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Abstract
Objectives The aim of this study was to compare the upper airway space changes after miniscrew-anchored maxillary protraction
with hybrid (HH) and conventional hyrax (CH) expanders.
Material and methods The sample comprised Class III malocclusion growing patients that were randomized into two groups of
miniscrew-anchored maxillary protraction. The group HH was treated with a hybrid hyrax appliance in the maxilla and two
miniscrews distally to the canines in the mandible. Class III elastics were used from the maxillary first molar to the mandibular
miniscrews until anterior crossbite correction. The group CH was treated with a similar protocol except for the conventional hyrax
expander in the maxilla. Cone-beam computed tomography was obtained before (T1) and after 12months of therapy (T2). The shape
and size of upper airway were assessed. Intergroup comparisons were performed using Mann-Whitney U test (p < 0.05).
Results The group HH was composed of 20 patients (8 female, 12 male) with a mean age of 10.76 years. The group CH was
composed of 15 patients (6 female, 9 male) with a mean age of 11.52 years. Anteroposterior and transverse increases of the upper
airway were found for both groups. The oropharynx and the most constricted area increased similarly in both groups.
Conclusions No differences in upper airway changes were observed using protraction anchored on hybrid or conventional hyrax
expanders.
Clinical relevance Maxillary protraction anchored on hybrid or conventional hyrax expanders may benefit patients with breathing
disorders due to the increase of the upper airway volume and most constricted area. Registration: ClinicalTrials.gov
(NCT03712007).
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Three dimensional

Introduction

Skeletal discrepancies and maxillary deficiency can influence
the airway space volume and morphology [1]. The airway
space is divided into nasopharynx, oropharynx, and hypo-
pharynx, all related to several structures of the face [2]. In
Class III growing patients, orthopedic maxillary protraction
causes not only skeletal changes but also modifications in
the adjacent soft tissue as the airway [2–5].

Several studies investigated the effects of maxillary protrac-
tion on pharyngeal airway dimension and have shown conflict-
ing results [3, 6, 7]. The effects of maxillary protraction using
facemask therapy on the upper airway were evaluated using
cephalometric radiographs in a sample of Class III malocclu-
sion patients with 10.3 years of age [8]. The results indicated
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that maxillary protraction increased the naso and oropharynx
after treatment [8]. Previous studies using conventional 2D
evaluation found that facemask therapy associated with rapid
maxillary expansion (RME) caused pharyngeal airway increase
[4, 5, 8, 9]. On the other hand, previous studies reported that the
nasopharyngeal and oropharyngeal airway dimensions
remained unchanged after maxillary protraction [7, 9]. A recent
meta-analysis found that facemask therapy associated with
RME increases the upper airway space changes in children or
young adolescents [4]. However, the authors reported that 2D
cephalometric radiographs might not completely reflect the ex-
act changes in the pharyngeal airway space [4].

Most of the previous studies evaluated the changes of the
upper airway using lateral headfilms. Two-D cephalometric ra-
diographs may limit the accuracy of the upper airway measure-
ments [10–12]. Currently, cone-beam computed tomography
(CBCT) has been widely used to assess the upper airway shape

and volume [3, 13–15]. CBCT offers the advantages of volu-
metric rather than linear measurements, distortion-free measure-
ments, and measurements that are independent of head position-
ing [3, 14]. Chen et al. [3] used CBCT in order to evaluate
changes of the upper airway after maxillary protraction with
facemasks. An increase was found in the volume of the naso
and oropharynx of growing patients with Class III malocclusion
when compared to untreated Class III patients [3]. Nguyen et al.
[14], using CBCT, showed an increase in airway volume and
oropharyngeal dimensions in subjects treated with bone-
anchored maxillary protraction (BAMP). BAMP is an in-
novative treatment modality that uses miniplates to anchor
Class III elastics and correct the maxillary deficiency [16,
17]. A previous study demonstrated an effective maxillary
protraction by using a hybrid hyrax anchoring a facemask
in growing Class III malocclusion individuals [18]. The use
of a hybrid hyrax and mentoplate combination (modified

Fig. 1 CONSORT flow chart
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miniplate) and comparison with the hybrid hyrax-facemask
combination were also described in the literature showing
effective maxillary advancement in growing subjects [19].
Miniscrew-anchored maxillary protraction (MAMP) is a
BAMP-derived therapy that replaces the mandibular
miniplates for miniscrew [20]. The MAMP therapy seems
to be an effective treatment alternative for Class III maloc-
clusion correction in growing patients. However, no previ-
ous studies evaluated the effect of MAMP therapy on the
upper airway volume and morphology.

Specific objectives and hypotheses

The aim of this study was to compare the upper airway changes
after miniscrew-anchored maxillary protraction with hybrid

(HH) and hyrax expanders (CH). The null hypothesis is that
miniscrew-anchored maxillary protraction with hybrid and hy-
rax expanders has similar upper airway changes after treatment.

Methods

Trial design and any changes after trial
commencement

This study was a single center randomized controlled trial
with two parallel arms and a 1:1 allocation ratio. Changes in
participants number were performed after trial commence-
ment and were described below (Fig. 1). The study followed
the Consolidated Standards of Reporting Trials guidelines

Fig. 2 MAMP therapy in group
HH (A) and group CH (B)
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(CONSORT) [21]. This clinical trial was registered under the
number NCT03712007 at Clinicaltrials.gov.

The study was approved by the Ethics in Research
Committee of BauruDental School, University of São
Paulo, Brazil (protocol number 67610717.7.0000.5417)
where patients were treated by the same orthodontist (FM).
The airway evaluation was performed at the Department of
Orthodontics of School of Dental Medicine, Case Western
Reserve University, USA. All patients and parents signed
the written informed consent before treatment.

Participants, eligibility criteria, and settings

The individuals were recruited at the Orthodontic Clinic of
BauruDental School, University of São Paulo, Brazil, from
July 2017 to March 2018. The sample consisted of 40 indi-
viduals with Class III malocclusion from 9 to 13 years of age.
The eligibility criteria were (1) both sexes, (2) late mixed or
early permanent dentition, (3) skeletal Class III malocclusion
with maxillary deficiency (Wits appraisal of −1 mm or less),
(4) anterior crossbite or incisor edge-to-edge relationship.
Exclusion criteria were individuals with history of previous
orthodontic treatment, non-erupted mandibular permanent ca-
nines, and individuals with special needs or syndromes.

Interventions

The two treatment groups differed in the maxillary anchorage
strategy. The group HH was treated with miniscrew-anchored
maxillary protraction therapy anchored in a hybrid expander
[20]. A hybrid expander was used in the maxilla (Fig. 2A),
and two mandibular miniscrews were positioned distal to the
permanent canines, bilaterally (Fig. 2A). Patients were
instructed to wear Class III elastics full time, from the maxil-
lary first molar hooks to the mandibular miniscrews (Fig. 2A).
The group CH was treated with a similar protocol using a
conventional hyrax expander instead of hybrid expanders
(Fig. 2B). Parents were oriented to activate the expander screw
1/4 turn twice a day for 14 days, achieving 5.6 mm of expan-
sion. Traction started with a load of 150 g/side in the first
month and 250 g/side in the following period. Class III elastics
were changed twice a day in the morning and at night [17].
The elastics were used until reaching an overjet correction or
until a maximum of 12 months of treatment. After appliance
removal, a chin cup was used during the night as active
retention.

Cone-beam computed tomography (CBCT) was obtain-
ed before (T1) and after treatment (T2), using the i-CAT 3-
dimensional system (Imaging Sciences International,
Hatfield, PA) with a protocol of 13-cm FOV, 120 kV,
23.87 mA and a voxel size of 0.25 mm. All CBCT data
were exported in DICOM format (Digital Imaging and
Communications in Medicine) to Dolphin 3D Imaging

software (Chatsworth, CA, USA). The head orientation
was standardized in the sagittal view, positioning the
Frankfort plane parallel to the horizontal plane (considering
the right side); in the frontal view, leveling the orbital plane
with the horizontal plane; and in the axial view, positioning
the midsagittal plane passing through the anterior and pos-
terior nasal spines.

Outcomes

The primary outcomes of this RCT were dentoskeletal chang-
es produced by maxillary protraction that was evaluated in a
previous study. Group HH and CH displayed similar Co-A
changes of 1.81 and 0.81 (p = 0.082), respectively. The SNA
angle changes were 1.40 and 0.81 in group HH and CH (p =
0.283), respectively. The intermolar width demonstrated a
3.5-mm and 3.47-mm increase in group HH and CH after
expansion, respectively. The three-dimensional changes were
registered as secondary outcomes in the Clinicaltrials.org
(NCT03712007).

The outcomes of this study were the shape and volume
analysis performed by innovative open source software.
Semiautomatic airway segmentations were performed in the
ITK-SNAP software (http://www.itksnap.org). The palatal
plane was used as the upper limit of the oropharynx (OP,
Fig. 3). A parallel line passing in the antero-inferior border
of the third cervical vertebrae (C3) was used as the lower limit
of the OP (Fig. 3). The upper airway volume was generated
after segmentation. To ensure a spherical topology, the con-
structed airway models were processed to avoid spicules and
holes in the model [22]. The epiglotic vallecula was excluded

Fig. 3 Oropharynx morphologic limits
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[23]. The shape analysis was performed in the 3D Slicer
(www.slicer.org) via the SlicerSALT project (salt.slicer.org,
Vicory et al. 2018) [24]. Parametric surface models were
created for each segmented airway (Figs. 4 and 5). The mean
latitude axis and minimum axial area were found for each
model. The minimum axial area (minAx) was considered the
most constricted axial area in the oropharynx. Surface super-
impositions and color maps were generated to visually com-
pare the changes between T1 and T2 (Figs. 6 and 7).

The volume changes of the oropharynx (OP) and mini-
mum axial area (minAx) were also calculated using
Dolphin 3D Imaging software (Chatsworth, CA, USA).
The OP volume was defined using the same anatomic
boundaries of the shape analysis. The threshold sensitivity
was individualized for each scan.

Sample size calculation

The sample size calculation considered the maxillary
anteroposterior changes described in a previous study
reporting the primary outcomes of this randomized clinical
trial. Sample size was calculated in order to provide 80% of
test power, at a significance level of 0.05. With a minimum
intergroup difference of 2 mm and a standard deviation of
1.4 mm in maxillary length changes (CoA) [16], a minimum
sample of nine patients was required for each group.
Considering possible losses, twenty patients were selected
for each group. A post hoc power analysis was conducted
using the G*power software (version 3.1.9, Heinrich-Heine-
University, Düsseldorf, Germany)[25].

Fig. 4 Before (gray) and after
(red) parametric surface models
of the oropharynx created by the
SPHARM-PDM for group HH
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Interim analyses and stopping guidelines

If any harm or undesirable side-effect occurred, the treatment
would be interrupted.

Randomization

Randomization, envelopes concealment, and allocation were
performed by different operators. Randomization was per-
formed electronically in the Randomization.com website
(http://www.randomization.com). Opaque, sealed, and
numbered envelopes containing the group name were made
according to the sequence generated by the randomization [26].

The allocation process started after recruitment, and the
signed informed consent was obtained. The patients’ name
and date of allocation were identified in the external surface

of the envelopes. After that, the envelope was opened to verify
to which group the patient was allocated. During treatment,
undesirable dental effects in the maxillary arch were observed
in the group CH. Undesirable dental effects included the me-
sial migration of posterior teeth, decreases in the maxillary
arch perimeter, and maxillary canine crowding. For ethical
reasons, the group CH treatment was interrupted after 11
months of treatment and before installation in the last 5
individuals.

Blinding

To avoid bias, all CBCT scans were unidentified before as-
sessment, achieving a simple blinding. Double blinding was
not accomplished considering that both operator and patient
were aware of the type of treatment performed.

Fig. 5 Before (gray) and after
(red) parametric surface models
of the oropharynx created by the
SPHARM-PDM for group CH
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Statistical analysis

Repeated measurements on 30% randomly selected pa-
tients were performed after 1 month by the same examin-
er. The intraclass correlation coefficient (ICC) and Bland-
Altman limits of agreement were used to assess the reli-
ability of repeated measures and the correlation between
software.

Normal distribution was verified by the Shapiro-Wilk
test. Interphase comparisons were performed using the
Wilcoxon test. Intergroup comparisons were performed
using the Mann-Whitney U test on an intention-to-treat
(ITT) basis, using multiple imputation to deal with the
missing data of the dropouts. Spearman correlation was
performed to analyze the association between skeletal and
oropharyngeal effects. A significance level of 5% was

regarded for all tests. Statistical analyses were performed
with SPSS Statistical Software Package (Version 21.0;
SPSS, Chicago, IL).

Results

Participant flow

Forty subjects were selected and agreed to participate in
this trial. The final sample in the group HH comprised 20
patients (8 female, 12 male) with a mean age of 10.76
years. After trial commencement, one patient quit and
another was excluded due to palatal miniscrew instability.
Before CBCT upper airway analysis, five patients had to

Fig. 6 Surface superimpositions
from before (gray) and after (red)
parametric surface models of the
oropharynx created by the
SPHARM-PDM for the groups
HH and CH
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be excluded due to unsuitability of CBCT scan (teeth
were not in occlusion).

Fifteen patients were treated in the group CH. The final
sample in the group CH comprised 15 patients (6 female, 9
male) with a mean age of 11.52 years. One patient interrupted
treatment, and two were excluded due to unsuitability of
CBCT scan (teeth were not in occlusion). Figure 1 shows
the complete participant flow chart.

Mean active treatment time was 11.38(SD 3.98) and 11.00
(SD 3.78) months in group HH and CH, respectively (Table 1).

Baseline data

The demographic characteristics of each group are presented
in Table 1. Both groups presented similar initial age, sex dis-
tribution, and treatment time. Both groups also presented sim-
ilar initial SNA, SNB, and Wits appraisal (Table 1).

Baseline characteristics are presented in Table 2. Similar
upper airway size was observed in both groups.

Number analyzed for each outcome, estimation, and
precision, subgroup analyses

In the intraexaminer analysis, the ICC varied from 0.808 to
0.997 showing good to excellent agreement of the

Fig. 7 Color maps illustrating the changes produced by the group HH anc CH in the oropharynx. Red indicates the most affected regions and green the
less affected

Table 1 Baseline characteristics of the groups and treatment time

Variable Group HH Group CH P value*

Sex, n 1.000
Male 12 9

Female 8 6

Total, n 20 15

Mean initial age, y (SD) 10.76 (0.98) 11.52 (1.22) 0.053

Treatment time, m (SD) 11.38 (3.98) 11.00 (3.78) 0.894

SNA (°) 84.75 (4.87) 82.06 (3.24) 0.099

SNB (°) 83.82 (4.31) 81.82 (3.28) 0.122

Wits (mm) −5.22 (2.00) −5.63 (2.90) 0.705

Chi-square test (sex); t test (age and treatment time); Mann-Whitney U
test (skeletal characteristics)
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measurements. The ICC showed high correlations for the min-
imum axial area and volume measurements between the 2
software (Table 3).

The post hoc power analysis showed that the sample of this
study achieved a power of 7% for the measurements (effect
size = 0.14). Both groups demonstrated a similar increase in
the SNA andWits appraisal (Tables 4 and 5). The oropharynx
volume andminimum axial area demonstrated a posttreatment
increase in the group HH (Table 4). The oropharynx volume
showed similar increases in both groups (MD: −138.61; 95%
CI: −3078.01, 2800.80). Also, the minimum axial area
showed similar increases in both groups (MD: 10.58; 95%
CI: −39.14, 60.30). No significant correlation was found be-
tween the skeletal and oropharyngeal effects (Table 6).
Figure 7 shows individual treatment changes in the upper
airway illustrated using color maps. Both transverse and
anteroposterior changes were observed in both groups (Fig.
7).

Harms

The frequency of instability of the mandibular miniscrews in
the groups HH and CH was 15.7% and 17.8%, respectively.
When mandibular miniscrews were unstable before anterior
crossbite correction, they were replaced after 2 weeks in the
same region with 30° inclination. The instability of palatal
miniscrews was 2.6%.

Treatments were performed until anterior crossbite correc-
tion or after 12 months of therapy. Patient compliance was
very important for successful outcomes. Non-compliant pa-
tients presented poor results; however, they were also consid-
ered in the final analysis.

Discussion

Main findings in the context of the existing evidence
and interpretation

In the past decade, there was a marked increase in volumetric
airway analyses and obstructive sleep apnea (OSA) assess-
ment [27]. Previous studies showed that maxillary protraction
increased the upper airway volume and most constricted area
[3, 4, 9, 14, 28]. The airway volumetric increase after maxil-
lary advancement can benefit the OSA management in grow-
ing subjects [29]. This study compared three dimensionally
the upper airway space between two different protocols of
miniscrew-anchored maxillary protraction in growing Class
III malocclusion patients.

Adequate reproducibility was found for all volumetric
measurements. These results are in accordance with previous
studies demonstrating that CBCT is a reliable tool for measur-
ing the upper airway volume [30, 31]. Threshold sensitivity
influences the OP volume [32]. A fixed threshold interval

Table 2 Intergroup comparisons of the starting forms (Mann-Whitney U test after ITT analysis)

Variable Group HH Group CH 95% CI Lower, Upper P value*

Mean (SD) Median Mean (SD) Median

SPHARM + ITK

minAx (mm2) 172.11 (72.78) 171.94 181.71 (71.34) 175.80 −59.75, 40.55 0.730

OP volume (mm3) 11,147.33 (5236.50) 10,920.11 11,202.06 (3332.48) 10,741.40 −3201.05, 3091.59 0.805

Dolphin3D

minAx (mm2) 172.72 (73.78) 181.50 189.53 (76.77) 202.00 −68.98, 35.35 0.400

OP volume (mm3) 12,249.75 (5550.74) 12,616.05 12,377.91 (3683.83) 12,709.00 −3496.67, 3240.35 0.780

*Statistically significant at p < 0.05; Mann-Whitney U test

Table 3 Software comparison with intraclass correlation coefficients (ICC) and Bland-Altman limits of agreement (95% LoA)

Variable SPHARM + ITK Mean (SD) Dolphin3D Mean (SD) DiffMean (SD) ICC Bland-Altman
95% LoA

Lower Upper

minAx (mm2) 213.92 (94.64) 210.37 (83.74) 3.55 (36.45) 0.918 −74.98 67.89

OP volume (mm3) 13,575.05 (6922.24) 15,048.42 (7337.12) 1473.37 (1123.68) 0.967 −729.04 3675.79
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selection produced different segmentation and volume mea-
surements when comparing different software [32]. In this
study, the threshold sensitivity was individualized for each
scan showing adequate reproducibility for the OP measure-
ments (ICC varying from 0.985 to 0.986). CBCT accuracy
and reliability for upper airway analyses showed conflicting
results in previous studies [15, 30, 32, 33]. CBCT allows a
static rather than dynamic examination of the airway [15].
During the exam, some factors as the respiratory phase,
CBCT definition, mandible, and head position need to be
controlled [31, 34]. Variability in the dimensions and shape
of the airway can occur when the CBCT is acquired with no
standardization. On the other hand, CBCT is considered an
easy access and low-cost tool to assess the airway volume
[31]. CBCT has the possibility to define the boundaries and
segment the soft tissue and airway spaces accurately [30, 31].

In this study, two different methods were used to assess the
upper airway. The first analysis included the ITK-SNAP soft-
ware to perform a semi-automatic segmentation and volume
assessment followed by the SPHARM-PDM module in the
SlicerSalt software that performed an upper airway model
shape analysis. Although this first analysis is time consuming,
the software choices are open access. The second method of
analyzing the upper airways was with Dolphin3D software
that present a highly intuitive interface even though consists
in a high-cost commercial software. A good correlation was
found when comparing the two software (Table 3). A previous
study reported good correlation between three different com-
mercial software for upper airway assessments with semi-
automatic segmentations (Dolphin3D, InVivoDental and
OnDemand3D) [30]. However, the accuracy was considered
poor when comparing automatic and manual segmentation
software [30]. The ITK-SNAP + SPHARM-PDM and
Dolphin3D upper airway analysis were also previously com-
pared [23]. Good reproducibility was reported for both intra
and inter examiner correlations [23]. No differences were re-
ported between the three-dimensional volumetric assessments
between these software [23].

Miniscrew-anchored maxillary protraction produced simi-
lar increases in the upper airway volume after treatment with
hybrid and conventional hyrax expanders (Table 5).
Anteroposterior increases were observed in the oropharynx
after treatment (Fig. 7). One of the possible explanations
was the orthopedic maxillary advancement produced by
MAMP therapy. The correlation between maxillary protrac-
tion and the increase in the upper airway dimension was pre-
viously reported [2]. Additionally, significant increases in the
pharyngeal airway dimensions were reported after facemask
therapy [4, 8, 35]. On the other hand, Baccetti et al. [9] found
no changes in the sagittal airway dimension after facemask
therapy.

The oropharynx also showed an increase in the transverse
dimension after treatment (Fig. 7). The increase in theTa
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transverse dimension might be correlated with the maxillary
expansion performed before maxillary protraction. Increases
in airway dimensions after maxillary expansion were previ-
ously reported [4, 36, 37]. Additionally, craniofacial growth
might have contributed to sagittal and transverse increase of
the upper airways [13, 37–39].

The minimum axial area corresponds to the most constrict-
ed axial area in the oropharynx, and it is one of the most
important changes to be assessed in upper airway studies
[29, 40]. Determining the minimum axial area can help to
locate the exact location of the airway obstruction, which
can benefit the treatment plan of OSA patients [40, 41]. In
our study, both groups showed similar increases in the mini-
mum axial area after treatment (Table 5). Maxillary

advancement may be the main cause for the change in the
airway’s most constricted area. No differences were reported
for the minimum axial area after BAMP therapy [14]. Group
HH demonstrated a significant increase in upper airway after
treatment. Class III patients with small upper airway and signs
of oral respiration or sleep apnea might be beneficiated with
hybrid hyrax maxillary protraction.

Limitations

Our study main limitation is the absence of an untreated Class
III malocclusion control group for growth comparisons.
However, maintaining a Class III population without treat-
ment would be unethical. The number of patient exclusions

Table 5 Intergroup comparisons of treatment changes (Mann-Whitney U test after ITT analysis)

Variable Group HH Group CH DiffMean 95% CI Lower, Upper P value*

Mean changes (SD) Median Mean changes (SD) Median

SNA (°) 1.40 (1.46) 1.55 0.81 (1.26) 1.10 0.59 −0.37, 1.54 0.283

SNB (°) −0.19 (1.57) −0.75 −0.40 (1.35) 0.10 0.21 −0.82, 1.23 0.961

Wits (mm) 1.79 (2.27) 1.80 1.36 (1.92) 0.88 0.43 −1.05, 1.90 0.419

Intermolar width (mm) 3.5 (1.24) 3.45 3.47 (1.21) 3.11 0.03 −0.90, 0.97 0.930

SPHARM + ITK

minAx (mm2) 49.91 (70.79) 42.34 39.33 (72.57) 46.51 10.58 −39.14, 60.30 0.934

OP volume (mm3) 2282.67 (3593.91) 1669.21 2421.28 (4964.28) 2712.30 −138.61 −3078.01, 2800.80 1.000

Dolphin3D

minAx (mm2) 26.38 (98.40) 28.50 22.93 (106.17) 47.00 3.45 −67.27, 74.17 1.000

OP volume (mm3) 2872.93 (4781.49) 2965.50 2560.73 (4437.21) 2969.00 312.20 −2911.21, 3535.62 1.000

*Statistically significant at P < 0.05; Mann-Whitney U test

Table 6 Correlations between skeletal effects and effects in the oropharynx

SPHARM + ITK Dolphin3D

minAx OP volume minAx OP volume

Group HH SNA Correlation coefficient (r) −0.316 −0.296 −0.141 −0.113
p value 0.175 0.205 0.552 0.636

SNB Correlation coefficient (r) −0.272 −0.295 −0.189 −0.074
p value 0.247 0.207 0.424 0.755

Wits Correlation coefficient (r) −0.243 −0.281 −0.331 −0.287
p value 0.302 0.231 0.154 0.221

Group CH SNA Correlation coefficient (r) −0.101 −0.104 −0.007 −0.061
p value 0.721 0.711 0.980 0.829

SNB Correlation coefficient (r) 0.307 0.263 0.368 0.320

p value 0.265 0.344 0.177 0.245

Wits Correlation coefficient (r) −0.168 −0.159 −0.263 −0.214
p value 0.549 0.571 0.344 0.443

*Statistically significant at p < 0.05. Spearman’s rho
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due to CBCT quality decreasing the sample size was also a
limitation of this study. Post hoc power analysis demonstrated
a test power lower than the ideal; therefore, the outcomes of
this study should be interpreted carefully. However, the
remained sample size was enough to demonstrate interphase
volume and shape changes. Further studies with greater sam-
ples should be analyzed. Also, to deal with the missing data of
the dropouts, an intention-to-treat analysis was performed.

Conclusions

The null hypothesis was accepted. Both groups showed sim-
ilar upper airway increases after maxillary protraction.
Functional analysis comparison should be further performed
to confirm these findings.
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