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ARTICLE INTFO ABSTRACT

Article history: Objective. The fracture resistance of different ultrathin occlusal computer-aided
Received 15 February 2019 design/computer-aided manufacturing (CAD/CAM) veneers was investigated under
Received in revised form 6 June 2019 cyclic mechanical loading to restore combined enamel-dentin defects.

Accepted 10 July 2019 Methods. Eighty-four molars were reduced occlusally until extensive dentin exposure

occurred with a remaining enamel ring. Twenty-four molars were ground flat for examina-
tion of highly standardized specimens, of which 8 were treated with uniformly flat 0.3 mm

Keywords: IPS Empress CAD and 0.3 and 0.5 mm IPS e.max CAD restorations. Sixty-four molars were
Fatigue resistance anatomically prepared until dentin exposure and were restored using occlusal veneers
CAD/CAM with fissure/cusp thicknesses of 0.3/0.5mm from 3 different dental CAD/CAM materials:
Occlusal veneer IPS Empress CAD, IPS e.max CAD and Lava Ultimate CAD/CAM. Teeth were etched with
All-ceramic 37% phosphoric acid, and occlusal veneers were bonded using an adhesive luting system

(Syntac Primer, Adhesive, Heliobond and Variolink II). Specimens were placed under cyclic
mechanical loading in a chewing simulator (1 million cycles at 50N) and were examined for
cracks after each cyclic loading sequence. The anatomical 0.3/0.5 mm IPS e.max CAD speci-
mens experienced an additional 1 million cycles at 100 N. Kaplan-Meier survival curves and
log-rank tests were used for data analysis.

Results. All highly standardized and 0.3/0.5mm IPS e.max CAD specimens tolerated cyclic
loading. One anatomical Lava Ultimate CAD/CAM and 10 IPS Empress CAD specimens
showed cracks.

Significance. Ultrathin occlusal veneers of lithium disilicate ceramic and nanoceramic com-
posite showed remarkably high fracture strength under cyclic mechanical loading. These
veneers mightbe a tooth substance preserving option for restoring combined dentin-enamel

defects.
© 2019 The Academy of Dental Materials. Published by Elsevier Inc. All rights reserved.

1. Introduction

Erosive tooth wear has been of minor importance to clini-
cal dentistry and dental research for many years [1]. With
increasing tooth survival in the 21st century, this pathologi-
cal loss of the tooth structure continues to gain importance
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occlusal erosion involving dentin in 26- to 30-year-old patients
and 42.6% in 46- to 50-year-old patients [3]. Khan et al. deter-
mined a linear relationship between the number and size of
erosive lesions and the age of the patients [4]. However, the
prevalence of erosion in younger patients has also increased
significantly [5]. This pervasiveness could be explained by
changed lifestyles and the amount and frequency of the con-
sumption of acidic foods and drinks [1]. In the US alone, soft
drink consumption increased by almost 300% in 20 years [6]
and O’Sullivan and Curzon showed that there is an association
between the presence and progression of erosion and four or
more acid intakes per day in the absence of other risk factors
[71-

Treatment of severe erosions depends on the size and
extension of the defect and should be minimally invasive
where possible [8]. However, these tooth hard tissue defects
often reach the dentin, resulting in vertical bite height loss,
which can lead to interferences of the anterior teeth with
enamel chipping of the incisal edges, cervical defects and
overloading in the periodontium [9]. These issues lead to a
necessary reconstruction of the larger defects with direct com-
posite restorations, occlusal veneers or partial crowns [8].
Direct composite restorations are less expensive than lab-
side restorations, but are much more time-consuming and
strenuous, as the entire occlusion must be modelled by hand.
Alternatively, composite restorations can also be made by
injection moulding with a wax-up and laboratory-fabricated
transfer splints [10,11]. The fabrication of occlusal veneers
should also be considered, as their occlusion can be cor-
rectly pre-adjusted from the labside. In addition to ceramic
materials, composites are now also available for the indirect
rehabilitation of posterior occlusal surfaces [12]. In contrast to
composites, ceramic occlusal veneers also have advantages
in terms of abrasion resistance, wear, biocompatibility and
colour stability. Demanding a minimum thickness of 1.5-2mm
for occlusal veneers by the ceramic manufacturers or even
only 1mm for IPS emax (CAD) (Ivoclar Vivadent, Schaan,
Liechtenstein) restorations, the additional tooth substance
removal outlines an issue [13-16].

Due to the development of non-prep veneers in the ante-
rior region, which require only up to 0.3 mm minimum layer
thickness, a question arises as to whether modern high-
performance ceramics with an ultrathin layer thickness can
also be used in the posterior region to restore larger erosion
defects without sacrificing further tooth substances. Due to
the adhesive attachment to enamel, anterior veneers perform
well despite the low ceramic thickness, and fractures rarely
occur, even if the bending loads in the anterior region favour
them [17]. In severe occlusal abrasion or erosion, dentin is
already exposed, and a circular enamel margin borders the
defect. This occurrence represents the hardest possible con-
dition for an adhesively bonded occlusal veneer. The high
modulus of elasticity of enamel contributes to the stabi-
lization of a restoration attached adhesively to it since the
deflection values of the restoration are lower than with pure
dentin attachment. In addition, the adhesive bond between
the restoration and enamel is more resilient than that between
the restoration and dentin. The remaining enamel provides
an excellent adhesive bond, and the thicker enamel portion
could increase the stability of the remaining tooth, allowing

the restoration to be thinner while maintaining the same load-
bearing capacity [18].

The mechanical properties of the restoration materials
have been improved in recent decades, as have adhesive
luting materials (dentin adhesives and luting composites).
The combination of the higher mechanical strength of mod-
ern materials with a minimally invasive preparation raises
the question of how this affects the long-term stability of
the restoration. Ceramics and composites are both materi-
als that are available for the indication of occlusal veneers.
Due to significant differences in the mechanical properties
of these materials, it should also be examined as to whether
these differences influence the survival probability of ultra-
thin occlusal veneers that are adhesively bonded to dentin
and the circular enamel margin.

This study should answer the question of whether ultrathin
ceramics with an adhesive attachment to dentin and a circu-
lar enamel margin can be considered a treatment option for
the reconstruction of erosive defects. To investigate this ques-
tion, the simulation of subcritical cyclic mechanical loads in
a chewing simulator was chosen. In addition, materials with
differing moduli of elasticity and viscoelastic properties were
selected to consider a wide range of mechanical properties in
the simulation.

2. Materials and methods

The tested materials should be usable with as little effort
as possible and should differ substantially in their material
science properties. For this reason, three different materi-
als were tested. The first material selected was IPS Empress
CAD (Ivoclar Vivadent, Schaan, Liechtenstein), a leucite glass
ceramic that has been used successfully in our dental clinic
since 1992 and was therefore used as a reference. As a second
material, IPS e.max CAD (Ivoclar Vivadent, Schaan, Liecht-
enstein), a lithium disilicate ceramic, was chosen because it
is currently the most fracture-resistant glass ceramic for the
indication of partial crowns, inlays and onlays [19,20]. Lava
Ultimate CAD/CAM (3M ESPE, Seefeld, Germany), a nanoce-
ramic composite, was used as the third material since it is now
available for the aforementioned indications and has advan-
tages in terms of the wear of the antagonists as a composite.

Eighty-four extracted caries- and crack-free human molars,
within the limitations of the biological variance and, as far
as possible, equal in the form and dimensions of the clinical
crown, were cleaned and stored in sodium azide. The Ethics
Committee of the Medical Faculty of the Ludwig-Maximilians
University of Munich approved the use of unidentified pooled
human teeth (approval no. 003-14).

The teeth were divided into two groups. For the simulation
of the fatigue behaviour with highly standardized plane speci-
mens, 24 teeth (8 of each material) were selected. For clinically
relevant simulations, 60 teeth were used (20 of each material).
The roots were removed at the cementoenamel junction. To
embed all specimens at the same height, silica-modified alu-
minium oxide (Rocatec Pre, 110 um, 2.8 bar; 3M ESPE; Seefeld,
Germany) blasted Willytec sample holders (Willytec GmbH,
Gréfelfing, Germany) were placed together with the teeth in
a self-constructed fixture. All specimens were embedded with
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an auto-polymerizing resin (Technovit 4000, Heraeus Kulzer
GmbH & Co. KG, Hanau, Germany).

2.1.  Preparation of the highly standardized plane
specimens

To determine the minimum thickness of the specimens with
acceptable fatigue strength, the thinnest possible ceramic
discs were initially manufactured and tested. The original
intention was to increase the thickness until a sufficient num-
ber of specimens survived the mechanical stress without
fracture. Molars were ground flat with 180-grit silicon carbide
grinding paper under permanent water cooling (wet grind-
ing and polishing system, LECO VP100, Saint Joseph, USA). In
all teeth, the dentin was extensively exposed occlusally, and
enamel was only present circularly. In this way, grade 3 ero-
sion defects were simulated, corresponding to a worst-case
simulation (basic erosive wear examination >50% enamel loss,
occlusal) [21].

For each of the two different ceramic types (IPS e.max
CAD, IPS Empress CAD), eight platelets with a minimum pos-
sible thickness of 0.3mm were cut with a saw microtome
(Leica SP 1600; Leica Biosystems, Nussloch, Germany) from
ceramic blocks. All platelets were polished with 320, 800, 1000,
2500 and 4000 grit silicon carbide grinding papers. IPS e.max
CAD platelets were crystallized in a ceramic furnace. For the
IPS Empress CAD ceramics, eight additional specimens with
thicknesses of 0.5 mm were made. All materials used are listed
in Table 1.

2.2.  Preparation of the clinically relevant specimens

Sixty molars were anatomically reduced at the occlusal sur-
face, imitating grade 3 erosion and abrasion defects. The
preparation was conducted with an egg-shaped diamond bur
(46 pm diamond grit size, 8379.314.018, Gebr. Brasseler GmbH
& Co. KG, Lemgo, Germany). A 0.3-0.5mm layer of occlusal
indicator wax, equivalent in form and size to the later restora-
tion, was placed on the preparation and scanned with CEREC
Bluecam (Sirona Dental GmbH, Wals, Austria) using scan spray
(scan‘dry, Dentaco GmbH & Co. KG, Essen, Germany). After
removing the indicator wax, the anatomically prepared molars
were scanned a second time. The restorations were designed
with CEREC Software 4.1 (Sirona Dental GmbH, Wals, Austria)
while setting the restoration type to “Inlay/Onlay” and the
design mode to “Biogeneric Copy”. The suggested restoration
was manually individualized to a 0.3-0.5mm thickness and
milled with a CEREC milling and grinding unit (Sirona Den-
tal GmbH, Wals, Austria) from IPS e.max CAD, IPS Empress
CAD and Lava Ultimate CAD/CAM blocks. This corresponds
to the minimum layer thickness that can be produced; oth-
erwise, the samples will break during production. IPS e.max
CAD restorations were crystallized in a ceramic furnace. All
ceramic restorations were polished under water cooling with
zirconium oxide polishers (Gebr. Brasseler GmbH & Co. KG,
Lemgo, Germany).

2.3. Adhesive cementation

The inner surfaces of the ceramic restorations and the ceramic
platelets were etched with 5% hydrofluoric acid (Vita Ceram-
ics Etch, Vita, Bad Sackingen, Germany), IPS e.max CAD for 30s
and IPS Empress CAD for 60s. The etched surfaces were rinsed
with water for 30s and air dried, followed by silanization
with 3M ESPE Sil (3M ESPE, Seefeld, Germany) for 5min. Lava
Ultimate CAD/CAM (3M ESPE, Seefeld, Germany) restorations
were basally tribochemically silicated with the CoJet System
(50 pm, 1.2bar; 3M ESPE, Seefeld, Germany) for 15s. Teeth
surfaces were etched with a total etch technique (enamel
30s, dentin 15 s) with 37% phosphoric acid (Total Etch, Ivoclar
Vivadent, Schaan, Liechtenstein) and rinsed with water for
30s. According to the manufacturer’s instructions, the sur-
faces were conditioned with Syntac Primer, Adhesive and
Heliobond (Ivoclar Vivadent, Schaan, Liechtenstein).

All restorations and platelets were adhesively bonded
with a dual-curing composite (Variolink II, Ivoclar Vivadent,
Schaan, Liechtenstein). The base and catalyst paste (low vis-
cosity) were mixed in equal parts and applied to the basal
surface of the restoration or platelet. Restoration and platelets
were seated with finger pressure and light cured with Eli-
par FreeLight 2 (430-480 nm, 1190 mW/cm?, 3M ESPE, Seefeld,
Germany) for 20s, each from the occlusal, buccal and lingual
sites. All samples were stored for 24h in 37 °C warm, double
distilled water.

2.4.  Fatigue

Fatigue simulations were conducted in a computer-controlled
chewing simulator (MUC 2; Willytec GmbH, Grifelfing,
Germany) that allows vertical and horizontal movements.
The chewing simulator type MUC 2 is the predecessor of the
Willytec chewing simulators. The movement cycle is not con-
trolled by ball spindles and stepper motors, but by compressed
air cylinders. As a result, some parameters are different. For
example, the sinking speed (45-50mm/s) and the horizon-
tal speed (6-12mm/s) are slightly higher. The samples were
mounted in closed chambers, which were filled with double
distilled water.

As antagonistic specimens, 5mm Degussit-balls (highly
compacted oxide ceramic; FRIALIT, Mannheim, Germany)
were used to perform a natural mastication cycle at 1Hz,
including 0.5 mm sliding horizontal motions while in contact.
Due to the hardness, the contact surface of the antagonist
changed only slightly during the tests.

In the first test series with a loading force of 50N, the
number of load cycles increased logarithmically from 10 to
1 million. IPS e.max CAD specimens did not fracture within
1 million cycles at a 50N load. Therefore, the test conditions
were tightened in a second test series. All IPS e.max CAD spec-
imens were tested for an additional million masticatory cycles
with a loading force of 100N.

After 101, 10%, 103, 10%, 10° and 10° load cycles, all spec-
imens were examined by lateral illumination with a light
emitting diode (LED) lamp (LED-Lenser V12 with fibre optic
light guide, Syndicad Ingenieurbiiro, Munich) to detect the vis-
ible cracks of the restoration, which were classified as failure.
The specimens were left in their chambers for examination
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Table 1 - Materials and product information.

Restoration Type Manufacturer Batch no. Composition
material
IPS e.max CAD (LT, Lithium disilicate Ivoclar Vivadent, Schaan, 605275 57-80% SiO,, 11-19% Li, 0, 0-13%
A3) ceramic Liechtenstein K,0, 0-11% P,0s, 0-8% Zr0,, 0-8%
Zn0, 0-5% Al,0s, 0-5% MgO
IPS Empress CAD (LT, Leucite-reinforced Ivoclar Vivadent, Schaan, 574514 60-65% Si0;, 16-20% Al, 03,
A3) glass ceramic Liechtenstein 10-14% K;0, 3.5-6.5% Na,0, 0.5-7.0
other oxides, 0.2-1.0% pigments
Lava Ultimate Resin nanoceramic 3M ESPE, Seefeld, Germany 3312A3LT 80% nano ceramic, 20% resin
CAD/CAM (LT, A3) matrix
Luting system
Material Components Manufacturer Batch no. Composition
Etchant Ivoclar Vivadent, Schaan, G07234 35% phosphoric acid
o Liechtenstein
Primer Ivoclar Vivadent, Schaan, G19483 Maleic acid 4%, triethylene glycol
Liechtenstein dimethacrylate (TEGDMA), water,
acetone
Adhesive Ivoclar Vivadent, Schaan, J0076 Water, poly(ethylene glycol)
Liechtenstein dimethacrylate (PEGDMA),
glutaraldehyde
Heliobond Ivoclar Vivadent, Schaan, H14837 bisphenol A-glycidyl methacrylate
Liechtenstein (bisGMA), urethane
dimethacrylate (UDMA), TEGDMA
Variolink II Base and catalyst Ivoclar Vivadent, Schaan, H28532 bisGMA, TEGDMA, UDMA, fillers,

Liechtenstein

ytterbium trifluoride, stabilizer,
pigments, benzoyl peroxide

between cycles to avoid changing the position of the speci-
mens and thus the point of incidence of the antagonist, as
this could distort the results.

2.5. Statistical analysis

Statistical analyses were performed using the computing envi-
ronment R (R Development Core Team, 2017). Survival curves
were created by the Kaplan-Meier method, and a log-rank test
was conducted to compare the survival distributions.

3. Results
3.1.  Highly standardized specimens

All highly standardized IPS Empress CAD (0.3 mm and 0.5 mm)
and IPS e.max CAD (0.3 mm) specimens survived one million
masticatory cycles at a loading force of 50N without observ-
able cracks or fractures.

3.2. Clinically relevant specimens

All IPS e.max CAD restorations survived one million masti-
catory cycles with a loading force of 50N as well as 100N.
Ten out of twenty IPS Empress CAD occlusal veneers cracked,
8 veneers cracked after 10,000 cycles and another 2 cracked
after 100,000 cycles. One occlusal Lava Ultimate CAD/CAM
veneer failed after 100,000 cycles. Cracks always occurred in
the area of the contact point of the antagonist (Fig. 1). Signif-
icant differences in the survival between the materials could
be found (log-rank p<0.001), as shown in the Kaplan-Meier
survival graph (Fig. 2). The cumulative survival probability for

Fig. 1 - IPS Empress CAD with a crack.

IPS Empress CAD after 10,000 cycles was 60.0%, with a fur-
ther decrease to 50.0% after 100,000 cycles. The Lava Ultimate
CAD/CAM veneer achieved a survival probability of 95.0% after
100,000 and one million cycles compared to 100% survival for
the IPS e.max CAD veneer. These results suggest a signifi-
cantly poorer survival for the IPS Empress CAD specimens
compared to the IPS e.max CAD (p<0.001) or even the Lava
Ultimate CAD/CAM (p=0.001) specimens. In contrast, there
was no significant difference between the IPS e.max CAD and
Lava Ultimate CAD/CAM (p=0.317) veneers.
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Kaplan-Meier Estimate with 95% Confidence Bounds

Survivalcl”robability
>

0.4

Material

-- Lava Ultimate
— IPS E.max CAD
-+ Empress

1e+00 1e+01 1e+02 1e+03

1e+04 1e+05 1e+06

Number of Cycles [log10]

Fig. 2 - Kaplan-Meier estimate with 95% confidence bounds (log-rank p <0.001) of anatomical specimens at a loading force

of 50N.

4, Discussion

There is little information regarding the reliability and
longevity of current CAD/CAM materials adhesively bonded
as ultrathin occlusal veneers on a combined enamel and
dentin surface [22-25]. The aim of this study was therefore
to determine whether ceramics or nanoceramic composites
with an ultrathin layer thickness of 0.3-0.5mm could be
used to restore pressure-loaded occlusal dentin and enamel
defects.

This question was investigated in our case with the aid
of a mechanical fatigue simulation in which one million
subcritical load cycles were applied to the specimens. Three
different and commonly used materials, namely, a leucite
glass ceramic (IPS Empress CAD), a lithium disilicate ceramic
(IPS e.max CAD) and a nanoceramic composite material (Lava
Ultimate CAD/CAM), were tested in a chewing simulator. The
number of masticatory cycles was set logarithmically to one
million, and a loading force of 50N was used. The loading
force of S0N was selected to represent the nominal occlusal
force due to the variability among individuals, which range
between 10 and 120N during mastication [26-29]. When
preparing the samples, no cusps were modelled, but only
uniform anatomical restorations, since the chewing load
exerted on the thin ceramic and cusps would have impaired
access to the thin areas.

In this study, the worst-case scenario for an occlusal veneer
restoration was investigated, i.e., an enamel ring with a high
elastic modulus (e-modulus) and a dentin centre with a
low e-modulus. The difference in the e-moduli between the
restoration and tooth substance determines the critical load
for crack initiation [30]. The lower e-modulus of dentin allows
the development of increased flexural stresses at the adhesive
joint, which exposes the ceramic to a higher risk of cracking.
Previous studies have shown that minimally invasive occlusal

onlay ceramic restorations, which have been bonded only to
the enamel, are far more fracture resistant than those bonded
to dentin and even revealed a fracture resistance compara-
ble to that of thick occlusal veneers when bonded to dentin
[22,31,32]. Furthermore, ceramics tolerate pressure loads fairly
well but are less tolerate to tensile stresses. Our study design is
therefore favourable for ceramics since mainly pressure loads
are induced. However, the lateral movement in the chewing
simulator presents a rather small tensile stress.

In the first part of this study, the minimum thickness for
the ceramic test specimen was determined. Therefore, sawed
and ground ceramic platelets were produced since they allow
a more accurate thickness determination and a more uniform
thickness than the anatomically formed specimens. The first
tests were conducted with bovine anterior teeth ground from
buccal. Due to the large pulp cavity, however, almost all sam-
ples cracked since the thin buccal wall of the tooth deflected
considerably under load. Therefore, further tests were per-
formed with human teeth. The plan was to increase the
ceramic thickness starting from a 0.3 mm layer thickness until
the samples could survive one million masticatory cycles. Sur-
prisingly, the 0.3mm IPS e.max CAD and IPS Empress CAD
specimens already survived this load. Therefore, we did not
have to increase the specimen thickness any further. For the
preparation of the clinically relevant test specimens, a layer
thickness between 0.3 and 0.5 mm was chosen since thinner
platelets could not be produced due to a high fracture rate
during the manufacturing process.

All IPS e.max CAD samples survived one million cycles in
the chewing simulator at a loading force of 50 N. Additionally,
further testing of the same samples with a force of 100N for
an additional one million cycles did not result in any cracking.
Guess et al. also described a 100% survival of IPS e.max Press
partial coverages on premolars in the chewing simulator with
thermocycling at 1.2 million cycles and 50N, regardless of the
restoration thickness (0.4 mm-2mm) or preparation design.
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The teeth in the group of occlusal ultrathin veneers were only
reduced 0.5 mm occlusally in a sound tooth structure; there-
fore, an adhesive bond only to the enamel is likely for this
group, which was accomplished by enamel etching with 37%
phosphoric acid for 30s and using an etch and rinse adhe-
sive system [22]. A 100% survival was also confirmed in a
study by Al-Akhali in which all occlusal 0.5-0.8 mm IPS e.max
CAD veneers, adhesively bonded to only the enamel with a
total etch adhesive system, survived thermodynamic loading
with 98N [33]. In contrast, a study by Sasse et al. determined
that a minimum veneer thickness of 0.7-1 mm should not be
altered. In this study, various thicknesses of IPS e.max CAD
veneers were tested in a chewing simulator for 600,000 cycles
with a loading force of 100 N. The veneers were bonded with a
self-etching primer to the enamel, the enamel and dentin or
the enamel and composite [23]. A recent study by Al-Akhali
et al. also found that the use of a self-etch adhesive system
reduces the survival of ultrathin occlusal veneers and cannot
be recommended for bonding. Occlusal IPS e.max CAD veneers
with a thickness of 0.5-0.8 mm, which were bonded to the
enamel using a self-etching primer, were tested under ther-
modynamic loading of 98N for 1.2 million cycles. Only 50% of
the specimens survived the load showing no cracks [34]. How-
ever, self-etching primers have a lower ability to etch enamel
than adhesive systems with separate phosphoric acid enamel
etching, and many studies have proven the importance of
adequate enamel etching for a good adhesive bond [35-37].
Yazigi et al. also confirmed this finding for ultrathin occlusal
veneers, which treat a combined enamel-dentin defect, in
which the self-etching adhesive with selective pre-etching of
the enamel margins performed as efficiently as the traditional
etch and rinse protocol [24]. In our study, the etch and rinse
adhesive system Syntac classic was used, as it has been the
gold standard in our student education since 1992 with many
documented clinical cases. Therefore, the study design is com-
parable to our clinical experiences. The good adhesive bond to
dentin and enamel using an etch and rinse system likely con-
tributed to the high survival rate of the IPS e.max CAD veneer
in our study.

During the chewing simulation, one Lava Ultimate
CAD/CAM sample cracked after 10,000 cycles, and no addi-
tional specimens failed up to one million cycles. Additionally,
Ioannidis et al. found a 100% survival rate of occlusal 0.5 and
1mm thick lava Ultimate CAD/CAM veneers under thermo-
cycling in the chewing simulator at 1.2 million cycles and
49N. However, only an adhesive attachment to enamel and
not to a combined enamel-dentin defect was performed [38].
The good performance of the Lava Ultimate CAD/CAM veneer
in our study can be explained by its viscoelastic proper-
ties. Lava Ultimate CAD/CAM is a highly cross-linked particle
reinforced composite consisting of monodispersed, nonaggre-
gated and nonagglomerated silica and zirconia nanoparticles
that form nanoclusters with high structural integrity [39]. The
higher filler content, the proprietary silane coupling agent
treatment for chemical bonding with the resin matrix during
block manufacturing, and the advanced heat treatment of the
resin matrix result in a higher strength of the Lava Ultimate
CAD/CAM restoration, which is also reflected in the reported
flexural strengths of 205 MPa [39,40]. Furthermore, the poly-

meric matrix is more damage-tolerant than the brittle glassy
matrix of all-ceramic restorations [41].

The IPS Empress CAD restorations performed signifi-
cantly worse than the other materials since 10 out of the
20 specimens cracked during fatigue testing. The first 8 spec-
imens cracked after 10,000 cycles and another 2 after 100,000
cycles. Occlusal ultrathin IPS Empress veneers were investi-
gated by Schlichting et al. under accelerated fatigue, revealing
a significantly higher failure rate for the 0.6 mm thick IPS
Empress restorations than for the 1.2mm thick restorations
[42].

The fracture resistance of ultrathin CAD/CAM-produced
lithium disilicate and nanoceramic restorations under fatigue
appears to as good as the restorations with the minimum
layer thickness recommended by the manufacturer. With
regard to the ease of fabrication at lower costs compared to
laboratory-fabricated restorations and the possibility of using
them without further sacrificing hard tooth tissue, a reduc-
tion in the minimum layer thickness should be considered for
these materials in clinical use.

All observed failures were limited to the restorative mate-
rial and did not involve the tooth itself. The evaluation of
cracks as a failure criterion is a very hard criterion since the
fragments can remain in situ for a long time under clini-
cal conditions and protect the tooth However, our aim was
to investigate the long-term stability of the materials. Even
if cracks in the material have no clinical consequences, the
occurrence of a crack means the failure of the restoration.
Yazigi et al. found in their research that cracks in ultra-
thin occlusal veneers made of lithium disilicate ceramic did
not affect the performance and were not associated with a
decreasing fracture strength. Although the mode of failure was
affected by the cracks [25].

Fractographic examination of the crack surface would have
been desirable. In our experiments, however, no fragments
were detached from the tooth surface, so that the crack sur-
face was not directly accessible. Since the fractured specimens
still adhered to the tooth surface, they could only have been
prepared for fractographic analysis by grinding the tooth from
the back of the occlusal veneer. However, this process could
have led to the undesirable formation of further cracks or to
the alteration of the existing cracks. For this reason, the frac-
tographic analysis was omitted.

Both wear and fatigue are not pure material properties,
but the properties of the test system in combination with the
tested materials, which means that similar systems achieve
comparable results. However, these are not exactly compara-
ble due to numerous minimal differences in the test system.
One should therefore only compare data generated in the
same test system with identical test parameters.

Lava Ultimate CAD/CAM and IPS e.max CAD restorations
performed similarly well. However, the IPS e.max CAD veneers
showed no crack formation even at a loading force of 100N.
The hypothesis that ultrathin ceramics or nanoceramic com-
posites attached to dentin and a circular enamel margin can be
considered a treatment option that is accepted for IPS e.max
CAD and Lava Ultimate CAD/CAM restorations. However, this
option must be rejected for IPS Empress CAD ceramics due to
its high cracking rate under fatigue testing.
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5.

Conclusion

Ultrathin occlusal veneers made of glass-ceramic IPS Empress
CAD proved to be less durable than those made of lithium
disilicate ceramic IPS e.max CAD. It is also noteworthy
that Lava Ultimate CAD/CAM showed just as few cracks as
IPS e.max CAD and was therefore superior to IPS Empress
CAD in terms of fatigue loading. Whether this result is
due to the viscoelastic properties of the composite mate-
rial must be investigated further. IPS e.max CAD and Lava
Ultimate CAD/CAM should be preferred to IPS Empress
CAD for the treatment of occlusal tooth loss with ultrathin
veneers.
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