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Abstract

Application of a cast post and core is known to increase the resistance to the root fracture
of endodontically treated teeth. However, it was reported that the abutment teeth restored
with a cast post-and-core has commonly been found in the dislodgment from root or root
fracture. And it has been revealed the adhesion failures of cement layer occurred in
advance to them.

The purpose of this study was to reveal a methods to avoid the adhesion failures in cement
layer that has the influence of stress distributions within dentin on the abutment teeth
restored with a cast post and core by using the three-dimensional finite element analysis.
Within the limitations of this study design, the following conclusions were drawn:

1.The maximum von Mises equivalent stress within the dentin with ferrule model was less
than that without ferrule model regardless of amount of the load.

2.The area on failure of adhesion in cement layer inside the abutment teeth with ferrule
model was remained in a narrow area compared to that without ferrule model. Additionally,
the failure of adhesion in cement layer was occurred in an early stage at the cervix of the
labial dentin.

3. MMA adhesive resin cement reduced to the adhesive failure rate in cement layer than
that of zinc phosphate cement.

The results of this study suggest the failure of adhesion in cement layer have considerable
effect on the stress distribution in the abutment teeth restored with cast post and core,
furthermore, remaining ferrule and using of MMA adhesive resin cement could be

advantage for reducing the adhesive failure in cement layer.
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Table 1 Mechanical properties of materials in FEA model

Material Young’s Poiss?n’s
modulus(MPa) ratio
Porcelain 17 130000 0.20
Metal(gold alloy) =® 95000 0.33
Dentin 1® 14000 0.15
Cortical bone 10000 0.30
Sponge bone 1500 0.30
Periodontal ligament 10 0.49
Gutta-percha ® 100 0.39
MMA resin cement 4100 0.35
Zinc phosphate cement 7 14000 0.35
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Figures

Fig.1 FEA model of a maxillary cenral incisor restored with post-and-core.

Fig.2 Form of finite element analysis models.

Fig.3 Analysis condition for Failure of adhesion in cement layer between dentin and cast

post-and-core.

Fig.4 Distribution of von Mises stresses in dentin with the rigidity condition of cement layer on

Model 1.

Fig.5 Distribution of von Mises stresses in dentin with the rigidity condition of cement layer on

Model 2.

Fig.6 Maximum von Mises stress values in dentin with the rigidity condition of cement layer to

dentin and cast post-and-core under increasing loads.

Fig.7 An areas of adhesion failure in cement layer under increasing loads on model 1.

Fig.8 An areas of adhesion failure in cement layer under increasing loads on model 2.

Fig.9 Adhesion failure rate in cement layer to dentin and post-and-core under increasing loads.

Fig.10 Distribution of von Mises stresses in dentin with adhesion failure on cement layer under

increasing loads on model 1.

Fig.11 Distribution of von Mises stresses in dentin with adhesion failure on cement layer under

increasing loads on model 2.

Fig.12 Maximum von Mises stress values in dentin with adhesion failure on cement layer to dentin

and cast post-and-core under increasing loads.



Porcelain
Metal post and core

Metal(gold alloy) Dentin

Periodontal ligament
MMA resin cement

Zinc phosphate cement

Gutta-percha

Cortical bone

Sponge bone

Fig 1 FEA model of a maxillary cenral incisor restored with cast post-and-core
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Fig 2 Form of finite element analysis models
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Fig 3 Analysis condition for Failure of adhesion in cement layer
between dentin and cast post-and-core
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Fig 4 Distribution of von Mises stresses in dentin with the rigidity condition
of cement layer on Model 1
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Fig 5 Distribution of von Mises stresses in dentin with the rigidity condition
of cement layer on Model 2
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Fig 6 Maximum von Mises stress values in dentin with the rigidity condition
of cement layer to dentin and cast post-and-core under increasing loads
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Fig 7 An areas of adhesion failure in cement layer
under increasing loads on Model 1
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Fig 8 An areas of adhesion failure in cement layer
under increasing loads on Model 2
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Fig 9 Adhesion failure rate in cement layer to dentin and post-and-core
under increasing loads
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Fig 10 Distribution of von Mises stresses in dentin with adhesion failure
on cement layer under increasing loads on Model 1



= [ ocation of maximum stress

(MPa)
Max
Zinc phosphate
cement E
MMA resin
cement

50N 100 N 150 N 200 N

Fig 11 Distribution of von Mises stresses in dentin with adhesion failure
on cement layer under increasing loads on Model 2
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Fig 12 Maximum von Mises stress values in dentin with adhesion failure on
cement layer to dentin and cast post-and-core under the increasing loads
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