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ABSTRACT

Purpose:To evaluate the fracture resistance of the
laminate veneer constructedof lithium disilicate
(IPS e.max CAD), zirconia reinforced lithium
silicate (Celtra Duo), and ultra-translucent zirconia
(Katana) cemented withresin cement.

Material and methods:Thirty prepared PMMA
resin abutments were milled and used in this
study.Thirty laminate veneers were milled from
lithium disilicate (IPS e.max CAD), zirconia
reinforced lithium silicate (Celtra Duo), and ultra-
translucent zirconia (Katana) and cemented with
variolinkesthetic resin cement. The specimens were
subjected to thermocycling and cycling loading.
The specimens were subjected to a fracture
resistance test.

Results:Statistical significant difference was found
infracture resistance between the IPS e.max and
Celtra Duo and between the katana and Celtra Duo,
while there was no statistically significant
difference between the IPS e,max and katana. IPS
e.max showed the highest fracture
resistance(272.57+8.44)  followed by Kkatana
(249.77+£18.43) and the least fracture resistance
was in Celtra Duo (195.34+38.22).
Conclusion:There was a non-significant difference
between IPS e.max CAD and katana, while there
was a significant difference between the IPS e.max
CAD and Celtra Duo, and between the katana and
CeltraDuo.

KEYWORDS:Laminate veneer; ceramics; fracture
resistance test.

l. INTRODUCTION

Improvement of ceramic materials,
adhesive system, and clinical techniques make the
ceramic laminate veneers to be the first choice for
minimally invasive esthetic dentistry.[1]Lithium
disilicate is one of glass ceramic which is
characterized by good esthetic and acceptable
mechanical ~ properties.[2]Zirconia  reinforced
lithium silicate material is developed by reinforcing

lithium disilicate glass ceramic by addition of 20
wt% of zirconia.[3]It combines positive properties
of zirconia which is superior strength and esthetic
appearance of glass ceramics. Monolithic zirconia
restorations have high flexural strength, require
conservative tooth preparation, show accepted
esthetic, low wear of the opposing tooth.[4]There
are many factors affect the translucency of zirconia:
structural characteristics, chemical composition,
additives, sintering status, and its
density.[5]Translucent zirconia strength is half of
the  conventional  yttria-tetragonal  zirconia
polycrystal (with elastic modulus of 215 GPa and
flexural strength of 1000 MPa).[6]

Ceramic materials are brittle and able to
be fractured easily if subjected to overload or
unsuitable load.[7] The most common forms of
ceramic laminate veneer failure are debonding and
fractures. 67% of ceramic veneer failures are
related to fracture.[8]

The objective of this study was to compare
the fracture resistance of lithium disilicate, zirconia
reinforced lithium silicate and ultra-translucent
zirconia supported by PMMA resin abutments. The
null hypothesis tested was that there is an effect of
ceramic materials on fracture resistance.

1. MATERIALS AND METHODS

An ivory typodont maxillary central
incisor  (PRO2001-UL-SP-FEM-32, NISSIN,
Tokyo, Japan) was prepared to be the master
abutment. Tooth preparation was performed with
microdont  veneer kit (Laminated veneer
preparation kit REF 10.801.002, Microdont, Sao
Paulo, Brazil). The tooth was prepared with Butt-
joint design with incisal reduction of 1.5 mm and
0.5 mm facial reduction and extended to contain
both mesial and distal contacts. Tooth was scanned
by extraoral scanner (DOF, Freedom HD Dental
Scanner, korea). Sixty PMMA resin abutments
were milled from PMMA block (Yamahachi
Dental, Japan).The resin abutments were divided
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randomly into 3 groups (n=10) according to type of
ceramic Group E: abutments receiving IPS
e.maxCAD veneer, group C: abutments receiving
Celtra Duo veneer, group K: abutments receiving
zirconia veneer.Extra oral scanner (ldentical
HybirdScaner, Medit Corp, Korea) was used to
scan theunprepared andprepared resin abutment.
The prepared and unprepared STL files were
overlapped to each other allowing construction of
laminate veneers corresponding to the original
typodont tooth outline and dimensions by using
Exocad chairside CAD software (version 2.2
Valetta, exocad GmbH). The restorations were
milled from IPS e.max CAD block, Celtra Duo
block and zirconia (Katana) disk. Milling was
performed by milling machine (CORITEC 350i
Loader PRO", Imes-lcore, Germany).Milled IPS
e.max CAD laminate veneers were crystallized and
glazed according to manufacturer instructions
while Celtra Duo laminate veneers were glazed.
Milled zirconia laminate veneers were sintered in
sintering furnace (Mihm-Vogt Tabeo, GmbH,
Germany).Surface treatment of fitting surface of
IPS e.max CAD and Celtra Duo laminate veneers
was performed 9 % hydrofluoric acid for and rinsed
with running water and then dried with air. Surface
treatment of zirconia laminate veneer was
performed by air-borne particle abrasion of fitting
surface of laminate veneers with Al,Os.
Application of silane coupling agent on fitting
surface of restoration with Monobond N for 60
seconds in thin layer, then drying the remaining
residue with water and oil-free air. Then surface
treatment of the resin abutment was performed by
37 % phosphoric acid that was applied and
distributed to the entire surface of the prepared
abutmentfor 45 seconds then washed with water
spray and dried softly with air spray. Application of
Tetric N-Bond universal. Thebond was scrubbed
into resin abutment surface for 20 seconds and then
gentle air directed, then light curing for 10 seconds
using a light curing unit (Bluekex LD-105,
Monitex, New taipi, Taiwan). A thin layer of the
cement was applied in the intaglo surface of the
veneer and seating it on the abutment in inciso-
cervical direction and then put the 250 g load [9]of
cementation device for 60 seconds. Light curing of
cement first from lingual surface for 60 seconds
and 40 seconds for each surface of tooth. All the
specmiens were subjected to hermal cycling (10
000 cycles in temperaturebetween 5°C and 55°C )
to simulate one year in oral cavity.[10] The
specimens were inserted on specially prepared
handle to make an angle of 135° with long axis of
the testing arm. Tin foil was inserted between the
tooth and indenter to dispense the load uniformly.

The indenter was blunt steel blade with 5 mm
diameter was placed on the incisal edge of the
laminate veneer and load application was carried
out at cross head speed of 0.5 mm/min till the
fracture of veneer and drop of the reading occurred.

I1l.  STATISTICAL ANALYSIS:
Data were fed to the computer and
analyzed using IBM SPSS Corp. Released 2013.
IBM SPSS Statistics for Windows, Version 22.0.
Armonk, NY: IBM Corp. Qualitative data were
described using number and percent. Quantitative
data were described using mean, standard deviation
for parametric data after testing normality using
Shapiro-Wilk test. Significance of the obtained
results was judged at the (0.05) level.
One Way ANOVA test was used to compare the
fracture resistane of the three materials.

V. RESULTS

One way ANOVA showed that, there was
a non-significant difference between the IPS e.max
and katana. There was a significant difference
between the IPS e.max and Celtra duo and between
the Celtra duo and katana (p <0.001). IPS e.max
showed the highest fracture resistance followed by
katana and the least fracture resistance in Celtra
duo.

V. DISCUSSION

The null hypothesis tested was the ceramic
material has no effect on fracture resistance was
partially rejected because there wasa significant
difference between the IPS e.max and Celtra Duo
and between the katana and Celta Duo (p
<0.001).Extracted natural teeth were used in an in-
vitro study to simulate the clinical situations more
than  resin  abutment. The difficulty in
standardization of dimension, age, anatomy, and
storage time of natural teeth after extraction and
change of elastic modulus of teeth after extraction
lead to fracture of the tooth during loading. Also,
the difficulty in standardization in preparation of
extracted tooth lead to variation in veneer
dimensions and dentin exposure which affect the
bonding of the restorations.[11] In the present
study, PMMA resin (Yamahachi Dental, Japan)
abutments were used instead of extracted natural
tooth in fracture resistance test of laminate
veneer.Lithium disilicate shows good physical
properties, the elastic modulus of lithium disilicate
veneer is close to enamel, so it supports the enamel
better ~ than  resin  composites.[12]Zirconia-
reinforced lithium silicate was used in this study
because it is one of newly developed CAD/CAM
ceramic that has high edge strength at fine edge as
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it contains 10% of zirconia particle so it shows
good marginal fit when milled in thin
thickness.[13] Translucent zirconia was introduced
as a new ceramic that was an alternative esthetic
solution, as it combines strength of traditional
zirconia and translucency of feldspathic porcelain,
so it can be used in construction of anterior and
posterior crowns and veneer.[14]

Although there was a difference in elastic
modulus and flexural strength of different ceramic
materials, results of this current study showed that
there was no significant difference between IPS
e.max and katana, but there was a significant
difference between the IPS e.max CADandCeltra
Duo and between the katana andCeltra Duo.
However, the highest fracture resistance in this
study was in IPS e.max CAD group with mean
fracture resistance of 272.57 + 8.44 N followed by
katana with 249.77 + 18.43 N while Celtra Duo
showed the least fracture resistance value with
195.34 + 38.22 N. This results comes in agreement
with other study by Al-Zordk et al. [15] who
compared the fracture resistance of occlusal veneer
constructed of lithium disilicate, ultra-translucent
zirconia, and hybird ceramic, and found that after
thermomechanical fatigue, there was no statisticaly
significant difference in fracture resistance between
three ceramic materials. In contrast the result of the
current study was disagreed with Hamza et al. [16]
who compared fracture resistance of lithium
disilicate, zirconia-reinforced lithium silicate (vita
suprinity), and bilayered zirconia substructure with
veneering ceramic. It was found that the highest
fracture resistance was for zirconia-lithium
disilicate (vita suprinity) followed by lithium
disilicate and the least fracture resistance was for
bilayered zirconia. It may be attributed to the
flexural strength of vita suprinity was higher than
celtra duo and zirconia which was used not a
monolithic restoration.

A possible explanation of decreased fracture
resistance of zirconia might be the effect of color
pigments of multi-layered technique. As half or
more of the grains are in cubic phase which has
large grain size resulting in porosity between
crystals and decrease the density so it does not
under goes transformation and there was no
resistance to crack propagation and so decreased
the mechanical properties.[17, 18]

The average masticatory force in anterior teeth was
20 to 160 N.[19] The present results provide
clinically pertinent results, as the mean value of
fracture strength of the three ceramic materials was
higher than the average masticatory forces.

VI. CONCLUSION

Within the limitations of this in vitro
study, it was concluded that fracture resistance of
laminate veneer was affected by ceramic material.
IPS e.max CAD has the highest fracture resistance
followed by katana and the least fracture resistance
was in Celtra Duo ceramic.
LIMITATIONS
The main limitation in this study was the use of
resin abutment not natural tooth, and one year of
thermocycling was performed only.
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