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Objective: The purpose of this study was to examine the effectiveness and
mechanism of clear aligner therapy for the correction of anterior open bite in
adult nonextraction cases. Methods: Sixty-nine adult patients with anterior
open bite were enrolled and classified into Angle’s Class I, II, and III groups.
Fifty patients presented with skeletal open bite (mandibular plane angle [MPA]
≥ 38°), whereas 19 presented with dental open bite. Fifteen cephalometric
landmarks were identified before (T1) and after (T2) treatment. The magnitudes
of planned and actual movements of the incisors and molars were calculated.
Results: Positive overbite was achieved in 94% patients, with a mean final
overbite of 1.1 ± 0.8 mm. The mean change in overbite was 3.3 ± 1.4 mm. With
clear aligners alone, 0.36 ± 0.58 mm of maxillary molar intrusion was achieved.
Compared with the Class I group, the Class II group showed greater maxillary
molar intrusion and MPA reduction. The Class III group showed greater
mandibular incisor extrusion with no significant vertical skeletal changes.
Conclusions: Clear aligners can be effective in controlling the vertical dimension
and correcting mild to moderate anterior open bite in adult nonextraction
cases. The treatment mechanism for Class III patients significantly differed from
that for Class I and Class II patients. Maxillary incisor extrusion in patients
with dental open bite and MPA reduction with mandibular incisor extrusion in
patients with skeletal open bite are the most significant contributing factors for
open bite closure.
Key words: Clear aligner, Orthodontic treatment, Tooth movement, Anterior
open bite
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INTRODUCTION
Open bite is one of the most challenging malocclusions to treat, because it is associated with skeletal, dental, functional, and habitual factors.1-3 Open bite is classified into dental open bite and skeletal open bite. The
latter is characterized by an increased mandibular plane
angle (MPA) and lower facial height (LFH). In contrast,
dental open bite is characterized by proclined incisors,
undererupted anterior teeth, and a normal or slightly excessive molar height, and patients often exhibit thumb
or finger sucking habits.4
In adults, treatment options are limited.5-8 Orthognathic surgery is indicated for adult patients with severe
skeletal open bite and unesthetic facial proportions.9,10
For patients with less severe skeletal open bite and those
who do not wish to undergo surgery, nonsurgical fixed
appliance therapy with intermaxillary vertical elastics
and, occasionally, extraction has been a viable alternative. However, this treatment often results in a poor
facial esthetics and significant side effects such as root
resorption.11,12 Therefore, the search for more effective
and efficient treatment modalities is ongoing. Over the
past two decades, skeletal temporary anchorage devices
(TADs) have significantly expanded the scope of orthodontic treatment beyond the traditional limits of tooth
movement, facilitating the correction of anterior open
bite with orthodontic treatment alone.13-15
Adult orthodontic patients frequently seek less invasive treatment alternatives for open bite correction in
order to avoid extractions, temporary skeletal anchorage
devices (TADs), or surgery. Clear aligners have become
popular for the treatment of adult patients because of
superior esthetics and comfort.16-18 Previous literature
has indicated that clear aligners may be effective in the
treatment of open bite because occlusal coverage provides a mechanical advantage over fixed appliances in
terms of vertical dimension control.16-21 However, the
mechanism by which clear aligners correct open bite
remains controversial. Most evidence supporting the effectiveness of open bite treatment with clear aligners
has come from case reports, case series, or manufacturer’s claims. While some previous studies have reported
both intrusion of molars and extrusion of incisors as the
mechanism for open bite correction by clear aligners,17,21
others have reported extrusion of incisors as the main
mechanism.22
Accordingly, we designed this retrospective study to
examine the effectiveness and mechanism of clear aligner therapy for the correction of anterior open bite in
adult nonextraction cases. We also aimed to explore the
mechanism by which clear aligners correct anterior open
bite and determine differences in treatment mechanics
among different vertical skeletal patterns and Angle’s
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classification method.

MATERIALS AND METHODS
Subjects
This retrospective study was approved by the institutional review board of University of the Pacific (#16-77).
The sample was drawn from the database of patients
treated at the practice of a single board-certified (American Board of Orthodontics) clinician (B.G.) who is also a
Top 1% Invisalign provider. To minimize selection bias,
the clinician was not involved in the sampling process.
A list of all patients who started orthodontic treatment
between 2011 and December of 2019 was generated.
This period was chosen because algorithms for posterior
teeth intrusion were introduced in 2011. The total number of adult patients eligible for screening was 1,799.
The primary inclusion criteria were as follows: 1) age >
18 years, 2) receipt of Invisalign treatment, 3) complete
pre- and post-treatment records (lateral cephalograms
and study casts), and 4) presence of an anterior open
bite of overbite < −0.5 mm on lateral cephalograms.
Patients with craniofacial anomalies, fixed orthodontic
treatment, limited treatment, extraction of teeth other
than third molars, and surgeries were excluded. To identify patients with anterior open bite, two research dentists visually examined initial lateral cephalograms and
photographs of all eligible adult patients using Dolphin
ImagingTM (version 11.8; Dolphin Imaging and Management Solutions, Chatsworth, CA, USA). From 79 (4.5%)
patients with a clinically detectable anterior open bite,
10 were further excluded because anterior open bite was
less than 0.5 mm on the radiograph.
The final sample comprised 69 adult patients with
anterior open bite (Table 1). Skeletal and dental open
bites were differentiated on the basis of the initial MPA
using SN-MPA. Patients with MPA ≥ 38° were classified into the skeletal open bite group, whereas patients
with MPA < 38° were classified into the dental open
bite group. Fifty of 69 patients (72%) had skeletal open
bite; the remaining 19 had dental open bite (Table 1).
Regarding the sagittal relationship, the patients were
divided into three groups using Angle’s classification.
The Class II group included patients with an equal or
greater than end-on Class II molar relationship bilaterally. Patients who presented with a less than half cusp
Class II to Class I molar relationship were classified into
the Class I group. The Class III group included patients
with an equal or greater than end-on Class III molar
relationship bilaterally, with a negative or edge-to-edge
overjet. Because severe skeletal Class III open bites were
predominantly treated by orthognathic surgery, only
nine patients with Class III malocclusion were included
in the final sample. The total sample included 44 Class I,
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Table 1. Characteristics of adult patients with anterior
open bite in the present study
Category

n

%

Male

15

23

Female

54

77

18–25

6

9

25–35

44

64

≥ 35

19

27

< −5

3

4

−5 to −4

7

10

−4 to −3

9

13

−3 to −2

10

14

−2 to −1

30

44

−1 to −0.5

10

14

Dental open bite

19 (8:11)

28

Skeletal open bite

50 (7:43)

72

Class I

44 (9:35; 13:31)

64

Class II

16 (2:14; 2:14)

23

Class III

9 (4:5; 4:5)

13

Sex

Age (yr)

Initial overbite (mm)

Vertical pattern (M:F)

Angle Classification (M:F; Dental
open bite:Skeletal open bite)

Previous orthodontic treatment
Yes (Extraction vs. Nonextraction)

13 (6 vs. 7)

None
Third molar present at T1

56

19
81

18

Extraction during treatment

9

50

Remained in arch

9

50

16 Class II, and 9 Class III patients.
Treatment modality
No TADs were utilized, and crowding was resolved by
interproximal reduction and some arch expansion. Extraction of third molars before clear aligner therapy was
recommended if they occluded with the opposing teeth.
Before treatment, myofunctional therapy was discussed
for patients who presented with anterior tongue thrust.
The patients were instructed to change their aligners
every 7 to 10 days. In general, clear aligner therapy exerts intrusive forces on the posterior teeth and extrusive
forces on the anterior teeth by utilizing optimized attachments; they extrude the anterior teeth as a unit by
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Figure 1. Cephalometric landmarks, reference planes, and
dentoalveolar linear measurements used in this study.
Measurements were measured using the same reference
planes at T1 and T2 tracings. a (U6-PP), perpendicular distance between mesiobuccal cusp of maxillary 1st molar
and palatal plane (ANS-PNS) (mm); b (U1-PP), perpendicular distance between incisal edge of maxillary central
incisor and palatal plane (mm); c (L6-MP), perpendicular
distance between mesiobuccal cusp of mandibular 1st
molar and mandibular plane (Go-Me) (mm); d (L1-MP),
perpendicular distance between incisal edge of mandibular central incisor and mandibular plane (mm).
T1, before treatment; T2, after treatment; S, sella; N, nasion; A, A point; B, B point; Pog, pogonion; Go, gonion;
Me, menton; ANS, anterior nasal spine; PNS, posterior
nasal spine.

leveraging the posterior teeth as anchorage to close the
open bite (Invisalign’s G4 protocol).
Class I malocclusion with skeletal open bite is considered “masked Class III malocclusion.” When the molars
are intruded, the mandible often autorotates, and a
more severe Class III relationship develops and requires
Class III elastics with additional incisor retraction. For
Class II patients with open bite, greater molar intrusion
was planned. The clinician planned to close the open
bite through molar intrusion and autorotation of the
mandible. For half cusp or less Class II molar relationships, Class II correction was achieved with the use of
Class II elastics, whereas full-cusp Class II molar relationships were treated by sequential distalization. Class II
elastics were applied from precision cuts in the maxillary
canine and buttons on the mandibular first molar. For
Class III patients with skeletal open bite, molar intrusion
was planned to maintain the vertical dimension while
Class III elastics were used. In contrast, Class III patients
with dental open bite were treated by extrusion of the
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sors was used for incisor movement. The following
equation was used for estimation of the percentage
accuracy: Percentage accuracy = 100% − ([|planned −
achieved|/|planned|] × 100%).23,24

maxillary molars and mandibular incisors using Class III
elastics.
Cephalometric analysis
Pre (T1)- and post-treatment (T2) lateral cephalograms were imported into Dolphin ImagingTM. Cephalometric landmark location and superimpositions were
independently performed using Dolphin ImagingTM by
two orthodontic faculty members. Following anterior
cranial base, maxillary, and mandibular structural superimpositions, three reference planes (S-N, ANS-PNS, and
Go-Me) were transferred from the T1 tracing to the T2
tracing. Fifteen cephalometric measurements were generated by the computer operations in Dolphin ImagingTM
(Figure 1). The average values of estimates derived by
the two orthodontists were used.

Statistical analysis
The inter-rater reliability of the cephalometric measurements was assessed by the intraclass coefficient
(ICC). Chi-square tests were used to compare proportions between the groups. With regard to treatmentchanges, stepwise multiple regression was performed to
investigate relationships among variables. The paired t test was used to assess cephalometric changes. Two-way
analysis of variance (ANOVA) and Tukey’s post hoc test
were used to evaluate the influences of Angle’s classification and the vertical pattern and their interaction
with treatment changes. Pearson’s correlation analysis
was performed to investigate the relationships among
variables in the dental and skeletal groups. p -values <
0.05 were considered statistically significant. All statistical analyses were performed using SPSS (version 24.0;
IBM Corp., Armonk, NY, USA) and language R (version
3.6.1; R Foundation for Statistical Computing, Vienna,
Austria).

Evaluation of programmed tooth movements in
ClinCheck®
The programmed vertical movements for each tooth
were exported from the tooth movement table in the
first ClinCheck® (Align Technology Inc., San Jose, CA,
USA) plan approved by the clinician. The mean value
for the right and left first molars was used for molar
movement, while the average value for the four inci-

Table 2. Mean, standard deviation, minimum, and maximum values and comparison of cephalometric measurements
before (T1) and after (T2) clear aligner treatment for open bite correction in adult nonextraction cases (n = 69)
Measurement
ANB (°)

T1

T2

Changes (T2-T1)

Mean

SD

Min

Max

Mean

SD

Min

4.21

2.65

−1.60

9.90

4.10

2.66

−1.95

Max
9.40

Mean

SD

Min

Max

p -value

−0.11

0.46

−2.00

0.80

0.05

SNA (°)

79.47

4.05

71.70

90.30

79.51

4.13

71.70

90.65

0.04

0.20

−0.75

0.65

0.07

SNB (°)

75.26

4.67

65.70

88.65

75.42

4.63

66.90

88.50

0.16

0.44

−1.00

1.40

0.004**

OPA (°)

20.68

5.42

5.00

34.40

21.23

5.88

3.45

32.65

0.54

2.21

−3.35

8.05

0.05
0.004**

MPA (°)

41.07

7.41

22.75

57.75

40.64

7.41

23.20

57.65

−0.42

0.95

−2.35

3.40

LFH (mm)

72.64

5.41

59.30

87.15

72.04

5.64

59.30

86.50

−0.60

1.10

−3.05

3.40 < 0.001***

IIA (°)

122.78

9.13

8.42 112.90 152.80

10.02

6.40

−5.55

30.25 < 0.001***

U1SNA (°)

100.95 143.35 132.80

102.04

6.81

89.30 120.40

96.35

7.30

83.00 116.95

−5.69

4.38 −21.75

3.95 < 0.001***

IMPA (°)

94.11

7.11

75.60 109.10

90.22

7.67

67.40 104.20

−3.89

4.55 −16.00

13.55 < 0.001***

OB (mm)

−2.21

1.39

−6.55

1.09

0.80

−0.85

OJ (mm)

−0.55

2.85

3.30

1.43

0.70

7.05 < 0.001***

3.22

2.05

−2.75

10.75

2.64

0.69

0.80

5.75

−0.59

1.94

−8.85

4.65

U6-PP (mm)

24.99

2.38

20.35

31.30

24.63

2.44

19.70

31.80

−0.36

0.58

−1.85

1.25 < 0.001***

0.01*

U1-PP (mm)

29.80

2.83

23.65

38.35

31.01

2.92

24.40

38.40

1.20

0.93

−0.45

3.90 < 0.001***

L6-MP (mm)

33.85

2.78

28.90

42.80

33.73

2.82

28.80

42.05

−0.12

0.47

−1.00

1.35

L1-MP (mm)

37.39

3.37

30.50

43.85

38.75

3.85

32.15

47.70

1.36

1.30

−1.60

4.70 < 0.001***

0.04*

ANB, point A-nasion-poing B angle; SNA, sella-nasion-point A angle; SNB, sella-nasion-point B angle; OPA, occlusal plane
angle; MPA, mandibular plane angle; LFH, lower facial height; IIA, interincisal angle; U1SNA, upper incisor to sella-nasion
angle; IMPA, incisor mandibular plane angle; OB, overbite; OJ, overjet.
Paired sample t -tests were performed to compare T1 and T2 difference. *p < 0.05; **p < 0.01; ***p < 0.001.
See Figure 1 for definitions of the other measurement.
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a

< 0.001***

a

1.35 ± 0.94a
35.67 ± 3.15

36.28 ± 3.23

33.07 ± 2.58

31.20 ± 2.97

23.79 ± 2.55

2.63 ± 0.64

1.08 ± 0.96

91.20 ± 6.04

92.02 ± 6.91

b

0.61 ± 1.53a

−0.05 ± 0.39

1.76 ± 1.00a

−0.56 ± 0.51

a

−2.00 ± 2.22b

3.63 ± 1.43

−2.18 ± 6.39

a

−8.76 ± 5.71b

11.77 ± 9.73

−0.95 ± 1.00a

−0.80 ± 0.91a

2.40 ± 2.51

0.22 ± 0.57

0.03 ± 0.33

−0.20 ± 0.65

T2-T1
1.58 ± 1.74

T2

80.58 ± 5.14

74.57 ± 5.09

74.8 ± 5.44

35.91 ± 6.61 36.07 ± 5.93

16.83 ± 6.58 14.76 ± 6.41

80.64 ± 5.2

82.08 ± 4.72 82.17 ± 4.8

1.43 ± 1.78

T1

0.13

0.62

< 0.001***

< 0.001***

0.003**

< 0.001***

0.19

2.26 ± 0.7

1.06 ± 0.98

40.07 ± 2.62 42.84 ± 3.47

34.49 ± 2.47 34.47 ± 2.8

30.85 ± 3.16 31.27 ± 3.2

26.66 ± 2.35 26.81 ± 2.22

0.43 ± 1.34

−1.66 ± 0.56

91.53 ± 6.56 83.78 ± 7.09

< 0.001*** 104.75 ± 9.88 102.31 ± 8.74

< 0.001*** 127.81 ± 9.87 137.84 ± 8.26

0.002**

0.003**

0.002**

0.15

0.74

0.25

pvalue†

c

0.69

0.76

0.04*

0.90

0.03*

0.58

0.59

0.002**

0.01*

0.003** < 0.001***

0.48

0.005**

0.003**

0.61

0.02*

0.04*

2.77 ± 1.37c < 0.001*** < 0.001***

−0.03 ± 0.62

0.42 ± 0.48c

0.14 ± 0.74

c

1.83 ± 1.29c

2.72 ± 1.17 < 0.001***

−7.75 ± 4.31 < 0.001***

c

−2.44 ± 2.99a

0.16

0.78

0.21

pvalue‡

0.001** < 0.001***

0.51

0.14

0.24

pvalue†

10.04 ± 5.85 < 0.001***

0.23 ± 1.67c

0.16 ± 1.46c

−2.07 ± 1.28

−0.06 ± 0.27

0.09 ± 0.16

0.15 ± 0.35

T2-T1

Class III (n = 9)

Values are presented as mean ± standard deviation.
T1, before treatment; T2, after treatment.
*p < 0.05; **p < 0.01; ***p < 0.001.
†
Intragroup comparison of T2-T1 difference (paired-sample t -test; significance at p < 0.05).
‡
ANOVA for cephalometric changes across Class I, Class II, and Class III groups; values with different superscript letters are significantly different.
See Figure 1 and Table 2 for definitions of each measurement.

0.03*
< 0.001***

−0.16 ± 0.47

L6-MP (mm) 33.98 ± 2.94 33.82 ± 2.92

L1-MP (mm) 37.46 ± 3.25 38.81 ± 3.43

33.12 ± 2.47

29.44 ± 2.65

−0.39 ± 0.51

24.35 ± 2.50

4.63 ± 2.26

−2.55 ± 1.36

93.38 ± 7.55

100.79 ± 6.49

< 0.001***

U6-PP (mm) 24.88 ± 2.23 24.49 ± 2.23

0.01*

70.95 ± 5.10

43.84 ± 6.60

24.50 ± 5.52

73.44 ± 4.02

78.75 ± 4.17

5.32 ± 2.75

T2

Class II (n = 16)

121.19 ± 10.61 132.95 ± 8.73

1.16 ± 0.86ac < 0.001***

a

U1-PP (mm) 29.72 ± 2.84 30.89 ± 2.91

−0.57 ± 1.41a

3.30 ± 1.46

< 0.001***

< 0.001***

−3.72 ± 3.29

< 0.001***

9.38 ± 4.88
−5.24 ± 3.36a

71.90 ± 4.93

−0.65 ± 0.93ac < 0.001***

22.11 ± 4.94

73.22 ± 4.04

78.72 ± 4.06

5.51 ± 2.75

T1

44.63 ± 6.35

0.10*

0.006**

0.05

0.02*

pvalue†

0.001**

−0.45 ± 0.67ac

0.40 ± 1.57

0.18 ± 0.41

0.04 ± 0.13

−0.14 ± 0.39

T2-T1

2.71 ± 0.70

3.28 ± 1.46

OB (mm)

OJ (mm)

94.91 ± 7.05 91.19 ± 7.80

−2.20 ± 1.50

IMPA (°)

1.10 ± 0.71

122.33 ± 8.25 130.70 ± 8.14

72.52 ± 5.66 71.87 ± 5.80

LFH (mm)

101.94 ± 6.20 96.70 ± 6.23

40.82 ± 7.36 40.42 ± 7.53

MPA (°)

IIA (°)

20.96 ± 5.09 21.36 ± 4.86

OPA (°)

U1SNA (°)

79.20 ± 3.79 79.24 ± 3.85

74.90 ± 3.99 75.08 ± 4.02

4.17 ± 2.47

T2

SNA (°)

4.30 ± 2.37

T1

Class I (n = 44)

SNB (°)

ANB (°)

Measurement

Table 3. Comparison of cephalometric measurements among Angle’s Class I, II, and III groups of adult patients with anterior open bite treated by clear aligners
without extraction

Suh et al • Open bite treatment with clear aligners

https://doi.org/10.4041/kjod21.180

www.e-kjo.org

Suh et al • Open bite treatment with clear aligners

RESULTS
In total, 77% patients were female, and there was
no statistically significant difference in sex distribution
among the Class I, II, and III groups. However, the proportion of female patients was significantly higher in
the skeletal open bite group than in the dental open bite
group (86% vs. 58%, respectively; p = 0.005). Overall,
the mean age at T1 was 33.0 ± 8.4 years, and the mean
Table 4. Selected regression models presenting relationships
between changes in overbite and predictor variables in adult
patients with anterior open bite treated by clear aligners
without extraction
Predictors
Model 1 Intercept
∆U1-PP (mm)
∆L1-MP (mm)
∆MPA (°)

∆Overbite (mm)
Estimates

CI

p -value

0.57

0.22 to 0.91

0.002**

1.01

0.84 to 1.17 < 0.001***

0.83

0.71 to 0.95 < 0.001***

−0.92

−1.08 to −0.75 < 0.001***

R2

0.831

Model 2 Intercept

0.42

0.05 to 0.79

∆U1-PP (mm)

1.08

0.91 to 1.24 < 0.001***

0.028*

∆L1-MP (mm)

0.78

0.66 to 0.91 < 0.001***

∆U6-PP (mm) −1.2

−1.49 to −0.91 < 0.001***

∆L6-MP (mm) −0.74

−1.07 to −0.42 < 0.001***

R

2

0.836

CI, 95% confidence interval.
*p < 0.05; **p < 0.01; ***p < 0.001.
See Figure 1 and Table 2 for definitions of each measurement.

Upper molar (mm)

A

*
1

Lower molar (mm)

B

treatment duration was 1.4 ± 0.72 years. There were no
statistically significant differences in the treatment duration and the number of refinements among the Class I,
II, and III groups.
Cephalometric analysis
The inter-rater reliability was excellent, with an ICC >
0.9 for all cephalometric measurements. Table 1 shows
the distribution of open bite severity. At T1, the mean
overbite was −2.2 mm and MPA was 41.07° (Table 2).
The initial skeletal characteristics except overjet were
similar in the Class I and II groups (Table 3). Class II patients presented with significantly greater MPAs than did
Class III patients. At T2, positive overbite was achieved
in 94% patients. Only four of the 69 patients did not
achieve a positive overbite. The mean change in overbite
for the overall sample was 3.3 ± 1.4 mm (Table 2), with
no significant differences in mean overbite changes and
the mean final overbite among the Class I, II, and III
groups (Table 3).
To determine the mechanism by which open bite correction was achieved with clear aligners, stepwise multiple regression analysis was performed (n = 69). A model
including changes (ΔT2-T1) in U1-PP, L1-MP, and MPA
was selected as follows: ΔOverbite (mm) = 0.57 + 1.01
[ΔU1-PP (mm)] + 0.83 [ΔL1-MP (mm)] − 0.92 [ΔMPA (°)]
(R 2 = 0.831, p < 0.0001) (Table 4). Another well-fitting
model was built on the basis of vertical changes in the
molars instead of the change in MPA: ΔOverbite (mm) =
0.42 + 1.08 [ΔU1-PP (mm)] + 0.78 [Δ L1-MP (mm)] −
1.20 [ΔU6-PP (mm)] − 0.74 [ΔL6-MP (mm)] (R 2 = 0.836,
p < 0.0001; Table 4).
With regard to cephalometric changes (T2-T1), twoway ANOVA found no statistically significant interaction

Lower facial height (mm)

C

Lower incisor (mm)

D

*

*

*

NS
NS

*

1.0
0.5

0

NS

2
0

0
-1

4

2

0

-0.5

-2

-1.0
Class I Class II Class III

Class I Class II Class III

Class I Class II Class III

Class I Class II Class III

Figure 2. Vertical changes by Angle class groups. A, U6-PP change; B, L6-MP change; C, lower facial height change; D,
L1-MP change. Dental intrusion presented as negative value; dental extrusion presented as positive value.
NS, not significant.
* Represents significant difference between the groups. Statistical significance set at p < 0.05.
See Figure 1 for definitions of each measurement.
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between Angle’s classification and the vertical pattern.
Therefore, the results were separately interpreted. The
treatment mechanism in the Class III group was significantly different from those in the Class I and Class
II groups (Table 3, Figure 2). There were statistically
signiﬁcant differences in changes in the vertical dimen-

Table 5. Relationship between changes in overbite and
changes in cephalometric variables during treatment (T2T1) according to the vertical skeletal pattern
Dental open bite
group (n = 19)

Skeletal open bite
group (n = 50)

Changes
(T1-T2) Correlation
coefficient p -value
(r)

Correlation
coefficient p -value
(r)

ANB

−0.49

0.03*

−0.32

0.01*

SNA

−0.05

0.83

0.21

0.14

SNB

0.51

0.03*

0.44

0.001**

OPA

−0.11

0.66

−0.14

MPA

−0.29

0.23

−0.53

< 0.001***

LFH

−0.36

0.13

−0.52

< 0.001***

IIA
U1SNA
IMPA
OJ

0.33

0.15

0.53

0.35

0.01*

−0.24

0.32

−0.16

0.26

0.10

0.68

−0.25

0.04*

−0.31

0.20

0.01

0.92

U6-PP

0.00

0.99

−0.33

0.01*

U1-PP

0.76

0.32

0.01*

L6-MP

−0.53*

0.02

−0.35

L1-MP

0.37

0.12

0.45

< 0.001***

0.01*
0.001**

T1, before treatment; T2, after treatment.
*p < 0.05; **p < 0.01; ***p < 0.001.
See Figure 1 and Table 2 for definitions of each measurement.

sion. The magnitudes of maxillary molar intrusion in the
Class I and Class II groups were similar at 0.39 and 0.56
mm, respectively. Maxillary molar intrusion contributed
to autorotation of the mandible and a decrease in the
lower face height in both the Class I and Class II groups.
In contrast, the vertical positions of the maxillary and
mandibular molars were maintained in the Class III
group, where a significantly greater amount of mandibular incisor extrusion and retroclination contributed
to anterior open bite closure (Figure 2).
In the comparison of the dental and skeletal open bite
groups, we found no statistically significant differences
in changes in cephalometric measurements. Overbite
correction was slightly greater in the skeletal (3.47 ± 1.38
mm) than in the dental (2.84 ± 1.48 mm) open bite
group, although the difference was not statistically significant. Changes in MPA, LFH, and L1-MP were moderately correlated with changes in overbite in the skeletal
open bite group, but not in the dental open bite group
(Table 5).
Comparison of planned and actual incisor and molar
movements
With regard to programmed tooth movements in ClinCheck® (Table 6), the amount of programmed intrusion
in the Class II group was almost twice the amount programmed for the Class I and Class III groups. Only about
55% and 38% of the programmed maxillary molar intrusion was achieved in the Class I and Class II groups,
respectively. No maxillary molar intrusion was observed
in the Class III group (Table 3). Moreover, no meaningful
mandibular molar intrusion was achieved despite programmed intrusion of approximately 0.5–0.6 mm for all
three groups.

Table 6. Comparison of programmed vertical tooth movements in ClinCheck®† among Angle’s Class I, II, and III groups of
adult patients with anterior open bite treated by clear aligners without extraction
Planned movement
Vertical
movements

Class I
(n = 44)

Actual movement

Class II
(n = 16)

Class III
(n = 9)

p -value‡

Dental
Skeletal
open bite group open bite group
(n = 19)
(n = 50)

p -value‡

U6 (mm)

−0.71 ± 0.52a

−1.45 ± 0.78bc

−0.79 ± 0.66ac

< 0.001

−0.77 ± 0.53

−0.93 ± 0.72

0.34

L6 (mm)

−0.63 ± 0.56

−0.48 ± 0.63

−0.60 ± 0.54

0.54

−0.42 ± 0.45

−0.66 ± 0.60

0.13

U1 (mm)*

0.69 ± 1.00

0.49 ± 1.05

0.31 ± 0.37

0.48

0.80 ± 1.16

0.52 ± 0.86

0.29

L1 (mm)*

0.11 ± 0.86

0.13 ± 0.58

−0.42 ± 0.99

0.19

0.08 ± 1.15

0.02 ± 0.69

0.79

Values are presented as mean ± standard deviation.
The minus sign indicates intrusion while the plus sign indicates extrusion.
U6, maxillary 1st molar; L6, mandibular 1st molar; U1, maxillary central incisor; L1, mandibular central incisor.
*Vertical movements of the incisors included only absolute extrusion/intrusion movements.
†
Data collected from the first ClinCheck® (Align Technology Inc., San Jose, CA, USA).
‡
Two-way ANOVA and Tukey post hoc test. Values with different superscript letters are significantly different (p < 0.05).
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DISCUSSION
Clear aligner therapy is a relatively new approach, and
studies regarding its biomechanics and effectiveness
are limited. In the present study, we demonstrated that
correction of mild to moderate anterior open bite using
clear aligners was effective in adult nonextraction cases.
The mean change in overbite was 3.3 ± 1.4 mm (range:
0.7 mm to 7.1 mm). A positive overbite was achieved
in over 94% patients overall, and the average treatment
duration was approximately 1.5 years.
A complicated feature of research involving clear
aligner treatment is that there are three tooth positions involved in the treatment: desired tooth position,
planned (programmed) tooth position in ClinCheck®,
and actual tooth position. The programmed tooth movement and actual tooth movement may differ25 as a result of anchorage loss or interarch elastic use. Therefore,
in certain cases, overcorrection or undercorrection might
be programmed to achieve the desired tooth position.23
In this study, we mainly focused on the actual vertical
tooth movement achieved by clear aligners.
According to the stepwise regression model, approximately 0.4 mm of maxillary molar intrusion results in an
increase of 0.5 mm in overbite. Therefore, for a change
of 3.3 mm in overbite (mean overbite change, n = 69),
0.4 mm of maxillary molar intrusion (mean maxillary
molar intrusion, n = 69) made a 15% contribution to
the total open bite correction. The increase in overbite
of 1.2 mm per 1 mm of maxillary molar intrusion in the
present study was smaller than that in previous studies,
which reported a 2–3 mm increase in overbite.26-29 This
discrepancy may be attributed to the data interpretation methods, as simple ratios and linear regressions can
be differently interpreted. The coefficient for maxillary
molar intrusion in the present study was close to that in
previous studies that showed an overbite increase of 1.5
mm26 and 1.2 mm28 per 1 mm of additional maxillary
molar intrusion. Although its generalizability is limited,
the model could adequately assess the contribution of
molar intrusion to open bite correction.
The present study also showed that cephalometric
changes differed according to the characteristics of open
bite in the Class I, II, and III groups. In Class II patients,
the greatest changes were observed in terms of maxillary incisor retroclination, MPA reduction, and maxillary molar intrusion (Table 3). Even with Class II elastics
and distalization mechanics, good vertical control was
achieved with slight MPA reduction. Mild to moderate Class III patients with less severe skeletal open bite
achieved bite closure through good vertical control and
retroclination and extrusion of the mandibular incisors.
The clinician programmed intrusive movements for the
maxillary molars and mandibular incisors in order to ne-
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gate significant extrusive movements due to the Class III
elastics (Table 6).
We found no statistically significant differences in
treatment changes between the dental and skeletal open
bite groups in the present study, probably because most
of the included patients showed hyperdivergent patterns,
although 19 patients were classified into the dental
open bite group (MPA < 38°). The results of the correlation analysis (Table 5) indicated that maxillary incisor
extrusion (U1-PP) was strongly correlated with changes
in overbite in the dental open bite group, whereas MPA
reduction and the consequent LFH reduction, along with
mandibular incisor extrusion (L1-MP), were moderately
correlated with open bite closure in the skeletal open
bite group.
There was a significant difference between programmed and actual extrusive movements of incisors
in the present study (Tables 6 and 3, respectively). The
actual vertical position change (U1- PP) in the maxillary
incisors has three components: programmed absolute
extrusion of U1, relative extrusion from U1 retroclination, and the reciprocal extrusive force on the incisor
from molar intrusion-related anchorage loss. Celebi and
Bicakci30 reported that 0.4–0.5 mm of relative extrusion/
intrusion occurred with each 5° change in inclination
when U1-SNA ranged from 93°–115°.
Vertical control tends to be challenging in adult patients. Molar extrusion resulting in clockwise rotation
of the mandible is generally observed with fixed appliance therapy.14,31 On the other hand, maxillary molar
intrusion due to skeletal anchorage has been reported
in the range of 1.45–4 mm, with a mean intrusion of
approximately 2 mm.11,14,32,33 The present study showed
that clear aligners alone achieved a relatively small
amount of molar intrusion yet reliable vertical control.
Consistent maxillary molar intrusion, although in small
amounts, was achieved in 55 of the 69 cases. For the
Class I and II groups in the present study, approximately
1 mm of maxillary molar intrusion was planned, and less
than 1 mm was achieved (0.4 and 0.6 mm in the Class
I and Class II groups, respectively) with clear aligners
alone. Maxillary molar intrusion of 0.4 mm with clear
aligners was reported in a previous study.17 While the
present study showed a statistically significant but clinically small amount of intrusion, the possibility of more
intrusion with an increase in programmed remains questionable. Currently, some clinicians consider > 1 mm
of intrusion to be less predictable.34 In addition, molar
intrusion anchorage loss could result in greater maxillary incisor extrusion.34 It is also important to consider
the fact that patients with skeletal open bite, who comprised the majority of the sample in the present study,
tend to have a weak musculature and low occlusal bite
forces.35,36 While mandibular molar intrusion of 0.8 mm
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was reported in the prior study,17 we found that mandibular molar intrusion was achieved in half of the total
cases, while the vertical position of the mandibular molars were maintained in the other half, in the present study.
The present study has some limitations other than its
retrospective design. First, the study would have benefitted from a larger sample size, particularly for the Class
III group. According to the results, however, the treatment mechanism for open bite correction with clear
aligners in Class III patients is significantly different from
that in Class I and Class II patients. Accordingly, future
studies should consider the Class III group as a separate
group. Second, to compare differences between the
programmed and actual tooth movements and quantify
the predictability of tooth movement using clear aligners, actual tooth movements were measured from lateral
cephalograms so that global references could be used,
given that no teeth or structures in the dental arch
could be used for superimposition. Thus, only a general
pattern for each tooth movement could be evaluated.
Digital scans integrated with a cone beam computed
tomography study in the future should resolve this issue.
Finally, the generalizability of the results of this study
is limited because the sample was derived from a single
clinician’s practice. However, this reduced heterogeneity
and eliminated the effects of variability in clinical skills.

CONCLUSION
1. Using nonextraction Clear aligner therapy, open bite
correction (positive overbite) was achieved in 94% adult
patients with anterior open bite.
2. Clear aligners alone can provide limited but consistent maxillary molar intrusion with maintenance of the
vertical position of the mandibular molars. This, in turn,
offered reasonable vertical control.
3. The mechanism of open bite correction using clear
aligners in Class III patients was significantly different
from that in Class I and Class II patients.
4. Maxillary incisor extrusion in dental open bite
group and MPA reduction with mandibular incisor extrusion in skeletal open bite group are the most significant contributing factors for open bite closure.
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