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Loading conditions
P1: 10kg on the 1st molar
P2 . 7Kg on the central incisor

P3: 10kg from the 1st premolar to the 2nd molar

" Kinds of denture base
M : 0.5mm thick metal base overdenture

R ! Acrylic resin overdenture

- Fig. 2. mathematical model of a mandible and a overdenture constructed over the canine abutment

and nodal points used in measuring the displacement.
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Fig. 3. Mathematical model with 1mm space bet-
ween the dome abutment and denture(S).
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Fig. 4. Mathematical model with the contact bet-
ween the occlusal third of the abutment
and denture(C).

Table 1. Mechanical properties assigned to different material compounds of finite element mo-

dels
Material Modulus of elasticity Poisson’s Applicable
kg, mm? ratio references
Acrylic resin 0.29 13)
Metal base(Chrome-Cobalt) 21,100 0.33 19)
Mucous membrane 0.30 48,53)
Periodontal ligament 0.45 48,53)
Dentin 1,900 0.31 50,53)
Cortical bone 1,400 0.30 17,32)
Cancellous bone 70.41 0.30 17,32)
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Fig,17. Range of principal stress
magnitudes depicted in Fig. 1841,

Fig,18. Maximum principal stress under Fig.19. Maximum principal stress under

P1-M-S. P1-M-C.

Fig.20. Maximum prinicipal stress under Fig. 21. Maximum prinicipal stress under

P1-R-S. Pi1—-R~-C.



Fig,22. Maximum principal stress under Fig.23. Maximum principal stress under
P2-M-S. P2-M-C.

Fig,24. Maximum principal stress under Fig.25. Maximum principal stress under
P2—-R-S. P2-R-C.

Fig.26. Maximum principal stress under Fig.27. Maximum principal stress under
P3—-M-S. P3-M-C.



Fig,28. Maximum principal stress under Fig.29. Maximum principal stress under
P3—R-S. P3—R-C.

Fig.30. Minimum principal stress under Fig.31. Minimum principal stress under
P1-M-S. P1-M-C.

Fig,32. Minimum principal stress under Fig.33. Minimum principal stress under

P1-R-S. P1-R-C.



Fig.34. Minimum principal stress under Fig. 35. Minimum principal stress under
P2-M-S. P2-M-C.

Fig.36. Minimum principal stress under Fig.37. Minimum principal stress under

" P2-R-S. P2-R-C.

Fig, 38. Minimum principal stress under Fig.39. Minimum principal stress under
P3-M-S. P3-M-S.



Fig.40. Minimum principal stress under Fig.41. Minimum principal stress under
P3—R-S. P3—-R-C.

Fig,42. Range of equivalent stress
magnitudes depicted in Fig. 43—54.

Fig.43. Equivalent stress under P1-M—S. Fig.44. Equivalent stress under P1-M—C.



Fig.45. Equivalent stress under P1-R—8S. Fig.46. Equivalent stress under P1—R —C.

Fig 47. Equivalent stress under P2—M—S. Fig 48. Equivalent stress under P2—M-C.

Fig 49. Equivalent stress under P2—R—S. Fig.50. Equivalent stress under P2—R—C.



Fig 53. Equivalent stress under P3—R—S. Fig.54. Equivalent stress under P3—R—C.
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(b)

Fig. 65. Simulated model of overdenture and mucous membrane.

el We Relo] ¥ PUAY 4 YEES 1

#stelob Bk,

3) ofX|Ae HEHT S Fxol FTEHN 24

T 84 AL E FAHLR A FE
st 3t TR o, A4S AFH ¥
X g TPHoR HE uE37] ¢,
x4 Ao AzFE A9 &t 7x2E
&7l 4A D 2ds sy] 98 duiHez o
oFgt Hutg Az o JpA3le £2l3sle] B
A Fig. 550 E.<lukel 2}, Fig. 55-(a) & &=
A 7F g XFH F&F8A ke Ao, Fig
55-(b)= AW A7} Aol HE3= H 99 B

dojt},

P13} 2& FF3tFo] gRFe Tk 2§
ASE LEHEY FAs T s XN
7t ol &= A AA He, A Ut FikF
= 3l5o] X4S WA Hu2 9344y
e A estEs MFHOZ 7IAFAAR
Fig. 56 2 577 Zch mhatA & x)de] Sk
olglg2 BEdXae 33 FUEE ¥A Hu=
o)X}/ e] dH-ol= %84 (Fig 30, 31, 32, 33)°]
adx x4 sRee AL (Fig. 18, 19,
20, 21 0] ZelA "ot old XA SR
402 49 4%(Fig 18, 194 R %
Hol Bl FAHAE JAFHEA A%
S oA Heg Ao oX4-g A%
(Fig. 20, 2DH A QA4 st F3

ot e

o M ol o
o afo I
2 % oo ok

Fig. 56. Diagram of denture deformation under
Pl

””TI\“

Fig. 57. Diagram of P1 force versus supporting

force.

98 2 Rl Aol BAHA W, 2
S0 hed 2EAD 98 25 U ¥
Pl 8t5A Y & AUz $H 92 Wojd 9|
A #HsFo] Agats Aol ¥
A7 @gel TRl AT AR A4
AR BEtE ARt dN4n A
o AY BRSO Aok B 9%
ol P13 2E SHFol AT B9 &
FAFE, A G Ar A FEFT
= guglel Ane Fud net APHtE AL
G5 Utk 528 BE Geo] AoJAE ATiH
FEGE Aol I oyt F&Te] BAtE o
Aol A FY o AU Bt 2
FERIM AAstn Yo, AUNOE PE]
2 AsolE 7bE 2 FAage) BT A3
serie] Aol 2 4ol NI WE
of Qo] Fotd Bl Aol BASE 3
$ole A Agol EABTRL B4 o

P28} Zo] 3 stFo] A4 Hiel 2§
St Aeo) tE AR AFe AgHem

=23}59 Fig 58-619 Blvtel 2} Fig 58&

JEAYA GG oA o] HEHA d=s AR

AL Ay AFoE f3a4 947 Fig 99

18] Aol oty oA FHog FH o 1/4

#12] (Fig. 587 599] FH 9| H2DE $HLE
%



Fig. 58. Diagram of denture deformation under
P2-S.
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Fig. 59. Diagram of P2 force versus supporting

force.
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Fig. 61. Diagram of P2 force versus supporting
force.
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— Abstract -

FINITE ELEMENT ANALYSIS OF MANDIBULAR STRESSES AND
DENTURE MOVEMENTS INDUCED BY OVERDENTURES

Kim, Joung-Hee*, D.D., M.S.D., Chung, Chae-Heon*, D.D.S., M.S.D., Ph.D.,
Cho, Kyu-Zong**, Ph.D.

*Dept. of Prosthodontics, School of Dentistry, Chosun University
**Dept. of Mechanical Engineering, Chonnam National University

The purpose of this study was to analyze the displacement and the magnitude and the mode of
distribution of the stresses in the lower overdenture, the mucous membrane, the abutment tooth
and the mandibular supporting bone when various denture base materials, such as acrylic resin and
05mm metal base, and various denture base designs were subjected to different loading schemes.

For this study, the two-dimensional finite element method was used. Mandibular arch models,
with only canine remaining, were fabricated. In the first denture base design, a space, approximately
1mm thick, was prepared between the denture and the dome abutment. In the second denture base
design, contact between the denture and the dome abutment was eliminated except the contact of
the occlusal third of the abutment. In order to represent the same physiological condition as the
fixed areas of the mandible under loading schemes, the eight nodes which lie at the mandibular
angle region, the coronoid process and the mandibular condyle were assumed to be fixed. Each
model was loaded with a magnitude of 10 kgs on the first molar region(P1) and 7 kgs on the central
incisal region(P2) in a vertical direction. Then the force of 10 kgs was applied distributively from
the first premolar to the second molar of each model in a vertical direction(P3).

The results were as follows. :

1. When the testing vertical loads were given to the selected points of the overdenture, the overden-
ture showed the rotatory phenomenon, as well as sinking and the displacements of alveolar ridge,
abutment and lower border of mandible under the metal base overdenture were less than those
under the acrylic resin overdenture.

2. The maximum principal stresses(the maximum tensile stresses) being considered, high tensile
stresses occured at the buccal shelf area, the posterior region of the ridge crest and the anterior
border region of the mandibular ramus.

3. The minimum principal stresses(the maximum compressive stresses) being considered, high
compressive stresses occured at the inferior and posterior border region of the mandible, the mandibu-
lar angle and the posterior border region of the mandibular ramus.

4. The vertical load on the central incisal region(P2) produced higher equivalent stress in the
mandible than that on any other region(P1, P3) because of the long lever arm distance from the
fixed points to the loading point.

5. Higher equivalent stresses were distributed throughout the metal base overdenture than the
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resin base overdenture under the same loading condition.

6. The case of occlusal third contact of the abutment to the denture produced higher equivalent
stresses in the abutment, the mandibular area around the abutment and the overdenture than the
case of a 1mm space between the denture and the abutment.

7. Without regard to overdenture base materials and designs, the amounts and distribution patterns

of equivalent stresses under the same loading condition were similar in the mucous membrane.



