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stress-distribution of orthodontic mini-implant in the
maxilla.
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Table 1. Material properties of three dimensional finite element models

Parameters
Materials
Young’s modulus (MPa) Poisson’s ratio
Screw L1 x 10° 0.35
Cortical Bone 15 x 10 0.30
Cancellous Bone 15 x 10° 0.30

MPa, Megapascal (N/mm?).
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Fig 2. Contact point of the mini-implant and cortical bone
surface.
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Table 2. Maximum von Mises stress (MPa) with different diameters and insertion angles

Material D Angle

PD° 75° 60° 45° 30°
Cortical bone 1.2 14.800 15.100 17.700 11.800 15.800
Cancellous bone 12 0.5422 0.6305 0.3640 0.2174 0.4675
Cortical bone 16 5.0500 42600 6.8800 46300 6.2400
Cancellous bone 1.6 0.18%6 0.1803 0.1507 0.1480 0.1600
Cortical bone 2.0 2.4400 2.7600 3.1900 3.4700 3.5800
Cancellous bone 2.0 0.1261 0.2322 0.1153 0.1045 0.1255

D, Diameter of the mini-implant (mm); MPa, Megapascal (N/mm?).

ROV 25 2703
440

.,:

Fig 3. The stress contour in the cortical bone around the 1.6 mm diameter mini-implant with different insertion angles. A,
90°; B, 75°: C, 60°; D, 45°; E, 30"
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CH S=et bl ZAENME 247 505 MPa, 4.26 MPa, 6.83 MPa,
463 MPa®} 624 MPa2 JeRgo™, 20 mm 27 9]

FHFo el Ho SEH vl nUgdZAEGME 22 244 MPa, 2.76 MPa, 3.19

A Zd &3l Hd $EHULS vUIdEHE MPa, 3.47 MPa® 358 MPa® WEMTH (Table 2).
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Fig 4. Maximum von Mises stress changes in cortical bone
according to the diameter of the mini-implant and insertion
angle. D, Diameter of mini-implant (mm). MPa,
Megapascal (N/mm?).
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Table 3. Contact area (mm’) with different diameters and Insertion angles

Angle

D

9° 75° 60° 45° 30°
12 244 2.62 2.75 3.48 467
16 349 3.62 3.88 495 6.91
2.0 454 467 5.26 6.28 9.08

D, Diameter of mini-implant {(mm).
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Fig 5. The stress contour in the cancellous bone around the 1.6 mm diameter mini-implant with different insertion angles.
A, 90°; B, 75°; G, 60°; D, 45°; E, 30°.
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Fig 6. Maximum von Mises stress changes in cancellous
bone according to the diameter of the mini-implant and
insertion angle. D, Diameter of mini-implant (mm): MPa,
Megapascal (N/mm?).
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Fig 7. The changes in the contact area with different
diameters and insertion angles. D, Diameter of
mini-implant (mm).
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Fig 8. Maximum von Mises stress changes in cortical bone
surface according to different contact points on the 1.6
mm diameter mini-implant shown in Fig 7. MPa,
Megapascal (N/mm?).
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Three-dimensional finite element analysis for stress distribution
on the diameter of orthodontic mini-implants
and insertion angle to the bone surface

Na-Young Byoun, DDS, MS,” Eun-Hye Nam, DDS, MS,’
Young-Ah Yoon, DDS, MSD,” ILKyu Kim, DDS, MSD, PhD°

The present study was performed to evaluate the stress distribution on the diameter of the
mini-implant and insertion angle to the bone surface. To perform three dimensional finite element
analysis, a hexadron of 15 x 15 x 20 mm® was used, with a 1.0 mm width of cortical bone.
Mini-implants of 8 mm length and 1.2 mm, 1.6 mm, and 2.0 mm in diameter were inserted at 90°, 75°,
60°, 45°, and 30° to the bone surface. Two hundred grams of horizontal force was applied to the center
of the mini-implant head and stress distribution and its magnitude were analyzed by ANSYS, a three
dimensional finite element analysis program. The findings of this study showed that maximum von
Mises stresses in the mini-implant and cortical and cancellous bone were decreased as the diameter
increased from 1.2 mm to 2.0 mm with no relation to the insertion angle. Analysis of the stress
distribution in the cortical and cancellous bone showed that the stress was absorbed mostly in the
cortical bone, and little was transmitted to the cancelious bone. The contact area increased according
to the increased diameter and decreased insertion angle to the bone surface, but maximum von Mises
stress in cortical bone was more significantly related with the contact point of the mini-implant into the
cortical bone surface than the insertion angle to the bone surface. The above results suggest that the
maintenance of the mini-implant is more closely related with the diameter and contact point of the
mini-implant into the cortical bone surface rather than the insertion angle.
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