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Evaluation of the Mechanical Properties and Color Stainability of Different Pressed
Lithium-X-Silicate Ceramics

Preslenen Farkli Lityum-X-Silikat Seramiklerin Mekanik Ozelliklerinin ve Renk Degisikliklerinin incelenmesi

Beyza Betiil SENCAN!, Esra KUL?

ABSTRACT

Lithium-X-silicate glass ceramics are widely used in
prosthetic dentistry for their esthetic and mechanical
properties, yet surface treatments during clinical procedures
may alter these characteristics and affect restoration
longevity. This study evaluated the effects of different surface
treatments on the optical (color stability) and mechanical
(flexural strength and surface hardness) properties of three
pressed lithium-X-silicate ceramics: IPS e.max Press, Celtra
Press, and HS10PC. A total of 132 specimens were prepared
(22 bars and 22 discs per material) and divided into glazed
and ground—polished subgroups (n=11). Color was measured
with a spectrophotometer before and after 14-day coffee
immersion, and color change (AE2000) was calculated.
Vickers hardness and flexural strength were assessed, and
surface morphology was examined with SEM. The results
showed that surface treatment significantly affected color
change and hardness (p<0.05), whereas ceramic type had no
effect on these parameters. Flexural strength was significantly
influenced by ceramic type (p<0.001) but not by surface
treatment, with IPS e.max Press showing relatively higher
strength compared with the other ceramics. SEM
observations revealed smoother surfaces in glazed specimens.
In summary, surface treatments improve superficial
properties such as color stability and surface hardness, while
ceramic type plays a greater role in determining flexural
strength. These findings highlight the importance of
considering both material selection and surface finishing in
restorative planning to support the esthetic quality and
durability of lithium-silicate restorations.

Keywords: Color Stability, Lithium Silicate, Mechanical
Properties.

Highlights

*Surface finishing was found to improve optical stability.

oz

Lityum-X-silikat cam seramikler, estetik ve mekanik
ozellikleri nedeniyle protetik dis hekimliginde yaygin olarak
kullanilmaktadir; ancak klinik islemler sirasinda uygulanan
ylzey islemleri bu  oOzellikleri  degistirebilir  ve
restorasyonlarin dmriinii etkileyebilir. Bu ¢aligmada, ti¢ farkli
preslenmis lityum-X-silikat seramigin (IPS e.max Press,
Celtra Press ve HS10PC) optik (renk stabilitesi) ve mekanik
(egme dayanimi ve ylizey sertligi) 6zellikleri {izerine farkli
ylizey islemlerinin etkileri arastirilmistir. Toplam 132 6rnek
hazirlanmis (her biri i¢in 22 ¢ubuk ve 22 disk) ve tiim
gruplara glaze uygulandiktan sonra &rneklerin yarisi
asindirilmis ve sonrasinda polisaj uygulanmis, diger gruba ise
ek bir islem uygulanmamustir. (n=11) Renk, 14 giinliik
kahvede bekletme Oncesi ve sonrast spektrofotometre ile
Ol¢tilmiis ve renk degisimi (AE2000) hesaplanmistir. Vickers
sertligi ve egilme dayanimu test edilmis, ylizey morfolojisi
SEM ile incelenmistir. Bulgular, yiizey islemlerinin renk
degisimi ve yiizey sertligi lizerinde anlamli bir etkisi
oldugunu (p<0.05), ancak seramik tipinin bu parametreler
iizerinde etkili olmadigini gostermistir. Buna karsilik, egilme
dayanimi seramik tipine bagli olarak anlamli farklilik
gostermistir  (p<0.001), ancak yiizey isleminden
etkilenmemistir; IPS e.max Press diger seramiklere kiyasla
gorece daha yiiksek egme dayanim sergilemistir. SEM
incelemelerinde glaze uygulanmis 6rneklerde daha piiriizsiiz
ylizeyler gozlenmistir. Sonug olarak, yiizey islemleri renk
stabilitesi ve sertlik gibi dzellikleri gelistirirken, seramik tipi
egme dayanimu etkilemistir. Bulgular, restoratif planlamada
hem materyal se¢iminin hem de ylizey bitiminin g6z 6niinde
bulundurulmasinin estetik kalite ve dayanikliligin saglanmasi
acisindan 6nem tasidigini gostermektedir.

Anahtar Kelimeler: Renk Stabilitesi, Lityum Silikat,
Mekanik Ozellikler,

*Glazed specimens were found to present smoother and harder surfaces.

*Flexural strength was found to vary according to ceramic type.

*IPS e.max Press was found to show relatively higher strength values.
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INTRODUCTION

Over time, there has been an increased
interest in all-ceramic restorations due to
improved socioeconomic status and the
growing importance of aesthetics. All-
ceramic restorations offer favorable optical
and mechanical properties, as well as
biocompatibility, which helps meet the
expectations of most patients(1). Among the
various all-ceramic options available today,
lithium-X-silicate ceramics—encompassing
different lithium silicate-based crystalline
phases—have gained popularity. Lithium-X-
silicate ceramics comprise a group of
materials that include lithium silicate, lithium
disilicate, lithium metasilicate, lithium
orthophosphate, and lithium
aluminosilicate(2).These ceramics exhibit a
microstructure composed of lithium-X-
silicate crystals embedded in a glassy matrix
containing Si0,, K>0, MgO, Al>O3, P,Os and
other oxides. The presence of this unique
crystalline phase in lithium-X-silicate
ceramics results in natural light reflection on
the ceramic surface, enhancing their esthetic
properties(3). Additionally, the
interpenetrating structure found in glass
ceramics enhances the mechanical properties
of these ceramics(4). Technological
advancements in the manufacturing process
have contributed to a reduction in
complications such as chipping and
fracture(5). Today, studies on the
development of glass ceramics continue and
new products are being launched on the
market. Pressable glass ceramics have many
advantages, including ease of fabrication (lost
wax technique), optimal optical properties,
improved mechanical properties, and reduced
porosity(5). Indeed, the manufacturing
process of pressed ceramics, which involves
the use of the lost wax technique, offers
advantages in terms of occlusal accuracy and
marginal adaptability(6,7).

In the final session of prosthetic treatment
or after cementation, when occlusal or
marginal adjustments are necessary, clinical
grinding of the materials may be required.
After grinding, glazing or polishing
procedures are necessary to prevent surface
roughness, avoid porosities, and maintain
color stability(8,9). Although there are studies
on various surface treatments applied to glass-
ceramics, conditions commonly encountered
chairside, such as polishing following
grinding, have not been thoroughly
investigated. Flexural strength (FS) refers to
the material's ability to resist bending without
fracturing, which is essential for dental
restorations as it ensures they can endure the
forces exerted during chewing(10,11).
Another significant mechanical property is
surface hardness (VH), which indicates the
material's resistance to permanent surface
indentations or penetrations(12—14). Surface
treatments contribute to increasing the wear
resistance of ceramics and reducing abrasion
on the opposing tooth. Additionally, glazing
and polishing procedures are necessary to
improve the FS(15). The surface roughness
that occurs after occlusal adjustment affects
the long-term success of the restoration(16).

Although glass ceramics are frequently used
in modern dentistry, a comprehensive analysis
of the properties of pressable lithium-X-
silicate ceramics reinforced with different
molecules is lacking in the literature. The
purpose of this study is to comparatively
evaluate the FS, VH and color stainability of
three different lithium-X-silicate ceramics
subjected to glazing (GL), and to glazing
followed by grinding and polishing (GP) to
simulate possible clinical adjustments after
glazing. The null hypothesis of this study is
that material type and surface treatment will
not have a significant effect on the FS, VH,
and color stainability of lithium-X-silicate
ceramic materials.

MATERIALS AND METHODS

Ethical approval for this study was
obtained from the Ataturk university

Dentistry Faculty ethics committee No.94
(02.12.2022). The materials used and the
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production of the samples in this study were
supported by a Ataturk University scientific
research project grant (Project No. TDH-
2021-9708).

In this study, three different lithium-X-
silicate reinforced pressable glass ceramics
were utilized: HS10PC (Estetic Ceram Ag,
Liechtenstein), IPS e.max Press (Ivoclar
Vivadent, Schaan, Liechtenstein), and Celtra
Press (Dentsply Sirona, Hanau, Germany).
Initially, all specimens were subjected to a
glazing procedure. Thereafter, while half of
the specimens retained their glazed surfaces,

the remaining half underwent surface grinding
followed by a polishing protocol designed to
simulate common clinical adjustments, such
as occlusal or proximal corrections,
performed after restoration delivery.(8) This
resulted in a total of six subgroups: IPS e.max
Press glaze (IEG), IPS e.max Press polishing
(IEP), Celtra Press glaze (CG), Celtra Press
polishing (CP), HS10PC glaze (HSG), and
HS10PC polishing (HSP). The composition of
the ceramics used in the study is presented in
Table 1.

Table 1. The Descriptions and Composition of the Materials Used in the Study (2,24)

Press Ceramic Lithium-X-silicate ceramic Composition wt%
IPS e.max Press Lithium Disilicate Ceramic SiO, 57-80%
Li,O 11-19%
KO 0-13%
P,0s 0-11%
V4(0)3 0-8%
ZnO 0-8%
Other oxides and pigments 0-10%
Celtra Press Lithium Silicate Ceramic SiO, 59,3%
ALO3 3%
Li,O 14,5%
KO 1,2%
Na,O 0,2%
P,0:s 4,9%
B,0s 2%
MgO 0,01%
V4(0)3 9,3%
SrO 0,0003%
CeO» 0,83%
V,0s5 0,61%
Tb,03 3,3%
EI‘203 0,73 %
HfO, 0,21%
+HS10PC Lithium Disilicate Ceramic SiO, 65-80%
ALO3 0-11%
Li,O 11-19%
KO 0-7%
Na,O 0-5%
CaO 0-10%
P,0s 1,5-7%
ZnO 0-7%
Other oxides and pigments 0-15%

From each ceramic group, 22 bar-shaped
(18 x 3 x 3 mm) and 22 disc-shaped (10 x 1.2
+ 0.02 mm) samples (ISO 6872:2015) were
obtained. (17)

The sample dimensions were verified by
measuring with a digital caliper. The samples
were prepared using the lost wax method,
following the manufacturer's instructions.
CAD/CAM wax blanks (Bilkim Medical)

were milled into fully flammable templates
using a CAD/CAM milling machine (VHF K5
scraper, Catak Dent. Lab.). The milled wax
samples were threaded, with three samples
placed in each cuff.

The investment material
(SheraFina2000/Sheraliquid; Werkstoff
Technologie, Lemforde, Germany) was

prepared and poured into the cuffs according
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to the manufacturer's instructions. The
samples were allowed to harden and were
preheated in a furnace (Mikrotek Dental) at
940°C for 10 minutes. After removing the
wax, the specimens were pressed in a ceramic

press furnace (Programat EP 5000, Ivoclar
Vivadent AG, Schaan, Liechtenstein)
following the manufacturers' instructions
(Table 2).

Table 2. Press Parameters for Lithium-X-Ceramics Depending on the Pressing Furnace

Initial Temperature Heating Rate Final Temperature Holding Time Pressure
(°C) (°C/Min) (&9) (Min) (Mpa)
IPS e.max Press 700 60 920 15 0,5
Celtra Press 700 40 860 30 0,5
HS10PC 700 60 910 20 0,5

After cooling down to room temperature,
all specimens were cleaned by air-particle
abrasion (sandmaster FG3-92, Sandmaster,
Zofingen, Switzerland) using 125 pum/0.4
MPa and 50 um/0.2 MPa alumina powder
(Orbis Dental, Orbis Dental
Handelsgesellschaft, Miinster, Germany). The
samples were then polished with P4000 grit,
silicon carbide grinding paper using a water-
cooled polishing machine at 150 rpm
(Abramin, Struers, Ballerup, Denmark).

Once the samples were ready for the
glazing process, glaze powder and liquid were
mixed according to the manufacturer's

instructions, and a homogeneous and creamy
paste was obtained. The mixture was applied
homogeneously to the ceramic surface in a
thin layer by the same person with a brush.
IPS Ivoclar Glaze (Ivoclar Vivadent AG,
Shaan, Liechtenstein) was used for glazing
IPS e.max Press, High Flu (Dentsply Sirona,
Bensheim, Germany) for glazing Celtra Press,
and Glaze LFU (Estetic Ceram Ag,
Liechtenstein) for glazing HS10PC. The
samples were then fired in a porcelain furnace
(Programat P300, Ivoclar Vivadent AG,
Shaan, Liechtenstein) using the glaze firing
cycle specified in Table 3.

Table 3. Glaze Firing Parameters For Tested Glass-Ceramics

Predrying Temperature Time Heating Rate Firing Temperature Holding Time
(&) (Minutes) (°C/Min) (o) (Minute)
IPS e.max Press 403 6 60 710 1
Celtra Press 400 2 55 750 2
HS10PC 400 4 45 710 1

Glaze firing was applied to one surface of
all the samples.

Half of the samples from each group were
randomly selected and treated with an 11.5x3
inverted conical grinding stone DIASYNT®
PLUS RA (EVE Diapro, EVA Ernst Vetter
GmbH, Pforzheim, Germany) containing
diamond particles. Grinding was performed
by a single researcher at 10,000 rpm for 20 s
under water cooling. The ground samples
were washed with distilled water and dried.
After this process, mechanical polishing was
applied. A 2-stage mechanical polishing was
applied to the samples whose glaze layer was
removed by grinding with DIASYNT® PLUS
RA. Mechanical polishing was performed

with Eve Technik Diapro RA 361 (EVA Ernst
Vetter GmbH, Pforzheim, Germany)
polishing kit on the samples fixed with
double-sided tape on a surface under constant
load (2+0.25 kg). The ceramic surfaces were
initially pre-polished with a 6x7.5 mm
medium-grain cone-shaped polisher at 10,000
rpm for 1 minute, following the
manufacturer's instructions. Subsequently, a
6x7.5 mm fine-grain cone-shaped polisher
was used to complete the polishing process.
The samples were rinsed with distilled water
for 30 seconds and then air-dried for 10
seconds using an oil-free air syringe from a
distance of approximately 10 cm.
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To maintain standardization, color
measurements were conducted by the same
investigator, at the same time of day, in a
consistent environment. A digital
spectrophotometer (Vita Easyshade V, Vita
Zahnfabrik, Germany) was used for the color
measurements, with a gray background
employed for accuracy (18).

In the study, all samples were stored in a
solution using a Binder ED 23 Etuv Classic.
Before storage,the untreated (intaglio)
surfaces of the samples were coated with nail
polish (Flormar, Groupe Rocher, France)
prior to storage. This application served two
purposes: to protect the identification
numbers marked on these surfaces from being
erased during immersion in the staining
solution, and to simulate the clinical scenario
in which the internal surface of a restoration is
not exposed to oral pigments after
cementation, thereby preventing unwanted
color absorption. Bar-shaped samples were
stored in distilled water at 37°C for 2 days,
while disc-shaped samples were stored in a
coffee solution made from Jacobs Monarch
Gold (Czech Republic) at 37°C for 14 days.
The coffee solution was prepared according to
the manufacturer's instructions, dissolving 2 g
of 100% soluble coffee in 200 ml of water at
96°C. The coffee solution was renewed daily
by the same investigator (19,20). After the
storage period, the nail polish was removed
from the surfaces. The samples stored in the
coffee solution were brushed
circumferentially ten times under running
water using a toothbrush from Difas (Turkey)
coated with Sensodyn toothpaste (GSK,
UK)(21,22). Following brushing, the samples
were dried with a napkin.

To ensure standardization, color
measurements were conducted by the same
investigator, at the same time of day, in a same
environment. A digital spectrophotometer
(Vita Easyshade V, Vita Zahnfabrik,
Germany) was wused for the color
measurements. In this study, the color
differences in the samples, measured using the
gray background, were calculated using the
CIEDE 2000 color change formula. The

following formula was utilized to calculate the
color change:
AE00=[(AL'/(KLSL))2+(AC"/(kCSC))2+(AH'/(kHSH
)2+RT(AC"/(kCSC))(AH'/(KHSH))]
AL'": lightnessdifference,AC': chroma difference, AH': hue difference,

Si, Sc, Su: weighting functions for lightness, chroma, and hue,
respectively, K1, K¢, Ku: parametric correction factors (typically set
to 1), RT: rotation term accounting for the interaction between
chroma and hue differences

The 18x3x3 bar-shaped samples, which
were stored in distilled water for 2 days,
underwent a uniaxial 3-point flexural test to
determine their FS. The flexural strength test
was conducted following the ISO
6872:2015(17) standards. A universal testing
machine (Instron 5566A; Instron Co,
Norwood, Massachusetts) was used for the 3-
point flexural test. For the test, each sample
was positioned on a metal fixture with treated
surfaces facing upwards, and the supports
were set at a distance of 15 mm, with the
sample centered under the loading bar. The
test was carried out at a speed of 1 mm/min,
controlled by software (BlueHill 3; Instron
Co). The flexural strength (cf) was calculated
according to the formula specified in the ISO
6872:2015(17) standards.

5 3FI
57 2wh2

f: Fracture resistance (Newton), I: span distance (mm), w: sample
width (mm), h: sample height (mm)

Vickers hardness tests were conducted on
the treated surface of the disc-shaped
specimens. The Vickers hardness
measurements were performed using a light
microscope (FM-800e, Future Tech, Japan).
Each sample was placed on the table of the
light microscope, and the area where the
Vickers tip would be applied was determined
at a magnification of x40. The force applied
by the Vickers hardness tester was set to 1000
gf, which is equivalent to 9.8 Newtons. The
penetration time of the Vickers tip was
marked as 20 seconds on the microscope.
Measurements were carried out by applying a
pyramid-shaped Vickers diamond tip with a
135° apex angle and a load of 9.8 N for 20
seconds. The length of the diagonals of the
impression created by the Vickers tip was
observed at a magnification of x40 and
measured by placing horizontal lines on the
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screen at the two ends of the diagonals.
Surface hardness values were automatically
calculated by the instrument using the length
data of the diagonals.

For qualitative surface analysis of the
samples, was performed with scanning
electron microscopy (SEM) (Zeiss Sigma
300VP, Austria). The SEM examination
parameters were as follows; 10 kV
acceleration voltage, 10 mm sample detector
distance. Micrograps were recorded at 20000
X magnification.

Statistical analysis was performed using
the Statistical Package for the Social Sciences

(SPSS) for Windows version 23.0 (IBM SPSS
Inc., Chicago, IL). The normal distribution of
the variables was assessed through visual tests
(histogram and probability plots) as well as
the Shapiro-Wilk test. The Kruskal-Wallis test
was employed for independent numerical
variables with more than two groups, while
the Mann-Whitney U test was used for
independent numerical variables between two
groups. Following the Kruskal-Wallis test,
pairwise comparisons within groups were
conducted using the Bonferroni-adjusted post
hoc analysis. Statistical significance was
considered as p < 0.05.

RESULTS

The Shapiro-Wilk test revealed that the
variables of FS, VH, and color change did not
follow a normal distribution, indicating a non-
parametric  data  structure.  Descriptive
statistics were therefore presented as median
values, minimum—maximum values,

frequencies, and percentages. The median
values of FS, VH and color change (AEw) for
each group are shown in Table 4, while
additional descriptive analyses are presented
in Tables 5 and 6.

Table 4. FS, VH and AE¢ Median Values of the Groups

IEG IEP CPG CPP HSG HSP
FS (MPa) 265,58 287,25 245,16 221,25 219,75 206,30
VH (N/mm?) 4113 4346 4217 5200 4461 4190
AEy 0,46 0,80 0,51 1,30 0,93 1,5

(VH values were expressed as N/mm? according to calculations based on the applied load in Newtons.)

Table 5. Descriptive Statistics of FS, VH and AEo« Based on Surface Treatment

Glaze Grinding+polishing
FS (MPa) 245,8% 235°
VH (N/mm?) 4217* 4346
AEoo 0,53 1,22°

Values with different superscript letters within the same row indicate statistically significant differences (p < 0.05, Mann—Whitney U test).

Table 6. Descriptive Statistics of FS, VH and AE« Based on Material Type

IPS emax Press Celtra Press HS10PC
FS (MPa) 285,202 232,41° 216,25°
VH(N/mm?) 43042 4496° 42032
AEoo 0,62° 0,69* 1,082

Values with different superscript letters within the same row indicate statistically significant differences (p < 0.05).

A statistically significant difference was
observed among the groups in terms of FS,
VH and color change (p < 0.001). The highest
median AEoo value was observed in the CP
group (AEw = 1.30), while the lowest was
recorded in the IEG group (AEoo = 0.46). The

color change was minimal in the GL group
(AEo0=0.53), whereas the GP group exhibited
a significantly higher value (AEoo = 1.22),
which was statistically significant (p < 0.001).

In terms of FS, the highest median value
was recorded in the IEP group, whereas the
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lowest was found in the HSP group. Material
type significantly affected flexural strength.
Following the Kruskal-Wallis test, pairwise
comparisons were conducted using the
Bonferroni-adjusted post hoc test (p < 0.017,
Kruskal-Wallis with Bonferroni correction;
significance level adjusted from 0.05/3). IPS
e.max Press showed significantly higher FS
than both Celtra Press and HSIOPC (p <
0.001), whereas no significant difference was
found between Celtra Press and HS10PC (p >
0.017). The applied surface treatments did not
significantly affect FS (p > 0.05).

Regarding VH, the highest median value
was observed in the CP group. VH was

Celtra Press

IPS emax Press

significantly higher in the GP group compared
to the GL group (p < 0.05). However, material
type did not have a statistically significant
effect on VH (p > 0.095).

Fig 1 presents SEM images of the surfaces
of the ceramics, revealing that the surface
topography of the glazed surfaces appeared to
be more regular compared to the polished
surfaces. Additionally, it was observed that
the surface of CG exhibited more indentations
and protrusions compared to the other groups.
For all the groups, the biggest gaps were
observed in the surface of HSP. IEG and HSG
exhibited a smooth homogeneous surfaces.

HS10PC

Glazed

Polished

Figure 1. SEM images (x20,000 10 kV, 10 mm working distance)

The SEM findings supported the
quantitative results of the present study.
Smoother and more homogeneous surfaces
observed in glazed groups may explain their
lower AEw values, whereas the irregularities

and gaps detected in polished groups may
have increased susceptibility to discoloration.
In addition, removal of the glaze layer may
have contributed to the tendency toward
higher VH values in polished specimens.

DISCUSSION

The present study investigated the
mechanical properties and color stainability of
three different lithium-X-silicate ceramics:
IPS e.max Press, Celtra Press, and HS10PC.
The null hypothesis, which proposed that
material type and surface treatment would not
significantly affect color stainability, FS and
VH was rejected.The selection of materials
and methods for this study was driven by a gap

identified in the existing literature,
particularly regarding the limited research on
the color properties of Celtra Press and
HS10PC  ceramics. Mayinger et al.
emphasized the need for further investigation
into the optical properties of HS10PC for a
more comprehensive evaluation of this
material (24). These ceramics are widely used
in clinical practice, and with the continuous
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introduction of new products to the market,
there is a growing need for comparative
studies that assess both the mechanical and
aesthetic properties of lithium-X-silicate
ceramics.

Since the first glass-ceramics were
introduced in 1984, ongoing efforts to
enhance their strength through chemical
composition modifications and optimization
of the production process have persisted. In
this context, lithium-X-silicate ceramics,
classified as synthetic ceramics under the
glass-matrix category according to Gracis'
updated ceramic classification(25), represent
a significant advancement in glass-ceramic
materials.

The optical properties of dental
restorations are critical in determining patient
satisfaction and the overall success of
treatment. Paravina et al.(26) reported
perceptibility and acceptability thresholds of
0.8 and 1.8 units, respectively, based on the
CIEDE2000 color change formula, which
were adopted as the criteria for perceptibility
and acceptability in this study. In the present
study, the AEqo value in the GL group was
below the perceptible threshold, while the GP
group exceeded the perceptible level but
remained within an acceptable range. These
findings align with prior research indicating
that also observed the effect of surface
treatments on color changes(27,28). Similar
results have been reported in studies involving
CAD/CAM materials, further supporting this
effect(29). Several researchers have noted that
glazing has been shown to result in less
discoloration compared to polishing, likely
due to the smoother surface it produces(30—
33). The similar results observed in our study
and in similar studies can be attributed to the
smoother surfaces and higher light reflectivity
provided by glazing, while polishing or the
removal of the glaze layer tends to create
rougher surfaces, which contribute to greater
discoloration. It has been widely reported that
glazing results in smoother surfaces compared
to other finishing techniques, which may help
explain the reduced color change observed
with GL group (29,31). The SEM images of
the GL groups in our study revealed less

porosity, which may be correlated with
reduced color change. In contrast to our study,
Alp et al.(34), in their investigation involving
both lithium silicate (LS) and lithium
disilicate (LS2) ceramics, reported that glazing
led to greater color changes, particularly in
LS, materials. Therefore, they suggested that
glazing should be avoided in the case of LS;
ceramics. Conversely, the findings of our
study indicate that glazing is beneficial for
both LS and LS ceramics in terms of
enhancing color stability.

In the context of prosthetic dentistry, FS is
a critical indicator of the mechanical
performance of lithium-X-silicate ceramics,
which are frequently used in clinical practice.
This parameter, which reflects a material’s
resistance to stress before fracture, plays a
critical role in interpreting the findings of the
present study (35). The observed differences
in flexural strength among the tested ceramics
may be attributed to variations in their
compositional and microstructural
characteristics. It has been shown in the
literature that there is a linear correlation
between three-point and four-point flexural
tests, with the three-point flexural test being
both repeatable and reliable(36). In our study,
the three-point flexural test was used to assess
the FS of the ceramics. In the present study,
IPS e.max Press exhibited higher FS
compared to Celtra Press and HS10PC, with
no significant difference observed between
the latter two. Previous studies have suggested
that crystalline-reinforced glass-ceramics
generally show enhanced FS due to the
presence of the crystalline phase(34,37,38).
Additionally, the role of crystal size in
enhancing mechanical properties has been
highlighted in the literature, with larger
crystals often associated with improved FS
and overall mechanical performance (39,40).
IPS e.max Press is characterized by a high
volume fraction of elongated lithium disilicate
crystals embedded within a glassy matrix,
forming an interlocking microstructure that
enhances resistance to crack initiation and
propagation. These needle-like lithium
disilicate crystals promote crack deflection,
crack bridging, and crack branching
mechanisms, which effectively dissipate
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applied stresses and delay catastrophic
fracture under flexural loading. In this
context, the smaller crystal size of Celtra
Press, compared to other lithium disilicate
ceramics like IPS e.max Press, may explain
the observed difference in flexural strength in
our study. The present finding corroborates
the results of Alghazzawi et al.(41) and
Mayinger et al.(42), both of whom reported
superior FS of IPS e.max Press compared to
other lithium-X-silicate based ceramics. In
contrast, a separate study found no significant
difference between IPS e.max Press and
Celtra Press(2), which may be attributed to
variations in surface conditioning protocols
and pressing parameters known to influence
mechanical properties.

VH is an essential mechanical property that
reflects a material’s resistance to indentation
and penetration, which directly impacts the
long-term performance of dental
restorations(13,14). Among the various
microhardness tests used in dentistry, the
Knoop and Vickers tests are most commonly
employed, with the Vickers test being the
preferred method in dental material studies
due to its greater precision and broader
applicability(43). In this study, VH was
evaluated using the Vickers hardness test. A
trend toward higher VH values was observed
in the GP group compared to the GL group;
however, no  statistically  significant
differences were detected among the different
ceramic materials. This finding suggests that
surface treatment techniques, rather than
material composition alone, may be more
influential in determining the VH of dental
ceramics under functional conditions. A
similar outcome was observed in a previous
study(41), where comparable materials were
used. In contrast, another investigation
identified Celtra Press as exhibiting the
highest VH among lithium-X-silicate
ceramics. The discrepancies between these
findings could be attributed to variations in
surface  treatment methodologies and
differences in pressing furnace parameters.
Consistent with our findings, other
research(44,45) also reported that polished
ceramic groups exhibited significantly higher
surface hardness compared to their glazed

counterparts.The influence of glaze and
polishing processes on surface hardness has
been widely discussed in the literature (45).
This effect may be linked to the dissolution of
silica molecules (Si-O-Si) by H;O+ and OH-
1ons and H>O molecules, which can cause the
loss of elements like Si, Al, Na, K, and Zr
from the surface(46,47). Glazing has been
associated with decreased surface hardness,
which may reduce wear on opposing
teeth(48,49).

This  comprehensive  study, which
evaluates the mechanical properties and color
changes of recently introduced ceramics,
provides valuable insights for their clinical
application. However, certain limitations must
be acknowledged. The mechanical tests were
conducted on samples prepared in
standardized geometric shapes, which may
not accurately reflect the natural morphology
of teeth. In addition, all specimens were
initially glazed, and one group subsequently
underwent glaze removal followed by
polishing. Although this sequential protocol
was intentionally selected to simulate routine
clinical practice, it may partially limit the
direct comparability of isolated surface
treatment  effects.  Additionally, color
measurements were performed in vitro, and
color alterations in restorations may differ
when natural tissues are present in the oral
environment. In  addition,  although
appropriate non-parametric statistical
methods were applied according to the data
distribution, effect size measures were not
reported. Therefore, the magnitude and
clinical relevance of the observed differences
should be interpreted with caution.
Furthermore, the polishing kits utilized in
clinical practice may exert varying effects on
both the mechanical properties and color
stainability of the materials. The study utilized
a coffee solution as a coloring agent, and the
effects of coffee on color change were
assessed. Future investigations could benefit
from exploring the impact of different
coloring agents on the color change of dental
materials. Therefore, in vivo studies
conducted under clinical conditions,
alongside more extensive experiments, are
recommended for further exploration.
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CONCLUSION AND RECOMMENDATIONS

This study provides a comparative
evaluation of three lithium-X-silicate
ceramics—IPS e.max Press, Celtra Press, and
HS10PC—in terms of FS, VH, and color
stability ~ following  different  surface
treatments. IPS e.max Press demonstrated
significantly higher FS, indicating its potential
for use in high-load bearing restorations
within fixed prosthodontics.
Although no significant differences in VH and
color change were observed among the
materials, surface treatment had a notable
influence. Polishing after glazing increased
VH but also resulted in greater color change,
emphasizing the need to balance mechanical
durability with esthetic outcomes during
clinical adjustments. These findings underline
the importance of both material selection and
surface treatment protocol in optimizing the
performance and longevity of all-ceramic
restorations in prosthodontic applications.

The results support evidence-based clinical
decision-making in fixed prosthodontics.
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