Taha and Hafez BMC Oral Health ~ (2024) 24:1168 BMC Oral Health
https://doi.org/10.1186/512903-024-04904-4

Check for
updates

Effect of preparation design on fracture
resistance of molars restored with occlusal
veneers of different CAD-CAM materials: an
in vitro study

Ahmed Ismail Taha'" and Mona Elshirbini Hafez?

Abstract

Background Occlusal veneer had been evaluated for mechanical properties using lithium disillicate. However,
studies evaluating the mechanical properties of occlusal veneer with different preparation designs and ceramic
materials are lacking. So, this in vitro study aimed to evaluate the fracture resistance of occlusal veneers with two
designs fabricated from two different ceramic materials.

Material and methods Fourty mandibular third molars were distributed to 2 groups (n=20) according to
preparation design: group (O) anatomical occlusal reduction and group (OA) anatomical occlusal and 1 mm axial
reduction. Each group was additionally subdivided into two subgroups (n=10) according to ceramic materials; in
subgroup X, lithium disilicate (e.max CAD, Ivoclar AG, Schaan, Liechtenstein) was used, and in subgroup S, zirconia-
reinforced lithium silicate (ZLS) (Vita Suprinity, VitaZahnfabrik, Bad Sdckingen, Germany) was used. All specimens were
cemented with a light-cure resin cement (Choice 2, Bisco, Schaumburg, USA). 5000 thermocycles were applied to all
specimens with both temperatures of 5 °C and 55 °C in two water baths; the dwell time was 30s at each bath, and the
transfer time was 10s. Then all specimens were subjected to a fatigue simulation under dynamic loading of 200 N for
250,000 cycles. A universal testing machine (5500R/1123, Instron, Norwood, USA) was used to evaluate the fracture
strength with a crosshead speed of 1 mm/min. All data were analyzed statistically by using a two-way ANOVA, and
for some violations of assumptions, these results were compared with those obtained by the nonparametric test
(Scheirer Ray Hare) (a=0.05).

Results A statistically significantly higher fracture resistance in the 'OA’ (3389 N) compared to the 'O’ (2787 N) group
regardless of the ceramic material (P<.001) and a statistically significantly higher fracture resistance in the 'X'(3295 N)
compared to the'S' (2881 N) regardless of the preparation design (P=.015).

Conclusions For occlusal veneers, all preparation designs and materials (such as Vita Suprinity and e.max CAD) had
clinically acceptable fracture resistance values that were greater than the maximal biting forces. On the other hand,
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Clinical implications

occlusal veneers.

the e.max CAD with occlusal veneer, including axial reduction design, demonstrated the maximum fracture resistance
value. Finally, no relationship between fracture strength and mode of failure was found.

Proper preparation design and the use of dental materials with high fracture resistance are key factors in extending
the life of occlusal veneer restorations. The highest fracture resistance was demonstrated by lithium disilicate glass-
ceramic occlusal veneers with axial preparation, which may increase the clinical longevity of teeth restored with

Keywords Occlusal veneers, Preparation design, Lithium disilicate, CAD-CAM, Fracture resistance

Introduction

Nowadays, restorative dentistry is targeting preserving
the tooth structure, and the inquiry for ceramic partial-
veneer restorations is growing, thanks to the tooth struc-
ture preservation and esthetic outcome [1].

Loss of tooth structure can be caused by some other
non-caries lesions, including erosion, abfraction, and
fracture, which induce the destruction of hard tooth
structure that is needed to be restored [2]. In addition,
malformed teeth may also need restoration of tooth
shape for biological, functional, esthetic, or social pur-
poses [3].

Occlusal surface and functional cusps are predomi-
nantly affected by destruction [4], which can affect the
vertical dimension of occlusion, esthetics, maxillo-man-
dibular relationship, and occlusal stabilization [5]. Sur-
vival of tooth and restoration are criticized for preserving
remnant tooth structure [6].

The fracture resistance strength of the dental material
has an essential role in raising the longevity of conser-
vative restoration [1]. Moreover, with the development
of new productive adhesive bonding techniques [6] and
dental materials, there is a preference to select conserva-
tive treatment modalities over destructive treatments.

A less destructive and esthetic restorative substitute
treatment such as partial coverage has been utilized pres-
ently, including inlays, onlays, and overlays [7]. Recently,
occlusal veneers with no margin design have been used
as a restoration for the function and anatomy of a flawed
occlusal surface [8].

Many studies in the past few years have recommended
the use of ceramic occlusal veneers as a standard treat-
ment for worn teeth [9, 10]. Ceramic occlusal veneers
fabricated by the CAD-CAM (computer-aided design-
computer-aided manufacturing) system facilitate most
of the technical difficulty of restoration construction [8].
Thanks to improvements in the CAD-CAM scanner and
milling unit, better optical images and fine-detail restora-
tions are produced [11].

Lithium disilicate is one of the most promising of
these novel materials because of its good medium- and
long-term survivability, strong mechanical strength, and
great optical characteristics. This allows the use of the

material as a monolithic restoration in posterior teeth
as well as for the esthetic anterior sector, making it the
gold standard material for posterior indirect restorations.
Moreover, it showed reasonable biomechanical char-
acteristics in posterior tooth restorations to withstand
occlusal forces at minimum thickness values of 0.7 mm
without affecting their strength [12, 13].

Several publications have reported on the remarkable
fatigue resistance and fracture strength of ceramic over-
lays composed of monolithic lithium disilicate [10]. Three
materials (composite resin, Lava Ultimate, and lithium
disilicate CAD) were compared for fracture resistance in
two thicknesses for ultrathin (0.3 mm) and thin (0.6 mm)
occlusal veneers. For ultrathin occlusal veneers, lithium
disilicate CAD showed unexpectedly better fracture
strength when bonded to both enamel and enamel-den-
tin. Comparable results were observed for Lava Ultimate
and composite resin [14]. According to Heck et al. [15],
lithium disilicate CAD performed better than Empress
CAD and Lava Ultimate in terms of longevity at veneer
thicknesses of 0.3 to 0.5 mm.

The passion to combine the advantages of both zirco-
nia (ZrO2) and lithium disilicate glass-ceramic zirconia-
reinforced lithium silicate (ZLS) was introduced. Which
is a suitable material for both anterior and posterior res-
torations thanks to its aesthetics and mechanical proper-
ties. The high content of glassy matrix gives the material
esthetic properties, while zirconia in a proportion of
8-12% improves the mechanical properties [16]. More-
over, ZLS can be etched, which allows restorations to be
cemented with adhesive systems that are different from
zirconium oxide [17]. ZLS occlusal veneer was evaluated
for fitting compared to hybrid ceramic; it showed larger
marginal and internal discrepancies without significant
difference [18].

When it comes to fatigue resistance, and fracture
load, studies on the mechanical behaviour of occlu-
sal veneers restoration, teeth have demonstrated that
occlusal veneers composed of ZLS and lithium disilicate
had greater fracture resistance than those composed of
PMMA resin and ploymer -infiltrated ceramic [19, 20].
Using finite element analysis (FEA), the stress distribu-
tion of dental occlusal veneers was investigated. The
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materials that were investigated in this study were hybrid
ceramic, lithium disilicate, ZLS, feldspathic, and high
translucency zirconia. High translucency zirconia exhib-
ited the highest stress concentration, as demonstrated by
the data. Lithium disilicate, feldspathic, ZLS, and hybrid
ceramics came next [21]. An ultrathin bonded posterior
occlusal veneer under vertical loading was modelled in a
recent study using FEA with a geometric sphere acting as
an antagonist. The outcomes showed that ceramic mate-
rials and CAD-CAM composite resin can both be good
materials [22]. A further investigation demonstrated that,
in comparison to resin composite occlusal veneers, lith-
ium disilicate had a larger concentration of tensile stress
in the FEA data [23].

Simultaneously with the improvements in ceramics,
there have been advances in bonding and luting agents,
as well as techniques, that have allowed the long-last-
ing success of adhesive restorations to be equal to or
greater than those of mechanical retention [24]. How-
ever, despite improvements in adhesion technology and
ceramic materials, full-coverage crowns are still the most
common restorative treatment option for posterior teeth
[25].

The fracture resistance of occlusal veneers is consid-
ered one of the main elements that can affect the longev-
ity of restoration [26]. In addition, the failure modes can
be noticed. The mode of fracture allows a better under-
standing of the failure mechanism and the distribution of
stresses and predicts the survival of different restorations
under intraoral forces [27]. Fracture resistance may not
only be influenced by the material used but also by the
design of the preparation. Nevertheless, their effect on
fracture resistance is controversial [28].

The present study was aimed at assessing the fracture
resistance of molars restored with occlusal veneers using
two different designs for preparation and fabricated from
two different CAD-CAM ceramic materials. The null
hypothesis implies that neither the preparation designs
nor the materials used will affect the fracture strength of
the occlusal veneer with a significant difference.

Materials and methods

The present study was recognized by the ethical com-
mittee of the Faculty of Oral and Dental Medicine and
Surgery, Kafrelsheikh University, Kafrelsheikh, Egypt
(KFSIRB200-900). Providing power (80%), significance
(5%), a confidence interval (95%), and the effect size
(1.65), the resulting sample size was 9 for each group [1].
A total of 20 specimens were enclosed in each group.
Forty mandibular third molars of relatively equal size
were extracted for therapeutic objectives. All patients
were informed and signed consent for using their
extracted teeth.
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The proportions of each tooth buccopalatally and
mesiodistally were calibrated by a caliper. For the stan-
dardization objective, a 0.5 mm variation was believed
satisfactory for each calibration. It has been reported
that small differences in natural tooth dimensions do not
cause any changes regarding fracture strength values in
vitro [29].

The collected teeth were precisely investigated with 10
x magnification to verify that there were no caries, ana-
tomical defects, or cracks. Calculus and soft tissue remi-
nants were eleminated using a hand scaler and pumice
prophylaxis. The specimens were stored in a 0.1% thymol
solution at room temperature until the beginning of pro-
duction. In order to replicate the periodontal ligament,
first, the mesiodistal width at the mid-root region of
each tooth was measured using a calliper. The teeth were
dipped in melted wax, beginning two millimetres below
the CE]J, to create a 0.2—0.3 mm-thick wax film surround-
ing the root. Using a calliper, the thickness of the root
was measured again after immersion to verify the thick-
ness of the wax coating (extra wax was cut off using a
carver). The next step involved mounting each tooth to a
level 2 mm below the cementoenamel junction using self-
curing acrylic resin (Lucitone HIPA, Dentsply Sirona,
Ballaigues, Switzerland). The teeth were taken out of the
acrylic moulds, and the resin sockets and root surface
were scraped clear of the wax. The melted wax space was
filled with a regular-viscosity polyether impression (Elite
P&P, Zhermack SpA, Polesine, Italy), and the roots were
inserted back into their respective sockets right away. All
the excess material was eliminated.

In accordance with occlusal veneer preparation design,
selected teeth were randomly distributed into two groups
(n=20): group (O) occlusal reduction and group (OA)
occlusal reduction with axial preparation ended with
chamfer finish line. For the purpose of standardisation, a
rubber base index for the crown was made before resuc-
tion to ensure the required thickness of preparation was
reached. In addition, guiding grooves were used. The
reduction of all teeth was performed by a skilled opera-
tor (A. T.) using a high-speed handpiece with a coolant
system and equipped with a micromotor using coarse
diamond (6856.FG.014, Komet, Rock Hill, United States)
and under water irrigation according to the standard
guidelines. The surfaces were refined with fine-grained
diamonds (8856.FG.014, Komet, Rock Hill, United
States).The burs were replaced with a new one after five
times of usage. The design of the tooth preparation was as
follows: Occlusal preparation of all cusps was performed
anatomically to a depth of 1.5 mm for group (O). While,
in group (OA), the tooth margins received an axial reduc-
tion of 1 mm in height that ended with a 1 mm cham-
fer finish line after occlusal preparation. Each group was
additionally split into two subgroups (X) and (S) (#=10),
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according to the CAD-CAM materials used. In subgroup
(X), lithium disilicate (e.max CAD, Ivoclar AG, Schaan,
Liechtenstein) was used, and in subgroup (S), ZLS (Vita
Suprinity, VitaZahnfabrik, Bad Sdckingen, Germany) was
used.

After preparation of all molars, digital impressions
were captured using an intraoral scanner (Medit i700,
MEDIT Corp., Seoul, Republic of Korea), as shown in
Fig. 1A—B. The exported standard tessellation language
(STL) file was transferred to a software program (Den-
talCAD 3.0 Galway 2021, Exocad, Darmstadt, Germany)
to design the occlusal veneer restoration according to the
restoration design of each group. The restoration designs
were sent to a 5-axis milling machine (Coritec 250i, imes-
icore GmbH, Eiterfeld, Germany). For e.max CAD and
vita Suprinity occlusal veneers, additional crystallisation
was done using a furnace (Vita Vacumat 6000 M; VITA
Zahnfabrik GmbH, Bad Sickingen, Germany) according
to the manufacturer instructions.

Following milling, pressure sites on the prepared teeth
were assessed for occlusal veneer restorations. These
areas were detected using a water-soluble pressure-
indicating paint (PIP; Keystone Industries, Singen, Ger-
many). All pressure areas found were eliminated using a
finishing green diamond tip (DCB, Schleifer, Komet Den-
tal, Lemgo, Germany) until full seating was confirmed.
Following try-in, the occlusal veneer restorations were
glazed in accordance with the guidelines provided by the
manufacturers for both materials.

The protocol of cementation was the same for both
materials used according to the manufacturer’s instruc-
tions. The intaglio surfaces of the occlusal veneers were
treated with hydrofluoric acid etch gel 4.5% (Porcelain
etch, Ultradent Products, Cologne, Germany) for 20s,
rinsed, and dried. Surfaces were coated with silane cou-
pling agents (Silane, Ultradent Products, Cologne, Ger-
many) for 1 min. For the tooth side, the prepared enamel
tooth surfaces were treated with 37.5% phosphoric acid
etch (Ultra-Etch, Ultradent Products, Cologne, Germany)
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for 15s, rinsed, and dried. The primer and bond system
(FL-Bond II, Shofu Dental GmbH, Kyoto, Japan) was
applied to the prepared tooth surface according to manu-
facturer instructions. The prime was applied to enamel
and dentin and thinning within 20s, then the adhesive
was applied to tooth structure and cured with light-cure
for 15s.

Occlusal veneers were cemented with a light-cure resin
luting cement (Choice 2, Bisco, Schaumburg, USA). To
help with the restoration’s seating, steady finger pres-
sure was used until any excess cement was released and
removed. A specially made seating device was then used
to apply a steady pressure of 0.5 kg. Each surface was
subjected to a visible light cure (Bluephase G2, Ivoclar
AG Schaan, Liechtenstein) for 20s following the removal
of excess cement. After cementation of occlusal veneers
as shown in Fig. 2A-B, all the specimens were reserved
in distilled water at 37 °C for 1 week and then thermo-
cycled for 5000 cycles with both temperatures of 5 °C
and 55 °C in 2 water baths for 30s at each bath, and the
shifting time was 10s. After thermocycling, a fatigue
test was accomplished using a universal testing machine
(5500R/1123, Instron, Norwood, USA) by exposing the
restored teeth to a dynamic loading of 200 N with a metal
rod 6 mm broad at 6 Hz of frequency.

The specimens were submerged in distilled water at
37 °C for 250,000 cycles during this fatigue simulation.
Immediately after the cyclic fatigue, the fracture resis-
tance of the teeth was evaluated by a universal testing
machine (5500R/1123, Instron, Norwood, USA) with a
load cell of 5 KN. A round-end stainless steel rod with a
6 mm cross-section was used to apply load with a cross-
head speed of 1 mm/min at the center of the line con-
necting the buccolingual cusps until fracture, as shown in
Fig. 3.

Fractographic analysis
All teeth were investigated under a stereo microscope
(Nikon SMZ745T stereo microscope, Nikon Co., Tokyo,

Fig. 1 (A) scanned occlusal veneer preparation and (B) scanned occlusal veneer preparation with short axial reduction
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Fig. 2 (A) Occlusal veneer after cementation for group (O) and (B) Occlusal veneer after cementation for group (OA)

77T,
4 A

B

Fig. 3 Fracture resistance test with universal testing machine

Japan) with 20x magnifications to evaluate failure mode,
which was classified according to Burke’s classification
into 4 categories [30]: (I) fracture within the restoration,
(II) restoration fracture with a small part of tooth, (III)
more than 50% of the tooth structure fractured without
inclusion of root, and (IV) fracture across the restoration
and tooth with inclusion of root. Additionally, fractured
surfaces were examined with scanning electron micro-
scope (SEM) (JSM- 6510 lv; JEOL, Tokyo, JAPAN) at
magnification 250x to evaluate and illustrate the failure
origin and characterize the fractographic features.

Statistical analysis

Data was investigated using IBM-SPSS software (ver-
sion 27, 2020). A 2-way ANOVA was administered to
investigate the effects of preparation design and mate-
rial on fracture resistance. To test for the assumptions of
the two-way ANOVA, residual analysis was performed.
Inspection of a boxplot was used to assess outliers; Sha-
piro-Wilk’s test was used to assess the normality for each
cell of the design; and Levene’s test was used to assess the
homogeneity of variances. For statistically nonsignificant
interactions, the main effect of each factor was reported.
For some violations of assumptions, these results were
compared with those obtained by the nonparametric test

Table 1 Descriptive statistics of fracture resistance (Newton)

Group CAD-CAM material Mean +SD

0 X' 296540 +453.356
S 2608.70 +578.896

‘OA' X' 3625.80 +553512
S’ 3153.80 +464.454

Notes SD=standard deviation

(Scheirer Ray Hare). A Mann-Whitney U-test was used
to compare fracture resistance between the two groups.
The results were considered statistically significant if
P<.050 for any test used.

Results
The descriptive statistics of fracture resistance

(meantstandard deviation) were demonstrated in
Table 1.

Results of two-way ANOVA for fracture resistance (Newton)
There were outliers in all treatment combinations, par-
ticularly O/Z and OA/S. Residuals were normally distrib-
uted (P>.05) in all treatment combinations. There was
homogeneity of variances (P=.961). The test was carried
on, and the results were compared with those obtained
by the nonparametric test.

There was no statistically significant interaction
between group and CAD-CAM materials on fracture
resistance, F(1, 36)=0.125, P=.726, partial n>=0.003.

Therefore, an analysis of the main effects for both
groups and CAD-CAM materials was performed.

Table 2 showed a statistically significantly higher frac-
ture resistance in the ‘OA’ group than that of the ‘O’
group, regardless of the CAD-CAM material, and a sta-
tistically significantly higher fracture resistance in the ‘X’
than that of the ‘S’ CAD-CAM material, regardless of the

group.

Results of scheirer ray hare data analysis tool

The assumptions are that the interaction groups must be
equal-sized and contain at least five sample members. In
our data, this assumption was met (the interaction groups
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Table 2 Main effect of group and CAD-CAM materials on
fracture resistance

Main effect  Mean SE F Sig. Partial n?
Group

o 2787.05 115.26 13.674 <0.001 0.275

‘ON 3389.80 115.26

CAD-CAM material

X 3295.60 115.26 6.462 0.015 0.152

S 2881.25 115.26

Notes SE=standard error. Sig. = significance (p-value). Partial n? is a measure of
effect size

Table 3 Scheirer ray hare test for two-way ANOVA on ranked
data (fracture resistance)

Test Ss df H P-value
Rows 5476 1 4.006829 0.045
Columns 13924 1 10.18829 0.001
Interaction 16 1 0.011707 0914
Within 33884 36

Total 5330 39

Notes df =degrees of freedom. SS=Sum of squares

Independent-Samples Mann-Whitney U Test

Groups
‘0" group ‘0A' group
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Fig. 4 Mean ranks of fracture resistance in the two groups

are equal-sized, with 10 sample members per group). The
test was done using the Real Statistics Data Analysis Tool
(the Real Statistics Resource Pack in Excel). The row fac-
tor was the CAD-CAM material, while the column factor
was the group. The null hypothesis for the Rows factor,
namely that the two archwires are equally effective, is
rejected (P=.045); the null hypothesis for the Columns
factor, namely that the two groups are equally effective,
is also rejected (P=.001); and the CAD-CAM material *
group interaction was not statistically significant (P>.05).
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Independent-Samples Mann-Whitney U Test
CAD-CAM materials
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Fig. 5 Mean ranks of fracture resistance in the two CAD-CAM materials

Table 4 Mode of failures in different subgroups

groups subgroups Failure modes
| 1l 1 \'%
) X 0 2 4 4
S 0 2 4 4
OA X 0 2 3 5
S 0 1 4 5

Table 3 showed the results of the Scheirer Ray Hare
Test for a two-way ANOVA on ranked data, which was
run to assess the interaction and main effects of group
and CAD-CAM material on fracture resistance. Like the
results of a two-way ANOVA, there was no statistically
significant interaction between group and CAD-CAM
material on fracture resistance. The main effects of each
factor were statistically significant.

Figure 4 showed a statistically significantly higher mean
rank of fracture resistance in the ‘OA’ group compared
to the ‘O’ group (P=.001). The median (Q1-Q3) was
2774 (2630.3-3105) in the ‘O’ group compared to 3367.5
(3021.5-3693.5) in the ‘OA’ group.

Figure 5 showed a statistically significantly higher mean
rank of fracture resistance in ‘X’ material compared to
‘S’ material (P=.046). The median (Q1-Q3) was 3276.5
(2895-3668.5) in ‘X’ material compared to 2878.5 (2660.3-
3244.8) for ‘S’ material.

Failure mode analysis

Failure modes after the fracture resistance test for
two groups were demonstrated in Table 4. The results
showed that type III and type IV failure modes were
the most common in both groups—about 80% of failure



Taha and Hafez BMC Oral Health (2024) 24:1168

modes—and type II failure mode was the least common,
while the specimens didn’t show any failure modes for
type L.

The same failure patterns were revealed by the frac-
tographic investigation for both restorative materials.
Radial crack failures were seen in the lithium disilicate
and ZLS occlusal veneers. Furthermore, a ring break was
observed in the loading site’s central fossa in group (O).
The fracture extended to the tooth structure, the crown’s
edge, the groove, and the fossa. On the contact loading

Occlusal veneer Origin of load

Tooth structure

Y
Occlusa veneer

" Origin of load

Radial fracture

-~

Origin of load
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area of the occlusal surface, layered and imbricate frac-
tures were observed as shown under stereomicroscope
in Fig. 6A-F. According to SEM, these failures started
at the loading site on the occlusal surface and moved
towards the bonding surface. The direction of the crack’s
propagation and its hackle lines were noticed as shown in
Fig. 7A-C.

Origin of load

Occlusa veneer

Tooth structure

origin of load

Cracked tooth
structure

Occlusal veneer crack propagation

Tooth structure

Fig. 6 (A) stereomicroscope view of failure mode with x20 magnifications (A and B) failure mode type II, (C and D) failure mode type Il and (E and F)
failure mode type IV (showing origin of load, origin of fracture, and ring fracture)
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Origin of Load

v

Occlusal veneer

—_——
o

X200 100pm

X200 100pm

Fig. 7 SEM view of fractured surface with magnification x200 showing (origin of load, H=hackle, and dcp = crack propagation direction) (A) failure mode

type Il, (B) failure mode type Il and (C) failure mode type IV

Discussion

The results of current research stated that fracture resis-
tance showed a significant difference between groups
regardless of materials and significant differences in frac-
ture resistance between materials regardless of prepara-
tion design. Thus, the null hypothesis was rejected.

At the present time, conservative restorative modalities
have the primary interest of clinicians because they allow
minimal tooth reduction with conservative preparation
designs [31]. In turn, occlusal veneers emerged, and some
in vitro studies reported that veneer restorations fabri-
cated from high-strength ceramic materials produced
predictable restorations for worn occlusal surfaces [20].

Unfortunately, there is little evidence about novel
occlusal veneer restoration design compared with occlu-
sal veneer, including axial preparation design. Accord-
ingly, restorations with a minimal preparation design
issue are still arguable, and it is essential to examine
preparation designs midway between occlusal veneers
and a full veneer crown.

Because the polyether impression behaves in a vis-
cous and non-linear manner under external force, simi-
lar to the behaviour of the periodontal ligament, it was
chosen for the current study. The elastic modulus of the
Impregnum Soft Light Body was assessed in a different

investigation, and it was discovered to be more similar to
the human periodontal ligament [32].

The thickness of the occlusal veneer used in the pres-
ent study was 1.5 mm, as it was stated in a previous
study that thickness or more may be critical for posterior
crowns milled from lithium disilicate. The same study
presented that 1.5 mm occlusal thickness compared to
1.0 mm revealed a high significant difference in fracture
resistance, which might be an important factor in the
survival rate of ceramic crowns. But no significant dif-
ference was found between the restorations with thick-
nesses of 1.5 mm and 2.0 mm [33].

ZLS was used in the present research and compared
to lithium disilicate, as it has been approved by several
studies to have fracture resistance values higher than the
physiological masticatory force ranges (230-698 N) [19].
Additionally, the zirconia fillers may act as an additional
toughening mechanism [34]. Moreover, it is an etchable
ceramic and exhibits high translucency [35].

In the current study, a light-cure resin luting cement
(Choice 2, Bisco, Schaumburg, USA) with a primer sys-
tem (FL-Bond II, Shofu Dental GmbH, Kyoto, Japan) was
used for cementation. Recently, several forms of resin
cement have been introduced, and the popularity of self-
adhesive resin cement has increased because of its ease



Taha and Hafez BMC Oral Health (2024) 24:1168

of application in one step. Furthermore, it has been dem-
onstrated that its mechanical and adhesion features are
much lower than those of conventional resin cements
using three steps [36]. Accordingly, conventional resin
cement was used to avoid much weaker values with self-
adhesive resin cement.

The selected finish margin for the preparation was a
chamfer, as it was well produced by the milling machine
because of the round internal, and in addition, the burs
can’t mill sharp angles. Different margin configurations
for ceramic crowns were evaluated in a systematic review
and found that the chamfer margin has better internal
adaptation than that with a shoulder [37]. Additional
research has evaluated the fracture resistance of CAD-
CAM crowns with different finish line configurations and
stated that crowns with a chamfer finish line afford resis-
tance to fracture, which is higher than that for crowns
with a shoulder finish line [38].

The current study simulated the temperature fluc-
tuations of an oral cavity and six months of clinical care
using thermocycling, which involved 5000 cycles at
bath temperatures of 5 °C and 55 °C and dwell lengths
of 20s [39]. In addition, the specimens were subjected to
250,000 cycles of fatigue simulation, which is equivalent
to one clinical year of function [40].

The current study’s findings demonstrated that, regard-
less of the CAD-CAM material, occlusal veneers with
axial preparation had a higher fracture resistance than
those without (P<.001). This difference was statistically
significant. The mean fracture resistance for both mate-
rials was found to be (2787 N) in group O and (3389 N)
in group OA.The explanation is that the short axial walls
with chamfer margin might have been resisting the shear
stresses within the walls and better distributing the load
across the margin, thus decreasing the load on the occlu-
sal surface [41].

The results of previous research have been agreeable
and have shown that preparation design has an effect
on the fracture resistance of partial veneer restorations
[42, 43]. But research studying the effect of preparation
designs on an occlusal veneer is limited [1].

The result of the present study was not agreeable with
Falahchai et al. [1], as they stated that most conservatively
occlusal veneers prepared with an anatomical occlu-
sal reduction resulted in higher fracture resistance than
those prepartions that included a chamfer preparation.
But both studies were in agreement that both preparation
designs had satisfactory results for fracture resistance.

A recent study by Jurado et al. [44] reported that occlu-
sal veneers with both preparation designs showed no sig-
nificant difference in fracture strength. Another study by
Jurado et al. [45]. stated that occlusal veneers with a mar-
gin had higher fracture resistance than those without a
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margin, and this result is consistent with the result of the
present study.

The fracture resistance of ‘e.max CAD occlusal veneers’
(3295 N) showed a high statistically significant difference
than the fracture resistance of ‘vita suprinity’ (2881 N)
CAD-CAM material regardless of the group (P=.015).
The inclusion of zirconia in the microstructure appears
to increase material hardness, making it more susceptible
to chipping during milling [46]. The adaptation of resto-
ration can be compromised by chipping, which indirectly
decreases fracture loads [47].

This result agreed with other research [48, 49] applied
to different restorations, which stated that lithium dis-
ilicate occlusal veneers exhibit higher fracture resistance
than ZLS. On the contrary, some other studies revealed
the opposite results [50, 51].

Another study by El Ghoul et al. [52] examined
the fracture resistance of endocrown, and the results
revealed a higher fracture resistance for lithium sisilicate
compared to ZLS, which is consistent with the result of
the present study.

A fractured surface’s topography exhibits traditional
crack patterns that are indicative of the material and
related stress state. Understanding a portion, if not the
all of the failure history, depends on the identification of
these markers. The accurate replication of the cracked
surface made it possible to identify classic features with
high accuracy, which in turn revealed the direction in
which the crack propagated and occasionally the fracture
origin [53].

According to the results of this research, the restora-
tion-cement-tooth complex showed evidence of a stron-
ger bond than the applied force when crack formation
without debonding form of failure occurred. Moreover,
variations in preparation designs and materials used
showed different variations of failure modes; neverthe-
less, there were no significant differences. It was found
that in about 80% of the restoration failures noticed in
this study for type III and IV, the tooth structure was
fractured through the restorative material damage, which
was agreeable with the previous studies [1, 8].

This might be as a result of the rigidity of both mate-
rials, their higher modulus of elasticity (100 GPa) than
dentin, and the enormous stress concentrations they
induce in crucial places, which could result in disastrous
failures [54]. Failure mode investigation has been con-
ducted to provide insight into the failure patterns and
mechanical behaviour of ZLS restorations. It has been
demonstrated that catastrophic and irreversible fracture
patterns are the fundamental problem for silicate-based
materials such as lithium disilicate and ZLS [55].

The limitations of this research are: firstly, the rearch
was in vitro, which may vary from a clinical one; the intra-
oral scanning procedures would be more complicated
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because of saliva; and the accessibility of the scanner
handling in the oral cavity. Secondly, the variation of
the occlusal cusp angle of the crown and tooth substrate
removal must be considered, as it results in different
angulations of the prepared cusps that vary between the
groups and affect the results. In addition, previous stud-
ies stated that the failure rate increased with a steep-
angled cusp inclination compared to more flatter cusp
angles [56]. Moreover, since extracted human molars
were utilized, the age and size differences limit standard-
ization of teeth [57]. Future research with a larger sample
size and long-term in vivo studies is required to ensure
the results of the present study.

Conclusions
Under the limitations of this study.

« All materials used (lithium disilicate and ZLS) and
preparation designs for occlusal veneer had clinically
acceptable fracture resistance values that exceeded
the maximum biting forces.

+ Occlusal veneer with axial preparation had the
highest fracture resistance values, no matter the
materials used.

« Lithium disilicate occlusal veneers had the highest
fracture resistance values, no matter the preparation
design.

+ There was no correlation discovered between
fracture strength and manner of failure.
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