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Main Points
The maxillary skeletal expander 2 application resulted in greater skeletal expansion and less dental tipping.
The coronal zygomatic section exhibited a pyramidal skeletal expansion pattern.
An axial palatal section showed a parallel split of the midpalatal suture.

ABSTRACT

Objective: This study aimed to investigate the skeletal and dental effects of the maxillary skeletal expander (MSE) using cone beam
computed tomography (CBCT) images analyzed in the coronal zygomatic and axial palatal sections (APS).

Methods: Pre- and post-expansion CBCT images of 18 subjects (10 females and 8 males) aged 12-16 years with maxillary transverse
deficiency who were treated with MSE 2 were included in this retrospective study. In the coronal zygomatic section (CZS), upper
interzygomatic distance and lower interzygomatic distances (LID), orbital distance (OD), alveolar distances (AD), and dental distances
(DD), as well as nasal cavity width (NCW) and molar basal bone angle, were assessed. In the APS, the separation between the anterior
nasal spine (ANS) and posterior nasal spine (PNS) was assessed. All measurements were performed using OnDemand3D software. Pre-
and post-expansion treatment changes were compared using paired t-tests, with statistical significance set at p<0.05.

Results: In the CZS, a pyramidal skeletal expansion pattern was observed, with the greatest increase in DD (R: 2.83 mm, L: 3.18 mm),
followed by AD (R: 1.63 mm, L: 1.97 mm), NCW (R: 1.66 mm, L: 2.28 mm), LID (R: 1.48 mm, L: 1.92 mm), and OD (R: 0.42 mm, L: 0.56
mm). Along with greater skeletal expansion, slightly reduced dental tipping and minimal alveolar bone bending were observed. In the
APS, a nearly equal separation was observed at both the ANS (R: 1.79 mm, L: 2.46 mm) and PNS (R: 1.85 mm, L: 2.49 mm), indicating a
parallel split of the midpalatal suture. Furthermore, among the 36 pterygopalatine sutures examined, only three showed separation
between the medial and lateral pterygoid processes.

Conclusion: MSE 2 application provides more favorable skeletal outcomes reduces dentoalveolar side effects, and results in a more
parallel midpalatal suture split.
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INTRODUCTION

Maxillary transverse deficiency is a common skeletal anomaly that may present alone or alongside sagittal and
vertical discrepancies.! Limited visibility of the posterior maxilla often results in a lower treatment demand
for isolated transverse deficiency than for sagittal or vertical anomalies.”? Nevertheless, this condition can
significantly affect jaw function and facial appearance.’
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The midpalatal and transpalatal sutures are the primary
intermaxillary growth sites influencing transverse and
anteroposterior  maxillary  development®  Orthopedic
separation of these sutures using palatal expanders is the
primary treatment for maxillary transverse deficiency.' The
morphology of the sutures changes over time: it is broad and
V-shaped in the infantile period, wavy in the juvenile period,
and more tortuous with increasing interdigitation in the
adolescent period.* In addition to the increasing resistance over
time of the midpalatal and transpalatal sutures, the resistance
of the circummaxillary sutures that articulate with the maxilla
also affects palatal expander design and activation protocols.®

Rapid palatal expansion using conventional tooth-borne
appliances that apply heavy orthopedic forces is one
treatment option.® Although the primary goal is to maximize
skeletal effects, dentoalveolar side effects, such as alveolar
bone bending and dental tipping, are frequent.®” To minimize
these side effects, various mini-screw-assisted rapid palatal
expanders (MARPE)-tooth-bone-borne (hybrid) and bone-
borne-have been developed.?

The skeletal and dentoalveolar effects of MARPE vary according
to miniscrew position and whether monocortical or bicortical
anchorage is used.”" A more parallel sutural opening can
be achieved by inserting bicortically engaged miniscrews as
posteriorly and as deeply into the palate as possible.""* The
maxillary skeletal expander (MSE), a type of MARPE, achieves
bicortical engagement by inserting four miniscrews into the
cortical bone of the palate and the nasal floor. These screws
are positioned in the posterior maxilla, beneath the zygomatic
buttress, adjacent to the midpalatal suture, and at the deepest
point of the palate.''® As a purely bone-borne device, the MSE
produces more pronounced skeletal changes with minimal
dentoalveolar effects.”'®

MSE 2, a type of MSE, is an effective non-surgical option for
late adolescents and young adults when sutural rigidity is
increased.” Its clinical utility extends beyond conventional
orthodontic expansion, encompassing broader indications,
including airway volume enhancement, management of facial
asymmetry, and preparation for orthognathic surgery.’*'
Recent studies have highlighted its capacity to reduce age-
dependency and to extend the therapeutic window for
skeletal expansion, thereby establishing its distinct role in
contemporary orthodontics.’1®

Numerous studies have examined the skeletal and dental
effects of MSE, using cone-beam computed tomography
(CBCT), particularly in the coronal and axial planes.>”101317:21
These studies included subjects spanning wide age ranges,
combining growing and non-growing individuals. McMullen
et al.® found that MSE produced significantly greater skeletal
and dental changes in growing patients than in nongrowing
patients, highlighting the importance of growth stage in
treatment outcomes. Based on these findings, this study
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investigated the skeletal and dental effects of MSE 2 in subjects
aged 12-16 years, a transitional growth period encompassing
the pubertal growth spurt, using CBCT to obtain coronal
zygomatic and axial palatal sections (APS). By narrowing
the age range and targeting this critical developmental
window, our study addresses an important gap in the current
literature and provides clinically relevant 3D data that may
improve the understanding of age-specific skeletal responses
to MSE 2 during adolescence. We hypothesized that MSE 2
would produce significant skeletal expansion with minimal
dentoalveolar compensation in adolescents aged 12-16 years.

METHODS

This retrospective study was approved by the Ankara Yildinm
Beyazit University Ethics Committee of the Health Sciences
Institute  (approval no: 19/1230, date: 08.12.2022). CBCT
images of 18 subjects (10 females, mean age 14.26+1.36 years;
8 males, mean age 14.29+0.72 years; age range: 12-16 years)
were selected from the redords of the Department of Oral
and Maxillofacial Radiology, Faculty of Dentistry at Ankara
Yildinm Beyazit University. Baseline orthodontic records
indicated that the sample included four normodivergent
individuals with mild skeletal Class Il malocclusion (ANB:
4,95+0.39% SN/GoGn: 35.17+1.62°), four normodivergent
individuals with mild skeletal Class Il malocclusion (ANB:
-1.08+0.57°% SN/GoGn: 31.93+4.69°), and ten normodivergent
individuals with skeletal Class | relationships (ANB: 1.77+1.22°;
SN/GoGn: 31.87+2.12°). Additionally, overjet was increased
in 3 individuals (mean 5.13+1.01 mm), was decreased in 4
individuals (mean -0.15+0.60 mm), and was within the ideal
range in 11 individuals (mean 2.75+0.70 mm). Furthermore,
bilateral posterior crossbite was observed in 14 individuals,
while unilateral posterior crossbite was present in 4 individuals.
Skeletal maturation assessment of available hand-wrist
radiographs revealed that eight individuals were at the
MP3cap stage, five at the DP3u stage, and five at the Ru stage.
Informed written consent forms, routinely collected at the
onset of treatment, included permission to use patient records
in scientific research. These forms were signed by each patient
and, in the case of those under the age of eighteen, by their
parents.

The inclusion criteria were as follows: no previous orthodontic
treatment, no systemic disease, and no history of trauma or
craniofacial surgery; pre-and post-expansion CBCTimages with
a broad field of view (FOV) including the anterior cranial base;
a maxillomandibular bone width discrepancy of more than 5
mm (corresponding to a total expansion activation between
50 and 90 turns) diagnosed using the maxillomandibular
differential index;? treatment with the MSE 2 appliance (MSE 2,
BioMaterials Korea Inc., Seoul, Korea) as described by Cantarella
etal,;*® and successful separation of the midpalatal suture. Poor-
quality CBCT images with movement artifacts were excluded
from the study.
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Previously published studies demonstrated that the standard
deviations (o) for the split of the anterior and posterior nasal
spines (PNS) and for maxillary molarinclinations ranged from 0.9
t0 2.913, and from 2.20 to 2.38,10, respectively. Based on these
findings, standard deviations of 1.9 for linear measurements
and 2.0 for angular measurements were assumed. With a Type
| error rate of 0.05, an effect size (d) of 0.9, and a Z value of
1.96, the minimum required sample size was calculated using
the formula n=Z%0%/d? The resulting sample sizes were 17.12
(rounded to 17) for linear measurements and 18.97 (rounded to
19) for angular measurements. G*Power software (version 3.1;
Heinrich-Heine-University, Disseldorf, Germany) was used to
perform the calculations.

The MSE 2 appliance consisted of two molar bands (3M Unitek,
Bradford, England) attached to the maxillary first molars, four
mini-screw tubes soldered to the expansion screw, and two
soft supporting arms connecting these components (Figure 1).
Each tube, measuring 1.8 mm in diameter and 2 mm in length,
served as a guide for the insertion of four mini-screws. Mini-
screws with a diameter of 1.8 mm and a preferred length of 11-
13 mm were used to achieve stable bicortical anchorage. The
soft supporting arms stabilized the expansion screw, which
was positioned on the hard palate between the zygomatic
buttresses during miniscrew insertion.'>*

After bands were placed on the maxillary molars, an alginate
impression was taken and a plaster model was prepared
with the bands in proper positions. The expansion screw
was positioned according to the manufacturer’s guidelines-
centered between the second premolars and second molars,
aligned with the nasal septum, and placed close to the palatal
mucosa. Two long arms on one side of the screw were spot-
welded to the molar bands (Lampert Werktechnik GmbH, PUK
5, Germany). The appliance was fitted intraorally and cemented
with glass-ionomer band cement (3M Unitek, Monrovia,
CA, USA). Four miniscrews were inserted manually with the
provided driver. The recommended expansion rate was 0.5-0.8
mm per day until a diastema was observed; thereafter, 0.25 mm
per day was used until adequate expansion was achieved. After
completion of the expansion, the MSE 2 appliance was left in
place to provide retention for at least three months without
activation.?® A detailed evaluation of the patient files revealed
a mean expansion of 64.55 tours (minimum: 50; maximum: 90)

Figure 1. Pre- and post-expansion images of the MSE 2 appliance.

MSE, maxillary skeletal expander.
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and a mean retention duration of 4.16 months (minimum: 3;
maximum: 6) in this study.

Pre-and post-expansion CBCT images were acquired at the start
of expansion and at the end of retention, respectively. The use
of the same 3D imaging device (Promax 3D, Planmeca, Helsinki)
and scanning procedures (84 kVp, 6 mAs, 8.5 s exposure time,
0.32-mm voxel, 150x110x80 mm large FOV) was also ensured.

All CBCT images were exported as digital 1imaging and
communications in medicine files and stored. OnDemand3D
software (CyberMed Inc, Seoul, Korea) was used to
superimpose the pre- and post-expansion CBCT images, using
the anatomical structures of the anterior cranial base as a
reference. The superimposition method is based on automated
matching of grayscale voxel patterns (Figure 2).

After successfully superimposing the pre- and post-expansion
CBCT images using OnDemand3D software, two reference
planes were identified. Upper interzygomatic distance (UID),
lower interzygomatic distance (LID), orbital distance (OD),
alveolar bone distance, and dental distance (DD), nasal cavity
width (NCW), and maxillary basal bone angle were measured
in the coronal zygomatic section (CZS), which passes through
the uppermost point of the frontozygomatic sutures and the
lowest point of the zygomaticomaxillary sutures (Figure 3).
The separation of the anterior and PNS and the articulation
between the pyramidal process of the palatine bone and the
pterygoid notch, located between the medial and lateral plates
of the pterygoid process, were evaluated in the APS. The APS

Figure 2. Pre- and post-expansion superimposed CBCT images.

CBCT, cone beam computed tomography.
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passes through the anterior and PNS and is perpendicular
to the midsagittal plane defined by the anterior nasal spine
(ANS), the PNS and the nasion (Figure 4). The skeletal linear
and angular measurements used in this study, along with their
definitions, are presented in Table 1.

Statistical Analysis

A maxillofacial radiologist (AA) with over 10 years of experience
in CBCT image analysis conducted all skeletal and linear
measurements. To evaluate the intra-observer error, eight
randomly selected pre- and post-expansion CBCT images were
re-superimposed and re-traced four weeks after the initial
tracing. To assess the measurement precision, intra-examiner
reliability was calculated and found to be high (intraclass
correlation coefficient: 0.890; p<0.001). Additionally, to assess
inter-observer reliability, a second maxillofacial radiologist
(BG) independently repeated the measurements on the same
images and a similarly level of inter-observer agreement was
observed (intraclass correlation coefficient: 0.820; p<0.001).
Random measurement error was calculated using Dahlberg’s
formula, and it was observed that the error values ranged from
0.14° to 0.19° for the one angular measurement and from 0.032
to 0.046 mm for the eight linear measurements.

Figure 3. Coronal zygomatic section. Red lines represent linear
measurements, and blue lines indicate angular measurements.

RUIZD, right upper interzygomatic distance; LUIZD, left upper
interzygomatic distance; ROD, right orbital distance; LOD, left orbital
distance; RLIZD, right lower interzygomatic distance; LIIZD, left lower
interzygomatic distance; RABD, right alveolar bone distance; LABD,
left alveolar bone distance; RNCW, right nasal cavity width; LNCW,
left nasal cavity width; RDD, right dental distance; LDD, left dental
distance; RMMBBA, right maxillary molar basal bone angle; LMMBBA,
left maxillary molar basal bone angle.

Descriptive statistics for the continuous variables were
presented as means and standard deviations. The normality
assumption for the continuous variables was tested using the
Kolmogorov-Smirnov test. A paired t-test was used to compare
the means of pre- and post-expansion changes, as well as the
right and left sides, for normally distributed variables. The
statistical significance level was set at 5%, and analyses were
performed using SPSS (version 21; Chicago, IL).

RESULTS

Skeletal linear and angular measurements in the CZS, except
for NCW, did not differ significantly between the left and right
sides in both pre- and post-expansion CBCT images. The left
NCW (2.28 mm) was greater than the right (1.66 mm) (Table 2).

The treatment changes were as follows: 0.40 and 0.67 mm in
the UID, 0.42 and 0.56 mm in the OD, 1.48 and 1.92 mm in the
LID, 1.66 and 2.28 mm in the NCW, 1.63 and 1.97 mm in the
alveolar bone distance, 2.83 and 3.18 mm in the DD, and 3.06
and 2.70° in the molar basal bone angle (MBBA) for the right
and left sides, respectively. The increased expansion in the
superior-inferior direction confirms the pyramidal pattern of
skeletal expansion.

While LID represents pure skeletal expansion, alveolar bone
distance represents skeletal expansion combined with alveolar
bone bending, and DD represents skeletal expansion combined
with alveolar bone bending and dental tipping. Based on this,
the amounts of skeletal expansion, alveolar bone bending, and
dental tipping for the right and left sides were calculated to be
1.48 and 1.92 mm, 0.15 and 0.05 mm, and 1.20 and 1.21 mm,
respectively. These results indicate greater skeletal expansion,
slightly less dental tipping, and negligible alveolar bone
bending. The increase in the maxillary MBBA also confirms the
presence of dental tipping (Table 2).
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Figure 4. Axial palatal section showing anatomical landmarks.

RANS, right anterior nasal spine; LANS, left anterior nasal spine; RPNS,
right posterior nasal spine; LPNS, left posterior nasal spine; R Lat Pter,
lateral plate of the right pterygoid process; R Med Pter, medial plate
of the right pterygoid process; L Med Pter, medial plate of the left
pterygoid process; L Lat Pter, lateral plate of the left pterygoid process.
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In the APS, the treatment changes at the anterior and PNSs
were 1.79 and 2.46 mm for the right side, and 1.85 and 2.49 mm
for the left side.

Because the amounts in the anterior and posterior regions of
the maxilla were nearly equal, a parallel split of the midpalatal
suture was observed. On the other hand, an asymmetry in the
midpalatal suture split was observed, with greater separation
on the left than on the right (Table 3). Moreover, only three of
the 36 pterygopalatine sutures showed separation between
the medial and lateral pterygoid processes.

A consistentasymmetry was observedin several measurements,
with greater expansion noted on the left side compared to the
right. This was evident in reduced interzygomatic distance
(p=0.047), NCW (p=0.001), and ANS separation (p=0.002), as
detailed in Tables 2 and 3.

Turk J Orthod 2025; 38(4): 190-198

DISCUSSION

In the CZS, the results of this study demonstrated greater
skeletal expansion, slightly less dental tipping, and negligible
alveolar bone bending. Moreover, a pyramidal skeletal
expansion pattern was determined by the greatest increase
in DD, followed by increases in alveolar bone distance, NCW,
LID, and OD. In the APS, a parallel split of the midpalatal suture
was observed. Based on these findings, our hypothesis was
supported.

The reliability of CBCT-based 3D analysis for assessing skeletal
and dentoalveolar changes has been confirmed in recent
studies.”®** CBCT combined with multiplanar reorientation
techniques enabled precise landmark localization at a voxel
size of 0.32 mm, ensuring high-resolution imaging while
maintaining acceptable radiation exposure.® Landmark

Table 1. Skeletal linear and angular mesurements investigated in the coronal zygomatic and axial palatal sections

z:gtf;tntézper interzygomatic Distance of the outermost point of the right frontozygomatic suture to the midsagittal plane
Left upper interzygomatic . . . . .
distanpcre) Y9 Distance of the outermost point of the left frontozygomatic suture to the midsagittal plane
Right orbital distance Distance of the lowest point on the right inferior orbital margin to the midsagittal plane
Left orbital distance Distance of the lowest point on the left inferior orbital margin to the midsagittal plane
Right lower interzygomati . . . . . . .
di?tatn:e er interzygomatic Distance of the outermost point of the right zygomaticomaxillary suture to the midsagittal plane
‘I;ie::aI:Z\;er Interzygomatic Distance of the outermost point of the left zygomaticomaxillary suture to the midsagittal plane
c
g . . Distance of the alveolar bone point at the level of the apical of the maxillary right first molar root
G | Right alveolar bone distance ; .
@ to the midsagittal plane
o
E=] . Distance of the alveolar bone point at the level of the apical of the maxillary left first molar root to
T | Left alveolar bone distance . .
g the midsagittal plane
>
& | Rightnasal cavity width Dl.stanc.e of the most anterior portion of the inferior contour of the right nasal cavity to the
S midsagittal plane
g . . Distance of the most anterior portion of the inferior contour of the left nasal cavity to the
S | Left nasal cavity width : .
midsagittal plane
. . istance of th lusal con intl h ntral f f the right maxillary first molar
el G Dista ceo t e occlusal co tact point located at the central fossa of the right maxillary first mola
to the midsagittal plane
. Distance of the occlusal contact point located at the central fossa of the left maxillary first molar to
Left dental distance . .
the midsagittal plane
Right maxillary molar basal The angle formed between the line connecting the most lateral point of the right maxillary
bogne anale y bone and the merge point of cortical bones of the nasal floor and maxillary sinus, and the line
9 connecting the central pit of the right maxillary first molar crown to the furcation of the roots
Left maxillary molar basal bone The angle formed between the line connecting the most lateral point of the left maxillary
anale y bone and the merge point of cortical bones of the nasal floor and maxillary sinus, and the line
9 connecting the central pit of the left maxillary first molar crown to the furcation of the roots
Right anterior nasal spine Distance of the right anterior nasal spine to the midsagittal plane
S | Leftanterior nasal spine Distance of the left anterior nasal spine to the midsagittal plane
=1
§ Right posterior nasal spine Distance of the right posterior nasal spine to the midsagittal plane
‘Tg Left posterior nasal spine Distance of the left posterior nasal spine to the midsagittal plane
= . ) . .
oy g Bl el g el The split of the right lateral and medial pterygoid process
S | process
< . .
Left lateral-medial pterygoid . . .
e pteryg The split of the left lateral and medial pterygoid process
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identification was performed by calibrated observers,
showing high intra- and inter-observer agreement. These
findings are consistent with previous literature supporting
the reproducibility and diagnostic accuracy of CBCT-based
measurements in orthodontics.”%

In light of the observed skeletal changes, our findings should
be interpreted within the context of existing expansion-
based orthopedic protocols. Previous studies, particularly
those involving alternating expansion and constriction, have
demonstrated that such approaches effectively disarticulate
the circummaxillary sutures and facilitate maxillary

displacement.?* Despite variations in appliance design
and treatment timing, these protocols share a common
biomechanical principle whereby sutural loosening enhances
the orthopedic response to protraction forces. In line with
this rationale, the present results obtained with the MSE
2 appliance confirm that transverse expansion can induce
clinically meaningful skeletal changes in adolescents, likely by
operating through sutural disarticulation mechanisms similar
to those described in previous protocols.

Since the treatment changes may vary depending on the
location of the miniscrew and the design of the appliance,

Table 2. Skeletal angular and linear measurements investigated in the coronal zygomatic section

Pre-expansion Post-expansion Treatment change
(Mean+SD) (Mean*SD) (Mean*SD)

Right 50.13£2.55 50.54+2.55 0.40+0.36 0.001
g{:&i{!gterzygomaﬁc Left | 50.18+2.43 50.86+2.49 0.67+0.54 0.001

p 0.809 0.141

Right 30.52+1.96 30.94+1.96 0.42+1.96 0.001
Orbital distance Left 30.87+2.09 31.43+2.18 0.56+2.13 0.001

p 0.410 0.289

Right 43.53+2.53 45.01+2.62 1.48+1.20 0.001
:‘i’s"t":r:cizterzygomaﬁc Left | 43.79+3.02 45724285 1.92+0.88 0.001

P 0.422 0.047

Right 12.97+£1.73 14.63%£2.01 1.66%1.87 0.001
Nasal cavity width Left 14.02+1.51 16.30+1.89 2.28+1.7 0.001

p 0.001 0.001

Right 29.83+1.85 31.46+1.83 1.63£1.33 0.001
Alveolar bone distance Left 30.22+2.51 32.20+2.60 1.97+1.41 0.001

p 0.337 0.139

Right 22.46x1.54 25.30+1.50 2.83+1.52 0.001
Dental distance Left 22.61+2.59 25.80+1.90 3.18+1.49 0.001

P 0.789 0.250

Right 90.40+6.83 93.47+5.46 3.06+2.67 0.001
th'ary molarbasalbone ') ¢ 95 07+4.85 94.7843.50 2.70+2.08 0.001

P 0.319 0.322
p<0.05, Paired t-test was perfomed.
SD, standard deviation.

Table 3. Skeletal linear measurements investigated in the axial palatal section

Pre-expansion Post-expansion I:s:;‘:nt
((VEELEN)] (Mean+SD) (MeanSD)
Right - 1.79+0.69 1.79+0.69 0.001
Anterior nasal spine Left - 2.46+0.89 2.46+0.89 0.001
p - 0.002
Right = 1.85+0.67 1.85+0.67 0.001
Posterior nasal spine Left - 2.49+0.85 2.49+0.85 0.001
p = 0.003
p<0.05, Paired t-test was perfomed.
SD, standard deviation.
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the skeletal expansion patterns produced by different MSEs
have been examined in many previous studies.>'01118:2027
Among those studies using CZSs from CBCT images, Chun et
al.®® investigated a tooth-bone-borne MARPE appliance that
included four miniscrews inserted medial to the first premolars
and distal to the first molars. A sequential increase in transverse
measurements was reported from the upper interzygomatic
region to the dental arch, reflecting a pyramidal skeletal
expansion pattern with the apex near the frontonasal area and
the base at the dentoalveolar level.?

Moon et al."® compared tooth-bone-borne (MSE 2) and tissue-
bone-borne (C-Expander) appliances and reported comparable
increases in maxillary and dental widths. In another study,"
MSE 2 was compared with bone-borne expanders in which
two miniscrews were inserted in the anterior palate at the level
of the third rugae, and two were placed between the second
premolar and the first molar. Both groups demonstrated similar
increases in the lower interzygomatic and intermolar distances;
however, the bone-borne group showed greater increases in
OD and NCW." Collectively, these studies indicate that MSE
2 and bone-borne expanders yield nearly identical skeletal
effects, with MSE 2 potentially preferable in clinical situations
requiring efficient skeletal expansion with less impact on the
upper midface.

Among studies that specifically investigated MSE2 expanders,
Cantarella et al.,* Paredes et al.,” McMullen et al.> and Tang et
al.” consistently reported significant skeletal and dentoalveolar
changes, including increases in interzygomatic, alveolar,
intermolar, and nasal cavity dimensions. The treatment
changes observed in our study were generally in line with these
findings, with minor differences likely related to variations in
age ranges and in the total amount of expansion among study
groups.5,7,10,11,19,20

Furthermore, the pyramidal skeletal expansion pattern
observed in our sample, characterized by progressive
displacement from the orbital and zygomatic regions toward
the dentoalveolar level, was consistent with the expansion
gradient described in prior MSE-based research.>'' Similarly,
Ding et al.’® demonstrated that MSE 2 appliances produce
stable long-term skeletal and dentoalveolar expansion, with
preservation of the pyramidal expansion pattern even after
the retention phase. This consistent pattern across studies
highlights the reliable biomechanical effect of the MSE 2
appliance and its potential predictability for clinical planning.

Tipping of the anchor teeth is a common side effect of MSE 2
expanders, because the gap between the miniscrews and their
surrounding holes results in the anchor teeth being loaded
primarily during initial activation.® In the present study, a
significant amount of dental tipping was observed consistent
with the study results of Paredes et al.” and Moon et al.’® On
contrary, our maxillary MBBA results, which confirms the
dental tipping, generally agreed with the studies of Moon
et al.' and Cantarella et al.?® while lower than Paredes et al.’
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study. We also determined lower alveolar bone bending results
compared to Paredes et al.” study. The discrepancy observed
in dental tipping and alveolar bone bending between Paredes
et al” results and ours might result from the measurement
method and age range of the study groups, respectively. Taken
together, these findings emphasize the need to monitor early
tipping forces carefully during MSE 2 treatment, particularly
in growing patients. Moreover, recent reports indicate that
maxillary transverse discrepancies should also be assessed in
relation to molar rotations® and by employing different CBCT-
based diagnostic methods that account for skeletal patterns,*
as these factors may further influence treatment outcomes and
long-term stability.

Most recently, Elawady et al®' conducted a randomized
controlled trial using CBCT in young adults to evaluate MSE with
and without micro-osteoperforations (MOP). They reported that
MOP-assisted MSE resulted in significantly greater increases
in nasal cavity and interzygomatic widths compared with
standard MSE, whereas dental tipping and alveolar bending
were comparable between groups.?' These findings suggest
that MOP can enhance the skeletal efficiency of expansion
without causing dental side effects, complementing our results
and providing practical insights into adjunctive techniques
that may optimize treatment outcomes.

Previous studies have shown that during maxillary expansion,
the inferior part of the pterygoid process tends to displace
laterally with the hemimaxillae, whereas the superior part
remains largely stable.'®32 Age-related increases in sutural
interdigitation have also been reported to make disarticulation
of the palatal bone from the pterygoid process more difficult,
thereby influencing the overall expansion pattern.'>* Despite
these limitations, several MSE studies have demonstrated a
parallel midpalatal suture split.>'>'38 In the present study,
we likewise observed a parallel split, with a nearly equal
separation between the anterior and posterior regions of the
maxilla. However, of the 36 pterygopalatine sutures examined,
only three showed separation between the medial and lateral
pterygoid processes.

Notably, an asymmetrical expansion pattern was detected,
with greater skeletal and dental changes on the left side. This
left-dominant expansion may reflect underlying anatomical
asymmetries, variations in screw placement, or differences in
initial molar inclination. Similar asymmetry has been noted in
previous studies of MSE and MARPE appliances, which have
reported unequal expansion patterns potentially associated
with morphological differences in the maxilla, asymmetry
in bone density, or uneven force distribution during screw
activation.?'?’

In contrast to prior studies that included broad age ranges, the
present study focused solely on adolescents, allowing foramore
controlled assessment of skeletal and dentoalveolar changes
associated with MSE 2. This targeted approach enhances the
interpretability of expansion outcomes in growing patients
and helps establish a consistent reference point for future
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clinical and radiographic research. By integrating multiplanar
CBCT analysis with age-specific evaluation, the study addresses
a notable gap in the literature regarding the skeletal effects of
MSE 2 during adolescence. Furthermore, the demonstrated
ability of MSE 2 to achieve significant skeletal expansion with
minimal dentoalveolar side effects, particularly for borderline
surgical cases, reinforces its clinical utility and supports its value
in treatment planning and growth-phase-specific decision-
making.

Study Limitations

The main limitations of this study included its retrospective
design, relatively small sample size, mixed sample of male
and female participants, limited age range, and short follow-
up periods. It is therefore recommended that future studies
be designed as prospective, randomized trials involving both
males and females across various age groups, with standardized
appliance activation protocols, controlled operator variability,
and long-term follow-up periods, including CBCT scans at least
one year post-expansion, to further validate and generalize
the findings. Additionally, the absence of an untreated control
group or of a matched cohort treated with conventional RPE
or other MARPE designs limits the ability to assess the relative
efficacy of MSE 2. Future research should aim toincorporate well-
matched comparative groups to enable a more comprehensive
evaluation of different maxillary expansion protocols.

Despite these limitations, the use of CBCT-based three-
dimensional imaging enabled high-resolution evaluation
of skeletal and dentoalveolar structures, enhancing both
the precision and reproducibility of the measurements.
Additionally, the inclusion of both coronal and axial evaluation
planes contributed to a more comprehensive and spatially
accurate analysis.

CONCLUSION

A pyramidal skeletal expansion pattern was observed in
the coronal section of the zygoma. Expansion resulted
in greater skeletal displacement, slightly reduced dental
tipping, and negligible alveolar bending. A parallel split of the
midpalatal suture was observed in the APS. Collectively, these
findings support MSE 2 as a favorable treatment option for
patients nearing the end of their growth period, producing
predominantly skeletal expansion with limited dentoalveolar
side effects.
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