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Three dimensional finite element analysis of the stress on supporting bone
by the abutment materials of dental implant

Myung—Kon Lee, Kap—Jin Kim

Department of Dental Laboratory Science, Catholic University of Pusan

[Abstract]

Purpose: The purpose of this study was to analyze the biomechanical properties of the dental implants on the
supporting bone using three-dimensional finite element method when three different abutment materials were applied to
the implant system.

Methods: Three different dental implant models were fabricated by applying Ti, PEEK, and CRE-PEEK (60% carbon-
reinforced PEEK) to abutment material. The abutment and connecting screw from the fixture was applied with a tightening
torque of 20 Nem. And then, total loads of 150 N were applied in an 30°oblique direction (to the vertical). The structural
stability of dental implants on the supporting bone was analyzed using Von Mises stress and principal stress values.

Results: The maximum tensile stress of the cortical bone was highest at 12.6 MPa in the PEEK abutment (Model-B).
Ti abutment (Model-A) and CRE-PEEK abutment (Model-C) showed similar stress distributions (10.6 and 10.3 MPa,
respectively). And the maximum compressive principal stress was similar in all models. The Von Mises stress value delivered
to the bone around the implant was highest at 16.5 MPa in Model-B. On the other hand, Model-A and C showed similar
stress distributions (14.0 and 13.8 MPa, respectively). In addition, the maximum equivalent stress applied to the abutment
was highest at 629.8 MPa in Model-A. The stress distribution in Model-C was 573.9 MPa. Whereas, Model-B showed the
lowest value at 165.6 MPa.

Conclusion : The dental implant supporting bone system using PEEK material seems to have the possibility of
supporting bone fracture. It was found that the CRE-PEEK abutment can reduce the elastic deformation and reduce the
stress value of the interfacial bone.
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Figure 1. Schematic diagram of single implant dimensional
data
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Table 1. Characteristics of different tested models

Model Abutment of materials
Model-A Titanium
Model-B PEEK
Model-C CFR—PEEK*

* CRE-PEEK (60% carbon-reinforced PEEK)

Table 2. Mechanical properties of the materials

Elastic modulus

Materials Poisson’s ratio

[MPa]
Cortical bone 13,700 0.3
Cancellous bone 1,370 0.3
Titanium(implant, screw) 110,000 0.33
PEEK 4,100 0.3
CFR-PEEK 150,000 0.39
21 (1) : T = KDF

=
sh7] sl 160 N9| o AgA = V€22 30" 7=
715 7R AR A-8-5HRtHCulhaoglu et al
2013)

A= x4 AL Von Mises stress & 89

(principal stress) k= o]-8-3F0] 43513t}

Oblique load (150 N)

il

Tightening torque (20 N-cm) = K x D x F*

.

Figure 2. Schematic image of the loading conditions
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Figure 3. Distribution of maximum principal stress and minimum principal stress in cortical bone under 150 N oblique loading
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Figure 4. Von—Mises stress distribution of abutment and supporting bone under 150 N oblique loading
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