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Mechanical properties of each component of bone

Mechanical property

Components

Young’'s modulus
unit: MPa {kg/em?)

Poisson’s ratio

Compact bone
Cancellous bone
Teeth

11,760 {120000) 0.33
176 (1796) 0.45
13,720 (140,000) © 028
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Table 2 Number of elements and nodal points

Compact Cancellous Teeth Total number Total number
bone bone of elements of nodes
1848 438 116 2402 3698
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Table 3. Load direction and loading area

Direction
Area to mandibular Load case {B.C.1)* Load case {B.C.2)**
plane
Parallel 1 10
Chin 45° 2 11
Perpendicular 3 12
Parallel 4 13
Body °
45 5 14
Parallel 3] 15
Angle °
45 7 16
Parallel 8 17
Ramus o
45 g 18
* B.C.1: Boundary condition in open mouth position
*+ B.C,2: Boundary condition in closed mouth position
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Fig. 2. Load directions and loading areas
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Table 4. Maximum principal stress and Von-Mises stress in load case 1

Stress type Area

" Magnitude (kg/cmz)

First principal stress
Second principal stress
Third principal stress

Von-Mises stress

Condyle neck
Condyle neck
Condyle neck
Condyle neck

-14.69
-0.647
16.86
21.15

Table 5. Maximum Von-Mises stress in load case 1-9 (Boundary condition 1)

l.oad case Max. stress (kg/cmz) Area
1 21.15 Condyle neck
2 16.98 Condyle neck
3 41.12 Condyle neck
4 19.70 Condyle neck of loading side
5 11.65 Condyle neck of loading side
6 2279 Condyle neck of loading side
7 10.33 Condyle neck of loading side
8 13.50 Condyle neck of {oading side
9 7.32 Condyie neck of loading side
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Table 6. Maximum Von-Mises stress in load case 10-18 (Boundary condition 2)

{Unit: kg/cmz)
Stress 1st Max. Stress 2nd Max. Stress 3rd Max. Stress

Case Area Magnitude Area Magnitude Area Magnitude
10 Condyle 3.32 Symphysis 282 Ant. Alveolus! 294
1 2nd Molar 6.26 Condyle 1.91 Symphysis 1.18
12 2nd Premolar 3.14 Ant. Alveolus | 3,13 Symphysis 257
i3 load side 1st Molar 5.50 Body 5.46 Condyle 5.39

opp. side Ant Alveolus | 4.95 Condyle 4.21 Mst Mola  } 3.97
1 load side 1st Molar 12.63 Body 3.10 Condyle 1.30

opp. side 1st Molar 6.26 Ant. Alveolus | 3.10 Condyle 2.94
15 load side 1st Molar 21.83 Condyle 10.74 Angle 9.88

opp. side Ant. Alveolus | 7.47 1st Molar 4.16 Symphysis 2.01
15 load side 1st Molar 0.42 Condyle 7.18 Symphysis 3.72

opp. side Condyle 4.99 1st Molar 0.28 Symphysis 0.26
17 load side Condyle 9.62 1st Molar 7.58 Symphysis 3.02

opp. side
18 load side Condyle 6.36

opp. side
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Table 7. Expected fracture foad range in each load case
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Load case Max. stress (kg/cm?) Expected fracture load range (kg)

1 21.15 25.07 41.78

2 16.98 31.23 52.61

3 41.12 12.90 22.03

4 18.70 26.91 44.85

5 11.65 45.89 76.49

6 22,79 23.26 38.77

7 10.33 51.34 85.57

8 13.50 39.27 65.45

9 7.32 72.42 120.70

10 3.32 159.73 266.22

11 1.92 277.03 461.73

12 312 169.58 282.64

13 5.46 97.03 161.72

14 3.10 170.94 284.90

15 10.74 49.36 82.26

16 7.18 73.87 123.12

17 9.62 55.11 91.84

18 6.36 83.31 138.84
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~— ABSTRACT -

STRESS ANALYSIS OF A HUMAN MANDIBLE UNDER VARIOUS
LOADS USING FINITE ELEMENT METHOD

Sung-Rae Kim, Tae-Won Park

Dept. of Oral Radiology, College of Dentistry, Seoul National University

The stress distributions on a human mandible for 18 load cases under two different boundary
conditions (mouth open and closed), using the three dimensional finite element modeling were
studied. Also, the expected fracture loads for each load cases were calculated by using the Von-
Mises yield criterion. The model of a mandible with all teeth was composed of 2402 hexahedron
elements and 3698 nodes. CAD techniques were used to analyze the 3-dimensional results.

The conclusions of this study were as follows:

1. In the mouth open state, the maximum stress occured at the condyle neck; when the lateral
load was exerted, the maximum stress occured at the load side condyle.

2. In the mouth closed state, when the loads were exerted on the mandibular body and chin,
the maximum stress occured at the loaded area, and when the loads were exerted on the
angle and ramus, the maximum stress occured at the condyle neck.

3. The expected fracture loads in each load case were calculated using the Von-Mises yield
criterion, and it was confirmed that the mandible in the mouth open state was more easily
fractured than that in the mouth closed state, and the expected fracture loads are lesser in
the cases that load direction is parallel at mandibular plane than 45°,

4. The magnitudes of the expected fracture loads increased in the order of angle, ramus, body
and chin in case of the mouth closed state, while chin, body, angle and ramus in case of the
mouth open state,

5. The Von-Mises stress concentration regions analyzed by F.E.M. corresponded well with the
results of clinical studies.

Key word: FEM, stress analysis, Mandible, expected fracture load.



EXPLANATION OF FIGURES

Fig. 3. Solid shading of mandible.

Fig. 4. Fill hiding of mandible.

Fig. 5. Finite elements mesh with boundary condition 1.
Fig. 6. Finite elements mesh with boundary condition 2.
Fig. 7. Anterior view of load case 1.

Fig. 8. Posterior view of load case 1.

Fig. 9. Anterior view of load case 2.

Fig. 10. Posterior view of load case 2.

Fig. 11. Anterior view of load case 3.

Fig. 12. Posterior view of load case 3.

Fig. 13. Anterolateral view of load case 4.

Fig. 14. Posterolateral view of load case 4.

Fig. 15. Anterolateral view of load case 5.

Fig. 16. Anteroinferior view of load case 5.

Fig. 17. Anterolateral view of load case 6.

Fig. 18. Posterior view of load case 6.

Fig. 19. Anterior view of load case 7.

Fig. 20. Posterior view of load case 7.

Fig. 21. Posteroinferolateral view of load case 8.
Fig. 22, Inner posterolateral view of load case 8.
Fig. 23. Anterolateral view of load case 9.

Fig. 24. Posterolateral view of load case 9.

Fig. 25. Anterior view of load case 10.

Fig. 26, Posterolateral view of load case 10.

Fig. 27. Anterior view of load case 11.

Fig. 28, Posterior view of load case 11,

Fig. 29. Anterior view of load case 12.

Fig. 30. Posterior view of load case 12.

Fig. 31. Anterior view of load case 13.

Fig. 32. Posterior view of load case 13.

Fig. 33. Superoanterior view of load case 14.
Fig. 34, Posterolateral view of load case 14.

Fig. 35. Outer posterolateral view of load case 15,

Fig. 36. Inner posterolateral view of load case 15,



Fig. 37. Anterior view of load case 16.
Fig. 38. Posterior view of load case 16.
Fig. 39. Anterior view of load cae 17.
Fig. 40. Posterior view of load case 17.
Fig. 41. Lateral view of load case 18.
Fig. 42. Posterior view of load case 18.
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