Supplementary Table S1. Material properties used in finite element models
	Material
	Young’s modulus (MPa)
	Poisson’s ratio
	Reference

	Teeth
	19,600
	0.30
	Yokoi et al. (2019)

	Clear aligner
	528
	0.36
	Yokoi et al. (2019)

	Composite attachment
	12,500
	0.36
	Yokoi et al. (2019)

	Periodontal ligament
	0.69
	0.45
	Yokoi et al. (2019)



Supplementary Table S2. Element and Node numbers in finite element models
	Group
	Element number
	Node number

	C0
	538144
	132458

	R1
	538254
	132451

	R2
	538356
	132479

	R3
	538076
	132432

	R4
	538222
	132456

	R5
	538562
	132425

	R6
	538059
	132418




Supplementary Table S3. Three-Dimensional Tooth Displacements in Each Experimental Group
A. Anterior Displacements (mm)
	Group
	Central Incisor
Incisal edge
	Central Incisor
Root apex
	Lateral Incisor
Incisal edge
	Lateral Incisor
Root apex
	Canine
Cusp tip
	Canine
Root apex

	
	Δx
	Δy
	Δz
	Δx
	Δy
	Δz
	Δx
	Δy
	Δz
	Δx
	Δy
	Δz
	Δx
	Δy
	Δz
	Δx
	Δy
	Δz

	C0
	0.0610
	-0.0788
	-0.0583
	-0.0349
	0.0936
	0.0820
	0.0360
	-0.1536
	-0.0598
	-0.0576
	-0.0823
	-0.0181
	0.0455
	-0.2537
	-0.0645
	-0.0190
	0.0707
	0.0507

	R1
	0.0949
	-0.0604
	-0.0475
	-0.0428
	0.0780
	0.0713
	0.0778
	-0.1239
	-0.0389
	-0.0868
	-0.0693
	-0.0154
	0.0709
	-0.2885
	-0.0188
	-0.0454
	0.0769
	0.1088

	R2
	0.0961
	-0.0379
	-0.0236
	-0.0382
	0.0555
	0.0558
	0.0728
	-0.1033
	-0.0111
	-0.0845
	-0.0755
	-0.0110
	0.0624
	-0.1918
	0.0093
	-0.0325
	0.0465
	0.0849

	R3
	0.1159
	0.0066
	-0.0100
	-0.0570
	0.0525
	0.0282
	0.0842
	-0.0850
	0.0006
	-0.0924
	-0.0746
	-0.0168
	0.0466
	-0.2032
	0.0287
	-0.0289
	0.0527
	0.1111

	R4
	0.1002
	-0.0101
	-0.0100
	-0.0328
	0.0400
	0.0325
	0.0684
	-0.0917
	-0.0035
	-0.0949
	-0.0592
	-0.0027
	0.0713
	-0.1669
	0.0431
	-0.0482
	0.0309
	0.1042

	R5
	0.0699
	0.0270
	0.0531
	-0.0025
	-0.0253
	0.0055
	0.0662
	-0.0586
	0.0082
	-0.1171
	-0.0446
	-0.0039
	0.0617
	-0.1422
	0.0547
	-0.0411
	0.0347
	0.1075

	R6
	0.1982
	0.2453
	0.1571
	-0.1113
	-0.0529
	-0.0896
	0.1275
	0.0808
	0.1228
	-0.2251
	-0.1798
	-0.1032
	-0.0012
	-0.1488
	0.0182
	0.1234
	0.1801
	0.1476



X-axis: buccal (+) / palatal (-); Y-axis: mesial(anterior) (+) / distal(posterior) (-); Z-axis: intrusion (+) / extrusion (-)
MB: mesiobuccal, Group C0 (distal retraction only), Group R1 (intrusion:retraction = 0.5:1), Group R2 (1:1), Group R3 (1.5:1), Group R4 (2:1), Group R5 (3:1), Group R6 (intrusion only)
B. Posterior Displacements (mm)
	Group
	2nd Premolar 
Buccal cusp
	2nd Premolar
Root apex
	1st Molar MB 
Cusp tip
	1st Molar MB 
Root apex
	2nd Molar MB 
Cusp tip
	2nd Molar MB 
Root apex

	
	Δx
	Δy
	Δz
	Δx
	Δy
	Δz
	Δx
	Δy
	Δz
	Δx
	Δy
	Δz
	Δx
	Δy
	Δz
	Δx
	Δy
	Δz

	C0
	-0.004
	0.044
	0.034
	0.011
	0.005
	0.028
	0.012
	0.043
	0.008
	0.002
	-0.007
	0.007
	0.044
	0.036
	-0.013
	-0.027
	-0.002
	-0.018

	R1
	-0.003
	0.002
	-0.008
	0.036
	0.028
	0.001
	0.021
	0.009
	-0.012
	0.003
	0.009
	-0.012
	0.049
	0.000
	0.003
	-0.034
	0.014
	-0.004

	R2
	0.014
	-0.008
	-0.020
	0.030
	0.024
	-0.014
	0.030
	-0.008
	-0.012
	-0.003
	0.019
	-0.012
	0.056
	-0.014
	0.011
	-0.038
	0.019
	0.002

	R3
	0.018
	-0.006
	-0.038
	0.031
	0.027
	-0.025
	0.040
	-0.022
	-0.018
	-0.006
	0.026
	-0.018
	0.070
	-0.028
	0.019
	-0.042
	0.024
	0.007

	R4
	0.005
	-0.035
	-0.053
	0.045
	0.036
	-0.030
	0.024
	-0.035
	-0.026
	-0.004
	0.032
	-0.021
	0.051
	-0.041
	0.015
	-0.037
	0.028
	0.012

	R5
	-0.001
	-0.054
	-0.066
	0.059
	0.054
	-0.036
	0.021
	-0.049
	-0.037
	0.004
	0.035
	-0.030
	0.039
	-0.056
	0.017
	-0.040
	0.032
	0.014

	R6
	0.041
	-0.088
	-0.071
	0.029
	0.037
	-0.045
	0.065
	-0.078
	-0.042
	-0.006
	0.029
	-0.031
	0.092
	-0.087
	0.027
	-0.054
	0.034
	0.024



X-axis: buccal (+) / palatal (-); Y-axis: mesial(anterior) (+) / distal(posterior) (-); Z-axis: intrusion (+) / extrusion (-) MB: mesiobuccal, Group C0 (distal retraction only), Group R1 (intrusion:retraction = 0.5:1), Group R2 (1:1), Group R3 (1.5:1), Group R4 (2:1), Group R5 (3:1), Group R6 (intrusion only)

