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Buccal side

Fig. 1. Loading condition on the occlusal surface of
the crown (1. crown 2. abutment 3. implant fixture
4. cortical bone 5. cancellous bone). 100N of verti-
cal load(L.1) is placed on the central fossa of an occlusal
surface and 100N of 30" oblique load(L2) is placed
on the lingual cusp toward the central fossa and 100N
of 30° oblique load(1.3) is placed on the buccal cusp
toward the central fossa.




Table 1. Material properties of the each component of model

~ Material Young s modulus (GPa)
Implant & Abutment 110 0.35
Cortical Bone 13.7 0.3
Cancellous Bone 1.37 0.3
Gold alloy 170 0.3

Table II Types of analysis model

Model No ;   Fixture Diameter(mm) Crestal e

3.3
4.0
5.0
55
6.0
4.0
4.0
4.0
4.0
4.0
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Model 1 Modei 2 Model 3 Model 4 Model 5 Model 6 Model 2 Model 7
A. Evaluation of implant fixture diameter in the case B. Evaluation of alveolar bone width in the case that
that alveolar bone width is set. implant fixture diameter is set.

Model 2 Model 8 Model 9 Modlel 10

C. Evaluation of insertion position in the case that
alveolar bone width and implant fixture diameter is set.

Fig. 2. Finite element models.
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Table III. Maximuurth,équivalent stress (

Mpa) for
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$#zko] Fol BT

Cortical L2 56.7 16.2
L3 66.9 41.8 27.1 17.4 14.6

L1 1.2 1.4 2.0 1.6 1.0

Cancellous L2 1.1 1.2 1.1 1.7 1.2
L3 1.1 1.6 2.6 2.2 1.7
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Maximum equivalent stress
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Mantsl N

Model 7

Fig. 4. Maximum equivalent stress (MPa) for
variable fixture diameters.

Fig. 5. Maximum equivalent stress (MPa) for
crestal bone width 4, 6, 8 mm.

Table IV Max;mum equivalent stress (MPa) for crestal bone width 4, 6, 8 mm

Lioad Model
direction 6 2 ' S

L1 18.1 16.0 14.0

Cortical L2 32.5 27.6 29.0
L3 46.0 418 40.7

L1 1.2 14 14

Cancellous L2 1.8 1.2 1.2
L3 1.3 1.6 1.7
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Table V. Maximum equivalent stress (MPa) for buccally moved distance offset from center 0, 0.5,
1, 1.5 mm

o - Load Model :
e direction 2 8 9. o 4

L1 16.0 15.6 15.1 14.9
Cortical L2 276 29.8 31.6 42.8

L3 41.8 46.7 49.1 57.4

L1 14 14 1.5 1.5
Cancellous L2 1.2 1.3 14 1.5

L3 1.6 1.5 1.7 1.6
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Fig. 7. Equivalent stress in mod-  Fig. 8. Equivalent stress in mod-
el 1 under load L1. el 2 under load L1,

Fig. 9. Equivalent stress in mod-
el 3 under load L1.

Umi:

Fig. 10. Equivalent stress in mod-  Fig. 11. Equivalent stress in mod-
el 4 under load L1. el 5 under load L1.

L |

Fig. 12. Equivalent stress in mod-  Fig. 13. Equivalent stress in mod-
el 1 under load L2. el 2 under load L2.
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Fig. 14. Equivalent stress in mod-
el 3 under load L2.
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Fig. 15. Equivalent stress in mod-
el 4 under load L2.

Fig. 16. Equivalent stress in mod-
el 5 under load L2.

Fig. 17. Equivalent stress in mod-
el 1 under load L3.

Fig. 18. Equivalent stress in mod-
el 2 under load L3.

Fig. 19. Equivalent stress in
model 3 under load L3.

Fig. 20. Equivalent stress in mod-

el 4 under load L3.

Fig. 21. Equivalent stress in mod-
el 5 under load L3.
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ABSTRACT

STRESS ANALYSIS OF SUPPORTING TISSUES ACCORDING
TO IMPLANT FIXTURE DIAMETER AND RESIDUAL
ALVEOLAR BONE WIDTH

Sang-Un Han, D.D.S., Mong-Sook Vang, D.D.S., Ph.D., Hong-So Yang, D.D.S, Ph.D,,
Sang-Won Park, D.D.S., Ph.D., Ha-Ok Park, D.D.S., Ph.D., Hyun-Pil Lim, D.D.S.

Department of Dental Science, Graduate School, Chonnam National University

Statement of problem: The cumulative success rate of wide implant is still controversial.
Some previous reports have shown high success rate, and some other reports shown high
failure rate.

Purpose: The aim of this study was to analyze, and compare the biomechanics in wide
implant system embeded in different width of crestal bone under different occlusal forces -
by finite element approach.

Material and methods: Three-dimensional finite element models were created
based on tracing of CT image of second premolar section of mandible with one implant embed-
ded. One standard model (6mm-crestal bone width, 4.0mm implant diameter, central posi-
tion) was created. Varied crestal dimension(4, 6, 8 mm), different diameter of implants(3.3,
4.0, 5.5, 6.0mm), and buccal position implant models were generated. A 100-N vertical(L1)
and 30 degree oblique load from lingual(L2) and buccal(L3) direction were applied to the
occlusal surface of the crown. The analysis was performed for each load by means of the
ANSYS V.9.0 program,

Conclusion:

1. In all cases, maximum equivalent stress that applied 30° oblique load around the alve-
olar bone crest was larger than that of the vertical load. Especially the equivalent stress
that loaded obliquely in buccal side was larger.

2. In study of implant fixture diameter, stress around alveolar bone was decreased with
the increase of implant diameter. In the vertical load, as the diameter of implant increased
the equivalent stress decreased, but equivalent stress increased in case of the wide implant
that have a little cortical bone in the buccal side. In the lateral oblique loading condition,
the diameter of implant increased the equivalent stress decreased, but in the buccal oblique
load, there was not significant difference between the 5.5mm and 6.0mm as the wide
diameter implant.
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3. In study of alveolar bone width, equivalent stress was decreased with the increase of
alveolar bone width. In the vertical and oblique loading condition, the width of alve-
olar bone increased 6.0mm the equivalent stress decreased. But in the oblique load-
ing condition, there was not a difference equivalent stress at more than 6.0mm of alve-
olar bone width.

4. In study of insertion position of implant fixture, even though the insertion position of
implant fixture move there was not a difference equivalent stress, but in the case of
little cortical bone in the buccal side, value of the equivalent stress was most unfavorable.

5. In all cases, it showed high stress around the top of fixture that contact cortical bone,
but there was not a portion on the bottom of fixture that concentrate highly stress and
play the role of stress dispersion

These results demonstrated that obtaining the more contact from the bucco-lingual cor-

tical bone by installing wide diameter implant plays an important role in biomechanics.

Key words : Stress analysis, Implant fixture diameter, Residual alveolar bone width
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