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Objectives. The phenomena occurring during zirconia frameworks veneering process are not

yet  fully understood. In particular the study of zirconia behavior at the interface with the

veneer remains a challenge. However this interface has been reported to act on residual

stress  in the veneering ceramic, which plays a significant role in clinical failures such as chip-

ping.  The objective of this study was thus to investigate the veneer–zirconia interface using a

recent 3D-analysis tool and to confront these observations to residual stress measurements

in  the veneering ceramic.

Methods. Two cross-sectioned bilayered disc samples (veneer on zirconia), exhibiting dif-

ferent residual stress profiles in the veneering ceramic, were investigated using 2D and

3D  imaging (respectively Scanning Electron Microscopy (SEM) and Focused Ion Beam

nanotomography (FIB-nt), associated with chemical analysis by Energy Dispersive X-ray

Spectroscopy (EDS).

Results. The observations did not reveal any structural change in the bulk of zirconia layer of

both samples. However the presence of structural alterations and sub-surface microcracks

were highlighted in the first micrometer of zirconia surface, exclusively for the sample

exhibiting interior tensile stress in the veneering ceramic. No interdiffusion phenomena

were observed.

Significance. FIB nanotomography was proven to be a powerful technique to study the

veneer–zirconia interface. The determination of the origin and the nature of zirconia alter-

ations need to be further studied. The results of the present study support the hypothesis

that  zirconia surface property changes could be involved in the development of tensile stress

in  the veneering ceramic, increasing the risk of chipping.
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1.  Introduction

First used as orthopedic implants in the nineties, zir-
conia was put on the market for use as a framework
in prosthodontics about 10 years ago, concurrently to
the generalization of Computer-Aided-Design (CAD) and
Computer-Aided-Manufacturing (CAM) processes. Because
of its biocompatibility, strength and optical properties, it
was considered to be a good alternative to metal-based
restorations. Unfortunately clinical studies report significant
short-term clinical failures of zirconia-based restorations due
to cohesive fractures in the bulk of the veneering ceramic
(chipping). The origin of this problem, which is less reported
with porcelain-fused-to-metal (PFM) restorations, is not yet
fully understood [1,2].

Partially stabilized Yttria-tetragonal-zirconia-polycrystal
(Y-TZP) is a very complex and sensitive material, particularly
in regards to the tetragonal to monoclinic (t–m) transforma-
tion. The undesired destabilization of the tetragonal (t) phase
toward the monoclinic (m)  under certain conditions repre-
sents the Achilles heel of zirconia [3].  In another hand the
veneering concept of zirconia frameworks with feldspathic
glass ceramics is empirical and recommended procedures
may vary from one manufacturer to another. The sandblasting
procedure, which is classically performed with metal frame-
works to promote micromechanical adherence, is currently
not recommended due to the risk of t–m transformation.
However the chemical bond between feldspathic ceramic and
zirconia, which are both composed of oxides, is supposed to be
effective [4],  even if the interdiffusion of oxides and dopants
has been suspected to destabilize the zirconia microstruc-
ture [5].  Depending on the system, a thin “liner” material can
be fired on the framework as an intermediate layer with the
veneering ceramic, similarly to opaque used for PFM restora-
tions. The liner is a partially opaque feldspathic ceramic, it
provides some chroma and fluorescence and may also assure
wetting of the framework. The properties of veneering ceram-
ics developed for zirconia-based restorations were copied and
pasted from veneering ceramics designed for the PFM concept.
They were adapted to zirconia frameworks performing Coef-
ficient of linear Thermal Expansion (CTE) measurements and
thermal shock testing [5].  Indeed, the CTE mismatch between
the bulk materials was designed to mimic  the ceramo-metal
CTE mismatch, with the CTE of veneering ceramics adapted
to be slightly lower than the zirconia. Based on the principle
that compressive stress improves the mechanical behavior of
the veneering ceramic, this approach was intended to develop
residual compressive stress within the veneer during the cool-
ing process [6,4]. Lately some manufacturers introduced slow
cooling procedures of the veneering ceramic to induce some
additional residual compressive stress development and to
reduce veneer fracture. Recently residual stress profiles were
measured in veneering ceramic layered either on metal or
zirconia disk frameworks [7–10]. It was shown that zirconia-
based samples behave differently than metal-based samples.
As expected metal-based samples exhibited exclusively com-
pressive stress, either in surface or in depth of the veneer
layer, while, surprisingly, zirconia-based samples exhibited
frequently tensile stress in the veneering ceramic lying near

the framework. The presence of interior tensile stress was
related to slow cooling rate and to high veneer/framework
thickness ratio. The hypothesis of a volume increase of
zirconia grains at the interface, due to a t–m phase trans-
formation following the veneer firing process, was proposed
to explain these findings [8–10]. The possible occurrence of
a t–m transformation of zirconia during the veneering pro-
cess was supported by the SEM and X-Ray Diffraction (XRD)
observations of Tholey et al., who showed, after removing
the veneer with hydrofluoric acid, sub-grain faceting which
they attributed to the transformation of the grains toward the
monoclinic symmetry at the zirconia–veneer interface [11,12].
On the other side, a recent confocal Raman microscopic anal-
ysis of the interface did not reveal the presence of monoclinic
phase [13,14],  but highlighted a 2 �m-deep silicon–zirconium
interdiffusion zone.

The analysis of the veneer–zirconia interface is com-
plex. Most structural analysis techniques (X-ray diffraction,
Raman, SEM, Atomic Force Microscopy) are influenced by
sample preparation, particularly sectioning and polishing,
that can induce microcracks and zirconia structure alter-
ation. Moreover, because of the high resolution needed,
interface structural and chemical characterization is a chal-
lenge, requiring information from the combination of different
techniques.

Focused ion beam nanotomography (FIB-nt) is a recent
powerful technique that allows 3D volume reconstruction by
electron microscopy, on the sub-100-nm scale. As such, FIB-
nt fills the gap between classical tomography methods that
operate in the millimeter to micrometer range (e.g. X-ray
absorption tomography) and transmission microscopy meth-
ods with nanometer resolution (TEM, TXM) [15]. The FIB
mills the material through a serial slicing procedure, allowing
sequential SEM imaging and 3D reconstruction. This tech-
nique has recently been applied to adhesive-dentin interfaces
[16]. Moreover the ion beam has also recently been used to mill
metal–ceramic and zirconia–ceramic bilayers, showing that it
does not alter the zirconia structure [17].

The first objective of this study was to show the potential
of FIB-nt to investigate the veneer–zirconia interface. Chemi-
cal analysis at the interface was also performed using energy
dispersive X-ray spectroscopy (EDS). A second objective was
to confront microscopic features to previous residual stress
measurements in the veneering ceramic. On the basis of previ-
ous results [8,10], two samples with opposite in-depth residual
stress profiles in the veneering ceramic were produced and
characterized.

2.  Materials  and  methods

2.1.  Specimen  preparation

Two Y-TZP core disc were cut out of a pre-sintered Vita In-
Ceram YZ blocks (Vita Zahnfabrik, Bad Säckingen, Germany),
were rounded by polishing, and densely sintered at 1530 ◦C
for 120 min  with heating rate 10 ◦C/min (Zircomat furnace,
Vita Zahnfabrik, Bad Säckingen, Germany). The sintered Y-
TZP discs, 20 mm diameter, were quenched and sequentially
ground with 180-grit and 500-grit silicon carbide discs (Struers
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