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Fig, 3. The FEA model divided into tri-
angular elements and nodes.
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Table I. Material s properties used in the FEA analysis

Materials Young s Modulous(kg/cm”) ~ Poisson s ratio (v)
Cortical bone 1.020E+05 0.30
Cancellous bone 5.100E+03 0.30
Mucosa 3.060E+01 0.45
Titanium 1.050E+06 0.34
Resin tooth 2.750E+04 0.35
Gold matrice 1.050E+05 - 0.33

Table I1. Classification of models

Model Location of Implant fixtures 7 Angle of interﬁxture T
M1 Lateral Incisors parallel
M2 Canines parallel
M3 1st. Premolars parallel
M 4 Canines 15 tilted toward

distally and mesially respectively
M5 conventional complete denture

Table II1. Classification of load application

Type of occlusion  Applied Force Applied area " Loading point”
10.5N #43-47 (10.5N/5 each) working side ‘
BL -Buccal slope of functional cusp
3.5N #37-33 (3.5N/5 each) non working side
i ] -Lingual slope of functional cusp
UL 14N #43-47 (14N/5 each) working side _
~Buccal slope of functional cusp
CP 14N #43 (14N) working side

~incisal edge

BL: Bilateral balanced occlusion. UL: Unilateral group functioned occlusion. CP: Canine Protected occlusion.
*Loading point is 2mm under the cusp tip along the cusp inclination.
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Table IV. Maximum Equivalent Stress(Pa) and Displacement of overdenture

(m)

Load Max.Eqv. Max. Eqv. Max. Eqv.Stress ~ Max. Eqv. Stress ~ Max. Eqv. Stress ,OVerdenture' §
Model Type Stress of  Stress of working  of non working of working side of non working : total, o
~_mandible side Implant side Implant Female matrice side Female matrice  displacement
BL 3.38E+04 1.19E+05 1.14E+05 1.39E+05 8.83E+04 2.47E-04
M1 UL  4.09E+04 1.44E+05 1.25E+05 1.73E+05 8.34E+04 3.24E-04
CP  2777TE+05 1.54E+06 1.29E+06 1.63E+06 9.39E+05 2.88F-03
BL 4.52E+04 1.80E+05 6.87E+04 1.70E+05 6.20E+04 2.48E-04
M2 UL 560E+04 2.20E+05 7.16E+04 2.22E+05 5.04E+04 3.25E-04
CP  284E+05 1.36E+06 7.30E+05 1.17E+06 5.98E+05 2.88E-03
BL 3.77E+04 2.03E+05 6.48E+04 1.76E+05 7.18E+(4 2.46E-04
M3 UL 4.38E+04 2.68E+05 3.92E+04 2.30E+05 4 01E+04 3.23E-04
CP  2.75E+05 1.33E+06 4 24E+05 1.60E+06 5.10E+05 2.89E-03
BL 3.00E+04 1.63E+05 9.20E+04 1.02E+05 7T AR A4+04 247604
M4 UL  392E+04 1.93E+05 9.32E+04 1.16E+05 5.00E+04 3.24E-04
CP  2.52E+05 2.03E+06 8.89E+05 1.40E+06 5.98E+05 2.87E-03
BL 296E+04 247E-04
M5 UL 3.86E+04 3.24E-04
CP  1.28E+05 2.90E-03

M1: Model of Implant fixtures were in Lateral Incisor areas.

M2: Model of Implant fixtures were in Canine areas.

M3: Model of Implant fixtures were in 1st. Premolar areas.
M4: Model of Implant fixtures were in their angulation.
M>5: conventional complete denture.

BL: Bilateral balanced occlusion. UL: Unilateral group functioned ocelusion, CP: Canine Protected occlusion.
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3.50E-04
3.00E-04
2.50E-04
2.00E-04
1.50E-04
1.00E-04
§.00E-05
0.00E+00

Ocel.
Type

Mi-BL

M2-BL  M3-BL  MI-UL  M2-UL  M3-UL

Fig. 4. Total displacement of model M1, M2 and M3.
M1: Model of Implant fixtures were installed in Lateral
Incisor areas.

Model of Implant fixtures were installed in Canine
areas.

Model of Implant fixtures were installed in 1st.
Premolar areas.

Bilateral Balanced Occlusion.

Unilateral Group Function.

M2:

M3:

BL:
UL:

Max.Eqv. Stress of imptant
{(Mode! M1/ M2/ m3)

Stress
{Pa)
3.00E+05

2.50E+05
2.00E+05
1.50E+05
1.00E+05

5.00E+04

0.00E+00 - . :
M2-BL M3-8BL M3-UL Occl.

Type

M1-BL

M1-UL

M2-UL

B Working Side Cnon Working Side

Fig. 6. Maximum equivalent stress of working
and non-working side implant.

M1: Model of Implant fixtures were installed in Lateral
Incisor areas.

Model of Implant fixtures were installed in
Canine areas.

Model of Implant fixtures were installed in 1st.
Premolar areas.

Bilateral Balanced Occlusion.

Unilateral Group Function.

M2:

M3:

BL:
UL:
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Max. Eqv. Stress
Stress of Mandibular Bone

(]
8.00E+04

5.00E+04
4.00E+04
3.00E+04
2.00E+04

1.00E+04

0.00E+00 Occl.

Mi-UL

M2-UL M3-UL

Type

|

Fig. 5. Maximum equivalent stress of mandibular
bone.

M1: Model of Implant fixtures were installed in Lateral
Incisor areas.

Model of Implant fixtures were installed in Canine
areas.

Model of Tmplant fixtures were installed in 1st.
Premolar areas.

Bilateral Balanced Occlusion.

Unilateral Group Function.

M2:

M3:

BL:
UL:

Max.Eqv. Stree of Female Matrice

st
ress (Madel M1 { M2 / M3)

(Pa)
2.50E+05

2.00E+05

1.50E+05

1.00E+05

5.00E+04

0.00E+00
Mm3-uL Occel.
Type

mMt-UL

Mi1-BL M2-BL M3-BL M2-UL

O Working Side & non Working Side

Fig. 7. Maximum equivalent. stress of working
and non-working side female matrice.

M1: Model of Implant fixtures were installed in Lateral
Incisor areas.

Model of Implant fixtures were installed in
Canine areas.

Model of Implant fixtures were installed in 1st.
Premolar areas.

Bilateral Balanced Occlusion.

Unilateral Group Function.

M2:

M3:

BL:
UL:



Total Displacement
of Model M2 and M4

Bisplacemet
(m

3.50E-04
3.08E-04
2.50E-04
2.00E-04
1.50E-04
1.00E-04
5.00E-05
0.00E+00

Occi.
Type

Ms-UL

Max. Eqv. Stress
Stress of Mandibular Bone
(Pa)

6.00E+04

5.00E+04

4.00E+04
3.00E+04
2.00E+04
1.00E+04

0.00E+00
Gccl.

Type

M4-UL

M2-UL

Fig. 8. Total displacement of Model M2 and M4. Fig. 9. Maximum equivalent stress of Mandibular
M1: Model of Implant fixtures were installed bone in Model M2 and M4,
M2: Model of Implant fixtures were installed in M1: Model of Implant fixtures were installed

Canine areas. M2: Model of Implant fixtures were installed in
M4: Modet of Implant fixtures were installed in Canine areas.

Canine areas with 30 * medio-distal interim- M4: Model of Implant fixtures were installed in

plant angulation. Canine areas with 30 ° medio-distal interim-
BL: Bilateral Balaneed Occlusion. plant angulation.
UL: Unilateral Group Function. BL: Bilateral Balanced Occlusion.

UL: Unilateral Group Function.
Max.Eqv.Stress of imptant élress Max.Eqv.Stress of Female Matrice

S(t;:s {(Model M2 / M4) 25(::305 (afodel M2 / M4)

2.50E+05

2.00E405 o 2.00E+05

150E+05 . . . 1,50E+05

1.00E+05 1.00E+05

5.00E+04 5.00E+04

0-90E+00 M2-8L Ma-BL M2-UL uial»m Ocel. . M2-BL -t m2-uL Ma-uL 2;::

BWorking Side i non Working Side Type EWorking Side B non Working Side

Fig. 10. Maximum equivalent stress of working and Fig. 11. Maximum equivalent stress of working and

non—working side implant in Model M2 and M4.

M1:
M2:

M4:

BL:
UL:

Model of Implant fixtures were installed
Model of Implant fixtures were installed in
Canine areas.

Model of Implant fixtures were installed in
Canine areas with 30 ° medio-distal interim-
plant angulation.

Bilateral Balanced Occlusion.

Unilateral Group Function.
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non-working side femal matrice in Model M2 and M4.

M1: Model of Implant fixtures were installed

M2: Model of Implant fixtures were installed in
Canine areas.

M4: Model of Implant fixtures were installed in
Canine areas with 30 ° medio-distal interim-
plant angulation.

BL: Bilateral Balanced Occlusion.

UL: Unilateral Group Function.



Total Disptacement
(Model M1 and M5}

Displacemet
{m3}

3.50E-04

3.00E-04

2.50E-04

2.00E-04

1.50E-04

V.00E-04 [

5.00E-05 |

0.00E+00 =

MI1-BL M5-BL.

Type

M1-UL M5-UL

Fig. 12. Total displacement of Model M1 and M5.

M1i: Model of Implant fixtures were installed in
Lateral Incisor areas.

M5: Conventional complete denture.

BL: Bilateral Balanced Occlusion.

UL: Unilateral Group Function.
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seess  Max. Eqv. Stress of Mandibular Bone
(pay {Model M1 and M5)

4.50E+04 promsrsr

4.00E+04
3.50E+04
3.00E+04 |
2.50E+04
2.00E+04
1.50E+04
1.00E+04
5.00E+03 5
0.00E+00

e

e
M1-BL  M5-BL  MI-UL  M5-UL ry

]

Fig. 13. Maximum equivalent stress of Mandibular

bone in Model M1 and M5.

M1: Model of Implant fixtures were installed in
Lateral Incisor areas.

M5: Conventional complete denture.

BL: Bilateral Balanced Occlusion.

UL: Unilateral Group Function.
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ABSTRACT

3D FINITE ELEMENT ANALYSIS OF OVERDENTURE STABILITY
AND STRESS DISTRIBUTION ON MANDIBULAR
IMPLANT-RETAINED OVERDENTURE

Hae-Ryong Hong, D.M.D., Dae-Gyun Choi, D.M.D., D.D.Sc.
Jin Bak, D.M.D., M.S.D., Ph.D., Kung-Rock Kwon, D.M.D., M.S.D., Ph.D.

Department of Prosthodontics and Institue of Oral Biology, School of Dentistry,
Kyung-Hee University

Statement of problem: Recently there are on an increasing trend of using implants -
especially in edentulous mandible of severly alveolar bone recessed.

Purpose: The aim of this study was to analyze the displacement and stress distribu-
tion of various mandibular implant-retained overdenture models supported by two
implants in interforaminal region under the occlusion scheme load.

Material and method: FEA models were made by the 3D scanning of the edentulous
mandibular dentiform. The three models were named as Model M1, M2, and M3 accord-
ing to the position of implants: M1, Lt. incisor area, M2, Canine area, and M3, 1st Premolar
area. Inter-implant angulation model was named as M4. Conventional complete denture was
named M5 and used as a control group. Ball implant and Gold matrice were used as a reten-
tive anchors. The occlusion type loads were applied horizontally over each tooth.

Results:

1. In mandibular implant retained overdenture Canine Protected Occlusion type load result-

ed in higher levels of stress to the implants and female matrices than other types of loads.

2. The overdenture model, M1, with implants in lateral incisor areas resulted in lower

stress concentration to the implants and female matrices than other models.

3. In mandibular implant retained overdenture the stresses of the implant and female matrice

were lower in mesially inclined implant than these of parallel installed implant.

Conclusion: Lateral incisor areas could be the best site for the implants in mandibular
implant-retained overdenture. The mandibular implant retained overdenture models
mentioned above showed to the lowest stress to the implants and female matrices.

Key words : FEA, Mandible, Overdenture, Implant Angulation
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