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In last years the use of zirconia in dentistry has become very popular. Unfortunately, the

clinical indications for a dental use of zirconia are not completely clear yet, neither are their

limitations.

The  objective of this review was to evaluate the basic science knowledge on zirconia and

to  discuss some aspects of the clinical behavior of zirconia-based restorations. In particular,

one  of the goals was highlighting the possible correlation between in vitro and in vivo stud-

ies. The definition of concepts like success, survival and failure was still debated and the

correlation between in vitro results and predictability of clinical behavior was investigated.
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1.  Introduction

Since its introduction into the dental market, zirconia (poly-
crystalline zirconium dioxide) has been widely used to
produce fixed partial dentures (FPDs) and implant abut-
ments. Zirconia properties are highly suitable for a dental
use: high mechanical properties, natural-tooth appearance,
unsolubility in water environment, no cytotoxicity, reduction
of bacterial adhesion, radiopacity and low corrosion potential
[1,2].

Zirconia can mainly be employed according to two different
technical solutions. The first, as a ‘white metal’ for man-
ufacturing copings (for single crowns) and frameworks (for
multi-unit fixed prostheses); such supporting structures need
finally to be veneered with porcelain, in order to achieve the
final occlusal/anatomic shape and to exploit the high esthetic
potential of this material [3,4]. This allows to highly improve
the esthetic properties of zirconia restorations, although a
problem arises: the need of matching mechanical proper-
ties and behavior of the two different bilayered materials.
As a matter of fact, the most frequent complications of
zirconia–ceramic restorations is chipping of the veneering
material itself; for this reason, more  recently the possibility of
using zirconia as a “monolithic” material, shaped in the final
anatomic and esthetic tooth morphology, has been advocated.

In its specific form of “yttria-stabilized zirconia polycrystal
(Y-TZP)”, zirconia is a high-strength ceramic. The much higher
mechanical performances of this material (flexure strength,
fracture toughness) compared to most of the other metal-free
materials, make framework bulk fractures quite unlikely [5,6].
On the contrary, a major concern is the chipping of the esthetic
ceramic veneer, showing a high incidence, as demonstrated by
the majority of clinical trials and systematic reviews [17–25].
The problem is specific to the bilayer nature of these restora-
tions, as discussed later, and is multifactorial.

Various in vitro studies were performed in order to test the
zirconia mechanical properties as a dental material [7–11]; at
the same time, a large number of in vivo studies (clinical tri-
als) were carried out aimed at the clinical performance of the
zirconia-based restorations over time, focused on single crown
copings and, prevalently, on FDP frameworks and on implant
abutments [12–15].

The problem is, both extrapolating the clinical predictabil-
ity of a certain kind of restoration from in vitro data and
correlating its success and failures reported in clinical trials
with the material properties emerging from in vitro data do
not lead to correct interpretations of scientific results. This
is mainly due to the lack of homogeneity in the goals of the
in vitro and in vivo study protocols, together with an objective
difficulty of controlling too many  variables in the tested sam-
ples. The designs of in vitro studies usually take into account
only single variables (e.g., the thickness of porcelain layer
and/or of zirconia coping, etc.), whilst in vivo trials are usu-
ally conditioned by a high number of variables, not easy to
control and often confounding the results of the analyses.

After the widespread diffusion of zirconia as a dental mate-
rial, two main problems have been evidenced in the clinical
practice: chipping of porcelain veneering in single crowns and
FDPs and fracture of zirconia abutments [11–15].

In particular, chipping/delamination of the veneering
ceramic has been described as the most frequently occurring
problem of bilayered zirconia restorations [16–25].

This paper was aimed at identifying a possible correlation
between the most relevant properties of zirconia, as shown
under laboratory conditions, and the most significant results
of clinical trials, pointing out concepts like clinical success,
survival and failure of such restorations.

2.  In  vitro  data

First of all, it has to be noticed that the design of an in vitro
research protocol is very sensitive to the technical variables;
e.g.,  the value of zirconia fracture toughness is highly depend-
ent upon the shape/dimension of the notch that is used
to initiate the fracture experimentally [26]. This makes the
results of such studies quite hard to compare.

To date, many  factors have been reported to be related
to the prosthetic complications in zirconia restorations [1,2]:
pressing and structural defects of the frameworks, grinding
damages, improper cooling rates, not compatible coefficients
of Thermal Expansion, incorrect surface treatment procedures
(e.g. aggressive sandblasting), wrong framework design and
thickness, type of finishing margins, incorrect luting proce-
dures, material aging.

3.  Pressing  and  structural  defects

Zirconia mechanical properties are affected by grain size and
pressing modalities: higher temperatures and longer sinter-
ing times induce the formation of larger grain sizes [27–30].
Above a critical size, zirconia is less stable and more  vulnerable
to spontaneous t–m transformation than with smaller grains
(<1 �m)  [31]. Moreover, below a certain grain size (approxi-
mately 0.2 �m),  the transformation is not possible, leading to
a reduction in fracture toughness. The fabrication process of
zirconia frameworks may introduce defects into the material
itself [28]. The possible presence of structural defects, such as
micro voids and flaws within the material, can concentrate
stress resulting in a starting site of internal fracture under
loading [32].

4.  Grinding  damages

Grinding procedures are often performed in three different
phases of the realization of zirconia restorations: the first dur-
ing machining procedures [33–35], the second when reshaping
and finishing the morphology and surface of the zirconia cop-
ings/frameworks before proceeding with ceramic veneering
by dental technicians, [36–38], the third when, after the final
cementation, occlusal adjustment are needed in the dental
office.

It should be considered that such procedures are often
due to a poor CAD programming and/or to an inaccurate
occlusal design, so the main operative recommendation is to
perform a CAD CAM programming in strict compliance with
the final design of the restoration. However, it is undeniable
that adjustment procedures are not infrequent in the daily
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