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A finite element stress analysis on the supporting bone and abutment screw
by tightening torque of dental implant abutment screw

Myung—Kon Lee
Dept. of Dental Laboratory Science, College of Health Science, Catholic University of Pusan

[Abstract]

Purpose: A study analysed the stress distribution of abutment screw and supporting bone of fixture by the tightening
torque force of the abutment screw within clinical treatment situation for the stability of the dental implant prosthesis.

Methods: The finite element analysis was targeted to the mandibular molar crown model, and the implant was internal
type 4.0 mm diameter, 10.0 mm length fixture and abutment screw and supporting bone. The occlusal surface was modeled
in 4 cusps and loaded 100 N to the buccal cusps. The connection between the abutment and the fixture was achieved by
combining three abutment tightening torque forces of 20, 25, and 30 Nem.

Results: The results showed that the maximum stress value of the supporting bone was found in the buccal cortical bone
region of the fixture in all models. The von Mises stress value of each model showed 184.5 MPa at the 20 Nem model,
195.3 MPa in the 25 Ncm model, and 216.5 MPa in the 30 Ncm model. The contact stress between the abutment and the
abutment screw showed the stress value in the 20 Ncm model was 201.2 MPa, and the 245.5 MPa in the 25 Ncm model and
314.0 MPa in the 30 Necm model.

Conclusion: The increase of tightening force within the clinical range of the abutment screw of the implant dental

prosthesis was found to have no problem with the stability of the supporting bone and the abutment screw.
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21 JZHE HHEL2 XAF (supporting bone)
IAA (fixture)
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A (abutment screw)ell 28] A28 (tightening
toque) 2.2 A4 Agltx|o] 0|83t} (Lee et al., 2006;
Kim et al,, 2011),
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2008; Kim et al., 2011),
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2014).
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t} (Nissan et al., 2001; kim, 2003; Guda et al.,
2008; Xia et al., 2014).
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Fig. 1, Aol Uehfle} (Kim et al.,
Lee & Kim, 2018).
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Figure 1. Schematic diagram of single crown implant model.
A. Cross sectional view. B. Meshed view. C.
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Loading type and location.
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Table 1o Yehfglom, AF f3tas eyl A
H ZF Y] A (node)?t 2.4 (element) 2] 4=
+= Table 2| A|AEkTH (Fig. 1, B).

Table 1. Materials properties used for analysis of the FEM

method
Materials Elastic Yield Poisson’s
modulus strength ratio

Cortical bone 9,000 MPa 180 MPa 0.3
Cancellous bone 700 MPa 35 MPa 0.35
Ti alloy

— Fixture

— Abutment 120 GPa 910 MPa 0.32

— Abutment screw

— Coping
Porcelain crown 68 GPa - 0.22

Table 2. Number of element and node of each models

Specifications Types and No.
Mesh type Solid mesh
Used mesh Curvature based meshing
Max. element size 2.399 mm
Min. element size 0.48 mm
Total node number 31,229
Total element number 20,659
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Figure 2. Distribution of von Mises stress of supporting
bone (20 Ncm torque model).

Table 3. Results of von Mises stress of supporting bone by
applied torque

Applied Torque von Mises stress (MPa)

(Ncm) (max.)
20 184.5
25 195.3
30 216.5
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Figure 3. Distribution of von Mises stress of abutment screw
(20 Nem torque model).
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Table 4. Results of von Mises stress of abutment screw by
applied torque

von Mises stress (MPa)

Applied Torque
(Nem) Max. Min, Aver,
20 201.2 18.6 79.2
25 2455 129 97.6
30 314 28.1 121.3
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