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Finite element analysis of stress distribution on supporting bone of
cement retained implant by loading location

Kap-Jin Kim

Department of Dental Laboratory Science, Catholic University of Pusan

[Abstract]

Purpose: The purpose of this study is to evaluate the effect of two different oblique mechanical loading to occlusal
surfaces of cement retained implant on the stress distributions in surrounding bone, using 3-dimensional finite
element method.

Methods: A 3-dimensional finite element model of a cement retained implant composed of three unit implants,
simplified ceramic crown and supporting bone was developed according to the design of ement retained implant for
this study. two kinds of surface distributed oblique loads(100 N) are applied to following occlusal surfaces in the
single crowns; 1) oblique load on 2 occlusal points(50N for each buccal cusp, 2 buccal cusps exist), 2) oblique load
on 4 occlusal points(25N for each buccal and lingual cusp, 2 buccal and 2 lingual cusps exist)

Results: The results of the comparison of the stress distributions on surrounding bone are as follows. In the
condition of oblique load on 2 occlusal points, VMS was 741.3 Mpa in the M1(@4.0 X 13mm) model and 251.2
Mpa in the M2(@5.0 X 13mm) model. It means the stress on the supporting bone is decreased. The results of oblique
load on 4 occlusal points are similar to this one.

Conclusion: Increasing the diameter of the implant fixture is helpful to distribute the stress on the supporting
bone. Also, to obtain the structural stability of the supporting bone, it is effective to distribute the load evenly on

the occlusal surface of crown in producing single crown implant.

oKey words : implant, finite element method, occlusal loading position, supporting bone
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Table 1. Characteristics of model code and fixture size

Model code. Diameter(d) Length(mm)
M1 g 40 13mm
M2 @50 13mm

Abutment screw Abutment

Metal—-ceramic crown

Cortical/Cancellous bone

Fig. 1. Schematic diagram of single implant
dimensional data
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Fig. 2. Schematic image of the loading conditions.
(ak 2 point oblique loading 50N for each buccal cusp,
total 100N (b) 4 point oblique loading 25N for each
buccal and lingual cusp, total 100N
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Table 2. Material properties used for analysis of the

FEM model
. Elastic Yield Poisson’s
Ll modulus strength ratio
Cortical bone 9,000ma 180w 0.3

Cancellous bone 700 g 35 0.35

Ti alloy

— Fixture

— Abutment

— Abutment screw
— coping cap

120 6P 910Mpa 0.32

Ceramic crown 68 cpa - 0.22
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Table 3. Number of element and node of each models

M1 M2
Mesh type Solid mesh Solid mesh
Used mesh Curvature. based Curvature. based
meshing meshing
Jacobian point 4 4
Max. 2.39871mn 2.39896m
element size
Min.
. 0.479743mm 0.479793mm
element size
Total node 31229 40733
number
Total element 20659 57769
number
Maximum aspect 5, 3 47902
ratio
Element
percentage of 69.8 729
aspect ratio { 3
Element
percentage of 3.2 2.09
aspect ratio ) 10
Distorted element 0 0

%(jacobian)
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Table 4. Maximum values of von Mises Stress on the

each models
(unit: vpa)
Condition of
Load 2 point obligue 4 poin oblique
load load
Model Code

M1 7413 620
(100%) (100%)

M2 251.2 210.7
(33.88%) (33.98%)

Table 5. Results of distribution of von Mises stress of
supporting bone by the 2 type oblique loading
(unit: o)

Condition

of Load 5 soint oblique 4 poin oblique %

Model load load

Code

von Mises (N/mm*2 (MPa)) von Mises (N/mm"2 (MPa))

741.3 620.0

593.1 = 4950
4448 = 372.0 16 36
296.6 7 248.0

. 1483 L 1240
— 00 — 00

AL

M1

RN

von Mises (N/mm"2 (MPa)) von Mises (N/mm"2 (MPa))

= 251.2 2107

-
= 200.9 = 1686

M2 = 150.7 1265 16.12
07 100.5 843

L 50.3 L 422
0.0 0.0
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