequence:

(DIASYNT® Plus, Coarse-Grit): Surface

irregularities introduced during simulated adjustments were

1. Finishing

reduced using diamond-impregnated silicone polishers.
Each specimen was finished for 30s at 8,000-10,000 rpm
under light, intermittent pressure to prevent overheating and
surface damage.

2. Polishing (DIASYNT® Plus, Fine-Grit): The ceramic surfaces
were further smoothened and polished to achieve a uniform,
glossy surface. Each specimen was polished for 30s at
6,000-8,000 rpm with minimal pressure and continuous
movement to ensure consistent finishing.

All finishing and polishing steps were carried out by the same
operator to minimize technique variability. Intermittent air cooling
was used to avoid heat accumulation on the ceramic surface. The
total polishing time per specimen was standardized at approximately
60 s (30 s per step).

The glazing process

Every ceramic specimen was put through a uniform glazing
procedure in accordance with the guidelines provided by the
manufacturer. Following the prescribed temperature and holding
time for each material, the produced specimens were put in
a ceramic furnace (Esgaia, J. Morita Mfg Corp, Kyoto, Japan)
and glazed. This process replicated the ultimate clinical state of
glazed ceramic restorations by guaranteeing the development of a
homogeneous, smooth surface layer.

Surface roughness (Ra) measurement

The Ra of each specimen was evaluated using a three-
dimensional non-contact optical profilometer (Contour-GT-X®,
Bruker Nano Surfaces Division, San Jose, CA, United States). The
average Ra in micrometers (um) was calculated by scanning three
randomly selected areas on the polished or control surface of
each specimen. To maintain consistency, the scanning area was
standardized at 500 x 500 um for all measurements. The mean of
the three readings was calculated and recorded as the representative
Ra value for each specimen. This method minimized measurement
bias and enhanced the reproducibility of the results.

Statistical analysis
The data were entered into SPSS software (IBM Corp., Armonk,

NY, United States) for statistical analysis. Descriptive statistics,
including the mean and standard deviation, were calculated for
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each subgroup. Differences in Ra values among ceramic materials
and polishing protocols were analyzed using one-way analysis of
variance (ANOVA). When statistically significant differences were
detected, post hoc pairwise comparisons were performed using
Tukey’s HSD test to determine intergroup variations. The level of
significance was set at p < 0.05.

Results

The results of this study demonstrated distinct material-
specific variations in Ra following chairside finishing-polishing
procedures, using two different types of finishing-polishing systems
(OptraFine®, DIASYNT®), and glazing among the three tested
ceramics Zr, LD and HC. Mean Ra values varied significantly
between materials and treatment protocols, indicating that the
response to finishing-polishing was not only dependent on the type
of the finishing-polishing system utilized but also on the ceramic
composition and microstructure. Comparative analysis revealed
differences in the reduction of surface irregularities across groups,
highlighting the influence of material type and polishing system on
achieving clinically acceptable smoothness.

Statistical analysis using one-way ANOVA showed significant
differences (p < 0.05) among the groups after chairside finishing and
polishing, followed by post hoc pairwise comparisons to determine
intergroup variations. The findings are presented in Table 2 and
Figure 1, which summarizes the mean Ra values in micrometers
(um) and standard deviations for each ceramic type under different
finishing-polishing protocols. For ZR, ANOVA revealed significant
differences among the finishing methods (p = 0.000). Tukey’s post
hoc test (Table 3) showed that the ZR glazed group (0.637 + 0.301)
exhibited significantly higher Ra compared with both OptraFine®
and Diasynt® (p = 0.000). However, the difference between
OptraFine® and Diasynt® was not statistically significant (p =
0.226). The rougher surface of the glazed ZR was also evident in
the SEM images recorded at x500 magnification as presented in
Figure 2.

For LD group (Table 2), significant differences were also
observed (p = 0.000). Pairwise comparisons (Table 3) revealed that
Diasynt® produced significantly higher Ra than OptraFine® (p =
0.000) and the glazed group (p = 0.000). The difference between
OptraFine® and glazed specimens was not significant (p = 0.060).
For HC group, ANOVA results (Table 2) confirmed significant
differences among finishing groups (p = 0.000). Tukey’s test
(Table 3) showed that Diasynt® produced significantly higher Ra
than OptraFine® (p = 0.000 each) however with glazed specimens
it produced non-significant differences (p = 0.293). Additionally, the
OptraFine® group showed significantly higher roughness than the
glazed group (p = 0.000). The glazed LD group exhibited the lowest
Ra values, which corresponded well with the SEM observations at
x500 magnification, as shown in Figure 2d, confirming its smooth
and uniform surface texture.

To relate these within-material observations to a wider
assessment of the finishing approaches, The Ra values obtained
following each finishing and polishing process are shown in
Table 4 and Figure 3. The results indicate that the choice of
surface finishing method significantly affected the roughness of
all tested ceramic materials. Among the evaluated systems, glazed
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TABLE 2 Mean surface roughness by material and finishing method.

I\ Std.
deviation

Test
materials

Mean

Finishing/
Polishing

systems

95% confidence
interval for mean

10.3389/fmats.2025.1744731

*ANOVA
P-value?

Minimum Maximum

Optraﬁne® 15 0.18013 0.029039 0.16405 0.19621 0.112 0.229
Diasynt® 15 0.29101 0.081985 0.24561 0.33641 0.177 0.445 0.000
ZR
Glazed 15 0.63719 0.301516 0.47021 0.80416 0.236 1.178
Total 45 0.36944 0.264740 0.28991 0.44898 0.112 1.178
Optra.ﬁne® 15 0.11916 0.031119 0.10192 0.13639 0.057 0.156
Diasynt® 15 0.19220 0.024668 0.17854 0.20586 0.158 0.238 0.000
LD
Glazed 15 0.08602 0.053905 0.05617 0.11587 0.023 0.182
Total 45 0.13246 0.058639 0.11484 0.15008 0.023 0.238
Optraﬁne® 15 0.18291 0.024683 0.16924 0.19658 0.123 0.214
Diasynt® 15 0.37896 0.051129 0.35064 0.40727 0.318 0.457 0.000
HC
Glazed 15 0.40433 0.055396 0.37366 0.43501 0.318 0.544
Total 45 0.32207 0.109608 0.28914 0.35500 0.123 0.544
“The mean difference is significant at the 0.05 level.
Glazed ) 0.404
£ Diasynt® EEEEEEESESSSSS—— 0.378
Optrafine® N 0.182
2
©
'5 & Glazed [T 0.086
g - Diasynt® IS 0.192
o Optrafine® N 0.119
]
e ————————————— Y X
« Glazed 0.637
Diasynt® I 0.291
Optrafine® N 0.13
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Surface Roughness (Ra) in micrometers (um)
FIGURE 1
Graphical comparisons of the mean Surface Roughness (Ra) in micrometers (um) of Zirconia, Lithium Disilicate, and Hybrid Ceramics After Different
Finishing Protocols.

and Diasynt® produced higher roughness values, while OptraFine®
system yielded the smoothest surfaces overall. Interestingly, for ZR
specimens, the OptraFine® system achieved surface smoothness
comparable to that of the glazed group for ZR specimens.

When the finishing-polishing systems were compared across
the different ceramic materials (Table 5), statistically significant
differences were found among all groups (ANOVA, p = 0.000).
Within the OptraFine® system, LD exhibited the lowest surface
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roughness (0.119 + 0.031 um), which was significantly smoother
than ZR (p = 0.000) and HC (p = 0.000), while no significant
difference was observed between ZR and HC (p = 0.961). For
the Diasynt® system, LD again showed the lowest roughness
(0.192 + 0.025 um), followed by ZR (0.291 + 0.082 pm) and
HC (0.379 + 0.051 um), with pairwise comparisons confirming
significant differences among all three materials (p = 0.000). In the
glazed groups, ZR demonstrated the highest Ra (0.637 + 0.302 pum)
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TABLE 3 Tukey HSD post hoc multiple comparisons of surface roughness among finishing methods for different ceramics.

Dependent () Materials | (J) Materials Mean Std. error | Sig 95% confidence interval
variable difference
((EN))] Lower bound | Upper bound
Diasynt® -0.110877 0.066157 0.226 ~0.27160 0.04985
Optrafine®
Glazed ~0.457056° 0.066157 0.000 -0.61778 ~0.29633
Optrafine® 0.110877 0.066157 0.226 ~0.04985 0.27160
ZR Diasynt®
Glazed ~0.346179° 0.066157 0.000 ~0.50691 ~0.18545
Optrafine® 0.457056" 0.066157 0.000 0.29633 0.61778
Glazed
Diasynt® 0.346179* 0.066157 0.000 0.18545 050691
Diasynt® ~0.073044 0.014115 0.000 -0.10734 ~0.03875
Optrafine®
Glazed 0.033133 0.014115 0.060 ~0.00116 0.06743
Optrafine® 0.073044° 0.014115 0.000 0.03875 0.10734
LD Diasynt®
Glazed 0.106178* 0.014115 0.000 0.07189 0.14047
Optrafine® ~0.033133 0.014115 0.060 ~0.06743 0.00116
Glazed
Diasynt® ~0.106178" 0.014115 0.000 ~0.14047 ~0.07189
Diasynt® ~0.196044° 0.016723 0.000 ~0.23667 ~0.15542
Optrafine®
Glazed -0.221422° 0.016723 0.000 -0.26205 -0.18079
Optrafine® 0.196044* 0.016723 0.000 0.15542 0.23667
HC Diasynt®
Glazed ~0.025378 0.016723 0.293 ~0.06601 0.01525
Optrafine® 0.221422* 0.016723 0.000 0.18079 0.26205
Glazed
Diasynt® 0.025378 0.016723 0.293 -0.01525 0.06601

*The mean difference is significant at the 0.05 level.

which was statistically significant (p < 0.05) as compared with LD
(0.086 + 0.054 um) and HC (0.404 + 0.055 pum).

Overall, these findings indicate that Ra is strongly influenced
by the interaction between material type and finishing system.
OptraFine® produced consistently low values across all ceramics,
though LD was significantly smoother. Diasynt® yielded the highest
roughness, particularly on HC, while glazing was effective for LD but
resulted in markedly rougher Ra surfaces.

Discussion

A three-dimensional (3D) non-contact profilometer was
employed to determine the Ra values, expressed in micrometers
(um), for both the polished and glazed surfaces of three commonly
used indirect CAD/CAM restorative materials. Uniformly shaped
and dimensioned test specimens were used as reference samples in
this in vitro study. Furthermore, the surface topography of the glazed
and polished specimens was examined using scanning electron
microscope (SEM). Several researchers have recommended the use
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of 3D non-contact profilometry for evaluating the Ra parameter,
as it provides high-resolution and reliable surface characterization
(Ersahan and Alakus Sabuncuoglu, 2016). In quantitative surface
topography analysis, the 3D non-contact optical profilometer
interference microscope has demonstrated superior reliability and
efficiency. It is equipped with an integrated camera that records a
three-dimensional surface texture image of the entire specimen,
allowing for precise qualitative visualization of the surface features
(Zhang et al., 2022). The Ra parameter provides a practical and
interpretable measure that facilitates comparison among different
materials and enables correlation with findings from other studies
and established standards, making it a valuable reference for overall
surface characterization (Persson, 2023).

This study rejected the null hypothesis that Ra would be
comparable between glazed and polished surfaces, instead revealing
significant material-dependent variations between the tested
CAD/CAM dental restorative materials. One major advantage of
CAD/CAM blocks is their industrial fabrication process, which
ensures consistency and minimizes the risk of processing errors.
Each of the tested materials possesses unique physical, structural,
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X388 Saum "

FIGURE 2

SEM images on glazed and two types of polished surfaces of the test materials used in this study. (a) ZirCAD® 500X (Glazed); (b) ZirCAD® 500X
(Optrafine®); (c) ZirCAD® 500X (Diasynt®); (d) Emax CAD® 500X (Glazed); (e) Emax CAD® 500X (Optrafine®); (f) Emax CAD® 500X (Diasynt®); (g) Vita
Enamic® 500X (Glazed); (h) Vita Enamic® 500X (Optrafine®); (i) Vita Enamic® 500X (Diasynt®).

X500 S@wma

and aesthetic properties (Gracis et al, 2015). Manufacturers
claim enhanced performance for their respective materials, and
numerous studies have investigated and reported on their individual
characteristics. This study aimed to assess and compare the surface
characteristics of different materials by analyzing both their glazed
and finished/polished surfaces. Ideally, these materials should
exhibit similar surface properties (Akar et al., 2014); however,
statistical analysis indicated significant variations in Ra between the
glazed and polished specimens. Consequently, the null hypothesis,
that the Ra values of the glazed and finished/polished surfaces of
the three tested indirect CAD/CAM restorative materials would be
comparable and remain unaffected was rejected.

Previous studies have reported that the Ra of glazed ceramics
typically falls within the range of 0.2-0.5 um (Rani et al,, 2021).
Variations in Ra outcomes among different studies can be attributed
to several factors, including differences in ceramic composition,
polishing systems, operator proficiency, human variability, and
profilometer calibration settings (Aydin et al., 2021). A Ra value of
approximately 0.5 um is generally considered clinically acceptable
for ceramic restorations (Rani et al, 2021; Aydin et al., 2021).
In the present study, the glazed specimens exhibited Ra values
between 0.08 um and 0.63 pum, while the finishing specimens from
Optrafine ranged from 0.11 ym to 0.18 um and the finishing
with the Diasynt ranged from 0.19 um to 0.37 um. All tested
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materials demonstrated SR values that remained within clinically
acceptable limits, irrespective of the surface treatment applied.
The glazed zirconia surface was the only exception, exhibiting a
Ra value of 0.63 um approximately 0.13 um above the clinically
acceptable threshold according to comparison with previously cited
literature. Because surface roughness values beyond the recognized
threshold have been associated with higher plaque deposition, rapid
antagonist wear, and decreased long-term restorative efficacy, this
study has clinical significance (Rashid, 2014). The higher Ra found
for glazed zirconia indicates that glazing might not be enough
to produce a sufficiently smooth surface for this material and
supports a material-specific reaction to finishing methods. Because
to zirconia’s polycrystalline structure and lack of a glassy phase,
the glaze’s ability to vitrify evenly is limited, which may increase
rather than decrease surface discrepancies (Manziuc et al., 2019).
Chairside polishing seems to be a more reliable and efficient method
for creating smoother zirconia surfaces and this is in line with
earlier findings demonstrating that superior polishing processes
can produce Ra values with better long-term stability for zirconia
(Kheur et al., 2022). Collectively, these observations underscore
the need to reconsider glazing as the default finishing method for
zirconia restorations. Previous studies have consistently reported
variations in Ra outcomes between glazing and chairside polishing
techniques across different restorative materials (Rashid, 2014;
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TABLE 4 Comparison of surface roughness across ceramic materials within each finishing system.

Test \|
materials

Mean Std.
deviation

Finishing/
Polishing

systems

95% confidence
interval for mean

*ANOVA
P-value®

Minimum | Maximum

ZR 15 0.18013 0.029039 0.16405 0.19621 0.112 0.229
LD 15 0.11916 0.031119 0.10192 0.13639 0.057 0.156 0.000
OptraFine®
HC 15 0.18291 0.024683 0.16924 0.19658 0.123 0.214
Total 45 0.16073 0.040689 0.14851 0.17296 0.057 0.229
ZR 15 0.29101 0.081985 0.24561 0.33641 0.177 0.445
LD 15 0.19220 0.024668 0.17854 0.20586 0.158 0.238 0.000
Diasynt®
HC 15 0.37896 0.051129 0.35064 0.40727 0.318 0.457
Total 45 0.28739 0.095477 0.25870 0.31607 0.158 0.457
ZR 15 0.63719 0.301516 0.47021 0.80416 0.236 1.178
LD 15 0.08602 0.053905 0.05617 0.11587 0.023 0.182 0.000
Glazed
HC 15 0.40433 0.055396 0.37366 0.43501 0.318 0.544
Total 45 0.37585 0.288139 0.28928 0.46241 0.023 1.178

“The mean difference is significant at the 0.05 level.
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Rani et al., 2021). The literature presents mixed findings regarding
which approach yields superior surface quality. Wright etal.
(Manziuc et al., 2019) reported that chairside polishing can achieve
results comparable to or even superior to glazing, whereas other
studies have found glazing to produce smoother surfaces than
chairside polishing (Chu et al., 2000; Schuh et al., 2005).

The results of this investigation demonstrate how finishing and
polishing techniques have a very material-dependent impact on Ra.

Frontiers in Materials

Interestingly, under glazing, ZR reacted differently than HC and
LD. Glazing resulted in noticeably rougher ZR surfaces, whereas
it generated the smoothest surfaces for LD and HC. Because ZR
is a polycrystalline ceramic without a glassy phase, it is unable
to undergo uniform glass fusion and smooth surface development
during glazing. This is explained by the inherent variances in
microstructure. On the other hand, glass-containing ceramics, such
HC and LD, enable improved glaze layer dispersion, resulting in
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TABLE 5 Comparative evaluation of surface roughness among ceramics for each finishing protocol by tukey HSD.

10.3389/fmats.2025.1744731

Dependent Materials | Compared to | Mean difference Std. error  Sig 95% confidence interval
variable
Lower bound  Upper bound
LD 0.060978° 0.010373 0.000 0.03578 0.08618
7R
HC ~0.002778 0.010373 0.961 -0.02798 0.02242
7R ~0.060978° 0.010373 0.000 ~0.08618 ~0.03578
OptraFine® LD
HC ~0.063756° 0.010373 0.000 ~0.08896 -0.03855
7R 0.002778 0.010373 0.961 ~0.02242 0.02798
HC
LD 0.063756° 0.010373 0.000 0.03855 0.08896
LD 0.098810° 0.021023 0.000 0.04773 0.14989
7R
HC ~0.087946* 0.021023 0.000 ~0.13902 ~0.03687
7R ~0.098810° 0.021023 0.000 ~0.14989 ~0.04773
Diasynt® LD
HC ~0.186756 0.021023 0.000 -0.23783 ~0.13568
ZR 0.087946" 0.021023 0.000 0.03687 0.13902
HC
LD 0.186756 0.021023 0.000 0.13568 0.23783
LD 0551167 0.065621 0.000 0.39174 0.71059
ZR
HC 0.232856 0.065621 0.003 0.07343 0.39228
ZR ~0.551167* 0.065621 0.000 ~0.71059 ~0.39174
Glazed LD
HC ~0.318311° 0.065621 0.000 ~0.47774 ~0.15889
ZR ~0.232856 0.065621 0.003 -0.39228 ~0.07343
HC
LD 0.318311° 0.065621 0.000 0.15889 0.47774

#The mean difference is significant at the 0.05 level.

smoother surfaces. On the other hand, OptraFine® mechanical
polishing consistently produced minimal roughness in all materials,
highlighting its dependability as a chairside finishing method.
Diasynt® 's greater roughness values, particularly in HC, indicate
less successful adaptation to a variety of ceramic microstructures,
which results in less than ideal smoothness. Together, these findings
highlight the need to customize the finishing system selection to the
ceramic material in order to maximize clinical results. The present
findings align with previous research demonstrating that glazing
exhibits limited efficacy in enhancing the surface characteristics of
ZR, while producing more favorable results in glass-based ceramic

materials (Jamali et al., 2024).

The current findings emphasize the need of choosing material-
specific finishing techniques for the best surface results from
a therapeutic perspective. In comparison to glazing, chairside
polishing using the OptraFine® equipment showed improved
smoothness for ZR, which may lessen antagonist wear and plaque

chairside polishing is a feasible alternative to reglazing, especially
when intraoral repairs are necessary (Kurt et al, 2020). These
results are in line with other studies that shown that polishing
system eflicacy varies depending on the substrate, highlighting the
necessity of choosing a system according to the particular ceramic
composition (Gong et al., 2024).

buildup. For LD and HC, on the other hand, both glazing

and polishing resulted in therapeutically acceptable surfaces;
nonetheless, polishing is still a reliable and repeatable substitute

Frontiers in Materials
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in situations when reglazing is not feasible. Clinicians should
choose finishing techniques that strike a compromise between
effectiveness, surface integrity, and long-term durability in light
of the constraints related to chairside adjustments. Interestingly,
OptraFine® continuously produced low Ra values for all materials,
with LD exhibiting very smooth surfaces. These results imply that,
regardless of the kind of ceramic, sophisticated polishing systems
with fine diamond-impregnated tools may produce dependable
finishing results. Because chairside polishing minimizes chairside
time and removes the possibility of structural degradation from
multiple firing cycles, our results support clinical suggestions that

There were a few limitations on this study. It is possible that
variations in each material’s production and fabrication processes
have affected its surface characteristics. Furthermore, only two
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methods of polishing and finishing were assessed. Because it was
an in vitro study, variables including natural manufacturing flaws
and differences in how the specimen was handled during glazing,
polishing, and finishing might have affected the outcome.

Conclusion

Within the limitations of this in vitro investigation, the following
conclusions can be drawn:

o The ceramic composition and the chosen polishing or finishing
method significantly influenced the surface roughness of
modern CAD/CAM ceramics.

« For zirconia, glazing alone should not be relied upon to achieve

a clinically acceptable surface. Chairside polishing particularly

with a multi-step system such as OptraFine® is recommended,

as it consistently produced smoother surfaces than glazing.

For lithium disilicate, both glazing and OptraFine® polishing

achieved excellent and clinically comparable levels of
smoothness, indicating that either technique can be effectively
used in practice.

o For hybrid ceramics, glazing and OptraFine® polishing
resulted in acceptable surface quality; however, the Diasynt
® system should be used with caution, as it produced the
highest roughness values for this material.

Opverall, these findings underscore the importance of employing
material-specific finishing protocols to achieve optimal surface
smoothness, enhance esthetics, and promote long-term clinical
durability of ceramic restorations.
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