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INTRODUCTION 
 
Metal-free dentistry has long been the dream of every 
practitioner. However, the in herent brittleness, low flexural 
strength, as well as the low fracture resistance 
have been the main obstacles hindering the indications of these 
materials. To overcome these shortcomings, researchers and 
manufacturers have developed advanced formulas to increase 
the strength of ceramics. Zirconia is one of the materials tha
has under gone particularly rapid and significant development, 
particularly with the democratization of computer
and manufacturing (CAD / CAM). This article aims to take 
stock of the changes that zirconia has experienced in its 
composition and structural properties, as well as the methods 
of its manufacture for successful clinical application in 
dentistry. 
 

ZIRCONIA PROPERTIES : The bending test measures the 
breaking strength of the material. For partially stabilized 
zirconia, it would be 800 to 1200 MPa. It is about twice that of 
alumina oxide-based ceramics on the market today, and five 
times that of standard glass-ceramics. The breaking strength 
varies according to the type of zirconia: in fact the lowest 
values correspond to so-called “translucent” monolithic 
zirconia containing a cubic phase. Depending on the 
percentage there of, the resistance will be between 550 Mpa
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ABSTRACT 

introducing of zirconia in dentistry has generated considerable interest, which has manifested 
itself in strong industrial, clinical and research activity. The technology contributes to the fabrication 
of novel "all-ceramic" zirconia-based restorations with improved physical properties and 
biocompatible for a wide range of promising clinical applications. Especially with the development of 
computer-aided design and assisted manufacturing systems, we now have a multitude of zirconia
based materials, each of which has a different microstructure and properties, making it possible to 
diversify their indications. This is how zirconia has amply deserved its place in prosthetic and implant 
restorations. 
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and 800 Mpa. For reinforcing or monolithic Y
which are more opaque, the strength will be between 800 Mpa 
and 1200 Mpa. The location of a restoration, and therefore the 
applied bite force (Fig. 1) is critical in determining the required 
level of strength of the material. To avoid fracture, the occlusal 
thickness must be adjusted to compensate for the strength of 
the selected zirconia material. The tenacity is a measure of the 
resistance to propagation in a material. The tenacity of a 
zirconia is between 7 and 15 Mpa, which is almost twice that 
of an aluminum oxide ceramic.Due to its tetragonal 
polycrystalline structure, when a crack develops, the material 
transforms into a monoclinic shape. This transformation is 
associated with a local increase
produces a blocking effect on the crack and stops its 
expansion. 
 

MATERIALS EVOLUTION 
 

Zirconia as an additive: It was commonly used to strengthen 
alumina before the advent of full Zirconia crowns. This was a 
process used by VITA, blocks of In
70% and Zr02 30%) were infiltrated with glass after machining 
(Fig. 2). The addition of zirconium oxid
strength, but also the fracture toughness and fatigue resistance. 
This zirconia was used for the production of false dental 
abutments, small anterior bridges of three to four units, 
posterior three-unit bridges, and anatomical impl
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and 800 Mpa. For reinforcing or monolithic Y-TZP zirconias 
which are more opaque, the strength will be between 800 Mpa 
and 1200 Mpa. The location of a restoration, and therefore the 

is critical in determining the required 
of strength of the material. To avoid fracture, the occlusal 

thickness must be adjusted to compensate for the strength of 
The tenacity is a measure of the 

resistance to propagation in a material. The tenacity of a 
s between 7 and 15 Mpa, which is almost twice that 

of an aluminum oxide ceramic.Due to its tetragonal 
polycrystalline structure, when a crack develops, the material 
transforms into a monoclinic shape. This transformation is 
associated with a local increase of 4% in volume, which 
produces a blocking effect on the crack and stops its 

 

It was commonly used to strengthen 
alumina before the advent of full Zirconia crowns. This was a 
process used by VITA, blocks of In-Ceram Zirconia® (Ab03 
70% and Zr02 30%) were infiltrated with glass after machining 

. The addition of zirconium oxide increases the flexural 
strength, but also the fracture toughness and fatigue resistance. 

was used for the production of false dental 
abutments, small anterior bridges of three to four units, 

unit bridges, and anatomical implant abutments.  
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Fig. 1. Occlusal force applied depending on the location

 

 
Fig. 2. In-Ceram® Classic zirconia block for inLab® 

(Company VITA) 
 

This material is becoming scarce; it can be obtained by the slip 
technique, which is no longer widely used today, or in the form 
of a block to be machined by CAD / CAM. These blocks have 
a porous pre-sintered crystal structure, which is infiltrated by a 
glass and sintered after machining. 
 

 
Fig. 3. Restoration made from undyed block

 
Conventional Zirconia: Conventional zirconia has a high 
refractive index of light and also has an extremely high number 
of interfaces through which light will pass. This creates the 
opaque character of the material. Two different types of 
zirconia blocks are distributed by manufacturers: dyed or not 
industrially dyed. Restorations made from stained blocks 
already have a similar shade to teeth after milling, restorations 
made from undyed blocks have a hard white monochrome 
color, which can be an aesthetic drawback in many cases 
(Fig.3). To overcome this drawback, these restorations can be 
manually and individually stained with coloring oxides after 
the machining process and then sintered. For dyeing, the 
framework is immersed in a suitable colored 
 
Stratifiedzirconia : Due to the compromised aesthetics of first 
generation zirconium oxide, the framework of the prosthesis is 
covered with an appropriate glass ceramic (Fig
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Restoration made from undyed block 

Conventional zirconia has a high 
refractive index of light and also has an extremely high number 
of interfaces through which light will pass. This creates the 
opaque character of the material. Two different types of 

acturers: dyed or not 
industrially dyed. Restorations made from stained blocks 
already have a similar shade to teeth after milling, restorations 
made from undyed blocks have a hard white monochrome 
color, which can be an aesthetic drawback in many cases 

To overcome this drawback, these restorations can be 
manually and individually stained with coloring oxides after 
the machining process and then sintered. For dyeing, the 
framework is immersed in a suitable colored liquid (Fig. 4). 

Due to the compromised aesthetics of first 
generation zirconium oxide, the framework of the prosthesis is 

Fig. 5).  

Fig. 4. Zirconia coloring

Fig.5 Bridge of 3 elements in layered zirconia

Fig. 6: fracture of the veneering ceramic at the pontic
 
The two ceramics do not have the same ductility: the layering 
ceramic has significantly lower strengths than zirconia, it 
fractures faster. In this context, the fracture is limited to the 
layering ceramic (Fig. 6).  

Fig.7. Monochrome (right) vs multilayer (left)

Indeed, all the studies have shown that a fracture is never 
observed at the interface between the framework and the 
cosmetic, but always inside the cosmetic.
zirconia framework has a decisive influence on the overall 
stability of restorations. Zirconia structures should be designed 
to increase the fracture threshold and minimize chipping.
 
Monolithic zirconia: To avoid the risk of chipping, the 
zirconia can now undergo a monolith
long and complicated manual laminating process can be 
avoided. In order to be able to use the material monolithically, 
certain conditions must be met. In addition to continuing to 
have good long-term stability, it is essential that 
becomes more translucent and therefore more aesthetic. 
Zirconia blocks are available in monochrome or multi
blocks (Fig. 7).  
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Monochrome (right) vs multilayer (left) 
 

Indeed, all the studies have shown that a fracture is never 
observed at the interface between the framework and the 
cosmetic, but always inside the cosmetic. The design of the 

has a decisive influence on the overall 
stability of restorations. Zirconia structures should be designed 
to increase the fracture threshold and minimize chipping. 

To avoid the risk of chipping, the 
zirconia can now undergo a monolithic treatment. Thus, the 
long and complicated manual laminating process can be 
avoided. In order to be able to use the material monolithically, 
certain conditions must be met. In addition to continuing to 

term stability, it is essential that the material 
becomes more translucent and therefore more aesthetic. 
Zirconia blocks are available in monochrome or multi-layered 



The difference is that monochrome blocks are always one 
color while multi-layered blocks are pre-laminated and 
therefore contain different shades. Individual characterization 
of the zirconia blocks yields esthetic results that approximate 
common layering techniques, but there is no long-term follow-
up data on color stability. The aim of the manufacturers is 
currently to find a compromise between the tetragonal phases, 
ensuring good stability and the physical properties of the 
zirconia, and the cubic phase, which will increase the 
translucency of the zirconia, and therefore itsaesthetic 
rendering. For Tetragonal zirconia, the grains have irregular 
boundaries that prevent light transmission (anisotropic), while 
cubic zirconia is isotropic, that is, the properties of the material 
are the same in all directions, which improves light 
transmission. It should be noted that the presence of cubic 
phase in so-called highly translucent monolithic zirconia has 
two main advantages: 
 
 A significant increase in translucency 
 A total absence of hydrothermal degradation 
 
However, the lower sensitivity to transformation for cubic 
zirconia and a coarser microstructure cause a reduction in 
mechanical properties, which can represent a limitation in their 
application, in particular under conditions where high stresses 
will be applied. Therefore, handling and preparation of the 
crown should be done with care, avoiding thin walls and sharp 
edges as much as possible. 
  

CONCLUSION 
 
The zirconia used in dentistry is actually a grouping of a 
multitude of materials, each of which has adifferent 
microstructure and properties, making it possible to diversify 
their indications.Its undeniable mechanical resistance is linked 
to its ability, in the presence of defects such as cracks, to 
strengthen its structure. On the aesthetic level, many studies 
have been carried out to improve the aesthetics of monolithic 
zirconia, and mainly its translucency, in particular thanks to 
the zirconia stabilized in the cubic phase. These modifications 
allowed a compromise between esthetics and mechanical 
imperatives, bringing new zirconias on the market, with a 
translucency which approaches the natural tooth. Ultimately, 
we can say that zirconia is the material of the future. 
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