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ABSTRACT
Statement of the problem: With the increased use of zirconium core material in fixed
prosthodontic and the superior physical properties of zirconium, the main problem in
zirconium supported prostheses is the chipping and fracturing of the veneering porcelain.
Purpose of the study: This study aimed to find a method to improve the interface
between the zirconia core and the veneering pressed porcelain by providing a mechanical
support in the shape of a zirconia core and/or by roughening the surface of the zirconia
core with sandblasting.
Materials and Methods: The samples were prepared by utilizing a metal die, with the
following preparation criteria: 6-degree axial taper, 1.5-mm shoulder finish line placed
0.5 mm occlusal to the cemento-enamel junction, 1.5-mm axial reduction, 2-mm occlusal
reduction, and 5-mm occluso-gingival height. A master metal die was used for all groups.
Four groups were prepared with ten samples per group. In group “A” (control group), the
abutment was scanned, the zirconia coping was milled, and the veneering porcelain was
pressed per manufacture recommendations. In group “B” (mechanical support group), the
design of the core received a mechanical support design in the proximal surface of the
zirconia coping. In group “C” (sandblasting group), the coping was milled as in the
control group; then the coping was sandblasted. In group “D” (sandblast & mechanical
support group), the coping received both the mechanical support design and sandblasting
as in group “B” & group “D”. The samples were then loaded with a controlled load
profile utilizing a cyclic loading machine for 100,000 cycles under wet conditions. At the
end of cyclic loading, each specimen was loaded statically until fracture to determine the
ultimate strength of the porcelain by utilizing the Instron machine. Descriptive statistics
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(e.g. means, frequency, standard deviation and variance) were calculated, and
comparisons between the groups were performed. Statistical analysis was done using
two-way analysis of variance (ANOVA) to evaluate the effect of mechanical support and
sandblasting, Pairwise t-tests were used to test between groups significance. Statistical
tests were performed at 95% confidence level, (alpha=0.05). All the data was entered and
analyzed using the SPSS statistical software package.
Results: The average fracture load was 525.8 N (72.63 Standard Deviation) for the
control group (Group “A”), 549.3 N (70.17 SD) for the sandblast group (Group “B”),
982.8 N (81.23 SD) for the support group (Group “C”) and 941.639 N (94.25 SD) for the
support and the sandblast group (Group “D”). None of the samples failed during the
cyclic loading.
Conclusion: Based on this study, modifying the design of the zirconia coping by adding
mechanical support in the proximal area will increase the fracture strength of the pressed
veneering ceramic. On the other hand, sandblasting the zirconia coping has no effect on
the fracture strength of the pressed veneering ceramic.
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INTRODUCTION
All-ceramic crowns have been extensively used in prosthodontics in recent years
for their superior gingival response and esthetic quality, while achieving similar marginal
accuracies when compared to traditional metal-based restorations.[1] CAD/CAM, which
is computer aided design/computer aided manufacturing technology, offers a superior
advantage of time-saving procedures and precise dimensions, which give more control
over the products of this type of technique.[2]
The use of toughened ceramics such as yttria-stabilized zirconia offers a more
fracture-resistant application of all-ceramic crowns to the posterior region without
sacrificing esthetic qualities.[3] The use of press-on ceramic over the zirconia core
combines the high bond strength and superior interface quality achieved using press-on
ceramics with the superior esthetics obtained by using layering ceramics.[4]
Some of the factors that affect the final mechanical properties and fracture load of
all-ceramic crowns are: the microstructure of the ceramic material, the fabrication
technique, the surface finish of the crowns, the luting methods, and the storage conditions
before loading until fracture. [5]
Zirconia has mechanical properties similar to those of stainless steel. Its
resistance to traction can be as high as 900−1200 MPa and its compression resistance is
about 2000 MPa. Cyclical stresses are also tolerated well by this material. The superior
physical properties of the zirconia material make it a good foundation material for
prosthetic dental restoration with arising problems in the interface between zirconia and
the veneering porcelain. This is because there is no chemical bond reported between the
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zirconia and the veneering porcelain, compared to the chemical bond between metal alloy
and porcelain in ceramo-metal restoration. The main factors that hold the veneering
porcelain are the differences in coefficient of thermal expansion and the micromechanical
interlocking between zirconia and porcelain. [2]
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BACKGROUND
All-Ceramic Restoration Core Material
Different types of ceramic materials are used as restorative materials in dentistry.
This section will review the ceramic materials that are used in posterior teeth or in fixed
partial dentures that require stronger material to withstand the occlusion forces.
Lithium Disilicate: a lithium disilicate glass core material.(E-Max Ivoclar	
  
Vivadent	
  Inc.	
  Liechtenstein). The framework is fabricated with either the lost-wax and
heat-pressure technique or is milled out of prefabricated blanks. Various types of tests
measuring the flexural strength of the framework material demonstrated a range of 300400 MPa. For the lithium disilicate core material, the fracture toughness (KIC) ranges
between 2.8 and 3.5 MPa/m½. While these glass-containing materials allow the
fabrication of relatively translucent restorations, it is recommended that these restorations
be etched and adhesively luted to enhance their strength and longevity. The system is
confined to fabricating 3-unit Fixed Partial Denture (FPDs) that replace a missing tooth
anterior to the second premolar.[6]
Glass-Infiltrated Alumina: The In-Ceram Alumina system (Vita	
   InCeram	
  
Alumina.	
   Vident.	
   USA), which uses high temperature sintered-alumina glass-infiltrated
copings for all-ceramic crowns, was the first restorative system introduced for the
fabrication of 3-unit anterior FPDs. To fabricate the framework, the ceramist can use
either the slip-casting technique or milling out of prefabricated partially sintered blanks.
The flexural strength of the framework material ranges from 236 to 600 MPa, and the
fracture toughness ranges between 3.1 and 4.61 MPa/m½.[3, 6]
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Densely Sintered High-Purity Aluminum-Oxide: The Procera AllCeram
system(Nobel	
  Biocare,	
  New	
  Jersey,	
  USA), uses a densely sintered high-purity aluminumoxide as the core material. Various types of tests measuring the flexural strength of the
framework material demonstrated a range from 487 to 699 MPa. For this core material,
the fracture toughness ranges between 4.48 and 6 MPa/ m½.[3, 6]
Glass-Infiltrated Alumina With 35% Partially Stabilized Zirconia: The InCeram Zirconia system combines the use of glass-infiltrated alumina with 35% partially
stabilized zirconia for the core material (Vitadur-‐alpha.	
   Vident.	
   USA). As with the InCeram Alumina system, the ceramist may use the slip casting technique or milling out of
prefabricated partially sintered blanks to fabricate the framework. The results of various
types of tests measuring the flexural strength of the core material have been reported to
range from 421 to 800 MPa. For the glass-infiltrated alumina core material, the fracture
toughness ranges between 6 and 8 MPa/m½.[6]
Yttrium Tetragonal Zirconia Polycrystals (Y-Tzp) Based: The most recent
core materials for all-ceramic FPDs are the yttrium tetragonal zirconia polycrystals
(YTZP)–based materials. Y TZP–based materials were initially introduced for biomedical
use in orthopedics for total hip replacements and were successful because of the
material’s excellent mechanical properties and biocompatibility. It was not until the early
1990s that the use of Y-TZP expanded into dentistry for endodontic dowels and implant
abutments. This material is currently being used as an alternative core material for
complete-coverage restorations, such as all-ceramic crowns and all-ceramic FPDs.
Yttrium oxide is a stabilizing oxide added to pure zirconia to stabilize it at room
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temperature and to generate a multiphase material known as partially stabilized zirconia.
The next section will provide a detailed review of this material. [6-8]

Zirconia As Dental Restorative Material
Zircon has been known as a gem since ancient times. The name of the metal,
zirconium, comes from the Arabic word Zargon meaning golden in color which, in turn,
comes from the two Persian words Zar (Gold) and Gun (Color). Zirconia, the metal
dioxide (ZrO2), was identified as such in 1789 by the German chemist Martin Heinrich
Klaproth in the reaction product obtained after heating some gems, and was used for
many years, blended with rare earth oxides as pigments for ceramics.[2]
Good chemical and dimensional stability, along with mechanical strength and
toughness, coupled with a Young’s modulus in the same order of magnitude of stainless
steel alloys was the origin of the interest in using zirconia as a ceramic biomaterial.[2]
Zirconia (ZrO2) is a polymorphic material that has three allotropes monoclinic, tetragonal
and cubic phases, which are stable at a different range of temperatures. The tetragonal
grains of zirconia, which are normally stable at high temperatures, can be retained at
room temperature by adding metal oxides, such as yttria (Y2O3) or ceria (CeO2).
Nevertheless, the tetragonal grains may transform into monoclinic as a result of
externally applied stresses exerted by processes like grinding and sandblasting. The
tetragonal to monoclinic (t/m) phase transformation exhibits a 4% volume expansion,
which creates compressive stresses at the crack tip. These compressive stresses must be
overcome by the crack in order to propagate, explaining the greater fracture toughness of
zirconia as opposed to conventional dental ceramics. [5]
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According to Manicone et al 2007, review on zirconia biocompatibility, the first
proposed use of zirconium oxide for medical purposes was made in 1969 and concerned
orthopedic application. ZrO2 was proposed as a new material for hip head replacement as
a substitute for titanium or alumina prostheses. The evaluation of the reaction was made
by placing ZrO2 in a monkey femur and no adverse responses were reported. Orthopedic
research focused on the mechanical behavior of zirconia, on its wear, and on its
integration with bone and muscle. Moreover, these first studies were largely carried out
in vivo because in vitro technology was not yet sufficiently advanced. Prior to 1990,
many other studies were performed, in which zirconia was tested on bone and muscle
without any unfavorable results. Since 1990, in vitro studies have also been performed in
order to obtain information about cellular behavior towards zirconia. In vitro evaluation
confirmed that ZrO2 is not cytotoxic. Uncertain results were reported in relation to
zirconia powders that generated an adverse response. This was probably due to zirconium
hydroxide, which is no longer present after sintering, so that solid samples can always be
regarded as safe. Mutagenicity was evaluated by Silva and by Covacci, and both reported
that zirconia is not able to generate mutations of the cellular genome in particular. Mutant
fibroblasts found on ZrO2 were fewer than those obtained with the lowest possible
oncogenic dose compatible with survival of the cells.[2]
The high initial strength and fracture toughness of Y-TZP results from the
physical property of partially stabilized zirconia. Tensile stresses acting at the crack tip
induce a transformation of the metastable tetragonal zirconium oxide form into the
monoclinic form. This transformation is associated with a local increase of 3% to 5% in
volume. This increase in volume results in localized compressive stresses being generated
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around and at the tip of the crack, which counteract the external tensile stresses acting on
the fracture tip. This physical property is known as transformation toughening. [8] The
long-term stability of ceramics is closely related to subcritical crack propagation and
stress corrosion caused by water in the saliva reacting with the glass, resulting in
decomposition of the glass structure and increased crack propagation in glass-containing
systems. However, Y-TZP cores are glass free, and because they have a polycrystalline
microstructure, they do not exhibit this phenomenon. Therefore, long-term stability of YTZP cores may be enhanced. In vitro studies of Y-TZP specimens demonstrated a
flexural strength of 900 to 1200 MPa. Y-TZP-based materials have demonstrated a
fracture toughness of 9-10 MPa/ m½, which is almost double the value demonstrated by
alumina-based materials, and almost 3 times the value demonstrated by lithium
disilicate–based materials. An in vitro study evaluating Y-TZP FPDs under static load
demonstrated fracture resistance of more than 2000 N. [9]
Zirconia restorations have their indications for FPDs supported by teeth or
implants as well as single-crown restorations. Single-tooth restorations and FPDs with a
single pontic are possible on both anterior and posterior teeth because of the mechanical
reliability of this material. It is possible to use juxtagingival marginal preparations and
various finishing lines to obtain a good aesthetic. FPD extension is nowadays a limitation
in using Zr-ceramic restorations. Although some manufacturers also allow obtaining full
arch restorations, 5 unit-FPDs are reported to be as maximal possible. [2] Some physical
properties of zirconia must be considered in order to obtain a good aesthetic outcome. It
is important to note that, zirconia is similar in color to teeth and is also opaque. This can
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be an advantage for the technician because when a dischromic tooth or metal post must
be covered, a zirconia core allows concealment of this unfavorable aspect.[7, 10]

The Effect Of Surface Roughness On Ceramic And Zirconia
In order to produce a ZrO2 core for a prosthetic restoration, it is necessary to use
a computer-aided design/manufacturing (CAD/CAM) system that can deal with zirconia
and create a fitting framework. The realization of the ZR-ceramic restorations must be
conducted in a precise sequence of steps that involves both the clinician and the
laboratory technician. [4]
The influence of grinding on the flexural strength of zirconia ceramics is
contradictory and related to the volume percentage of transformed zirconia, which in turn
depends on the metastability of the t/m phase transformation, the grinding severity and
the locally developed temperatures. [11]
It has been shown that grinding of alumina can lead to greater strength reduction
when the specimens are tested with the tensile axis oriented perpendicular to the grinding
orientation.[12] However, the influence of grinding orientation on the flexural strength of
transformation-toughened zirconia ceramics has not yet been investigated. According to
Guazzotto et al, in general, the flexural strength of Y-TZP ceramics can be increased by
sandblasting and wet grinding, while lower mean strength values are measured when the
same procedures are followed by heat treatment. [4]
In a study by Curtis et al 2005, on the effect of surface modification on the
zirconia flexural strength, there were some interesting findings. It was learned that
routine employment by dental practitioners of surface modification techniques, such as
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alumina abrasion and surface grinding regimes, has been identified to result in the
generation of a surface compressive layer, resulting in an increase in the mechanical
properties and a reduction in the reliability of Y-TZP ceramics. The use of alumina
abrasion to increase the micromechanical retention of all-ceramic restorations prior to
cementation has been reported variously as an increase and a decrease in the flexural
strength, depending upon the surface damage introduced by the abrasion regime
employed. In contrast, the surface grinding of zirconia-based restorations with a fine burr
(10 to 20µm grit size) to provide an improved fit was observed to improve the flexural
strength and reliability; however, a coarse grinding regime (diamond burr with a grit size
of 150 µm), caused degradation of flexural strength and reliability. [13]
The Curtis 2005 study concluded that the pre-cementation surface modification
techniques investigated were identified to modify the surface defect population and the
toughening mechanism as a result of the phase transformation mechanism, which
generated a transformation compressive stress that opposes the externally applied, crack
propagating tensile stress and an increase in the surface hardness of the specimen. In
addition, the presence of moisture was not identified to have a detrimental effect on the
biaxial flexure strength of the Y-TZP specimens. In contrast to the gentler alumina
abrasion regimes and grinding with a fine grit diamond burr, the employment of surface
grinding with a coarse burr resulted in a significant reduction in the biaxial flexure
strength data and reliability of the Y-TZP specimens. The strength and reliability
reduction was due to the generation of a toughening mechanism, due to the phase
transformation mechanism, which generated a transformation compressive stress that
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opposes the externally applied, crack-propagating tensile stress and the increased surface
roughness as highlighted by profilometry. [13]

The Interface Between Zirconia And Veneering Porcelain
The use of toughened ceramics such as yttria-stabilized zirconia (Y-TZP) has
widened the application of ceramics in dentistry, enabling the use of all-ceramic
restorations even in posterior regions where high-strength structures are required. [14]
A drawback of all-ceramic materials is their susceptibility to fatigue mechanisms
that can considerably reduce their strength over time and, therefore, the lifetime of
structural load-bearing components. The reduction of mechanical strength due to fatigue
is caused by the propagation of natural cracks initially present in the components’
microstructure. Crack propagation under subcritical conditions results from the stressassisted reaction of water molecules with the metal-oxide bonds at the crack tip [15]
The zirconium oxide–ceramic relationship is not yet well known. The core–
veneer interface is one of the weakest aspects of these restorations, so that ceramic
chipping or cracking are possible. Factors that may influence veneer cracking include:
differences in thermal expansion coefficients between core and ceramic, firing shrinkage
of ceramic, flaws on veneering, and poor wetting by veneering on core. Special ceramics
are now being developed for zirconia in order to minimize this unfavorable aspect, but
more evaluation of zirconia core–veneer bond must be performed. After veneering
control and finishing, luting of restoration can be performed. [2]
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Failure Mode Of Bilayered Ceramic
In vitro investigations, Finite Element Analysis of FPDs, and fractographic
studies conducted on clinically failed FPDs have shown that the stress distribution,
fracture origin and mode of failure of all-ceramic FPDs are substantially different from
those of crowns. [16]
Kelly et al. have shown that clinically and in vitro failed all-ceramic FPDs made
with a glass-infiltrated alumina core, and veneering porcelain fractured at the connector
area where there is a peak of tensile stress. [8]
Kelly et al. have also concluded that the properties of the porcelain veneering of
the stronger core material control the failure of the connector. [7] An in vitro replica of
the clinical failure at the connector has been obtained by loading bi-layered
core/porcelain bar- or disc-shaped specimens with the core material on top (facing the
loading plunger) and the porcelain on the bottom (facing the jig).
In a study by Denry and Kelly 2008, bulk fractures appear to be quite uncommon
in all studies to date, even with the majority of study prostheses being multi-unit,
replacing first molars or second premolars. The most commonly occurring fractures
involve connectors of multi-unit prostheses (≥4) or second molar abutments. Results for
single-unit molar prostheses may turn out to be at least as good as for alumina-based core
systems; such supposition being tempered, of course, by relatively limited observation
times. It is also obviously too early to judge whether micro-structural or processing
differences among zirconia systems will be reflected in clinical performance. That said, it
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is rather remarkable to have such an emphasis on clinical examination of a new
technology in dentistry (at least 692 prostheses under study within 9 years). [7]
Aboushelib et al , 2007, stated that failure of a layered structure is expected to
occur in the weakest material or in the weakest interface of the system; the inferior
zirconia veneer bond strength was an observation of interest. Manufacturers’ and
researchers’ efforts focused on increasing the strength of the core and the veneer ceramic
materials, while the bond between them was not adequately considered. [17]

The Ceramic-Metal Interface
The success of ceramic-metal restorations depends, to a certain extent, upon the
adherence of porcelain to the ceramic alloy. Four theories of enamel adherence have been
proposed. They are: ( 1) mechanical, (2) wetting (van der Waals) , (3) chemical bonding,
and (4) compressive bonding forces. Various researchers have attempted to relate
ceramic-metal bonding to potential mechanical forces, which actually interlock porcelain
to the metal alloy. [18]
The relative expansion between the metal and ceramic is of prime importance in
porcelain bonding. Both alloys and porcelain expand when heated, and contract when
cooled. If porcelain and an alloy bond together at a high temperature the sintering or
firing temperature of the porcelain, then the relative contraction rates of these two
materials will be important as the bi-material bond cools to room temperature. If the
porcelain contracts less than the alloy as cooling progresses, then the porcelain will have
residual compressive stress at room temperature. If the porcelain contracts more than the
alloy, then the porcelain will have residual tensile stress at room temperature. Because
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porcelain is a brittle material, and thus subject to failure by crack propagation, it does not
tolerate tensile stresses well. Thus, the metal-ceramic bond must minimize residual
tensile stresses in the porcelain. It is best to select porcelain with a coefficient of thermal
expansion (and contraction) that is less than that of the alloy. Most dental alloys have
coefficients of thermal expansion between 13.5 and 17.0 × 10–6/°C. Traditional ceramics
have coefficients of 13.0-14.0 × 10–6/°C, but newer ceramics may vary substantially from
this range. It is therefore critical to consult the alloy manufacturer when selecting
porcelain for a given alloy. It is important to note that the coefficient of thermal
expansion for the porcelain cannot be too much smaller than the alloy, or the porcelainmetal bond will fail as a result of compressive stresses. Generally, a 0.5 × 10–6/°C
difference in coefficients is desirable. [18]
Numerous researchers believe the ceramic-metal bond to be a direct result of
oxide formation at the ceramic-metal interface. The bonds that hold porcelain and metals
together were reported to be a direct result of electron attraction. The bonds were divided
into ionic, covalent, and metallic groups, and result from a sharing or transfer of electrons
at the ceramic-metal interface. [18]

Clinical Survival Rate Of Zirconia Based Restoration
A small number of short-term studies concerning glass-reinforced or glassceramic FPDs have reported failure rates from 6.70% to 50%.[19] The main reasons
reported were framework fractures in the connector area, and so far failures have been
more frequently reported for FPDs in the connector area.[20] For FPDs with a framework
based on zirconia, the reported survival rates are as high as 100% after 3 years in
service.[21] ln a 5-year follow-up study of 3-and 4-unit posterior fixed partial dentures,
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the success rate of the zirconia frameworks was 97.8%, but the survival rate was 73.9 %
because of other complications (mainly secondary caries and chipping of the veneering
ceramic).[22] In the study by Molin et al 2008, the 5-year survival rate of 3-unit FPDs
fabricated from fully sintered hot isostatic pressed yttria-partially-stabilized zirconia was
100%. [23]
In another 5-year clinical study by Sailer, et al 2007, the success rate of posterior
FPDs with zirconia frameworks was 97.80% after 5 years. Only one 5-unit reconstruction
fractured at 38 months because of trauma. None of the 3- or 4-unit frameworks broke
during the observation period. When zirconia was first introduced as a material for FPD
frameworks, its excellent physical properties led to the assumption that it could be
successfully used for the fabrication of all-ceramic reconstructions replacing molars and
premolars. The present study provides encouraging data for the use of zirconia in these
indications. The minimal incidence of framework fracture in this study is in clear contrast
to the results of studies using ceramics other than zirconia. [22]
It can be assumed that veneering ceramics for zirconia possess insufficient
mechanical properties, and that there is a strong need for refined veneering ceramics. The
ceramics themselves should be further developed and strengthened, on the other hand the
framework design should be adapted specifically to better support the veneering
ceramics. One disadvantage of CAD/CAM framework fabrication techniques is that the
uniform thickness of the virtually designed frameworks may not provide proper support
for the veneering ceramic.[24] The ideal proportions of the frameworks for sufficient
support of the veneering material are either difficult or impossible to achieve. In the study
by Sailer, et al 2007, the frameworks were manually fabricated in a way that is
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comparable to traditional fabrication of metal frameworks. The frameworks were
modeled according to the individual anatomic needs of each patient, following the
requirements for metal ceramic techniques. Still, a high rate of chipping was observed,
indicating that new laboratory guidelines should be developed for the application of
zirconia as a framework material. However, because of the multifactorial and complex
nature of delamination, more in vivo and in vitro studies are required to better understand
the findings and support new guidelines. [22]
In a 3-year clinical follow up of posterior and anterior fixed partial dentures by
Tinschert, et al 2008, the results of this study support the assumption that all ceramic
FPDs with a DC-Zircon framework exhibit a sufficient success rate in both anterior and
posterior regions of the mouth. No absolute failures (fracture of zirconia framework)
were observed for any FPDs. The number of FPDs with more than 4 units, as well as the
number of cantilever FPDs, was too small to establish a definitive conclusion. [21]
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PURPOSES AND HYPOTHESES
The Objective of this study is to compare veneering pressed ceramic fracture resistance in
different zirconia core shapes and surface roughness under cyclic loading in wet
conditions.
The Hypothesis of this study can be divided into three hypotheses as follows:
-

The first hypothesis is that a change in zirconia core by adding mechanical
support to the design of the core will increase the veneering pressed ceramic
resistance to fracture.

-

The second hypothesis is that a change in zirconia core surface roughness by
sandblasting will increase the veneering pressed ceramic resistance to fracture.

-

The third hypothesis is that the most significant change in increased veneering
pressed ceramic resistance to fracture will result from a combination of
mechanical support and sandblasting of the zirconia core.

The specific aim of this study is to improve the interface between the zirconia coping and
the veneering pressed porcelain by providing a mechanical support in the design of
zirconia coping and/or by roughening the surface of the coping with sandblasting.
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RESEARCH DESIGN AND METHODS

PILOT STUDY RESULTS AND SAMPLE SIZE CALCULATION

Three samples were fabricated for each group. The samples were fabricated according to
the material and methods described earlier. Table 1 shows the results obtained after the
pilot study. The results were used to calculate the sample size needed for this study.

With a sample size of 10 per group, we will have 92% power to detect a
difference among the 4 groups, assuming a common standard deviation of 400 and alpha
= 0.05 (nQuery Advisor 7.0).
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Abutment Preparation:
The sample for the study was prepared by using an ivory mandibular right first
molar tooth (Typodont teeth. Navadha Enterprises. Mumbai, India). The tooth was
mounted in acrylic block using an auto polymerizing resin (ColdPack tooth acrylic,
Yates-Motloid, Chicago, Illinois, USA) and prepared using high-speed hand piece and
diamond bur under air and water coolant. To ensure proper control of the tooth
preparation, (Figure 1 & 2) the tooth was mounted in the acrylic block with the long axes
of the tooth perpendicular to the floor. The tooth was then mounted in a milling machine
(MP 3000 Metalor, Neuchatel, Swiss) to finalize the preparation. The preparation done
according to the following preparation criteria: 6-degree axial taper, 1.5-mm shoulder
finish line placed 0.5 mm occlusal to the cemento-enamel junction, 1.5-mm axial
reduction, 2-mm occlusal reduction, and 5-mm occluso-gingival height. The preparation
was checked for proper reduction using a silicon key (Figure 3). The acrylic tooth was
then duplicated using Addition – Vulcanizing silicone (Z-Dupe Henry Schein, Germany)
to a metal die using base metal alloy (Wironium plus, Bego, Rhode Island, USA). The
metal die was used as a master die for all the groups in this study. The metal die was
embedded in acrylic block up to 3 mm from the preparation margin. (Figure 4).
Total of 40 samples were used in this study which calculated based on the pilot
study results. Four groups were fabricated to serve the objectives of this study. (Figure 5)
The master die was scanned for the fabrication of the zirconia copings in the test groups.
Groups “A” and “B” had the same zirconia coping design with no modifications on the
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copings. In groups “C” and “D” the zirconia coping was modified with the use of double
scan technique as will be explained below.

Scanning The Master Die For Groups “A” And “B”:
The master die was mounted in the scanning table and scanned using a contact
type scanner (Procera Forte Scanner, Nobel Biocare, New Jersey, USA) to digitize the
die. A zirconia coping was designed using the software (Procera CadDesign Software,
Procera System Software, Version 2.2). The default setting for the posterior coping was
used, which was 0.7 mm thickness all around (Figure 6). After approving the scan of the
die and the design of the coping, the information was sent to the production facility
(Nobel Biocare, New Jersey, USA) to mill the copings (Figure 7). Twenty copings were
fabricated for groups “A” and “B”. Ten copings were assigned to group “A” and ten were
assigned to group “B”. All the copings were visually inspected for defects and
adaptability.

Scanning The Master Die For Group “C” And “D”:
A full contour wax up was done on the master die to the shape of the mandibular
right first molar. A separating medium (Die Lube, Ney, Dentsply, Pennsylvania, USA)
was applied on the master die and a thin layer of an auto-polymerized resin (GC Pattern
resin LS, GC America, Illinois,USA) was applied on the master die to provide support for
the wax and to allow removal of the wax up before the scanning procedure. (Figure 8)
A uniform cut back was done on the full contour wax to approximately 1.0 mm.
After the cut back was finished, a silicone key using Z-Dupe of the full contour wax up
was used to verify a relatively uniform reduction. Five silicone keys were fabricated and
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cut in different planes. Two meso-distal, two bucco-lingual and one coronal from the
middle of the crown. (Figure 9)
The master die was mounted in the Procera Forte Scanner and scanned without
the wax up, and then rescanned with the cut back wax up for the double scan procedure.
The cut back wax up would serve as the design for the zirconia coping (Figure 10). After
approving the scan of the die and the design of the coping, the information was sent to the
production facility to mill the copings (Figure 11). Twenty copings were fabricated for
groups “C” and “D”. Ten copings were assigned to group “C” and ten were assigned to
group “D”. All copings were visually inspected for defects and adaptability.
	
  

Sandblasting Treatment For Groups “B” And “D”:
Copings assigned to test groups “B” and “D” were mounted in acrylic replicas of
the master die and placed in a rotating table at a distance of 15 mm between the surface
of the coping and the blasting tip. The coping was then sandblasted using a sand blast
machine (the classic master sandblasting machine, Renfert Gmbh, Germany) with 100
µm Al2O3 at a pressure of 5 Mpa for a period of 20 S. This sandblast regime was used in
other study by Guazzoto et al, and shows an increase of the flexural strength of the
zirconia if followed by heat treatment.[14]

Final Crown Shape Wax Up For All The Groups:
All the copings were cleaned with a steam cleaning machine (Triton SLA,BEGO,
Germany) and assigned to batches. Every batch contained four copings, which
represented the four test groups, with one coping from each group. Each batch was
invested and pressed in one investment ring, the 200g ring.
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A layer of a clear liner (ZirLiner, IPS e.max Ceram ZirLiner, Ivoclar Vivadent,
USA) was applied to the copings before the full contour wax up, as required by the
manufacturer of the veneering ceramic. The approximate thickness of the ZirLiner after
firing was 0.1mm (Figure 12).

Test Crown Fabrication:
The final crown shape wax up was made in the master die to represent the
mandibular right first molar (Figure 8). The wax up was checked in the testing machine
to verify that the contact between the crown and the load application indentor in the
testing machine was on the cuspal inclination of the mesio-buccal, the mesio-lingual cusp
and the mesial marginal ridge of the crown (Figure 13). The position of the contact point
was designed to allow lateral direction of the forces on the test crown, which reported to
be the more related to failure of ceramic crowns [25].The test crowns’ final shapes were
verified and reserved using a silicon key index. The silicon key index was used to
fabricate all the test crowns in the study. Five	
  silicone	
  keys	
  taken	
  and	
  cut	
  in	
  different	
  
planes.	
  Two	
  meso-‐distal,	
  two	
  bucco-‐lingual	
  and	
  one	
  coronal	
  from	
  the	
  middle	
  of	
  the	
  
crown.	
   Every batch of crowns was invested and the veneering ceramic was pressed
according to the manufacturer’s instructions. The crowns were marked in the investing
ring to differentiate which group they belonged to (Figure 14).
The test crowns were invested with ceramic investing material (IPS Press VEST
Speed, Ivoclar Vivadent, USA) investing material, which was mixed according to the
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manufacturer’s instructions with the recommended special solution percentage. Upon
setting of the investing material, the plastic ring was removed and the investing ring was
inserted into a preheated burn out oven (Vulcan Furnace 3-130, Dentsply, Ney, USA)
to burn out the wax up. The recommended temperatures (850 °C / 1562 °F.) were strictly
followed throughout the samples’ fabrication procedures.
A certificate of compatibility between the Zirconia copings manufactured by
Procera and the pressed veneering ceramic (E-max ZirPress, Ivoclar Vivadent, USA)
was obtained.
Once the burn out cycle was completed, two ZirPress 3 grams ingots were
inserted along with the plunger. The pressing ring was inserted into the pressing oven
(Programmat EP 5000, Ivoclar Vivadent, Austria). After completion of the pressing
cycle, the ring was allowed to cool down. After cooling, the pressed crowns were
divested and cleaned in the sandblasting machine using 25µm glass bead at 2 bar
pressure. The sandblasting regime used to clean the crown was recommended by the
manufacturing company (Ivoclar Vivadent, USA). The reaction layer formed during the
press procedure was removed by immersing the test crowns in HF solution (IPS e.max
Press Invex Liguid, Lot H31070, Ivoclar Vivadent) in an ultrasonic cleaner (L & R
Manufacturing, USA) for 5 minutes. Then the crowns were cleaned under running water
for 3 minutes and dried. The sprues were removed using a water-cooled air-turbine with a
metal disc 0.5 mm from the crown surface, and the remainder was trimmed with a fine
diamond bur (FG Fine Taper, KL5A9, Brasseler, GA , USA) without pressure to protect
the porcelain from heat damage.[25] The finishing of the crowns was done with a siliconfinishing bur.(Brasseler, GA. USA) The crowns were then brushed with a glaze paste
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(IPS e.max Ceram Glaze paste, Ivoclar Vivadent) mixed with a liquid (IPS e.max Glaze
and Stain Liquid, Ivoclar Vivadent) to the desired consistency, and applied evenly on the
test crowns. The glazing cycle was done in the Programmat EP 5000 by following the
manufactured recommendations.

Cementation Of The Test Crowns:
The test crowns were cemented on the master die using Resin Modified Glass
Ionomer cement (FujiCem, GC Corporation, Japan). The mixing of the cement was
done using mixing tips provided with the cement by the manufacturer to maintain
controlled consistency of the mixed cement. The cementation pressure was controlled
with The cyclic loading machine (TA.XTPlus Texture Analyzer machine, Stable Micro
Systems, Ltd in Godalming, Surrey UK) using 25N static pressure (Figure 15).

Loading The Study Samples:
Samples in all groups were loaded dynamically, simulating mouth motion under
wet conditions using the Texture Analyzer machine (Figure 16). The definition of fatigue
testing can be thought of as simply applying cyclic loading to the test specimen in order
to understand how it will perform under similar conditions in actual use. The load
application can either be a repeated application of a fixed load or a simulation of inservice loads. The load application may be repeated millions of times and up to several
hundred times per second. The behavior of materials under such load conditions differs
from the behavior under a static load. Because the material is subjected to repeated load
cycles (fatigue) in actual use, designers are faced with predicting fatigue life, which is
defined as the total number of cycles to failure under specified loading conditions.
Fatigue testing provides much better data to predict the in-service life of materials.
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All study loading profiles and data were managed and stored by using The
TA.XTPlus Texture Analyzer and Texture Expert Exponent Software (Stable Micro
Systems, Ltd in Godalming, Surrey UK).
The loading profile used in this study was formulated based on some facts and
average estimates of load. One million cycles equal one year of use.[25] The mean failure
load of ceramic restoration is 275N.[25] In a study by Kim et al, the porcelain failure of
bi-layered ceramic under the cyclic load was examined and it was found that the inner
cone cracks reached the veneer/core interface at ~ 50,000-100,000 cycles. [26]
Each sample was loaded for 100,000 cycles with a controlled load profile. The
load profile is: maximum load=250N, 1000N/sec; and a chewing frequency of 2.0 Hz.
Each load cycle consisted of the ball coming into contact with the test crown, loading to a
maximum, holding for 0.2 sec, unloading, and lifting off 0.5 mm. (Figure 17) The cycle
adopted from previous studies that use the same profile to simulate the actual chewing
cycle.[20, 27, 28]
The ball will be contacting the slope triangular ridge of the buccal, the lingual cusp and
the proximal marginal ridge in 90° making the direction of the force to be in a 45° angle.
This angle of the direction of the force was checked on the coping and the wax patter
before pressing the ceramics. The design of the contact done to allow lateral direction of
the forces on the test crown, which reported to be the more related to failure of ceramic
crowns [25].[19, 29]
After the cycling loading was completed, the test crown was inspected visually
and with a microscope to examine for any cracks or fractures. The test crowns were
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loaded statically to fail catastrophically (Figure 18), by Instron machine.(Instron, MA ,
USA) The test crowns were compressed and fracture at various loads was recorded. The
fracture mode was observed after fracture and categorized as cohesive if the fracture
happened within the veneering porcelain itself. It was categorized as an adhesive fracture
if the fracture happened between the zirconia core and the veneering porcelain. It was
categorized as both cohesive and adhesive if the fracture happened within the veneering
porcelain and in the interface between the veneering porcelain and the zirconia coping
(Figure 19, 20).
After loading the samples in the Instron machine, the machine records the load applied at
the event of sample fracture. The recorded load was determined to be the fracture load of
the sample and used for the statistical analysis.
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RESULTS

None of the samples failed during the cyclic loading. Table 2 shows the summary
of the descriptive statistical analysis of the result showing the mean fracture load for all
the groups and standard deviation. The mean values of loads at failure in the test groups
were as follows: the control group (Group “A”) 561.87 N with standard deviation of
72.63, the sandblast group (group “B”) 569.22 N with standard deviation of 72.63, the
support group (Group “C”) 995.70 N with standard deviation of 81.23, and the support
and sandblast group (Group “D”) 1014.15 N with standard deviation of 94.25.
After the descriptive analysis was done, two-way analysis of variance (ANOVA)
was carried out. The two ways ANOVA shows that there is a significant statistical
difference between test groups. Bonferroni correction tests were done at alpha sets at 0.05
to determine the statistical significant within the test groups. Table 3 shows the summary
of the statistical results.
The results of the study show a statistical significance between the control group
(Group “A”) and the support group (Group “C”), and also significance between the
control group (Group “A”) and the sandblast & support group (Group “D”). On the other
hand, the results show no statistically significant difference between the control group
(Group “A”) and the sandblast group (Group “B”). When comparing the sandblast group
(Group “B”) with the support group (Group “C”) and the support & sandblast group
(Group “D”), it is clear that there is a statistically significant difference. This indicates
that the sandblasting treatment employed in this study has no effect on the fracture
strength of the pressed veneering ceramic used in this study. Figure 21 shows the box
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plots of the mean fracture strength of the test groups. This clearly demonstrates the higher
mean fracture strength of the two groups with support design, compared to the other two
groups without support design. From the same figure, it can be noted that the
sandblasting treatment doesn’t have any effect on the fracture strength of the veneering
ceramic.
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DISCUSSION
The result of this showed a significant difference between the test groups in terms
of the change of the coping design. The change in the design proposed in this study is
based in the classic methodology of fabricating the porcelain-fused-to-metal (PFM)
crowns where a full contour wax-up and uniform cut back of the wax-up carried out to
provide enough metal support to the veneering ceramic. [30] A study by Silva et al,
shows that the modified design of the zirconia core showed the benefit of additional
porcelain support compared with a standard design by improving the reliability of this
all-ceramic crown system.[31]
All-ceramic restorations provide superior esthetic properties, which are well
documented in the literature.[6] However, the main focus of the researcher was to
improve the strength properties of the ceramic materials. Various methods and techniques
have been recommended to strengthen dental ceramic, including: ion exchange,
controlled crystallization, microstructure tailoring, the use of resin luting agents, and the
use of supporting sub-structure. [32] The superior physical properties of zirconia material
make it a good foundation material for prosthetic dental restorations.[5] In this study,
different designs of the zirconia coping supporting structure were used to strengthen the
veneering pressed ceramic.
There are many variables that may affect the fatigue and fracture behavior of the
materials used in all-ceramic crowns. These include the dimensions of core and veneer
materials, inherent and processing flaws within the materials, and the preparation design.
The luting agent, direction, location, and type of the applied load and the environment of
the testing are other factors that may also play a role. [33]
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The findings of this study indicate that providing proper support for the veneering
pressed ceramic increases the fracture strength of the veneering ceramic. The groups with
mechanical support demonstrated increased fracture strength over the groups that were
not provided with mechanical support. Several authors support this finding. [34] [35]
The modification of coping surfaces using aluminum oxide has been reported in
the literature. Based on the abrasion regime employed and the surface damage
introduced, the results varied as an increase or a decrease in the flexural strength. The
effect of such modification on the interface between zirconia coping and the veneering
ceramic was not conclusive in the literature or in this study, and further investigations are
needed. [36] [4]
This study was not intended to investigate the effect of sandblasting on the
zirconia copings. The sandblasting regimen employed in this study was hypothesized to
increase the bond between the zirconia coping and the pressed veneering ceramic and
subsequently to increase the fracture strength of the veneering ceramic. The findings of
this study show no effect of sandblasting procedures on the zirconia coping or fracture
strength of the veneering pressed ceramic. The test groups that had sandblasting
procedures showed no significant difference from the groups that had no sandblasting of
the zirconia coping.
The use of a metal die in this study provided a reproducible support. The metal
die did not match the mechanical properties (elastic modulus and fracture toughness) of
natural tooth structure. The metal die did not provide a similar substrate for adhesion of
the cement compared to natural tooth structure. However, the adhesion was not a main
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concern, as the cement selected was a conventional one instead of a chemically active
one, according to the manufacturer’s recommendations. Furthermore, no cementation
failure was reported in any of the samples. [37] The metal die in this study may resemble
more the implant abutment especially in the fact of no periodontal ligaments in implant
abutment. However most of the time implant abutments are not made anatomically to
resemble the prepared teeth configuration which is make the situation worse and make it
important to consider the coping design of the crown. The result of this study indicated
that anatomical coping for implant crown is very advantages to provide enough support
to the veneering ceramic.
The samples in this study were tested under wet conditions to simulate clinical
oral conditions. The test crowns were fabricated with an occlusal morphology that
represents natural anatomy. This may have had an effect on the stress distribution and
fracture pattern. [38]
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CONCLUSION

Based on the findings of this study, and within the limitations of this in vitro
study, modifying the design of the zirconia coping by adding mechanical support in the
proximal area will increase the fracture strength of the pressed veneering ceramic. The
mechanical support design investigated in this study was done by a uniform cut back of
the full contour wax up of the final crown shape. On the other hand, sandblasting the
zirconia coping has no effect on the fracture strength of the pressed veneering ceramic.
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FIGURES

	
  
Figure	
  1:	
  Mounting	
  the	
  tooth	
  in	
  acrylic	
  block.	
  

	
  
Figure	
  2: Mounted Tooth # 30 Before Crown Preparation	
  

	
  
Figure	
  3: Silicon Key To Check Proper Reduction Of The Crown Preparation.
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Figure	
  4:	
  Master Metal Die
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Figure	
  5:	
  Testing Groups.	
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Figure	
  6:	
  The Designed Coping For Group A & B	
  

	
  
Figure	
  7:	
  The Delivered Coping For Group A & B.	
  

	
  
Figure	
  8:	
  Full Contour Wax-Up.	
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Figure	
  9:	
  Cut Back Of The Full Contour Wax-Up	
  

	
  

	
  

	
  
Figure	
  10:	
  The Designed Coping For Group C & D

	
  
	
  

	
  
Figure	
  11:	
  The Delivered Coping For Group C & D.	
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Figure	
  12:	
  Figure 12: The Application Of ZirLiner On The Coping
	
  

	
  
Figure	
  13:	
  Contact	
  Points	
  Verified	
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  Testing	
  Machine	
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Figure	
  14:	
  The Test Crowns In The Investing Ring	
  

	
  

	
  

	
  
Figure	
  15:	
  Cementation Of The Test Crown	
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Figure	
  16:	
  The TA-XTPlus Texture Analyser Machine	
  

	
  
Figure	
  17:	
  The Test Crown Loaded In The Texture Analyzer Machine
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Figure	
  18:	
  The Test Crown Loaded In The Instron Machine.	
  

	
  
Figure	
  19:	
  Figure 19: Proximal View Of Fractured Test Crown.
	
  

	
  
Figure	
  20:	
  Occlusal View Of Fractured Terst Crown.	
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Figure	
  21:	
  Box	
  Plot	
  Of	
  The	
  Mean	
  Fracture	
  Strength	
  Of	
  The	
  Test	
  Groups	
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TABLES

Groups

Control Group

Sample number

Fracture strength

1

491.944

2

558.677

3

526.743
Mean (525.788)

Support Group

4

950.944

5

1026.008

6

971.677
Mean (982.877)

Sandblast Group

7

567.072

8

578.082

9

502.792
Mean (549.315)

Support & Sandblast Group

10

871.677

11

1053.865

12

899.375
Mean (941.639)

Table	
  1:	
  Pilot	
  Study	
  Results	
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Test Groups
Mean Fracture Strength (N) Standard Deviation
Control
561.87
72.63
Support
995.70
70.18
Sandblast
569.22
81.23
Support & Sandblast
1014.16
94.26
Table	
  2:	
  Descriptive	
  statistics	
  

Test Groups

Test Groups
Significance
Support Group
< 0.001
Control Group
Sandblast Group
1.000
Support & Sandblast Group
< 0.001
Control Group
< 0.001
Support Group
Sandblast Group
< 0.001
Support & Sandblast Group
1.000
Control Group
1.000
Sandblast Group
Support Group
< 0.001
Support & Sandblast Group
< 0.001
Control Group
< 0.001
Support & Sandblast Group
Support Group
1.000
Sandblast Group
< 0.001
Table	
  3:	
  Summary	
  of	
  Statistical	
  Analysis	
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