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[Abstract] Objective To investigate the accuracy of the mandibular curve of Spee and mandibular curve of Wilson

curve, mandibular posterior crown inclination, maxillary and mandibular arch width, and mandibular incisor labial incli-
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nation changes in the invisible orthodontic treatment of extracted and non-extracted patients to provide a basis for the
study of the therapeutic efficacy of the invisible aligner. Methods This study was approved by the Unit Medical Eth-
ics Committee. Adult bony Class I patients treated with invisible aligners between 2016 and 2023 were selected and cat-
egorized into 32 cases in a group with four first premolar extractions and 33 cases in a non-extraction group. The initial
scanning model (T1), the orthodontic plan design model (T2), and the scanning model after alignment and leveling (T3)
were collected, and the scanning data at different time points were exported to STL format files. They were then ana-
lyzed and measured using GOM Inspect 2019 software; the clinical effect (T1-T3) was defined as AC, and the expected
result (T1-T2) was defined as CC. To explore the mandibular curve of Spee, the leveling accuracy of the mandibular
Wilson curve (AC/CCx100%), the change in mandibular posterior crown inclination, the change in maxillary and man-
dibular arch width and the change in mandibular incisor labial inclination. The results were tallied using R4.3.2 soft-
ware. Results The leveling accuracy of the mandibular curve of Spee was 3.2% and 10.1% in the extraction and non-
extraction groups, respectively; the leveling accuracy of the mandibular first molar in the extraction and non-extraction
groups was 9.5% and 4.2%, respectively, and the leveling accuracy of the mandibular second premolar was 32.8% and
25%, respectively. The leveling accuracy of the mandibular curve of Wilson was 126% in the extraction group com-
pared to 704% in the non-extraction group. The maximum values of AC for crown inclination of the mandibular poste-
rior teeth were all found in the first molar and the minimum values in the second premolar (P < 0.05); CC was the great-
est in the second premolar and the least in the first molar in the extraction group (P < 0.05), and in the second molar
and the least in the second premolar in the non-extraction group (P < 0.05). There was no significant difference in the
change of maxillary and mandibular arch widths in the extraction group (P > 0.05); the AC of the arch widths at the
maxillary first molar and at the mandibular second premolar and first molar in the non-extraction group was signifi-
cantly greater than the CC (P < 0.05). The AC of the mandibular second premolar crown inclination was significantly
greater in the non-extraction group than in the extraction group (P < 0.05), showing a more pronounced buccal inclina-
tion of the crowns; in contrast, there was no significant difference between the mandibular molar crown inclination AC
and CC in the two groups (P > 0.05). The CC of mandibular curve of Spee in the extraction group was significantly
greater than that in the non-extraction group (P < 0.05), whereas there was no significant difference in AC between the
two groups (P > 0.05). In addition, the AC of the labial inclination of the mandibular incisors in the extraction group
and the non-extraction group was smaller than the CC, but both were positive, indicating an increase in the degree of la-
bial inclination of the mandibular incisors. Conclusion The invisible aligner mandibular curve of Spee leveling was
poorly expressed, and there was a tendency for overexpression of the mandibular curve of Wilson leveling. Increased la-
bial inclination of the mandibular incisors was observed in patients. The extraction group was accurately predicted in
arch width control, there was overexpansion in the non-extraction group.

[Key words] invisible orthodontic appliances; mandible; curve of Spee; curve of Wilson; arch width; man-
dibular crown inclination; labial inclination of mandibular incisors
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The definition of the occlusal plane (OP) was based on the midpoint of the incisal margin of the mandibular mesial incisors, the distal buccal cusp
of the left mandibular second molar, and the distal buccal cusp of the right mandibular second molar. a: measurement methods of the mandibular
curve of Spee: the maximum value of the left and right sides are averaged. b: measurement methods of the mandibular curve of Wilson: the sum of
the buccal apical distance minus the sum of the lingual apical distance. ¢: measurement methods of the labial inclination of mandibular incisors:
the angle formed by plane A, in which the long axis of the teeth of the bilateral mandibular first premolar (second premolar in the case of tooth ex-

traction) is located, and tangent B through the facial-axis point of the mandibular mesial incisor

Figure 1 Measurement of the mandibular curve of Spee, the mandibular curve of Wilson, and labial inclination of the mandibular
incisors
1 Tl Spee f1£k . N0 Wilson fi1 £ N 80U) 2 {0 B2 1y 0 ik J
N RER TR CE Aok, PR — B P /D ACTH BT W T2 RS R &2 A N S 157 N
A — B A _Fﬁﬁ%gﬁu s/ TR — H—EAAEACH CCTRM B 2SR (P>0.05, % 1),

B F ACH CCIRZE 0.76 mm(P<0.05,% 1),

R RIBBIAIHT ALY Spee ML Wilson i £k EMIARHEE A 5 FEHE 19 CCLAC LA
Table 1 ~ Comparison of CC and AC for the curve of Spee, curve of Wilson, crown inclination, and arch width in the invisible orthodon-
tic treatment of the extraction group n=32, mm
Ttem Dental position Initial(95% CI) CC(95% CD(T1-T2) AC(95% CI(T1-T3) Accuracy t P

Curve of Spee / 2.15(1.78, 2.52) -1.26 (-1.61, -0.92) 0.04 (-0.34, 0.41) 32% 22450 <0.001
Curve of Wilson / -4.43(-5.72, -3.14) 0.84 (-0.28, 1.97) 1.06 (0.23, 1.89) 126% 0.391 0.681
Vertical distance  Second premolars (B cusp) 1.75(1.36, 2.14) -1.25(-1.63, -0.86) -0.41(-0.78, -0.05)  32.8% 16.050 <0.001
from each tooth First molars (MB cusp) 1.97 (1.60, 2.34) -1.26 (-1.58, —0.94) 0.12 (-0.22, 0.46) 9.5%  24.400 <0.001
position to OP Second molars (MB cusp) 0.89 (0.68, 1.10) -0.47 (-0.68, -0.26) -0.08 (-0.29, 0.13) 17% 7.180 <0.001
Crown tilt Second premolars -1.86 (-2.39, —1.33) 0.41 (-0.16, 0.98) -0.11 (=0.52, 0.30) / 2515 0.014
First molars -0.81(-1.30, -0.32) 0(-0.42, 0.43) 0.76 (0.46, 1.06) / 3.199 0.002

Second molars -1.67 (-2.28, -1.05) 0.32 (-0.15, 0.79) 0.46 (0.00, 0.93) / 0.890 0.376

Width of maxil- Canines 36.76 (35.47, 38.04) 2.48 (1.51, 3.46) 2.03 (0.91, 3.15) / 1.660 0.101
lary arch Second premolars 48.38 (46.7, 50.06) -0.50 (-1.97, 0.96) -0.83 (-2.05, 0.40) / 0.972  0.334
First molars 53.38 (52.11, 54.65) 0.20 (-0.60, 1.00) 0.22 (-0.51, 0.94) / 0.081 0.936

Width of man- Canines 26.98 (26.21, 27.75) 2.43(1.61, 3.25) 2.38 (1.50, 3.26) / 0.311  0.757
dibular arch Second premolars 40.17 (38.58, 41.77) -1.78 (-3.22, -0.34) -1.87(-3.24, -0.49) / 0.364 0.717
First molars 45.65(44.48, 46.83) -1.28(-2.07, -0.49) -0.81 (-1.60, —0.02) / 1.965 0.053

Positive values indicate an increase in distance, while negative values indicate a decrease in distance. AC: T1-T3 (clinical effects) , CC: T1-T2 (expected
results). Accuracy=AC/CCx100%. The “/” indicates the tooth position was not statistically recorded. Crown tilt: a negative initial value represents a lin-

gual tilt of the crown; OP: occlusion plane
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Table 2 Comparison of CC and AC for the curve of Spee, curve of Wilson, crown inclination, and arch width in the invisible orthodontic

treatment of the non-extraction group n=33, mm
Item Dental position Initial(95% CI) CC(95% CH(T1-T2) AC(95% CI)(T1-T3) Accuracy t P
Curve of Spee / 2.06 (1.8, 2.32) -0.79 (-0.99, -0.59)  -0.08 (-0.36, 0.2) 10.1%  11.923 <0.001
Curve of Wilson / -4.93 (-5.86, —4) 0.27 (-0.53, 1.06) 1.9(1.29, 2.51) 704%  12.155 <0.001

1.67 (1.39, 1.95)
1.94 (1.72, 2.16)
0.86 (0.73, 0.98)

Vertical distance Second premolars (B cusp )

from each tooth po-  First molars (MB cusp)

sition to OP Second molars (MB cusp)
Crown tilt -1.98 (-2.40, —-1.56)
-0.97 (-1.29, -0.64)

-2.34 (-2.73, -1.95)

Second premolars
First molars
Second molars
Canines

Width of maxillary 34.65(33.83, 35.47

(

arch First premolars 42.81(42.21, 43.42
(

(

47.60 (46.62, 48.57
52.59 (51.73, 53.46

Second premolars

)
)
)
First molars )
Width of mandibu- 25.97(25.46, 26.48
34.15(33.33, 34.97
40.22 (39.22, 41.21
44.94 (44.01, 45.86

Canines
lar arch First premolars
Second premolars

)
)
)
)

First molars

-0.92 (-1.15, -0.69)

-0.23 (-0.53, 0.06) 25% 19.530 <0.001

-0.71 (-0.88, -0.53)  -0.03 (-0.28, 0.21) 4.2%  19.870 <0.001
-0.30 (-0.39, -0.20)  —0.06 (-0.19, 0.07) 20% 6.950 <0.001
0.08 (-0.32, 0.48) 0.53 (0.15, 0.90) / 8.700 <0.001
0.18 (-0.04, 0.41) 0.99 (0.74, 1.24) / 12.040 <0.001
0.24 (-0.09, 0.57) 0.93 (0.48, 1.38) / 9.626 <0.001
1.69 (1.06, 2.32) 1.22(0.71, 1.74) / 5.481 0.006
2.08 (1.57, 2.58) 1.89 (1.50, 2.28) / 1.008  0.370
2.89(1.97, 3.81) 2.96 (2.08, 3.84) / 0.248 0.781
2.09 (1.61, 2.58) 2.59(2.08, 3.09) 3.466 0.037
1.21(0.70, 1.71) 1.14 (0.74, 1.55) / 0.498 0.610
1.86 (1.06, 2.66) 1.77 (0.99, 2.56) / 0.231  0.794
1.75 (091, 2.59) 2.42(1.66, 3.18) / 6.759  0.002
1.35(0.73, 1.97) 2.51(1.85, 3.17) / 9.585 <0.001

Positive values indicate an increase in distance, while negative values indicate a decrease in distance. AC: T1-T3 (clinical effects) , CC: T1-T2 (expected

results). Accuracy=AC/CCx100%. The “/” indicates the tooth position was not statistically recorded. Crown tilt: a negative initial value represents a lin-

gual tilt of the crown; OP: occlusion plane
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R3 RIEFIRKEFHMARE FH CCHAC HE

Table3  Comparison of CC and AC in the invisible orthodontic treatment of extraction and non-extraction groups

Ttem

Dental position

Group

CC(95% CNH(T1-T2)

AC(95% CI)(T1-T3)

Curve of Spee

Curve of Wilson

Crown tilt

Labial inclination of mandibular

incisors

/

second premolars

First molars

Second molars

Extraction group (n=32, mm)
Non-extraction group (n=33, mm)
t
P

Extraction group (n=32, mm )
Non-extraction group (n=33, mm )
12
P

Extraction group (n=32, mm)
Non-extraction group (n=33, mm)
12
P
Extraction group (n=32, mm)

Non-extraction group (n=33, mm)

P
Extraction group (n=32, mm)
Non-extraction group (n=33, mm)

t
P

Extraction group (n=32, °)
Non-extraction group (n=33, °)
12
P

-1.26 (-1.61, -0.92)
-0.79 (-0.99, -0.59)

2.28
0.024

0.84 (-0.28, 1.97)
0.27 (-0.53, 1.06)
0.814
0.417

0.41 (-0.16, 0.98)
0.08 (-0.32, 0.48)
0.935
0.351
0.00 (-0.42, 0.43)
0.18 (-0.04, 0.41)
0.729
0.467
0.32 (-0.15, 0.79)
0.24 (-0.09, 0.57)
0.268
0.798

0.49 (-0.37, 1.35)
4.46 (3.59, 5.33)
1.180
0.313

0.04 (-0.34, 0.41)
-0.08 (-0.36, 0.2)
0.470
0.639

1.06 (0.23, 1.89)
1.9 (1.29, 2.51)
1.576
0.117

-0.11(-0.52, 0.3)
0.53 (0.15, 0.9)
2.233
0.027
0.76 (0.46, 1.06)
0.99 (0.74, 1.24)
1.150
0.252
0.46 (0, 0.93)
0.93(0.48, 1.38)
1.395
0.165

0.15 (-0.26, 0.55)
3.76 (2.72, 4.79)
2.030
0.139

A positive change indicates labial inclination. A negative change indicates a lingual incination. AC: T1-T3 (clinical effects) , CC: T1-T2 (expected re-

sults ). The “/” indicaltes the tooth position was not statistically recorded. Crown tilt: a negative initial value represents a lingual tilt of the crown
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