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Finite Element Stress Analysis on the
Surrounding Bone according to the
Thread Configurations of the
Implant Fixtures

Kim, Chang-Heon, D.D.S., M.S.D.
Advisor: Prof. Kang, Dong-Wan, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School, Chosun University

The purpose of this study was to compare the stress pattern on the
crestal cortical bone, cortical-cancellous bone interface and fixture-bone
interface of the two fixtures using 3-dimensional finite element stress
analysis. The finite element model was designed with the splinted
crowns on the parallel placement of two standard fixtures(4.0 mm
diameterx11.5 mm length) on the region of mandibular 1st and 2nd
molars. Three dimensional finite element model was created with the
components of the implant and surrounding bone.

This study simulated loads of 200 N at the central fossa in a axial
direction (load 1), 200 N at the buccal offset load that is 2 mm apart
from central fossa in a axial direction (load 2), 200 N at the buccal
offset load that was 2.7 mm apart from central fossa in a axial
direction (load 3), and 200 N at the buccal offset load that was 3.5
mm apart from central fossa in a axial direction (load 4). Von Mises

stress values were recorded and compared in the supporting bone.



The results were as follows;

1. In the crestal cortical bone of the three thread models, the von
Mises stress value of off-site region was higher than that of

central fossa region.

2. With the loading of central fossa region, the von Mises stress
pattern of the analyzing path on the fixture thread-bone interface
were fluctuated following the positive and negative forms of the

thread.

3. With the loading of central fossa region, the von Mises stress value
of the base of thread was higher than the value of relative stress,
and the stress value on the lingual base of equi-triangular thread

type was higher than that of the crestal cortical bone.

4. With the buccal offset-loading of 2 mm apart from the central fossa
region, the stress level on the base of the three fixtures was lower
than the average value on the three thread types. The lingual base
of the fixtures on the 1st and 2nd molars was higher than the

level of the thread in the equi-triangular thread type model.

5. With the buccal offset-loading of 2.7 and 3.5 mm apart from the
central fossa region which was positioned without the diameter of
the fixture, the von Mises of the crestal cortical bone on the

square thread type model was the highest among the three models.

These results concluded that the thread type of the fixture was a
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mechanical factor which was affecting the stress pattern on the
crestal cortical bone, the cortical-cancellous bone interface and the
fixture-bone interface around the two fixtures under the same loading
conditions and the geometry of the implant full body. With the buccal
offset-loading apart from the diameter of the fixture, the stress was
concentrated on the crestal cortical bone and the cortical bone. In
conclusion, it should be considered that the design of occlusal scheme
and the adjustment of the occlusal contacts follow the diameter of the

fixture.
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Table 1. Material properties in this study7).

Young's Modulus

Materials (MPa) Possion’s ratio
Cortical bone 13,000 0.30
Cancellous bone 9,500 0.30
Implant 115,000 0.35
Gold screw 98,000 0.45
Resin 9,700 0.35
Crown 66,600 0.33
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A. Bucco-lingual section of three different threads (1st Molar)

B. Mesio-distal section of two fixtures (Left : 1st molar, Right : 2nd molar)
(Right : equi-triangular thread, Middle : recta-triangular thread, Left : square thread)

Fig. 5. Analyzed path followed on three threads of fixture.
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Table 2. von Mises stress of the crestal cortical bone on the bucco-lingual and

mesio-distal sections according to three different threads and the loading

conditions.
(Unit: MPa)
section Bucco-Lingual Section Mesio-Distal Section
L.P. M1 M2 M1 M2
types B-L B-L M-D M-D
T 4.54- 4.59 4.66- 4.51 5.79- 5.66 5.62-5.29
0 mm RT 5.92-7.02 5.20- 5.60 7.15-6.07 5.67-7.35
S 7.00- 6.03 3.13- 3.92 8.63- 8.04 3.08-4.85
T 17.44-9.13 18.80-8.64 6.58-5.39 5.60- 6.02
2 mm RT 22.09-10.52 20.02-9.12 9.51-6.86 6.45- 7.50
S 25.89-10.00 16.02-9.03 9.93-9.38 3.93-4.28
T 25.90-19.56 27.21-8.29 8.23- 5.93 6.62- 9.12
2.7 mm RT 20.49-31.84 18.82-9.47 11.64- 8.29 7.38-10.60
S 40.40-23.00 26.73-9.28 12.22-11.83 4.83-4.00
T 28.80-20.96 29.71-9.75 8.52-6.00 6.99- 7.95
3.5 mm RT 23.44-34 .44 20.76-10.40 11.91- 8.25 7.50-10.10
S 43.18-24.58 28.33-20.62 12.55-12.32 4.96- 4.00

L P : loading position, M1

: 1st molar, M2 : 2nd molar

B-L : Buccal side-Lingual side, M-D : Mesial side-Distal side

T : Equi-triangular thread type, RT : Recta-triangular thread type

S : Square thread type
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