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Fig. 1. Three dimensional finite element model of orthodon-
tic miniscrew and maxilla bone with constant corti-
cal bone width. -
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Fig. 2. Three dimensional finite element model of orthodon-
tic miniscrew and maxilla bone with different cortical
bone width.
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Table 1. Material properties of three dimensional finite element models.

Parameters Young's modulus(MPa) Poisson’s ratio
Materials
Screw 11x 10° 0.35
Cortical Bone 15 10* 03
Cancellous Bone 15¢ 10° 0.3

MPa, Megapascal; N/mm’.
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Table 2. Maximum von-Mises stress(MPa) of three dimensional finite element models with constant width of the cortical bone.

Materials : Lengthlomy 16 18 Mo i
Diameter{mm) o

Screw 122275 121.283 122.349 120.660
Cortical Bone D12 30.858 31.869 30.817 30675
Cancellous Bone 0.569 0.589 0.606 0.594
Screw 38.282 35.966 36.351 39.827
Cortical Bone D16 11523 11.997 11.97 11.438
Cancellous Bone 0.378 0.360 0.374 0.370
Screw 13.440 13567 13.014 13.015
Cortical Bone D20 4.463 4343 4.376 4.336
Cancellous Bone 0.193 0.184 0.184 0.194

D, Diameter of the miniscrew ; L, Length of the miniscrew
MPa, Megapascal, N/mm’.
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Fig. 4. The change of maximum von-Mises stress in the mi-
niscrew according to diameter and length of the mi- Fig. 5. The stress contour of the miniscrew.
niscrew. L indicates length of the miniscrew and D
indicates diameter of the miniscrew.
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Fig. 6. The change of maximum von-Mises stress in the co-
rtical bone according to diameter and length of the
miniscrew. L indicates length of the miniscrew and
D indicates diameter of the miniscrew.
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Fig. 7. The change of maximum von-Mises stress in the ca-
ncellous bone according to diameter and length of
the miniscrew. L indicates length of the miniscrew
and D indicates diameter of the miniscrew.
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Table 3. Maximum von-Mises stress(MPa) of three dimensional finite element models with different width of the cortical bone.

Materials . Width{mm) W10 Wi5 W20  wWes
Diamieter(mm) ,
Screw 121.283 118790 118950 120.124
Cortical Bone D12 31.869 32.004 31.004 30.981
Cancellous Bone 0.589 0.261 0.140 0.064
Screw 35.966 35.790 35,626 36553
Cortical Bone D16 11.997 10.088 9.251 95%
Cancellous Bone 0.360 0.192 0.110 0.065
Screw , 13.567 13.778 13451 13529
Cortical Bone D20 4343 5.345 4248 4,148
Cancellous Bone 0.184 0.148 0.092 0.064
D, Diameter of the miniscrew ; W, Width of the cortical bone
MPa, Megapascal; N/mm”.
tMPB] [

w1,0 w15 L ] W5
(m)

Fig. 9. The change of maximum von-Mises stress in the
cortical bone according to width of the cortical
bone. D indicates diameter of the miniscrew and W
indicates width of the cortical bone.
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Fig. 10. The change of maximum von-Mises stress in the
cancellous bone according to width of the cortical
bone. D indicates diameter of the miniscrew and W
indicates width of the cortical bone.
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Fig. 11. The stress contour of the bone around the miniscrew according to width difference of the cortical bone. (a) 1.0 mm
cortical bone (b) 1.5 mm cortical bone () 2.0 mm cortical bone (d) 2.5 mm cortical bone.
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- ABSTRACT -

Three dimensional finite element method for stress distribution on the
length and diameter of orthodontic miniscrew and cortical bone thickness

Jong-Won Lim, Wang-Sik Kim, II-Kyu Kim, Choong-Yul Son, Hyo-In Byun

Division of Orthodontics, Department of Dentistry, College of Medicine, Inha University

The purpose of the present study is to evaluate the stress distribution on the length and diameter of the
miniscrew and cortical bone width. Three dimensional finite element models were made of diameter 1.2mm, 1.6mm,
2.0mm and length 6.0mm, 8.0mm, 10.0mm, 12.0mm and cortical bone width 1.0mm. Also, another three dimensional
finite element models were made of diameter 1.2mm, 1.6mm, 2.0mm and length 8.0mm and cortical bone width
1.0mm, 1.5mm, 2.0mm, 2.5mm. Two-hundred grams horizontal force were applied on the center of the miniscrew
head and at that stress distribution and its magnitude had been analyzed by ANSYS, which is three dimensional

finite element analysis program.
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The obtained results were as follows :

1. The comparison of the maximum von-Mises stress in the miniscrew showed that as the diameter increases from
1.2mm to 2.0mm stress has been decreased, while on the same diameter stress was not changed regardless of
the length change.

2. The comparison of the maximum von-Mises stress in the cortical and cancellous bone showed that as the dia-
meter increases from 1.2mm to 2.0mm stress has been decreased, while on the same diameter stress was not
changed regardless of the length change.

3. In the analysis of the stress distribution in the cortical and cancellous bone, the most of the stress had been
absorbed in the cortical bone, and did not transmitted much to the cancellous bone.

4. In the analysis of the maximum von-Mises stress according to the cortical bone width, the same diameter of
the miniscrew showed a constant stress value regardless of the cortical bone width change.

The above results suggest that the maintenance of the miniscrew is more reliable on diameter than length of
the miniscrew.
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