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Abstract

Zirconium dioxide is a material which, over the recent years, has been attracting support among dental
technicians and dentists, thanks to its chemical composition and mechanical properties, it can replace non-
anaesthetic foundations or metal crowns. Additionally zirconium dioxide is a material which is easy to work in.
Zirconium dioxide is a polymorphic material demonstrating three phases: monocyclic, cubic and tetragonal.
Additionally during the crack propagation the material shows the reinforcing transformation; the replacement of
the phase and increasing the volume of the molecules, which inhibits the microcracks in the material. Thanks to
such potential, zirconium dioxide has acquired a very high recognition in stomatology and orthodontics.
Interestingly, the factor which has a considerable impact on the fatigue life and strength of zirconium dioxide is
an adequate treatment and tool operation temperature; the slightest undesired effect can trigger the
accumulation of stresses and thus decrease the material strength. A lower mechanical strength can be also due
to other conditions, e.g. varied nutrition habits in the patient and the frequency of oral cavity hygiene practises.
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1. Introduction

Zirconium dioxide is a ceramic material the dentists have been getting convinced about since
the 1990s. Porcelain as a supplement of tooth losses was improved in 1956 when it was baked over
the metal core [19]. This technique provided an adequate strength, however, it was not so much
aesthetic. Since then attempts have been made to enrich the chemical composition of porcelain to
such extent that the tooth restoration is possible only by using porcelain without metal elements. In
the early days of dental prosthodontics one could differentiate between the following materials
helping the elimination of tooth losses: filedspathic porcelain, mica-reinforced ceramic, leucite-
reinforced ceramic, lithium-disilicate ceramic, aluminium trioxide ceramic, zirconium-dioxide-
reinforced ceramic [22,23]. It turns out that leucite, lithium-disilicate and aluminium ceramic
shows very low strength while applying the multi-section structures. A search has been launched
to find the ceramic material of high mechanical strength which would allow for producing dental
arches, fixed dental restorations. Such material has been used for a long time already, however in
other fields of human life it is zirconium [24,25]. Yet another advantage, despite a high
mechanical strength, is an easy treatment also possible using CNC tools, thanks to which the
application of zirconium as early as in the 1990s, it was possible to develop a technology which
would facilitate the formation of restorations adjusted to the conditions in the patient’s oral cavity
[14].

2. Microstructure of zirconium dioxide



The most frequent zirconium porcelain used in workshops and dental surgeries is zirconium
dioxide 96% ZrO, of which mixes with 4% Y,03 [7,17]. The zirconium dioxide crystal grains
themselves are 0.2 + 1 um in size [5,7,21]. Zirconium dioxide is a polymorphic material which can
occur in three forms: monocyclic (commonly referred to as slanted), cubic and tetragonal.
Depending on the temperature of the environment, the material occurs in one of the following
forms: at room temperature it will occur in a monoclinic — monocyclic form. Heating the material
to 1170°C, one can note a tetragonal phase and above 2370°C - the cubic one. From the
perspective of biomechanics, it is the tetragonal phase which is the best form of the arrangement of
the molecules [8,9,10]. Thanks to such additions as yttrium, magnesium and cerium, it is possible
to reach that phase at room temperature. Adding 8% of magnesium oxide triggers changes in the
volume of the phase during zirconium dioxide cooling. Adding 2 + 3% stops the withdrawal of
zirconium dioxide from the tetragonal phase to the cubic phase [6]. During the zirconium dioxide
structure crack propagation it changes its phase from the tetragonal one into the monocyclic phase,
which triggers the transformation of the molecules; hence the structure reinforcement. Such
phenomenon can be referred to as the reinforcing transformation. During that process there is
observed a 3 + 5% increase in the volume of the zirconium dioxide molecules, thus decreasing the
destruction energy and, in turn, decreasing the crack propagation (Fig. 1) [4,3,1]. The process
decreases the dispersion of microcracks in the structure.
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Fig. 1. Diagram of the crack propagation with a change in the phase from tetragonal to monocyclic [2].

Zirconium dioxide with supplementary ingredients, stabilizing the structure, has been highly
recognized in such areas as dental braces; the grips correcting the tooth position in the oral cavity,

endodontics as hinges, dowels supporting the tooth, single teeth and fixed dentures [11,12].
Analysing the strength, one must note that preparing the material itself, the zirconium dioxide,
bonded with another supplementing element, plays a very big role. The dental labs preparing the
surfaces use fine cutters the operation of which does not disturb the arrangement of the material
structure molecules, namely an increase in strength. Operating coarse cutters triggers considerable
defects in the material structure and thus high stresses. Similarly during operation one shall



consider the effect of temperature which plays an essential role in the structural changes and even
triggers reverse transformation [13,16].

3. Summary

Over the recent years one can note a growing interest in the material such as zirconium
dioxide. Thanks to various chemical bonds, yttrium, magnesium and cerium, it is possible to adjust
the microstructure to the required application in orthodontics or endodontics of the oral cavity.
Zirconium demonstrates high mechanical strength and easy treatment. Thanks to special CNC
devices and the CAD/CAM software, the dental technicians can make dental crowns and arch
bridges. A special process of ceramic burning taking even up to 11 hours at the temperature of
1400°C and the accompanying contraction reaching 18 + 25% point to a high material life [13,
15]. The only problem has been, so far, a low number of studies which would determine whether
the material ages, under which conditions it ages and what affects that process. It can be due to
other material work conditions in the oral cavity, various nutrition habits in the patient as well as
the frequency of the oral cavity hygiene practises. An interesting phenomenon which occurs in the
zirconium dioxide material during the crack propagation is its self-strengthening, the so called
self-repair potential [20]. Material ions go through various phases and increase their volume even
up to 5%, thanks to which the material microcrack propagation decreases. The strength is also
affected by the material preparation process itself as well as its treatment. The application of the
adequate tools; fine cutters which, while at work, do not trigger a considerable temperature
increase, will not result in a change in the material phase and, as a result, high stress
concentrations [25].
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