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Dentoalveolar Effects of Miniscrew-Assisted
Transpalatal Arch versus Clear Aligner in Anterior
Open Bite: A Prospective Cephalometric Study

Suthinun Suksutthiphan* Angkana Thearnmontree** Chidchanok Leethanakul***

Abstract

Background: Treatment of anterior open bite commonly involves anterior extrusion, posterior intrusion,
or both. Miniscrew-assisted transpalatal arch (MT) mechanics have been used for maxillary posterior intrusion,
whereas clear aligner (CA) therapy has become popular because of its esthetic advantages. However,
the mechanics of open-bite correction with clear aligners remain controversial. Objective: To compare
dentoalveolar changes following anterior open bite treatment with MT mechanics versus CA therapy using
lateral cephalometric analysis. Materials and methods: In this single-center prospective cohort study,
34 adults with anterior open bite (0-4 mm) were treated and evaluated: 15 in the MT group and 19 in the
CA group. Lateral cephalograms were obtained at pretreatment (T0) and after 6 months (T1). Within- and
between-group dentoalveolar changes were analyzed using paired and independent t-tests (P < 0.05).
Results: Both treatments significantly reduced the anterior open bite, with no significant between-group
difference in overbite change (MT = 3.17 mm, CA = 3.11 mm). MT produced greater maxillary first molar
intrusion than CA (U6-PP: MT = 2.01 mm, CA = 0.82 mm). Only the CA group showed a significant increase in
anterior dental height (ADH: CA = +1.93 mm). CA showed greater decreases in U1-NA angulation (CA = -5.87°,
MT = +2.67°) and U1-NA distance (CA = -1.98 mm, MT = +0.76 mm). Overjet decreased more with CA (P < 0.05).
Conclusion: MT with partial fixed anterior archwire primarily produced posterior intrusion and minimal
incisor changes, whereas CA predominantly produced maxillary incisor extrusion and retroclination with limited
molar intrusion.
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Introduction

An anterior open bite is characterized by
a lack of vertical overlap between the incisal edges
of the maxillary and mandibular anterior teeth.'
The etiology of anterior open bite is multifactorial,
involving skeletal, dental, soft tissue, and habitual
factors. Therefore, multiple treatment strategies
have been developed according to the underlying
etiologies and dentoskeletal characteristics of each
patient.” Anterior open bite can adversely affect smile
esthetics, speech function, swallowing due to lingual
interposition, and incisal biting function."*" Various
treatment methods aim to correct anterior open bite
by eliminating etiologic factors, improving function
and esthetics, and promoting treatment stability.*"!
Treatment modalities are selected based on the
patient’s age and the underlying etiology. These may
include correction of parafunctional habits such as
tongue thrusting, interceptive treatment in growing
patients, orthodontic camouflage treatment for mild
to moderate anterior open bite, and a combined
orthodontic-surgical approach for severe skeletal
problems."

In non-growing patients with mild to moderate
anterior open bite, treatment modalities include
camouflage approaches involving incisors extrusion,
posterior teeth intrusion, or a combination of both. In
patients requiring premolar extraction due to space
deficiency or anterior protrusion, the drawbridge effect
may also contribute to open bite correction.”

Skeletal anchorage provides absolute
anchorage for posterior teeth intrusion, followed
by counterclockwise mandibular rotation, thereby
contributing to anterior open bite reduction.”"
Retrospective studies have reported an association
between maxillary molar intrusion and reduction of
anterior open bite."*"*"® Several methods have been
proposed to prevent transverse tipping of maxillary
posterior teeth during intrusion, including bilateral
miniscrew placement combined with a continuous

archwire and application of intrusive forces through the

center of resistance (CRe) of the posterior segments.’
However, without posterior segment consolidation,
these methods require at least two miniscrews, one
on each side, to achieve posterior tooth intrusion.
Moreover, the magnitude of the vertical intrusive
force on each side must be equal. The transpalatal
arch (TPA) has been widely used for anchorage
control in orthodontic treatment. The use of
a miniscrew combined with TPA™™ (a miniscrew-
assisted TPA) helps consolidate the posterior
segment during intrusion, prevent transverse
tipping of the molars, and reduce the need for
force calibration at each activation, while requiring
only a single palatal miniscrew. However, full-fixed
orthodontic appliances may be necessary for other
mechanics, such as leveling and aligning the entire arch
following maxillary posterior teeth intrusion.”

Recently, clear aligners have been widely used
for the treatment of anterior open bite because of
their esthetic advantages and avoidance of miniscrew
placement. Previous studies on clear aligner treatment
for anterior open bite correction have reported
varying tooth movement mechanics, including anterior
extrusion and molar intrusion. Although some aligner
protocols have demonstrated successful anterior
teeth extrusion, the effectiveness of posterior teeth
intrusion remains controversial."”** Therefore, further
optimization of aligner protocols is required to achieve
predictable outcomes.

Masticatory exercises have been recommended
as an adjunctive treatment for open bite malocclusion,
which is often associated with reduced masticatory
muscle function. These exercises may improve vertical
control and reduce aberrant vertical growth patterns.
Previous studies incorporating squeezing (clenching)
during clear aligner therapy have also reported
increased bite force in anterior open bite patients.”
Therefore, the present clear aligner protocol with
squeezing exercises was designed based on these
biomechanical considerations to enhance vertical

control and promote favorable posterior dentoalveolar
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changes. This study aimed to compare dentoalveolar
changes produced by two different mechanics, anterior
teeth extrusion and posterior teeth intrusion, to provide
clinicians with information for selecting appropriate

treatment approaches for anterior open bite.

Materials and methods

Study design, setting, participants, and criteria
This study was a single-center prospective cohort
study. The participants were adult patients with anterior
open bite, aged 18-35 years, who met the following
inclusion criteria: 1) anterior dental open bite of
0-4 mm, measured from canine to canine; 2) incisal
show at rest of 0-2 mm; 3) normal smile line; 4) skeletal

Class | or mild Class Il relationship (ANB = 0-5°);
5) hyperdivergent facial pattern (SN-MP = 33-39°); and
6) available lateral cephalograms at pretreatment (T0)
and after 6 months of treatment (T1).

The exclusion criteria included: 1) loss of
any maxillary posterior teeth except third molars;
2) anterior crossbite; 3) transverse discrepancy;
4) moderate to severe crowding (space deficiency
> 7 mm); 5) history of dentoalveolar trauma;
6) neuromuscular or temporomandibular disorders;
7) craniofacial deformities; 8) poor compliance; and
9) use of medications or presence of systemic diseases
affecting tooth movement. A total of 34 patients
were included: 15 in the MT group and 19 in the

CA group.

Figure 1 Definition of cephalometric measurements used in this study: ANB, A point-Nasion-B point angle (a);

Wits appraisal, the distance between the perpendicular projections of points A and B on the functional

occlusal plane (b); OP-SN, the angle between the functional occlusal plane and the SN plane (c);

U1-NA, the angle between the long axis of the maxillary incisor and the Nasion-A line (d);

L1-NB, the angle between the long axis of the mandibular incisor and the Nasion-B line (e);

L1-MP, the angle between the long axis of the mandibular incisor and the mandibular plane (f);

U1-OP, the perpendicular distance from the maxillary incisor edge to the functional occlusal

plane (g); ADH, anterior dental height, the perpendicular distance from the maxillary incisor edge to

the palatal plane (h); U6-PP, the perpendicular distance from the mesial cusp tip of the maxillary

first molar to the palatal plane (i); Pg-VRP, the perpendicular distance from Pogonion to the vertical

reference plane (VRP) (j); and LAFH, lower anterior facial height, defined as the vertical distance from

the anterior nasal spine to Menton (k).



56|Thaij Orthod Vol.16 No.1 2026

Suthinun Suksuffhiphon, et al.

Outcomes

The primary outcomes of this study were
the amount of maxillary molar intrusion, measured
as the change in the vertical position of the maxillary
first molar relative to the palatal plane (U6-PP), and
overbite change between TO and T1 (Figure 1).

The secondary outcomes included changes
in incisor position and inclination (U1-NA), anterior
dental height (ADH), the distance from the maxillary
incisor edge to the functional occlusal plane (U1-OP),
the angle between the functional occlusal plane
and the SN plane (OP-SN), and overjet (Figure 1). The
functional occlusal plane was defined as the line
connecting the midpoint of functional intercuspation of
the first premolars and the midpoint of the first molars.

Power analysis and sample size

Sample size calculation was performed using
G*Power (version 3.1.9.4; Franz Faul, Kiel University,
Kiel, Germany) based on the primary outcome of
maxillary molar intrusion (U6-PP).”* With a significance
level of 0.05 (A = 0.05) and statistical power of
80 % (1—B = 0.80), 12 patients were required per
group. Considering an estimated dropout rate of
approximately 20 % per group, the final sample
size was set at a minimum of 15 patients per group
and a total sample size of at least 30 patients.
The participants were recruited from patients
attending the Department of Orthodontics, Faculty
of Dentistry, Prince of Songkla University. Quota
sampling was used, and recruitment continued until the
required number of participants with predefined
characteristics was reached. All participants were
subsequently screened according to the inclusion and
exclusion criteria, and only eligible individuals were
included.

Treatment protocol in MT group

The protocol for the MT group was modified
from Tassanapanont et al.”” A miniscrew, 2.0 mm
in diameter and 6.0 mm in length (AbsoAnchor,
Dentos, Daegu, Korea), was placed in the mid-palatal
area in the mesial region of the maxillary first molar
under local anesthesia. The TPA was fabricated with

a 3.0-mm offset from the palate to preserve vertical
space for intrusion, and hooks were soldered to
the molar bands on the palatal side to engage the
nickel-titanium (NiTi) closed-coil springs during
intrusion. Brackets and tubes (0.018-inch slot height;
Roth™ system) were placed on the maxillary posterior
teeth, and sectional 0.017 x 0.025-inch stainless
steel wires were bent to be passively insert in
the slots of the maxillary posterior teeth without

force. The NiTi closed-coil springs were tied from

Figure 2 Image of a miniscrew-assisted transpalatal arch.
(a) The posterior segment was consolidated
to prevent tipping of the posterior teeth.
Nickel-titanium (NiTi) closed-coil springs were
engaged from the miniscrew to the hooks on
the transpalatal arch to generate constant
intrusive forces for maxillary posterior teeth
intrusion. The protocol was modified from
Tassanapanont et al.” (b) The resultant
intrusive force from each NiTi closed-coil
spring was calculated using the formula
F(sin x°) = 150 grams (F = the magnitude of
force; x = the angle between NiTi closed-coil

spring and the vertical line).
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the miniscrew to the hooks on the TPA bilaterally to
generate the intrusive forces. Premature contact at
the anterior teeth that occurred during molar intrusion
was corrected using an anterior segmented archwire
with pre-adjusted edgewise Roth™ system appliance
with 0.018-inch bracket slots on the maxillary anterior
teeth.

The magnitude of the resultant intrusive force
from each NiTi closed-coil spring was controlled at
150 grams/side with force calibration at 3-week
interval. The force was calculated using the formula:
F(sin x°) = 150 grams (F = magnitude of force;
x = the angle between NiTi closed-coil spring and
the vertical line) (Figures 2a, 2b).

Treatment protocol in CA group

A custom-made CA was fabricated entirely in-
office using an intraoral scan. Stereolithography (STL)
files from the intraoral scanner (TRIOS 3, 3Shape,
Copenhagen, Denmark) were imported into the
3Shape OrthoAnalyzer program. The maxillary
anterior teeth were set up to extrude 0.2 mm/aligner.
A beveled horizontal rectangular attachment was
designed on the maxillary anterior teeth from canine
to canine (Figures 3a, 3b). A model was printed using
a 3D printer (Asiga Pro 4K, Asiga, Sydney, Australia).
The CA was fabricated from a 1-mm thick Duran
thermoplastic sheet. Patients were instructed to
wear the CA for at least 22 hours/day with a 3-week
change interval, and to perform squeezing exercises
while wearing the CA. The exercise protocol was
modified from English and Olfert (2005); briefly,
patients were asked to perform a series of six isometric
clenches (clenching as hard as possible without
pain) on the clear aligner for 5 seconds, followed by
5 seconds of rest, at least 5 times a day (or as often
as possible throughout the day). During the 6-month
observation period, no mandibular appliances or
other active orthodontic interventions were applied
to the mandibular arch in either group.

Cephalometric analysis

All lateral cephalograms were taken with the
same cephalostat and cephalometric machine at

0.5 mm

—>

3 mm

1.25 mm

Figure 3 Images of beveled horizontal rectangular
attachments placed on the maxillary anterior
teeth. (a) The attachment design consisted
of 0.5-mm thickness on the gingival
side; 1.25-mm thick toward the occlusal
surface; with dimensions of 3 x 2 mm
(width and height). Reproduced from
Withayanukonkij et al.** (b) An intraoral
photograph showing the position and shape
of the attachments.

TO and T1 for all subjects. Natural head position was
established for standardization. The cephalograms
were digitized and analyzed using Dolphin Imaging
software (Dolphin Imaging and Management
Solutions, Chatsworth, CA, USA). All cephalometric
landmarks were located and measured by one
researcher after intra-observer reliability testing.
Ten lateral cephalograms were randomly selected
and remeasured by the same investigator after
a 2-week interval to assess measurement errors.

The measurement error was calculated by Dahlberg’s
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formula. The mean error was 0.13-0.18 mm for
linear measurements and 0.11-0.16° for angular
measurements. Intra-observer reliability, assessed
using the intraclass correlation coefficient (ICC), was
0.94-0.97 for all cephalometric measurements, which

indicated excellent reliability.

Statistical analysis

All data were analyzed with SPSS version 26.0 (IBM
Corp., Armonk, NY, USA). Means and standard deviations
were calculated. The normality of the distributions
of all variables was tested using the Shapiro-Wilk
test; most data showed a normal distribution. Log
transformation was applied to variables with a non-
normal distribution prior to statistical comparison. The
Chi-square test was used to determine the distribution
of gender between the two groups. The independent
t-tests were used to compare pretreatment data
between groups at TO and to compare the difference
in cephalometric parameters (T1-T0) between the
MT and CA groups. The paired t-tests were used to
compare cephalometric parameters within each group
between TO and T1. The significance level adopted
in this study was 5 % (P value < 0.05).

Thirty-four subjects (9 males and 25 females)
with a mean age of 24.97 + 5.87 years were recruited
for this study. The MT group consisted of 15 patients
(2 males and 13 females) and the CA group consisted
of 19 patients (7 males and 12 females). There was no
significant difference in gender distribution between
the MT and CA groups (P value = 0.12) (Table 1).

Comparisons of cephalometric parameters
between the MT and CA groups were performed at
pretreatment (T0), after 6 months of treatment (T1),
and for the changes from T0 to T1 (Table 2). Significant
maxillary molar intrusion (U6-PP) was observed in
both groups: 2.01 + 0.22 mm in the MT group and
0.82 + 0.12 mm in the CA group. The MT group

demonstrated 1.19 mm greater molar intrusion than
the CA group (P value < 0.001).

Overbite increased significantly in both groups.
Mean overbite changes were 3.17 + 0.44 mm in the
MT group and 3.11 + 0.42 mm in the CA group
(P value < 0.001), with no significant difference
between groups (P value > 0.05).

The position and inclination of the maxillary
incisors, assessed by UI1-NA angulation and U1-NA
distance, changed significantly in both groups. In the
CA group, U1-NA angulation and U1-NA distance
decreased by 5.87 + 3.60° and 1.98 = 1.14 mm,
respectively (P value < 0.001). In contrast, in the
MT group, UL-NA angulation and U1-NA distance
increased by 2.67 + 4.43° (P value = 0.050) and
0.76 + 1.19 mm (P value = 0.027), respectively.
The between-group differences were 8.55° for
U1-NA angulation and 2.74 mm for U1-NA distance
(P value < 0.001).

In the CA group, anterior dental height (ADH)
increased significantly by 1.93 + 0.38 mm, which was
1.71 mm greater than that in the MT group (P value
< 0.001).

The distance from the maxillary incisor edge to
the functional occlusal plane (U1-OP) decreased in
both groups (1.31 + 0.51 mm in the MT and
2.01 + 0.43 mm in the CA). The between-group
difference was 0.69 mm and was statistically
significant (P value < 0.001).

The OP-SN angle increased in both groups, with
a greater increase in the MT group (3.98 + 1.24°) than
in the CA group (1.09 + 0.53°). The between-group
difference was 2.89°, which was statistically significant
(P value < 0.001).

Overjet decreased significantly in the CA group
by 0.76 + 0.35 mm (P value < 0.001). Compared with
the MT group, the reduction in overjet was significantly
greater in the CA group by 0.58 mm (P value = 0.002).

The interincisal angle increased significantly
in both groups, by 5.49 + 2.91° in the CA group
(P value < 0.001) and by 3.05 + 3.45° in the MT group
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(P value = 0.004). The increase was significantly Wits appraisal, representing the maxillomandibular
greater in the CA group than in the MT group by 2.44°
(P value < 0.001).

ANB showed a significant decrease only in

the MT group (-1.38 + 0.64°; P value < 0.001).

relationship relative to the functional occlusal plane,
also decreased significantly only in the MT group
(-2.26 + 1.87 mm; P value < 0.001).

Table 1 Comparison of gender, and cephalometric parameters between the MT and CA groups at pretreatment (T0)

P value

Cephalometric parameters

FH-SN (°) 8.55 £ 3.23 7.38 £ 2.99 0.289
SNA (°) 81.43 + 4.03 85.17 + 5.22 0.029*
SNB (%) 78.12 + 4.60 82.38 + 4.71 0.013*
ANB (°) 331 + 244 279 + 1.73 0.493
Wits appraisal (mm) -2.86 + 4.05 -3.12 + 2.14 0.827
A-Nperp (mm) -0.19 £ 3.26 -2.63 + 4.55 0.078
Pg-Nperp (mm) -7.27 = 8.06 -2.43 + 8.22 0.095
SN-MP (%) 3557 £ 7.19 33.08 + 5.74 0.284
OP-SN (°) 19.67 + 4.63 1597 + 6.15 0.054
Y-axis (%) 67.72 = 4.67 68.14 + 4.21 0.789
U1-NA () 25.05 = 8.54 29.87 + 7.31 0.093
U1-NA (mm) 6.51 + 2.68 7.28 £ 2.73 0.415
L1-NB (°) 38.25 + 8.47 40.31 + 6.48 0.443
L1-NB (mm) 8.79 + 2.63 8.97 + 2.20 0.832
L1-MP (%) 97.69 + 8.96 104.95 + 8.22 0.021*
U1-L1 (*) 114.01 + 12.33 106.80 + 10.56 0.083
U1-OP (mm) -1.40 + 2.66 -1.38 + 1.65 0.984
ADH (mm) 27.65 = 1.97 26.63 + 2.41 0.181
U6-PP (mm) 20.08 = 1.55 19.27 + 2.23 0.223
L6-MPperp (mm) 28.46 + 3.62 31.15 £ 2.99 0.028*
Overjet (mm) 2.67 = 0.64 2.78 £ 0.53 0.587
Overbite (mm) -1.93 + 0.68 -1.85 + 0.90 0.771
Pg-VRP (mm) 51.11 + 10.17 54.02 + 8.94 0.389
Me-HRP (mm) 106.27 + 6.52 108.29 + 7.03 0.391
LAFH (mm) 66.00 + 3.83 65.71 + 4.87 0.852
Gender, n (%)

Male 2(13.3) 7 (36.8) 0.123°
Female 13 (86.7) 12 (63.2)

Independent t-test; *Chi-square test; *P value < 0.05
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Pg-VRP,

position of the mandible, increased significantly

representing the anteroposterior

in both groups, with values of 3.69 + 0.12 mm in
the MT group and 1.83 =

The increase was significantly greater in the MT group

0.71 mm in the CA group.

than in the CA group, with a mean difference of
1.86 mm (P value < 0.001).
Lower anterior facial height (LAFH) decreased

significantly in both groups, with reductions of

3.43 + 0.25 mm in the MT group and 1.61 + 0.25 mm
in the CA group. The decrease was greater in the MT
group by 1.82 mm (P value < 0.001).

The lower incisor position and inclination,
including L1-NB angulation, L1-NB distance, and
L1-MP, showed no significant changes in either group
(P value > 0.05).

Table 2 Within-group comparisons of cephalometric parameters between pretreatment and 6 months of

treatment (TO-T1)" and betvveen—group comparisons of cephalometric parameter changes (MT vs CA)".

Cephclometnc

parameters

TO
Mean * SD

Mean * SD

T1-TO

Mean * SD

P value

TO
Mean * SD

T1-TO i
P value
Mean £ SD | Mean + SD

ANB (°) 331 +244 193 +231 -1.38+0.64 <0001 279+173 267 +1.77 -0.13 £ 0.35 0.127 1.25 < 0.001%**
Wits appraisal -2.86 +4.05 -512+295 -226+1.87 <0.001** -312+214 -358+272 -0.47 +1.82 0.276 -1.79 0.009%*
OP-SN (*) 19.67 +4.63 2365+4.63 398+ 124 <0.001** 1597 +6.15 17.06 + 6.17 1.09 + 0.53 < 0.001*** 2.89 < 0.001%**
U1-NA (*) 2505+ 854  27.73+7.67 267 +4.83 0.050 29.87 £+ 731 2399 +531 -587 +3.60 <0.001%* 8.55 < 0.001%**
U1-NA (mm) 6.51 + 2.68 727+£261 076+1.19 0.027* 7.28 273 530+197 -198+1.14 <0.001*** 274 < 0.001%**
L1-NB (*) 38.25 +8.47 3819 +852 -0.06 +0.21 0.294 40.31 + 6.48 40.18 £ 6.57  -0.13 £ 0.22 0.024* 0.07 0.385
L1-NB (mm) 8.79 £ 2.63 8.78 £ 268 -0.01+£0.25 0.921 8.97 + 2.20 883+219 -0.14+0.39 0.143 0.13 0.249
L1-MP (°) 97.69 £896 97.64 +885 -0.05+0.34 0.601 104.95+ 8.22 10497+ 8.24 0.02 + 0.19 0.721 -0.06 0.529
Ul-L1 (%) 114.01 + 12.33 117.06 + 10.72  3.05 + 3.45 0.004**  106.80 + 10.56 112.29 + 1049 549 + 291 < 0.001*** -2.44 0.037*
U1-OP (mm) -1.40 £ 266 -0.09 £246 131 +051 <0.001** -1.38 + 1.65 0.62 + 1.36 201 +£0.43 < 0.001%** -0.69 < 0.001%**
ADH (mm) 27.65+197 2787 +195 022+0.72 0.258 2663 + 241 2856 + 243 1.93 +0.38 < 0.001*** -1.71 < 0.001%**
U6-PP (mm) 20.08 + 1.55 18.07 + 1.46 -2.01 £ 0.22 < 0.001** 19.27 +2.23 18.45+220 -0.82+0.12 <0.001*** -1.19 < 0.001%**
Overjet (mm)  2.67 + 0.64 249 £0.71 -0.18 £ 0.56 0.234 2.78 £ 0.53 202+038 -0.76 +0.35 <0.001%** 0.58 0.002**
Overbite (mm) -1.93 +0.68  1.24 + 0.68 3.17 £ 0.44 < 0.001*** -1.85+ 0.90 1.26 + 0.65 311 +0.42 < 0.001%** 0.14 0.683
Pg-VRP (mm) 51.11 +10.17 54.80 + 10.15 3.69 + 0.12 < 0.001*** 54.02 +8.94  55.85 + 9.09 183 +0.71 < 0.001*** -1.86 < 0.001%**
LAFH (mm) 66.00 £ 3.83 6257 +3.96 -3.43+025 <0.001*** 6571 +487 6410+495 -1.61+025 <0.001** 1.82 < 0.001%***

°Paired t-test; "Independent t-test; *P < 0.05, **P < 0.01, *** P< 0.001,
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Discussion

Results showed no significant difference in
open bite reduction between the two groups at
6 months. Open bite reductions were 3.17 mm
in the MT group and 3.11 mm in the CA group.
Previous studies have reported varying amounts of
anterior open bite reduction through posterior teeth
intrusion using skeletal anchorage, depending on the
treatment protocol. Akbaydogan et al. reported 5.8 mm
of open bite closure with 4.01 mm of molar intrusion,
whereas Kim et al. reported 4.5 mm of open bite
closure with 2.2 mm of molar intrusion.t?

In the present study, the MT group showed
greater molar intrusion, whereas the CA group relied
more on maxillary incisor extrusion with limited
posterior intrusion. This finding is consistent with
previous reports showing relatively small amounts
of molar intrusion with clear aligners, approximately
0.3-0.6 mm."” Therefore, incisor extrusion appeared
to contribute more substantially to open bite
correction in the CA group. These findings support
the concept that clear aligners primarily correct
anterior open bite through anterior extrusion rather
than predictable molar intrusion.” In contrast,
molar intrusion mechanics have demonstrated
more pronounced posterior intrusion and associated
mandibular autorotation, supporting the findings
observed in the MT group.""®

The cephalometric findings indicated
improvements in overbite and overjet in both
groups. In the MT group, overbite improvement was
associated with a significant decrease in U6—PP. In the
CA group, extrusion and retroclination of the maxillary
incisors occurred to a greater extent than in the MT
group. Decreases in U1-NA angulation and U1-NA
distance were observed accompanied by extrusion
of the maxillary incisor relative to the functional
occlusal plane (U1-OP) and an increase in anterior
dental height (ADH). These vertical and anteroposterior
changes may be attributed to the extrusion and

palatal crown tipping of the maxillary incisors during

clear aligner treatment. In contrast, in the MT group,
alienment of the anterior teeth to prevent interference
may have contributed to an increase in U1-NA
angulation, whereas no significant vertical changes in

the maxillary incisors were observed.

Factors contributing to anterior open bite
correction in MT and CA

ANCOVA indicated that age differences between
the groups did not affect the primary outcome.
Moreover, the study duration was only 6 months.
In the MT group, treatment was limited to maxillary
molar intrusion, and no appliances were placed in
the mandibular arch that could have influenced
vertical dentoalveolar changes. Similarly, in the
CA group, treatment protocols did not include
mechanics aimed at altering mandibular vertical
position during the observation period. No significant
vertical changes were observed in the mandibular
incisors in either group. Therefore, the correction
of anterior open bite was primarily attributed to
maxillary dentoalveolar changes, specifically maxillary
incisor extrusion and maxillary molar intrusion.

Anterior dental height (ADH) was used to
represent the vertical position of the maxillary
incisors, whereas the vertical position of the maxillary
molars was assessed using U6—PP. In the MT group,
no significant change in ADH was observed. The use
of a partial fixed appliance in the maxillary anterior
segment may have acted as a confounding factor
when interpreting changes in maxillary incisor position;
therefore, the overbite change in the MT group cannot
be attributed solely to molar intrusion. However, the
absence of a significant change in ADH suggests that
true maxillary incisor extrusion was minimal, supporting
the interpretation that molar intrusion was the major
contributor to overbite correction in the MT group.

In the MT group, the increase in overbite was
primarily attributed to maxillary molar intrusion, which
measured 2.01 mm and accounted for 93.06 % of the

total overbite increase (3.17 mm), whereas incisor
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extrusion of 0.22 mm contributed only 6.94 %. In
the CA group, maxillary molar intrusion was 0.82 mm,
accounting for 38 % of the overbite increase, whereas
ADH increased by 1.93 mm, accounting for 62 % of
overbite correction. A previous study reported that
only 15 % of overbite correction was attributed to
molar intrusion with clear aligners.”” The difference
in the percentage of molar intrusion may be related
to variations in treatment protocols, including aligner
thickness and material properties, which influence the
bite-block effect. That study reported approximately
1 mm of unplanned molar intrusion with a 0.75-mm-
thick clear aligner.”” In the present study, the aligner
thickness was 1 mm, and squeezing exercises were
prescribed; therefore, the observed 0.82 mm of molar
intrusion may be partly explained by these factors.
Previous studies have shown that squeezing with
clear aligners increases bite force in anterior open bite
patients.” This increased force may have contributed
to the amount of molar intrusion achieved. In addition,
patient compliance with aligner wear and squeezing
exercises may further influence the magnitude of

intrusion.

Differences in magnitude and duration of force
between MT and CA

In the MT group, the TPA helped prevent
palatal crown tipping of the maxillary first molars,
while sectional 0.017 x 0.025-inch stainless steel
wires were placed bilaterally on the maxillary
posterior teeth to consolidate the posterior segments.
The vertical intrusive forces were controlled, and a light
continuous force (150 grams/side, 37.5 grams/tooth)
was applied for 6 months. In the CA group, the anterior
teeth were programmed for extrusion, and patients
were instructed to regularly clench on the clear
aligner to promote posterior teeth intrusion.
The occlusal force generated on the posterior
teeth during squeezing exercises ranged from
approximately 195.23-342.98 Newtons.” In addition,

the force delivered by the aligner ranged from

0.18-2.91 Newtons (10.20-203.94 grams), depending
on material properties, thermoplastic sheet thickness,
amount of activation, and biomechanics.”” However,
in the CA group, the magnitude and duration of
the intrusive force could not be directly measured.
Moreover, the force generated by the clear aligner
is intermittent and highly dependent on patient
compliance with consistent aligner wear to achieve

effective anterior open bite correction.

Differences in force systems and their effects to
molars and incisors

In the MT group, the posterior seement was
consolidated and intruded as a unit. The line of force
passed through the CRe of the posterior segment to

minimize occlusal plane tipping (Figures 4a, 4b). In the

CA group, the occlusal force contributing to posterior

Figure 4 Schematic representation of dentoalveolar
changes produced by miniscrew-assisted
transpalatal arch mechanics. (a) Maxillary
posterior intrusion in the vertical dimension.
(b) In the transverse dimension, the TPA

prevents posterior teeth from palatal tipping.
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teeth intrusion depended on the factors mentioned
above. Based on the study by Suh et al., the primary
mechanics for correcting anterior open bite with clear
aligner is the anterior teeth extrusion. Therefore,
beveled attachments were designed on the maxillary
incisors to facilitate controlled extrusion of the
maxillary anterior teeth. Molar intrusion in clear
aligner therapy is mainly influenced by the full-coverage
design of the aligner and force distribution across
the posterior segment, rather than by attachments
on the molars. Thus, attachments were not placed
on the maxillary first molars.

The results showed intrusion of the maxillary
first molars. It was hypothesized that this intrusion
may have occurred as a result of occlusal forces
generated by the bite-block effect of clear aligners.
This effect occurs when the posterior teeth are
separated by the thickness of the aligner, which acts as
a posterior bite block and may contribute to posterior
teeth intrusion, open bite closure, and vertical control
during treatment. When the aligner was fully seated,
vertical force was applied primarily to the inclined
surfaces of the attachments on the maxillary incisors.
As the line of force passed anterior to the CRe
(Figure 5), it likely contributed to both extrusion and
palatal tipping of the incisors. Consistent with the CA
mechanics, U1-NA angulation and distance in the
CA group decreased significantly by 5.87°and 1.98 mm,
respectively. Furthermore, the reductions in overjet,
together with increases in overbite, interincisal
angle, and ADH in the CA group, indicate extrusion
and retroclination of the maxillary incisors, which
contributed to anterior open bite correction
(Figures 6a—d). Although clear aligners may result in
incisor extrusion, the amount of extrusion was clinically
controlled through the treatment protocol and
participant selection criteria. Therefore, the inclusion
of these participants was not expected to result in

excessive incisor display.

Figure 5 Schematic representation of dentoalveolar

changes produced by clear aligners in
anterior open bite correction. The extrusive
force acting on the maxillary anterior teeth
passes anterior to the CRe, generating
a moment that may contribute to palatal

tipping of the anterior teeth.

Occlusal plane changes

The OP-SN angle increased to a greater extent in
the MT group than in the CA group, likely due to the
greater amount of maxillary molar intrusion in the MT
group, which directly influenced the orientation of the
functional occlusal plane. Changes in U1-OP indicated
a tendency toward maxillary incisor extrusion relative
to the functional occlusal plane in both groups. In
the CA group, this change was primarily attributable
to extrusion of the maxillary incisors. In contrast, in
the MT group, the changes in U1-OP were mainly
related to posterior teeth intrusion accompanied by
alterations in the functional occlusal plane. In addition,
ADH showed no significant change in the MT group,
further supporting the interpretation that true maxillary

incisor extrusion was minimal, as discussed above.

Vertical control during and after treatment
Previous studies have reported an increase

in bite force while wearing an acrylic splint or clear

aligner, as these materials provide a more comfortable

surface for biting than direct occlusal contact.”®*
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Squeezing exercises may further increase muscle
activity and enhance bite force on the posterior
teeth.”

of intrusive forces generated during occlusal contact

Increasing both the magnitude and duration

while wearing a clear aligner may help control
the vertical dimension.” In the present study, maxillary
first molar intrusion was observed in the CA group,
which may be partly attributed to the occlusal forces
generated during aligner wear. Therefore, performing
squeezing exercises while wearing clear aligners
that cover all occlusal surfaces, as well as during
the retention period, may contribute to posterior teeth

intrusion and enhanced post-treatment stability.

Clinical relevance

In the MT group, maxillary molar intrusion
was the major contributor to overbite increase,
accounting for 93.06 % of the overbite increase, whereas
maxillary incisor extrusion contributed only 6.94 %.
In contrast, in the CA group, maxillary molar intrusion
accounted for 38 % of overbite increase, whereas
the extrusion of the maxillary incisors contributed
62 %. Within this initial phase, both treatment
modalities demonstrated measurable vertical and
sagittal changes. The decrease in ANB angle and
increase in Pg-VRP indicate counterclockwise rotation
of the mandible. Moreover, a decrease in lower
anterior facial height was observed in both groups.
These vertical and sagittal changes were more
pronounced in the MT group.

This study demonstrates the early effects of
anterior open bite correction using two different
appliance mechanics. Maxillary molar intrusion was
mainly observed in the MT group, whereas maxillary
incisor changes were more pronounced in the
MT

mechanics may be considered for patients with mild

CA group. Based on these initial findings,

to moderate skeletal Class Il anterior open bite with
a hyperdivergent pattern. Posterior teeth intrusion
followed by counterclockwise mandibular rotation
may contribute to improvements in skeletal Class |l

discrepancy and vertical facial dimension. Conversely,

Figure 6 Intraoral photographs. (a) Pretreatment
conditions in the MT group. (b) After

6 months of intrusion in the MT group.

(c) Pretreatment conditions in the CA group.
(d) After 6 months of treatment in the
CA group.

in patients with a Class Ill open bite or hypodivergent
pattern, MT mechanics should be used with caution,
as they may adversely affect the facial profile
and decrease lower facial height, which may be
detrimental to facial esthetics. CA mechanics—
the extrusion and retroclination of maxillary incisors—
may be suitable for anterior open bite patients
with a low smile line and mild incisor protrusion
or proclination. These dentoalveolar changes may
contribute to improvements in the smile line and in
the inclination and position of maxillary incisors.
Addressing the etiology of anterior open
bite, including parafunctional habits such as tongue
thrusting, is essential for posttreatment stability,
particularly in clear aligner treatment, in which
maxillary incisors were primarily extruded and
retroclined. Persistent tongue pressure may contribute
to relapse of the maxillary incisors if such habits are
not eliminated. In addition, posttreatment vertical
control through squeezing exercises is recommended
to reduce the risk of posterior teeth relapse.
Although statistically significant differences
were observed between the MT and CA groups for
certain variables, the clinical relevance of these
differences should be interpreted with caution. For

some parameters, the magnitude of between-group
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differences was relatively small and may not translate
into substantial clinical advantages. Therefore, these
findings indicate early differences in dentoalveolar and
skeletal responses rather than definitive superiority of

one treatment modality over the other.

Limitations of the study

This study has several limitations. First, the
6-month follow-up period was insufficient to
evaluate the long-term effects of treatment. Second,
the study could not clearly differentiate between
dental and skeletal contributions to open bite
correction. Third, the biomechanical interpretations
were based on theoretical considerations rather
than direct force measurements. In addition, potential
confounding factors such as patient compliance may
have influenced the results. Therefore, further long-
term, prospective studies are needed to validate
these findings.

Further study

Further studies should evaluate the skeletal and
soft tissue effects of these two mechanics in anterior
open bite correction. Long-term outcomes and stability
also require investigation. In addition, the magnitude
and duration of forces generated during clear aligner
treatment should be evaluated to better understand
the underlying biomechanics.

Conclusion

1. Miniscrew-assisted transpalatal arch mainly
intruded maxillary posterior teeth with minimal incisor
changes.

2. Clear aligner treatment primarily resulted
in maxillary incisor extrusion and retroclination, with
limited posterior teeth intrusion.

3. Based on these initial findings, miniscrew-
assisted transpalatal arch mechanics may be considered
for patients with mild to moderate skeletal Class Il
anterior open bite with a hyperdivergent pattern,
whereas clear aligner mechanics may be more suitable
for patients with a low smile line and mild incisor

protrusion or proclination.
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