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Three-Dimensional Finite Element Analysis of Various Elastic Modulus of
Post-Core on Ferrule Effect in Post Crown
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Abstract ; [ Objective ] To investigate the effect of various post and core materials on stress distribution of
ferrule effect in post crown, and to evaluate the biomechanics mechanism of ferrule effect in post crown. { Methods ]
A mode!l of maxillary central incisor restored with post and porcelain-fused-to-metal (PFM) crown was built by three-
dimensional finite element methods (3D-FEM). By imitating four post-core materials (Cu alloy, Au alloy, Ni-Cr alloy,
Ti alloy), the dentin stress of ferrule effect under stalic loading was analyzed by 3D-FEM. [ Results] When different
post-core materjals with various elaslic moduli were used, the peak ferrule stress values in cervical and radical
region were significantly different (P < 0.05). The peak values of Von Mises stress in different models were: 17.6
MPa for Cu alloy, 17.6 MPa for Au alloy, 23.8 MPa for Ni-Cr alloy (the highest), 17.6 MPa for Ti alloy in cervical
region; 26.8 MPa for Cu alloy, 22.9 Mpa for Au alloy (the lowest), 39.3 MPa for Ni-Cr alloy (the highest), 26.9
MPa for Ti alloy in the root; respectively. [ Conclusion] The ferrule effect is influenced by elastic modulus of post
and core materials. The post with higher elastic modules weakens the ferrule effect virtnally, and results in higher
stress around post,
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Table 1 The biomechanical parameter of materials

Materials Elastic modulus (GPa) Poisson ratio Literature reference

Dentin 18.6 0.31 4
Alveolar bone 1.37 0.30 2
Periodontal ligament 0.0689 0.45 5
Gutta-percha 0.00069 0.45 2
Porcelain 69 0.28 2
Ni-Cr alloy 210 0.33 5
Meso-melting Cu alloy 101 0.30 4
Au alloy 77 0.33 5
Ti alloy 120 0.33 5
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Fig.1 The ferrule form in post crown (core collar
wrapping dentine)
@ post and core; @ dentine; @ PFM crown
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Table 2 Comparison of dentin stress among four models of different post materials ( x + s, MPa)
Group Neck 0 Root o, Neck o, Root 0,
Average Peak Average Peak Average Peak Average Peak
A 15.21+0.9 17.7 24.9+0.9 26.8 13.5+0.9 14.9 24.6+2.8 31.3
B 14.4£1.6 17.6 21406 229 12.3£0.8 ¥ 13.4 21.5¢192 26.1
c 20.6£1.5 " 23.8 36.7+1.5 393 19.0+£2.0 23.0 39.2+5.8 525
D 15.2+0.9 17.6 25.0+09 26.9 13.8+0.9 15.2 25.743.1 329
F 76.60 635.57 80.18 67.11
P 0.000 0.000 0.000 0.000

1) Compared with group A, B, D, P < 0.05; 2) Compared with group C, P < 0.05
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