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ABSTRACT

Purpose: The current study aimed to evaluate the marginal accuracy and
microleakage of machinable laminate veneers. Materials and Methods: Twenty-
four human maxillary central incisor teeth were collected and prepared (butt-joint
preparation) to receive laminate veneers. They were divided into three groups (n==8)
according to material of construction: Group I: IPS-Emax CAD, Group II: Vita
Suprinity, Group III: Celtra-Duo. The veneers were milled from the blocks in a CEREC
3 Machine. All veneers were cemented with resin cement. All samples had been
subjected to 1500 thermal cycles which are equivalent to one year and half of clinical
use. Marginal gap (pre and post cementation) and microleakage were detected for all
samples. Data were tabulated and statistically analyzed. Results: Regarding vertical
marginal gap, E max CAD showed the highest mean value followed by Celtra Duo,
while the lowest mean value was found in Vita Suprinity. The mean values before
cementation were higher than after cementation. Regarding microleakage, the highest
mean value was found in E max followed by Celtra Duo, while the lowest mean value
was found in Vita Suprinity. Leakage at cervical margins showed higher mean values
than incisal one. Conclusion: Under the test conditions, the following was concluded:
Zirconia reinforced Lithium silicate restorations, particularly the partially crystalline
form, introduced better marginal accuracy and microleakage than Lithium disilicate

restorations. There is a direct correlation between marginal accuracy and microleakage.

INTRODUCTION

Laminate veneers, since their introduction in 1983, have been
considered one of the most feasible treatments V. Practicing dental
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aesthetic restorations in a conservative way is very
important ®. For that, there is continuous updating
in restorative materials and the used techniques,
to provide both the patient and the dentist esthetic
requirements in a least invasive or noninvasive
way®. Porcelain veneers showed durability more
than that of composite veneers. Several changes
have been evolved in dental ceramics including their
chemical composition, manufacturing processes,
esthetic properties and indications .

Glass ceramics showed general improvement
in their mechanical and physical properties, that
makes them ideal to be used as a dental restorative
material”. The glass matrix is highly filled
by micron-sized crystals of leucite or lithium
disilicate®.

Ceramics reinforced by lithium disilicate (e.g,
IPS e.max) are true glass ceramics, with 70%
refined sized crystal amount to improve flexural
strength. It can be used as an esthetic monolithic
restoration and can be used as laminate veneers or
as a core material, because of its high translucency
with availability in different shades ©.

New additions are zirconia-reinforced lithium
silicates (ZLS) (eg, Celtra Duo, Vita Suprinity).
ZLS composed of lithium-silicate glass ceramic that
is strengthened with approximately 10% zirconia
crystals. Vita Suprinity, introduced in a partially
crystalline form and exhibits its final esthetic and
physical properties only after final crystallization
in a specialized dental furnace (Vita), unlike Celtra
duo which introduced in a fully crystalline stage
with no need to the crystallization step ©.

Inaccurate margin create spaces between the
margin of restoration and the prepared tooth
surface. Disturbance in the marginal accuracy can
create stress concentrations that reduce the strength
of the restoration and causes its fracture ®. Some
authors said that the margin of the restoration is
considered clinically accepted when the marginal
gaps and cement thicknesses is < 120 ym. Different
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testing techniques and methods have been used to
evaluate the marginal accuracy including direct
microscope, cross sectional views, light bodied
impression replica, laser videography using light
bodied impression replica, profilometry and X
ray micro-tomography which viewed 2D and 3D
imaging of the space between the tooth/model die
and restoration®.

Marginal integrity directly affects the microleak-
age, as any discrepancy leads to cement dissolution
and microleakage (%,

In the case of all ceramic restorations, different
in vivo and in vitro tests have been used to evaluate
microleakage around restoration. The commonly
accepted technique of evaluation for marginal
integrity is the in vitro microleakage evaluation.
Such in vitro studies include the use of tracers
like dyes, radioactive isotopes, chemical tracers
and bacteria, marginal percolation of water and
subjection to air pressure, neutron activation
analysis (NAA), scanning electron microscope and
electrical conductivity!*'¥ . The most commonly
used method is the dye penetration because of
its simplicity. Penetration of dyes involves the
sectioning of teeth with sawing equipment then the
microscope is used to evaluate dye penetration as it
processes a software program that was designed to
measure the length of the penetration'®.

MATERIAL AND METHODS

In this study twenty- four human maxillary
central incisors were collected and prepared to
receive laminate veneers. They were divided
into three groups (n=8) according to material of
construction: Group I: IPS-E max CAD, Group II:
Vita suprinity, Group III: Celtra Duo.

Sample preparation:

All samples were prepared for a butt-joint
preparation with labial depth of 0.5 mm, 0.3mm
cervical and 2 mm incisal reduction. To standardize
the amount of reduction; silicon index was made
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to be used as template to evaluate the amount of
tooth reduction. A three wheel depth cutter diamond
stone guided the reduction. Any sharp angles were
removed to prevent stress concentration.

Scanning of the preparations:

All prepared teeth were scanned by using in-lab
software version 3.8 (Sirona, Germany). A CAD/
CAM milling machine had been used to mill the
ceramic blocks (in Lab MCXL ,Sirona, Germany).
The veneers were seated and cemented with resin
cement (RelyX veneer cement ,3M ESPE, USA).

Marginal gap measurements:

Each specimen was photographed using univer-
sal serial bus (USB) digital microscope (Guang-
dong, China) with a built-in camera connected with
an IBM compatible personal computer using a fixed
magnification of 90X. Shots of the margins were
taken for each specimen. Four equidistant land-
marks along the cervical and incisal circumferences
for each surface of the specimen (mesial, labial, dis-
tal, and incisal) were done. Each selected point was
measured and repeated five times. The measures
were done before and after cementation of all speci-
mens. The data collected, tabulated and statistically
analyzed.

Thermal cycling procedure:

All samples were subjected to 1500 thermal
cycles, equivalent to 1 year and half of oral
service™. Dwell times were 25 seconds in each
water bath. The low-temperature point was 5°C.
The high temperature point was 55°C.

Microleakage measurements:

All the teeth were placed in 2% methylene
blue solution (Supreme organization for drugs,
Germany) for 24 hours at room temperature
(37°C) using an incubator, then rinsed thoroughly
with distilled water. Then the roots of teeth were
removed using a diamond cutting disk (Isomet 4000
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saw Buehler USA )till 2mm beyond the cemento-
enamel junction.

The laminates and the crown portions of the teeth
were submerged into clear acrylic resin (Acrostone,
WHW plastic, England) to avoid chipping of the
laminates during testing procedures.

Using diamond cutting disk of 4-inch diameter
and 0.3mm thickness (Isomet 4000 saw, Buehler,
USA), the teeth were sectioned labio-palatally into
2 equal halves.

Each half was evaluated for microleakage under
stereomicroscope (Nikon MA stereomicroscope,
Japan, with 50X magnification) attached to a mi-
croscopic camera by which the image was captured
and then transferred to a computer equipped with
the image analysis software program (Omnimet,
Buehler, USA).

RESULTS

The mean and standard deviation values were
calculated for each group in each test. Data were
explored for normality using Kolmogorov-Smirnov
and Shapiro-Wilk tests; data showed parametric
(normal) distribution.

Paired sample t-test was used to compare
between two groups in related samples. One-way
ANOVA followed by Tukey post hoc test was used
to compare between more than two groups in non-
related samples. Two-way ANOVA was used to test
the interaction between different variables.

Vertical marginal gap assessment:

Total effect of material on marginal gap regard-
less to cementation

A statistically significant difference was found
between (Group 1), (Group II) and (Group III) .

The highest mean value was found in (Group
I), followed by (Group III), while the lowest mean
value was found in (GroupllI), Table(1) and figure(1).
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Figure (1) Bar chart representing the effect of material on
vertival marginal gap distance

Total effect of cementation on marginal gap
regardless to material

A statistically significant difference was found
between (Before) and (After).

The highest mean value was found in (Before),
while the lowest mean value was found in (After),
Table (1).

Table (1): The mean, standard deviation (SD) of
vertical marginal gap in different materials groups
before and after cementation.

Vertical marginal gap
Before After
Variables Mean | SD | Mean | sp |P-value
Group I 3261 | 080 | 29.58 | 0.64 | 0.015*%
Group II 31.58 1.51 21.33 | 207 | 0.011%*
Group III 3256 | 2.10 | 2452 | 142 | 0.007*
P-value 0.595ns <0.001*

*: significant (p<0.05) ns; non-significant (p>0.05)
Microleakage assessment:

Total effect of material type regardless the
measurement site

A statistically significant difference was found
between (Group I), (Group II) and (Group III).
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The highest mean value was found in (Group
I) followed by (Group III), while the lowest mean
value was found in (Group II), Table (2).

Total effect of measurement site regardless the
material type

A statistically significant difference was found
between (Incisal) and (Cervical).

The highest mean value was found in (Cervical),
while the lowest mean value was found in (Incisal),
Table (2).

Table (2): The mean, standard deviation (SD) of
microleakage in different materials groups at incisal
and cervical margins.

Microleakage
Incisal Cervical
Variables | pean SD Mean sp | P-value
GroupI | 146.875 | 9.819 |269.500 | 8.194 | <0.001*
Group IT | 118.500 | 9.725 | 121.000 | 6.234 | 0.614ns
Group IIT | 96.500 | 5.425 | 198.250 | 7.630 | <0.001*
P-value <0.001* <0.001*

*: significant (p<0.05) ns; non-significant (p>0.05)

DISCUSSION

The present study examined the marginal
accuracy pre and post cementation and microleakage
of the laminate veneers after thermocycling on
three CAD/CAM ceramic materials by using one
preparation design (butt joint). Thermal cycling
procedure is a method to simulate intraoral
conditions. Its performance as clinical trials are
costly and time consuming®!?,

For marginal gap consideration, Irrespective
of the material, it was found that the vertical gap
distance after cementation is significantly lower
than before cementation. That was not in conformity
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with some studies that have reported an increase in
the marginal discrepancy following cementation
with either resin-modified glass ionomer or resin
cement®!. This decrease in the marginal gap after
cementation in the current study may be related to
the cement space that was created during veneer
designing allowing the cement to flow without
affecting the marginal adaptation of the veneer,
in addition of using low viscosity Rely X veneer
cement that was specifically designed to allow
the veneer to be seated completely to the margins
without the risk of fracture. Its unique ‘“non-
slumping” nature allows the veneers to be placed
easily without drifting or slumping. Unlike high
viscosity resin cements that may lead to limited
time of penetration and a thick layer of cement if
the pressure applied is insufficient ?”. Regardless
cementation, it found that the highest
statistically significant marginal gap values were
recorded with E.max CAD, followed by Celtra Duo,
while the lowest statistically significant marginal

was

gap distance values were for VITA Suprinity.
This was in agreement with some studies which
proved that the E.max CAD specimens recorded
higher vertical marginal gap mean values than that
obtained with VITA Suprinity specimens®". This
may be attributed to difficulties during restoration
designing regarding scanning, digitization, and the
milling process, milling burs size and the condition
of the material during the milling procedure >,
Some authors proved that the restorative material
type affects the CAD-CAM performance regarding
marginal adaptation .

However, the results were not consistent with a
study which found no significant difference when
compared fitness of crowns made from E max
CAD and the Vita Suprinity. Relating this result to
the relative similarity in the chemical composition
of both materials and similarity in post milling
crystallization firing which was done in the same
furnace at the same temperature for the same time.
Thus they were exposed to same fabrication method
from milling to firing process®®.
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Microleakage was evaluated after thermocy-
cling using stereomicroscope. Among the types of
ceramic veneers there are highly significant effect
on microleakage. This comes to agreement with a
study reported that there is a relationship between
microleakage and the ceramic materials types relat-
ing that to the differences between the different ce-
ramic types and the tooth in the coefficient of ther-
mal expansion and contraction, That causes stress
formation at the bond interface when the changes
in temperature occur, leading to gap formation and
hence microleakage®”.

Regardless of measurement site, it was found that
the highest statistically significant leakage values
were recorded with IPS e.max CAD group followed
by Celtra duo group while the lowest statistically
significant leakage values were for VITA Suprinity

group.

It was found that there is correlation between
materials of lower marginal accuracy with that of
higher microleakage. This was in accordance with a
study related that to the hydrolytic effect of water on
the resin cement under the impact of thermo-cycling
which may be the cause of degradation of cement
and hence microleakage®.

Irrespective of material type, cervical margin
recorded statistically significant higher leakage
mean values than incisal one. This finding is in
agreement with another study®,which attributed
that to the dentinal tubules orientation, which is
perpendicular to the cervical margin. Their diameter
and density is increased as a function of pulp
proximity. Also, the enamel at the cervical margin is
thinner than that of incisal margin, and the diameter
and density of dentinal tubules decrease incisally.
Another explanation is that the microleakage at
the cervical area is related to contraction stresses
induced due to the polymerization shrinkage of
resin cement that lead to formation of gap at the
weaker bond interface ¢
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CONCLUSION

Under the test conditions, the following could be

concluded:

The type of veneer material affects both marginal
accuracy and microleakage of laminate veneer
restoration.

Marginal gap of all types of laminate veneer
enhanced by cementation.
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