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[Abstract] Objective To explore the effect of different miniscrew placement heights on the distribution of biologi-

cal forces produced by clear aligner combined with intramaxillary traction for mandibular molar distalization, to identify
the miniscrew location that is conducive to the protection of lower anterior tooth anchorage and to provide a reference
that can be used when designing clinical treatments. Methods Mimics, GeomagicStudio 2017, SolidWorks 2016, and
Ansys workbench were used to establish finite element analysis models and perform mechanical analysis under the fol-
lowing six working conditions: working condition 1 was the control group without miniscrews; working conditions 2 to
5 had miniscrew in the buccal bone cortex between the first and second molars of the lower jaw 10 mm, 7 mm, 4 mm,
and 1 mm from the top of the alveolar crest, respectively; working condition 6 had the miniscrew in the center of the
buccal tongue at the anterior edge of the ascending branch of the lower jaw 5 mm above the occlusal plane. Results
On the sagittal axis, miniscrew anchorage caused distal displacement of all teeth. Compared to the control group, in the

miniscrew group, the displacement of the anterior molars exceeded that of the second molars. On the vertical axis, the
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result in the control group was similar to backward bending; the results in the miniscrew groups resembled the effect of
a lever, lowering the lateral incisors and canines and raising the central incisors and first premolars. On the coronal ax-
is, the second premolars and the first molars showed lingual displacement in the control group, and only the premolars
and first molars showed lingual displacementin the miniscrew groups. The canines were the teeth that were most strong-
ly affected by the change in miniscrew placement height. Conclusion The higher the miniscrew position is, the stron-
ger the protective effect on the anterior anchorage. According to the miniscrew placement height, the mandibular arch

should be properly narrowed, the central incisors and first premolars should be lowered, and the lateral incisors and ca-

nines should be raised when designing clinical treatments.
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Table 1~ The properties of each material involved in the

finite element model

Material Elastic modulus/MPa ~ Poisson’s ratio
Teeth® 18 600 0.31
Periodontal membrane' 0.68 0.48
Cortical bone 13 700 0.30
Cancellous bone' 1370 0.30
Clear aligner"’ 816.31 0.30
Miniscrews'! 11 400 0.34
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Figure 1  Three-dimensional finite element model as-
sembly and coordinate system setting for the mandible,

mandibular dentition and clear aligner
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a-d: working conditions 2 to 5, the miniscrews were
in the buccal bone cortex between the first and sec-
ond molars of the mandible, 10 mm (a), 7 mm (b), 4
mm (c), and 1 mm (d) from the top of the alveolar
crest, respectively. e: working condition 6, the mini-
screw was in the center of the buccal tongue at the
anterior edge of the ascending branch of the mandi-

ble, 5 mm above the occlusal plane. The red arrow

) o
@ L, x  starts from the tight cut on the clear aligner and

points to the miniscrew, which indicate the direc-

tion of 200 grams of intramaxillary traction

Figure 2 Schematic diagram of miniscrew position and intramaxillary tractive force under working conditions 2 to 6
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TD2-6: tooth displacement of working condition 2 to 6. TD1: tooth
displacement of working condition 1. The horizontal coordinate is
the tooth position of left mandibular. WC: working condition. The
higher the implantation position of the miniscrew, the greater the
displacement of all teeth in the distal (posterior)/lingual (anterior)

direction

Figure 3 Line chart of the Y-axis displacement of each tooth in the left mandible with different miniscrew placement heights
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Table 2 Y-axis displacement of each tooth in the left mandible with different miniscrew placement heights

Working condition

Tooth position

1 2 3 4 5 6
31 -3.86E-11 6.31E-05 6.78E-05 7.00E-05 7.16E-05 7.27E-05
32 -4.05E-11 2.75E-05 3.75E-05 4.47E-05 5.09E-05 7.23E-05
33 -4.29E-11 6.13E-05 7.88E-05 8.99E-05 9.86E-05 1.29E-04
34 -4.20E-11 7.26E-05 8.67E-05 9.49E-05 1.01E-04 1.22E-04
35 -4.03E-11 8.09E-05 9.16E-05 9.69E-05 1.01E-04 1.12E-04
36 -3.71E-11 7.00E-05 7.78E-05 8.17E-05 8.45E-05 9.20E-05
37 9.54E-11 5.76E-05 6.30E-05 6.57E-05 6.77E-05 7.26E-05

Working condition 1 was the control group without miniscrews; working conditions 2 to 5 had miniscrew in the buccal bone cortex between the first and

second molars of the lower jaw 10 mm, 7 mm, 4 mm, and 1 mm from the top of the alveolar crest, respectively; working condition 6 had the miniscrew in

the center of the buccal tongue at the anterior edge of the ascending branch of the lower jaw 5 mm above the occlusal plane
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TD2-6: tooth displacement of working condition 2 to 6. TD1: tooth
displacement of working condition 1. The horizontal coordinate is
the tooth position of left mandibular. WC: working condition. With
the miniscrew position raising, the second molar is actually de-

pressed, while the other teeth show a trend of elevation

Figure 4 Line chart of Z-axis displacement of each tooth in the left mandible under different miniscrews placement heights

B4 AR[EBEETHIA BT 25 T 6048 416 2 5 0 B8 0 4 4 &



OB

b

2024538 HERNE HEIM
+ 192 -+ Journal of Prevention and Treatment for Stomatological Diseases, Mar. 2024, Vol.32 No.3  htip://www.kqjbfz.com

R3 OAFIMREIEA ST 22N 8045 o 4 7 3 7%

Table 3 Z-axis displacement of each tooth in the left mandible under different miniscrews placement heights

Tooth position

Working condition

1 2 3 4 5 6
31 -3.22E-11 1.23E-05 1.58E-05 1.89E-05 2.15E-05 2.80E-05
32 -2.78E-11 -2.30E-05 -1.66E-05 -9.90E-06 -3.80E-06 1.51E-05
33 -2.38E-11 -2.30E-05 -1.14E-05 3.43E-07 1.05E-05 4.20E-05
34 -6.68E-12 9.44E-06 1.85E-05 2.58E-05 3.21E-05 4.74E-05
35 1.07E-11 1.52E-06 4.62E-06 7.14E-06 9.44E-06 1.49E-05
36 3.34E-11 -4.70E-06 -4.38E-06 -3.90E-06 -3.50E-06 -2.30E-06
37 -1.54E-11 2.04E-07 1.66E-07 -1.40E-07 -2.80E-07 -1.10E-06

Working condition 1 was the control group without miniscrews; working conditions 2 to 5 had miniscrew in the buccal bone cortex between the first and

second molars of the lower jaw 10 mm, 7 mm, 4 mm, and 1 mm from the top of the alveolar crest, respectively; working condition 6 had the miniscrew in

the center of the buccal tongue at the anterior edge of the ascending branch of the lower jaw 5 mm above the occlusal plane
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TD2-6: tooth displacement of working condition 2 to 6. TD1: tooth
displacement of working condition 1. The horizontal coordinate is
the tooth position of left mandibular. WC: working condition. With
the miniscrew position raising ,buccal displacement decreased or

lingual displacement increased in all teeth

Figure 5 Line chart of X-axis displacement of each tooth in the left mandible under different miniscrews placement heights
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X-axis displacement of each tooth in the left mandible under different miniscrews placement heights

Tooth position

Working condition

1 2 3 4 5 6
31 1.40E-12 2.93E-05 2.83E-05 2.65E-05 2.47E-05 1.75E-05
32 2.74E-12 6.27E-05 5.75E-05 5.14E-05 4.57E-05 2.41E-05
33 3.41E-12 6.43E-05 5.58E-05 4.86E-05 4.16E-05 9.80E-06
34 2.12E-13 2.16E-05 1.50E-05 9.77E-06 5.58E-06 -1.39E-05
35 -7.84E-12 -5.36E-06 -9.43E-06 -1.20E-05 -1.38E-05 -2.13E-05
36 -1.85E-11 -1.79E-06 -2.91E-06 -3.69E-06 -4.18E-06 —-6.26E-06
37 5.94E-11 5.89E-06 7.15E-06 7.67E-06 8.19E-06 9.65E-06

Working condition 1 was the control group without miniscrews; working conditions 2 to 5 had miniscrew in the buccal bone cortex between the first and

second molars of the lower jaw 10 mm, 7 mm, 4 mm, and 1 mm from the top of the alveolar crest, respectively; working condition 6 had the miniscrew in

the center of the buccal tongue at the anterior edge of the ascending branch of the lower jaw 5 mm above the occlusal plane
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