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Abstract: Background: Accurate marginal and internal adaptation is a significant considerations for the clinical success of all ceramic
restorations. The purpose of this study was to evaluate the marginal and internal adaptation of IPS e.max CAD and IPS e.max press
ceramic veneers with two different preparation designs by using silicon replica technique. Materials and method: A typodont maxillary
central incisor was used for veneer preparation. Metal die was fabricated for each preparation deign, then each metal die was used to
make twenty stone dies. The forty stone dies divided into four groups (n=10)according to the preparation design and the technique of
veneer fabrication as follow: Group I: butt joint incisal reduction restored with IPS e.max CAD. Group I1: overlapped incisal reduction
with palatal chamfer restored with IPS e.max CAD. Group Il1: butt joint incisal reduction restored with IPS e.max press. Group 1V:
overlapped incisal reduction with palatal chamfer restored with IPS e.max press.A silicone replica was obtained to measure marginal
and internal adaptation of each ceramic veneer. A silicone replica was sectioned vertically and horizontally, Marginal and internal
adaptations were evaluated by measuring the thickness of the light body silicone material at different points using digital microscope.
Results: Replica scores were analyzed with Two- way ANOVA and Independent sample t-test. The highest marginal gap was recorded
for Group IV with highly significant differences when compared with other groups, followed by Group 111, 11, and I respectively. The
fabrication technique and the preparation design showed significant effect on marginal gap values. There is no significant difference in
internal gap between these four ceramic groups. Conclusion: The pressable ceramic veneers with overlapped incisal reduction design
produced higher marginal gap. There is no significant difference in internal gap between these four ceramic groups. Only CAD/CAM

Groups (Group | and 11) showed a clinically acceptable total gap.
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1. Introduction

Ceramic laminate veneers are considered as a successful
treatment modalities for patients requiring improvement of
the color, shape, or position of their anterior teeth (Cehreli
and Iplikcioglu, 2000; Ghaffari et al., 2016). It became the
treatment of choice in minimally invasive aesthetic dentistry
(Linetal., 2012).

Many ceramic systems are available, which may differ in
composition or fabrication technique. Most laminate veneers
are made from lithium disilicateceramic. Lithium disilicate
is a glassy ceramic with a high flexural strength up to 440
MPa. IPS E.max lithium disilicate, introduced in 2005 by
Ivoclar Vivadent (AG, Schaan, Liechtenstein), It is a glass
ceramic material that has a needle-like crystal structure that
give it an excellent strength, optimal durability and superior
optical properties. IPSE.max lithium disilicate restorations
can be fabricated either by lost-wax hot pressing techniques
(IPS E.max Press) or computer-aided-designed/computer
aided manufactured (CAD/CAM) milling procedures (IPS
E.max CAD) (Mounajjed et al., 2016). The crystals of both
the IPS e.max Press and IPS e.max CAD are the same in
composition, the microstructures of both of them are 70%
crystalline lithium disilicate, but these crystals are different
in length and size, so the properties of these materials such
as chemical solubility, CTE, and modulus of elasticity are
the same, while the flexural strength and fracture toughness

are slightly higher for the IPS e.max Press material (IPS
e.max CAD Scientific Documentation, 2009).

Long term clinical performance of porcelain veneer depends
on several factors; the marginal and internal adaptation of
veneer to the tooth surface are of significant interest
(Ghaffari et al., 2016).Close proximity between the margin
of the restorations and the tooth structure prevent the
excessive exposure of the adhesive resin cement to the oral
fluid which lead to gradual disintegration of its physical,
chemical, and mechanical properties resulting in
microleakage, recurrent carries, and periodontal desiese
(Felton et al., 1991). On the other hand, the internal
adaptation is defined as the perpendicular measurement from
the axial wall of the tooth to the internal surface of the
restoration, it has an important role in the retention of the
restoration (Svanborg et al., 2014).

Many techniques have been used to measure the internal and
marginal fitness of restorations such as direct measurement,
sectioning method, profilometry, micro-CT technique and
silicone replica technique. Each one has advantages and
disadvantages. The silicone replica technique offers the
advantages of being a non-destructive method which rely on
measuring the thickness of low viscosity impression silicon
material used in place of the resin cement (Reich et al.,
2011).
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Up to the authors knowledge’s, there are no investigations in
the literature evaluating the marginal and internal adaptation
of ceramic laminate veneers by using replica technique,
Therefore, it was the objective of this in vitro study to
investigate these parameters of pressable and machinable
ceramics with two preparation designs by using replica
technique.

2. Materials and Methods

A typodont maxillary right central incisor was used for
veneer preparation. A primary impression was taken for the
typodont using alginate impression material (Tropicalgin,
Italy), then poured immediately with type IV dental stone
(Zhermack, Italy) to produce the primary model that served
later as a biocopy to restore the shape of the original tooth
during the fabrication of the CAD/CAM veneers groups
(Abdul Khalig AGH; Najim and Al-Rawi, 2015). A
silicone index was made for the tooth in the student typodont
using a putty polyvinyl siloxane material (Zeta plus/soft,
Zhermack/clinical, Italy) to use it after sectioning as a guide
for evaluating the amount of reduction (Herbert et al.,
1997).

Veneer Preparation with Butt-Joint Incisal Reduction
Design:

The preparation was doneby using a ceramic veneers burs
system kit (komet, Germany) with a high speed handpiece.
Labial reduction was 0.3 mm cervically and 0.5 mm in the
middle and the incisal third (Touati et al., 1999).The final
cervical margin had chamfer profile with 0.3 mm
(McLaren, 2006;Hekimog et al., 2004) and positioned 1
mm away from cervical line (Gresnigt et al, 2007). The
preparation was extended proximally without destroying the
contact areas which represent the areas of highest contour.

Incisal reduction was 1.5mm (McLaren, 2006; Hekimog et
al., 2004); the bur was held parallel to the incisal edge
inclination to create butt joint incisally. All the line angles
were rounded with white stone bur using slow speed hand
piece. Finally the preparation was checked with previously
prepared silicone indices to ensure that the necessary
reduction of the labial surface and incisal edge was done
properly (Najim and Al-Rawi, 2015).

Final impression was taken for the prepared typodont tooth
using Additional silicone impression materials (elite
P&P/putty soft, Zhermack/clinical, Italy) which was then
poured with blue inlay casting wax to form wax pattern for
the first preparation design (Aboushelib et al., 2012).

Veneer Preparation with (Overlapped Incisal Reduction
with Palatal Chamfer) design:

The same typodont was modified for Preparation of the
second design.1.5 mm of incisal edge was reduced, chamfer
finishing line was prepared on the palatal surface of the
tooth with round end tapered diamond bur which was held
parallel to the palatal surface of the tooth with its end
forming a chamfer 0.5 mmin depth and 1mm in height (i.e. 1
mm from reduced incisal edge), and extended it through the
interproximal areas. Mesial and distal corners were rounded.
Impression for the second preparation was taken and poured

with blue inlay wax to form the wax pattern for the second
design (Najim and Al-Rawi, 2015).

The two wax patterns were taken to the laboratory where the
metal dies were fabricated using the standard protocol of lost
wax technique.

Twenty impressions were taken for each metal die using
modified tray which was loaded with putty additional
silicone impression materials (elite P&P/hydrophilic,
Zhermack, Italy) and light body addition silicone impression
materials (elite HD plus/hydrophilic, Zhermack, Italy) was
injected on the metal die and the tray was then placed on the
tooth while maintaining finger pressure until setting. These
impressions were poured with type IV dental stone
(Zhermack, Italy) to form stone dies (i.e. ten stone dies for
each experimental group).

Samples Grouping

The Forty stone dies were divided into four groups (n=10)
according to the preparation design and the technique used
for veneer fabrication:

e Group I: prepared with butt joint incisal reduction design
and restored with IPS e.max CAD.

e Group Il: overlapped incisal reduction with palatal
chamfer design restored with IPS e.max CAD.
e Group Il1: butt joint incisal reduction design restored

with IPS e.max press.
e Group IV: overlapped incisal reduction with palatal
chamfer design restored with IPS e.max press.

Veneer Fabrication Techniques:

Twenty ceramic laminate veneers were fabricated using IPS
e.max press (MO 1, IvoclarVivadent). Two layers of die
spacer were applied on the master die with 1mm short of the
margin. A wax pattern was manually built on each stone die
to restore the anatomical features of the unprepared tooth. A
sectioned silicone index was used as a reference and a wax
gauge (caliper) was used to check the thickness of wax
pattern. Wax patterns were attached to investment ring base
using a 3mm wax sprue and a freshly vacuum mixed
investment material was cast. After chemical setting of the
investment, the ring was transferred to a preheated burn out
oven at (800 °C) and remained for about 60 minutes.
Ceramic ingots were placed inside the hot ring and
transferred to the pressing furnace (programat EP3000;
Ivoclar Vivadent) which was automatically programmed to
complete the pressing cycle. After cooling, Pressable
ceramic laminate veneers were divested by using 50 um
Al,Ogparticles, cutting and finishing the location of the
sprue were done. The external surfaces of the restoration
were glazed by using mixed glazing material (IPS e.max
Ceram Glaze and Stain Liquids long life) and glazing is
conducted according to the glaze firing parameters.

Twenty ceramic laminate veneers were fabricated using IPS
e.max CAD (lvoclarVivadent).The fabrication was done
following the standard protocol of Sirona CAD/CAM
system. In “SCAN” phase, In Eos Blue scanner (Sirona
Dental Systems, Bensheim, Germany) was used to scan the
previously fabricated primary model to form a biocopy of
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the tooth before preparation in order to build a restoration to
the original dimensions of unprepared tooth. Then each
stone die was scanned and a 3D image was obtained. Digital
images of both of the primary model and the stone dies
automatically analyzed and correlated with each other by a
system which allow alignment of the 3D image of the
primary model on top of the 3D image of stone dies
correctly. The designing of veneer was determined in
"MODEL” phase, the margin of preparation was drawn
automatically by the system, then in copyline section, and
the area to be copied from the biocopy was drawn in order to
design the veneer identical to the original tooth form. The
preparation of finishing line was marked on the digital
model. In “DESIGN” phase, veneer parameter in this study
was set such as minimum veneer thickness (0.4mm), spacer
(0.08mm). IPS e.max CAD blocks (lvoclarVivadent) used to
mill 20 veneers, 10 veneers for each preparation design.
From the “MILL” phase screen, the type, the size of the
block (C14) and its position were determined, the milling
process was done by the CEREC in-lab machine. After
complete the milling process, the restoration was fired for 30
minutes in a ceramic furnace (lvoclarVivadent,
Liechtenstein, Germany) according to manufacturer’s
instructions. This process gives the glass-ceramic with its
final strength and esthetic properties.

Silicone replica technique: For silicone replica technique,
Low viscosity addition silicone impression material
(Express™, regular set, light body, 3M ESPE, Germany)
was used for the cementation of each veneer on the master
die. The light body was injected into the inner surface of
veneer then the veneer was seated on the metal die using
fixed pressure of 250 g for one min, then a heavy body
silicone impression material (Express™ XT Penta™ H, 3M
ESPE, Germany) with a contrasting color was used to
support this thin film of the light body. The silicone replica
was then sectioned vertically and horizontally using cutting
knife in a specially designed sectioning base. Measurement
of the marginal and the internal gaps was done by measuring
the thickness of the light body silicone material at
prdetermined points, Measurements were done using
Dinolite digital microscope connected to PC and at a
magnification of 230x. For each specimen, a total of ten
different measurements were done at predetermined points
for the vertical and horizontal sections. These measuring
points represented different areas of measurement: margins
(gingival, mesial, distal, incisal margin), chamfer, axial, and
incisal area. Image analysis software (Image J) was used for
measurement of the gap at these predetermined points. All
measurements were done by one operator, as recommended
by Holmes et al. (Holmes et al., 1989).

3. Results

Descriptive statistics of the marginal, internal, and total gaps
(means, standard deviations, minimum and maximum gap
values) are presented in Table 1.The highest mean value of
marginal, internal, and total gap showed in group IV
followed by Group 111, Group I, and group | respectively.

Two-way ANOVA test was used to detect if there is a
significant effect of the fabrication technique and the
preparation design used and their interaction on the

marginal, internal, and total gaps for the four experimental
veneer groups (Tables 2, 3, 4). The results of the present
study showed that the fabrication technique had a highly
significant effect on marginal gap (p=0.00), no significant
effect on internal gap (p=0.30), and had significant effect on
total gap (p=0.02). On the other hand, the preparation design
showed significant effect on marginal gap (p=0.02), and no
significant effect on internal and total gaps (P>0.05).The
effect of the interaction between those two factors was
significant on the marginal gap measurements (p=0.03) and
insignificant on the internal and total gap (P>0.05).

Table 1: Descriptive statistics of the marginal, internal, and
total gaps of the four different groups measured in

micrometer
Groups |N | Min Max Mean +SD
Group | |10 | 122 207 150.6 | +26.95
Marginal | Group Il |10 | 118 240 151.8 | #41.9
gap= Group 11l ]10 | 111 219 161.7 | £30.49
Group IV |10 | 175 301 211.6 | +35.87
Group | |10|1135 | 177 147.92 | £22.56
Internal | Group Il |10 [ 128.5 | 167.25 | 148.15 | +13.14
gap#:* Group Ill |10 | 102 | 216.25 | 149.67 | £29.41
Group IV |10 [ 106.5 | 274 | 168.52 | +54.24
Group | [10[126.9 | 1949 | 149.8 | +23.76
Total Group Il |10 | 123.1 | 194.7 | 150.23 | +23.04
gap#*+x | Group Il [10]107.2 | 1914 | 156.01 | +£26.37
Group IV |10 | 146.6 | 241.7 | 185.82 | +35.15
* Marginal gap was measured by calculating the mean values of
the gingival, mesial, distal, and incisal marginal gaps.
=x|nternal gaps were measured by calculating the mean values of
the chamfer, axial, and incisal area gaps.
=**xTotal gaps were measured by calculating the mean values of
the internal gap and the marginal gap.

Table 2: Two-Way ANOVA for the marginal gap

measurements

Source of SS df MS F P-
Variation value
Design 6528.024 1 |16528.024 |5.556 | 0.02
Technique 12567.025 | 1 [12567.025 [10.697 | 0.00
Interaction 5929.225 1 |5929.225 |5.047 | 0.03

within 42292.5 36 |1174.791

total 67316.775 |39

Table 3: Two-Way ANOVA for the internal gap

measurements

Source of SS df MS F P-
Variation value

Design 909.639 1 | 909.639 |0.8104 | 0.37
Technique | 1223.789 1 [1223.789 | 1.090 | 0.30
Interaction | 867.226 1 | 867.226 | 0.772 | 0.39

within 40405.468 |36 |1122.374

total 43406.123 |39

Table 4: Two-Way

ANOVA for the total gap

Volume 6 Issue 8, August 2017

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20176325

DOI: 10.21275/ART20176325

measurements

Source of SS df MS F P-
Variation value

Design 2286.144 | 1 | 2286.144 | 3.021 | 0.09
Technique 4368.1 1 4368.1 | 5.772 | 0.02
Interaction | 2157.960 | 1 | 2157.960 | 2.851 | 0.10

within 27242526 | 36 | 756.736

Total 36054.731 | 39
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Two-Independent Samples T-Test was used to determine the
difference in (marginal, internal, and total gaps) between the
two preparation designs within each type of technique or
between the two fabrication techniques within each type of
design, the result presented in (Table 5) showed that there is
no significant difference in marginal, internal, and total gaps
between the two designs of the CAD/CAM veneer groups
(P>0.05). For the pressable groups, the comparison between
the two preparation designs showed a highly significant
differences in marginal gap between the two preparation
designs (p=0.00), no significant difference in internal gap
(p=0.3), and significant difference in total gap (p=0.04)
between the two preparation designs.

On the other hand, the comparison between the two
fabrication techniques within each type of design showed
that there is no significant difference in marginal, internal,
and total gaps (P>0.05) between group | and group IlI, and
when compare between pressing group 1V and CAD/CAM
group Il with the same preparation design found that there is
highly significant difference in marginal gap (0.00), no
significant difference in internal gap (0.2), and significant
difference in total gap between these two groups.

Table 5: Two-Independent Samples T-Test

Groups comparison |Mean difference | t  |p-value

I x 11 1.2 2.13 0.9

Marginal 1 x IV 49.4 2.1009 | 0.00
gap I x I 111 2.1009| 0.3
InxIv 59.8 2.1009 | 0.00

I x 11 0.23 2144 | 0.9

Internal 1 x 1V 18.85 2144 | 0.3
gap I x I 1.75 2109 | 0.8
IxI1v 20.37 2228 | 0.2

I x 11 0.43 2.1009| 0.96

Total 1 x 1V 29.81 2.109 | 0.04
gap I x 1l 6.21 2.1009 | 0.58
IxIv 35.59 2119 | 0.01

4. Discussion

In the present study, atypodont resin tooth was used for
veneer preparation to overcome the variations that may show
in natural teeth. Maxillary central incisor was selected in this
study because it is the most common tooth restored with a
laminate veneer (Aboushelib et al., 2012; Najim and Al-
Rawi, 2015).

Primary impression was taken for the typodont to produce
the primary model that served later as a bioscopy to restore
form and shape of the original tooth during the fabrication of
the CAD/CAM veneers groups (Abdul Khalig AGH, Al-
Rawi, 2014, Najim and Al-Rawi, 2015).

Silicone indices were used to evaluate the amount of tooth
reduction, and assisted the technician in buildup of wax
pattern to restore the original form and shape of the tooth
(Aboushelib et al., 2012). Two preparation designs were
used in this study: (butt joint incisal reduction and
overlapped incisal reduction), to evaluate the effect of
different preparation designs on the marginal and internal
adaptation of laminate veneer.

The preparation was done by using depth cutter burs (komet)
to avoid the excessive reduction of tooth structure. The
preparation was 0.3 mm cervically and 0.5 mm in the middle
and the incisal third to keep the preparation depth confined
within the enamel as stated by Shillingburg and Grace
(LeSage, 2013). The incisal reduction was 1.5 mm to ensure
adequate thickness of ceramic material that give the
restoration adequate fracture resistance and natural
translucency incisally. The second preparation design
(Overlapped Incisal Reduction with Palatal Chamfer) was
made by modifying the same tooth incisally for more
standardization of the preparation depth labially and
proximally (Lin et al., 2012).

In the present study, the replica technique was used for
quantitative analysis of the marginal and internal adaptation
of veneer, this technique is a non-destructive and reliable
method to determine the marginal and internal adaptation of
indirect restorations, because it is easy, relatively
inexpensive and not time consuming to perform (Pedroche
et al., 2016). This technique was used in several in vivo and
in vitro studies and in comparisons of clinical and laboratory
results, and can therefore be considered as a well-
documented procedure ( Denissen et al, 2000; Stappertet
al, 2008;Stappert et al, 2005; Frankenberger et al, 2007;
Bindl and Mormann, 2003; Majeed and Al-Adel, 2016).

The fitness of indirect restorations is related to a minimal
marginal gap between the restoration and the prepared tooth.
The importance of marginal adaptation lies in the fact that
the major reasons of indirect restoration failure are recurrent
carries and loss of retention due to the dissolution of the
luting cement. As important as marginal fitness, a minimum
and uniform internal gap is also a desirable aspect of indirect
restorations, as large and inhomogeneous internal gaps may
adversely affect the retention or the resistance of the
restoration (Pedroche et al., 2016).

Different levels of adaptation were evaluated In the present
study, (gingival margin, chamfer, axial, incisal) to obtain a
complete picture about veneer seating.

According to the results of the present study, the highest gap
values recorded for the pressable ceramic groups; with a
higher mean values for Group 1V followed by Group IlI,
Group Il, and Group | respectively. The technique of
fabrication showed a highly significant effects on the
marginal gap (p=0.00), this finding is in agreement with the
study of Jha et al. (Jha et al., 2013)in which they found the
highest marginal gap in the pressing group, but it disagrees
with a study done by Aboushelib et al. (Aboushelib et al.,
2012) they found that the pressable ceramic veneers
demonstrated significantly lower marginal and internal gap
values compared to machinable ceramic veneers. In the
present study, the higher gap values of pressable ceramic
veneers may be attributed to many factors such as the
sensitive nature of the pressing technique; as it is depending
largely on technician skills and experience, and wax has
many inherent limitations include delicacy, elastic memory,
thermal sensitivity, and a high coefficient of thermal
expansion (Song et al., 2013), the shrinkage of the porcelain
material toward the region of greater bulk (Khatib et al.,
2009), The grit blasting during divestment can produce
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microcracks and chipped margins that may be another
causes of marginal discrepancy (Santos et al., 2013).
Eliminating laboratory steps like waxing and investing
reduces the human errors and increases the accuracy in the
CAD/CAM technology (Prasanth et al., 2013) that can
explain the result of present study. The technique of
fabrication showed no significant effect on internal gap
(p=0.30), this in agreement with the study of Bindl and
Mormann (Bindl and Mormann, 2005) in which they found
that there is no significant difference in the internal fit of all
ceramic crown between the CAD/CAM fabrication
technique and the conventional techniques.

Regarding the preparation design, The result found that the
preparation design used had significant effect on marginal
gap (p=0.02), and no significant effect on internal and total
gaps (P>0.05).

In the four experimental groups, The higher gap value
recorded incisally (incisal margin and incisal area internaly)
when compared with other areas, this result is in agreement
with the study of Suh et al. (Suh et al., 1997), they found
that the least adaptation was incisally. In pressable groups,
several errors may occur in the pressing technique that may
lead to misfit incisally, such as shrinkage during wax build
up, failure to be reproduced during the investment and
liability to chipping of the divestment, and the tendency of
the porcelain material to shrink toward the region of greater
bulk. When compare between the two designs of pressable
groups (Group Il and 1V), it is found that Group 1V (with
overlapped incisal reduction)had significantly higher mean
values of marginal gap than Group 111 (with butt-joint incisal
reduction), this can be explained that in the overlapped
incisal reduction design, the margin is thinner incisally than
in butt-joint design and could shrink toward the incisal edge,
causing gap formation, in addition, this thin margin is more
liable to chipping than the thick margin in butt joint design
(Prasanth et al., 2013).In the CAD/CAM groups the higher
values of gap incisaly may related to the diameter of cutting
tool that may be larger in diameter than some parts of the
tooth preparation, such as the inner surface of the incisal
edge causing misfits incisally (Aboushelib et al., 2012),
there is no statistical differences between the two designs of
CAD/CAM groups (Group I and I1) in mean values of
marginal, internal, and total gaps (P>0.05).

The total gap was measured by calculating the mean values
of the internal gap and the marginal gap, the result showed
that Group IV (pressable with overlapped incisal reduction)
had significantly higher mean values of total gap than other
groups followed by Group Ill, 1I, and | respectively. The
fabrication technique had significant effect on the total gap
(p= 0.02), while the preparation design showed no
significant effect on the total gap (0.09).

The two-way ANOVA test showed that the effect of the
interaction between the fabrication technique and the design
on the marginal gap mean values was significant so the
technique and the design were dependent on each other.
While for internal and total adaptation, the interaction
between these two factors was insignificant.

Previous studies reported a wide range of marginal gap in
laminate veneer systems, but many literatures stated that a
marginal gap of 120 um is considered as clinically
acceptable (Beuer et al., 2009, Borba et al., 2013; Al-
Zubaidi and Al-Shamma, 2015; Majeed MA, Al-Adel,
2016). Regarding the internal gap it has been suggested that
internal gap of all ceramic restorations it should be ranged
from (49 -136 pum) (May et al., 1998; Bindl and
Mormann, 2005). Concerning the total gap, it has been
suggested that the acceptable range of total gap should be
from (50-150 um) (Yeo et al., 2003; Quintaset al., 2004)
accordingly, only CAD/CAM Groups (Group land II)
showed a clinically acceptable total gap (149.8um, 150pm
respectively). Nevertheless, marginal and internal gap values
reported in the present study were higher than these
acceptable ranges, different measuring instruments different
equipment, sample sizes, materials, methods, number of
measurements per specimen may be account for these
differences.

5. Conclusion

Under the conditions of this study the following conclusion
could be drown: The pressable ceramic veneers with
overlapped incisal reduction design produced significantly
higher marginal gap. The fabrication technique and the
preparation design showed significant effect on marginal
gap values,

Regarding the internal adaptation, there is no significant
difference in the internal gap between these four groups. the
fabrication technique and the design used showed no
significant effect on the internal gap.

References

[1] Abdul Khalig AGH, Al-Rawi II. Fracture Strength of
Laminate Veneers using Different Restorative Materials
and Techniques (A Comparative in Vitro Study). J
BaghColl Dentistry 2014; 26 (4): 1-8.

[2] Aboushelib MN, Elmahy WA, Ghazy MH. Internal
adaptation, marginal accuracy and microleakage of a
pressable versus a machinable ceramic laminate
veneers.Journal of dentistry, 2012; 40: 670 — 677.

[3] Al-Zubaidi ZAK, and Al-Shamma AMW. The effect of
different finishing lines on the marginal fitness of full
contour zirconia and glass ceramic CAD/CAM crowns (An
in vitro study). J. Dent Mater Tech, 2015; 4 (3): 127-136.

[4] BeuerF, Richter J, Gernet W. Influence of preparation
angle on marginal and internal fit of CAD\CAM fabricated
Zirconia crown coping. J. Quintessence Inte, 2009; 40 (3):
443-450.

[5] Bindl A, Mormann WH. Clinical and SEM evaluation of
all-ceramic  chair-side CAD/CAM-generated partial
crowns. Eur J Oral Sci. 2003;111:163-9.

[6] Bindl A, Mormann WH. Marginal and internal fit of all-
ceramic CAD/CAM crown copings on chamfer
preparations.J. Oral Rehabilitation, 2005; 32: 441-447.

[7] Borba M, Miranda Jr, Cesar PF, Griggs JA, Della Bona A,
Evaluation of the adaptation of zirconia-based fixed partial
dentures using micro-CT technology. J. Braz Oral Res,
2013; 27 (5):396-402.

Volume 6 Issue 8, August 2017

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20176325

DOI: 10.21275/ART20176325

2226


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391

[8] Cehreli MC, Iplikgioglu H. Five-year follow-up of
InCeram laminate restorations: A clinical report. J Prosthet
Dent. 2000;84:487-9.

[9] Denissen H, Dozic A, van der Zel J, van Waas M.
Marginal fit and short-term clinical performance of
porcelain-veneered CICERO, CEREC, and Proceraonlays.
J Prosthet Dent. 2000;84:506-13.

[10] Felton DA, Kanoy BE, Bayne SC, Wirthman. Effect of in
vitro crown margin discrepancies on periodontal health. J.
prosthet Dent, 1991; 65 (3): 357-364.

[11] Frankenberger R, Kramer N, Lohbauer U, Nikolaenko S,
Reich S. Marginal integrity: Is the clinical performance of
bonded restorations predictable in vitro? J Adhes Dent.
2007;9:107-16.

[12] Ghaffari T, Hamedi-Rad F, Fakhrzadeh V.Marginal
adaptation of SpinellinCeram and feldspathic porcelain
laminate veneers.Dent Res J (Isfahan), 2016; 13 (3): 239—
244.

[13] Gresnigt M, Ozcan M. Fracture Strength of Direct versus
Indirect Laminates with and without Fiber Application at
the Cementation Interface. Dental materials 2007; 23: 927-
33.

[14] Hekimog™ lu C, Anil N, Yalc E. A Microleakage Study of
Ceramic Laminate Veneers by Autoradiography: Effect of
Incisal Edge Preparation. J Oral Rehabil 2004 31; 265-
270.

[15] Herbert T. Shillingburg JR, Hobo S, Whitsett L, Jacobi R,
Susan E. Brackett. Fundamentals of Fixed Prosthodontics.
St. Louis: Quintessence Publishing Co, Inc; 1997.

[16] Holmes, J.R.; Bayne, S.C.; Holland, G.A.; Sulik, W.D.
1989. Considerations in measurement of marginal fit. J.
Prosthet Dent, 62: 405-408.

[17]1 IPS e.max CAD Scientific Documentation, Lechtenstein:
IvoclarVivadent; 2009.

[18] Jha R, Jain V, Taposh K, Shah N, PruthiG.Comparison of
Marginal Fidelity and Surface Roughness of Porcelain
Veneers Fabricated by Refractory Die and Pressing
Techniques, J Prosthodont. 2013; 2. 439-44.

[19] Khatib D, Katamish H, lbrahim A.S. Fracture Load of Two
CAD/CAM Ceramic Veneers with Different Preparation
Designs.Cairo Dent J.2009;25 (3):425-32.

[20] LeSage BP. Establishing a Classification System and
Criteria for Veneer Preparations, Continuing Education
Veneer Treatment Classification Table. Compendium.
2013; 34 (2).

[21] Lin TM, Liu PR, Ramp LC, Essig ME, Givan DA, Pan
YH. Fracture Resistance and Marginal Discrepancy of
Porcelain Laminate Veneers Influenced by Preparation
Design and Restorative Material in Vitro. J Dent 2012; 40
(3):202-9.

[22] Liu PR, Isenberg BP, Felder KFL. Evaluating CAD-CAM
generated ceramic veneers. The Journal of the American
Dental association, 1993;124 (4):59-63.

[23] Luthardt, R.; Weber, A.; Rudolph, H.; Schone, C.; Quaas,
S.; Walter, M.2002. Design and production of dental
prosthetic  restorations: basic research on dental
CAD/CAM technology. J. Inter ComputerDent, 5: 165
176.

[24] Majeed MA, Al-Adel SK.Evaluation of the marginal and
internal fitness of full contour CAD/CAM crowns made
from zirconia, lithium disilicate, zirconia-reinforced
lithium silicate and hybrid dental ceramic by silicone
replica technique (A comparative In vitro study).Journal of
Genetic and Environmental Resources Conservation, 2016;
4 (1):10-20.

[25] May KB, Russell MM, Razzoog ME, Lang BR. Precision
of fit: the Procera All Ceram crown. J Prosthet Dent, 1998;
80 (4): 394-404.

[26] McLaren EA. Porcelain Veneer Preparations: To Prep or
Not to Prep. Inside Dentistry—May 2006.

[27] Moungjjed R, Layton DM, Azar B. The marginal fit of
E.max Press and E.max CAD lithium disilicate
restorations: A critical review.Dental Materials Journal
2016; 35 (6): 835-844.

[28] Najim BAE, Al-Rawi II.The Influence of Different
Fabrication Techniques and Preparation Designs on the
Marginal Adaptation of Ceramic Veneers (An In vitro
Comparative Study).J Bagh College Dentistry, 2015; 27
(4):8-14.

[29] Pedroche LO, Bernardes SR, Ledo MP, Kintopp CCD,
Correr GM, Ornaghi BP, Gonzaga CC. Marginal and
internal fit of zirconia copings obtained using different
digital scanning methods. Brazilian oral research, 2016; 30
(1).

[30] Pfeiffer, J.1999. Dental CAD/CAM technologies: the op
cal impression (I1). J. IntComput Dent, 2 (1): 65-72.

[31] Prasanth V, Harshakumar K, Lylajam S, Chandrasekharan
N, Sreelal T. Relation between Fracture Load and Tooth
Preparation of CeramicVeneers an in Vitro Study. Health
Sciences 2013; 2 (3): 1-11.

[32] Quintas AF, Oliveira F, Bottino MA. Vertical marginal
discrepancy of ceramic copings with different ceramic
materials, finish lines, and luting agents: an in vitro
evaluation. J. Prosthet Dent, 2004; 92: 250-257.

[33] Reich 'S, Uhlen S, Gozdowski S, Lohbauer U.
Measurement of cement thickness under lithium disilicate
crowns using an impression material technique. J. Clin
Oral Inves , 2011; 15 (4):521-526.

[34] Santos Jr GC, Santos Jr MJ, Rizkalla AS, Madani DA, El-
Mowafy O. Overview of CEREC CAD/CAM chairside
system. Gen Dent. 2013;61 (1):36-40.

[35] Song T, Kwon TK, Yang JH, Han JS, Lee JB, Kim SH,
Yeo IS. Marginal Fit of Anterior 3-unit Fixed Partial
Zirconia Restorations using Different CAD/CAM Systems.
J AdvProsthodont 2013; 5: 219-25 24.

[36] Stappert CF, Abe P, Kurths V, Gerds T, Strub JR.
Masticatory fatigue, fracture resistance, and marginal
discrepancy of ceramic partial crowns with and without
coverage of compromised cusps. J Adhes Dent.
2008;10:41-8.

[37] Stappert CF, Denner N, Gerds T, Strub JR. Marginal
adaptation of different types of all-ceramic partial coverage
restorations after exposure to an artificial mouth. Br Dent
J. 2005;199:779-83.

[38] Suh PS, Johnson R, White SN. Fit of veneers made by
CAD-CAM and platinum foil methods.Operative dentistry,
1997;22:121-7.

[39] Svanborg P, Skjerven H, Carlsson P, Eliasson A, Karlsson
S, Ortorp A. Marginal and internal fit of Cobalt-Chromium
fixed dental prostheses generated from digital and
conventional impressions. Int J Dent, 2014:1-9.

[40] Touati B, Miara P, Nathanson D. Esthetic Dentistry and
Ceramic restorations. United Kingdom: Martin Dunitz Ltd;
1999.

[41] Yeo IS, Yang JH, Lee JB. In vitro marginal fit of three all-
ceramic crown systems. J. Prosthet Dent, 2003; 90 (5):
459-464.

Volume 6 Issue 8, August 2017

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20176325

DOI: 10.21275/ART20176325

2227


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghaffari%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27274344
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamedi-Rad%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27274344
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fakhrzadeh%20V%5BAuthor%5D&cauthor=true&cauthor_uid=27274344
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4878208/
https://scholar.google.com/citations?user=AoWL260AAAAJ&hl=en&oi=sra



