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Introduction: The aims of this study were to evaluate the long-term skeletodental effects, the volume of
maxillary tuberosity, and airway space changes after maxillary molar distalization using modified C-palatal
plate (MCPP) in adolescents with Class II malocclusion. Methods: The sample consisted of 20 adolescent pa-
tients (MCPP group; mean age, 12.96 1.0 year) who underwent bilateral distalization of their maxillary dentition
and 20 subjects as a control group. In the MCPP group, cone-beam computed tomography images were taken
before distalization, at the end of the treatment, and during retention with a minimum of a 3-year posttreatment
follow up period. Repeated measures ANOVA followed by post-hoc analysis with the Bonferroni test were used
to identify significant differences between time points. Results: After the long-term observation period, sagittal
skeletal and dental relationships were maintained (there were no significant changes in ANB, occlusal plane
angle, and overjet postretention). The vertical skeletal dimension did not change during treatment and was
stable at the long-term follow-up (the mandibular plane angle and ANS-Me were relatively well maintained).
The volume of the maxillary tuberosity showed no significant change during long-term retention. However,
the volume was significantly smaller in the treatment group than in the control group (P\0.0001). There were
no significant airway space changes after distalization and the postretention period. In addition, there was no
significant difference between the MCPP and control groups. Conclusions: Improved sagittal skeletal and
dental relationships because of treatment were maintained in the long-term evaluation. There was no
negative long-term effect on airway space associated with the maxillary arch distalization. Therefore, these
findings might be beneficial for clinicians in diagnosis and treatment planning for Class II malocclusion in
adolescents. (Am J Orthod Dentofacial Orthop 2021;159:470-9)

Distalization of maxillary dentition is a viable,
nonextraction treatment option for patients
with Class II malocclusion. Various methods

have been successfully used for molar distalization;

however, it is crucial for clinicians to achieve bodily
movement without extrusion during molar distalization
to achieve stable results in long-term retention.1-8

Many studies have used 2-dimensional (2D) lateral
cephalograms to evaluate long-term skeletodental ef-
fects after application of different mechanics for molar
distalization.6-8 It was found that distalized molars
generally relapsed during fixed appliance phase with
pendulum appliances but there was no significant
change during the postretention period.6 A cervical
headgear study7 concluded that there was a strong ten-
dency for molars to return to their original position,
whereas with anteroposterior molar correction the post-
treatment skeletal effects with high-pull headgear were
stable in the long-term.8

The maxillary tuberosity area has been used for molar
distalization because it allows distal movement of maxil-
lary dentition, and, thus, there might be volumetric
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changes of maxillary tuberosity.9-11 Recently, Lee et al9

concluded that maxillary total arch distalization in ado-
lescents was effective with an insignificant increase in
the volume of maxillary tuberosity posttreatment.

Regarding airway space, many investigators have
demonstrated that the abnormal dental position and
atypical growth pattern of craniofacial structures can
affect airway space.12,13 In addition, several researches
have reported that extraction treatment may decrease
the size of airway space.,14-16 In contrast, Park et al17

concluded that there was no significant effect on the
airway space with both extraction and nonextraction
treatment of adults.

The modified C-palatal plate (MCPP) has been intro-
duced as an efficient and easy approach tomaxillarymolar
distalization with minimal tipping and without molar
extrusion.18,19 However, no long-term 3-dimensional
(3D) evaluations of skeletodental effects and volume of
maxillary tuberosity and airway space after maxillary
arch distalization using MCPPs in adolescent patients
with Class II malocclusion have been reported.

Therefore, the objectives of this study were to eval-
uate the long-term skeletodental effects after distali-
zation with MCPPs in adolescent patients using
cone-beam computed tomography (CBCT) images
and to compare the changes in the volume of maxillary
tuberosity and airway space in this group with a
matched control group.

MATERIAL AND METHODS

This study was approved by the institutional review
board at The Catholic University of Korea (institutional
review board approval number KC18RESI0593). Subjects
were informed of the study design and purpose accord-
ing to the Declaration of Helsinki.

The sample consisted of 20 patients who visited the
Department of Orthodontics at Seoul St. Mary's Hospi-
tal, The Catholic University of Korea. They were treated

with maxillary molar distalization using MCPP appli-
ances (MCPP group; mean age at initial treatment,
12.9 6 1.0; 12 girls and 8 boys), and 20 dental Class II
subjects who had no previous orthodontic treatment
(control group; mean age, 19.3 6 1.6; 9 girls and 11
boys). Both control and MCPP group during retention
with a minimum of a 3-year posttreatment follow up
period (T3) were matched in chronological age, gender,
and skeletal age (Table I). CBCTs in control group were
taken for reasons other than this study such as an
impacted tooth or some pathology.

CBCT images in the MCPP group were taken before
distalization (T1) for a pretreatment evaluation of the
anatomy, after distalization (T2) for the posttreatment
evaluation (mean duration; 13.9 6 2.3 months), and
then after long-term retention (at T3) to evaluate
long-term changes (mean duration; 5.9 6 2.7 years).

The inclusion criteria for the MCPP group were (1)
age range from 11 to 14 years, (2) dental Class II rela-
tionship more than 1/4 cusp, (3) mild to moderate maxil-
lary crowding up to 5 mm, and (4) the presence of CBCT
images taken immediately before distalization (at T1); at
the end of orthodontic fixed appliance therapy (at T2);
and during retention with a minimum of a 3-year post-
treatment follow up period (at T3). The inclusion criteria
for the control group (patients who visited the hospital
to start orthodontic treatment or to evaluate some other
pathology such as an impacted third molar) were (1) the
age of 19.3 6 1.6 years, (2) dental Class II relationship,
(3) no previous orthodontic treatment, (4) CBCT images
taken at 1 time point to compare with the changes in
maxillary tuberosity and airway of the MCPP group,
and (5) no craniofacial syndromes.

CBCT images were obtained using an i-CAT scanner
(Imaging Sciences International, Hatfield, Pa). The scan-
ning parameters were adjusted to these settings: 120 kV,
47.7 mAs, 20 seconds per revolution, field of view of no
more than 17 cm in height3 23 cm in depth, and a voxel

Table I. Baseline characteristics of subjects in the MCPP and the control groups

Characteristics

MCPP (n 5 20)

Control (n 5 20)T1 T2 T3
Age, y (mean 6 SD) 12.9 6 1.0 14.1 6 1.3 19.8 6 1.4 19.3 6 1.6
Sex
Male 8 11
Female 12 9

CVMS CS2 (n 5 8)
CS3 (n 5 12)

CS3 (n 5 7)
CS4 (n 5 13)

CS5 (n 5 4)
CS6 (n 5 16)

CS5 (n 5 5)
CS6 (n 5 15)

SD, Standard deviation; CS, cervical stage.
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size of 0.4 mm. Each participant was seated with their
head oriented in a natural head position so that the
Frankfort plane was parallel to the floor and the images
were taken at the intercuspal position.

The CBCT data were exported in a digital imaging
and communications in medicine multifile format and
imported into Invivo software (version 5.2; Anatomage,
San Jose, Calif) for 3D volume rendering.

Reorientation of the head position of each scan was
performed as follows; the horizontal plane (x) was
defined through the right and left orbitales and the
left porion, and the midsagittal plane (y) was defined
as the perpendicular plane passing through nasion and
anterior nasal spine. The vertical plane (z) was perpen-
dicular to both x and y. Then, using the super-ceph
module in the Invivo software, a lateral cephalometric
image was created for each right and left side indepen-
dently and saved in a JPG format. Each image was then
superimposed on the sella-nasion line and traced using
V-Ceph software (version 5.5; Cybermed, Seoul, South
Korea) with the manual geometric method.20,21 The hor-
izontal reference line was the Frankfort horizontal plane
(FH), and the vertical reference line was the perpendic-
ular at sella (SVL).

All tracings and digitizations were made by 1 exam-
iner (A.M.S) to minimize operator-generated variation in
the measurements. A single operator (Y.A.K) inserted the
MCPPs with three 2.0-mm-diameter, 8-mm-length
miniscrews (Jeil Corporation, Seoul, Korea) in the para-
median area of the palate (Fig 1). A palatal bar with 2
hooks was banded on the maxillary first molars. Elastics
were connected from the MCPPs to the hooks of the
palatal bar to apply approximately 300 g of force per
side.22

MCPP appliances come with 2 extended lever arms
that have 3 notches on each of them. The notches are de-
signed to provide a more secure engagement during
intrusion mechanics. If the most apical hook of the plate
is engaged, the force vector passes close to the center of
resistance of the first molar; therefore, it results in a min-
imal amount of distal tipping combined with a larger
amount of distalization and intrusion of the molars.
When the most coronal hook is engaged, there is more
distal tipping and less bodily movement, and almost
no intrusion should be expected.23,24

The software calculated the linear and angular di-
mensions between certain landmarks according to the
definitions given in Figures 2 and 3.

The bone volume of the maxillary tuberosity was
measured using CBCT with Invivo5 (Anatomage). Using
this software, the volume of bone under the palatal
plane (ANS-PNS) and posterior to the maxillary
second molar was measured mesially from the distal

Fig 1. An MCPP is connected to the hooks on the palatal
wire via power elastics.

Fig 2. The following linear variables were calculated: 1,
vertical distance from maxillary central incisor root to
FH; 2, horizontal distance from maxillary central incisor
root to SVL; 3, vertical distance from maxillary central
incisor crown to FH; 4, horizontal distance from maxillary
central incisor crown to SVL; 5, vertical distance from
maxillary first molar root apex to FH; 6, horizontal dis-
tance from maxillary first molar root apex to SVL; 7, verti-
cal distance from maxillary first molar crown to FH; 8,
horizontal distance from maxillary first molar crown to
SVL; 9, horizontal distance from A point to SVL; 10, verti-
cal distance from A point to FH; 11, mandibular length
(Co-Gn); 12, vertical distance between ANS and Menton;
13, horizontal distance between soft tissue Pog. and TVL;
14, horizontal distance from lower lip and TVL; 15, hori-
zontal distance from upper lip and TVL. TVL, true vertical
line; PNS, posterior nasal spine; ANS, anterior nasal
spine.
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side of the second molar to the pterygopalatine fissure
distally and pyramidal process of the palatine bone
regardless of the position of the third molar (Fig 4, A).

During CBCT imaging, all subjects were asked to hold
their breath after the end of expiration, without swal-
lowing, because the pharyngeal airway caliber is smallest
under these conditions when subjects are awake. The
scanning process was done at this time. By having the
subjects hold their breath during imaging, the static
pharyngeal airway size can be recorded consistently in
all CBCT scans, thereby reducing variations caused by
changes in pharyngeal airway caliber during the respira-
tory cycle (Fig 4, B).25 This position is stable and has high
reproducibility for measurement.25,26

The oropharynx was divided into the following 2
areas: velopharynx and glossopharynx. The velopharynx
was defined as the area from the horizontal level of the
palatal plane to the horizontal level of the end of the
uvula, while the glossopharynx was defined as the area
from the horizontal level of the end of the uvula to the
horizontal level of the C3 (the most anterior and inferior
point of the third cervical vertebra).15 The volume of the
airway space and the minimum cross-sectional area
(MCA) were computed automatically by the software
(Fig 4, B). The amounts of change between predistaliza-
tion, postdistalization, and posttreatment observation
period variables were calculated. Records of 10 randomly
selected patients were retraced and analyzed 2 weeks
later by the same examiner. A Bland-Altman test was
performed, and the result showed that no significant
deviation was present outside the upper and lower limits
in the maxillary tuberosity volume. Intraexaminer reli-
ability was assessed for all variables by intraclass correla-
tion coefficient, which showed that the measurements
were reliable (ICC . 0.90).

Statistical analysis

Data analysis was performed using SPSS statistical
software (version 23; IBM, Armonk, NY). Distribution
of the data was examined using the Kolmogorov-
Smirnov test of normality and was found to be
parametric distribution. Repeated measures ANOVA
followed by post-hoc analysis using the Bonferroni
test were applied for comparisons. The confidence
interval was set to 95% and the acceptable margin of
error was set to 5%. Results were considered significant
as P\0.05.

RESULTS

The mean and standard deviation of the changes in
skeletal, dental and soft tissue measurements relative

Fig 3. Angular measurements: 1, SNA; 2, SNB; 3, ANB;
4, palatal plane angle (ANS-PNS/Po-Or); 5, occlusal
plane angle; 6, mandibular plane angle (FH-Go-Me); 7,
maxillary central incisor inclination; 8,maxillary first molar
inclination; 9, incisor mandibular plane angle (IMPA); 10,
nasolabial angle (collumella-subnasal-upper lip); 11,
mentolabial angle (lower lip-soft tissue B-soft tissue
Pog); 12, facial angle (N-Pog/Por-Or).

Fig 4. A, Volume of the total airway space; B, the volume of maxillary tuberosity in the CBCT image
(volume under the palatal plane [ANS-PNS] and posterior to the maxillary second molar).
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to T1-T2, T1-T3 and T2-T3 are summarized in Tables II
and III, respectively. Tables IV and V show changes in
volume of tuberosity, airway space, and maxillary arch
width measurements at T1-T2 and T2-T3.

SNA and ANB angles decreased significantly by
1.2 6 1.0� and 1.6 6 0.9� respectively between T1
and T2 (P \0.001). During the retention period (T2-
T3), there were no significant changes in sagittal and
vertical skeletal measurements except for SNA and
SNB, which increased by 1.4 6 1.5� and 1.2 6 1.3�,
respectively. In addition, the mandibular plane angle
showed no significant change between the time of treat-
ment and retention periods (Table III).

The maxillary first molars showed significant distal
movement of 4.6 6 2.2 mm (P \0.001), with distal
crown tipping of 1.56 6.7� between T1 and T2. During
the retention period (T2-T3), the maxillary first molars
moved mesially 2.9 6 2.2 mm (P\0.001) with signifi-
cant mesial tipping of �3.6 6 5.4� and extrusion of
3.76 3.5 mm (P\0.001). Overjet changed significantly
and was reduced by 1.96 1.7 mm (P\0.001) during the
treatment period and there was only a 0.27 6 0.9 mm
insignificant relapse (P 5 0.521) during the retention
period (Fig 5; Table III).

There were no significant changes in the volume of
maxillary tuberosity and airway space posttreatment
and postretention in the MCPP group (Table IV).
Comparing the MCPP group at T3 with the control
group, the volume of maxillary tuberosity increased
significantly in control group by 927.5 6 672.3 mm3

than in MCPP group (P\0.001). However, there were
no significant differences in the airway volume or the
MCA between the 2 groups (Table V).

DISCUSSION

Application of temporary skeletal anchorage devices
(TSADs) in adolescents with Class II malocclusion might
achieve proper skeletal sagittal and vertical relation-
ship,9,18 thus reducing the need for some extractions
and surgical cases. This CBCT long-term study focused
on 2 main topics: assessment of the skeletodental effects
after total maxillary arch distalization with MCPP in ad-
olescents and a comparison of changes in the volume of
maxillary tuberosity and airway space with a matched
control group.

In our study, the subjects were still growing post-
treatment (aged 14.1 and cervical vertebral maturation

Table II. Cephalometric measures at T1, T2, and T3

Variables T1 T2 T3
SNA (�) 78.85 6 2.41 77.62 6 2.74 78.99 6 3.01
SNB (�) 74.73 6 2.65 75.12 6 2.77 76.27 6 3.15
ANB (�) 4.11 6 1.05 2.50 6 1.19 2.73 6 1.24
Palatal plane angle (�) �2.33 6 3.17 �1.92 6 3.09 �0.66 6 2.59
Mandibular plane angle (�) 28.58 6 4.05 29.89 6 4.72 29.85 6 5.31
A point-SVL (mm) 61.72 6 3.89 60.77 6 3.56 61.79 6 3.59
A point-FH (mm) 27.61 6 2.09 28.92 6 2.96 30.62 6 3.47
ANS-Me (mm) 67.16 6 5.21 68.59 6 3.79 70.07 6 4.91
Co-Gn length (mm) 106.66 6 7.40 107.95 6 5.56 110.77 6 7.52
U6-SVL (mm) 28.68 6 3.86 24.02 6 4.39 26.95 6 4.20
U6r-SVL (mm) 36.05 6 3.66 31.66 6 4.03 32.35 6 4.11
U6-FH (mm) 39.07 6 3.04 39.32 6 2.81 42.99 6 3.95
U6r-FH (mm) 24.57 6 2.48 24.89 6 2.91 28.52 6 3.79
U6 axis-FH (�) 64.47 6 6.57 62.99 6 5.06 66.61 6 4.99
U1-SVL (mm) 67.84 6 4.92 64.22 6 5.02 65.50 6 4.50
U1r-SVL (mm) 58.20 6 4.07 57.83 6 3.33 58.92 6 3.41
U1-FH (mm) 52.14 6 4.00 54.14 6 3.46 56.02 6 4.15
U1r-FH (mm) 30.93 6 3.16 31.64 6 3.21 34.34 6 3.99
U1axis-FH (�) 114.53 6 6.47 105.98 6 8.14 106.90 6 5.59
Occlusal plane angle (�) 6.91 6 3.94 10.68 6 4.49 10.01 6 3.33
IMPA (�) 93.70 6 7.14 91.39 6 5.87 93.28 6 5.36
Overjet (mm) 4.80 6 1.37 2.89 6 0.83 3.16 6 0.97
Overbite (mm) 3.99 6 1.52 4.12 6 1.15 3.88 6 1.11
Ls-TVL (mm) 5.32 6 1.91 3.64 6 1.16 3.56 6 1.55
Li-TVL (mm) 2.73 6 2.79 1.77 6 1.48 1.93 6 1.44
Soft Pog-TVL (mm) �6.08 6 5.41 �8.35 6 4.77 �8.89 6 5.78
Nasolabial angle (�) 94.01 6 8.39 96.92 6 9.60 96.03 6 8.99
Mentolabial fold (�) 131.21 6 9.22 134.20 6 7.41 132.07 6 12.64

Note. Values are mean 6 SD. Ls, labrale superius; Li, labrale inferius.
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stage [CVMS] was CS3 and CS4).27 However, after a 5.9-
year retention period, they were no longer growing (aged
19.8 6 1.4; CVMS was CS5 and CS6),27 so a control
group of adults (aged 19.3 6 1.6 years; CVMS was
CS5 and CS6) was used (Table I). This means that the
study group showed the same completion of growth as

that of the control group. In addition, our sample had
a similar age pattern of posttreatment and postretention
as reported in previous studies.6-8

In our study, anteroposterior skeletal relationship
was improved posttreatment (SNA and ANB decreased
by 1.23� and 1.61� respectively) without negative effect

Table III. Changes in skeletal, dental, and soft tissue measurements at T1-T2, T1-T3, and T2-T3

Variables

T1-T2 T1-T3 T2-T3 Post-hoc analysis (Bonferroni)

Mean 6 SD Mean 6 SD Mean 6 SD P1 P2 P3
SNA (�) 1.23 6 0.98 �0.15 6 1.63 �1.38 6 1.53 \0.001 1.000 0.003
SNB (�) �0.38 6 1.17 �1.53 6 1.48 �1.15 6 1.25 0.524 0.001 0.002
ANB (�) 1.61 6 0.95 1.38 6 1.30 �0.22 6 0.68 \0.001 0.001 0.507
Palatal plane angle (�) �0.41 6 3.25 �1.66 6 2.89 �1.26 6 2.88 1.000 0.047 0.179
Mandibular plane angle (�) �1.32 6 2.86 �1.27 6 3.32 0.05 6 2.69 0.143 0.285 1.000
A point-SVL (mm) 0.94 6 3.36 �0.07 6 2.68 �1.02 6 2.73 0.711 1.000 0.368
A point-FH (mm) �1.31 6 2.93 �3.00 6 3.29 �1.69 6 2.78 0.202 0.003 0.051
ANS-Me (mm) �1.43 6 4.69 �2.91 6 3.93 �1.48 6 4.21 0.531 0.009 0.366
Co-Gn length (mm) �1.29 6 5.80 �4.11 6 5.85 �2.82 6 6.34 0.956 0.023 0.164
U6-SVL (mm) 4.66 6 2.23 1.73 6 1.77 �2.93 6 2.20 \0.0001 0.001 \0.0001
U6r-SVL (mm) 4.39 6 2.31 3.70 6 1.39 �0.69 6 2.45 \0.0001 \0.0001 0.076
U6-FH (mm) �0.25 6 3.48 �3.92 6 3.42 �3.67 6 3.47 1.000 \0.0001 \0.0001
U6r-FH (mm) �0.32 6 3.31 �3.95 6 3.68 �3.63 6 3.98 1.000 \0.0001 0.001
U6 axis-FH (�) 1.48 6 6.68 �2.14 6 5.59 �3.62 6 5.40 0.069 0.057 0.008
U1-SVL (mm) 3.62 6 4.70 2.34 6 3.46 �1.28 6 3.26 0.006 0.017 0.260
U1r-SVL (mm) 0.36 6 3.02 �0.73 6 2.34 �1.09 6 2.99 1.000 0.509 0.330
U1-FH (mm) �1.99 6 4.09 �3.88 6 4.20 �1.88 6 3.34 0.110 0.001 0.053
U1r-FH (mm) �0.72 6 3.69 �3.41 6 4.01 �2.69 6 3.10 1.000 0.003 0.002
U1axis-FH (�) 8.55 6 9.01 7.63 6 6.86 �0.92 6 5.64 0.001 \0.0001 1.000
Occlusal plane angle (�) �3.77 6 4.30 �3.10 6 3.80 0.67 6 2.98 0.003 0.010 0.940
IMPA (�) 2.31 6 5.89 0.42 6 5.26 1.89 6 4.16 0.263 1.000 0.151
Overjet (mm) 1.91 6 1.71 1.63 6 1.54 0.27 6 0.89 \0.0001 \0.0001 0.521
Overbite (mm) �0.13 6 1.41 0.11 6 1.32 0.24 6 0.86 0.390 0.842 0.057
Ls-TVL (mm) 1.68 6 1.15 1.76 6 1.39 0.08 6 0.96 \0.0001 \0.0001 1.000
Li-TVL (mm) 0.96 6 2.70 0.79 6 2.29 �0.17 6 1.58 0.359 0.387 1.000
Soft Pog-TVL (mm) 2.28 6 3.46 2.82 6 4.49 0.54 6 2.88 0.020 0.028 1.000
Nasolabial angle (�) �2.91 6 7.16 �2.02 6 8.56 0.89 6 10.74 0.231 0.878 1.000
Mentolabial fold (�) �2.98 6 10.31 �0.86 6 14.21 2.12 6 6.72 0.601 1.000 0.490

P1, comparison between T1 and T2; P2, comparison between T1 and T3; P3, comparison between T2 and T3.

Table IV. Changes in tuberosity, airway space, and maxillary arch width measurements at P1 and P2

Variables

T1 T2 T3 P1 P2 P value

Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD P1 P2
Tuberosity, volume (mm3) 437.77 6 348.59 414.09 6 245.49 626.48 6 359.37 39.68 6 214.31 233.71 6 447.68 1.000 0.303
U airway, volume (mm3) 5.61 6 2.12 5.61 6 2.51 7.09 6 2.14 0.26 6 1.58 1.22 6 3.13 1.000 0.325
U airway, MCA (mm2) 165.21 6 76.69 177.28 6 99.43 209.31 6 93.77 21.39 6 73.83 29.91 6 125.78 0.594 0.779
L airway, volume (mm3) 4.91 6 2.51 5.93 6 3.38 5.22 6 2.75 1.15 6 1.78 �0.62 6 2.87 0.084 1.000
L airway, MCA (mm2) 136.59 6 59.18 142.88 6 71.24 198.12 6 113.49 12.61 6 54.83 52.12 6 118.23 0.853 0.482
T airway
Volume (mm3) 10.91 6 3.72 11.93 6 5.71 12.51 6 4.28 1.39 6 3.23 0.43 6 5.31 0.240 1.000
MCA (mm2) 135.53 6 52.62 135.91 6 76.78 180.61 6 95.53 7.51 6 52.43 40.62 6 98.29 1.000 0.345

Width
Intercanine (mm) 36.81 6 2.32 37.63 6 2.14 37.42 6 1.73 0.73 6 1.51 �0.14 6 2.04 1.000 1.000
Interfirst molar (mm) 54.89 6 3.58 56.13 6 3.48 59.91 6 5.16 1.14 6 1.68 3.89 6 5.01 0.050 0.020

U, Upper; L, lower; T, total.
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on vertical dimension. However, no significant differ-
ences in ANB were detected after the long-term reten-
tion period.

This result was in agreement with those of a previous
study with high-pull headgear, which concluded that
correction of Class II malocclusion by restricting hori-
zontal maxillary growth with continued horizontal
mandibular growth (SNA and ANB decreased by 2.4�

and 1.5�, respectively) had no effect on vertical skeletal
changes.8

Regarding anteroposterior dental relationship, the
maxillary first molar and central incisor showed
4.7 mm and 3.6 mm distal movement respectively be-
tween T1-T2. In addition, overjet was reduced by
1.9 mm. After the long-term retention period, there
were significant mesial movement and mesial tipping
of the maxillary first molar by 3.0 mm and 3.6� respec-
tively. This did not indicate a relapse of the Class I molar
relationship obtained posttreatment. During the

postretention period, the horizontal molar relationship
and overjet were maintained. Therefore, this result might
indicate favorable factors in growing patients.28,29

Previous studies found that distal molar movement
was followed by molar extrusion with an increase in
the lower facial height.6,30,31 Caprioglio et al6 in a
long-term study with pendulum appliances demon-
strated that the mandibular plane angle increased during
the distalization phase owing to 1.5 mm of molar extru-
sion, but returned to the initial values during the postre-
tention period. However, in our study, the maxillary
molars were distalized without extrusion. Despite the
significant 3.7 mm extrusion of the molars during the
follow-up period, the mandibular plane angle showed
no changes. This might be due to the presence of resid-
ual growth to accommodate the posttreatment vertical
changes (Fig 5).

Distalization of maxillary dentition in young patients
has been the subject of much controversy. Kinzinger
et al32 recommended a germectomy of the third molars
before distalization using a pendulum appliance in ado-
lescents. However, another report concluded that it may
be possible to perform maxillary total arch distalization
without a germectomy of unerupted third molars.9

In our study, the participants underwent distalization
without a germectomy of the third molars, and some had
fully erupted second molars while others started distali-
zation before second molar eruption. The second molars
were included in the archwire once they had erupted.
After distalization, all patients had fully erupted
second molars.

Comparing MCPP with miniscrew-assisted infrazy-
gomatic crest, both methods have been used efficiently
to retract the maxillary dentition and when anchorage
is placed away from the interdental area, root damage
is avoided, and the TSADs do not need to be reinserted.
The force line of action passes below the center of resis-
tance when the entire maxillary dentition is moved
distally by miniscrew-assisted infrazygomatic crests,

Table V. Retention parameters of the MCPP group at T3 compared with those of the control group

Variables

MCPP at T3 Control Difference

P valueMean 6 SD Mean 6 SD Mean 6 SD
Width
Width (#13-23) (mm) 37.42 6 1.74 36.14 6 2.79 1.28 6 2.34 0.141
Width (#16-26) (mm) 59.91 6 5.16 58.12 6 3.66 1.81 6 4.41 0.276

Tuberosity volume, mm3 626.53 6 359.37 1554.03 6 892.84 �927.51 6 672.32 \0.0001
U airway volume, mm3 7.06 6 2.09 7.49 6 2.71 �0.43 6 2.42 0.632
U airway MCA, mm2 209.33 6 93.79 198.31 6 123.14 11.01 6 109.53 0.455
L airway volume, mm3 5.14 6 2.75 5.25 6 3.11 �0.11 6 2.93 0.900
L airway MCA, mm2 198.11 6 113.45 190.09 6 80.37 8.02 6 98.31 0.771
Total airway volume, mm3 12.47 6 4.28 12.66 6 6.01 �0.19 6 5.21 0.663
Total airway MCA, mm2 180.63 6 95.53 174.69 6 76.95 5.94 6 86.74 0.835

Fig 5. Lateral cephalometric tracing superimpositions
showed skeletodental and soft tissue changes after treat-
ment and during the retention period.
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resulting in distal tipping and clockwise rotation of the
maxillary dentition.33

However, when MCPPs are inserted in the parame-
dian area of the palate, the force vector passes close to
the center of resistance of the maxilla which causes distal
movement of the whole arch with minimal tipping and
without extrusion of the molars.23,24

The maxillary tuberosity is an available area for molar
distalization; therefore, it is important to evaluate the
volume of tuberosity to secure adequate space for third
molar eruption.9,32 Vardimon et al34 have reported that
growth peak of the maxillary tuberosity occurred be-
tween 8-9 years and 10-11 years however it does not
stop growing till around the age of 20 years.

Manzanera et al35 demonstrated that the dimensions
of the maxillary tuberosity were related to age and sex.
They found that the width and length of maxillary tuber-
osity increased with age, however, the height decreased.
In addition, 3 different anatomic types of maxillary tu-
berosity were detected and the morphologic type 3 of
the maxillary tuberosity had a larger length than with
type 1 or 2.

In our study, the volume of maxillary tuberosity
showed an insignificant decrease of 40 mm3 after distal-
ization and it insignificantly increased long-term.
Comparing the MCPP group long-term with the control
group, there was a significant increase of 1554.0 mm3 in
the volume of the control group compared with
626.5 mm3 in the MCPP group. This is may be due to
the distal position of the maxillary molars in MCPP
group. In contrast, the volume of tuberosity in our study
was measured with Invivo software, while the actual pa-
rameters including the width, length, and height were
not considered in our study.

Regarding the airway space, airway analysis and the
effect of different treatment modalities on the airway
space have gained increased interest from researchers,
although there are conflicting results in the litera-
ture.12-17 Pavoni et al36 demonstrated that the treat-
ment with functional appliances produced significant
favorable changes in the sagittal airway dimensions dur-
ing active treatment and these changes were stable in
the long-term.

Our study found that the total airway volume and
airway MCA had an insignificant increase of 1.40 mm3

and 7.54 mm2, respectively, after distalization. In addi-
tion, there were insignificant changes in airway space af-
ter the long-term observation period. Comparing our
long-term result with those of the control group, there
was an insignificant difference between the 2 groups
in total airway volume and airway MCA.

Several studies reported that CBCT images allow for
higher accuracy when evaluating pharyngeal airway

space than lateral cephalograms.37,38 Recently, Ryan
et al39 concluded that different scanning timings with
equal scanning and patient protocols can result in
different 3D pharyngeal airway space readings. In our
study, CBCT was acquired with a controlled and
standardized patient positioning protocol and airway
volumes were reconstructed by an experienced
radiologist.

In our study, evaluation of skeletodental changes us-
ing cephalograms obtained from CBCT images was ac-
curate for root position. A lateral cephalogram of each
side was created separately to avoid the superimposition
of anatomic structures. These reconstructed images are
accurate and reliable compared with conventional radio-
graphs.40,41 Even though that CBCTs were obtained to
evaluate maxillary tuberosity and airway, we also used
2D cephalometric measurements from CBCT to reduce
radiation exposure.

Regarding current reports on dosimetry of CBCT,42-45

CBCT images were captured using an i-CAT FLX CBCT
unit (Imagine Sciences) in a volume size of
16 cm 3 13 cm and scan time of 4.8 seconds. The
effective dose of each scan was 11.4 mSv.42 For compar-
ison, a 1-way, coast-to-coast flight exposes each pas-
senger to 35 mSv,43 a 1-way flight from San Francisco
to Chicago 19.4 mSv,44 and daily background radiation
on average is 4.11-9.59 mSv.45 However, from more cur-
rent perspective, it may be an ethically questionable
practice to have the subjects receive multiple exposure
of CBCT, which is in conflict with the recommendation
by the American Academy of Oral and Maxillofacial
Radiology in 2013 and the European evidence-based
guidelines in 2018 for the use of CBCT.46,47 Our CBCT
images at T1 and T2 for adolescent samples (2009-
2012) were taken before establishment of these guide-
lines.

A limitation of this study was the lack of an evalu-
ation of the position of the second and third molars af-
ter distalization and of the impact of changes of
maxillary tuberosity on their eruption. Therefore,
further study is needed to assess the position of molars
after distalization. In addition, dental cast analysis and
the addition of a control group would be beneficial
when comparing long-term skeletodental effects after
molar distalization. Unfortunately, it would not be
ethical to take CBCT 3 times without treatment just
to collect long-term data from a control group. In
addition, it is scientifically and clinically more impor-
tant to evaluate patients during the active treatment
period because only minor changes would be expected
to occur in untreated control subjects during the time
period corresponding to the posttreatment.48 Further
studies are needed to evaluate long-term skeletodental
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effects with dental casts and compare these with a
matched control group.

CONCLUSIONS

We analyzed the long-term skeletodental effects, the
volume of maxillary tuberosity, and airway space
changes after maxillary molar distalization using MCPP
in adolescents with CBCT and found the following:

1. Improved sagittal skeletal relationship (ANB) after
treatment was still present in the long-term evalua-
tion. In addition, the clockwise rotation of occlusal
plane and an overjet was maintained during long-
term retention.

2. The volume of the maxillary tuberosity in the MCPP
group showed no significant change after treatment
and during long-term retention. However, there was
significantly less volume than the control group.

3. The airway space in the MCPP group had no signif-
icant changes after distalization and the postreten-
tion period. In addition, there was no difference
between the MCPP and control groups.

Therefore, these findings might be beneficial for cli-
nicians in diagnosis and treatment planning for Class II
malocclusion in adolescents.
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