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DYNAMIC 3-DIMENSIONAL FINITE ELEMENT ANALYSIS OF
MANDIBULAR FRACTURE MECHANISM

Seung-Hwan Oh, D.M.D., M.S.D., Yeo-Gab Kim, D.M.D., M.S.D., Ph.D.
Dept. of Oral & Maxillofacial Surgery, College of Dentistry, Kyung-Hee Univerity

The purpose of this study was lo investigate the dynamic response of the mandible to impact
and provide insight inlo the fracture mechanism of the mandible, by 3-dimensional finite element
method.

The finite element model of the mandible was developed and calculated using NASTRAN/XL
(MSC co. US.A.) and the linear dynamic transient analysis was performed according o the
impulsive force divection, force type and impulse time to the mandible.

At first, the load was applied on the mandibular symphysis, body, angle and subcondylar
area in the horizontal mandibular plane and the computed stress-time histories at 14 locations
of the mandible were obtained.

Secondly, the impulsive force was directed to the symphyseal area with changing the force
magnitude and impulse time, and calculated the node displacement at 8 locations of mandible.

The conclusions from from this study were as follows.

1. The appearance of impulsive energy transmission was different to the direction of impulse
to the mandible.

2. The impulsive stress and deformation were larger in lingual or medial side than buccal
or lateral in the mandible.

3. The velocity, appearance of enevgy transmission and the fracture pattern in mandible were
affected rather impulse time than force.

4. The horizontal impact to the one side of mandible did not have effect on the stress and
displacement of contralateral mandible.
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F_‘rom the above results, fracture pattern in symphysis can be showed as simple or comminuted,
multiple or associated in body and angle and solitary in subcondyle area.
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Table 1. Mechanical Properties of Each Component of the Mandible

Young’s modulus(MPa) | Poisson’s ratio | Node No.(9400) | Element No.(7250)
Compact bone 11,760 033 5500 4100
Cancellous bone 176 045 1550 1%00
Teeth 13,720 0.28 1700 1400
Fibrocartilage 6 0.47 650 550
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Fig. 1. FE model of human dendate mandi-
ble
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Fig. 2. Flow chart of mandibular finite ele-
ment model
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Table 2. Impulsive Force Area and Stress
Output Point(Impulse : 83kgf*)

Direction to Load case
mandibular plane
Mentum Parallel 1
Body Parallel 2
Angle Parallel 3
Subcondyle Parallel 4
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Fig. 3. Impulsive force direction and stress
output points

* Mandibular symphysis buccal cortical midpoint
* Opposite lingual site to the point A

: Mandibular body buccal cortical midpoint

* Opposite lingual site to the point C, I

: Mandibular angle lateral cortical midpoint

. Opposite medial site to the point E, K

: Mandibular subcondyle lateral cortical midpoint
* Opposite medial site to the point G, M
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Fig. 4. Displacement output points according
to the impulsive force type

A ¢ Mandibular symphysis buccal cortical midpoint
 Opposite lingual site to the point A

e

C : Mandibular body buccal cortical midpoint

D Opposite lingual site to the point C

E : Mandibular angle lateral cortical 'midpoint
: Opposite medial site to the point E

e>!

G @ Mandibular subcondyle lateral cortical midpoint
 Opposite medial site to the point G
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Table 3. Impulsive Force Type According to the Impulse Time and Impulse Force

Dn:ectlon to Constrant Variation Load
mandibular plane case
200N 5
Time
(0.02sec) 400N 6
800N 7
Mentum Parallel 0.01sec 8
Force
(800N) 0.1sec 9
0.5sec 10
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Fig. 7. Stress-time histrories for mandibular
angle impact at 14-measuring point
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Fig. 8. Stress-time histrories for mandibular
subcondylar impact at 14-measuring
point
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Fig. 10. Displacement-time histories for man-
dibular symphyseal impact in time
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Fig. 13. Displacement ratio-time carve for
mandibular symphyseal impact in

time constant(0.02 sec. 400N)
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Fig. 14. Displacement  ratio-time carve for
mandibular symphyseal impact in
time constant(0.02 sec. 800N)

Al A o2 vAH o A 7H7E o) wE R )
A7) THE BEI— FHS— THEAR— EH
THY o2 BB 00129} H2E 9
o & R0 0528 ZU1EE Woe




T BOCEMELRIES 1XE 4FHNeH
BRI Y MPES IVE AYEoE 001
Zo u|s] o 308, 0.1%l w|s}e] ok 4.54)

Displacenent (mm)

Time (sac)

. 15. Displacement-time histories for man-
dibular symphyseal impact in force
constant(0.01 sec. 800N)

Displacesent (sm)

Tiiit

RNy SR ] I ]

o L

T

Time (sec)

Fig. 16. Displacement-time histories for man-
dibular symphyseal impact in force
constant(0.1 sec. 800N)
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Fig. 17. Displacement-time histories for man-

dibular symphyseal impact in force
constant(0.5 sec. 800N)
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Fig. 19. Displacement ratio-time curve for
mandibular symphyseal impact in fo-
rce constant(0.1 sec. 800N)



Displacement ratio

“
Time tiect

Fig. 20. Displacement ratio-time curve for
mandibular symphyseal impact in fo-
rce constant(0.5 sec. 800N)
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EXPLANATION OF PHOTOGRAPHS

Photo. Al. Mandibular dynamic displacement at 0.0 sec after
Photo. A2. Mandibular dynamic displacement at 0.4 sec after
Photo. A3. Mandibular dynamic displacement at 0.8 sec after
Photo. A4. Mandibular dynamic displacement at 1.2 sec after
Photo. A5. Mandibular dynamic displacement at 1.6 sec after
Photo. A6. Mandibular dynamic displacement at 2.0 sec after
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