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[Abstract] Objective To investigate the achieved intrusion amount of the maxillary incisors and the influencing
factors in clear aligner cases treated with extraction of premolars. Methods This study has been reviewed and ap-
proved by the Ethics Committee, and informed consent has been obtained from patients. Thirty adult female patients
who underwent extraction of the bilateral maxillary first premolars followed by clear aligner therapy were included.
CBCT data before and after treatment were obtained, and three-dimensional reconstruction with registration alignment
was performed. A spatial coordinate system was established, and the achieved intrusion amount was measured, followed
by calculation of the intrusion efficacy. The factors related to the achieved intrusion amount were investigated through
multiple linear regression analysis. Results The overall efficacy of maxillary incisor intrusion was 54%, with the maxil-
lary central incisors (48%) lower than the lateral incisors (59%), which was statistically significant (P < 0.001). Regres-

sion analysis showed that the designed intrusion amount and the stepwise intrusion design were positively correlated
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with the achieved intrusion amount. The designed retroclination amount and use of class I intermaxillary elastics were
negatively correlated with the achieved intrusion amount. The initial overbite, overjet, crowding, upper central incisor in-
clination, amount of the first series of aligners, canine attachment type, posterior teeth attachment type and bite ramps
had no significant correlation with the achieved intrusion amount. Conclusion In maxillary first premolar extraction
cases treated with clear aligners, the upper central incisors have lower efficacy of intrusion movement than the lateral in-

cisors. The achieved intrusion amount of maxillary incisors was influenced by multiple factors, which should be consid-

ered comprehensively for better vertical control in such cases.
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Geomagic Studio software was used to superimpose the maxillary dentition models and maxilla models of pretreatment, designed-treatment and

post-treatment. a: superimposition of the pretreatment maxillary dentition model derived from ClinCheck software and the pretreatment maxilla

model reconstructed from CBCT data by Mimics software using Geomagic Studio software; b: superimposition of the post-treatment maxillary

dentition model derived from ClinCheck software and the post-treatment maxilla model reconstructed from CBCT data by Mimics software using

Geomagic Studio software; c: the final superimposition of the pretreatment (gray), designed-treatment (yellow) and post-treatment (blue) maxil-

lary dentition models

Figure 1  Registration of dentition models before measurement of the designed and achieved tooth movement of maxillary

incisors of patients treated with bilateral maxillary first premolar extraction by clear aligners
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A three-dimensional coordinate system was established
on the post-treatment CBCT model using Geomagic Stu-
dio software. The transverse plane (TP) passed through
the mesial cusps of bilateral maxillary first molars (M1,
M2) and the mesioincisal point of the left central inci-
sor (I). The coronal plane (CP) passed through the ante-
rior nasal spine point (ANS) and posterior nasal spine
point (PNS) and was perpendicular to the transverse

plane. The midsagittal plane (MP) passed through the

midpoint of the incisive papilla (P) and was perpendicu-

lar to both the transverse and coronal planes

Figure 2 Measurement coordinate system of the designed and achieved tooth movement of maxillary incisors of patients

treated with bilateral maxillary first premolar extraction by clear aligners
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Table 1  Baseline characteristics and treatment designs of
patients treated with bilateral maxillary first premolars

extraction by clear aligners

Characteristics n Percentage
Overbite

Normal 9 30%

Grade | 11 36.7%

Grade 1l 6 20%

Grade Il 4 13.3%
Overjet

Normal 15 50%

Grade | 8 26.7%

Grade Il 5 16.7%

Grade Ill 2 6.6%
APSDs

Class I 8 26.7%

Class II 22 73.3%
Crowding

Mild (< 4 mm) 29 96.7%

Moderate (4 -8 mm) 1 3.3%
Upper central incisor inclination (U1-SN)

= 120° 13 43.3%

110°-120° 15 50%

<110° 2 6.7%

Amount of the first series of aligners

=60 9 30%
50-60 9 30%
<50 12 40%

Designed amount of retraction
Ul 4.65 1.74%
U2 4.19 1.62%

Canine attachment type

Vertical 30 50%

Optimized 30 50%
Posterior teeth attachment type

Vertical 132 73.3%

Optimized 48 26.7%
Stepwise intrusion of canines and incisors

Yes 16 53%

No 14 47%

Whether to use bite ramps
Yes 5 16.7%
No 25 84.3%
Whether to use class Il intermaxillary elastics
Yes 21 70%
No 9 30%

APSDs: anteroposterior skeletal discrepancies; Ul: upper central inci-

sors; U2: upper lateral incisors
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Table 2 Achieved intrusion amount of the maxillary incisors of patients treated with bilateral maxillary first premolars

extraction by clear aligners xEs
Tooth type Achieved amount/mm  Designed amount/mm Difference/mm Efficacy (%) ‘ P
Upper incisors 0.45 +0.35 0.88 = 0.55 0.39 +0.51 54% + 38% -8.172 <0.001
Ul 0.46 = 0.38 0.96 + 0.54 0.51 +£0.48 48% + 31% -8.464 <0.001
U2 0.44 +0.31 0.72 £ 0.55 0.27 £ 0.52 59% + 33% -3.963 <0.001

Ul: upper central incisors. U2: upper lateral incisors

3 TCICREBRIE G BRI b AR — T O AR B AU S AT RS 3l S B 4 22 R R e [T 23 B

Table 3 Linear regression analysis of predicting the achieved intrusion amount of patients treated with bilateral maxillary first

premolars extraction by clear aligners
. Upper central incisors Upper lateral incisors
Predictor
B SD P B SD P
Constant 0.446 0.186 0.019 0.392 0.224 0.027
Overbite -0.158 0.057 0.170 -0.094 0.067 0.451
Overjet 0.189 0.096 0.087 0.197 0.052 0.118
Crowding
Mild
-0.033 0.025 0.769 -0.090 0.024 0.475
Moderate
Upper central incisor inclination (U1-SN ) 0.147 0.081 0.180 0.083 0.046 0.494
Amount of the first series of aligners 0.143 0.043 0.194 0.212 0.028 0.077
Designed intrusion amount 0.861 0.167 <0.001 0.934 0.277 0.001
Designed retraction amount -0.256 0.127 <0.001 -0.132 0.125 0.012
Canine attachment type
Optimized
. 0.083 0.024 0.448 0.115 0.046 0.371
Vertical
Posterior teeth attachment type
Optimized
. 0.046 0.022 0.682 -0.079 0.015 0.524
Vertical
Stepwise intrusion of canines and incisors
Yes
N 0.663 0.236 0.002 0.785 0.223 0.025
o
Whether to use bite ramps
Yes
N 0.170 0.079 0.118 0.106 0.058 0.174
0
Whether to use class I intermaxillary elastics
Yes
N -0.589 0.030 <0.001 -0.127 0.096 0.296
0
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