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Mechanical characterization of esthetic dental coatings by nanoindentation
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Titanium (Ti) implant restorations have to fulfill certain requirements in terms of

mechanical, biocompatible and esthetic properties. In certain cases, a gray

discoloration of the soft tissue can be observed using Ti implants, resulting in an

undesired esthetic outcome. Therefore, a new coating system would enhance the

esthetics of dental implants. Above all, clinical success of dental implant systems

depends strongly on their reliability. The coating should not only be esthetically

pleasing and chemically durable, but it should also withstand cyclic stresses as they

are present during chewing motions.

In this study, four different coatings (Ti-ZrO

2

, Ti-Al-ZrO

2

, Ti-Ag-ZrO

2

 and Ti-TiO

2

/SiO

2

)

were deposited on various substrates by reactive magnetron sputtering. The coating

structure and thickness were different for each coating system and their color is

formed by mirror and light interference phenomena. The purpose of these coating

systems is to increase the brightness of the underlying substrate material and

therefore to avoid esthetic complications of dental implants. In vitro color evaluation

showed that the optical appearance of soft tissue was improved by coatings

developed in this study. In order to characterize the mechanical properties of these

coating systems, nanoindentation was carried out using two different indenter

geometries (Berkovich and cube corner). The ZrO

2

 coating systems exhibited reduced

moduli (E

r

) between 130 and 150 GPa and high hardness (H) values between 8 and

10 GPa, while the TiO

2

/SiO

2

 coated samples showed lower values around 70 GPa for

E

r

 and around 6 GPa for H, respectively. Examinations with the scanning electron

microscope revealed several crack morphologies. The fracture toughness (K

c

) could

be easily determined for the coating system Ti-TiO

2

/SiO

2

, since this system behaves

brittlely and showed exemplary crack patterns for the quantification of K

c

. By contrast,

the systems Ti-ZrO

2

, Ti-Al-ZrO

2

 and Ti-Ag-ZrO

2

 predominantly exhibited cracking at

the indenter sides rather than the corners, especially coating systems with Al or Ag,

which exhibited a high resistance to crack propagation due to their ductile

intermediate layer.
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