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ORIGINAL

Stress analysis of the bone surrounding dental implants
using a three-dimensional finite element method

—Effects of the dental implant design and mandible on the stress distribution in the surrounding bone —

Takayuki Ota', Yukinori Tanino!, Masaru Higa? and Noboru Ohata!

ABSTRACT : [Background] Dental implants are now widely used for patients suffering from oral dysfunction and
esthetic problems due mainly to missing teeth. The occlusal force on the superstructure of implants directly transfers to
the alveolar bone due to the close contact (osseointegration) between bone and implant, and in turn to the periodontal
ligament. Therefore, a well-considered decentralization of the occlusal force to the alveolar bone is necessary to achieve a
for longer-lasting life of dental implants. The present study analyzed the influence of root-size differences of dental
implants on the distribution of stress in alveolar bone using a finite element method. The effect of stress absorption in the
neck cortical bone of implants on the stress distribution was also analyzed.

[Materials and methods] First molar-equivalent parts of the mandibular bone was adopted for the analysis. Twelve
different sizes (diameters at the neck: 3, 4, and 5 mm and lengths of fixture: 6, 8, 10, and 12 mm) of the dental implant
were investigated. Occlusal forces, (250 N vertical and 20 N horizontal), were loaded on the dental implant and the stress
distribution in the alveolar bone was calculated. Then, a simplified force absorption of the neck cortical bone was
simulated for each size of the dental implants and the stress distribution was re-analyzed. A computer program

(ANSYS10.0, ANSYS, Inc.USA) was used for all of the finite element analysis.

[Results] With all the dental implant sizes, the maximum stress was generated in the surface of the cortical bone
around the body of the implant. Longer lengths and larger diameters of fixtures resulted in lower stress on the bone. The
diameter of the implant affected the stress distribution more than the length. This tendency was especially apparent with
horizontal loads. In the bone absorption model, absorption deeper in the bone affected a decrease in the generated
maximum cortical stress especially under vertical stresses, while the stress increased under horizontal stress loadings.
Here, the changes in stress values in cancellous bone were small.

[Discussion and conclusion] The results showed that the diameter rather than the length of dental implants is the more
important/effective factor to achieve reductions in stress by occlusal forces, and this is clearly observed in horizontal
loadings. It was also suggested that bone absorption in the neck of implants, does not cause dynamic instability with

vertical occlusal forces.

Key Words : FEM, Stress analysis, Implant, Cortical bone, Cancellous bone.
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