APPENDIX A

Data of stress values in miniscrew implants with different loading force

Table A.1 Stress values in different sizes of miniscrew implants with 100 g loading

force

Diameter Length Maximum von Mises stress Maximum first principal stress (MPa)

(mm) (mm) (MPa) Cortical bone  Cancellous bone
4.0 24.24 5.30 0.36
6.0 30.31 4.35 0.37
1.0 8.0 23.66 4.94 0.27
10.0 2397 5.38 0.32
12.0 23.01 5.71 0.35
4.0 18.75 3.09 0.42
6.0 20.30 2.97 0.29
1.2 8.0 19.36 3.02 0.23
10.0 22.04 3.86 0.50
12.0 22.20 3.49 0.93
4.0 10.33 2.05 0.90
6.0 12.77 1.95 0.17
1.4 8.0 12.80 1.83 0.14
10.0 13.18 4.20 0.38
12.0 13.02 1.88 0.16
4.0 8.62 1.48 0.81
6.0 9.04 1.07 0.19
1.6 8.0 8.38 1.34 0.20
10.0 8.79 1.77 0.17
12.0 8.51 1.32 0.12
4.0 5.98 1.27 0.67
6.0 6.68 1.03 0.25
1.8 8.0 6.68 0.97 0.11
10.0 6.76 1.21 0.12

12.0 6.45 1.26 0.09
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Table A.2 Stress values in different sizes of miniscrew implants with 150 g loading
force

Diameter Length Maximum von Mises stress Maximum first principal stress (MPa)

(mm) (mm) (MPa) Cortical bone  Cancellous bone
4.0 36.36 798 0.55
6.0 45.47 6.53 0.56
1.0 8.0 3548 7.42 0.40
10.0 35.65 8.08 0.48
12.0 34.51 8.56 0.53
4.0 28.12 4.64 0.63
6.0 30.55 445 0.37
1.2 8.0 29.04 4.53 0.35
10.0 33.06 5.79 0.75
12.0 33.31 5.24 1.39
4.0 15.49 3.08 1.35
6.0 19.15 2.96 0.26
1.4 8.0 19.20 2.74 0.21
10.0 19.77 6.30 0.57
12.0 19.53 2.81 0.24
4.0 12.93 207 1:22
6.0 13.56 2.55 0.28
1.6 8.0 12.57 2.01 0.17
10.0 1319 2.67 0.25
12.0 12:77 1.98 0.18
4.0 8.98 1.87 1.00
6.0 10.22 1:33 0.38
1.8 8.0 10.01 1.46 0.17
10.0 10.13 1.82 0.19

12.0 9.65 1.93 0.13
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Table A.3 Stress values in different sizes of miniscrew implants with 200 g loading
force

Diameter Length  Maximum von Mises stress Maximum first principal stress (MPa)

(mm) (mm) (MPa) Cortical bone  Cancellous bone
4.0 48.48 10.60 0.73
6.0 60.62 8.70 0.75
1.0 8.0 47.31 9.89 0.54
10.0 47.54 10.77 0.63
12.0 46.02 11.41 0.71
4.0 37.50 6.19 0.85
6.0 40.47 5.93 0.50
1.2 8.0 38.72 6.04 0.47
10.0 44.08 y.72 0.99
12.0 44 .41 6.98 1.86
4.0 20.66 4.11 1.80
6.0 25.54 3.95 0.35
1.4 8.0 25.60 3.66 0.28
10.0 26.36 8.40 0.75
12.0 26.04 3.75 0.32
4.0 17.24 2.96 1.63
6.0 18.09 3.40 0.38
1.6 8.0 16.76 2.68 0.23
10.0 17.59 3.55 0.33
12.0 17.03 2.64 0.23
4.0 11.97 2.53 1.33
6.0 13.36 2.06 0.51
1.8 8.0 13.35 1.95 0.23
10.0 13.51 243 0.25

12.0 12.87 2.57 0.17
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Table A.4 Stress values in different sizes of miniscrew implants with 250 g loading
force

Diameter Length  Maximum von Mises stress Maximum first principal stress (MPa)

(mm) (mm) (MPa) Cortical bone  Cancellous bone
4.0 60.60 13.25 0.91
6.0 75.78 10.88 0.93
1.0 8.0 59.14 12.36 0.67
10.0 59.42 13.46 0.79
12.0 59.52 14.26 0.88
4.0 46.87 7.74 1.06
6.0 50.92 7.42 0.62
1.2 8.0 48.40 7.55 0.58
10.0 55.10 9.65 1.23
12.0 55.51 8.73 2.32
4.0 25.82 5.13 2.25
6.0 32.35 4.96 0.43
1.4 8.0 32.00 4.58 0.35
10.0 32.96 10.49 0.94
12.0 33.49 491 0.34
4.0 21.56 3.70 2.03
6.0 22.61 425 0.47
1.6 8.0 22.67 3.09 0.36
10.0 22.03 4.70 0.42
12.0 21.28 3.30 0.29
4.0 14.96 3.16 1.67
6.0 16.70 2.58 0.64
1.8 8.0 16.69 2.43 0.28
10.0 16.89 3.04 0.32

12.0 16.09 3.21 0.21
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Table A.5 Stress values in different sizes of miniscrew implants with 300 g loading
force

Diameter Length Maximum von Mises stress Maximum first principal stress (MPa)

(mm) (mm) (MPa) Cortical bone  Cancellous bone
4.0 72.72 15.89 1.09
6.0 90.93 13.05 1.12
1.0 8.0 70.97 14.83 0.80
10.0 71.31 16.15 0.95
12.0 69.03 17.12 1.06
4.0 56.25 9.28 1.27
6.0 61.11 8.90 0.75
1.2 8.0 58.08 9.06 0.70
10.0 66.12 11.58 1.49
12.0 66.61 10.48 2.78
4.0 30.99 6.16 2.70
6.0 38.30 5.92 0.52
1.4 8.0 38.40 5.50 0.42
10.0 39.55 12.59 1.13
12.0 39.06 5.62 0.48
4.0 25.87 4.44 2.44
6.0 27.13 5.10 0.57
1.6 8.0 25.14 4.03 0.34
10.0 26.38 5.33 0.50
12.0 25.54 3.96 0.35
4.0 17.95 3.79 2.01
6.0 20.04 3.10 0.76
1.8 8.0 20.03 2.92 0.33
10.0 20.27 3.64 0.38

12.0 19.31 3.85 0.26
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Table A.6 Stress values in different sizes of miniscrew implants with 350 g loading
force

Diameter Length Maximum von Mises stress Maximum first principal stress (MPa)

(mm) (mm) (MPa) Cortical bone  Cancellous bone
4.0 84.84 18.54 1.28
6.0 106.10 15.23 N3Y
1.0 8.0 82.80 17.30 0.94
10.0 83.19 18.84 1.11
12.0 80.53 19.97 1.23
4.0 65.62 10.83 1.48
6.0 71.29 10.38 0.87
1.2 8.0 67.76 10.58 0.81
10.0 77.14 13.51 1.74
12.0 77.72 12.22 3.25
4.0 36.15 7.19 . NES
6.0 44.69 6.91 0.61
1.4 8.0 44.80 6.41 0.49
10.0 46.14 14.69 1.32
12.0 45.57 6.56 0.56
4.0 30.18 5.18 2.84
6.0 31.65 5.95 0.66
1.6 8.0 29.33 4.70 0.40
10.0 30.78 6.22 0.58
12.0 29.80 4.62 0.41
4.0 20.94 4.43 2.34
6.0 28.39 3.61 0.89
1.8 8.0 23:37 3.41 0.40
10.0 23.65 4.25 0.45

12.0 22.52 4.49 0.30
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Table A.7 Stress values in different sizes of miniscrew implants with 400 g loading

force

Diameter Length Maximum von Mises stress Maximum first principal stress (MPa)

(mm) (mm) (MPa) Cortical bone  Cancellous bone
4.0 96.96 21.19 1.46
6.0 121.20 17.40 1.49
1.0 8.0 94.63 19.78 1.07
10.0 100.00 20.50 1.94
12.0 90.39 23.08 1.41
4.0 75.00 12.38 1.69
6.0 81.48 11.87 1.00
1.2 8.0 77.44 12.09 0.93
10.0 88.16 15.44 1:99
12.0 87.08 16.56 3.57
4.0 41.31 8.21 3.60
6.0 51.07 7.90 0.69
1.4 8.0 51.20 7.33 0.56
10.0 52.73 16.79 1.51
12.0 52.08 7.50 0.64
4.0 34.49 5.91 3.25
6.0 36.17 6.80 0.76
1.6 8.0 33.52 S.37 0.45
10.0 B85.1% 7'l 0.67
12.0 34.81 5.30 0.47
4.0 23.93 5.06 2.67
6.0 26.73 4.13 1.02
1.8 8.0 27.11 3.90 0.45
10.0 27.02 4.86 0.51

12.0 25.79 5.06 0.34
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Influence of Miniscrew Sizes on Stress Distribution

Torut S', Suzuki B, Suzuki EY', Jotikasthira D', Fongsamootr T,
Department of Orthodontics, Faculty of Dentistry'.
Department of Mechanical Engineering, Faculty of Engineering’,
Chiang Mai University, Thailand

Purpose
The purpose of this study was toevaluate the influence of miniscrew implant diameter and length on the
stress distribution in bone and implant using finite element analysis.

Materials and Methods
Sixteen finite element models featuring miniscrew implants of various sizes (1.2, 1.4, 1.6 and 1.8 mm in
diameter and 6, 8. 10 and 12 mm in length) and surrounding bone were created and loaded with 50 N force

perpendicular to the long axis of the implant in order to investigate resoltant stress distribution.

Results

Patterns of stress distribution were identical in all models. Stresses were concentrated mainly around
the cervical portion of the body of miniscrews. The increase in the miniscrew s diameter resulted in a linear
decrease of the stresses values in both the serew and bone, whereas the increase in length of miniscrew

showed not significant changes in the stress values.

Conelusions

The results of this study suggest that the wider diameter miniscrew implants might ensure a beuer
biomechanical environment for miniscrews. The length of miniserews did not alter the biomechanical
properties of miniscrews inserted in the bone,

—

Figure B.2 Abstract
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Figure B.3 Pictures of 6™ AIOC
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Figure B.3 Pictures of 6™ AIOC (Cont.)
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