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Fig. 1. 3D finite element model of alumina core and

abutments

Alveolar bone

Fig. 3. Loading condition per unit tooth
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Fig. 2. 3D finite element model of alumina core fab-
ricated from alumina tape

Table |. Properties of materials for 3D finite

model of original tooth with supporting tissue

Materi Elastic modulus Poisson’s
aterial .
(MPa) ratio
18,600 0.31
13,800 0.31
345 0.26
50 0.49
364,000 0.33

Dentine
Cortical bone
Cancellous bone
Periodontal ligament
In-Ceram (Core)
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(a) Stress contour under 0 loading

{b) Stress contour under 45° loading

{c) Stress contour under 60° loading

Fig. 4. Stress contour of alumina core fabricated from alumina tape under loading angles

(a) Topological contour under (°

loading loading

(b) Topological contour under 45°

(c) Topological contour under 60°
loading

Fig. 5. Topological contour of all ceramic bridge under loading angles

Fig. 6. Three~dimensional finite element model of
reinforced all ceramic bridge
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Table 1. Comparison of Maximum Von Mises
Stress Values of each core design according to load
directions (MPa).

Load directions ) 45 60°
Original Design 294 54.0 59.6
Reinforced Design 23.3 41.7 456
Improvement 207%  228% 23.5%




(a) Topological contour under 0

loading loading

(b) Topological contour under 45°

(c) Topological contour under 60°
loading

Fig. 7. Topological contour of all ceramic bridge under loading angles
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ABSTRACT

THE OPTIMAL DESIGN OF CONNECTORS IN ALL CERAMIC FIXED
PARTIAL DENTURES MANUFACTURED FROM ALUMINA TAPE
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Statements of problem: All ceramic fixed partial denture cores can be made by the slip cast-
ing method and the advanced alumina tape method. The fracture resistance of these core connector
areas is relatively low.

Purpose: The purpose of this study is to standardize the appropriate volumetric figure and loca-
tion of the connectors in the alumina core fabricated in alumina tape to be used in fixed partial
dentures by way of topology optimization.

Material and method: A maxillary anterior three~unit bridge alumina core with teeth form
and surrounding periodontal apparatus model was used to ultimately design the most structurally
rigid form of the connector. Loadings from a 0°, 45 and 60" to the axis of each tooth were applied
and analyzed with the 3-D finite element analysis method. Using the results from these exper-
iments, the topology optimization was applied and the optimal reinforcement layout of connec-
tor was obtained and the detail shape in the fixed partial denture core was designed.

Results: The modified prosthesis with the form of a bulk in the lower lingual surface of the con-
nector in the event, reduced the stress concentration up to 20% in the 3-D FEA.

Conclusion: The formation of a bulk in the lower lingual connector area of an alumina core
for a fixed partial denture decreases the stress to a clinically favorable measure but does not harm
the esthetic point of view. This result illustrates the possibility of clinical application of the mod-
ified form designed by the topology optimization method.

Key words : All ceramic crown, Fixed partial denture, Connector design, Finite element analysis,
Topology optimization
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