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Optimizing arch expansion with clear aligners in the mixed dentition based on finite
element analysis
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Department of Orthodontics, West China Hospital of Stomatology, Sichuan University, State Key Laboratory of Oral Diseases & National
Clinical Research Center for Oral Disease, Chengdu 610041, China

[Abstract] Objective- To reveal the direction, efficiency, and mechanical load of single tooth displacement with clear aligners for
expansion treatment during the transitional dentition period with the aid of finite element analysis. Additionally, overcorrection and
torque compensation systems were designed to address insufficient expansion efficiency and buccal inclination of posterior teeth.
Methods - One volunteer in mixed dentition period was included to construct a three dimentional cranio-maxillary complex model
and an invisible orthodontic system, simulating the buccal displacement (load 1-4: 0.200, 0.275, 0.300, 0.325 mm, respectively) and
root buccal torque (load 1: buccal displacement load 0.200 mm, root buccal torque 0°; load 5: buccal displacement load 0.275 mm,
root buccal torque 1.0°; load 6: buccal displacement load 0.300 mm, root buccal torque 1.3° and load 7: buccal displacement load
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0.325mm, root buccal torque 1.8°) on the maxillary deciduous teeth to the first permanent molar with a non bracket invisible
orthodontic appliance. Through finite element analysis, the tooth displacement and equivalent stress distribution of the periodontal
membrane can be calculated. Results*Expansion treatment with clear aligners in the transitional dentition phase primarily revealed
the effect of buccal expansion of teeth; different teeth achieved different levels of expansion rate. At a set expansion amount of 0.200
mm per side, expansion efficiency in the maxillary first permanent molar was 51.86%, second primary molar 68.76%, first primary
molar 73.48%, and primary cuspid 84.17%. By designing over-correction (0.275, 0.300, 0.325 mm), the results showed significant
enhancement in expansion effect. When overcorrection length reached 150% (0.300 mm), expansion efficiency at the maxillary first
permanent molar, second primary molar, first primary molar, and primary cuspid were 75.16%, 99.96%, 107.35%, and 122.37%,
respectively. The expansion efficiency of maxillary second primary molar, first primary molar, and primary cuspid was close to
100.00%. The overcorrection design exacerbated the dental effects of expansion, intensifying the tendency for teeth to tilt toward the
cheek side, leading to side effects such as buccal inclination and drooping of the palatal cusps. When the overcorrection amount for
expansion reached 150%, the crown-root displacement in the upper first permanent molar, second primary molar, first primary
molar, and primary cuspid were —0.109, —0.134, —0.132, and -0.298 mm, respectively. Applying specific torque compensation for
different tooth positions can combat the buccal inclination of posterior teeth. At an overcorrection length of 150% (0.300 mm) with
an added 1.3° root buccal torque, expansion efficiency was 56.15%, 73.88%, 79.49%, and 87.80%, respectively. While the crown-
root displacement differences reduced to —0.081, —0.097, —0.095, and —0.208 mm. Conclusion:When using clear aligners for
expansion treatment during a transitional dentition period, side effects such as buccal inclination of posterior teeth exist.
Furthermore, various teeth realize differing levels of expansion efficiency, necessitating the design of unique adjustment strategies
according to different tooth positions. Overcorrection can improve expansion efficiency but needs to be coordinated with root buccal
torque for the whole tooth to move buccally.

[Key words] arch expansion; orthodontic treatment; mixed dentition; orthodontic appliance, removable; clear aligner; finite
element analysis
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Fig 1 Finite element model establishment process
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Tab 1 Length of maxillary teeth of the volunteer's 3D model

Length/mm
Tooth
Right Left
Ist permanent molar 14.4 13.7
2nd deciduous molar 10.3 11.6
Ist deciduous molar 9.4 9.1
Deciduous canine 16.8 15.5
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Tab 2 Mechanical properties of materials and tissues

Component Young's modulus/MPa Poisson ratio
Tooth 1.96x10* 0.30
Periodontal ligament 0.68 0.45
Cortical bone 1.37x10* 0.30
Cancellous bone 1.37x10° 0.30
Clear aligner 528 0.36
Attachment 1.25x10* 0.36
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Note: A. Trend of tooth movement after maxillary expansion orthodontic treatment under load 1. B. Stress distribution of periodontal ligament after maxillary

expansion orthodontic treatment under load 1. C. Trend of each tooth movement after maxillary expansion orthodontic treatment under load 1.
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Fig 2 Trend of tooth movement after maxillary expansion treatment and stress distribution of periodontal ligament under traditional

expansion (load 1)
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Tab 3 Horizontal movement of crown and root points before and

after arch expansion treatment (load 1)

Horizontal displacement/mm

Tooth
Right Left

1st permanent molar

Crown —0.126 —0.081

Root -0.034 -0.022
2nd deciduous molar

Crown —0.140 —0.135

Root —0.048 -0.043
1st deciduous molar

Crown —0.142 -0.152

Root —0.056 —0.058
Deciduous canine

Crown -0.164 -0.173

Root +0.031 +0.042

Note: The horizontal displacement was determined by the respective
coordinate systems of each tooth. Buccal (=), Lingual (+).
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Tab 4 Therapeutic effect of arch over-expansion

Load 1 Load 2 Load 3 Load 4
Tooth
AE/mm EE/% HD/mm  AE/mm EE/% HD/mm  AE/mm EE/% HD/mm  AE/mm EE/% HD/mm
16-26 0.207 51.86 -0.075 0.277 69.33 -0.101 0.301 75.16 -0.109 0.324 81.04 -0.203
55-65 0.275 68.76 -0.092 0.369 92.15 -0.124 0.400 99.96 -0.134 0.431 107.79 -0.204
54-64 0.294 73.48 -0.090 0.395 98.86 -0.121 0.429 107.35 -0.132 0.463 115.86 -0.193
53-63 0.337 84.17 -0.204 0.451 112.81 -0.275 0.489 122.37 -0.298 0.528 131.94 —-0.441

Note: Tooth numbering according to the Fédération Dentaire Internationale (FDI) tooth numbering system. AE—actual expansion; HD—horizontal
displacement difference between crown and root; EE—expansion efficiency. Buccal (=), Lingual (+). The designed load of load 1 (e=0. 200 mm), load 2 (e=
0. 275 mm), load 3 (e=0. 300 mm), load 4 (e=0. 325 mm). e—designed arch expansion amount of one side.
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X
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Note: Load 1 (A), load 2 (B), load 3 (C) and load 4 (D).
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Fig3 Trend of tooth movement after maxillary expansion treatment under load of over-expansion

A B C

Displacement/mm
0.312
0.284
0.256
0.228 _ G

T e, e e
0.183 ' ' O ' (@

0.090
0.045
0.022
0.011
0.005
0.003

o
Y

Note: A—C. Trend of tooth movement after maxillary expansion treatment under load of over-expansion and torque compensation. Load 5 (A), load 6 (B), load
7 (C). D-F. Stress distribution of periodontal ligament after maxillary expansion orthodontic treatment under different loads. Load 5 (D), load 6 (E), load 7 (F).
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Fig 4 The trend of tooth movement and distribution of periodontal membrane stress under load of over-expansion and torque compensation
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Tab 5 Therapeutic effect of maxillary expansion under over-expansion combined with torque compensation

Load 1 Load 5
Tooth
AE/mm EE/% HD/mm AE/mm EE/%
16-26 0.207 51.86 -0.075 0.221 55.25
55-65 0.275 68.76 -0.092 0.288 71.93
54-64 0.294 73.48 -0.090 0.311 77.64
53-63 0.337 84.17 -0.204 0.346 86.43

Load 6 Load 7
HD/mm  AE/mm EE/% HD/mm  AE/mm EE/% HD/mm
-0.081 0.225 56.15 -0.081 0.225 56.13 -0.080
-0.095 0.296 73.88 -0.097 0.289 72.19 -0.094
-0.093 0318 79.49 -0.095 0.308 76.96 -0.091
-0.205 0.351 87.80 -0.208 0.334 83.58 -0.195

Note: Tooth numbering according to the FDI tooth numbering system. AE—actual expansion; HD—horizontal displacement difference between crown and
root; EE—expansion efficiency. Buccal (), Lingual (+). The designed load of load 1 (¢=0.200 mm, t=0°), load 5 (e=0.275 mm, t=1°), load 6 (¢=0.300 mm, t=

1.3°), load 7 (¢=0.325 mm, t=1.8°). e—Designed arch expansion amount of one side. t—buccal root torque degree.
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