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Objective: The aim of this retrospective study was to evaluate and compare
the changes in the pharyngeal airway (PA), maxillary sinus volume, and skeletal
parameters after rapid maxillary expansion (RME) and alternate rapid maxillary
expansion and constriction (Alt-RAMEC) followed by facemask (FM) therapy.
Methods: The records of 40 patients with skeletal Class 111 malocclusion due
to maxillary retrognathism were collected, and the patients were assigned into
two groups. The first group comprised 8 male and 12 female patients (mean
age, 10.0 + 1.1 years) treated using RME/FM for an average of 10 months. The
second group comprised 10 male and 10 female patients (mean age, 9.64 + 1.3
years) treated using Alt-RAMEC/FM for an average of 12 months. Cone-beam
computed tomography images acquired before (T0) and after treatment (T1)
were evaluated. Results: Regarding the skeletal effects, significant differences
between the groups were the increase in ANS-HRP (perpendicular distance of
ANS to the horizontal reference plane, 0.99 mm, p <0.05) in the Alt-RAMEC/FM
group and the decrease in PP-SN (palatal plane to Sella-Nasion plane, 0.93°, p
< 0.05) in the RME/FM group. Maxillary sinus volumes increased significantly in
both the groups, and the increase was statistically significantly higher in the Alt-
RAMEC/FM group. Although no significant intergroup differences were observed
in PA volumes, both Tower (1,011.19 mm’) and total (1,601.21 mm°), PA volume
increased significantly in the AIlt-RAMEC/FM group. Conclusions: The different
expansion devices and protocols used with FM therapy do not seem to affect
the forward movement of the maxilla and PA volumes. In contrast, the increase
in maxillary sinus volume was greater in the Alt-RAMEC/FM protocol.
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INTRODUCTION

Class 111 malocclusion is one of the most difficult
malocclusions to diagnose and treat.' Since the 1970s,
researchers have agreed that most Class 111 malocclusions
have maxillary retrognathism as a part of their etiology.”

In growing patients, maxillary protraction with a face-
mask (FM) following rapid maxillary expansion (RME)
has been proven to have an effect on correcting maloc-
clusions in both skeletal and soft-tissue structures.” In
terms of RME, both conventional expansion methods
(Hyrax, Haas, etc.) and the alternate rapid maxillary ex-
pansion and constriction (Alt-RAMEC) protocol can be
successfully performed.” Studies have suggested that us-
ing the AIt-RAMEC protocol prior to FM therapy might
increase the forward movement of the maxilla rather
than when using the conventional methods."” However,
the effects of these treatment methods on the pha-
ryngeal airway (PA) remain controversial. Most of the
relevant studies in the literature evaluated the effects of
the RME/FM protocol on airway dimensions. While some
of the studies showed increases in nasopharyngeal®” or
oropharyngeal®® airway dimensions, other studies re-
ported no significant changes in airway dimensions.'*"?
Moreover, the effects of the Alt-RAMEC/FM protocol
on airway changes have not been evaluated thoroughly.
Only Celikoglu and Buyukcavus'” examined PA changes
two-dimensionally after the Alt-RAMEC/FM protocol
and reported an increase in upper PA dimensions. How-

Enrollment

ever, the expansion device used in that study contained
a Hyrax screw and was activated twice a day, which was
different from the routine Alt-RAMEC protocol intro-
duced by Liou and Tsai.

In the literature, only one study has evaluated the
maxillary sinuses after RME followed by FM therapy.
This study reported that the increases in maxillary sinus
volumes were due to the normal growth of individuals."”

Most of the studies measured airway changes by us-
ing two-dimensional (2D) cephalometric images, which
can only show anteroposterior linear changes. Recently,
cone-beam computed tomography (CBCT) has allowed
volumetric assessment, which is more favorable for eval-
uating the morphology of the airway structures.'* Hence,
the aim of this study was to evaluate and compare the
three-dimensional (3D) changes in PA and maxillary si-
nus volumes, as well as skeletal changes, after RME and
Alt-RAMEC protocols followed by FM therapy in pa-
tients with skeletal Class 111 malocclusion characterized
by maxillary retrognathism.

MATERIALS AND METHODS

This single-center, single-blinded retrospective study
was reviewed and approved by the ethical committee of
Marmara University, Institute of Health Sciences (Istan-
bul, Turkey, 23.02.2015-5).

The CBCT records of 78 patients with Class 111 maloc-
clusion treated using orthopedic approaches between

assessed for eligibility (n = 78)

3D records of Class Il patients treated by orthopedic approaches in a University archives

Excluded (n = 30)

- Missing records (n = 5)
- Treated without FM (n = 25)

.

v

Treated by RME + FM (n = 25)

Treated by Alt-RAMEC + FM (n = 23)

v Analysis
| J

Excluded with reasons (n = 5)
- Cooperation problem

in the usage of FM (n = 3)
- Not clear 3D images (n = 2)

Excluded with reasons (n = 3)
- Cooperation problem

in the usage of FM (n = 2)
- Not clear 3D images (n = 1)

v Figure 1. The flow diagram
of patient selection based
on the CONSORT statement
guidelines.

v Included

FM, Facemask; RME, rapid
maxillary expansion; Alt-
v RAMEC, alternate rapid max-

{ J
RME + FM group (n = 20)

AIt-RAMEC + FM group (n = 20)

illary expansion and constric-
tion; 3D, three-dimensional.
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2006 and 2016 were retrieved from the archives of De-
partment of Orthodontics, Faculty of Dentistry, Marmara
University. The inclusion criteria were as follows: 1) pa-
tients in the active growth period determined according
to the cervical vertebral maturation method; 2) skeletal
Class 111 malocclusion due to maxillary retrognathism (N
perpendicular to A point < —1 mm, SNA < 80°, maxillary
depth < 90°), with a normal/low-angle growth pattern;
3) patients with primary or mixed dentition; and 4) pa-
tients treated with FM following either the RPE or Alt-
RAMEC protocols. The exclusion criteria were as follows:
1) congenital deformities in the craniofacial area, 2)
airway dysfunction history, 3) missing or unclear records,
and 4) patients reported to have cooperation problems
during treatment. The flow diagram of patient selection
based on the CONSORT statement is shown in Figure 1.
Finally, 40 patients were assigned into two groups ac-
cording to treatment type. Twenty patients (12 females
and eight males) treated with RME/FM and 20 patients
(10 males and 10 females) treated with Alt-RAMEC/FM
were included in the study. The mean age of the pa-
tients in the RME/FM group was 10.0 + 1.1 years, while
that of patients in the Alt-RAMEC/FM group was 9.64
+ 1.3 years. A power analysis revealed that a minimum
number of 24 patients would provide sufficient statisti-
cal power (n > 24, o level of 0.05, and power of 0.80).

In the RME/FM group, a Hyrax acrylic cap device (Le-
one A0620; Leone Orthodontic Products, Sesto Fioren-
tino, Italy) was used for the expansion protocol (Figure
2A), followed by maxillary protraction with an ORMCO®-
Adjustable Dynamic Protraction Facemask™ (Ormco
Corp., Orange, CA, USA). The Hyrax screw was activated
twice a day (0.5 mm/day) for 7 days, and on the seventh
day, the patients were instructed to wear the FM for a
minimum of 16 hours/day.

In the Alt-RAMEC/FM group, a double-hinged expan-
sion screw (US Patent No. 6334771B1; Bestdent, Kaoh-
siung, Taiwan)® was used for the expansion protocol
(Figure 2B), followed by maxillary protraction with an
ORMCO®-Adjustable Dynamic Protraction Facemask™.
The screw was activated at a rate of 1 mm/day (two
turns in the morning and two turns in the evening) for

www.e-kjo.org
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1 week; in the following week, the screw was closed at
a rate of 1 mm/day (two turns in the morning and two
turns in the evening) as described in the routine proto-
col.* The opening and closing processes were repeated
for 9 weeks. After 9 weeks, the patients were instructed
to wear the FM for a minimum of 16 hours/day.

In both the groups, the treatment was completed
when full-cusp Class 11 canine and molar relationships
were achieved for overcorrection in order to compensate
for late mandibular growth and relapse possibilities. The
total treatment times were, on average, 10 months for
the RME/FM group and 12 months for the Alt-RAMEC/
FM group.

In both the groups, two sets of CBCT images were ac-
quired, one before treatment (TO, before cementing the
expansion appliance) and one after treatment (T1, right
after the removal of the Hyrax in the RME/FM group
following the termination of FM therapy and after re-
tention with the Bionator in the Alt-RAMEC/FM group).
The CBCT images were acquired using an lluma Imtec
Imaging Machine (3M, Ardmore, OK, USA; X-ray tube
voltage: 120 kV; X-ray tube current: 1-4 mA; scanning
time: 40 seconds maximum and 7.8 seconds minimum;
field of view: 14.2 x 21.1 cm; voxel size: 0.0936 mm;
grey scale: 14 bit) while the patients were sitting in an
upright position with their Frankfurt horizontal plane
adjusted parallel to the floor. All volumetric and skeletal
changes were analyzed using Mimics version 19.0 soft-
ware (Materialise Europe, World Headquarters, Leuven,
Belgium). All measurements were performed by the same
examiner who was blinded to the type of treatment pro-
tocols and was not involved in treating the patient.

Skeletal evaluation

After uploading the DICOM data to the Mimics 19.0
software, a head mask with a threshold value for the
skeletal tissue (minimum 226 Hounsfield unit [HU]
and maximum 3,071 HU as instructed in the Mimics
software) and a 3D image were created. The horizontal
reference plane (HRP) was created between the right
and left porion points and the right infraorbital point.
The vertical reference plane (VRP) was created with a

Figure 2. A, Intraoral photo
of the Hyrax screw. B, Intra-
oral photo of the double-
hinged expansion screw.
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plane passing through the right and left porion points
perpendicular to the HRP (Figure 3). In order to evalu-
ate the changes achieved by treatment, the pretreatment

Figure 3. Skeletal measurements. 1, PP-SN (°); 2, GoMe-
SN (%); 3, SNA (9); 4, SNB (°); 5, ANB (°); 6, FMA (°); 7, A-
VRP (mm); 8, B-VRP (mm); 9, ANS-HRP (mm); 10, PNS-
HRP (mm); 11, S-Go (mm); 12, ANS-Me (mm); 13, N-Me
(mm).

PP-SN, The angle between palatal plane and sella-nasion
plane; GoMe-SN, the angle between gonion-menton
plane and sella-nasion plane; SNA, the angle between
sella, nasion and A points; SNB, the angle between sella,
nasion and B points; ANB, the angle between A, nasion
and B points; FMA, the angle between Frankfort hori-
zontal reference plane and mandibular plane; A-VRP,
the distance between A point and the vertical reference
plane; B-VRP, the distance between B point and the ver-
tical reference plane; ANS-HRP, the distance between
anterior nasal spine point and the horizontal reference
plane; PNS-HRP, the distance between posterior nasal
spine point and the horizontal reference plane; S-Go, the
distance between sella and gonion points; ANS-Me, the
distance between anterior nasal spine and menton points;
N-Me, the distance between nasion and menton points.
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and posttreatment 3D images were superimposed on the
cranial base. The skeletal measurements were performed
using the same reference planes as those created on the
pretreatment images (Figure 3).

Airway evaluation

After creating the mask for the airway (minimum
-1,024 HU and maximum -400 HU),"” the following
borders were created to measure the PA volume. The
superior border was defined as the point before the
last slice where the posterior wall of the pharynx and
the nasal septum fused. The superior border was first
identified on the axial slice and it was then marked on
the sagittal slice. The inferior border was defined using
a plane parallel to the HRP that passed from the most
anterior and inferior points of the second vertebra (CV2).
The superior-anterior border was defined using a plane
between the points of the superior border and the pos-
terior nasal spine (PNS). The posterior pharyngeal wall
formed the posterior border. After cropping the airway
mask with the selected borders, a 3D image of the air-
way was created and divided into two, by using a plane
parallel to the HRP that passed from the most anterior
and inferior points of the first vertebra (CV1). The total
PA, upper PA, and lower PA volumes were calculated
separately (Figure 4).

The masks for the maxillary sinuses were created us-
ing the same threshold values as those used for the PA.
The right and left sinuses were evaluated separately with
respect to their outer borders. 1f polyps were observed
in the sinus, they were also included in the mask, since
their place was normally occupied by air (Figure 5).

Statistical analysis

1BM SPSS Statistics for Windows, version 22.0 (IBM
Corp., Armonk, NY, USA) was used for statistical analy-
ses. To assess intraexaminer reliability, the measurements
were repeated for eight randomly selected patients 1

Figure 4. Three-dimensional
reconstruction of the pharyn-
geal airway (PA).

Ch, The point before the last
slice where the posterior wall
of the pharynx and the nasal
septum fuse; CV1, the most
anterior and inferior points
of the first cervical vertebra;
CV2, the most anterior and
inferior points of the second
cervical vertebra; PNS, poste-
rior nasal spine; HRP, horizon-
tal reference plane.
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week after the first measurements. The conformity of
the parameters to the normal distribution was assessed
using the Shapiro-Wilks test. Student’s t-test was used
for the intergroup comparisons of the parameters with a
normal distribution. The paired-samples t-test was used
for the within-group comparisons of parameter changes
from the T1 values to the TO values. The intraclass cor-
relation coefficient (ICC) was calculated for analyzing
the method error. Significance was evaluated at a level
of p < 0.05.

RESULTS

All the measurements were repeated by the same op-
erator. 1CCs, which were calculated for each variable to
assess the reliability of the measurements, ranged from
0.851 to 1.000 and showed a high level of agreement.

There was no statistically significant difference be-
tween the groups in terms of the mean ages (p < 0.05).

Airway results

No significant changes were observed in any of the PA
volumes in the RME/FM group. In the Alt-RAMEC/FM
group, the lower and total PA volumes increased signifi-
cantly (1,011.19 and 1,601.21 mm’, respectively). How-
ever, no statistically significant difference was observed
between the two groups regarding the volume changes
in PA measurements (Table 1).

The results showed statistically significant increases in
the volumes of the maxillary sinuses in both the groups,
which was significantly higher in the Alt-RAMEC/FM
group (2,712.14 mm’) (Table 1).

Skeletal results
In the RME/FM group, the A point moved 2.53 + 1.01
mm forward with significant increases of 2.68 + 1.1° in

www.e-kjo.org https://doi.org/10.4041/kjod.2019.49.1.49
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Figure 5. Three-dimensional
reconstruction of the maxil-
lary sinuses.

the SNA angle and 2.59 + 1.48° in the ANB angle (p <
0.05). The B-VRP and SNB did not show any statistically
significant changes. The PP-SN angle presented a sig-
nificant decrease of 0.93 + 1.13° due to the downward
movement of the PNS point by a mean of 1.07 + 0.85
mm (p < 0.05). The distances related to vertical face
height (S-Go, N-Me, and ANS-Me) also showed statisti-
cally significant increases (Table 2).

In the AIt-RAMEC/FM group, the A point moved sig-
nificantly forward with an increase of 2.73 + 0.99 mm,
and the significant increases in the SNA and ANB angles
confirmed the forward movement (2.71 + 1.23° and
2.36 + 1.18° respectively). The B-VRP and SNB did not
show any statistically significant changes. The ANS and
PNS points presented statistically significant downward
movements according to the HRP (0.99 + 0.74 mm and
1.05 + 0.87 mm, respectively). Statistically significant
increases were also observed in the parameters of verti-
cal face height (1.92 + 1.48 mm in S-Go, 3.04 + 1.64
mm in N-Me, 2.48 + 1.60 mm in ANS-Me, 0.89 + 0.9°
in FMA, and 0.87 + 0.86° in GoMe-SN) (Table 2).

When changes achieved after the treatment protocols
were compared between the groups, only the PP-SN and
ANS-HRP showed statistically significant differences.
The palatal plane angle (-0.93°) decreased in the RME/
FM group during the treatment, and the ANS point (0.99
mm) moved downward in the Alt-RAMEC/FM group
(Table 2).

DISCUSSION

Growing patients with Class 111 malocclusion present-
ing maxillary retrognathism can be treated success-
fully with FM therapy.” The application of RME with
either the conventional or Alt-RAMEC protocols prior
to FM therapy is thought to have a stimulating effect
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Table 1. Evaluation of airway volume changes

Airway parameter Alt-RAMEC/FM (mm?®) RME/FM (mm®) p-value'

Maxillary sinus
TO 19,392.48 £ 5771.52 17,548.67 £ 3,165.51 0.218
T1 22,104.62 + 5,046.94 19,193.15+ 3,974.84 0.050*
Difference 2,712.14 + 1,830.98 1,644.48 +1,391.02 0.045*
p-value’ 0.001* 0.001*

Upper PA
TO 3,367.56 £ 1,612.55 3,627.43 +1,570.35 0.609
T1 3,986.51 + 2,096.98 3,897.88 + 2,067.03 0.894
Difference 618.96 + 1,326.42 270.45+1,163.33 0.383
p-value’ 0.051 0.312

Lower PA
TO 3,871.62 £ 1,289.71 3,624.61 +1,206.48 0.535
T1 4,882.81 +1,834.93 3,991.98 +1,538.24 0.104
Difference 1,011.19 +1,103.04 367.38 +1,056.38 0.067
p-value’ 0.001* 0.136

Total PA
TO 7,269.37 £ 2,526.84 7,252.23 +2,282.64 0.982
T1 8,870.59 * 3,796.75 7,899.48 + 3,108.99 0.382
Difference 1,601.21 + 2,150.85 647.25 + 1,824.96 0.139
p-value 0.004* 0.129

Values are presented as mean + standard deviation.

Alt-RAMEC, Alternate rapid maxillary expansion and constriction; FM, facemask; PA, pharyngeal airway.

*p < 0.05; 'Student’s t-test and *paired-samples t-test.

on the circummaxillary sutures, as well as increasing
the forward movement of the maxilla.'*" Additionally,
studies have reported that the amount of maxillary for-
ward movement with the Alt-RAMEC protocol exceeds
the amount that was reported with the conventional
methods because of increased sutural activity."> There-
fore, the aim of this study was to compare the skeletal
changes of these two methods together with the effects
on the PA and maxillary sinus volumes since no previous
study had compared these treatment protocols by using
CBCT images.

It is important to comply with the ALARA (as low as
reasonably achievable) principle and the SEDENTEXCT
guidelines'® and use CBCT in only selected orthodontic
cases. The 3D imaging techniques were used in this ret-
rospective study because of the complex morphological
structures of the PA and maxillary sinuses, which limit
the evaluation using 2D imaging methods.

Numerous 3D methods for measuring the PA volume
have been suggested, but no researchers follow the
exact same method. We endeavored to use the most
reasonable points and planes that were used in recent
studies and were least affected by the treatment proto-
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cols. The points were mostly defined by hard bony land-
marks rather than unstable and flexible soft-tissue ones.
In addition, we concentrated on limiting the number of
defined points to decrease the subjective and systemic
errors in the measurements. We used the most anteroin-
ferior point of CV2 to define the inferior border of the
pharynx instead of the epiglottis, which is an unstable
and flexible soft-tissue landmark, as was done by El
and Palomo."” Most of the airway studies'*'*° used the
palatal plane as a border between the nasopharynx and
oropharynx. However, the palatal plane is affected by
the treatment protocols, and this might have an impact
on airway volume changes. Therefore, a plane parallel
to the HRP passing through CV1 was used in our study
to separate the PA into the upper and lower PA. The
description of El and Palomo'” for the superior limit of
the nasopharynx was the last slice before the fusion of
the nasal septum with the posterior wall of the pharynx,
and because of its reproducibility, we preferred to use it
as a reliable definition in our study.

Discussion of the skeletal results

In the RME/FM group, the maxilla moved 2.53 mm

https://doi.org/10.4041/kjod.2019.49.1.49 www.e-kjo.org
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Table 2. Evaluation of skeletal changes

Table 2. Continued

Al-RAMEC/  pyip/pm p-value' Al-RAMEC/  pyip /gy p-value’
FM FM
GoMe-SN (°) ANB (°)
TO 37.60 £ 3.65 36.49 £+ 3.89 0.358 TO 0.44+1.28 -0.63 +2.61 0.110
T1 38.47 £ 3.67 36.81 £4.09 0.184 T1 2.8+1.56 1.96 £ 2.15 0.164
Difference 0.87£0.86 0.32+£1.23 0.109 Difference 2.36+1.18 2.59+1.48 0.600
p-value’ 0.001% 0.265 p-value’ 0.001* 0.001*
PP-SN (%) S-Go (mm)
TO 9.67 +3.59 10.34 + 3.42 0.548 TO 65.11 £3.72 63.8 +2.97 0.226
T1 9.89 + 3.59 9.42 + 3.67 0.684 T1 67.03 £ 3.65 65.8 +2.94 0.251
Difference 0.22+0.9 -0.93+1.13 0.001* Difference 1.92 +1.48 2.00+1.62 0.862
p-value’ 0.298 0.002* p-value’ 0.001* 0.001*
ANS-HRP (mm) N-Me (mm)
TO 17.02 £ 3.47 17.78 £2.42 0.426 TO 104.64 £4.93 102.69 +4.20 0.187
T1 18.01+3.4 17.84 +2.86 0.869 T1 107.68 £4.89 105.41 +4.62 0.140
Difference 0.99+0.74 0.06 £ 1.05 0.003* Difference 3.04+1.64 2.72+1.84 0.563
p-value’ 0.001% 0.792 p-value® 0.001* 0.001*
PNS-HRP (mm) ANS-Me (mm)
TO 19.19+2.17 18.41 +2.19 0.265 TO 58.31£3.77 56.67 £ 3.77 0.175
T1 20.24 £2.09 19.48 +2.43 0.294 T1 60.79 £ 3.92 59.50 £ 3.95 0.307
Difference 1.05+0.87 1.07 £ 0.85 0.949 Difference 2.48+1.60 2.84+2.18 0.556
p-value’ 0.001* 0.001* p-value’ 0.001* 0.001*
A-VRP (mm) FMA (°)
TO 82.04+£4.19 80.79+£3.84 0.334 TO 25.30+£3.70 25.24 + 2.87 0.957
T1 84.76 £ 4.42 83.32 £ 3.65 0.267 T1 26.18 £ 3.63 25.55+2.75 0.538
Difference 2.73+0.99 2.53+1.01 0.531 Difference 0.89 +0.90 0.31+1.24 0.102
p-value’ 0.001* 0.001* p-value’ 0.001* 0.278
B-VRP (mm) Values are presented as mean + standard deviation.
To 81.82 + 4.46 81.3+4.1 0.703 Alt—R/.\MEC, Alternate rapid maxillary e?(pansion and
constriction; FM, facemask; PA, pharyngeal airway.
T1 82.35+5.24 8152142 0.586 *p < 0.05; 'Student’s t-test and "paired-samples t-test.
Difference 0.53 +1.39 0.22 +1.21 0.466 Definition of each landmark has been described in the
p-value' 0.106 0419 legends of Figure 3.
SNA (°)
TO 78.54+2.3 78.23 +3.39 0.735 forward, which was similar to the results found in the
. 12,21-23 . .
T1 81264275  80.91+3.31 0.722 l.lterature. .No significant movement was observed
i 071 +1.23 068+11 0.932 in the ANS, while the PNS moved 1.07 mm downward.
! erelice e e : As a result, the palatal plane angle (PP-SN) showed a
p-value 0.001* 0.001* significant decrease of 0.93°, which coincided with prior
SNB () findings.'»”'?* In agreement with previous studies,”** the
To 78114229  78.86+3.02 0.381 angular measurements related to the vertical measure-
ments did not show any significant changes, while the
T1 78.46 £ 2.42 78.95 + 2.86 0.556 ) X 4
. anterior (N-Me and ANS-Me) and posterior (S-Go) face
Difference 0.35+0.93 0.09+0.85  0.370 heights showed statistically significant increases in our
p-value’ 0.110 0.632 study.

www.e-kjo.org

https://doi.org/10.4041/kjod.2019.49.1.49

In the Alt-RAMEC/FM group, the maxilla showed a
statistically significant forward movement (2.73 mm).
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Previous studies have reported different findings regard-
ing the movement of the A point following the Alt-RA-
MEC protocol. Liou and Tsai* showed a 5.8-mm forward
movement of the A point; however, in their study, non-
compliance intraoral protraction springs were used for
24 hours/day as a protraction method in patients with
cleft lip and palate, whereas the FM was used for 16
hours/day in our patients. Furthermore, they used ceph-
alometric images, which we believe are not favorable
for determining the A point in patients with cleft lip
and palate. In contrast, Kaya et al.” protracted the max-
illa by using miniplates after the Alt-RAMEC protocol,
and they reported a 2-mm forward movement of the
A point. In the Alt-RAMEC/FM study of Celikoglu and
Buyukcavus,” a significant increase of 3.34° in the SNA
angle was reported. However, only Liou and Tsai* used a
double-hinged expander as in our study. The differences
in methodology (several evaluation methods, treatment
protocols, expansion devices, etc.) in these studies might
have caused the diversity in the results. The ANS and
PNS points both moved downward almost by the same
amount (0.99 mm and 1.05 mm, respectively). Conse-
quently, no significant change was observed in the pala-
tal plane angle. Accordingly, all measurements related
to the anterior and posterior face heights increased in
agreement with the findings of previous studies.”""”

In our study, no significant difference was observed
when the forward movement of the maxilla was com-
pared between the groups. However, previous studies*™"
reported that the AIt-RAMEC protocol enhanced the
forward movement of the maxilla, unlike in the present
study. Evaluation methods such as cephalometry versus
CBCT, treatment protocols, different expansion devices,
severity of Class 111 malocclusion, treatment duration,
age, and patient cooperation across studies might cause
differences in the results. With respect to the vertical
movement of the palatal plane, the RME/FM group pre-
sented solely posterior extrusion of the maxilla, whereas
the Alt-RAMEC group showed a parallel downward
movement of the maxilla. The difference in the direction
of palatal plane movement might have been caused by
the difference in the type of expansion screw used in
the Alt-RAMEC/FM group, which was a double-hinged
expander claimed to allow the maxillary halves to freely
move forward by carrying the center of rotation to the
contact points between the pterygoid plate and tuberos-

1ty.

Discussion of the airway results

Because denying treatment to children with Class 111
malocclusion would be unethical, we were unable to
include a control group in our study. Some prior studies
have reported changes in the PA volumes with normal
growth.”*® However, in those studies, either the airway
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volumes of patients with Class 1 malocclusion or single-
time data of patients with Class 111 malocclusion were
assessed. Therefore, we could not compare our results
to those of such studies to ensure that we did not reach
incorrect conclusions since patients having different
skeletal discrepancies may show different amounts of
airway growth.

In our study, no statistically significant difference
was observed in any of the PA volumes in the RME/
FM group. Most prior studies analyzing the PA dimen-
sions after RME/FM treatment were based on 2D evalu-
ations, and they obtained a range of results. Similar to
our results, Mucedero et al." reported favorable skeletal
changes after FM with or without RME, even though
those changes did not reflect the sagittal changes in the
nasopharyngeal and oropharyngeal dimensions. Hiyama
et al."’ did not report any significant changes in up-
per airway dimensions either. In the 3D study by Chen
et al.,” significant increases in the nasopharyngeal and
velopharyngeal airway volumes were reported contrary
to our results. The authors found no significant changes
in the glossopharyngeal and hypopharyngeal airway
volumes, which was similar to the lower PA changes
observed in our study. In contrast, Pamporakis et al."”
reported insignificant increases in the PA volume of the
RME/FM group, as seen in our study. They attributed
this result to the downward movement of the PNS point
and counterclockwise rotation of the palatal plane,
which might cause a downward movement of the sur-
rounding soft tissues.

No 3D data were available for evaluating the PA vol-
ume following Alt-RAMEC/FM. Only one cephalometric
study" evaluated the changes in PA dimensions after
the Alt-RAMEC/FM protocol. In this study, an increase
in the upper PA dimension was reported because of the
significant forward movement of the maxilla (a 3.34° in-
crease in SNA), whereas no significant change was found
in the lower PA dimension. The factors that differentiate
their study and ours are the measurement method and
expansion devices used. Another factor may be that the
authors used 2D images to evaluate a 3D structure. The
significant increase in the lower and total PA volumes
might be related to the increase in the GoMe-SN and
FMA angles in our study. However, no differences were
found between the RME/FM and Alt-RAMEC/FM groups
regarding PA volume changes.

In terms of the changes in maxillary sinus volume, a
statistically significant difference was observed between
the two groups in our study, and it was higher in the
Alt-RAMEC/FM group. The difference might be related
to the parallel downward movement of the palatal
plane in the Alt-RAMEC group. In the literature, only
one study evaluated maxillary sinus changes after RME
followed by FM, and it concluded that the increases in
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maxillary sinus volume were due to the normal growth
of individuals.'” However, no data were available on
maxillary sinus volume changes due to growth in pa-
tients with Class 111 malocclusion. Most studies™”° report
maxillary sinus growth in patients without any skeletal
discrepancy. Therefore, we could not conclude whether
the changes in the groups were due to treatment or
normal growth of the individuals.

The present study was a retrospective study, which
was one of its limitations. The second limitation was the
absence of 3D data from an untreated control group
with the same skeletal malocclusion. Therefore, future
prospective studies including untreated Class 111 control
groups with available CBCT images for evaluating airway
changes are suggested.

CONCLUSION

® Both treatment approaches showed similar skeletal
effects except the increase in the ANS-HRP (0.99 mm,
p < 0.05) in the Alt-RAMEC/FM group and the decrease
in the PP-SN (0.93°, p < 0.05) in the RME/FM group.

® Maxillary sinus volume increased significantly in
both the groups and was significantly higher in the Alt-
RAMEC/FM group.

¢ Although no significant differences were observed
between the groups in PA volumes, the lower and total
PA volumes presented statistically significant increases
in the Alt-RAMEC/FM group.
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