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On fracture susceptibility

The material-specific condition of zirconia implants right 
after the final industrial manufacture, as found by cli-
nicians in the packaging and used by their patients, is 
referred to as the tetragonal phase condition of zirconium 
dioxide. “Tetragonal phase” refers to the most stable and 
resistant condition of ceramic implants that clinicians 
naturally desire for the safest and most durable treatment 
for their patients. It is guaranteed through stabilisers such 
as yttrium oxide, which are added in minute quantities to 
the starting material during industrial production. Phase 
transformation is the transition from the fracture-resistant  
tetragonal phase to the monoclinic, fracture-prone  
phase. Phase transformations of the material structure 
must be expected when grinding zirconium dioxide with 
rotating instruments. Uncontrolled grinding with, for ex-
ample, coarse-grained diamonds and insufficient cool-
ing of the material results in micro-cracks within the outer 
surface layer of the material and in the underlying mate-
rial structure. 

This phase transformation is associated with volume ex-
pansion and can stop the propagation of mechanically 
induced micro-cracks in the material structure. However, 
there are limits to this “self-healing mechanism” of zir-
conium dioxide. Once the unique compensatory capac-
ity has been exceeded, micro-cracks in the microstruc-
ture remain, which can favour the unwanted introduction 
of water. This, in turn, can lead to an uncontrolled age-
ing process and consequently to instabilities in the ma-
terial structure, a fatal development with regard to the 
tensile strength of the material zirconium dioxide. It thus 
becomes apparent that incorrect handling of the material 
has clinical relevance. This example shows that metallic 
materials are not comparable with ceramic materials. The 
grinding of titanium is not as clinically relevant, compared 
with zirconium dioxide. It would be a great mistake to 
draw conclusions about the processing of ceramic ma-
terials from metal processing.

A brief history of zirconia

During the first stage of development of zirconium diox-
ide implants at the beginning of the 2000s, high blasting 
pressure and large particles were used to micro-roughen 
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Fig. 1a: The addition of yttrium to zirconium dioxide induces the stabilisation of different phases 

of the material structure.

Fig. 1b: Transformation from a tetragonal phase to a monoclinic phase of the material structure 

of zirconium dioxide.
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the surface of zirconium dioxide. As a result of this am-
bitious industrial production process, micro-cracks were 
found in the surface structure of ceramic implants, which 
in one case or another led to later fractures under high 
occlusal forces caused by teeth grinding or chewing, for 
instance. Even today, a great number of fractures of ce-
ramic implants can be traced back to an improper indus-
trial manufacturing process or the later mechanical han-
dling by the dentist. The process according to which the 
micro-roughness of the surface of a zirconia implant is 
achieved has changed over the decades with each stage 
of evolution of the material and with the newly acquired 
knowledge about phase transformation. Nevertheless, 
there are still no industrial standards and therefore differ-
ent manufacturing techniques that assess these aspects 
differently. For example, an implant manufacturer offers a 
lifetime material-specific guarantee for ceramic implants, 
provided that the implants are not ground by the dentist.

Fig. 2: Fractured zirconia implant #11. Fig. 3: Crown with coronal fracture 

end of the ceramic implant. Fig. 4: Electron-microscopic image of the frac-

tured implant (Prof. Susanne Scherrer, University of Geneva, Switzerland). 

Fig. 5: Detailed electron-microscopic image of the origin of the fracture with 

radial propagation over the cross-sectional area (Prof. Susanne Scherrer, 

University of Geneva, Switzerland). Fig. 6: Detailed electron-microscopic 

image of the micro-crack formation on the surface of the ceramic implant 

caused by processing blasting to generate micro-roughness (Prof. Susanne 

Scherrer, University of Geneva, Switzerland).
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