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Abstract: This study assesses the effect of the material type (lithium disilicate, zirconia, and polymer-
infiltrated ceramic) and dental bonding substrates (dentin, dentin with intra-coronal cavity, and
dentin with composite filling) on the fracture resistance and failure mode of molars restored by
occlusal veneers. Methods: Ninety occlusal veneers, fabricated from either lithium disilicate, zirconia,
or polymer-infiltrated ceramic, were adhesively bonded to teeth prepared with either dentin, dentin
with intra-coronal cavity, or dentin with composite filling. All specimens were thermally aged
(5000 cycles), then load cycled (120,000 cycles). Each specimen was subjected to a compressive load
through fracture, then was examined (×20) to identify the fracture type. Data were statistically ana-
lyzed. Results: Material type and dental substrate had no significant effect on the fracture resistance
of adhesively retained occlusal veneer restorations. For each material, no significant differences
were found between veneers bonded to dentin, dentin with intra-coronal cavity, and dentin with
composite filling. Additionally, within each bonding substrate, there were no significant differences
between lithium disilicate, zirconia, and polymer-infiltrated ceramic veneers. The adhesive failure
was recorded mainly with zirconia occlusal veneer restorations. Conclusions: Considering the frac-
ture results, lithium disilicate, zirconia, and polymer-infiltrated ceramic occlusal veneers perform
well whatever the type of dental bonding surface. When the dental bonding surface varies, different
occlusal veneer materials should be considered. Occlusal veneers bonded to dentin, dentin with
composite filling, or dentin with an intra-coronal cavity exhibited a fracture resistance exceeding the
average human masticatory forces in the molar area.

Keywords: bonded restoration; tooth wear; table-top; non-retentive; resin cement

1. Introduction

Occlusal defects could be induced by the destruction of occlusal enamel and exposure
of the underlying dentin as a result of pathological and functional problems such as tooth
wear or caries [1]. Loss of occlusal contacts can also be caused by problems such as an
open occlusal relationship with or without orthodontic treatment [2]. The management
of such lesions presents a challenge and could be treated with the aid of inlay, onlay or
crown restorations [3,4]. Unfortunately, such treatment methods can be very destructive [4].
As adhesive bonding procedures improve, minimally invasive approaches are preferred
because they provide many benefits, including optimum preservation of sound tooth
structure, preservation of pulp vitality, and reduction of post-operative sensitivity [5–9].
Occlusal veneers have gained more popularity as a treatment modality for severely worn
teeth [10,11]. With defects in the occlusal surface, the degree of damage to worn teeth
is irregular [12]. The preparation configurations of the occlusal veneer restorations are
adjusted to repair those defects [13–17].
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The combination of improved dental adhesive technologies and restorative dental
materials with enhanced mechanical strength for use of thin thicknesses allows for the
minimally invasive replacement of lost hard tooth structures [18–20]. Among monolithic
ceramic restorations, the clinical effectiveness of lithium disilicate restorations has been
documented and it has been advocated for the rehabilitating teeth with minimal or no
preparation to restore erosive or abrasive lesions where replacement of damaged enamel
is indicated [21]. Zirconium oxide ceramics have superior mechanical properties and
have shown promising results as fixed restorations [22–27]. Polymer-infiltrated ceramic
materials are less brittle than ceramics, and it has been assumed that they have good
resistance to dynamic fatigue. However, wear, discoloration, and reduced fracture strength
are concerns [28–30].

When bonded to the tooth, the restorative materials should be strong enough to resist
occlusal forces [22]. Ceramic fractures have been identified as a major cause of restoration
failure [29]. Several factors affect the fracture resistance of ceramic restorations, including
the type and thickness of ceramic material, luting technique, and occlusal loads [22,31].
Another critical aspect that can affect the fracture resistance of a ceramic restoration is the
tooth preparation [32,33]. In addition, the fracture resistance of a ceramic restoration is
influenced by the quality of bonding at the restoration-tooth interface [34–36]. Furthermore,
the type of bonding surfaces and the ability to achieve durable bonding are important
factors in the restoration’s success [37]. However, teeth that require occlusal veneers seldom
have only one type of hard tooth substance [38]. With occlusal veneers, the dental bonding
surfaces can vary greatly, and may be purely enamel, dentin, or composite fillings, and
each of these bonding substrates could affect the fracture resistance differently [34,38,39].
The strength of tooth-restoration complex is influenced by the elastic moduli of the material
and substrate, as well as the material’s flexural resistance [40,41].

The fracture resistance testing is crucial for determining how teeth react to high-
intensity loading [11,15,42–46]. The aim of this research was to study how occlusal veneer
materials (lithium disilicate, zirconia, and polymer-infiltrated ceramic) and dental bonding
substrates (dentin, dentin with intra-coronal cavity, and dentin with composite filling)
affected the fracture resistance and failure mode of mandibular molars restored with oc-
clusal veneers. The first null hypothesis was that the fracturing resistance of occlusal
veneers bonded to mandibular molars would not be affected by various restorative mate-
rials. The second null hypothesis was that the dental bonding surface would not impair
fracture resistance.

2. Materials and Methods

Following approval from the local Research Ethics Committee (No. A19110220),
ninety mandibular first molars, extracted for periodontal purposes, were obtained for this
experiment. The collected teeth were cleaned from any superficial stains and calculus using
an ultrasonic scalar (UDS-K, Guilin Woodpecker Medical Instrument Co. Ltd., Guangxi,
China). Under proper lightening, the teeth were examined under magnification (×20)
to detect any cracks or fractures. The selected teeth were free from cracks, caries, old
restorations, and other defects. The teeth were cleaned and stored in a standardized saline
solution (Sodium Chloride BP 0.9%, Fibco, Alexandria, Egypt) at room temperature until
use. The materials used in the current study are presented in Table 1.

Table 1. Materials used in the study.

Material Product Name Lot No. Main Composition Manufacturer

Lithium disilicate IPS e.max CAD S25999

SiO2 (57–80%), Li2O (11–19%),
K2O (0–13%), P2O5 (0–11%),

ZrO2 (0–8%), ZnO (0–8%) and
coloring oxides (0–12%)

Ivoclar Vivadent, Schaan,
Liechtenstein
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Table 1. Cont.

Material Product Name Lot No. Main Composition Manufacturer

Translucent
zirconia

Katana UTML
Zirconia 228001002

ZrO2 and HfO2 (86.3–94.2%),
Er2O3 (>2%), Fe2O3 (6.07%),

Y2O3 (5.8–9.7%), Al2O3 (<0.5%)

Kuraray Noritake Dental
Inc., Tokyo, Japan

Polymer-infiltrated
ceramic Vita Enamic 82960

Ceramic part: Silicon dioxide
(58–63%), Aluminum oxide (20–23%),

Sodium oxide (9–11%),
Potassium oxide (4–6%),
Boron trioxide (0.5–2%),

Zirconia (<1%),
Calcium oxide (Calcium oxide (<1%).

Polymer part: urethane
dimethacrylate, triethylene glycol

dimethacrylate.

VITA Zahnfabrik, Bad
Säckingen,
Germany

Bonding agent All-Bond
Universal 2000001141

Bisphenol A Diglycidylmethacrylate
(20–50%), Ethanol (30–50%),

Methacryloyloxydecyl dihydrogen
phosphate (5–25%), 2-Hydroxyethyl

Methacrylate (2–25%), water,
Initiators

Bisco Inc. Schaumburg,
IL, USA

Ceramic primer Porcelain
Primer 2000000727

3-(Trimethoxysilyl)propyl-2-Methyl-2-
PropenoicAcid (1–5%),

Ethanol (30–50%), Acetone (30–50%)

Bisco Inc. Schaumburg,
IL, USA

Zirconia primer Z-Prime Plus 200000745

10-Methacryloyloxydecyl Dihydrogen
Phosphate (1–5%), 2-Hydroxyethyl
Methacrylate (5–10%), Bisphenol A,

Ethanol (75–85%)

Bisco Inc. Schaumburg,
IL, USA

Resin cement Duo-Link
Universal 2000001243

Base: Bisphenol A Diglycidylmethacrylate
(10–30%), Urethane Dimethacrylate

(10–30%), Ytterbium Oxide-Silica (1–5%),
Tetrahydrofurfuryl Methacrylate (1–5%),

Trimethylolpropane Trimethacrylate
(1–5%), Ytterbium Fluoride (10–20%),

Catalyst: Bisphenol A
Diglycidylmethacrylate (10–30%),

Dibenzoyl Peroxide (<1%)

Bisco Inc. Schaumburg,
IL, USA

Study grouping: The teeth were randomly divided into nine groups (n = 10) based
on material type (lithium disilicate, zirconia, and polymer-infiltrated ceramic) and dental
bonding surface (dentin, dentin with intra-coronal cavity, and dentin with composite
filling). Table 2 shows the study grouping.

Table 2. Study grouping.

Code
Group

Material Type Bonding Surfaces

LD Lithium disilicate Dentin
LC Lithium disilicate Dentin with intra-coronal cavity
LF Lithium disilicate Dentin with composite filling
ZD Zirconia Dentin
ZC Zirconia Dentin with intra-coronal cavity
ZF Zirconia Dentin with composite filling
PD Polymer-infiltrated ceramic Dentin
PC Polymer-infiltrated ceramic Dentin with intra-coronal cavity
PF Polymer-infiltrated ceramic Dentin with composite filling
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Teeth preparation: Each tooth was positioned vertically in an auto-polymerizing resin
material (Kemapoxy 150, CMB, Cairo, Egypt), with the cemento-enamel junction 2 mm
above the resin surface. Then, using additional silicone impression material (Presigum,
President Dental GmbH, Allershausen, Germany), a pre-preparation silicon index was
fabricated for each tooth. The tooth preparation was performed using a straight hand-piece
(Traus AT-II, Saeshin Precision Co., Daegu, Korea) with the aid of a paralleling device
(Dentalfarm A3006 B, Turin, Italy). All preparations were performed by a single operator
(A.S). For all teeth, the occlusal surface was reduced by 2 mm (1 mm to simulate the
occlusal wear and additional 1 mm to create a space for the restoration) at the cusp tip
and central groove, following the occlusal anatomy with 150◦ divergence angle between
cusps as shown in Figure 1 [11,34]. For LC, ZC, and PC groups, the intra-coronal cavities
were prepared using a diamond stone (856 blue, Intesiv SA, Montagnola, Switzerland).
The intra-coronal cavity had 1 mm pulpal depth, 2 mm bucco-lingual width, 1.6 mm away
from the proximal marginal ridge, and an 8-degree wall taper. For LF, ZF, and PF groups,
the intra-coronal cavities were also prepared as previously described, then a universal
adhesive (Tertric N-Bond Universal, Ivoclar Vivadent, Schaan, Liechtenstein) was applied
over each intra-coronal cavity and light-activated (Coltolux LED, Coltene/Whaledent
Inc., Cuyahoga Falls, OH, USA) at each surface for 20 s following the manufacture’s
recommendations. Then, the intra-coronal cavities (LF, ZF, and PF groups) were restored
using a composite resin (Tetric N-Ceram Bulk-Fill, Ivoclar Vivadent, Schaan, Liechtenstein)
and light activated for 20 s. Finally, all prepared teeth were smoothened and finished using
a tapered round-end diamond stone (856 yellow, Intesiv SA, Montagnola, Switzerland).

Figure 1. The pre-preparation silicon index was used to check the amount of tooth reduction (1 mm
to simulate the wear and 1 mm to create a space for a 1 mm thickness restoration).

Fabrication of occlusal veneers: Each tooth was scanned using an extra-oral scanner
(ldentica Hybrid, Medit Corp., Seoul, Korea). Each veneer restoration was designed
using CAD-CAM software (Valletta 2015 v2.2, Exocad GmbH, Darmstadt, Germany). The
cement gap was set at 50 µm. The thickness of all veneer restorations was 1 mm (except
LC, ZC, and PC groups in cavity projection areas). Then, the restorations were milled
(Coritec 250i, Imes-Icore GmbH, Eiterfeld, Germany) from lithium disilicate (IPS e.max
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CAD, Ivoclar Vivadent, Schaan, Liechtenstein), zirconia (Katana UTML Kuraray Noritake
Dental Inc., Tokyo, Japan), and polymer-infiltrated ceramic (Vita Enamic, VITA Zahnfabrik,
Bad Säckingen, Germany).

Cementation: For lithium disilicate and polymer-infiltrated ceramic occlusal veneers,
the intaglio surfaces were treated with hydrofluoric acid (Porcelain Etchant, Bisco inc.,
Schaumburg, IL, USA) for 20 s. Then, silane (porcelain primer, Bisco inc., Schaumburg, IL,
USA) was applied based on the manufacturer’s instructions. For zirconia occlusal veneers,
the intaglio surfaces were air-borne particles abraded using a sandblasting unit Renfert
Basic eco (Renfert GmbH, Hilzingen, Germany) with 50 µm alumina (Renfert GmbH,
Hilzingen, Germany) at a pressure of 2 bars from 10 mm distance and perpendicular
to the surface. Then, the primer Z-Primer Plus (Bisco Inc., Schaumburg, IL, USA) was
applied according to the recommendations of the manufacturer. For dental substrates, the
peripheral enamel of each tooth was selectively acid etched with phosphoric acid (N-Etch,
Ivoclar Vivadent, schaan, Liechtenstein). Then, the bonding agent (All-Bond Universal,
Bisco Inc., Schaumburg, IL, USA) was applied and cured, according to the manufacturer’s
instructions, using a light-emitting diode curing unit (Coltolux LED, Coltene/Whaledent
Inc., Cuyahoga Falls, OH, USA) with a mean light intensity of 1000 mW/cm2. Before each
use of the curing unit, the light intensity was measured using a radiometer (Bluephase
Meter II, Ivoclar Vivadent, Schaan, Liechtenstein). Finally, cement (Duo-Link Universal,
Bisco Inc., Schaumburg, IL, USA) was added to the fitting surface of the restoration, and
the restoration was seated on its corresponding tooth (Figure 2) and placed under a steady
load of 10 N [39]. Each surface of the tooth was exposed to light curing (Coltolux LED,
Coltene/Whaledent Inc., Cuyahoga Falls, OH, USA) for 40 s. For two weeks, all specimens
were kept in water at 37 ◦C [47].

Figure 2. The occlusal veneer during cementation to its corresponding tooth.

Artificial aging: All specimens were thermo-cycled for 5000 cycles in a thermo-cycler
machine (Thermo-cycler THE-1100, SD Mechatronics, Westerham, Germany) between 5
and 55 ◦C with 20 s dwell time and transfer time for 10 s [48]. Finally, all specimens were
further subjected to dynamic load aging (Robota ACH-09075 DC-T, AD-TECH Technology
Ltd., Germany) for 120,000 cycles via a 5.4 mm steel piston at a descending speed of
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40 mm/s and 1.6 Hz [49]. After aging, each specimen was examined under magnification
(Ergovision 4.0, Ergovision loupes, China) to detect any damage.

Fracture resistance test: The specimen was placed on a universal testing machine
(Instron Universal testing machine Model 3345, Canton, MA, USA) and a 0.5 mm tin
foil was positioned over the occlusal surface of the restoration to ensure adequate force
distribution as shown in Figure 3. Via a 5 mm metallic rod, a compressive load (cross-head
speed of 1 mm/mm) was introduced to the occlusal surface of the restoration. The amount
of force required to fracture was recorded in Newton (N). To determine the failure mode of
each fractured specimen, it was analyzed under ×20 magnification (Olympus SZ 61, Tokyo,
Japan) and categorized as Class I (crack within the restoration), Class II (cohesive fracture
within the restoration), Class III (adhesive fracture between the restoration and the tooth),
or Class IV (longitudinal fracture of the restoration and tooth) [18,50].

Figure 3. The specimen fixed in the lower compartment of the universal testing machine with the tin
foil positioned between the specimen and the metal rod during the fracture test.

Statistical analysis: Shapiro-Wilk testing revealed that data were in a normal distri-
bution. The analysis was performed using SPSS software (v22.0, IBM Corp, Armonk, NY,
USA). The significance of the obtained results was judged at 0.05 level. Two-way ANOVA
test was used to detect the interaction effect of restoration type and dental bonding surface.
Monte Carlo test was used to illustrate the failure pattern percentage of all test groups.

3. Results

The mean and standard deviation of the fracture resistance values of the studied
groups are shown in Table 3. Two-way ANOVA test showed that material type had no
significant effect (p = 0.148) on the fracture resistance of the adhesively retained occlusal
veneers restorations whatever the type of the underlying bonding surface (Table 4). Within
each veneer material, there was no significant difference between veneers bonded to dentin
(F = 0.592, p = 0.560), dentin with intra-coronal cavity (F = 2.28, p = 0.121), and dentin with
composite filling (F = 1.93, p = 0.164). Additionally, within each dental bonding substrate,
there were no significant differences between lithium disilicate (F = 0.669, p = 0.521),
zirconia (F = 2.25, p = 0.124), and polymer-infiltrated ceramic (F = 2.10, p = 0.142) veneers.
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Table 3. Mean and standard deviation of fracture resistance values (N) of the studied groups.

Lithium Disilicate Zirconia Polymer-Infiltrated
Ceramic Sig.

Bonded to dentin 2251.05 ± 604.89 2285.18 ± 491.06 2505.62 ± 600.89 0.560
Bonded to dentin with intra-coronal cavity 2505.91 ± 723.01 2073.32 ± 426.45 1947.13 ± 650.45 0.121

Bonded to dentin with composite filling 2182.53 ± 643.77 1859.88 ± 422.75 2364.55 ± 648.14 0.164
Sig. 0.521 0.124 0.142 -

Table 4. Summary of two-way ANOVA test representing the interaction between the study variables.

Source Type III Sum of
Squares df Mean Square F Sig.

Corrected Model 4.165 a 8 520,620.129 1.507 0.168
Intercept 4.433 1 4.433 1283.38 <0.001

Veneer material 992,911.013 2 496,455.506 1.437 0.244
Bonding surface 758,971.882 2 379,485.941 1.099 0.338

Veneer material X
Bonding surface 2,413,078.137 4 603,269.534 1.746 0.148

Error 2.798 81 345,447.907 - -
Total 4.755 90 - - -

Corrected Total 3.215 89 - - -
a: R Squared = 0.130 (Adjusted R Squared = 0.044).

Failure modes among studied groups are presented in Table 5 and Figure 4. The
adhesive failure (class III) was recorded only with zirconia occlusal veneers (ZD, ZC,
and ZF groups). Monte Carlo test revealed a statistically significant difference (p = 0.004)
between LD, ZD, and PD groups. The main mode of failure for LD and PD groups was
class IV. Additionally, there was a statistically significant difference (p = 0.012) between LF,
ZF, and PF groups. The main mode of failure for LF, ZF, and PF groups was class IV.

Table 5. Failure mode percentage (%) among study groups.

Failure Mode
Lithium Disilicate Zirconia Polymer-Infiltrated

Ceramic Sig.

N % N % N %

Bo
nd

ed
to

de
nt

in

Class I 0 0.0 0 0.0 3 30.0

0.004
Class II 3 30.0 3 30.0 0 0.0

Class III 0 0 4 40.0 0 0.0

Class IV 7 70.0 3 30.0 7 70.0

Bo
nd

ed
to

de
nt

in
w

it
h

in
tr

a-
co

ro
na

l
ca

vi
ty

Class I 2 20.0 0 0.0 1 10.0

0.068
Class II 2 20.0 2 20.0 1 10.0

Class III 0 0.0 4 40.0 0 0.0

Class IV 6 60.0 4 40.0 8 80.0

Bo
nd

ed
to

de
nt

in
w

it
h

co
m

po
si

te
fil

lin
g

Class I 2 20.0 0 0.0 4 40

0.012
Class II 3 30.0 0 0.0 0 0.0

Class III 0 0.0 3 30.0 0 0.0

Class IV 5 50.0 7 70.0 6 60.0

Sig. 0.630 0.304 0.401 -
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Figure 4. Representative fracture modes of failed specimens: (a) Class I: crack formation within
restoration without chipping; (b) Class II: cohesive fracture within restoration without involving the
tooth structure; (c) Class III: adhesive fracture between the restoration and tooth; and (d) Class IV:
longitudinal fracture of the restoration and tooth.

4. Discussion

Based on the results of the current study, the hypothesis that the fracture resistance of
occlusal veneer is not dependent from its material type was accepted because the material
type had no significant effect on the fracture resistance of adhesively retained occlusal
veneers. The second hypothesis tested, that the dental bonding surface would not affect
the fracture resistance, was accepted.

In the resent study, human natural molar teeth with approximately similar dimensions
were selected and standardized tooth reparation was performed. Preparation geometries
and tooth morphology have an effect on the fracture resistance and durability of partial-
coverage restorations [50]. The occlusal veneer preparations were performed in the dentin
to simulate the advanced clinical wear [10]. Although the teeth were reduced by 2 mm to
simulate tooth wear and considering the effect of the clinical passive eruption, a ceramic
thickness of 1 mm was used in the current study to retain as much tooth structure as
possible. The thickness of occlusal veneer restorations should not be less than 0.7 to 1 mm,
regardless of the material used [30]. Other studies considered the thickness of 0.8 mm as
the appropriate threshold for lithium disilicate occlusal veneers [38,43]. However, it was
reported that various occlusal veneer materials should be considered as the amount of
available space for restoration varies [11].

Additionally, the occlusal veneer preparation was limited to occlusal surface only
without a finish line extended over the axial walls. Occlusal veneer covering only the
occlusal surface created minimal stresses within the restoration [14,17]. It was revealed
that the existence of a finish line, as well as the form of preparation design in enamel and
dentin, had little effect on the fracture resistance of occlusal veneers [34]. Additionally, it
was found that stress-bearing areas were generated at the cusp tips under the thin occlusal
veneer when prepared with a finish line over the axial walls [11]. In addition, it was
found that occlusal veneers which covered just the occlusal surface showed a decrease in
maximum stresses in the restoration and higher fracture resistance than traditional full
coverage crown and occlusal veneers which partially covered the axial surfaces [14].

In the present study, specimens were subjected to thermal aging (5000 cycles). Ther-
mocycling has been used as a strong method to simulate clinical conditions. Thermal
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cycling accelerates the diffusion of water by changing the temperature by changing the
temperature that produces stress at the interface of two materials. It was reported that the
bond strength of universal adhesives to zirconia were reduced after thermocycling [51].
In the current study, a self-adhesive resin cement was used (Duo-Link universal cement
system) which is a Bis-GMA-based resin cement and its zirconia primer (Z-prime plus) con-
tains two adhesive monomers (organophosphate monomer and carboxylic acid monomer).
It was demonstrated that surface treatment with MDP-containing primer reinforced the
bond strength initially and after thermal aging [52]. However, it was reported that the
application of priming agents containing hydrophobic phosphate monomer (MDP) re-
sulted in higher post-thermocycling bond strengths than that of priming agents containing
carboxylic monomer [53].

The maximum bite force in the posterior area reached 880 N for the normal individuals,
and 1120 N for individuals with para-functional [54,55]. In the posterior area, the mean
fracture resistance values of the tested occlusal veneer restorations surpassed the human
biting forces [56]. As a result, the fracture strength values clearly met the requirements
for dental restorations, and reasonable clinical results could be expected from the point of
fracture load [38,41].

The fracture resistance of lithium disilicate, zirconia, and polymer-infiltrated ceramic
occlusal veneer restorations did not vary significantly, according to the findings of this
study. Before cyclic loading, studies investigated various occlusal veneer materials and
found no major differences in fracture resistance [18,22]. It was stated that the inherited
mechanical characteristics of occlusal veneers did not always equate to the final load
potential because the tooth-restoration complex was measured rather than the mechanical
properties of the restorative material itself [10]. Since strong adhesive bonding can reinforce
weaker ceramics and balance inherent strength differences among various materials, the
current findings may be linked to the adhesion properties between the luting cement and
the occlusal veneer material [22]. However, a study found that the material type has a
substantial impact on the fracture resistance of occlusal veneers [46].

The PD group has the highest fracture resistance value as compared to the LD and
ZD groups. This may be due to the fact that polymer-infiltrated ceramics and dentin
have a similar modulus of elasticity [28]. However, a study showed a lower fracture
resistance value for polymer-infiltrated ceramic occlusal veneers compared to lithium
disilicate [18]. Their findings could be related to the different tooth type and the use of
self-etch primer [5,9,36]. In addition, a high fracture resistance value was reported for
lithium disilicate occlusal veneers, which could be attributed to the non-standardized
protocol for cementation and difference in the thickness of the occlusal veneer [42,44,45].

In the current study, lithium disilicate occlusal veneer bonded to dentin showed
a high fracture value. Valenzuela et al. [41] reported similar fracture resistance values
(2770 ± 598 N) of 0.6 mm-lithium disilicate occlusal veneers bonded to dentin. Addition-
ally, Huang et al. [14] reported similar fracture load for lithium disilicate occlusal veneers,
and Zhang et al. [11] reported a fracture load of 2249 ± 375 N for lithium disilicate oc-
clusal veneers. However, another study reported lower values for lithium disilicate and
polymer-infiltrated ceramic occlusal veneers which may be related to tooth type and testing
of occlusal veneers with a fissure/cusp thickness of 0.5/0.8 mm [22].

In the present study, occlusal veneer with intra-coronal cavity preparation design
was studied. Occlusal cavity preparation is needed when a tooth develops carious lesions,
fractures, or loses a large tooth substance because of abrasion or erosion as the suitable
prepared cavities allow for a restorative material placement [8,13]. Adhesively bonded
filings are needed to compensate deep defects, strengthen tooth structure, enable good
adhesive bond with dentin, decrease the cuspal flexure, and assure a uniform ceramic thick-
ness over the filling [3,6,8,13,17]. High occlusal forces, on the other hand, can cause stress
concentration at the filler-resin matrix interface, resulting in filler dislodgment and resin
matrix exposure, resulting in wear that would necessitate a prosthetic procedure [6,57].
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Regarding the influence of the dental bonding substrates, there was no significant
difference between the tested substrates. A study found that occlusal veneers cemented to
enamel or dentin had fracturing resistance that was equal to that of a sound tooth [41]. A
study investigated the fracture resistance of lithium disilicate occlusal veneer restorations
bonded to various dental bonding surfaces, finding no substantial differences in fracture
resistance between lithium disilicate occlusal veneer restorations (0.7–1 mm thickness)
bonded to enamel and dentin, or enamel and dentin with composite filling [38]. An-
other study demonstrated that marginal sealing of ceramic inlays bonded to composite
is comparable to bonding to dentin when the composite filling is present as a bonding
substrate [58].

The current research found no statistically meaningful differences between the LC,
ZC, and PC groups. The fracture resistance value in the LC group was the highest. The
fracture resistance of lithium disilicate occlusal veneers with an intra-coronal cavity is
investigated in a published study [16]. They found that occlusal veneers with 1 mm cuspal
thickness and 1.7 mm fissure depth as an intra-coronal cavity formed part of the restoration
have higher (but not significant) fracture resistance than that of the restorations with 1 mm
cuspal thickness and 0.7 mm fissure depth where a composite filling was used to restore
the intra-coronal cavity. This supports the assumption that thicker ceramics increases the
strength and creating a clinically resilient restoration [19]. Additionally, increasing the
zirconia thickness enhanced its resistance to fracture [24,25].

The most common failure pattern in the PD and LD groups was catastrophic failure,
which included both the restoration and the tooth, suggesting that these restorations are at
least as strong as the worn teeth they are supposed to restore [15]. A comparable elastic
modulus between the substrate and the restorative material favors the tooth-restoration
complex [40]. Specimens with polymer-infiltrated ceramics exhibited greater tooth struc-
ture deformation which could be related to the load which exceeded the elastic limit
of the restoration and tooth [28]. It was reported that failure including both ceramics
and tooth with lithium disilicate occlusal veneers bonded to dentin as the predominant
failure mode [39]. Additionally, the reliable bonding with tooth structure for either glass-
containing ceramics or polymer-infiltrated ceramics enables force transmission through
the restoration-tooth complex [5,35]. The applied forces, on the other hand, may cause
the crack formation and spreading, resulting in fracturing and structural collapse that
may spread to the tooth structure [7]. Huang et al. [59] concluded that the stress within
lithium disilicate occlusal veneer was 1.5 times higher than for polymer-infiltrated ceramics
occlusal veneer.

Regarding the PF group, less complicated fractures were observed, and the presence
of composite filling underneath the restoration may contribute to the longevity of the
underlying tooth [16]. Furthermore, structures with compatible elastic moduli bend less
under load and allocate stresses more equally, avoiding damage to the underlying tooth
structure [28]. However, the class IV failure mode was dominant with the presence of intra-
coronal cavity. This could be related to sacrificing in tooth structure causing a reduction in
the strength of the remaining tooth structure [16,39].

Zirconia restorations, on the other hand, had a lower rate of catastrophic failure, which
may be due to the difficulty of bonding it to tooth structure [25]. Additionally, zirconia
groups are the only ones which experienced a class III failure pattern. It was reported that
de-bonding was the most common long-term failure observed for zirconia restoration [23].
Mendes et al. [60] evaluated the stresses in occlusal veneer according to the restoration
type and found higher stress concentration in zirconia followed by lithium disilicate and
polymer-infiltrated ceramics, and also they found that the stress on the cement layer was
greatest with polymer-infiltrated ceramics followed by zirconia and lithium disilicate.

Since there are more thickness differences in clinical use, the current study only
focused at one thickness of non-retentive occlusal veneers. Variable thicknesses need to be
tested. Other designs, as well as diverse types of resin cements, must be tested in relation to
various dental bonding surfaces. In the present research, the teeth were prepared. Sclerotic
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dentin covers the occlusal surfaces of worn teeth, and the adhesive bonding can vary.
Furthermore, clinical studies are expected to predict occlusal veneers’ clinical results.

5. Conclusions

Despite the limitations of this study, the following conclusions could be obtained:

1. Considering the fracture results, lithium disilicate, zirconia, and polymer-infiltrated
ceramic occlusal veneers perform well whatever the type of dental bonding surface.

2. When the dental bonding surface varies, different occlusal veneer materials should
be considered.

3. Occlusal veneers bonded to dentin, dentin with composite filling, or dentin with
an intra-coronal cavity exhibited a fracture resistance exceeding the average human
masticatory forces in the molar area. Therefore, these occlusal veneers might be a tooth
substance preserving option for restoring the occlusal surfaces of posterior teeth.
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