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Abstract Aims: This research aims to measure and compare the fracture resistance and modes of

failure of the following three chemically varied computer-aided design/computer-aided manufactur-

ing (CAD/CAM) ceramic veneering materials: IPS e.max CAD, Vita Enamic, and Shofu HC.

Materials and methods: Twenty-seven sound human upper premolars were collected and stored in

saline at room temperature until the experiment started and were assigned to three groups at random

(n=9).Putty indiceswereprepared to ensure a standardizedbutt joint preparation.An InEosX5 scanner

was used to scan all the samples, and the resulting datawere transferred to aCAD/CAMmillingmachine

for veneer fabrication based on the materials used. Twenty-seven machined ceramic veneers were milled

from three different ceramicmaterials. The cementation processwas conducted for eachmaterial accord-

ing to themanufacturer’s instructions. Toquantify the fracture resistance, all the samples underwent 2000

water cycles in a thermocycler and were thenmounted in a universal testing machine at a 90� angle at the
occlusal part of the veneer. Themodes of failure were determined under a stereomicroscope and grouped

into type I, ceramic fracture; type II, combined ceramic and tooth fracture; and type III, root fracture.

Results: ShofuHChad the highest mean (±standard deviation) fracture resistance (480.8± 92.8N),

followed by IPS e.maxCAD (415.9±147.2N) andVitaEnamic (372.3±123.9N).However, the results

of a one-way analysis of variance did not reveal statistically significant differences among the experimen-

tal groups (p = 0.194). The different groups exhibited different modes of failure, with ceramic fracture

being the most common type of failure.

Conclusion: All the materials tested in this study exhibited strong fracture resistance values, thereby

indicating their use as veneering materials for the upper premolars.
� 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Over the past years, esthetic dentistry has gradually devel-

oped into a significant aspect of restorative dentistry, par-
ticularly in veneer placement, owing to the resulting
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favorable esthetic and long-term outcomes (Gresnigt, 2011;
Alothman and Bamasoud, 2018). Veneers are also used for
posterior teeth due to increased patient expectations and

demands for an excellent esthetic appearance (Summitt
et al., 2006).

Several types of veneering materials have been used over

the past years. The selection of materials plays a crucial role
in the lifespan of restorations, as each material has its own
composition and properties (Alothman and Bamasoud, 2018;

Fons-Font et al., 2006). Ceramic is one of the most commonly
used materials for indirect dental restoration.

The advances progress in the field of digital computer
technology has led to the increased usage of CAD/CAM

systems in dental practice (Nejatidanesh et al., 2018). This
allows for performing the restoration procedure in a more
delicate, precise, functional, and faultless manner, thereby

increasing the accuracy and quality of dental restorations
(Blatz and Conejo, 2019; Mörmann, 2006; Miyazaki et al.,
2009). The continuous developments made to this approach

have enabled the manufacture of numerous machinable
materials with variable indications (Nejatidanesh et al.,
2018).

The advances in CAD/CAM technology have led to the
introduction of IPS e.max CAD, a lithium disilicate glass-
ceramic material, for the first time in 2006 (Ivoclar Vivadent,
Scientific Documentation IPS e.max CAD, 2011; Li et al.,

2014). It has been used as a monolithic material to produce
crowns, three-unit bridges, implant-supported hybrid restora-
tions, veneers, inlays, and onlays ( Ivoclar Vivadent, 2011;

Pieger et al., 2014). Owing to its excellent strength, esthetic
properties, and user-friendliness, the use of IPS e.max CAD
has been growing throughout the years (Willard and Gabriel

Chu, 2018).
A polymer-infiltrated ceramic network material known as

‘‘hybrid ceramic” has been developed. This material combines

the advantages of both composites and all-ceramic restora-
tions. It has a microstructure resembling that of a natural
tooth (Coldea et al., 2013; Della Bona et al., 2014). In 2013,
the first hybrid ceramic material, ‘‘Vita Enamic,” (VITA Zah-

nfabrik, Bad Säckingen, Germany) comprised of interpenetrat-
ing networks of 14% composite with 86% ceramic was
introduced (Coldea, 2014). In 2017, the Shofu Company

launched a new type of hybrid ceramic called ‘‘Shofu HC.”
It consists of 61% zirconium silicate embedded within a nano-
filler composite that forms a skeleton that evenly absorbs the

masticatory loads and enhances fracture resistance (Shofu,
2017).

Clinical evaluation of ceramic veneer restorations showed
an overall survival rate of 97.5% over 5 to 7 years, with

fracture and debonding as the predominant types of failure
(Monaraks and Leevailoj, 2018). Fracture resistance needs
to be considered while selecting a restorative material and

is of particular significance, especially in posterior teeth,
on which the masticatory load is considerable (Belli et al.,
2017). Due to the insufficient research related to this topic

in the literature, the objective of this study was to measure
and compare the fracture resistance of three chemically dif-
ferent CAD/CAM ceramic materials for fabricating veneer,

IPS e.max CAD, Vita Enamic, and Shofu HC. In addition
to assessing their modes of failure in a standard veneer
preparation for the maxillary premolars.
2. Materials and methods

2.1. Teeth selection

This studywas conducted after obtainingResearch Ethics Com-
mittee of Ajman University (UGD-H-18-11-22-14). Using an

ultrasonic scaler, twenty-seven extracted, sound, non-cracked,
non-discolored, and unworn human maxillary premolars were
cleaned. The teeth were then stored at room temperature in sal-

ine. Teeth had been obtained due to orthodontic and periodon-
tal reasons within the 6 months prior to the experiment.

2.2. Teeth mounting

With the help of a periodontal probe, the teeth were marked
2 mm apical to the cementoenamel junction (CEJ). To simulate
the periodontal ligament, the teeth were dipped in heated mod-

eling wax until up to 2 mm below the CEJ, which produces the
effect of a spacer. To simulate the presence of the alveolar
bone, the teeth were mounted in self-cure resin (SpofaDental,

Duracryl Plus,) 2 mm apical to the CEJ using a mold that is
16 mm wide and 25.8 mm high; they were mounted parallel
to the long axis of the mold to mimic the natural biologic

width. The modeling wax was then replaced with light body
polyvinyl siloxane (Hydrorise light body fast set, Zhermack
SpA, Italy) impression material. All the aforementioned steps
were performed for standardized teeth mounting (Soares

et al., 2005).

2.3. Tooth preparation

Heavy body silicone (Hydrorise putty- fast set, Zhermack
SpA, Italy) was used to fabricate indices for all the teeth to
ensure standardized preparation of mounted specimens.

Before the process was commenced, the outlines of the prepa-
ration were marked. All the teeth were prepared under magni-
fication loupes (3.1x) with a high-speed hand piece under
constant cooling. The standardized preparation of the teeth

was accomplished using veneer preparation burs (ecoline, Kal-
letal, Germany). The facial preparation was 0.5 mm in the
middle and occlusal thirds and 0.4 mm cervically. The buccal

cusp was reduced by 1 mm bucco-palatally and 1.5 mm
occluso-cervically. The preparation was completed using the
butt joint design. The preparation was finished 1 mm occlusal

to the CEJ and just labial to the contact area (Fig. 1). The
reduction was restricted to the enamel. Finally, the preparation
was checked using a specially marked probe and the cus-

tomized putty index from the lateral view to ensure that ade-
quate facial and occlusal reduction was achieved (Abdul
Khaliq and Al-Rawi, 2014).

2.4. Teeth grouping

The prepared teeth were distributed into three groups at ran-
dom (n = 9):

Group I: IPS e.max CAD (Ivoclar Vivadent, Schaan,
Liechtenstein, Germany).

Group II: Vita Enamic (VITA Zahnfabrik, Bad Säckingen,

Germany).
Group III: Shofu HC (Shofu, Tokyo, Japan).



Fig. 1 Standardized tooth preparation. (a & b) Proximal view. (c) Facial view. (d) Occlusal view.

An in-vitro comparison of fracture resistance of three CAD/CAM veneers 747
2.5. Scanning and veneer fabrication

The InEos X5 scanner (Dentsply Sirona, Bensheim, Germany)

scanned all samples, and the digital scan data was saved and
transferred to a Sirona inLab MC X5 (Dentsply Sirona)
CAD/CAMmachine. Standardized designs of the veneers were
established for the upper premolars and were adjusted using

the machine software, and an order for milling samples was
set for veneer fabrication (Fig. 2).

The IPS e.max CAD ceramic laminate veneers appear to be

blue in color in their pre-sintered form. Once milled, the
veneers were fired in a ceramic furnace (Ivoclar Vivadent). This
process imparts the glass ceramic with its ultimate strength and

esthetic properties.
The veneer shells had the same dimensions of the standard-

ized tooth reduction. This was confirmed using a digital dial
gauge, with accuracy of 0.01 mm.

2.6. Try-in

After obtaining the veneer shells, the veneer try-ins were per-
formed on the corresponding teeth using an OptraStick

adhesive-tipped handling instrument to ensure a primary fit.

2.7. Cementation

Group I (IPS. e.max CAD): The veneer surfaces were etched
with 5% hydrofluoric acid (HF) (IPS Ceramic etching, Ivoclar

vivadent) for 20 s, washed, and then dried. Single Bond,
Universal Adhesive bonding agent (3 M ESPE, St. Paul,
MN, USA) was applied to the internal surface of the veneers

and excess was removed by using gentle air flow for 5 s to
ensure the solvent evaporation. The prepared teeth were etched
with 34% phosphoric acid etching gel (3 M ESPE, Scotch-
bondTM, Universal Etchant) for 15 s. The gel was thoroughly

rinsed off using a water spray for 10 s. The excess moisture
was then removed by gentle air blow, leaving the prepared sur-

face with a slightly glossy moist appearance. The Single Bond
Universal Adhesive bonding agent (3 M ESPE) was applied by
rubbing it onto the entire prepared surface for 20 s using a dis-

posable applicator; this was followed by air spreading for 5 s
without light curing. RelyX Veneer cement (3 M ESPE, St.
Paul, MN, USA) was applied onto the internal surface of

the veneers. They were seated and held in place while maintain-
ing gentle pressure, and the excess cement was removed using a
clean microbrush. The next step involved spot light curing via
a dental lightcuring unit (2500mAh, mini LED, SATELEC

ACTEON) applied onto the facial surface of the veneer for
20 s. Following which the excess cement was removed. Then
light curing was then performed for approximately 30 s for

each of the labial, lingual, interproximal, and occlusal surfaces
(per the manufacturer instructions, for every 1 mm of ceramic
material, the segment needs to be polymerized for at least 10 s).

Group II (Vita Enamic): The inner surfaces of the veneers
were etched using 5%HF for 60 s, then rinsed and air dried. This
was followed by acid etching with 34% phosphoric acid etching

gel (3 M ESPE, ScotchbondTM, Universal Etchant) for 5 s. The
RelyX ceramic primer (3 M ESPE, St. Paul, MN, USA) was
applied onto the internal surfaces of the veneers, and they were
air dried gently. The prepared teeth surfaces were etched using

34% phosphoric acid etching gel (3 M ESPE, ScotchbondTM,
Universal Etchant) for 30 s, washed for 30 s, and air dried for
20 s. Equal amounts of EDprimer II A&Bof Panavia (Kuraray

Noritake Dental Inc, Chiyoda-ku, Tokyo, Japan) were mixed
together, and the mixture was applied onto the etched surfaces
of the teeth, allowed to react for 30 s, and then air-dried. Equal

amounts of PanaviaF2.0 pastesA&Bwere dispensed,mixed for
20 s, and then applied directly onto the internal surface of the
veneers. The excess cement was removed, and light curing was
performed for 20 s per surface.

Group III (Shofu HC blocks): The internal surfaces of the
veneers were etched using 5% HF for 20 s, washed thoroughly,



Fig. 2 (a) Image generated by the inEos X5 scanner (Dentsply

Sirona) depicting the design of the veneer. (b) Image depicting the

fitting of the veneer over the corresponding scanned tooth

preparation. (c) The veneer shell.
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and then dried. The surfaces were cleaned with ethanol
(alcohol). HC primer (Shofu, Tokyo, Japan) was then applied

and dried until it no longer moved, followed by light curing for
10 s. The prepared teeth surfaces were etched using 34% phos-
phoric acid etching gel for 15–30 s and then rinsed off with a

water spray for at least 5 s. The excess moisture was then
removed, leaving the prepared surface with a slightly glossy
wet appearance. One drop each of ResiCem Primer A and B
were dispensed onto a dish, mixed, then applied onto the teeth,

kept in place for 20 s, and air dried. ResiCem Paste (Shofu,
Tokyo, Japan) was applied onto the adhesive surfaces of the
pretreated veneers. The veneers were seated on the prepared

surfaces, then pressed. The excess paste was wiped off thor-
oughly with a microbrush, and the veneer was light cured for
10 s. The areas where the light was not able to reach were
chemically cured. After cementation, all the samples were kept
in an incubator for 24 h.

2.8. Thermocycling

In order to simulate a two-year period of the aging process, all

the samples were subjected to 2000 cycles of water baths in a
thermocycler (SD Mechatronik, Feldkirchen-Westerham, Ger-
many) at temperatures changing from 5 �C to 55 �C with 5 s

interval (Chun et al., 2010).

2.9. Measuring fracture resistance

All the samples were mounted onto the universal testing
machine (M350-5CT, Testomatric, UK) perpendicular to the
tooth’s long axis to simulate the effect of force application dur-
ing function (Fig. 3). Load to fracture was applied at the speed

of 0.5 mm/min (Akoğlu and Gemalmaz, 2011; Linhares et al.,
2018) using a locally manufactured customized plunger (chisel
shaped steel rod with its flat end having a diameter of 1 mm

and a length of 3 mm) fixed onto the upper movable part of
the machine (Khatib et al., 2009) set at the occlusal surface
of the veneer (Gresnigt et al., 2011). The highest load reading

at which each sample was fractured was recorded in Newtons
(N) by a software system.

2.10. Modes of failure

The samples were inspected under a stereomicroscope at 30x
magnification (Upser-SGI limited, Edenbridge, UK) to deter-
mine the modes of failure. The modes of failure were classified

into three types: type 1, ceramic fracture; type 2, combined
ceramic and tooth fracture; and type 3, root fracture.

2.11. Data analysis

The SPSS software application (IBM SPSS analytics version
22, Chicago, IL, USA) was used to perform the statistical anal-

ysis. The data were analyzed using the Kolmogorov-Smirnov
test to check the assumption of normality. A one-way analysis
of variance (ANOVA) with significance level set at p < 0.05
was used to measure the failure load. The numbers and types

of failures were assessed. The differences among the study
groups were detected using a chi-square test.

3. Results

3.1. The force of fracture

The fracture strengths (mean ± standard deviation) were
480.8 ± 92.8 N, 415.9 ± 147.2 N, and 372.3 ± 123.9 N for

group III, group I, and group II, respectively (Fig. 4). The
results of the ANOVA revealed no significant differences
among the experimental groups (p = 0.194).

3.2. Modes of failure

The results of the chi-square test did not reveal significant dif-

ferences among the tested groups. The most common type of
failure was ceramic fracture that was exhibited by 55.6% of



Fig. 3 The specimen was aligned onto a universal testing

machine using an angle adjustment table so that the load was

applied along the long axis of all the samples perpendicular to

their veneer’s occlusal surface.

Fig. 4 A bar chart representing the mean fracture strength (N) in

the different groups.

Fig. 5 Representative photographs of failed specimens. (a) Type

1: Ceramic fracture. (b) Type 2: Combined ceramic and tooth

fracture. (c) Type 3: Root fracture.
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the preparations. The least common type of failure was root
fracture observed in 14.8% of the preparations. The combined
ceramic and tooth fracture was observed in 29.6% of the spec-
imens (Fig. 5).

The percentage of each type of failure in each group is pre-
sented in Table 1.

4. Discussion

There are limited studies that tested the fracture resistance
property of various laminate veneer materials. Additionally,
there are very few studies that have tested upper premolar
veneers for fracture resistance. In this study, the upper premo-
lars were selected due to their relatively comparable sizes to

those of other teeth in the oral cavity. Clinically, Increased
patients’ esthetic demands to the extent of including posterior
teeth, such as upper premolars, was also an important factor in

teeth selection. Among the tested materials, Shofu HC was dis-
cussed for the first time in this paper, as no other studies have
investigated the fracture strength of this type of veneer
material.



Table 1 The number of samples and mode of failure frequency of the veneer failure modalities in each experimental group.

Fracture Types Group I Group II Group III Total

Type I: Ceramic fracture 6 (66.7%) 4 (44.4%) 5 (55.6%) 15 (55.5%)

Type II: Combined ceramic and tooth fracture 3 (33.3%) 2 (22.2%) 3 (33.3%) 8 (29.6%)

Type III: Root fracture 0 (0.0%) 3 (33.3%) 1 (11.1%) 4 (14.8%)

Total 9 (100.0%) 9 (100.0%) 9 (100.0%) 27 (100.0%)
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Among the types of failures associated with ceramic
restorations, material fracture emerged as the biggest concern

(Reiss and Walther, 2000; Donovan, 2008). Although felds-
pathic ceramics are strong, they are brittle with low fracture
toughness and a vulnerability to failure in the presence of flaws

(Ruse and Sadoun, 2014). Two diametrically opposed solu-
tions have been proposed for overcoming this problem. One
involves the advancement of tougher materials, such as lithium

disilicate glass–ceramic (Guess et al., 2013), and the other
involves the use of more flexible materials, such as a hybrid
ceramic (He et al., 2011).

Assessing the clinical performance of ceramic veneers

revealed lower survival rates in cases in which adhesive cemen-
tation was carried out without tooth preparation (Shaini et al.,
1997). In vitro studies have demonstrated that ceramic fracture

was frequently associated with the palatal chamfer preparation
design. On the other hand, the butt joint preparation technique
resulted in minimal reduction of tooth strength, and the evi-

dence supports the use of butt joint preparations (Chai et al.,
2018). In this study, the reduction depth and cementation fol-
lowed were recommended by the manufacturers (Ivoclar Viva-
dent, VITA Zahnfabrik, and Shofu) that claim that only if

their recommendations were followed, these materials would
be in their strongest state.

The fracture resistance test results were the highest in group

III with a mean value of 481 N. This can be attributed to the
composition of the densely packed nanofiller of the Shofu
block embedded in 61% zirconium silicate, as reported by

Shofu in 2017 (Shofu, 2017). The lower modulus of elasticity
(9.6 GPa) exhibited by Shofu HC correlates to its increased
deformation under the applied load, thereby indicating a

greater ability to absorb stress when compared to IPS e.max
CAD and Vita Enamic. Another possible factor that could
be responsible for the high fracture resistance in this group is
the effective bonding of the ResiCem primers and cement.

The mixture of the self-conditioning dental primers A and B
gently penetrates the microstructures of the enamel and dentin.
This can also justify the type I and type II failure modes that

were observed with this material.
The material that exhibited the second highest value of frac-

ture resistance was IPS e.max CAD with a mean of 416 N, and

the most frequent mode of failure with this material was type I,
followed by type II failure. These findings can be attributed to
the considerable strength of the ceramic content as it is com-

posed of 70% fine-grain lithium disilicate crystals embedded
in a glassy matrix, as described by Ivoclar Vivadent ( Ivoclar
Vivadent, 2011). Another factor that could potentially be
responsible for these findings is the bond strength between

the ceramic and prepared tooth surface.
Vita Enamic was the least fracture resistant material with a

mean of 372 N. The modes of failure in this group were rela-

tively comparable to those of the other groups, with the most
common mode of failure being type I, followed by type III and
type II failures. Vita Enamic consists of two 3-dimensional

interpenetrating network structures: the predominant fine-
structure feldspar ceramic network (75% by volume or 86%
by weight) that is reinforced by a polymer network consisting

of methacrylate polymer (14% by weight or 25% by volume)
(Coldea, 2014). The increased content of the glassy phase
weakens the framework by lowering the resistance to crack

propagation (Alla, 2013; Sakaguchi and powers, 2007).
The results of the one-way ANOVA demonstrated that

there were no statistically significant differences among the
experimental groups (p = 0.194). In this study, all the CAD/

CAM ceramic veneers were adhesively bonded to the etched
enamel. This type of cementation allowed for a conservative
preparation and a stronger bond to the enamel surface.

IPS e.max CAD (group I) exhibited higher fracture resis-
tance values than Vita Enamic (group II). This finding is in
agreement with the results of the studies by Albero et al.

(2015), Sagsoz and Yanıkoglu (2018), Al-Akhali et al. (2017),
and Sagsoz et al. (2018). Although these studies used blocks,
monolithic crowns, occlusal veneers, and inlays, respectively,
their findings are still in consistent with the findings of this

study. Two recent studies (Al-Akhali et al., 2017; Andrade
et al., 2018) used occlusal veneers made of similar materials
(Vita Enamic and IPS e.max CAD) along with other different

comparative materials and reported the same results. In 2017,
Al-Akhali et al. evaluated the performance of occlusal veneers
placed on the first upper premolars and found that the IPS

e.max CAD samples exhibited higher fracture resistance than
the Vita Enamic samples; however, no statistically significant
differences were noted among these tested groups. Andrade

et al. (2018) showed the same findings in a study that tested
the fracture resistance of occlusal veneers on 60 natural wis-
dom teeth. They found that Vita Enamic had the lowest frac-
ture resistance while IPS e.max CAD had the highest.

It is noteworthy that all the veneering materials tested in
this study represented ceramic fractures as the most frequent
type of failure observed in 55.5% of the samples. This type

of failure is relatively favorable and allows for easy intraoral
repair. The most likely reasons are the type of teeth prepara-

tion and the design of the experimental setup including the

fracture load point and the load direction that resulted in chip-
ping or veneer fracturing before the applied force was trans-
mitted to the tooth structure (Lin et al., 2012).

In addition to adequate adhesion and high flexural
strength, the relatively weak enamel margins or dehydrated
tooth surfaces could potentially be other reasons behind the
type II failures observed in a total of 29.6% of the specimens.

Further, 14.8% of the specimens among all tested groups were
found to exhibit type III failures (Root fractures). Since equal
amounts of dental tissue have been prepared, the differences in

the properties of the teeth structure resulted in variations of
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enamel thickness between teeth, especially at CEJ, which may
have been contributed to this finding. As well as variations in
the storage media, duration of time elapsed since the extrac-

tion, individuals’ ages, and quality of the extracted teeth. Gen-
erally, human teeth are quite diverse in their quality, and
therefore, standardization among samples is challenging

(Peumans et al., 1999). Good bonding strength between the
tooth and the veneer resulted in no debonding.
5. Conclusion

Within this study’s limitations, there were no statistically sig-
nificant differences in fracture resistance among the three

chemically different types of CAD/CAM materials used for
fabricating labial veneers. Furthermore, no significant differ-
ences between the three groups were identified in terms of fail-

ure modes, with ceramic fracture being the most frequent type
of failure.

Clinical significance: Selecting an appropriate material for
veneering the posterior teeth is critical for clinicians, especially

in regions where there is excessive occlusal load. All the CAD/
CAM veneer materials showed high resistance to ceramic
fracture.
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