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[Abstract] Objective This study investigated the effect of applying different torque values on the sagittal displace-
ment tendency of mandibular incisors during intrusion using clear aligners, with the aim of providing a reference for
achieving true vertical intrusion (intrusion without labiolingual movement) of mandibular incisors in clear aligner
therapy. Methods This study was approved by the institutional ethics committee. A volunteer with an incisor man-
dibular plane angle of 94° was selected. Using cone-beam computed tomography and intraoral scan data, a high-
precision three-dimensional finite element model was established. An intrusion amount of 0.2 mm was set for the man-
dibular incisors, and four simulation groups were defined by applying 0°, 1°, 2°, and 3° of root labial torque. The dis-
placement tendency of the incisors and the stress distribution within the periodontal ligament were analyzed. Results
When 0° of root labial torque was applied, the mandibular incisors exhibited intrusion accompanied by crown-labial,

root-lingual inclination. When 1° - 3° of root labial torque was applied, the mandibular incisors exhibited intrusion ac-
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companied by the inclination gradually shifted from crown-labial, root-lingual towards crown-lingual, root-labial. Based
on the line graph of sagittal displacement, the central incisors and lateral incisors approximated true vertical intrusion
when 1.8° and 2.5° of root labial torque was applied, respectively. The mandibular canines consistently exhibited extru-
sion accompanied by labial crown inclination. Stress within the periodontal ligament of the incisors and canines was pri-
marily concentrated at the root apex and cervical region. After applying root labial torque, the area of stress concentra-
tion in the incisors cervical periodontal ligament shifted from the labial side to the lingual side. The stress in the peri-
odontal ligament at the cervical region of the canines is predominantly concentrated on the labial side. Conclusion

Applying appropriate torque control during mandibular incisor intrusion with clear aligners facilitates true vertical intru-

sion, thereby enhancing the efficiency of the intrusion.

[Key words] orthodontics; malocclusion; finite element analysis; clear aligner; incisor intrusion; man-

dible; torque control; stress distribution
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a: 3D model of the mandible and dentition reconstructed from cone-beam computed tomography (CBCT) data; b: intraoral scan (I0S) data of the

mandibular dentition; ¢: high-precision integrated model achieved by merging 10S data with data from CBCT; d: clear aligner model; e: mandibular

dentition model with attachment geometries; f: periodontal ligament model of the mandibular dentition; g: mandibular cancellous bone model; h:

mandibular cortical bone model; i: high-precision 3D finite element model

Figure 1  Establishment of the high-precision three-dimensional finite element model
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Table 1  Material parameters in clear aligner models

Elastic modulus/

Material VPa Poisson’s ratio
Teeth 19 600 0.30
Periodontal membrane 0.67 0.45
Cortical bone 13 700 0.26
Cancellous bone 1370 0.30
Clear aligner 528 0.36
Clear aligner attachments 12 500 0.36
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Coordinate system is established based on the three-dimensional position of the mandibular right anterior tooth. The red arrow represents the X-
axis, with positive values indicating the mesial direction; the green arrow represents the Y-axis, with positive values indicating the lingual direc-
tion; and the blue arrow represents the Z-axis, with positive values indicating the incisal/occlusal direction. a: labial view of the mandibular ante-
rior teeth coordinate system; b: occlusal view of the mandibular anterior teeth coordinate system

Figure 2 Coordinate system of the mandibular right incisors and canines in the clear aligner model
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Condition 1 served as the control group with no labial root torque applied, while Condition 2, Condition 3, and Condition 4 received labial root
torque at 1°, 2°, and 3°, respectively. The central incisors exhibited intrusion accompanied by crown labial inclination and root lingual inclination
in Condition 1 and Condition 2, while demonstrating intrusion accompanied by crown lingual inclination and root labial inclination in Condition 3
and Condition 4. The lateral incisors displayed intrusion accompanied by crown labial inclination and root lingual inclination in Condition 1 to
Condition 3, but exhibited intrusion accompanied by crown lingual inclination and root labial inclination in Condition 4. The canines consistently
showed extrusion accompanied by crown labial inclination across all conditions. a & b: displacement trend under Condition 1 and occlusal views of
the displacement trend under Condition 1; ¢ & d: displacement trend under Condition 2 and occlusal views of the displacement trend under Condi-
tion 2; e & {: displacement trend under Condition 3 and occlusal views of the displacement trend under Condition 3; g & h: the displacement trend
under Condition 4 and occlusal views of the displacement trend under Condition 4
Figure 3 Changes of mandibular incisors and canines displacement directions in clear aligner models before and after applying

torque control
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a: the central incisors exhibited labial crown movement and lingual root movement in Condition 1 and Condition 2, while demonstrating lingual
crown movement and labial root movement in Condition 3 and Condition 4. When 1.8° of root labial torque was applied, the crown and root of the
central incisor moved synchronously, and the sagittal displacement was nearly 0 mm. b: the lateral incisors exhibited labial crown movement and
lingual root movement in Condition 1 to 3, while demonstrating lingual crown movement and labial root movement in Condition 4. When 2.5° of
root labial torque was applied, the crown and root of the lateral incisor moved synchronously, and the sagittal displacement was nearly 0 mm. Con-
dition 1 served as the control group with no labial root torque applied, while Condition 2, Condition 3, and Condition 4 received labial root torque
at 1°,2°, and 3°, respectively
Figure 4  Sagittal displacement of the crown and root of central incisors and lateral incisors in clear aligner models before and

after applying torque control
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a: the intrusion amounts of the central incisor crown in descending order were: Condition 2, Condition 1, Condition 3, and Condition 4; while the
intrusion amounts of the lateral incisor crown in descending order were: Condition 3, Condition 2, Condition 4, and Condition 1. b: the root intru-
sion amounts of the central incisor in descending order were: Condition 2, Condition 1, Condition 3, and Condition 4; while the root intrusion
amounts of the lateral incisor in descending order were: Condition 3, Condition 2, Condition 4, and Condition 1. Condition 1 served as the control
group with no labial root torque applied, while Condition 2, Condition 3, and Condition 4 received labial root torque at 1°, 2°, and 3°, respectively
Figure 5 Vertical displacement of dental crown and root in mandibular incisors and canines in clear aligner models before and

after applying torque control
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Under the same working conditions, the lateral incisor generally
exhibited the highest maximum equivalent stress level in the
periodontal ligament, followed by the central incisor, while the
canine showed the lowest stress level. Condition 1 served as the
control group with no labial root torque applied, while Condition
2, Condition 3, and Condition 4 received labial root torque at 1°,
2°, and 3°, respectively

Figure 6 The maximum equivalent stress of the peri-

odontal ligament of mandibular incisors and canines in
clear aligner models before and after applying torque con-

trol
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In Condition 1 where no torque control was applied, the periodontal ligament stress of the incisors and canines was distributed in the labial cervi-

cal region. After applying labial root torque, the periodontal ligament stress of the central incisors in Condition 3 and Condition 4 concentrated in

the lingual cervical region. The periodontal ligament stress of the lateral incisors concentrated in the labial cervical region in Condition 2 and Con-

dition 3, but shifted to the lingual cervical region in Condition 4. In all Condition from 1 to 4, the periodontal ligament stress of the canines was

primarily distributed in the labial cervical region. a- f: labial and lingual views of equivalent stress distribution in the periodontal ligament of the

right mandibular central incisor, lateral incisor, and canine under Condition 1; g-1; labial and lingual views of equivalent stress distribution in the

periodontal ligament of the right mandibular central incisor, lateral incisor, and canine under Condition 2; m-r: labial and lingual views of equiva-

lent stress distribution in the periodontal ligament of the right mandibular central incisor, lateral incisor, and canine under Condition 3; s-x: labial

and lingual views of equivalent stress distribution in the periodontal ligament of the right mandibular central incisor, lateral incisor, and canine

under Condition 4. Condition 1 served as the control group with no labial root torque applied, while Condition II, Condition 3, and Condition 4 re-

ceived labial root torque at 1°, 2°, and 3°, respectively

Figure 7 Equivalent stress distributions of periodontium of mandibular incisors and canines in clear aligner models before and

after applying torque control
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