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ABSTRACT

All-ceramic dental prostheses have gradually taken over the use of traditional metal-ceramic
ones during the last few decades. Clinically, the substructure of the fixed dental prosthesis is made
by zirconia material and is covered by veneering porcelain for esthetics. Although zirconia owns
excellent mechanical property and biocompatibility, recent clinical trials reported that high chipping
rate appeared in veneered porcelain layers. The temperature gradient in the material caused by the
poor thermal conductivity of the zirconia may promote residual stress within dentures’ structure and
consequently develop flaws in its fabrication process.

The structural optimization was used to design the geometry at the material interfaces. The
optimization algorithm iteratively reduced the interface stress by reassigning materials in the
structure. The results showed that not only the stress concentration of optimized design was reduced
but also the maximum principal stress was decreased during the fabrication process. The
optimization protocol presented in this study shows the potential to help clinicians when designing
porcelain-fused-to-zirconia fixed partial denture.

Keywords: all-ceramic material, interfaces, maximum principal stress, finite element method,
structural optimization method
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