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Three dimensional finite element analysis of
the fully bone anchored bridge and implant-supported overdenture in

edentulous mandible

Heon-Song Lim, D.D.S., In-Ho Cho, D.D.S., Ph.D., Ju-Hwan Lim, D.D.S., Ph.D.
Department of Prosthodontics College of Dentistry, Dankook University

The purpose of this study was to compare and analyze the stress distribution and displacement of the fully bone
anchored bridge and implant-supported overdenture in edentulous mandible on certain conditions such as number of
implants, different design of superstructure. Three dimensional analysis was used and nine kinds of models designed for
this study. FEM models were created using commercial software [Rhinoceros” (Ver. 1.0 Robert McNeel & Associates,
USA)J , and analyze using commercial software [Cosmos/Works " (Ver. 4.0 Structural Research & Analysis Corp., US
A)] . A vertical load and 45°blique load of 17kgf were applied at the left Ist. molar. The results were as follows :
(1) In the group of OVD, the displacement was reduced as increasing the number of fixture under vertical loading but
there was no specific difference in Von Mises stress. Under oblique loading, the displacement was same at the vertical
loading but Von Mises stress was reduced in order of OVD-3, OVD-4, OVD-2. But, bending moment reduced according
to increasing the number of fixture. (2) In the group of FBAB, under vertical and oblique loading, the magnitude of Von
Mises stress and displacement reduced according to increasing the number of fixtures. FBAB-4 and FBAB-5 showed
similar score and distribution, but FBAB-6 showed lower value relatively. (3) In cantilever design, the maximum
displacement reduced under vertical loading but increased under oblique loading. However, von mises stresses on fixtures
increased under vertical and oblique loading. (4) In comparing OVD-group with FBAB-group, FBAB showed low
magnitude of displacement in respect of oblique loading. However OVD-group was more stable in respect of stress

distribution.
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Table 1. Designing of the experimental models

Model Number Length Types of

Name of Fixtures| of Cantilever|Superstructure
OVD-2 2 0 mm
OVD-3 3 0 mn
OVD+4 4 0 mm

Overdenture
OVD2-can 2 8 mm
OVD3-can 3 8 mm
OVD4-can 4 8 mm
- 4 1

FBAB-4 > mm Fully Bone
FBAB-5 5 15 mm Anchored
FBAB-6 6 15 mn Bridge

Table 2. Mechanical properties of materials used

Materials Young's modulus (E)|Poisson's ratio

(MPa) (v)
:1}1]:;* Il gold 99,300 0.33
Compact bone 14,000 0.30
Spongious bone 1,500 0.30
Mucosa 3 0.45
Acrylic resin 3,800 0.35
Titanium 110,000 0.33

" ADA Specification No. 5
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Table 3. The numbers of total elements used in
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Table 4. Maximum value of stress and displace—

this study ment due to 90°vertical load applied.
Number of | Number of | Degree of Maximum Maximum Magnitude
Model Total Elements|Corner Nodes| Freedom Model Von Mises Stress of Displacement
OVD-2 19154 3981 86511 (unit : MPa) (unit : mm)
OVD-3 20590 4253 92883 OVD-2 3.346¢+001 8.894¢-002
OVD-4 22266 4582 100260 OvVD-3 3.242e+001 8.393e-002
OVD2-can 19471 4080 88338 OVD-4 3.259¢+001 7.267¢-002
OVD3-can 20964 4392 95295 OVD2-can 3.509¢+001 8.692¢-002
OVD4-can 22410 4666 101649 OVD3-can 3.829¢+001 8.125e-002
FBAB-4 15000 3191 68280 OVDA4-can 5.338e+001 6.700e-002
FBAB-5 16251 3414 73563 FBAB-4 1.415e+002 1.141e-001
FBAB-6 17275 3584 77778 FBAB-5 1.404¢+002 1.124e-001
FBAB-6 1.101e+002 7.849e-002
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Table 5. Maximum value of stress and displace—

ment due to 45°oblique load applied.

Maximum Maximum Magnitude
o Von Mises Stress of Di'splacement
(unit : MPa) (unit : mm)
OVD-2 4.650e+001 2.162¢-001
OVD-3 8.047e+001 2.060e-001
OVD-4 6.214e+001 1.743e-001
OVD2-can 8.858e+001 2.273e-001
OVD3-can 6.312e+001 2.146e-001
OVD4-can 7.210e+001 1.781e-001
FBAB-4 1.525e+002 2.051e-001
FBAB-5 1.509¢+002 2.034e-001
FBAB-6 1.242¢+002 1.591e-001
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. Displacement due to vertical load applied in FBAB—5 model

. Displacement due to vertical load applied in FBAB—6 model

. Stress distribution due to vertical load applied in FBAB—6 model
. Displacement due to oblique load applied in FBAB—4 model

. Stress distribution due to oblique load applied in FBAB—4 model
. Displacement due to oblique load applied in FBAB—5 model

. Displacement due to oblique load applied in FBAB—6 model

. Stress distribution due to oblique load applied in FBAB—6 model
. Displacement due to vertical load applied in OVD2—can model

. Stress distribution due to vertical load applied in OVD2—can model
. Displacement due to oblique load applied in OVD2—can model

. Stress distribution due to oblique load applied in OVD2—can model
. Displacement due to vertical load applied in OVD—3 model

. Displacement due to vertical load applied in OVD3—can model
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Stress distribution due to vertical load applied in OVD3—can model
Displacement due to oblique load applied in OVD3—can model
Stress distribution due to oblique load applied in OVD3—can model
Displacement due to vertical load applied in OVD—4 model
Displacement due to vertical load applied in OVD4—can model
Stress distribution due to vertical load applied in OVD4—can model
Displacement due to oblique load applied in OVD4—can model
Stress distribution due to oblique load applied in OVD4—can model



Fig. 1. OVD-2

Fig. 4. OVD2—can (Bar)

Fig. 7. FBAB—4 (Frame)

Fig. 10. Fixture Assemble

Fig. 2. OVD-3 (Bar)

Fig. 5. OVD3—can (Bar)

Fig. 8. FBAB-5

Fig. 11. Fixture Position

Fig. 3. OVD—4 (Bar)

Fig. 6. OVD4—can (Bar)

Fig. 9. FBAB-6

Fig. 12. OVD—-2 (90°) : Stress
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Fig. 13. OVD=3 (90°) : Stress Fig. 14. OVD—4 (90°) : Stress Fig. 15. OVD-2 (90°) : Displacement
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Fig. 16. OVD—2 (90°): Displacement Fig. 17. OVD—=3 (90°) : Displacement Fig. 18. OVD—4 (90°) : Displacement
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Fig. 19. OVD—2 (45°) : Stress Fig. 20. OVD—3 (45°) @ Stress Fig. 21. OVD—4 (45°) : Stress
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Fig. 22. OVD—2 (45°) : Displacement Fig. 23. OVD-2 (45°) : Displacement Fig. 24. OVD—-3 (45°) : Displacement



Fig. 25. OVD—3 (45°) : Displacement Fig. 26. OVD—4 (45°) : Displacement  Fig. 27. FBAB—4 (90°) : Stress

Fig. 28. FBAB—4 (90°) : Stress Fig. 29. FBAB—4 (90°) : Displacement  Fig. 30. FBAB—5 (90°) : Displacement

Fig. 31. FBAB—6 (90°) : Displacement  Fig. 32. FBAB—6 (90°) : Stress Fig. 33. FBAB—4 (45°) : Displacement

Fig. 34. FBAB—4 (45°) : Stress Fig. 35. FBAB—5 (45°) @ Displacement  Fig. 36. FBAB—6 (45°) : Displacement
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Fig. 37. FBAB—6 (45°) : Stress Fig. 38. OVD2—can (90°) : Displacement Fig. 39. OVD2—can (90°) : Stress
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Fig. 40. OVD2—can (45°) : Displacement Fig. 41. OVD2—can (45°) : Stress Fig. 42. OVD—3 (90°) : Displacement

Fig. 43. OVD3—can (90°) : Displacement Fig. 44. OVD3—can (90°) : Stress Fig. 45. OVD3—can (45°): Displacement
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Fig. 46. OVD3—can (45°) @ Stress Fig. 47. OVD—4 (90°) : Displacement  Fig. 48. OVD4—can (90°): Displacement
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Fig. 49. OVD4—can (90°) : Stress Fig. 50. OVD4—can (45°) : Displacement Fig. 51. OVD4—can (45°) : Stress



