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Finite element analysis of the angulate abutment of non-imbedding implant in the anterior

maxilla
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Abstract

BACKGROUND: When the abutment angulations of the upper mandible increase to 25°, the implant stress increases 18%.
When the stress increases exceed to the bearing range, the implant is failed. Therefore, greater abutment angulation is not
helpful. It remains unclear the maximal angulation that cannot affect implantation success.

OBJECTIVE: To investigate the stress distribution of peri-implant bone which is subjected to different loading conditions when
the different abutment angulations are applied, and to analyse the safety factor of the different implants to determine the

maximum angulation.

METHODS: The finite element models of the different angulate abutments were established in commercial software packages,
and stress distribution of both implant and peri-implant bone were compared.

RESULTS AND CONCLUSION: With the increased abutment angulation, the larger maximum von-Mises stress was observed,
and the position of the stress concentration diverted from top of implant to the neck of the implant (P < 0.05). The abutment < 25°
is recommended to achieve higher survival rates of dental tooth treatments in the anterior maxilla. When the abutment has to be

larger than 25°, it is better to decrease its loading.
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Table 1 Parameters related materials
Material Elastic modulus Poisspn‘s Reference
(GPa) ratio

Transverse plane 115 0.51 [4]

of cortical bone
Vertical plane of 17.0 0.31 [4]

cortical bone
Cancellous bone 1.37 0.30 [5,6]
Implant 110 0.33 [2,7]
Abutment 110 0.33 [2,7]
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Figure 1 Model after meshing
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Table 2 Elements and nodes of models different
angled abutments

0° 5° 10° 15°
Node 57 593 53 207 37421 35230
Mesh 34783 32123 21982 20 567

20° 25° 30° 35°
Node 52 190 54 774 61 343 54 448
Mesh 31237 32 956 37 228 32 466
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Figure 2 Fatigue curves of titanium
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Figure 3 Relationship between the maximum von-mises stress
and the angle of abutments of implant and alveolar
bone around the implant
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Figure 4 Stress distribution for implant of the side of lips and
lingual of the 25° abutment
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Figure 5 Crest stress distribution areaof different angles ab-
utment models
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Figure 7 Relationship of the maximum strain between different
angle abutment and the bone around implant
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Figure 8 Relationship between the implant safety factor and
the angle abutments
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Table 3 Relationship between the implant safety factor and
loading of the 35° abutment

Loading (N) Safety factor

50 78.480
100 44.240
150 62.827
200 22.119
250 61.695
400 11.059
500 30.847
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Table 4 Median and quatrtile of each model (MPa)
0° 5° 10° 15°
P2s 0.756 6 0.725 4 0.602 3 0.546 4
Pso 0.893 9 0.9178 0.940 9 0.957 0
Pss 1.204 7 1.268 0 14217 1.694 8
20° 25° 30° 35°
P2s 0.6210 0.627 9 0.674 7 0.647 3
Pso 0.998 2 1.0324 1.063 4 1.064 1
Pzs 1.7556 1.8519 1.900 3 2.156 7
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