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Background: Improved Lithium Disilicate Ceramic has been highly valued in dentistry for over two decades, owing to its durability
and aesthetic qualities, making it a preferred choice for both anterior and posterior crowns.

Objective: This study aimed to evaluate the flexural strength of two types of lithium disilicate blocks post-chewing simulation.
Materials and Methods: Seventy-six lithium disilicate specimens were utilized in this study. They were divided into two primary
groups (n=38) based on two brands: IPS Emax CAD LT (Ivoclar Vivadent) designated as (E), and Initial Lisi LT/B1 (GC America)
designated as (L). Each primary group was further split into two subgroups (n=19) based on surface treatment: group E into (E0 & E1)
and group L into (LO & L1). Half of the specimens were subjected to flexural testing without chewing simulation cycles and
designated as (E0 and L0), while the remainder were tested after 24x10* cycles of chewing simulation and designated as (E1 and L1).
The ceramic surfaces were examined using SEM before and after loading.

Statistical Analysis: Data were gathered, organized, and subjected to Shapiro—Wilk’s and Levene’s tests (p-value < 0.05), followed
by analysis with Brown-Forsythe two-way ANOVA and Tamhane’s post hoc tests to assess group differences (p-value <0.05).
Results: There were significant statistical differences in the flexural strength values between the different brand groups before and
after chewing simulation (p-value < 0.05). The IPS Emax CAD group showed values approximately twice that of the Initial Lisi group
(307.2-310.5 MPa + 48.5-67 vs 148.1-158.5 MPa + 24.6-25.6).

Conclusion: Within the limitation of the current study, the following may be concluded: 1. The study’s findings suggest that Initial
Lisi blocks should not be used for posterior teeth restorations. 2. This study can provide valuable insights for dental professionals to
make informed decisions about which material is most appropriate for various clinical situations.
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Introduction

Currently, there has been an increased interest in enhancing dental esthetics and addressing metal allergies. As a result,
metal-free, all-ceramic restorations have gained popularity for their ability to mimic the color, shine, and natural
translucency of teeth. The production process for these restorations involves various ceramic materials and techniques,
with lithium disilicate glass-ceramic material being a frequently employed option.' Lithium disilicate glass-ceramic
(LDG) has many applications, including thin veneers, inlays, onlays, crowns, fixed dental prostheses in the anterior and
premolar region, and implant superstructures. LDG ceramics have favorable mechanical properties, chemical resistance,
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biocompatibility, diminished plaque accumulation, accuracy of fit, and esthetics. These properties are attributed to the
unique structure of LDG ceramics of a glass matrix (for optimal esthetics) and 70% in volume of elongated and
interlocked crystals (for superior mechanical resistance).”” Lithium disilicate ceramic has a flexural strength of 440
MPa;* while it has great biomechanical properties, making it suitable for monolithic inlays in the posterior teeth, glass
ceramics are frequently recommended for cosmetic restorations in the anterior region. For instance, using lithium
disilicate allows for a more conservative repair that satisfies posterior loading requirements.! Restorations made from
lithium disilicate can be created using computer-aided design (CAD) and computer-aided manufacturing (CAM) or heat-
pressing. The CAD/CAM method creates the model in partially crystallized blocks that need post-milling crystallization.
Meanwhile, heat-pressing uses fully crystallized ingots that become pressable and viscous when heated and pressured,
forming the required restoration. The crystals’ size, composition, and shape are determined during crystallization.”™”
Oxides could be applied in various ratios to control the restorations’ ultimate color and translucency.'®'' Recent
developments in CAD/CAM milling have enabled the production of restorations with high precision and shorter
processing times.'> Along with those benefits, it also improved the mechanical qualities of ceramic restorations since
there were fewer inherent flaws, which decreased the likelihood of failures when exposed to tensile stresses.'>"?

Ceramic restorations can break down over time in the moist oral environment due to saliva and mastication forces,
especially when there are high thermal and mechanical stresses. Repeated tensile loads may cause a radial fracture,
especially when there are flaws at the core-cement interface. These imperfections can cause subcritical crack growth,
ultimately exceeding the material’s fracture toughness.” Studies show that these defects may lead to bulk fractures in
crowns and bi-layered samples, as they initiate the core material’s cracking. While ceramic materials are a popular
choice for dental applications because of their biocompatibility and esthetic appeal, there is a cause for concern
regarding the contact fatigue damage they may experience, impacting their expected lifespan. To evaluate the
mechanical performance of ceramic materials, cyclic fatigue tests under intermittent loads are used to determine
their fatigue strength and the effects of other relevant elements. These tests simulate the clinical settings in which
restorative materials are used.'*

IPS E.max CAD has been a highly regarded dental material for over two decades due to its proven strength and
esthetic properties, making it a popular choice for anterior and posterior crowns. However, its use in bridges remains
limited, and its efficacy in this context is still not fully understood. More recently, Initial LiSi has emerged as a new
version of this material. They both have lithium disilicate crystals in glassy matrix with almost the same composition
elements but with different percentages, and GC initial LiSi differs in containing Na,O while IPS E. max contains ZnO
and MgO."> While IPS E.max CAD has been widely used and researched, Initial LiSi has been gaining traction as
a promising alternative but there is scant information available on its mechanical and clinical behavior, and no direct
comparison has been made between these two materials.

Both IPS E.max CAD and Initial LiSi claim to have exceptional mechanical performance, which prompted the
authors to conduct a study comparing their flexural strength. In order to establish control, IPS E.max CAD was chosen
due to its well-established reputation in the literature. Therefore, the objectives of this study was to investigate the
flexural strength of two types of lithium disilicate blocks after chewing simulation in order to give valuable insights for
dental professionals to make informed decisions about which material is most appropriate for various clinical situations.
The null hypotheses were first; there would be no significant difference in the flexural strength between the two brands
before and after chewing simulation. Second; there would be no significant difference in the flexural strength of the same

brand before and after chewing simulation.

Materials and Methods

Materials

For the purposes of this study, two types of lithium disilicate blocks were selected: IPS e.max CAD LT/B1 C14 (Ivoclar,
Schaan, Liechtenstein) and Initial LiSi LT/B1 (GC America, Alsip, Illinois, USA). The mechanical properties of these
blocks, as provided by the respective manufacturers, are listed in Table 1.
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Table |1 Materials’ Mechanical Properties

Bending Strength [MPa] | Compressive Strength [MPa]

IPS E.max CAD 500 530

Initial LiSi 508 400

Abbreviations: CAD, Computer-aided design; Initial LiSi, Initial Lithium disilicate glass-ceramic.

Specimen Preparation

Autodesk Meshmixer version 3.5.474 (Autodesk, San Francisco, California, USA) was utilized to design a bar measuring
10x4x2 mm, which was subsequently milled into 8 bars from each ceramic block (Ceramill Motion 2, Amann Girrbach
AG, Koblach, Austria). The calculated sample size was seventy six with 82% power. Thirty-eight IPS E.max CAD and
thirty-eight Initial LiSi bars were produced. The IPS E.max CAD bars underwent a post-sintering process (Programat
P510, Ivoclar, Schaan, Liechtenstein), while the Initial LiSi bars were fully sintered upon delivery. Fully Sintering is the
process of firing the compacted ceramic powder at high temperature to ensure optimal densification. This occurs by pore
elimination and viscous flow when the firing temperature is reached. Sintering is the most common fabrication technique
for ceramic veneers. After sintering, it is possible to improve the properties of porcelain components using various
methods which include heat treatment. The treatment applied to the sintered components will depend on the application.
Post-sintering processes include assembling of parts, heat treatment, densification and finishing.

The specimens were then finished and polished using 800 grit silicon carbide paper before being stored in a dry area.
The specimens have been randomly distributed into two main groups, with the representation of E.max groups designated
by the letter E and the LiSi group by the letter L. Each main group were further subdivided into two subgroups as
following: samples that have not undergone simulated chewing are denoted as 0, while those that have undergone
chewing simulation are denoted as 1. The final four subgroups (n=19) were as follows: EO represents IPS E.max bars
before the chewing simulation, E1 represents IPS E.max bars after the simulation, LO represents Initial LiSi bars before
the chewing simulation, and L1 represents Initial LiSi bars after the simulation.

Flexural Strength Testing

Specimens were subjected to a 3-point flexural strength test at 25°C room temperature and 50% room humidity using
a Universal Testing Machine (INSTRON 5944, Norwood, MA, USA). The machine was set up with a 2 kN loading cell,
I-mm/min loading arm speed (ISO 6872), and 8-mm holding arm distance. Following the testing, flexural strength values
were determined utilizing the subsequent equation:

3pl
T

The formulas for calculating the breaking load of a specimen in a test:
(P) is the breaking load in newtons (N),
(1) is the test span in millimeters (mm),
(w) is the width of the specimen in mm, and
(b) is the thickness of the specimen in mm.

Chewing Simulation

Cyclic loading was undertaken for E1 and L1 subgroups using a chewing simulator (CS-4.2, SD Mechatronik GmbH,
Feldkirchen-Westerham, Germany) (Figure 1).This machine simulates the patient bite force capacity where maximum
bite force is a basic parameter related to the functional state of the masticatory system. This is the maximum force which
a human can reach while clenching their teeth, without the occurrence of pain in the periodontal tissues. The chewing
simulator machine was formed of three main components: the antagonist (6-mm strain steel head), the specimen cup, and

the specimen chamber (Figure 2).
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CHEWING SIMULATOR

| - ./ ¥

Figure | The chewing simulator.

Figure 2 Specimen mounted over the acrylic slab.

To simulate a clinical setting, condensation silicone was used to fill the specimen cups and create a mold that imitated
the periodontal ligament’s cushioning effect. Additionally, 3D-printed rectangular acrylic slabs, which were 2-mm thick,
were used to replicate the dentin substructure. These slabs were inserted into the silicone before it was set to create
a mold that could hold the tested specimens. After 24-hours, the acrylic pieces were removed, leaving a negative imprint
to hold the specimens.
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To assemble the specimens, all 38 acrylic slabs were surface-treated by air abrading (50u Al,O3 at 1 bar for 10-
seconds). Each tested specimen was then mounted in the center of a slab and bonded with self-adhesive cement (RelyX
U200, 3M, Bayern, Germany). After 24-hours post-irradiation, the specimens were transferred to their negative imprints
in the mold cups and then to the chewing simulator chamber (Figure 2).

The chewing simulator equipment had eight chambers with a stainless-steel antagonist head. The simulator was set to
24x10* cycles with the following parameters: vertical volume of Z 2.0-mm, lateral movement of X 0.7-mm, vertical
speed of 55-mm/s, lateral speed of 30-mm/s, a frequency of 1.8 hz, and an 8 kg loading weight transferring a ~78 N. The
opposing arm’s extension was fitted with weights. Each set took around two seconds, and all chambers were filled with
37°C distilled water during the test. The 24x10* cycles took around 24 hours per set (8 specimens) until all specimens
completed the chewing simulation phase.

After the chewing simulation, the specimens were removed from the acrylic slabs in order to prepare them for SEM
imaging and post-flexural testing.

Scanning Electron Microscopy (SEM)

Following cyclic loading, a single sample of subgroups E1 and L1 were positioned on carbon tabs and mounted onto
aluminum stubs. To prevent charging, silver paint was applied around the specimens after Au/Pd coating. The specimens
were then cleaned with air pressure and scanned using SEM with scanning electrons (SE) at 5 eV (SERON, Gyeonggi-
do, Korea). The SEM scans were conducted at varying magnifications.

Statistical Analysis

Sample size calculation was done using G* power 3.1.9 software. The polygon graphs indicated a normal distribution of
outcomes across all experimental subgroups with only a slight skew (Figure 3). The data was also found to be normally
distributed, albeit with unequal variances, as evidenced by Shapiro—Wilk’s test results being greater than 0.05 and
Levene’s test results being less than 0.05. To assess the differences, the Brown-Forsythe one way ANOVA and
Tamhane’s post hoc tests were employed. Moreover, the range of values spread across subgroups and any outliers
were identified using box and whisker plots (Figure 4). The statistical analysis was conducted using IBM SPSS version
22. (SPSS Inc., Chicago, IL, USA).

400 | T
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Figure 3 The frequency histogram polygon graphs display the distribution of flexural strength across all groups.

Clinical, Cosmetic and Investigational Dentistry 2025:17 https: 71



Alsulimani et al

03

dnoio

1

Frequency
O M &2 & O N A @ O N & B @O N & O ®

0 100 200 300 400 500

Flexural Strength (MPa)

Figure 4 The flexural strength data is presented through box and whisker plots, which display the range of values and any outliers.

Results
Flexural Strength

Two specimens of subgroup L1 were lost after chewing simulation. All values lie within the 95% confidence interval. E1
showed the highest mean (310.5 MPa) while LO showed the lowest mean (148.1 MPa). The spread of values in the
E groups was double that in the L groups. The values were not noticeably affected by the chewing cycles. E groups
showed roughly double the values of the L groups (Table 2). One outlier was spotted in subgroups EQ and L1 (Figure 4).

Upon analyzing dependent groups, no significant differences were observed. It was shown that simulated chewing at
24x10* cycles had no significant impact on the means or spread of values in the dependent groups (p-value >0.05)
(Tables 2 and 3). The intragroup values for IPS E.max CAD were found to be noticeably variable (48.5-67.00) in
comparison to Initial LiSi (24.6-25.6) (Table 2 and Figure 4).

SEM Imaging

Upon examination through SEM imaging, it was observed that subgroup E1 exhibited superior characteristics in
comparison to subgroup L1. Specifically, subgroup E1 displayed less destruction, smaller debris size, and a smoother
surface. Notably, at the impact site, subgroup L1 possessed a wider and more pronounced rim, while numerous particle

Table 2 Descriptive Statistics

Subgroup | N | Mean | Std. Deviation | Std. Error
EO 19 | 307.2 48.5 1.1
El 19 | 3105 67.0 154
LO 19 | 148.1 24.6 5.6
LI 17 | 1585 25.6 6.2
Total 74 | 233.0 90.3 10.5

Abbreviations: EQ, IPS E.max bars before the chewing simulation, El, IPS
E.max bars after the simulation; LO, Initial LiSi bars before the chewing
simulation; LI, Initial LiSi bars after the simulation.
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Table 3 Comparison of the Means

Subgroups | Mean Difference | Sig.
EO - EI 34 1.0
Lo - LI 10.4 0.9
EO - LO 159.1 *0.00
El - LI 152.1 *0.00

Note: *This indicates statistical significance
difference.

debris was clearly visible at the impact site. Moreover, away from the impact site, subgroup E1 demonstrated a smoother
surface, as can be seen in (Figures 5-7).

Discussion
The results of this study indicate that the first null hypothesis was not supported, suggesting a significant difference
between the materials tested. Specifically, IPS E.max CAD displayed the highest pre- and post-simulation means.

“ )\'j&'!\.‘""
, :.‘2%‘ i

AURA100 AURA100 SEI

WD=98 150kV X500 100pm

Figure 5 SEM imaging at 500x magnification at the site of impact. Note that the destruction is more progressive in LI compared to EI.
Abbreviations: SEM, Scanning Electron Microscopy; LI, Initial LiSi bars after the simulation; El, IPS E.max bars after the simulation.

”l.&‘ '. e

AURA100 AURA100 SEI WD=9.7 17.0kV X2.0K 30pm [l AURA100 AURA100 SEI WD=9.8 150KV X 2.0K _30pm

Figure 6 SEM imaging at 2000x magnification around the point of impact. Note that the ceramic debris is larger in L| compared to El.
Abbreviations: SEM, Scanning Electron Microscopy; LI, Initial LiSi bars after the simulation; El, IPS E.max bars after the simulation.
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Figure 7 SEM imaging at 5000x magnification at a point away from impact. Note smoother E| surface compared to LI.
Abbreviations: SEM, Scanning Electron Microscopy; LI, Initial LiSi bars after the simulation; El, IPS E.max bars after the simulation.

However, it was found that the second null hypothesis was supported, as the chewing simulation did not have
a significant impact on the dependent subgroups. In other words, there was no notable difference in the means of both
materials prior to and following the simulation, as evidenced by Tables 2 and 3.

In Table 2, it can be observed that the IPS E.max CAD specimens exhibited a consistently high level of pre-and post-
loading values, registering at 307.2 and 310.5 MPa, respectively. The Initial LiSi values remained nearly constant before
and after loading, albeit significantly lower than the control groups. The IPS E.max CAD intragroup values displayed
some variability, ranging from 48.5-67.00 SD, as opposed to the Initial LiSi, which ranged from 24.6-25.6 SD. This
variability could be attributed to potential manufacturing flaws in the block. This could be explained by a study of
Yamamoto. et al they indicated that IPS E.max CAD necessitates heat treatment at high temperatures for crystallization
after fabrication, which could lead to deformation in dimensions during the process of lithium metasilicate turning into
lithium di-silicate. However, Initial LiSi does not require crystallization or glaze firing processes and can achieve precise
results via CAD/CAM machines with good grinding properties.'®

It is noteworthy to observe that both materials were able to retain their flexural strength even after being subjected to
240,000 chewing cycles, which is equivalent to one year in the oral cavity.'” However, there was a slight increase in the
spread of values for IPS E.max CAD post-simulation, which may suggest a lack of consistency in that material within the
context of the study.

Based on ISO 6872,'® dental ceramic materials must meet certain minimum strength requirements to be used in
bonded crowns, luted crowns, and 3-unit bonded bridges (excluding molars). Specifically, the required strength for
bonded crowns is 100 MPa, while luted crowns and bridges require 300 MPa. In this study, IPS E.max CAD met the
strength requirements for both bonded and luted crown applications, regardless of the tooth type. However, Initial LiSi
only showed sufficient strength for bonded crown application on anterior teeth. If a 3-unit glass-ceramic bridge is desired,
IPS E.max CAD can be used with caution and only in specific circumstances. Nonetheless, Initial LiSi exhibited
a behavior below the minimum standard for bridge applications. On the other hand, Zumstein et al in their study tested
the fatigue resistance of 0.5 mm occlusal veneers on molars made from different ceramic materials, including pressable
IPS E.max CAD and Initial LiSi. After 1.2 million chewing cycles at 49 N, they discovered that Initial LiSi had
statistically insignificant higher resistance to fatigue. Both materials were suitable for posterior applications.'® Another
study tested ultrathin occlusal veneers of 0.3/0.5-mm made from IPS E.max CAD and other materials, reporting
remarkably high fracture strength under cyclic mechanical loading of 1 million cycles at 100 N.?° Such differences in
the results of previous studies may be due to differences in composition of tested materials, methodology and techniques.

Upon analysis of the scanning electron microscope images, it has been observed that IPS E.max CAD demonstrates
a superior response to loading in contrast to Initial LiSi. Notably, it exhibits minimal damage, debris effect, and maintains
a smooth surface before and after loading. Such findings suggest that IPS E.max CAD exhibits exceptional surface
characteristics and structural stability during its functional use.
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When making a decision on what type of lithium disilicate to use for patients, it is very useful for clinicians to take
into consideration the information obtained from this study. IPS E.max CAD, due to its higher flexural strength under
loading, may prove to be a better option for posterior restorations. However, Initial LiSi values were found to be
inadequate for posterior teeth restorations. The superior flexural strength of IPS E.max CAD was reported in some recent
studies. Freitas et al reported that tested IPS E.max CAD has better flexural fatigue strength than the advanced lithium
disilicate CEREC Tessera (Dentsply Sirona, Charlotte, NC, USA) but both have similar hardness values.?' Consistently,
a recent narrative review of Munoz et al concluded superior flexural strength of IPS E.max CAD as compared to three
other lithium disilicate materials namely; Celtra DUO (Dentsply Sirona, Charlotte, NC, USA), Suprinity (VITA
Zahnfabrik, Bad Sackingen, Germany), and n!ce (Straumann, Basel, Switzerland). This difference in materials strength
was attributed to the differences in composition of the lithium disilicate glass ceramics.*” Further studies are required to
verify the in vitro outcomes in a clinical setting. Lastly, it is essential to note that this study only simulated chewing
forces on anterior teeth; thus, caution should be taken when interpreting the results.

Both materials possess unique advantages and limitations, yet they are extensively utilized in dental restorations
owing to their superior esthetic and mechanical characteristics. Given the continuous evolution and progress of dental
materials, it is imperative for researchers and clinicians to remain abreast of the latest advancements and endeavor to
enhance the quality of dental care provided to patients.

It’s essential to consider some limitations of this study. While the in vitro results are promising, further studies
conducted in vivo are necessary to confirm its clinical durability. Additionally, the machine’s weight capacity may limit
the simulation of posterior teeth, but this can be improved with more advanced equipment. Lastly, it’s worth noting that
the specimens used in the study were not bonded to teeth, which could affect the accuracy of the results.

For a more comprehensive understanding of the subject matter, it would be highly advantageous to conduct further
research. This may involve investigating potential manufacturing defects, carrying out in-depth crystallography analysis,
simulating posterior load scenarios, evaluating bonding capabilities to human teeth, testing alternative brands of lithium
disilicate, and conducting rigorous clinical trials.

Conclusion
Within the limitations of this current study, it was concluded that:

The flexural strength of IPS E.max CAD was significantly higher than Initial LiSi.

IPS E.max CAD demonstrated a better response to load than Initial LiSi.

The surface texture of IPS E.max CAD was superior both before and after loading when comparing to Initial LiSi.
IPS E.max CAD values were more widely distributed than Initial LiSi.

The study’s findings suggest that Initial Lisi blocks should not be used for posterior teeth restorations.

AR o

This study can provide valuable insights for dental professionals to make informed decisions about which material
is most appropriate for various clinical situations.

Abbreviations

LDG, Lithium disilicate glass-ceramic; CAD, Computer-aided design; CAM, Computer-aided manufacturing; LT, Low
translucency; EO, IPS E.max bars before the chewing simulation; E1, IPS E.max bars after the simulation; LO, Initial LiSi
bars before the chewing simulation; L1, Initial LiSi bars after the simulation; SEM, Scanning Electron Microscopy.
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