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A B S T R A C T   

Purpose: The aim was to investigate the load bearing capacity of different pressable lithium disilicates cemented 
as occlusal veneers on molars. 
Materials and methods: One control group and six test groups were formed consisting of 20 specimens each (n =
20). The six test groups differed in the utilizing pressable lithium disilicate to fabricate occlusal veneers. As a 
control group, “group Lis”, the lithium disilicate with the highest reported flexural strength was used (initial LiSi 
Press, GC Europe; Leuven, Belgium / flexural strength: 508 MPa). The test groups consisted of other pressable 
lithium disilicates with lower flexural strength values: “Ema” (IPS e.max press), “Vit” (VITA Ambria), “Liv” 
(Livento Press), “Amb” (Amber Press), “Mas” (Amber Press Master) and “Ros” (Rosetta SP)“. After the prepa
ration of 140 extracted human molars, which included the removal of the central enamel, the specimens were 
scanned using a desktop scanner. With the aid of a design software, the occlusal veneers were designed in a 
standardized thickness of 0.5 mm. To fabricate the restorations, all tested materials were processed using heat- 
pressing technique. All restorations were adhesively cemented. Afterwards, the specimens underwent cyclic 
fatigue during an aging procedure in a chewing simulator (1’200’000 chewing-cycles, 49 N force, 5–55◦C 
temperature changes). Subsequently, the specimens were statically loaded and the load which was necessary to 
fracture the specimen (Fmax) were measured. Differences between the groups were compared applying the 
Kruskal-Wallis (KW) test and the Wilcoxon-Mann-Whitney-Test (WMW: p < 0.05). The two-parameter Weibull 
distribution values were calculated. 
Results: The fatigue resistance was 100% for the groups Lis, Vit, Liv, Amb, Mas and Ros, whereas the group Ema 
showed a fatigue resistance of 95%. The control group Lis showed median Fmax values of 2’328 N. The median 
Fmax values for the test groups ranged between 1’753 N (Vit) and 2’490 N (Ros). Statistically significant dif
ference was observed among the groups Lis (control) and Vit (KW: p < 0.001). Weibull distribution presented the 
highest shape values for the group Ros (12.83) and the lowest values for the group Ema (4.71). 
Conclusion: Regarding their load-bearing capacity different pressable lithium disilicates can be recommended to 
fabricate ultra-thin occlusal veneers on molars when restoring occlusal tooth wear.   

1. Introduction 

Erosive tooth wear can result in a detrimental loss of tooth substance 
and lead to the exposure of dentin (Peutzfeldt et al., 2014). To reduce the 
associated symptoms, e.g. hypersensitivity, it may be clinically neces
sary for patients to have the worn dentition restored (Loomans et al., 
2017). To compensate for the lost tooth substance by indirect means, 

defect-oriented minimally invasive treatment concepts have been 
developed (Donovan et al., 2021; Loomans et al., 2017). In the posterior 
region, the applied restorations in this indication are often fabricated 
out of heat-pressed lithium disilicate (Alkadi and Ruse, 2016; Guess 
et al., 2013; Ioannidis et al., 2019; Maeder et al., 2019). A systematic 
review including in vitro studies on occlusal veneers, suggested that 
lithium disilicate can withstand maximum bite forces in the posterior 
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region (Albelasy et al., 2020). 
For the fabrication of lithium disilicate occlusal veneers, today 

different methods are available (Anadioti et al., 2015). Among other 
methods, lithium disilicate restorations can be manufactured by the 
heat-pressing technique (Gakis et al., 2022). This technique uses ad 
wax-template which is fixated and vested into a mold. The vested tem
plates are heated in an oven and the pressable lithium disilicate ingots 
are then heat-pressed into the resulting void in a heat-pressing 
sintering-oven. 

Recently, different pressable lithium disilicates ingots are intro
duced. Lithium disilicate ingots usually contain SiO2 (57–80 wt%), Li2O 
(11–19 wt%), K2O (0–13 wt%), P2O5 (0–11 wt%), ZrO2 (0–8 wt%), ZnO 
(0–8 wt%) and other oxides and ceramic pigments (0–10 wt%) (infor
mation provided by the manufacturers). The exact composition in wt% 
varies among the different available materials. 

The flexural strengths provided by the manufacturers for pressable 
lithium disilicate materials range between 396 and 508 MPa. These 
values are derived from standardized biaxial flexural tests and are a 
measure of the mechanical performance of a material (De Angelis et al., 
2021; Lin et al., 2012). When applied as occlusal veneer, lithium dis
ilicate is adhesively bonded to the underlying tooth. Evidence suggests 
that the adhesive bond is crucial for occlusal veneers to be able to 
withstand high loads (Ioannidis et al., 2019; Morikofer et al., 2021). In 
this context, one can anticipate that the adhesion between the tooth 
substance and the cementation surface of the used materials can render 
individual minor differences in the mechanical performance in this 
application irrelevant. 

Yet, no study exists which compares currently marketed pressable 
lithium disilicates applied as occlusal veneers. Thus, the aim of this 
study was to investigate the load bearing capacity of six different 
pressable lithium disilicates as occlusal veneers on molars. The null 
hypothesis was that load-bearing capacity (Fmax) among the tested 
groups would not show significant difference. 

2. Material and methods 

2.1. Sample size calculation and group formation 

One control group and six test groups were formed which consisted 
of 20 specimens each (n = 20) (Table 1). The calculation of the sample 
size (G*Power 3.1; Heinrich Heine University, Dusseldorf, Germany) 
was based on mean Fmax values and determined by using data from a 
former publication (Maeder et al., 2019). To reach a power of 95% in a 
two-tailed t-test (group 1: 1’415 ± 569 MPa; group 2: 845 ± 320 MPa, α 
= 0.05), a specimen number of 19 per group was suggested. In this 
experiment, n = 20 was used. 

The seven groups differed in the utilized pressable lithium disilicate 
to fabricate the occlusal veneers. As a control group, “group Lis”, the 
lithium disilicate with the highest reported flexural strength was used 
(initial LiSi Press, GC Europe; Leuven, Belgium / flexural strength: 508 
MPa). The test groups consisted of pressable lithium disilicates with 
lower flexural strength values: “Ema” (IPS e.max press; Ivoclar Vivadent, 
Schaan, Liechtenstein / flexural strength: 470 MPa), “Vit” (VITA 
Ambria; VITA Zahnfabrik, Bad Säckingen, Germany / flexural strength 
396 MPa), “Liv” (Livento Press; Centres+Metaux SA, Biel, Switzerland / 
flexural strength: 400MPA), “Amb” (Amber Press; HASS Corporation, 
Gwahakdanjiro Gangneung-si, Korea / flexural strength: 450 MPa), 
“Mas” (Amber Press Master; HASS Corporation, Gwahakdanjiro 
Gangneung-si, Korea / flexural strength: 450 MPa) and “Ros” (Rosetta 
SP; HASS Corporation, Gwahakdanjiro Gangneung-si, Korea / flexural 
strength: 460 MPa). To fabricate the restorations, all the tested materials 
were processed with the heat-pressing technique. 

2.2. Specimen preparation 

The apical part of 140 intact extracted human molars was embedded 

in an acrylic hollow cylinder made of 3D printed resin (Med 610; Stra
tasys, Rechovot, Israel) with the aid of self-curing resin (Technovit 4071; 
Kulzer, Wasserburg, Germany). In order to imitate a substance defi
ciency derived from erosions or attritions of the teeth, the occlusal 
enamel of the molars was removed to expose an inner part of dentin, 
edged by a border of enamel (WS Flex 18 C P80 to P2500; Hermes 
Schleifwerkzeuge, Hamburg, Germany / LaboPol-21; Struers, Ballerup, 
Denmark). Thereafter, the teeth were additionally prepared with dia
mond burs, including the removal of the remaining sharp edges and a 
slight opening of the fissures (FG D18 GB, FG250A GB, FG 405L GB, 
FG201 GB, FG D3 GB; Intensiv SA, Montagnola, Switzerland). The 
specimens were allocated randomly to one of the experimental groups 
and stored in 0.5% Chloramin T throughout the whole duration of the 
study. 

2.3. Scanning procedures and digital design of the restorations 

With the aid of a desktop scanner (Imetric 4D; Courgenay, 
Switzerland), an digital impression of the prepared tooth was taken. 
After transferring the impression data to a design software (3 Shape 
software; Copenhagen, Denmark), the occlusal veneers were designed 
with a standardized to a thickness of 0.5 mm (Fig. 1). 

2.4. Fabrication of the restorations 

To produce the heat-pressed restorations according to the digital 
design, multiple steps were pursued. First, a PMMA-template was milled 

Table 1 
Restorative materials and respective compositions for the control and the test 
groups provided by the manufacturer.  

Group Restorative material Chemical composition Flexural 
Strength 
(MPa) 

Lis Lithium disilicate ceramic 
(Initial LiSi Press; GC Europe, 
Leuven, Belgium) 

SiO2 (57–80), Li2O 
(11–19), K2O (0–13), 
P2O5 (0–11), ZrO2 (0-8), 
ZnO (0–8), other oxides 
and ceramic pigments 
(0–10) 

508 

Ema Lithium disilicate ceramic 
(IPS e.max Press; Ivoclar 
Vivadent, Schaan, 
Liechtenstein) 

SiO2 (71.9), Al2O3 (5.4), 
Li2O (13), K2O (2), 
Na2O (1.4), P2O5 
(2.6), B2O3 (0.007), 
ZrO2 (1.7), CeO2 (1.2), 
V2O5 (0.15), Tb203 
(0.35), Er2O3 (0.4), 
HfO2 (0.03) 

470 

Vit Lithium disilicate ceramic 
(VITA Ambria; Vita 
Zahnfabrik, Bad Säckingen, 
Germany) 

SiO2 (58–66), ZrO2 
(8–12), Li2O (12–16), 
Pigments (<10), various 
(>10) 

396 

Liv Lithium disilicate ceramic 
(Livento Press; 
Centres+Metaux SA, Biel, 
Switzerland) 

SiO2 (65–80), Al2O3 
(0–11), Li2O (11–19), 
K2O (0–7), Na2O (0-5), 
CaO (0–10), P2O5 
(1.5–7), ZnO (0–7), 
others (0–15) 

400 

Amb Lithium disilicate ceramic 
(Amber Press; HASS 
Corporation, Gwahakdanjiro 
Gangneung-si, Korea) 

SiO2 (68–86), Li2O 
(10–15), P2O5 (2–5), 
K2O (0–2), Na2O (0–2), 
others (2–8) 

450 

Mas Lithium disilicate ceramic 
(Amber Press Master; HASS 
Corporation, 
Gwahakdanjiro Gangneung- 
si, Korea) 

SiO2 (70–85), Li2O 
(10–15), Al2O3 (1–8), 
others (2–15) 

450 

Ros Lithium disilicate ceramic 
(Rosetta SP; HASS 
Corporation, Gwahakdanjiro 
Gangneung-si, Korea) 

SiO2 (60–80), Li2O 
(10–15), Al2O3 (1–8), 
others (2–20) 

460  
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out of a prefabricated disc (VITA CAD-Waxx; VITA Zahnfabrik) with the 
aid of a 5-axis milling machine (Programill PM7; Ivoclar Vivadent). In a 
second step, the milled templates were fixated by a wax sprue (Renfert 
GmbH, Hilzingen, Germany) and vested (IPS PressVEST Premium; Ivo
clar Vivadent) into a mold. To completely dissolve the vested templates, 
they were heated in an oven (KaVo EWL 5645; KaVo; Kloten, 
Switzerland) at rate of 5◦C min− 1 from room temperature to 850◦C 
(holding time 60 min). 

The pressable lithium disilicate ingots (Lis: Initial LiSi Press; Ema: 
IPS e.max press; Vit, VITA Ambria; Liv: Livento Press; Amb: Amber 
Press; Mas: Amber Press Master; Ros: Rosetta Press) were then heat- 
pressed into the resulted void in a heat-pressing sintering-oven (Pro
gramat EP 5010; Ivoclar Vivadent): rate 60◦Cmin-1 from 700◦C to 898◦C 
(holding time: 25 min). After the careful removal of the vest from the 
cooled restoration, a cleaning with air abrasion at a pressure of 2 bar (50 
μm Al2O3; Cobra, Renfert GmbH) to remove the remaining vesting 
material was performed. Once the restorations were completely cleaned, 
the surface was polished. 

2.5. Cementation of the restorations 

The cementation procedure, including the conditioning steps, were 
the same for all the ceramic restorations of the study groups. In order to 
condition the inner surface of the occlusal veneers, 5% hydrofluoric acid 
(IPS ceramic etching gel; Ivoclar Vivadent) was applied for 20 s followed 
by water-rinsing and air-drying. A silane (Monobond Plus; Ivoclar 
Vivadent) was then applied on all the reconstructions and air-dried after 
60 s. The conditioning of both, enamel and dentin, was performed by 
using 37% phosphoric acid during 30 s (Total Etch; Ivoclar Vivadent) 
followed by 30 s water-spraying of the etched surface and air-drying. 
Further, the dentinal parts were conditioned (Syntac Primer/ Syntac 
Adhesive; Ivoclar Vivadent). The prepared teeth were then bonded 
(Heliobond; Ivoclar Vivadent) and after 20 s carefully air-blown before 
light-curing (20 s, 1’200 mW/cm2) (Bluephase PowerCure; Ivoclar 
Vivadent). The cementation occurred with a flowable light-curing resin 
cement (Variolink Esthetic LC; Ivoclar Vivadent). After the correct 
positioning of the restorations onto the prepared teeth and the careful 
removal of excess cement, the specimens were photo-polymerized (6 ×
40 s 1’200 mW/cm2) (Bluephase PowerCure; Ivoclar Vivadent). 

2.6. Aging of the specimens 

The aging procedure of the specimens occurred with the aid of a 
chewing simulator, applying 1’200’000 chewing-cycles of 49 N force at 
a 1.67 Hz loading frequency (Custom-made chewing simulator, Zurich, 
Switzerland). The applied forces to the specimens very applied in a 
perpendicular direction to the occlusal plane using an indenter (stain
less-steel, tip of ∅ 8 mm). Furthermore, thermo-cycling was performed 
simultaneously using distilled water surrounding the specimens. The 
water temperature altered every 120 s between 5 and 55 ◦C. After the 

aging procedure, the specimens were inspected with a 1.25× magnifi
cation stereomicroscope to check for the integrity of the restorations. 

2.7. Static loading of the specimens 

With the objective to measure the needed load to entirely fracture 
the reconstruction (Fmax), a universal testing machine (Zwick / Roell 
Z010; Zwick, Ulm, Germany) was used. The testing machine continu
ously applied a force in the axial direction (1 mm/min) perpendicular to 
the occlusal plane. The specification of the failure types were classified 
in the 10x magnification stereomicroscope (Leica DFC300 FX; Wetzlar, 
Germany) and on digital photographs. In total, 4 failure scores were 
categorized: (1) score 0: no visible fracture, (2) score 1: cohesive fracture 
within the restoration, (3) score 2: cohesive fracture of the restoration 
and the cement layer, (4) score 3: fracture of the restoration-cement- 
tooth complex. 

2.8. Weibull analysis 

Maximum likelihood estimation without a correction factor was used 
for 2-parameter Weibull distribution, including the Weibull modulus, 
scale (m) and shape (0), to interpret catastrophic failure strength (Fmax) 
of the occlusal veneers (Minitab Software V.16, State College, PA, USA). 

2.9. Statistical analysis 

The metric variable (Fmax) was described with mean, median, stan
dard deviations, quartiles, minimum and maximum. They were 
compared using a non-parametric Kruskal-Wallis test (KW). The exact p- 
values were calculated for the pair-wise comparisons between the 
groups using the Wilcoxon-Mann-Whitney-Test (WMW), applying the 
Bonferroni correction for the multiple testing. 

The categorical variables (failure scores) were summarized by counts 
and proportions of the categories and compared applying the Chi- 
squares test with exact determination of the p-value. 

3. Results 

3.1. Fatigue resistance 

One of all tested specimens did not survive the thermo-mechanical 
aging procedures. The specimen belonged to the group Ema and 
showed a debonding of the restoration during the chewing simulation. 
This results in a fatigue resistance of 100% for the groups Lis, Vit, Liv, 
Amb, Mas and Ros, wheareas the group Ema showed a fatigue resistance 
of 95%. 

3.2. Load-bearing capacity 

The control group Lis showed median Fmax values of 2’328 (Table 2, 
Fig. 2). The median Fmax values for the test groups ranged between 
1’753 N and 2’490 N (group Ros). A statistically significant difference 
was found among the groups Lis (control) and Vit (WMW: p < 0.001). 

Fig. 1. Schematic sketch of cross-section of cemented overlay on molar.  

Table 2 
Load bearing-capacities Fmax for the test- and control groups.  

Group n F max 

Mean ± SD Median Range min to max 

Lis 20 2183 ± 351 2328 1307 to 2495 
Ema 19 1922 ± 497 2034 1039 to 2492 
Vit 20 1753 ± 265 1753 1080 to 2177 
Liv 20 1949 ± 452 1933 1061 to 2494 
Amb 20 2047 ± 356 2029 1419 to 2506 
Mas 20 2239 ± 295 2332 1406 to 2495 
Ros 20 2304 ± 290 2490 1629 to 2496  
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3.3. Failure types 

For all ceramic types tested failure type 2 was the most commonly 
observed ranging between 65 and 100% (Table 3). This was followed by 
failure type score 3 indicating the fracture of the restoration-cement- 
tooth complex In group VIT exclusively score 2 failure type were 
observed referring to cohesive fracture of the ceramic material. 

3.4. Weibull analysis 

The Weibull distribution presented the highest scale values for the 
group Ros (2.42) compared with those of milled specimens of group Vit 
(1.86) (Fig. 3). A high Weibull scale value suggests a higher 63.2 
percentile in the distribution and therefore more reliable results. 

4. Discussion 

The present investigation showed no significant difference in load- 
bearing capacities when comparing the median Fmax values of the 
control-to the test groups with one exception. The null hypothesis that 
load-bearing capacity (Fmax) among the tested groups does not differ has 
therefore been rejected. Only one restoration showed debonding during 
the aging phase. All other restorations of all investigated materials 
withstood the thermo-mechanical aging simulating dynamic loading 
forces under clinical conditions. 

That the aging procedures of the specimen in almost all of the cases 
did not lead to any failure of the restorations seems to be promising for 
the long-term stability of the occlusal veneers. Teeth and restored teeth 
must withstand cyclic loads and temperature changes in the wet oral 
cavity. The dynamic fatigue and the temperature alterations were 
simulated with a chewing simulator under wet conditions in order to 
simulate physiological conditions for clinical service of the restored 
tooth over 5 years (Bates et al., 1975; DeLong and Douglas, 1991; Steiner 
et al., 2009). Static loading of the specimens led to all type of failures 

from no visible damage of the restoration to complete fracture of the 
restoration-cement-tooth complex. Most of the specimens showed a 
cohesive fracture of the restoration and of the cement layer (score 2) 
which was also found to be the predominant failure mode in comparable 
studies(Gierthmuehlen et al., 2022; Ioannidis et al., 2020). In the pre
sent investigation, static loading forces went up to 2’500 N. Clinically, 
maximum masticatory forces in the posterior region range from 200 to 
540 N and reach up to 800 N in patients suffering from bruxism (Bates 
et al., 1975). 

In one recently published study with similar experimental conditions 
a high load-bearing capacity was demonstrated for heat pressed lithium- 
disilicate (Ioannidis et al., 2020). The median Fmax values amounted to 
1’555 N. In the described study the material used was IPS e.max Press 
which was also investigated in this study. 

Fracture strength and fracture toughness values provided by the 
manufacturer derive from standardized mechanical material tests and 
cannot be compared to load-bearing capacities found in the present 
investigation. In this study, the entire tooth-cement-restoration complex 
was tested and not the restorative material itself how it is done in 
standardized material testing. Proper adhesion of the restoration to the 
dentinal substrate is crucial and dictates on the longevity of adhesion 
and thus the load-bearing capacity since crack formation usually starts 
from the zone of cementation (Zhang et al., 2009). 

The test group Vit showed as the only group a significant lower Fmax 
compared to the control group Lis. Vit is the only tested material in the 
present study containing ZrO2. The highest values are usually measured 
when ZrO2 as a restorative material is tested (Denry and Kelly, 2008). It 
has been demonstrated that ZrO2 reinforced lithium disilicate enhanced 
fracture toughness, flexural strength, elastic modulus and hardness 
compared with lithium disilicate glass ceramic (Elsaka and Elnaghy, 
2016). On the other hand, it has been shown that ZrO2 being content of a 
lithium-disilicate ingot did not improve mechanical properties in studies 
comparing different pressed lithium disilicates (Hallmann et al., 2019; 
Sieper et al., 2017). Flexion tests showed that the addition of more than 
10% of ZrO2 reduced the flexural strength (Corado et al., 2022). The 
heat treatment process improves and provides greater mechanical 
strength. It has been shown that the specimens with the lowest per
centage of ZrO2 exhibited greater crystallinity and corroborated the 
microstructural analysis (Corado et al., 2022). SEM analyses showed a 
greater amount of elongated crystals of lithium disilicate when 
comparing samples with higher percentage of ZrO2. Therefore, speci
mens with lower zirconia showed greater flexural strength than samples 
with higher additions of ZrO2 (Corado et al., 2022). One limitation of 
this study was the limited number of specimens, which could explain the 

Fig. 2. Box-plots for the Fmax values of the test- and control. Significant dif
ference between the control group and the test groups are marked with an 
asterisk. All comparisons were made to the control group. 

Table 3 
Fracture scores of the test- and control groups.  

Group n Score 0 [%] Score 1 [%] Score 2 [%] Score 3 [%] 

Lis 20 0 0 80 20 
Ema 19 5 0 75 10 
Vit 20 0 0 100 0 
Liv 20 0 10 75 15 
Amb 20 5 0 65 30 
Mas 20 0 5 60 35 
Ros 20 0 0 60 40  

Fig. 3. Two-parameter Weibull modulus distribution based on shape and scale 
values for all groups (N: number of specimens) tested using AD: Anderson- 
Darling statistics and the corresponding P: P-value (Groups tested: 0: Lis; 1: 
Ema; 2: Vit; 3: Liv; 4: Amb; 5: Mas; 6: Ros). 
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fact that despite the choice of different material constituents and their 
varying effect on mechanical properties, differences among the groups 
were hardly significant. Future studies should involve higher number of 
specimens and test our conclusions in an in-vivo setting. 

5. Conclusions 

Regarding their load-bearing capacity all the tested pressable lithium 
disilicates can be recommended to fabricate ultra-thin occlusal veneers 
on molars in order to restore the occlusal tooth wear. 
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