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—— Abstract

The results obtained from this study were follows:
1. Stress was concentrated on the condylar neck of the

ture line, and in the just-anterior screw of Type III.

lar angle fractures, and the just- posterior and/or the

THE THREE DIMENSIONAL FINITE ELEMENT ANALYSIS OF STRESS DISTRIBUTION AND DISPLACEMENT
IN MANDIBLE ACCORDING TO TREATMENT MODALITIES OF MANDIBULAR ANGLE FRACTURES
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The purpose of this study was to evaluate the effects of the stress distribution and displacement in
mandible according to treatment modalities of mandibular angle fractures, using a three dimensional finite
element analysis. A mechanical model of an edentulous mandible was generated from 3D scan. A 100-N
axial load and four masticatory muscular supporting system were applied to this model. According to the
number, location and materials of titanium and biodegradable polymer plates, the experimental groups
were divided into five types. Type I had a single titanium plate in the superior border of mandibular angle,
type II had two titanium plates in the superior tension border and in the inferior compression border of
mandibular angle, type III had a single titanium plate in the ventral area of mandibular angle, type IV had
a single biodegradable polymer plate in the superior border of mandibular angle, type V had a single
biodegradable polymer plate in the ventral area of mandibular angle.

2. The values of von-Mises stress of the screws were the highest in the just-posterior screw of the frac-
3. The displacement of mandible in Type III was 0.04 mm, and in Type I, II, IV, and V were 0.10 mm.
4. The plates were the most stable in the ventral area of mandibular angle (Type III, V).

In conclusion, the ventral area of mandibular angle is the most stable location in the fixation of mandibu-

longer than the other, and surgeons have to fix accurately these screws, and the biodegradable polymer
plate also was suitable for the treatment of mandible angle fracture.

Key words: Mandible angle fracture, Plate, Biodegradable polymer, Three dimensional finite element analysis

fractured side except Type III.

just-anterior screws of the fracture line must be
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Table 1. The number of nodes and elements used in
this FEM

Anatomy Node Element
Cortical 10378 31820
Cancellous 3919 13255

FEM: Finite element method

Table 2. Material properties of finite analysis model

Material Young s modulus (MPa)  Poisson s ratio
Cortical bone 13,700 0.3
Cancellous bone 1,370 0.3
Titanium 110,000 0.33
Polymer 3,150 0.46
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Fig. 1. Three-dimensional finite model of edentulous
cadaver mandible.
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Fig. 2. An axis of coordinate system.
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Table 3. Directional cosines of the resultant muscular
force

Cos (alpha) Cos (beta) Cos (gamma)

Masseter -0.043 -0.011 0.999
Medial pterygoid 0.587 -0.165 0.792
Lateral pterygoid 0.714 -0.692 0.106
Temporalis -0.325 0.219 0.920
Cos: Cosine

e
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Fig. 3. Direction of the applied muscular forces.
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Fig.4. Model with restraining adopted.
point 1. = Translation restrained in directions X, vy, z.
point 2. = Translation restrained in directions v, z.
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Fig. 5. Displacement according to the applied forces.

Load (N) Direction X (N) Direction Y (N) Direction Z (N)
Masseter 59.23 - 2.54689 -0.65153 59.17077
Medial pterygoid 39.60 23.245 -6.534 31.3632
Lateral pterygoid 34.44 24.59016 - 23.83248 3.65064
Temporalis 34.09 -11.07925 7.46571 31.3628
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24 (Fig. 7).
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Fig. 6. Diagram of Type I model. Titanium plate is fixed to
superior border of the mandible.
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Fig. 7. Diagram of Type I model. 2-titanium plates are fixed
to superior and inferior borders of the mandible.

2t 2o A2 Yol HE soi32 S5 £ & S

2
=
o
0>
24
1o
Jo
ok
Fo
B>
i
iEl
e
\LI

Fig. 8. Diagram of Type I model. Titanium plate is fixed to
ventral surface of the mandible.

Fig. 9. Diagram of Type N model. Biodegradable polymer
plate is fixed to superior border of the mandible.
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Fig. 10. Diagram of Type V model. Biodegradable polymer
plate is fixed to ventral surface of the mandible.
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Table 5. The von-Mises and displacement of each type

A7 gl A 0.0429 mm, 2 UALIA 0.0241 mm,
1A 0.0228 mme] U ThH(Fig. 13).
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5) Type V
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0.076 MPa°ll 1, 2 A= 244 vtz 7 Sy
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2. E|lEks n™Eztel H|w (Type I, 11, 111)

A 57F &8 e ", 2P UAL 1 d Bl
Type 1. Type 11, Type III 2.2 AA v$ka, Type 13
Type IIE §30] 34 F9] 9 35 74 J5HS &
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o M= ol 571 &= 5ko] Type Vel o A7 Usta
HAE o A vsted, ol AA 574 S3AL E

Type I Type II Type III Type IV Type V

von-Mises (MPa) Mandible 0.082 0.066 0.023 0.113 0.076
Screw 2.72 1.04 0.948 1.46 2.95

Plate 8.46 4.15 1.46 0.64 0.712

Displacement (mm) Mandible 0.1036 0.1040 0.0429 0.1032 0.1027

Screw 0.0287 0.0414 0.0241 0.0507 0.0385

Plate 0.0294 0.0422 0.0228 0.0509 0.0341
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Fig. 15. Stress distribution and displacement of Type V.
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