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Finite Element Stress Analysis of Implant Prosthesis according to
Position and Direction of Load

Sook-Jin Bae, Chae-Heon Chung, Seung-Mi jeong*

Dept of Prosthodontics, College of Dentistry, Chosun University,
*Graduate School of Clinical Dentistry, Ewha Womans University

The purpose of this study was to assess the loading distributing characteristics of implant prosthesis according to position
and direction of load, under vertical and inclined loading using FEA analysis. The finite element model was designed
according to standard fixture (4.lmm restorative component x 11.5mm length). The crown for mandibular first molar was
made using UCLA abutment. Each three-dimensional finite element model was created with the physical properties of the
implant and surrounding bone. This study simulated loads of 200N at the central fossa in a vertical direction (loading
condition A), 200N at the outside point of the central fossa with resin filling into screw hole in a vertical direction (loading
condition B), 200N at the centric usp in a 15" inward oblique direction (loading condition C), 200N at the in a 30° inward
oblique direction (loading condition D) or 200N at the centric cusp in a 30° outward oblique direction (loading condition
E) individually. Von Mises stresses were recorded and compared in the supporting bone, fixture, and abutment screw.

The following results have been made based on this study:

1. Stresses were concentrated mainly at the ridge crest around implant in both vertical and oblique loading but stresses in
the cancellous bone were low in both vertical and oblique loading.

2. Bending moments resulting from non-axial loading of dental implants caused stress concentrations on cortical bone. The
magnitude of the stress was greater with the oblique loading than with the vertical loading.

3. An offset of the vertical occlusal force in the buccolingual direction relative to the implant axis gave rise to increased
bending of the implant.

4. The relative positions of the resultant line of force from occlusal contact and the center of rotation seems to be more
important.

5. The magnitude of the stress in the supporting bone, fixture and abutment screw was greater with the outward oblique
loading than with the inward oblique loading and was the greatest under loading at the centric cusp in a 30° outward
oblique direction.

Conclusively, this study provides evidence that bending moments resulting from non-axial loading of dental implants
caused stress concentrations on cortical bone. But it seems to be more important that how long is the distance from center
of rotation of the implant itself to the resultant line of force from occlusal contact(leverage). The goal of improving implants
should be to avoid bending of the implant.
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Fig. 2. Three—dimensional finite element in model.



Table 1. The number of nodes and elements in this
study

Number

Model
Node Element

1 10,201 50,372

it

Fig. 4. Five loading direction of
loading condition A, B,
C, D, E.

Fig. 5. Three loading point of
loading condition A, B,
C, D, E.
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Fig. 6. The reference points in
supporting bone in
model.
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Table 2. Material properties in this study

Properties
Materials Young's Modulus . _
. E (MPa) Poisson's Ratio ; v

Cortical bone 13,700 0.30
Cancellous bone 1,370 0.30
Titanium (Implant) 115,000 0.35
Composite resin 9,700 0.35
Gold crown 96,600 0.35
Titanium screw 115,000 0.35
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1.49800
2.59207
2.46589
0.39397
7.21606

1.49800
0.40476
0.43050
2.22369
4.62427

2.61862
6.30640
6.39243
0.11367
21.37361

2|3 ATHTable 4 ).

2.61862
1.07723
1.35268
4.54804
16.84747

9.32487
26.73356
28.05780

1.09710
96.66421
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8.12651
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80.55371
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Table 3. von Mises stresses on the reference points in bone in Model under loading condition A, B, C, D,

Model
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Table 4. Maximum von Mises stress in the bone, fixture, and screw (Unit; Mpa)
Model
Location A B C D E
Bone 10.28 27.63 32.88 17.24 106.30
Fixture 13.57 31.02 36.76 23.86 123.20
Screw 12.79 26.76 28.18 19.21 84.05
3. 2t P40l 2cjg A9t Auigol § AA 2 Ug ¥ 5 9

A A=, AAA, A Akl A= von Mises
stress©] Z U] X|+= Table 49} 2t}
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Fig. 7. The stress contours of model under loading condition A, B, C, D, E.
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