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Abstract

BACKGROUND: The studies regarding fracture risk in different parts of the mandible after impact are few.

OBJECTIVE: To study the condition and characteristics of stress distribution in the mandible, of which forces are applied on
mandibular angle by using 3D finite element analysis.

METHODS: The electronic CT images of mandible were scanned and then imported to the Amira software for the fabrication of 3D
mandible model. At the angle of 90°, 0° to the middle sagittal plane, 1 000 N forces were applied on the left side of mandibular
angle in Ansys software. Thereafter, the condition of stress distribution and Von Mises stress of the weak parts of the mandible
were expressed in the 3D mandible model.

RESULTS AND CONCLUSION: 3D model of mandible was established. When force was applied on the left side of mandibular
angle in 90° angle, both sides of mandibular angles and condylar necks were easily fractured. The inside surface of central
symphysis and the left of mental foramen of mandible may show fissures, while the right of mental foramen was slightly damaged.
When force was applied on the left side of inferior border of mandibular angle in 0° angle, both sides of mandibular angles and
condylar necks were easily fractured. The inside of central symphysis and the left of mental foramen may showed fissures, while
the right of mental foramen slightly damaged. It is revealed that, while forces were applied on the left side of mandibular angle, Von
Mises stress mainly concentrated on the weak parts of mandible, which provides theoretical basis for preliminary clinical diagnosis
and treatment of mandibular fractures.
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Figure 1 Three-dimensional (3-D) finite element
model of the mandible
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Table 1 Von Mises stress of weak parts in mandible

(xxs, MPa)
Load mode
Weak part
I 1I
Mandibular angle (L) 347.609+8.266° 423.066+9.735°
Condylar neck (L) 121.252+2.835° 136.824+3.620°

13.502+0.638"
38.399+1.067°

16.577+0.305"
53.083+2.310°

Mentalforman area (L)
Inside surface of
central symphysis
Mandibular angle (R)
Condylar neck (R)
Mentalforman area (R)

272.018+7.594%
129.417+3.208°
9.317+0.446°

117.239+5.916°
110.571+1.658°
12.258+0.174°

Yield strength of cortical bone is 83.2 MPa; of cancellous bone
is 13 MPals]; a: Von Mises stree > 83.2 MPa; b: 13 MPa < Von
Mises stress < 83.2 MPa; c: Von Mises stress < 13 MPa
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a: Left mandible (color bar
showing default range)

b: Right mandible (color bar
showing default range)
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d: Outside mandible (color bar
showing adjusted range)

c: Inside mandible (color bar
showing adjusted range)

| : Forces loaded at the 0° angle to the middle sagittal plane

- f: Right mandible (color bar
showing default range)

& Left mandible (color bar
showing default range)

i‘i‘lﬁih,

g: Inside mandible (color bar
showing adjusted range)

h: Outside mandible (color bar
showing adjusted range)

1I': Forces loaded at the 90° angle to the middle sagittal plane

Figure 2 Stress distribution of mandible with forces 1 and 1l
on angle
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