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Abstract

Objective: The aim of the study was to
characterize the elemental distribution
at the
core and veneering porcelain materials.
Materials and methods: Three groups
of all-ceramic cores were selected: A)
Glass-ceramics (Cergo, IPS Empress,
IPS Empress 2, e-max Press, Finesse);
B) Glass-infiltrated ceramics (Celay

interface between all-ceramic

Alumina, Celay Zirconia) and C) Dense-
ly sintered ceramics (Cercon, Procera
Alumina, ZirCAD, Noritake Zirconia).
The cores were combined with compat-
ible veneering porcelains and three flat
square test specimens were produced
for each system. The core—veneer inter-
faces were examined by scanning elec-
tron microscopy and energy dispersive
X-ray microanalysis.

Results: The glass-ceramic systems
showed interfacial zones reach in Si and
O, with the presence of K, Ca, Al in core

and Ca, Ce, Na, Mg or Al in veneer ma-
terial, depending on the system tested.
IPS Empress and IPS Empress 2 dem-
onstrated distinct transitional phases at
the core—veneer interface. In the glass-
infiltrated systems, intermixing of core
(Ce, La) with veneer (Na, Si) elements
occurred, whereas an abrupt drop of the
core—veneer elemental concentration
was documented at the interfaces of all
densely sintered ceramics.
Significance: The results of the study
provided no evidence of elemental inter-
diffusion at the core—veneer interfaces
in densely sintered ceramics, which im-
plies lack of primary chemical bonding.
For the glass-containing systems (glass-
ceramics and glass-infiltrated ceramics)
interdiffusion of the glass-phase seems
to play a critical role in establishing a
primary bonding condition between ce-
ramic core and veneering porcelain.

(Int J Esthet Dent 2014,9:536-550)
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INntroduction

The gold standard of the interfacial bond
between the veneer ceramics and the
supporting framework structures in fixed
prosthodontics has been established
over the years by the metal-ceramic
restorations. The excellent wetting abil-
ity of silica-based feldspathic porcelain
veneers upon firing over the metal sub-
structures results in an intimate micro-
mechanical retention that is also assist-
ed by a primary chemical adhesion.? As
it has been clearly documented through
elemental interfacial analysis studies,
O links between the SiOs of the veneer
porcelain and the oxide layer, formed
by trace elements “keyed” on the sur-
face of the metal alloy framework, to
chemically join the two heterogeneous
substances.27 Thus, the overall bond
obtained within the metal-ceramic com-
plex attains adequate strength that has
been experimentally documented and
clinically confirmed.8

The esthetic demand to produce full
coverage restorations that imitate the in-
ternal optical structure and behavior of
the natural dentition, as closely as pos-
sible, led the dental industry to the de-
velopment of all-ceramic systems, free
of metal supporting frameworks. The
brittleness of silica-based feldspathic
porcelain veneers, which provide the
restorations with the required depth of
translucency and the necessary variety
of shade options, must be mechanical-
ly supported by high-strength ceramic
substructures, copings or bridge frame-
works.

The efforts for the development of
mechanically reinforced cores started
with the high alumina porcelain in the
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late 1960s and continued through ‘the
‘80s and ‘90s with the introduction of
glass-infiltrated sintered ceramics and
glass-ceramics. Along with the turn of
the century, the development of the all-
ceramic technology entered the era of
densely sintered ceramics of alumina
first and zirconia soon after.® The ap-
plication of these industrially produced
high-strength materials became possi-
ble though the advances of digital tech-
nology and the introduction of CAD/CAM
procedures in the dental laboratories.

The combination of these core ma-
terials, with the appropriate veneering
porcelains, was aimed mainly at the de-
velopment of all-ceramic systems pos-
sessing improved mechanical and op-
tical behavior properties. However, the
combination of these two potentially —
more or less — heterogeneous materials
has not been examined in depth, espe-
cially not on the grounds of the interface
created during firing of the one over the
other.

It has been assumed that in the ce-
ramic substructures containing glass
(high alumina porcelain and various
glass-infiltrated sintered ceramics)
bearing ceramic veneers as well as in
the glass-ceramics, the common silica
phase present in both the core and the
veneer parts defines a chemically uni-
form cohesive interfacial transition. In
the densely sintered alumina and zir-
conia cores, such a unifying phase is
absent and thus a chemically uniform
transition does not exist.

Generally, adequate bond strength is
clinically performed more or less equal-
ly by all systems.® Nevertheless, a de-
tailed elemental characterization of the
interfaces that develop upon firing the
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appropriate veneering porcelains over
the various ceramic substrates does not
exist in the dental literature, or for the
glass-infiltrated and glass-ceramics or
for the densely sintered alumina and zir-
conia core complexes.

The aim of the present study was to
characterize the interface comprehen-
sively of the historically developed early
and current ceramic systems applied in
fixed prosthodontics like glass-ceramic,
glass-infiltrated and densely sintered all-
ceramic cores bearing the pertinent ve-
neering porcelains. The null hypothesis
was that elemental gradients like those
reported for metal ceramic systems are
involved in porcelain veneer bonding to
all-ceramic core materials.

Materials and methods

In order to accumulate an integrated
comparative knowledge concerning the
interface under examination, 11 differ-
ent brands of all-ceramic systems (re-
inforced core-veneer combinations),
early and current, were examined.
Based on the nature of the core, the
systems were examined, and divided
in three type-groups: glass-ceramics,
glass-infiltrated ceramics, and densely
sintered ceramics. The materials used in
the study are presented in Table 1. Sets
of three samples were fabricated (10 x
10 x 3 mm) for each ceramic system.
The cores were constructed according
to the indicated method and they were
covered accordingly by a compatible
veneer porcelain.

For the glass-ceramic group, wax pat-
terns (10 x 10 x 3 mm) were invested

in order to produce the heat-pressed

glass-ceramic cores (CER, EM1,-EMZ2;
EMX, FIN). The pressing procedures took
place in the pertinent for each product
furnace, according to the manufacturers’
instructions. The veneering procedures
were followed by applying a compatible
for each core glass-ceramic veneering
product. For the glass-infiltrated group,
prefabricated cubes (10 x 12 x 15 mm)
of sintered, but not glass-infiltrated ce-
ramics, industrially manufactured for
copy-milling procedures, were used. The
cubes were sliced with a thin diamond-
separating disk to produce samples of
3 mm in thickness. After glass infiltration
and sandblasting (50 ym/1.5 bar) the
corresponding veneer of feldspathic
porcelain was layered over the sam-
ples and fired accordingly. The group of
densely sintered ceramics involved two
subgroups. The first subgroup consisted
of densely sintered alumina (PRO) and
zirconia (CEC). The core samples (10 x
10 x 3 mm) were provided directly from
the manufacturers. After sandblasting
(Al2O3z3 50 ym/3 bar for PRO and AlxO3
50 pm/1.5 bar for CEC), the core sam-
ples received the appropriate veneering
feldspathic porcelain build-up and were
fired accordingly. The second subgroup
involved densely sintered zirconia sam-
ples produced from by CAD/CAM pro-
cedures. Following sandblasting (Al>Og3
50 pym/1.5 bar) the core samples were
covered with wax (83 mm). After invest-
ing and wax burnout they then received
heat-pressed glass-ceramic veneers
(ZPR and ZNP).

The specimens produced for each
testing group were embedded with the
longest edge placed vertically in epoxy
resin (Caldofix, Struers), exposing the
interfacial side on the surface. The ex-
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Table 1 The ceramic materials used in the study.
Product Code | Core/veneer materials Manufacturer
A. Glass-ceramics
Core: Ingot Cergo Gold pressable/ B1
Cergo CEG Degudent Dental
Veneer: Ducera Gold DB2
Core: Ingot 110/A1 dentin/body )
IPS Empress EMA1 . Ivoclar Vivadent
Veneer: Impulse-Incisal
Core: Ingot 100/Layering technique
IPS Empress 2 EM2 < ) /Lay < = Ivoclar Vivadent
Veneer: Incisal 3
IPS e.max press/ Core: Ingot IPS e.max press A3.5 .
EMX lvoclar Vivadent
ceram Veneer: IPS e.max ceram C2
. Core: Ingot Finesse Pressable/C4
Finesse FIN Dentsply-Ceramco

Veneer: Finesse LF

B. Glass-infiltrated ceramics

Core: In Ceram Alumina AC-12

Celay alumina CLA Glass: Glass powder Al 2 VITA Zahnfabric
Veneer: Vitadur A dentin D3
Core: In Ceram Zirconia ZC-12

Celay zirconia CLz Glass: Glass powder Z21 VITA Zahnfabric

Veneer: Vitadur A dentin D3

C. Densely sintered ceramics

Core: Cercon base

Cercon CEC Liner: Cercon porcelain S Liner Degudent Dental
Veneer: Cercon porcelain S Dentin
Core: Code No 89032.2, 89032.3, 89032.7, .
Core: Nobel Biocare
Veneered Procera 89032.8, . L
i PRO i . . Veneer: Creation Willi
Alumina Liner: Creation Av/Liner SH-14 Goell
eller
Veneer: Creation Av/dentin C3
IPS e.max ZirCad/ Core: e.max ZirCAD .
. ZPR . Ilvoclar Vivadent
ZirPress Veneer: e.max ZirPress
Noritake Zirconia/ ZNP Core: Noritake Zirconia Kuraray Noritake

CZR-Press

Veneer: CZR-Press

Dental
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Table 2 The elemental composition of core and veneer materials (wt%, means of 3 measurements)-

Code

Core material

Veneer material

A. Glass-ceramics

O:31.18, Na: 7.38, Al: 14.54, Si: 36.17,

O: 30.96, Na: 8.02, Al: 9.86, Si: 36.08,

CEG
K: 10.72 K: 12.08
. O: 30.52, Na: 5.22, Al: 11.83, Si: 36.72,
O: 30.49, Na: 3.83, Al: 14.51, Si: 35.24, .
EMA1 . K: 13.563,Ca: 1.09, Ba: 0.56, Ti: 0.16, Ce:
K:13.02, Ca: 1.67, Ti: 1.67, Ce: 0.88
0.37
O: 32.44, Na: 6.46, Mg: 0.30, Al: 8.11,
O: 38.98, Na: 4.96, Mg: 0.58, Al: 1.35, . .
EM2 ) Si: 37.33, P: 0.61, K: 7.58, Ca: 1.54, Ti:
Si: 42.85, P: 3.00, K: 4.19, Zn: 4.08
1.62, Ce: 1.78, Zn: 2.24
O: 51.82, Na: 0.25, Mg: 0.72, Al: 0.96, O: 43.85, F: 0.64, Na: 5.12, Mg: 0.15,
EMX Si: 36.84, P: 1.87, K: 3.09, Ce: 1.48, Al: 5.80, Si: 33.42, P: 0.53, K: 5.90,
Zn: 2.96 Ce: 1.44, Ti: 0.77, Ce: 0.61, Zn: 1.76
EIN O: 29.51, Na: 5.16, Al: 9.91, Si: 39.58, O: 30.46, Na: 7.59, Mg: 3.17, Al: 5.70,

K: 12.15, Ca: 1.91, Ba: 1.59

Si: 38.14, K: 10.03, Ca: 2.13, Tb: 2.78

B. Glass-infiltrated ceramics

CLA

O: 28.41, Al: 68.20, Si: 2.60, Ca: 0.57,
Ti: 0.65, La: 9.57

O: 31.79, Na: 3.67, Al: 10.15, Si: 42.47,
:9.84, Ca: 2.07

A

CLz

O: 28.93, Al: 39.98, Si: 2.26, Zr: 19,96,
Ca: 1.08, La: 4.74, Ce: 3.25

O: 34.34, Na: 4.13, Al: 10.49, Si: 40.55,
:8.57, Ca: 1.73, Fe: 0.19

A

C. Densely sintered ceramics

O: 29.67, Na: 5.98, Al: 7.74, Si: 41.53,
CEC O: 11.91, Hf: 2.61, Y: 9.43, Zr: 76.05

K: 10.38, Sb: 2.24, Ca :0.98, Ba: 1.48

O: 34.10, Na: 5.30, Mg: 0.76, Al: 8.16,
PRO O: 33.59, Al: 66.41 . .

Si: 43.90, K: 6.05, Ca: 1.21,Ti: 0.51

O: 46.72, Na: 7.28, Al: 7.92, Si: 27.60,
ZPR O: 26.42, Hf: 2.16, Y: 7.74, Zr: 63.68 Zr: 1.33, K: 5.11 Ca: 1.67, Ti: 0.78,

Ce: 0.77, Zn: 0.81
—e O: 28.67, Al: 0.2, Hf: 2.45,Y: 2.36, P: 1.81, | O: 48.44, Na: 3.69, Mg: 0.43, Al: 8.89,

Zr: 64.51

Si: 29.70, K: 7.49 Ca: 0.60, Ce: 0.76
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Fig 1
CEG core-veneer interface and the corresponding
elemental maps of Al, K, Na, O and Si (2,000x, bar:
20 pm).

Backscattered electron image (SSD) of

posed cross-section was ground by us-
ing SiC papers (220 to 2,200 grit-size)
under water-cooling, then metallograph-
ically polished with diamond pastes (3,
1 and 0.25 ym, DP-Paste, Struers) in a
grinding/polishing machine (Ecomet
I, Buehler) and finally ultrasonically
cleaned for 5 min in ethanol.

All the specimens were then sputter-
coated with carbon in a sputter-coating

unit (SCD 004 Sputter Coater with OCD
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30 attachment, Bal-Tec) and examined
in a scanning electron microscope
(Quanta 200 SEM, FEIl) coupled with an
x-ray energy dispersive spectrometer
(EDX), equipped with a super ultra-thin
Be window Si(Li) detector (Sapphire
CDU, Edax). The specimens had imag-
es taken at the interface by a solid-state
atomic number contrast backscattered
detector (SSD), to identify phases with
differences in the mean atomic number
(Z > 1). The elemental composition of
the core and layer components and their
interfacial elemental distributions were
then determined by EDX microanalysis.
Area scan analysis, multi-element area
mapping and line scan analysis were
used respectively. All specimens were
analyzed under high vacuum (104 Pa),
110 pA
beam current 2,000x magnification,
200 s live acquisition time, 34% detector
dead time and 133 eV resolution. For the

25 kV accelerating voltage,

elemental analysis of the core and ve-
neer materials a sampling window of 50
X 50 pym was used. For line scan analy-
sis, a region extending 30 yum each side
the interface was studied. Quantitative
analysis was performed in standardless
mode, employing ZAF (Z: atomic num-
ber, A: absorption, F: fluorescence) and
C-coating corrections using Genesis
5.2 software (Edax). The latter correc-
tion was employed to compensate for
the absorption of the low energy x-rays
of light elements.

Results

The results of the elemental analysis of
the core and veneer materials are sum-
marized in Table 2. For the group of the



TAGMATARCHIS ET AL

20 pm

Fig 2 Backscattered electron image (SSD) of
EM1 core—veneer interface and the correspond-
ing elemental maps of Al, Ca, Ce, K, Na, O and Si
(2,000, bar: 20 pm).

glass-ceramics, the qualitative differ-
ences between core and veneer mater-
ials were limited to the addition of some
elements (ie. Na, Mg, Ca, Ce apparently
in their oxide form), in the veneer ma-
terial to improve bonding with core and
enhance optical characteristics. For the
glass-infiltrated ceramic, the core glass
component was based on a rare earth
(Ce, La) containing glass, whereas the
veneer component was a conventional

Fig 3 Backscattered electron image (SSD) of
EMZ2 core—veneer interface and the corresponding
elemental maps of Al, Ca, Ce, Si, K, Na, O, Zn and
P (2,000, bar: 20 pym).

glass. Finally the composition of the
highly sintered ceramics was completely
different from the veneer material, since
the former mainly lack a glass phase.
Compositional backscattered elec-
tron images and representative el-
emental x-ray area mappings and line
scans of the glass-ceramic materials
are shown in Figs 1 to 5. CEG demon-
strated a diffuse distribution pattern of

Si, Al, and O at the interfacial region

543

THE INTERNATIONAL JOURNAL OF ESTHETIC DENTISTRY
VOLUME © « NUMBER 4 =« WINTER 2014



TECHNICAL RESEARCH

0 10 20 30 40 50

Linear Intensity (arbitrary units)
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Fig 4 Backscattered electron image (SSD) of
EMX core—veneer interface and the corresponding
elemental line scan analysis for O, Al, Si, P, and K
(2,000x).

Fig 5 Backscattered electron image (SSD) of FIN
core—veneer interface and the corresponding ele-
mental maps of Al, Ba, Mg, K, Na, Siand O (2,000x,
bar: 20 pm).

(Fig 1). The core presented increased
Al content with islands rich in K. The
distributions of K and Na were com-
plementary, extending to each side the
interface. EM1 exhibited a well-defined
interfacial zone of ~10 um thickness,
facing the core material (Fig 2). This
zone was rich in Ca, Ce and Si. Porosity
was identified between the core surface
and the bottom of the interfacial zone.
Apart from this zone, the distributions
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of Al, O and Si were uniform along the
interface, whereas Na and K illustrated
a complementary structure. The nee-

dle-like structures of lithium disilicate of
EM2 (Fig 3) denote the core material. As
Li has a very low atomic number (Z: 3),
it was not detectable by the EDX system
used. On top of the disilicate structure,
a transitional zone was formed with two
regions, an internal granular region and
an external amorphous region, occupy-
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20 pm

Veneer

o

\
N e
oW

40 60
b Distance (um)

Linear Intensity (arbitrary units)

Linear Intensity (arbitrary units)

b Distance (pm)

Fig 6 CLA core—veneer interfaces (2,000x). (a)
Backscattered electron image (SSD) and the cor-
responding elemental maps of Al, La, Si, K, Na and
O (bar: 20 ym). (b) Backscattered electron image
(SSD) and the corresponding elemental line scan
analysis for Al, O, Si, K, and La.

Fig 7 CLZ core—veneer interfaces (2,000x). (a)
Backscattered electron image (SSD) and the cor-
responding elemental maps of Al, Zr, Ce, K, Na,
La and Si (bar: 20 ym). (b) Backscattered electron
image (SSD) and the corresponding elemental line
scan analysis for O, Si, Zr, Ce, K, and Al.
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K, Na, Ca

Linear Intensity (arbitrary units)

20 30 40 50 60

Linear Intensity (arbitrary units)

o 10
b Distance (pm) b Distance (pm)
Fig 8 PRO core—veneer interfaces (2,000x). (a) Fig 9 CER core—veneer interfaces (2,000x). (a)

Backscattered electron image (SSD) and the cor-
responding elemental maps of Al, K, Na, Ca, O and
Si (bar: 20 ym). (b) Backscattered electron image
(SSD) and the corresponding elemental line scan
analysis for Al, O, Si, K, and Na.
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Backscattered electron image (SSD) and the corre-
sponding elemental maps of Al, Ce, Y, Hf, K, Na, Si,
O and Zr (bar: 20 pm). (b) Backscattered electron
image (SSD) and the corresponding elemental line
scan analysis for Zr, O, Si, Al, K, and Na.
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Fig 10 Backscattered electron image (SSD) of

ZPR core—veneer interface and the corresponding
elemental line scan analysis for O, Al, Si, and Zr
(2,000x).

ing approximately ~15 pym in thickness.
This zone was rich in Na, Zn and P. The
Al mapping resembled the outline of
the veneering material. O and Si dem-
onstrated a rather uniform distribution,
with a slightly higher content in the core
material and transitional zones, while
Ca and K showed an inverse profile,
with slightly higher concentrations in
the veneer. For EMX (Fig 4) the interfa-
cial characteristics were similar to EM2.
At the interface there was increased Si
and O concentration relative to Al and
P. The FIN interface (Fig 5) manifested
a uniform distribution of O and Si with
Al, K, Ba and Mg, Na allocated at the
core and veneer locations respectively.
The distribution of the latter group of el-
ements was complementary to the first.

For the glass-infiltrated ceramic CLA,
La from the alumina core and Si, Na from
veneer materials showed interdiffusion
zones across the interface (Figs 6a and

Core

Fig 11
ZNP core—veneer interface and the corresponding
elemental line scan analysis for O, Al, Si, and Zr
(2,000x).

Backscattered electron image (SSD) of

6b). The distribution of La was comple-
mentary to Al. O existed at both sites of
the interface with reduced intensity in the
veneering porcelain. For CLZ, Ce and La
showed a complementary distribution to
Zr and Al of the core material and extend-
ed beyond the interface into the veneer
structure (Figs 7a and 7b). Moreover, the
main elements of the veneer (Si, Na, K)
exhibited well-defined distributions into
core material, with a predominant effect
of that of Na (Fig 7a). Some pores were
identified at the interface.

The densely sintered ceramics dem-
onstrated a completely different ele-
mental distribution at the core—veneer
interface. In all the materials tested, an
abrupt drop of the core and veneer el-
ements occurred at the interface, with
Nno evidence of ionic migration or ionic
interdiffusion (Figs 8 to 11). The only el-
ement with a distribution each side the
interface was O.
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Discussion

It has been well documented that the
intraoral performance of ceramic restor-
ations depends mainly on the location,
distribution and density of critical struc-
tural defects, such as cracks and pores,
which reduce material strength and con-
tribute to failure.10.11

Factors like shape, thickness, load-
ing conditions and direction, and re-
sidual stresses developed during firing
and polishing may greatly contribute to
the material deterioration.12 For ceramic
core materials veneered with porcelain,
the structure of the interface sets an ad-
ditional important parameter. The nature
of bonding at the interfaces, differences
in the coefficients of thermal expansion
and elastic moduli accumulate interfa-
cial stresses that may affect interlayer
strength and durability.13.14

In the systems tested, the interface
between the core and veneer mater-
ials demonstrated in most cases a clear
transitional line, with limited transitional
phases. The interfaces were continuous,
although in some cases porosity was
identified.

For glass-ceramic systems, both the
core and veneer materials contained
a glass phase. During porcelain firing,
intermixing of the glass phase of the ve-
neer material with that of the core may
occur, due to the diffusion gradients
formed in the low melting point oxides,
thus creating a continuous interface.
Such mechanisms may apply for CEG
and FIN. For EM1, though, a distinct in-
terphase has been identified on top of
the core surface, rich in Ca, Ce, and
Na. The oxides of these elements de-
crease the SiO» fusion temperature,

THE INTERNATIONAL JOURNAL OF ESTHETIC DENTISTRY
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while some (ie, CeoOgz, BaO, ZnO) con-
tribute to interfacial bonding, as experi-
enced with metal substrates.15 A similar
type of interphase, but no as clear as in
EM1, was found in EM2. This was locat-
ed on top of the lithium disilicate struc-
ture, with increased Na and Zn content.
Careful observation of the atomic num-
ber contrast grayscale level revealed
the presence of two interphases over
the lithium disilicate structure: a micro-
granular phase in contact with the di-
silicate structure and on top of that a
phase with a lower atomic number than
the veneer. The microgranular structure
may be appended to a hybrid structure
of lithium disilicate. The distributions
of Na and Zn corresponded to the low
atomic number phase, implying a criti-
cal role of Na and Zn in interfacial bond-
ing. For EMX, no such clear interphases
were formed. Instead, increased Si and
O were traced near the interface, ap-
parently from segregation of the reac-
tive glass during firing.

The same glass interdiffusion pro-
cess seems to be implicated with the
phenomena occurring at the interface
of the glass-infiltrated core with the ve-
neer material. Ce and La from core and
Si and Na from veneer established el-
emental gradients each side the inter-
face, while the core elements Al in CLA
and Zr in CLZ showed an abrupt drop at
the interface. In CLZ, Al was identified
in core and veneer materials, being a
component of both ceramic to provide
a reinforcing effect. Lanthanum oxide
containing silica/alumina glasses are
hard materials with high elastic moduli,
durability in alkali media and high glass
transition temperatures. These prop-
erties are attributed to the higher field
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strength of La than conventional alkali
glass modifiers.® The extent to which
lanthanum oxide contributes to core/ve-
neer interfacial interactions is unknown.
For the reaction mode of Ce-O3 (ceria)
in the CexO3-SiOx-ZrO» system it has
been shown that is influenced by many
parameters. The ability of ceria to form
non-stoichiometric solid solutions may
vary accordingly, resulting in different
chemical compounds.17

For the densely sintered polycrystal-
line core materials, no evidence of el-
emental migration was identified. The
results for zirconia are in agreement with
recent findings.18 It is most possible that
the bonding mechanism in these ma-
terials is limited to excellent core wet-
ting by the veneer porcelain melt and
development of compressive stresses
from the tailored mismatch in the co-
efficients of thermal expansion during
cooling. For zirconia frameworks, an ad-
ditional mechanism may exist; the mini-
mal dissolution of ZrO» particles at grain
boundaries, a procedure that is assisted
by the aggressive solubility of silicate
glasses towards refractory materials at
moderately elevated temperatures. 19,20

Nevertheless, the latter may destabi-
lize the tetragonal =zirconia phase,?21
initiating the low temperature degrada-
tion mechanism of zirconia.22 Although
zirconia is considered as a very tough
core material, it has been postulated
that a better bonding occurs between
glass-ceramic and veneering ceramic
materials than zirconia and veneering
ceramic.23 The lack of primary chemical
bonding between zirconia cores and
veneering porcelain may contribute to

this finding.

Conclusions

Based on the results of the present study,
glass-ceramic and glass-infiltrated ce-
ramic cores demonstrated elemental in-
terdiffusion phenomena at the interfaces
with veneering porcelain, which sup-
port the formation of primary chemical
bonding. However, no such phenomena
were probed between densely sintered
ceramic cores and veneering porcelain.
Therefore the null hypothesis was par-
tially rejected for densely sintered poly-
crystalline structures.
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