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Abstract

Purpose: The bond strength of zirconia veneer has been considered a weak link in
the layered all-ceramic restoration. In a previous study, this bond was improved using
anew category of veneering ceramics adopting the pressing technique; however, the
resulting esthetic quality lacked theindividual characterization built using the layering
technique. The aim of thiswork was to eval uate the effect of combining both press-on
and layering veneer ceramics in one restoration on the bond strength with zirconia
frameworks.

Materials and Methods: Zirconia discs (19.4 mm in diameter, 3-mm thick) were
veneered with 3-mm thick press-on veneer ceramic or veneered with 1-mm thick
press-on veneer ceramic and an additional 2-mm thick of layering veneer ceramic. Two
commercial layering veneer ceramics were tested. The specimens were sectioned into
microbars, and the zirconia veneer microtensile bond strength (MTBS) was measured
in a universal testing machine. Scanning electron microscopy (SEM) was used to
examine core veneer interface quality and to assess failure type. Energy dispersive
X-ray microanaysis (EDAX) was used to analyze the chemical structure of the tested
veneer ceramics, which may affect the structural integrity of the double veneered
restoration. One-way analysis of variance and Tukey HSD post hoc tests were selected
to analyze the data (p < 0.05 was significant).

Results: The MTBS of zirconia and press-on ceramic (34.4 + 2.9 MPa) was not
affected by the addition of a second layer of either veneer ceramic. SEM analysis
revealed defect-free zirconiapress-on veneer interface, while the interface between the
press-on and thelayering veneer ceramicsdemonstrated adifferent crystal structureand
glassmatrix, which did not affect wetting and contact between thetwo materials. EDAX
analysis revealed differences, which account for the observed structural differences,
in the chemical composition between the tested veneers.

Conclusion: The double veneer technique combines the high bond strength and supe-
rior interface quality achieved using press-on ceramics with the superior esthetics and
individual characterization obtained using layering ceramics. The technique promises
superior function and performance of the double veneered restoration.

Chemical stability and superior physical and mechanical prop-
erties, combined with CAD/CAM technology, have made
zirconia-based materials the framework material of choice for
fixed dental prostheses.>? To achieve better esthetics, the zir-
coniaframework is veneered with a ceramic material, which is
built in successive layers, giving thefinal restoration individual
optical characteristicsthat can barely be distinguished from the
surrounding natural dentition.®

To ensure structural integrity of such layered restorations
under functional loads and to prevent chipping and delami-
nation of the veneer ceramic, the core veneer bond must be
of a certain minimal strength. Because stress distribution in a
two-phase material construction is more complex than a ho-
mogenous one-phase material construction, additional factors
must be considered for layered zirconiarestorations.* Thether-
mal expansion behavior, firing shrinkage, interface toughness
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and roughness, and heating and cooling rates are all factorsthat
must be handled carefully to prevent generation of undesired
tensile stresses.®

In a previous study, the core veneer bond strength of differ-
ent all-ceramic core and veneer materials was evaluated using
a microtensile bond strength (MTBS) test. An interesting ob-
servation was the low MTBS of the zirconia framework to its
recommended veneer ceramic (29.1 MPa), in contrast to other
layered core materials such aslithium disilicate, which demon-
strated a higher MTBS with its veneer ceramic (44.6 MPa).

Recently, a new generation of ceramics has been introduced
for veneering zirconia frameworks adopting pressing technol -
ogy. The advantages of this system are simplicity, quickness,
and defect-free structures, while the application of the lost wax
method provides special anatomical characterization, which is
difficult to achieve using the standard layering technique. The
higher tensile strength of these press-on veneers, in addition to
their superior interface quality and higher bond strength with
zirconia frameworks, make them optimal materials to apply.”
On the other hand, the major drawbacks of these materials are
the inferior esthetic and optical qualities, as compared with
the layered veneer ceramics, limiting their application in the
esthetic zone of the mouth.

Combining the press-on and the layering ceramics in one
restoration may provide both superior bond and interface qual-
ity withimproved esthetics and thus enhance the overall perfor-
mance of zirconiarestorations. Aslayering and press-on veneer
ceramics each have different chemical and physical properties
and different thermal expansion coefficients, their combination
in one restoration has not been previously evaluated. It was the
aim of thisresearch to study the effect of such double veneering
on the bond strength with zirconia framework materials.

Materials and methods
Preparation of the specimens

Materialstested and their propertiesare summarizedin Table 1.
Fifteen zirconia discs (19.4-mm diameter, 3-mm thick) were
prepared by cutting CAD/CAM milling blocks (Cercon® Base)
followed by polishing with 600 grit silicon carbide paper and
sintering in the manufacturer's recommended furnace. After
firing, the discswere sandblasted with 120- . m aluminum oxide
at pressure of 3.5 bar. The discswere equally divided into three
groups according to the structure of the veneer:

Table 1 Material properties
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1. A control group composed of zirconia and 3-mm thick
press-on veneer.

2. Two double veneered test groups each composed of zirco-
nia, 1-mm thick press-on veneer, and an additional 2-mm
thick layering veneer ceramic. A different layering ce-
ramic was used for each of these groups: Noble Rondo
zirconia or Cercon ceram Kiss.

Wax discs (19.4-mm diameter) were fused to the sandbl asted
surface of the zirconia discs and were processed according to
manufacturer’s instructions for press-on veneer ceramic (Cer-
con ceram express). After devesting and cleaning, the speci-
menswere seated in an adjustableal uminum mold wherealayer
of dentine ceramic slurry, either Noble Rondo zirconia or Cer-
con ceram kiss, was condensed, blot dried, and pressed under
pneumatic plunger to ensure good condensation of the mate-
rial. Finally the double veneered specimens were fired accord-
ing to the manufacturer-recommended program (Austromat
3001, Dekema Dental-Keramikofen GmbH & Co, Freilassing,
Germany).

MTBS test

All specimens were cut into microbars (6 x 1 x 1 mm?®) using
a diamond-coated disc under water cooling (Ecomet, Buehler
Ltd, Evanston, IL). The microbars were examined under a
stereomicroscope, and 18 sound bars were selected from each
group (n = 18). This sample size was based on a power anal-
ysis in which the power was set at 0.8, the significance level
at 0.05, and a large effect size (f = 0.4), which in terms of
mesasuring MTBS value represents clinical relevance. The se-
lected microbarswere glued to aspecial attachment unitusinga
light-cured adhesiveresin (Clearfil SE Bond, Kuraray Medical,
Inc., Okayama, Japan) taking care to center the zirconia veneer
interface at the free space of the attachment unit.2 The micro-
bars were loaded to failure at a crosshead speed of 1 mm/min
(Instron 6022, Instron Limited, High Wycombe, UK).®

Scanning electron microscopy (SEM)

To evauate the fracture type, the broken bars were ultrasoni-
caly cleaned, gold sputter-coated, and examined under SEM
(XL 20, Philips, Eindhoven, The Netherlands). Failuretypewas
classified into two groups according to the fracture initiation
site: interfacial fracture across zirconia press-on veneer inter-
face or cohesive fracture in the veneer ceramic. Sound sections

Thermal Expansion

Coefficient

Material Manufacturer Batch Composition (ppm/°C)
Cercon base Degudent GmbH, 20010301 Zirconium oxide (92%vol), yttrium oxide 10.5

Hanau-Wolfgang, (5%vol), hafnium oxide (2%vol), alumina

Germany and silica (<1%vol)
Cercon ceram kiss 31273 Feldspathic porcelain for layering technique 9.2
Cercon ceram 305892A Glass ceramic for pressing technique 10.5

express posterior

Nobel Rondo zirconia Nobel Biocare AB, 0105 Fine grained homogenous feldspathic 9.3

dentine

Gotenborg, Sweden

porcelain for layering technique

10
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from each test group were polished and examined under high
magnification to examine the zirconia veneer interface as well
astheinterface between the press-on and thelayering veneers.

Energy dispersive X-ray microanalysis (EDAX)

To study whether the chemical composition of the added lay-
ering veneer ceramic is a factor affecting the zirconia veneer
bond strength, polished sections of the double veneered speci-
mens were carbon coated and examined with EDAX at 30 KV.
To assess the chemical structure of each of the tested veneer
ceramics, the beam (spot size 1 m) was focused on the center
of the examined ceramic.

Statistical analysis

One-way analysis of variance (ANOVA) and Tukey HSD post
hoc tests were sel ected to analyze the data (SPSS 12.0.1, SPSS,
Inc., Chicago, IL). P-values <0.05 were considered significant.
Statistical power analysis was used as described elsewhere. 1

Results

There was no statistically significant difference in the zirconia
veneer MTBS among the three groups (p = 0.28, % = 0.055).
Based on Cohni’s criteria, a partial #2 value of 0.055 suggests
that only approximately 6% of the MTBS variance was re-
lated to the veneer configuration. Thus, the MTBS of zirconia
and press-on veneer ceramic double layered with either Noble
Rondo zirconia (36.7 £ 5.1 MPa) or Cercon ceram kiss (36.6 +
5.1 MPa) was not statistically significantly different from the
bond strength value of the control specimens composed of zir-
conia veneered with the press-on ceramic alone (34.4 + 2.9
MPa) (Table 2). SEM analysis of the broken microbars of the
control group revealed entirely cohesive failure between zirco-
niaand press-on veneer ceramic (Fig 1), while for the other two
groupsinterfacial failure type was observed (Fig 2, Table 2).

SEM examination of the polished sections reveal ed a defect-
free interface between zirconia and press-on veneer ceramic
(Fig 3). There was a structural difference in the crystal struc-
ture and the glass matrix between the press-on and the layering
ceramicsthat did not result in structural defects as was demon-
strated by the good contact observed between the two materials
(Fig 4).

EDAX analysis revealed differences in the chemical struc-
ture between the tested veneer ceramics. The percentage of

Table 2 MTBS (MPa) and fracture type of the tested groups

Structure of test specimen MTBS (MPa)* Failure type

Zirconia/press-on 36.7 £ 5.1 72% cohesive
veneer/Noble Rondo
zirconia

Zirconia/press-on 36.6 £5.1 77% cohesive
veneer/Cercon ceram kiss

Zirconia/press-on veneer 344+29 100% cohesive

*There was no statistically significant difference in MTBS values among
the tested groups.

Double veneer technique

Figure 1 SEM image of zirconia side of a broken microbar demonstrating
a cohesive fracture. Fracture originated and propagated in the press-on
veneer ceramic.

potassium ions, and to a lesser degree sodium ions, was lower
in the press-on veneer than in the layering ceramics. On the
other hand, the percentage of aluminum was almost double in
the Noble Rondo zirconia compared with the other ceramics
(Table 3).

Discussion

Varioustest methodol ogies previously used to measure or eval-
uate core veneer bond strength include shear test, three point
and four point flexure, and biaxia flexure strength test. Esti-
mating the bond strength values from these tests was very com-
plicated dueto the structural damage associated with thetesting
method and with the fracture mechanism.>"13 Delamination
of the veneer ceramic from intact zirconia frameworks was
previoudly reported, but was not directly related to aweak core
veneer bond strength.®-314 Using the MTBS test to determine
the core veneer bond strength resulted in more standardized
and less scattered data, as the applied forces are perpendicular
to the bonded surface, and the small cross-sectional area of the
microbars ensures minimal incorporation of structural flaws,
which significantly affect test readings.® 1> On the other hand,

Figure2 SEM image of zirconia side of a broken double veneered micro-
bar demonstrating an interfacial fracture. Fracture originated at zirconia
press-on ceramic interface leaving exposed zirconia grains.
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Zirconia

Figure 3 Polished cross section demonstrating good contact between
zirconia and press-on veneer and between press-on and layering veneer
ceramics.

using MTBS to measure core veneer bond strength requires
careful attention during cutting the brittle specimensin order to
avoid creation of cutting defects or unexpected cracking of the
microbars. Using sharp new cutting discs at high cutting speeds
and low loads reduces vibrations and ensures fine cutting of the
specimens.

As the introduction of zirconia to dentistry as a framework
material is relatively new compared with other core materi-
as, related materials and techniques are frequently introduced
without sufficient clinical and laboratory data concerning the
performance of these systems. Press-on veneer ceramics were
recently introduced with claims of improved performance and
better bonding to zirconiaframeworks compared with ol der ver-
sions of layering veneer ceramics.” Application of these veneer
ceramics was limited by their monochromatic color compared
with the customized superior esthetics built using the layering
technique.

The zirconia press-on ceramic bond strength was compara-
bleto apreviousy published value of 38.6 M Pausing the same
materials.” The addition of a layering ceramic over already
pressed-on veneer did not result in weakening its bond strength
with zirconiaframework or in the creation of structural defects
across the zirconia veneer interface (Fig 3), even though the

Figure 4 Defect-free interface between the press-on and the layering
veneer ceramics demonstrating different crystal and glass matrix struc-
tures.

Aboushelib et al

Table 3 EDAX analysis of the tested veneer ceramics

Element composition (wt%)*

Beam location Veneer ceramic Si K Al Na Pt Ca

Press-onveneer 318 05 58 52 06 —
Noble Rondo 3 78 98 76 — —
zirconia
Cercon ceram

kiss

Center of
specimen

327 822 55 784 73 2.7

*Oxygen was a balance for the chemical composition.

specimens were subjected to an additional firing cycle. Addi-
tionally, the zirconia veneer bond strength was not affected by
the type of the layering ceramic used: Cercon ceram kiss or
Noble Rondo zirconia.

On the other hand, it was observed that the addition of the
layering veneers resulted in an increase in the percentage of
interfacial failure compared to the control group, which demon-
strated 100% cohesive failure (Table 2). The difference in the
thermal expansion coefficient between the press-on and the lay-
ering ceramics (1.3 ppm/°C, Table 1) isafactor responsible for
generation of undesirable residual tensile prestresses, which
could explain the observed interfacial failure.'67

SEM examination of zirconia press-on veneer interface re-
vealed porosity-free veneer and interface structures, which are
advantages of the pressing technique,'® while the interface be-
tween the press-on and the layering ceramics demonstrated dif-
ferencesinthecrystal and theglassmatrix structures. The press-
on veneer demonstrated less crystallization compared with the
two tested layering ceramics (Fig 4).

Thisstructural difference could be explained by EDAX anal-
ysis of the press-on ceramic, which indicated a substantially
lower content of potassium ionsin addition to a slightly lower
content of sodium ions—both necessary for the formation and
thegrowth of thecrystal phase.'® Ontheother hand, the percent-
age of aluminum in Noble Rondo zirconia was almost double
compared with the other used ceramics (Table 3). The percent-
age of auminum ions is important for controlling the crystal-
lization kinetics of dental ceramics,? which could explain the
fine homogenous structure and the high tensile strength charac-
teristic for this material.” Nevertheless, the interface between
the press-on and the layering veneers demonstrated good con-
tact between the two materials which could explain the similar
MTBS values observed for the three tested groups (Table 2).

Zirconiaveneer bond strength issensitiveto many interacting
variables, such asthe type of veneer ceramic and its method of
application and the surface preparation of the zirconia frame-
work. Careful selection of a veneer ceramic and a matching
surface preparation will result in a good bond between the
framework material and the esthetic veneer.5”

Conclusion

The double veneer technique did not result in weakening the
MTBS of the zirconia framework with its press-on veneer ce-
ramic. This technique combines the high bond strength and
superior interface quality achieved using press-on ceramics
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with the superior esthetics obtained using layering ceramics.
The technique promises superior function and performance of
the double veneered restoration.

Acknowledgments

We would like to thank &l the manufacturers for generously
supplying the test materials. We acknowledge the help and
support of T. Reiter and K. Liem; C. Lie and A. Hoesintacib
from ACTA Laboratory; and |. Aartman for her help with the
statistics in this paper.

References

1. Tinschert J, Natt G, Mautsch W, et a: Fracture resistance of
lithium disilicate-, alumina-, and zirconia-based three-unit fixed
partial dentures: A laboratory study. Int J Prosthodont
2001;14:231-238

2. Guazzato M, Albakry M, Ringer SP, et a: Strength, fracture
toughness and microstructure of a selection of all-ceramic
materials. Part I1. Zirconia-based dental ceramics. Dent Mater
2004;20:449-456

3. Sundh A, Molin M, Sogren G: Fracture resistance of yttrium
oxide partially-stabilized zirconia all-ceramic bridges after
veneering and mechanical fatigue testing. Dent Mater
2005;21:476-482

4. White SN, Miklus VG, McLaren EA, et a: Flexural strength of a
layered zirconia and porcelain dental all-ceramic system. J
Prosthet Dent 2005;94:125-131

5. Kononen M, Kivilahti J: Fusion of dental ceramicsto titanium. J
Dent Res 2001;80:848-854

6. Aboushelib MN, de Jager N, Kleverlaan CJ, et a: Microtensile
bond strength of different components of core veneered
all-ceramic restorations. Dent Mater 2005;21:984-991

7. Aboushelib MN, Kleverlaan CJ, Feilzer AJ: Microtensile bond
strength of different components of core veneered all-ceramic
restorations. Part |1: Zirconia veneering ceramics. Dent Mater
2006;22:857-863

10.

11

12.

13.

14.

15.

16.

17.

18.

10.

20.

Double veneer technique

. El Zohairy AA, De Gee AJ, Mohsen MM, et d: Microtensile

bond strength testing of luting cements to prefabricated
CAD/CAM ceramic and composite blocks. Dent Mater
2003;19:575-583

. Yamaguchi K, Miyazaki M, Takamizawa T, et a: Influence of

crosshead speed on micro-tensile bond strength of two-step
adhesive systems. Dent Mater 2006;22:420-425

Cohen J: Statistical Power Analysis for the Behavioral Sciences.
Hillsdale, NJ, Lawrence Erlbaum Associates, 1988

Dundar M, Ozcan M, Comlekoglu E, et al: Bond strengths of
veneering ceramics to reinforced ceramic core materials. Int J
Prosthodont 2005;18:71-72

Al-Dohan HM, Yaman P, Dennison JB, et a: Shear strength of
core-veneer interface in bi-layered ceramics. J Prosthet Dent
2004;91:349-355

Guazzato M, Proos K, Quach L, et a: Strength, reliability and
mode of fracture of bilayered porcelain/zirconia (Y-TZP) dental
ceramics. Biomaterials 2004;25:5045-5052

Vult von Steyern P, Carlson P, Nilner K: All-ceramic fixed
partial dentures designed according to the DC-Zirkon technique.
A 2-year clinica study. JOra Rehabil 2005;32:180-187
Goracci C, Sadek FT, Monticelli F, et a: Influence of substrate,
shape, and thickness on microtensile specimens’ structura
integrity and their measured bond strengths. Dent Mater
2004;20:643-654

Isgro G, Kleverlaan CJ, Wang H, et a: Thermal dimensional
behavior of dental ceramics. Biomaterials 2004;25:2447-

2453

Taskonak B, Mecholsky JJ Jr, Anusavice KJ: Residual stressesin
bilayer dental ceramics. Biomaterials 2005;26:3235-3241
Albakry M, Guazzato M, Swain MV Influence of hot pressing
on the microstructure and fracture toughness of two pressable
dental glass-ceramics. J Biomed Mater Res B Appl Biomater
2004;71:99-107

Denry IL, Holloway JA, Rosenstiel SF: Crystallization kinetics
of alow-expansion feldspar glass for dental applications. J
Biomed Mater Res 1998;41:398-404

Cattell MJ, Chadwick TC, Knowles JC, et a: The nucleation and
crystallization of fine grained leucite glass-ceramics for dental
applications. Dent Mater 2006;22:925-933

Journal of Prosthodontics 17 (2008) 9-13 (©) 2007 by The American College of Prosthodontists 13



Copyright of Journal of Prosthodontics is the property of Blackwell Publishing Limited and its
content may not be copied or emailed to multiple sites or posted to a listserv without the copyright
holder's express written permission. However, users may print, download, or email articles for
individual use.



