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Abstract: Introduction: This retrospective study aimed to determine skeletal and dental changes
after a growth spurt and shortly after treatment using a facemask in skeletal Class III malocclusion
with maxillary deficiency. Methods: We retrospectively studied 50 patients (25 patients per group)
with skeletal Class III malocclusion who underwent facemask treatment with tooth-anchored (T-A,
mean age 7.92) and miniscrew-anchored (M-A, mean age 9.84) intraoral appliances. In both groups,
the facemask applied a traction force of 350—400 g to each side, such that the traction was directed
30° forward and downward. Lateral cephalometric radiographs were obtained from all patients
before (T1), immediately after (T2), and at an average of 37.11 months after maxillary protraction
(T3). A total of 13 cephalometric measurements were analyzed to determine the skeletal and dental
changes. A paired t-test was used to verify the effects before, after, and during follow-up periods
in each group. Results: An anteroposterior relationship, the values of SNA and ANB, evident in
both groups at T2, was significantly improved in the M-A group (p < 0.05). However, the values of
ANB and MP-SN, which indicate the relapse of anteroposterior and vertical relation of maxilla and
mandible, were significantly higher in the T-A group compared with the M-A group during follow-up
period. The maxillary first molars were significantly more extruded and maxillary incisors were more
protruded in the T-A group than the M-A group, and this persisted at T3 (p < 0.05). Conclusions:
Miniscrew-anchored maxillary protraction increased the skeletal improvement of anteroposterior
relationship and reduced the dental and skeletal relapses compared with tooth-anchored maxillary
protraction in growing patients with a hyperdivergent patterns and skeletal Class III malocclusion.

Keywords: angle Class III; malocclusions; traction appliance; anchor; pediatric patients

1. Introduction

Skeletal Class III malocclusion is strongly affected by genetic and ethnic factors as
well as environmental factors. Skeletal Class III malocclusion can occur from deficient
maxilla, excessive mandible, and a combination of both. The prevalence is about 4-14%
in East Asians, including Chinese, Japanese, and Koreans, and the frequency of maxillary
deficiency is high [1-3]. A facemask is a common treatment modality for skeletal Class III
malocclusion in patients with maxillary hypoplasia [4-6]. Orthopedic treatment using an
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extraoral facemask applies forward and downward forces on the maxilla. This protracts
the maxilla after separating the maxillary tubercle posterior—superior suture [7] while limit-
ing forward growth in the mandible and changing the direction of growth via clockwise
rotation. Because force is indirectly transferred to the maxilla through a tooth-anchored
appliance, undesirable changes in the maxillary teeth can reduce the effect of maxillary
advancement [8]. Various methods have been proposed to reduce odontogenic side effects
by directly applying force to bone using skeletal anchorage [9-11]. Miniplates have been
positioned [9] in the maxillary buttress and anterior mandibular chin or on the infrazy-
gomatic crest using various means to avoid influencing dentition development [10,11].
However, these methods have disadvantages, such as a need for additional surgery and
the possibility of loosening. Several approaches have been introduced to overcome these
limitations, such as intraoral devices with reinforced skeletal anchorage devices on the
palatal side that can be easily positioned under local anesthesia [12,13]. These reports de-
scribe the effects of palatal-reinforced skeletal anchorage devices, facemasks, and intraoral
devices such as mini-implant or miniscrew-assisted rapid palatal expander (MARPE). A
forward movement of the maxilla is significantly more associated with bone-anchored than
with tooth-anchored devices, which limits dentoalveolar bone effects [14]. Bone-anchored
devices can reduce negative side effects such as a lingual inclination of the maxillary an-
terior teeth and maxillary molar extrusion, while directly delivering orthodontic forces
to the maxillary complex [15]. Nevertheless, the effects of an orthodontic treatment of a
skeletal Class III malocclusion might not be maintained during the subsequent growth
spurt of the mandible. Therefore, long-term studies are needed to evaluate the effective-
ness of such treatment. Lee et al.’s study has found that the long-term results are more
sustainable for miniplates than tooth-anchored devices [16]. However, there has been no
study using palatal miniscrew-anchored devices, and the long-term effects of miniscrew-
anchored devices have not been compared. In this study, we aimed to scrutinize skeletal
and dental changes in growing Class III patients before and after treatment, as well as
during the follow-up period, utilizing a maxillary protraction facemask anchored by teeth
and miniscrews. The null hypothesis for this study could be formulated as follows: there is
no significant difference in skeletal and dental measurements before and after treatment, as
well as during the follow-up period, in growing Class III patients treated with a maxillary
protraction facemask anchored by teeth and miniscrews.

2. Materials and Methods

The Institutional Review Board of Pusan National University Dental Hospital ap-
proved this study (PNUDH-2022-03-011). The sample size was calculated as described [15].
Here, we compared the results of treating mild skeletal Class III malocclusion in pedi-
atric patients using a facemask and a tooth (FM)- or a miniscrew (FM + MS)-anchored
appliance. The angle formed by the intersection of sella-nasion and nasion-A lines (SNA)
was significantly increased in the FM + MS, compared with the FM group (2.2° £ 1.3° vs.
1.1° £ 1.0°, p < 0.01). A study power of 90% was assumed; significance level was 5%. The
calculation of sample size was based on the previous study using the G*power software
3.1.9.7 (Universitdt Diisseldorf, Diisseldorf, Germany) [8]. They investigated the treatment
outcomes of mild skeletal Class III malocclusion between FM and FM in combination
with a miniscrew for anchorage (FM + MS) in growing patients. The SNA values were
significantly higher in the FM + MS group than that in the FM group (FM; 1.1 + 1.0°,
FM + MS; 2.2 + 1.3°). The sample size was calculated based on an alpha significance level
of 0.05 and 90% power to detect an effect size of 0.948 between measurements. The power
analysis showed that at least 25 patients were needed. Therefore, this retrospective study
included 50 patients (28 males and 22 females) who underwent orthodontic treatment at
the Department of Orthodontics at the Pusan National University Dental Hospital from
2013 to 2017. During the retrospective study period (2013-2017), patients presenting in the
early years were treated primarily with tooth-anchored devices, while patients presenting
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in the later years were treated primarily with miniscrew-anchored as MSE devices became
more widely available. All patients satisfied the following inclusion criteria:

1. Skeletal Class III malocclusion (relative anteroposterior position between the maxilla
and mandible (ANB) <2°) measured on initial lateral cephalograms and evaluator.
Anterior cross (including edge-to-edge) bite.

Cervical vertebral maturation stages (CVMS) I-IIL

No craniofacial malformations or systemic disease.

No temporomandibular joint disorder (TMD).

No history of orthodontic treatment.

oG LN

The patients (n = 25 per group) in the group with tooth-anchored (T-A) devices
comprised 9 males and 16 females (mean age, 7.9 years) and those in the miniscrew-
anchored (M-A) group comprised 11 males and 14 females (mean age, 9.9 years). Lateral
cephalometric radiographs were obtained from all patients before (T1), immediately after
(T2), and during follow-up periods, at an average of 37.11 months (standard deviation (SD),
16.74) after maxillary protraction (T3).

2.1. Treatment

A bonded or banded rapid plate expander (RPE) was placed in the middle of the
palate in the T-A group; then, a stainless steel wire (0.9 mm) was bent on the buccal side as
a petit facemask protraction hook (Figure 1a). Fixation was established in the M-A group
using a commercial Maxillary Skeletal Expander (MSE) type 2 (BMK, Seoul, Republic of
Korea) and two miniscrews (diameter and length: 1.8 and 11 mm, respectively) on the
palatal side. Miniscrews were implanted into the left and right premolars and midpalatal
area at the level of the third palatine torus using the self-tapping method under infiltration
anesthesia. A stainless steel wire (0.9 mm) was soldered to the buccal side of the hook for
protraction to connect the petit facemask and the extraoral rubber band (Figure 1b,c).

Figure 1. (a) Conventional rapid palatal expansion (RPE) with traction hook. (b) Miniscrew-assisted
rapid palatal expansion (MARPE) with traction hook. Two miniscrews were inserted on anterior
palate. (c) Petit-type facemask.
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The petit facemask applied a traction force of 350400 g to each side such that the
traction was directed 30° forward and downward (Figure 1c). The application point
minimized the counterclockwise rotation of the maxilla by reducing the distance between
the action line of the force and the center of maxillary resistance, by positioning the front
towing ring as far upward as possible. The patients were instructed to wear the device for
at least 14 h each day. Maxillary protraction was continued until a positive overjet formed.

2.2. Lateral Cephalometric Analysis

One examiner (BJC) measured all cephalometric parameters using V-Ceph v. 8.0 software
(V-Ceph, Osstem, Seoul, Republic of Korea). We measured nine angular and four linear
items to determine skeletal and dental changes immediately after maxillary protraction
and again after a growth spurt. Table 1 and Figure 2 show definitions and explanations of
the vertical and horizontal distances and angles that were measured using reference points
and planes.

Figure 2. Reference points and planes.

Table 1. Measurement details.

Measured Item Description
SNA (°) Sella-Nasion to A Point Angle
SNB (°) Sella-Nasion to B Point Angle
ANB (°) A Point to B Point Angle
SN-ANS (°) Sella-Nasion to ANS Angle
Ma{g;ﬁéﬁig?ﬁ; (at)r)lgle Sella-Nasion to Gonion-Gnathion Angle
U1-SN (°) Sella-Nasion to U1l Angle

N-Me (mm) Distance between Nasion and Menton

U6/NF (mm) Distance between U6 and Nasal Floor (ANS-PNS)

L6/MP (mm) Distance between L6 and Mandibular Plane (Gonion—-Menton)

Facial angle (°) Angle between Nasion-Pogonion and Frankfurt Horizontal Line
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Table 1. Cont.

Measured Item Description
Y axis (°) Sella Gnathion to Frankfurt Horizontal Plane
IMPA Mandibular Incisor to Mandibular Plane Angle
Overjet The Overlap of The Teeth in The Horizontal Dimension

2.3. Statistical Analysis

The examiner (BJC) measured the points on the lateral cephalometric radiographs
once and again two weeks later. The measurements taken twice were analyzed with a
paired t-test, with a p-value greater than 0.05 indicating no significant difference between
the measurements. Averaged values were analyzed. All 13 measured values assessed using
Shapiro-Wilk tests followed by a normal distribution. Homogeneity was verified for the
total duration of treatment (T1-T3), including the chronological ages at T1 and T3 in both
groups, cervical vertebral maturation stage (CVMS), maxillary protraction period (T1-12),
and follow-up duration (Table 2). Changes in measured values between the T-A and M-A
groups were compared using Student’s t-test during forward traction (T1-T2), follow-up
(T2-T3), and throughout the entire study (T1-T3). Skeletal and dental changes at T1, T2,
and T3 within each group were confirmed using repeated-measures analysis of variance
(ANOVA) with the general linear model, followed by post hoc Bonferroni tests. Statistical
significance was defined as p < 0.05. All data were statistically analyzed using SPSS 29.0
(IBM Corp., Armonk, NY, USA).

Table 2. Comparison of age, CVMS, treatment duration between patients treated using tooth- and
miniscrew-anchored devices.

T-A Group (n=25) M-A Group (n=25)  Significance
Mean 7.92 9.84

0.01*
SD 1.12 1.09 <
a
Age (T1) Min 6 78
Max 10.7 11.9
Mean 12.12 13.34 0.16
SD 2.12 1.15
a
Age (T3) Min 8.1 10.9
Max 16.1 16.5
Median I i} 0.15
SD 0.76 0.80
b
CVMS (T1) 25% I 11
75% i} I
Median v A\ 0.2
SD 0.86 0.71
b
CVMS (T3) 25% I v
75% \% \Y%
Mean 9.43 10.59 0.61
Treatment period SD 9.51 5.96
(T1-T2) 2 Min 2.93 4.40
Max 35.9 31.10
Mean 52.05 42.19 0.33
Treatment period SD 20.19 9.09
(T1-T3) 2 Min 30.4 31.83
Max 96.1 74.77

CVMS, cervical vertebral maturation stage; T1, before treatment; T2, immediately after treatment; T3, after an
average follow-up period of 37.11 months; T-A, tooth-anchored devices; M-A, miniscrew-anchored devices.
* Significantly different at p < 0.05. 2 Independent t-test; ® chi-squared test.
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3. Results

Miniscrews were not removed from the M-A group until the end of maxillary traction.
The total duration (T1-T3), including chronological age at T3, CVMS stages at T1, and T3,
the duration of maxillary protraction (T1-T2), and follow-up, did not significantly differ
between the T-A and M-A groups. However, chronological age at T1 was significantly
higher in the M-A group (Table 2). The average durations of protraction, when a positive
overjet was achieved (T1-T2), were not significantly different between the two groups; in
the T-A and M-A groups, they were 9.43 &= 9.51 and 10.59 £ 5.96 months (m), respectively.
The follow-up (T1-T3) after the growth spurt from the start of treatment in the T-A and
M-A groups were 52.05 £ 20.19 and 42.19 £ 9.09 months, respectively.

The maxillomandibular anteroposterior relationship improved due to anteroposterior
skeletal changes in both groups at T2, and that in the M-A group was statistically significant
(T-A vs. M-A: SNA, 1.43° vs. 2.07°; ANB, 2.22° vs. 2.88°; T1-T2, p < 0.05). The anteropos-
terior relationship during follow-up from T2 to T3 relapsed slightly, and the amount of
recurrence was significantly greater in the T-A group (ANB, —1.48° vs. —0.37°, p < 0.05).
However, both groups maintained a better anteroposterior skeletal relationship during
follow-up (T3) than before treatment (T1; T-A vs. M-A: ANB, 0.73° vs. 2.51°; p < 0.05)
(Table 3).

Table 3. Comparison of skeletal and dental measurements between patients with tooth- and
miniscrew-anchored devices at pretreatment (T1), posttreatment (T2), and follow-up (T3).

T-A Group (n = 25) B-A Group (n = 25)
Difference |4 Significance
Mean SD 95% CI Mean SD 95% CI
T2-T1

SNA (°) 1.43 0.72 1.13 1.73 2.07 0.91 1.69 2.44 0.63 0.009 *
SNB (°) —-0.79 0.83 -1.13 —-044 —-0.89 1.50 —-150 —0.27 0.98 0.77 NS

ANB (°) 2.22 0.93 1.83 2.61 2.88 1.22 2.38 3.39 0.66 0.03 *
SN-ANS (°) 1.18 1.56 0.53 1.83 1.98 1.59 1.32 2.64 0.79 0.82 NS
MP-SN (°) 1.74 1.92 0.94 2.53 0.53 0.77 0.21 0.84 1.21 0.005 **
U1-SN (°) 0.77 4.36 —1.02 2.57 1.44 5.44 —0.80 3.69 0.66 0.63 NS

N-Me, mm 3.14 1.68 2.45 3.84 217 1.25 1.65 2.69 0.97 0.02 *
U6/NF, mm 1.88 1.23 1.37 2.39 0.71 0.49 0.51 091 1.17 <0.001 **

L6/MP, mm 1.06 1.10 0.60 1.51 1.68 1.00 1.27 2.09 0.62 0.41 *
Facial A -0.77 2.10 —1.64 0.09 —0.49 1.52 —1.12 0.12 0.27 0.60 NS
Y axis 1.22 1.97 0.40 2.04 0.62 1.31 0.08 1.16 0.59 0.21 NS
Overjet 4.26 2.08 3.40 5.12 4.87 2.03 4.03 5.72 0.61 0.29 NS

IMPA —5.04 4.26 —6.80 —3.28 261 3.09 —-3.89 —-1.33 242 0.02 *

T3-T2

SNA (°) 1.22 2.20 0.31 2.13 1.22 1.23 0.71 1.72 0.004 0.99 NS
SNB (°) 2.71 242 1.70 3.71 1.66 1.32 1.11 2.21 1.04 0.65 NS

ANB (°) —1.48 1.57 —-2.13 —-0.83 —0.37 1.17 —0.86 0.10 —1.1 0.007 *
SN-ANS (°) 0.73 2.14 —0.14 1.62 1.40 1.85 0.63 2.16 —0.66 0.24 NS

MP-SN (°) —3.98 2.44 —499 —-297 -2.09 1.14 —256 —1.62 —1.88 0.001 *

U1-SN (°) 6.13 4.63 4.21 8.04 2.35 4.71 0.40 4.29 3.78 0.006 *
N-Me, mm 7.09 4.12 5.38 8.79 5.60 3.17 4.29 6.91 1.48 0.16 NS
U6/NF, mm 2.67 1.79 1.93 341 1.89 1.45 1.29 2.49 0.78 0.09 NS
L6/MP, mm 1.54 1.00 1.13 1.96 1.18 0.91 0.80 1.56 0.36 0.19 NS
Facial A 2.88 2.28 1.93 3.82 1.83 1.74 1.10 2.55 1.05 0.07 NS
Y axis —1.38 2.28 —232 —-043 -0.36 1.40 —0.94 0.21 —1.01 0.06 NS
Overjet —-1.37 1.41 -196 —-0.79 —-1.29 2.06 —-215 —044 —0.08 0.87 NS

IMPA 472 4.56 2.83 6.60 3.14 3.80 1.57 471 1.57 0.19 NS
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T-A Group (n = 25) B-A Group (n = 25)
Difference P Significance
Mean SD 95% CI Mean SD 95% CI
T3-T1
SNA (°) 2.65 231 1.70 3.61 3.29 1.55 2.65 3.93 0.63 0.26 NS
SNB (°) 1.92 2.61 0.84 2.99 0.77 1.67 0.08 1.46 1.14 0.07 NS
ANB (°) 0.73 1.55 0.09 1.38 2.51 1.34 1.95 3.06 1.77 <0.001 **
SN-ANS (°) 1.92 2.90 0.72 3.12 3.38 2.18 248 4.28 1.45 0.05 NS
MP-SN (°)  —024 306 —-350 —097 —156 117 —204 —1.08 0.67 0311 NS
U1-SN (°) 6.91 4.29 5.14 8.68 3.79 5.87 1.37 6.22 3.11 0.03 *
N-Me, mm 10.24 4.36 8.43 12.04 7.90 3.52 6.44 9.35 2.33 0.04 *
U6/NF, mm 4.56 1.57 391 521 2.60 1.35 2.04 3.16 1.95 <0.001 **
L6/MP, mm 2.60 1.58 1.95 3.26 2.87 1.33 2.32 3.42 0.26 0.52 NS
Facial A 2.11 221 1.19 3.02 1.33 1.92 0.53 2.12 0.77 0.19 NS
Y axis —015 268 —126 095 026 181 —048 1.0 0.41 0.52 NS
Overjet 2.88 271 1.76 4.00 3.58 224 2.65 4.51 0.69 0.32 NS
IMPA -0.31 3.83 -1.89 1.26 0.53 3.83 —1.05 2.11 0.85 0.43 NS
Data are results of Student t-tests. NS, not significant. Significantly different at * p < 0.05 and ** p < 0.001.
According to the maxillary protraction, the mandible rotated clockwise during treat-
ment (T1-T2), more significantly in the T-A, than in the M-A group (MP-SN: 1.74° vs. 0.53°,
p < 0.05). However, this regressed in a counterclockwise direction during follow-up, and the
amount of change was significantly greater in the T-A group (MP-SN: —3.98° vs. —2.09°,
p < 0.05). The mandibular angle changed in the direction of a decrease due to regression
in the counterclockwise direction in both groups after follow-up compared with before
treatment. However, the difference between them did not reach statistical significance
(T-A vs. M-A; MP-SN, —0.24° vs. —0.97°; p > 0.05) The mandible opened more and the
lower face was longer immediately after treatment (T2) in the T-A, than the M-A group
(MP-SN: 1.74° vs. 0.53°; N-Me, 3.14 vs. 1.25 mm; T1-T2 p < 0.05; Table 4). This resulted in
a significantly greater increase in the length of the lower face in the T-A group even after
follow-up (N-Me: 10.24 vs. 7.90 mm, p < 0.05; Table 3).
Table 4. Comparison of treatment outcomes of tooth-anchored devices during T1, T2, and T3.
T1 T2 T3
Measurement Adjusted 14 Value
Mean SD Mean SD Mean SD
SNA 79.76 2 3.09 81.23° 3.14 82.25 ¢ 3.40 <0.001 **
SNB 79.642 317 78.93 P 3.26 81.64 ¢ 3.95 <0.001 **
ANB -0.132 1.75 2.09° 2.01 0.60 2 2.28 0.026 *
MP-SN 28.292 5.83 30.30° 5.38 26.05 € 5.49 0.001 *
N-Me 101.532 4.45 104.68 P 4.81 111.77 ¢ 6.04 <0.001 **
U6/NF 14.272 1.66 16.15 1.56 18.83 ¢ 1.82 <0.001 **

Data are results of repeated-measures analysis of variance tests. Significantly different at * p < 0.05 and ** p < 0.001.
Different letters indicate a statistically significant difference at adjusted p < 0.05 (post hoc Bonferroni correction).

The maxillary first molars were immediately and significantly more extruded due
to the difference in odontogenic changes between the two groups after treatment in the
T-A, than the M-A group (U6/NF: 1.88 vs. 0.49 mm, p < 0.001). A significant amount of
extrusion was maintained in the T-A group even until follow-up (U6/NF: 4.56 vs. 2.60 mm,
p <0.001) (Table 3).

The mandibular anterior teeth were linguoverted immediately after treatment (T2) in
both groups because of the extraoral facemasks. Linguoversion was significantly greater
in the T-A than the M-A group (IMPA: —5.04° vs. —2.61°, p < 0.05). However, this trend
recovered during follow-up, and changes from T1 to T3 did not significantly differ between
the groups (IMPA: —0.31° vs. 0.53°, p > 0.05; Table 3). Comparisons of changes between
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before and after treatment (T2) and follow-up (T3) revealed significant changes in SNA,
SNB, ANB, N-Me, U6/NF, and MP-SN between these time points in the T-A group.
The ANB value significantly increased after treatment and significantly decreased during
follow-up, but did not significantly differ between before treatment or after follow-up
(ANB: —0.13° vs. 0.60°, p > 0.05; Table 4). All other SNA, SNB, MP-SN, N-Me, and U6/NF
items significantly differed among T1, T2, and T3 (p < 0.05; Table 4). Changes in SNA, ANB,
MP-SN, N-Me, and U6/NF were significant at the three time points in the M-A group.
Unlike the T-A group, the SNB did not significantly change between before treatment
and after follow-up. Unlike the T-A group, the ANB value also significantly increased
immediately after treatment and during follow-up compared with that before treatment
(ANB at T1 vs. T2, vs. T3: —1.30° vs. 1.58° vs. 1.20°, p > 0.001; Table 5).

Table 5. Comparison of treatment outcomes of miniscrew-anchored device during T1, T2, and T3.

T1 T2 T3
Measurement Adjusted p Value
Mean SD Mean SD Mean SD

SNA 79212 2.80 81.28° 3.2 825¢ 3.04 <0.001 **

SNB 80.512 2.89 79.62 P 3.08 81292 3.0 0.029 *
ANB -1.30° 1.46 1.58P 1.65 1.20¢ 1.42 <0.001 **
MP-SN 284772 4.64 29.00® 4.50 269°¢ 4.46 <0.001 **
N-Me 110.102 5.35 112.28® 5.39 118.01 ¢ 6.37 <0.001 **
U6/NF 18.06 ° 1.62 18.77° 1.74 20.67 ¢ 1.54 <0.001 **

Data are results of repeated-measures analysis of variance tests. Significantly different at * p < 0.05 and ** p < 0.001.
Superscript letters indicate statistically significant differences at adjusted p < 0.05 (post hoc Bonferroni correction).

4. Discussion

This longitudinal study aimed to determine short- and long-term skeletal and dental
changes associated with maxillary protraction using tooth- and palatal bone-anchored de-
vices in children with a maxillary bone deficiency. Our patients with Class III malocclusions
underwent maxillary protraction between the ages of 6 and 10 years and were followed up
until they reached the age of 16 years.

The average ages at the start of treatment were 7.92 and 9.84 years in the T-A and
M-A groups, respectively. Thus, the T-A group started treatment earlier. This is thought
to be attributable to the tendency to select a T-A device for younger patients, considering
the maturity of the maxillary suture and the degree of invasiveness of maxillary traction
according to age. However, the CVMS did not significantly differ between the groups
before treatment, so bone maturation was similar. In addition, age, treatment (T1-T2),
and follow-up (T2-T3) did not significantly differ between the groups, which might have
affected the treatment outcomes (Table 2).

4.1. Skeletal and Dental Changes during Maxillary Protraction (between T1 and T2)

The maxilla in both groups was immediately protracted after maxillary traction. The
mandible rotated in the posteroinferior direction because we used a facemask to apply
force to the chin area of the mandible. This increased the degree of improvement in the
anterior—posterior relationship between the maxilla and the mandible (Table 3). More
anterior maxillary movement was evident in the M-A group because the orthopedic force
was directly transmitted to the circummaxillary suture through the miniscrew-anchored
appliance. This result was consistent with previous findings. A bone-anchored device
delivers twice as much maxillary traction than a tooth-anchored device [15]. The total
amount of maxillary traction immediately increases using a bone-anchored device [16,17].
In contrast, one study found no difference in maxillary traction between bone- and tooth-
anchored appliances [13]. However, that study found that a bone-anchored device is
required to minimize the side effects of tooth movement caused by the forward movement
of the posterior and anterior teeth to which the device is anchored [13,18]. The authors
considered that this difference was due to using a hyrax-type PRE as a tooth-anchored
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device and implanting two miniscrews into the third palatal rugae area using the anterior
arm of the hybrid hyrax RPE as a bone-anchored device to strengthen the anchorage. To
increase the effects of the response to maxillary traction in all patients, the maxilla was
widened by 0.5 mm/day for 1 or 2 weeks if narrow, and both groups started treatment at
the age of ~9 years.

The present study found that the mandible rotated clockwise, and the lower face
lengthened in both groups immediately after maxillary traction using a facemask. The
vertical dimension of the lower face increased as the MP-SN value increased due to the
clockwise rotation of the mandible, and the increase was significantly greater in the T-A
group, which was consistent with previous results (Table 3) [13,19]. We considered that this
difference between the groups was due to the significantly greater extrusion of the maxillary
first molar in the T-A than the M-A group during maxillary protraction. The maxillary
first molars were fixed to the palate with a miniscrew-anchored device, so extrusion rarely
occurred in the M-A group. However, the amount of extrusion was significant in the T-A
group because the maxillary first molar was not fixed to the palate (Table 3). The vertical
dimension of the lower face increased more when a facemask was used with a tooth- than
a bone-anchored device [13,14], which was attributed to the extrusion of the maxillary
molars [16]. In contrast, maxillary first molars have extruded immediately after facemask
treatment using a bone- or a tooth-anchored device [15]. This is because a mini-implant was
positioned in front of the lingual arch in the oral device, and anchoring was strengthened
only for forward movement. Mini-implant was not included in the device, so vertical
extrusive force was not prevented.

A lingual inclination of the mandibular anterior teeth that occurred during maxillary
traction was immediately evident after treatment (T2) in both groups in the present study
(Table 3).

4.2. Skeletal and Dental Changes between T2 and T3

The period from the end of maxillary traction (T2) until the final follow-up (T3)
averaged at 42.62 and 31.6 m in the T-A and M-A groups, respectively. At the time of
the final follow-up (T3), the respective average ages of the patients and CVMS stages
were 12.12 and 13.34 years and stages VI and V in the T-A and M-A groups, respectively.
Most of the final follow-up assessments proceeded after pubertal growth peaked (Table 2).
Therefore, skeletal and dental changes occurred due to mandibular growth in both groups,
resulting in a recurrence pattern in the skeletal anteroposterior relationship (T-A vs. M-A:
SNB, +2.71° vs. +1.66°; ANB, —1.48° vs. —0.37°, p < 0.05; Table 3). Considering the
skeletal linguoversion relationship, the recurrence rate was greater in the T-A group.
This indicated that the improvement due to the dentoalveolar effect was greater than
that of the skeletal improvement immediately after maxillary protraction in this group.
As MP-SN decreased during normal growth, a closing phenomenon of the mandible
developed with a significantly decreased MP-SN in the T-A vs. the M-A group (—3.98° vs.
—2.09°, p < 0.05). This was consistent with the counterclockwise rotation of the mandible
after an average of 7 years of follow-up in a previous study (Sn-GoGn: —5°) [20]. These
mandibular rotation and position changes were attributed to mandibular residual growth
and direction, consistent with previous long-term study [21]. In addition, we confirmed
a greater recurrence rate during maxillary protraction because the mandible was more
open in the T-A group. Similarly, the pattern of the anteroposterior relationship was
more recurrent when a tooth-anchored device served as an intraoral device rather than
a miniplate during follow-up after facemask treatment and the mandible was closed
(miniplate vs. tooth-anchored appliance: ANB, —1.1° vs. —2.4°; FMA: —1.2° vs. —3.5%;
p <0.05) [16].

The lingual mandibular anterior teeth were tilted labially in both groups during
follow-up in the present study due to recurrence. However, the difference did not reach
significance (T-A vs. M-A: IMPA +4.72° vs. +3.14°; p > 0.05). Others have also found no
significant differences between groups with tooth- and bone-anchored devices in terms of
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recurrence of the lingual slope of mandibular anterior teeth that relapse during long-term
follow-up (bone- vs. tooth-anchored: IMPA, +4.9° vs. +4.7°) [16].

4.3. Overall Skeletal and Dental Changes (T1-T3)

The present findings showed that the amounts of maxillary protraction and of improve-
ments in the maxillomandibular anteroposterior relationship were greater after maxillary
protraction using a miniscrew- rather than a tooth-anchored device, even after growth
peaked (T-A vs. M-A): SNA, +2.65° vs. +3.29°; ANB, +0.73° vs. +2.51° p < 0.05). These
results were consistent with the those of the study described above using a tooth-anchored
device vs. a miniplate (SNA +2.7° vs. +3.9°; ANB, +1.4° vs. +3.3°; p < 0.05) [16].

In addition, even after the period of maximum growth (T3), maxillary first molar
extrusion was maintained when a tooth-anchored device was used, as was the situation
immediately after treatment (T2). This resulted in a large increase in the vertical dimension
of the lower face (T-A vs. M-A: U6/NF, +4.56 vs. +2.60 mm; N-Me, +10.24 vs. +7.90 mm,
p < 0.05). In contrast, the vertical dimension of the lower face did not significantly dif-
fer between groups treated with a tooth-anchored device and a miniplate, which was
inconsistent [16]. This might be because we prevented extrusion by directly holding the
maxillary first molar in an oral device, whereas the miniplate did not directly prevent
such an extrusion. In addition, the difference might have occurred because the average
observation period was 6.5 years, which was longer than in our study.

Although there was a trend toward decreased skeletal improvement with facemask
treatment during T2-T3, ANB remained within normal range in both groups, with a
positive overjet at T3. This may reduce the need for orthognathic surgery in patients with
Class III malocclusion, regardless of the type of intraoral device. This is consistent with a
previous study by Mandall et al., showing that early facemask treatment reduces the need
for orthognathic surgery by one-third compared to no-treatment patients [22].

This study included follow-up starting before and ending at an average of 3.9 years
after treatment. We confirmed that the maxillomandibular anteroposterior relationship
can be improved even when teeth serve as anchors for maxillary traction. However, better
improvement was achieved by bone anchoring, and first molar extrusion could not be
avoided. This dentoalveolar effect may have increased the anterior facial vertical dimension
after treatment. In light of these, maxillary protraction using a miniscrew-anchored device
that connects and fixes the maxillary first molar to the palatal area is more effective for
pediatric patients with skeletal Class IIl malocclusions and a hyperdivergent skeletal pattern
during long-term follow-up. This indicates favorable stability.

The design of this study has some limitations. Because this is a retrospective study,
experimenter bias may have been involved. In actual clinical practice, when selecting a
tooth- or bone-anchored device, orthodontist’s bias may be reflected due to the patient’s
cooperation in the process of installing the miniscrew under infiltration anesthesia. Consid-
ering these factors, it is unfortunate that the age at treatment initiation (T1) was different
between the two groups in this study. In addition, although this study has the advantage of
an average follow-up period of 37 months, it is difficult to determine whether mandibular
growth is complete in all patients when considering CVMS. Therefore, it is difficult to
accurately determine the skeletal and dental difference in facemask treatment between
the two groups over a longer period of time until growth is complete. Future studies
could support the facemask treatments in growing patients with maxillary deficiency if a
study is designed that matches patient age with bone age, CVMS, at the start of treatment,
regardless of intraoral device type, and if long-term studies are conducted until mandibular
growth is complete. Finally, this study did not include untreated mild skeletal Class III
patients as controls; however, it is not ethical to expose control subjects to radiation when
control patients are untreated.
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5. Conclusions

Compared to tooth-anchored devices, the protraction of maxilla was greater in miniscrew-
anchored devices after treatment, and the effect was maintained within an average of
37-month-long follow-up periods, after the peak phase of mandibular growth. However,
using tooth-anchored devices, the maxillary first molars were more extruded and the
clockwise rotation of the mandible increased the lower facial height, but during the follow-
up, the mandible relapsed into counterclockwise rotation, causing the mandible to shift
anteriorly. In addition, the extrusion of the maxillary first molars persisted after the follow-
up period, resulting in a greater increase in lower facial height with the tooth-anchored
device than with the bone-anchored device. Therefore, miniscrew-anchored devices may
be a useful tool in the treatment of skeletal Class III malocclusion by increasing the amount
of maxillary anterior protraction and reducing the increase in facial height in patients with
hyperdivergent vertical patterns and maxillary deficiency.
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