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Main Points
All three rapid maxillary expansion modalities (tooth-borne, tooth-bone-borne, and bone-borne) provide significant skeletal expansion in the
nasomaxillary complex.
Bone-borne appliances demonstrate greater skeletal effects compared to hybrid and traditional tooth-borne (Hyrax) appliances.
The expansion observed in the mandibular dental arch during active treatment tends to show partial relapse or lose statistical significance during the
retention period.
Cone-beam computed tomography-based analysis is highly reliable for evaluating the multidimensional changes associated with different maxillary
expansion protocols.

ABSTRACT

Objective: This study aimed to investigate the effects of tooth-borne, tooth-bone-borne, and bone-borne rapid maxillary expansion (RME)
on the nasomaxillary complex in individuals with maxillary transverse constriction using cone-beam computed tomography (CBCT), and to
compare the outcomes of these expansion modalities.

Methods: CBCT images from 45 patients (aged 10-17 years) with maxillary transverse constriction who were treated with RME were evaluated.
Patients were divided into three groups according to the appliance used: tooth-borne (Hyrax), tooth-bone-borne (hybrid), and bone-borne.
CBCT records were obtained at three time points: before treatment, after active expansion, and after a 3-month retention period. Dentoalveolar
and skeletal measurements were performed on the CBCT images. Intergroup comparisons were conducted using one-way ANOVA and Kruskal-
Wallis tests, while intragroup comparisons were performed using repeated-measures ANOVA and Friedman tests.

Results: CBCT evaluation revealed no statistically significant intergroup differences in dental and skeletal measurements. However, all RME
groups showed significant increases between time points, most of which were maintained after the retention period. In the mandible,
increases in intercanine, interpremolar, and intermolar widths, observed during the active expansion phase, partially relapsed or lost their
statistical significance following retention.

Conclusion: All RME modalities produced significant skeletal and dental expansion in the maxilla, with the bone-borne appliance showing
greater skeletal effects than the hybrid and tooth-borne appliances.
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INTRODUCTION

One of the most common skeletal anomalies affecting the
maxilla is maxillary transverse deficiency, which is typically
characterized by a narrow palatal arch and is often accompanied
by an anterior and/or posterior crossbite.' The most commonly
used treatment for this condition is rapid maxillary expansion
(RME).2*

However, forces transmitted to the teeth during RME may
cause several undesirable effects, including buccal tipping
of the posterior teeth,* alveolar bone fenestrations,” and root
resorptions.® To minimize these complications, Ludwig et al.
proposed using a hybrid Hyrax appliance. Accordingly, various
types of RME appliances have been introduced, including
tooth-borne, tooth-bone-borne, and bone-borne expanders.®?

The concept of RME has been gradually developed and refined
by researchers such as Haas,'® Biederman,"" and Coffin. Haas
reported that his acrylic-supported appliance reduced buccal
tipping of the teeth and promoted greater skeletal expansion.®
In 1973, Biederman'' introduced a hygienic RME appliance
supported by the permanent first molars and premolars,
noting that it was more flexible than earlier designs. Subtelny
later suggested that in patients with an increased vertical
dimension, incorporating a bite plane into the RME appliance
could help limit dental tipping and improve the transmission of
expansion forces through the tooth roots to the nasomaxillary
complex.'

Recent technological advances have enabled digitally guided
expansion protocols that allow precise and safe placement of
mini-implants for skeletal anchorage. Wilmes et al.” described
the digitally planned quadexpander, a device that facilitates
maxillary expansion through purely bone-borne support.
Through virtual implant insertion planning and computer-
aided design/computer-aided design-manufactured guides,
this approach ensures optimal implant positioning in areas
of adequate bone while minimizing the risk of root damage
and other complications. Such innovations demonstrate how
digital planning enhances both accuracy and clinical efficiency
in modern expansion therapy.

Recent studies have increasingly focused on the skeletal and
airway effects of microimplant-assisted rapid palatal expansion
(MARPE) using three-dimensional imaging modalities. Li et al.™
demonstrated that MARPE can induce significant long-term
increases in nasal and nasopharyngeal volumes, emphasizing
MARPE’s potential effects beyond skeletal expansion. These
findings highlight the value of cone-beam computed
tomography (CBCT)-based analyses in understanding the
multidimensional changes associated with skeletal anchorage-
assisted expansion and underscore the need for further high-
quality research to clarify its comprehensive clinical benefits.'

Although many studies have examined various RME protocols,
relatively few have directly and comparatively investigated
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their effects on the nasomaxillary complex. Based on this gap
in the literature, the present study aims to contribute to a more
comprehensive understanding of this topic.

Accordingly, the aim of this study is to evaluate the effects
of tooth-borne, tooth-bone-borne, and bone-borne RME
appliances on the nasomaxillary complex using CBCT and to
identify differences among these appliances. The research
hypothesis (H;) is that tooth-borne, tooth-bone-borne, and
bone-borne RME methods have significantly different effects
on the nasomaxillary complex, whereas the null hypothesis
(Ho) is that no significant differences exist among them.

METHODS

This prospective clinical study was approved by the Atatiirk
University Faculty of Medicine Clinical Research Ethics
Committee (approval no: 1, date: 30.09.2021). All participants
were informed in detail about the purpose, methodology,
potential risks, and benefits of the study, and written and verbal
informed consent was obtained prior to participation.

Sample size estimation was performed using G*Power software,
software based on previously reported data, and a minimum
of 10 patients per group was required to detect a statistically
significant difference with 80% power and 95% confidence.

The study sample were divided into three groups (n=15 per
group) based on the type of RME appliance used: Group 1,
tooth-borne (Hyrax); Group 2, tooth-bone-borne (Hybrid
Hyrax); Group 3, bone-borne (mini-screw-supported system).
The age distribution of the groups is shown in Table 1.

The inclusion criteria for this study were patients aged between
10 and 17 years, clinically and/or radiographically diagnosed
with maxillary transverse deficiency, with no prior orthodontic
treatment, no congenital or genetic craniofacial anomalies,
and no history of systemic or neuromuscular disorders. The
exclusion criteria included poor-quality CBCT images, missing
posterior teeth in the maxilla, prior dentofacial orthopedic
treatment, skeletal Class Ill malocclusion, anterior open bite, or
significant facial asymmetry.

As part of the imaging protocol, CBCT scans were obtained at
three standardized time points: before treatment (T0), after
completion of active maxillary expansion (T1), and after a
3-month retention period (T2). All scans were performed at the
Atatirk University Faculty of Dentistry, with the patient’s head
and neck stabilized, in accordance with the (as low as reasonably
achievable) principle. Imaging was carried out using a NewTom
VGi EVO 3D CBCT unit (NewTom FP, Quantitative Radiology,
Milano, Italy) with standardized acquisition parameters (110
kVp, 3.0 mA, 1.8 s exposure time, 0.3-mm focal spot, 19A~24
cm field of view). The images were obtained in (Digital Imaging
and Communications in Medicine) format and analyzed using
Dolphin Imaging Software. Each CBCT scan delivered an
effective dose of approximately 0.087 mSv.
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The first group was treated with a Hyrax appliance (Figure 1),
the second group with a hybrid appliance (Figure 2), and the
third group with a mini-screw-assisted expansion appliance
(Figure 3).In the hybrid appliance group, two miniscrews (2 mm
in diameter and 7 mm in length; Lomas, Mondeal, Germany)
were inserted under local anesthesia into the anterior maxilla,
positioned perpendicular to the palate, between the roots
of the upper canine and first premolar, and approximately
4-6 mm from the midline. In the bone-supported appliance
group, four mini-screws of the same dimensions were placed
in the anterior and posterior palatal regions of the maxilla: in
the anterior region, between the canine and premolar roots
or between premolar roots, depending on the case; in the
posterior region, between the premolar and molar roots. The
anterior screws were positioned 4-6 mm from the midline,
while the posterior screws were positioned approximately 8-10
mm from the midline.

No screw activation was performed on the day of appliance
placement. Starting the next day, activation was performed at
a rate of two quarter-turns per day. On the 5% day, an occlusal
radiograph was taken to assess midpalatal suture opening.
If opening was observed, activation was continued at the

same rate up to 20 quarter turns; then it was reduced to 1
quarter turn per day until 40 quarter turns, and follow-up was
performed every 10 turns. In patients in whom no opening of
the midpalatal suture was observed, the screw was activated
for an additional 10 quarter-turns, followed by a waiting period
of 5-7 days without further activation. The patients were then
recalled for evaluation; an occlusal radiograph was taken; and
upon observing suture opening, activation was continued
until a total of 40 quarter-turns was achieved. After completion
of the expansion, the screw was stabilized and a 3-month
retention phase was initiated.

Only individuals with skeletal maxillary constriction were
included in the study. The diagnosis was established through a
combined evaluation of the patients’ digital dental models and
cone beam computed tomography images. Palatal morphology
was assessed on dental models, while nasal, zygomatic, and
maxillary widths were evaluated on CBCT images. Cases showing
significant dentoalveolar compensation, such as buccal tipping
without basal deficiency, were excluded.

CBCT measurement parameters and their definitions are
provided in Table 2 and detailed images of the measurement
landmarks are shown in Figures 4 and 5. Skeletal transverse
measurements included orbital, nasal, zygomatic, and
maxillary widths. Dental measurements included maxillary
and mandibular intercanine, interpremolar, and intermolar
distances, defined as the distances between reference points
on the respective teeth.

The intraclass correlation coefficient (ICC) was used, and
all measurements demonstrated excellent agreement (ICC
>0.90)."* Tomographic measurements for 21 randomly
selected patients were repeated after one month to assess
intra-observer reliability."”

Statistical Analysis

All statistical analyses were performed using IBM SPSS 20
(Statistical Package for Social Sciences) software (IBM Corp.,
Chicago, IL, USA). Descriptive statistics were calculated for
all variables, and normality was evaluated using the Shapiro-

Figure 2. Hybrid expansion appliance: (A) miniscrew placement; (B) appliance design.
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Figure 3. Mini-screw-assisted expansion appliance: (A) screw insertion sites; (B) appliance design.

Table 1. Age distribution of the RME groups
Group Hyrax

Mean+Sd. (year) 15.504£2.096624

14.30+1.494523

Mini-screw
15.08+1.652079 NS

NS, non-significant; RME, rapid maxillary expansion; Sd, standard deviation

Table 2. CBCT measurement parameters used in the study

Measurement name (code)
Orbital width (OrR-OrL)

Definition

The distance between the right and left orbital (Or) points

Nasal width (NcR-NcL)

The distance between the right and left nasal (Nc) points

Zygomatic width (ZygR-ZygL)

The distance between the right and left zygomatic (Zyg) points

Maxillary width (MxR-MxL)

The distance between the right and left maxillary (Mx) points

Maxillary canine distance (maxillary canine)

The distance between the reference points of the maxillary canine
teeth

Maxillary premolar distance (maxillary premolar)

The distance between the reference points of the maxillary premolar
teeth

Maxillary molar distance (maxillary molar)

The distance between the reference points of the maxillary molar
teeth

Mandibular canine distance (mandibular canine)

The distance between the reference points of the mandibular canine
teeth

Mandibular premolar distance (mandibular premolar)

The distance between the reference points of the mandibular
premolar teeth

Mandibular molar distance (mandibular molar)

The distance between the reference points of the mandibular molar
teeth

Wilk and Kolmogorov-Smirnov tests. For comparisons among
groups, one-way ANOVA or the Kruskal-Wallis test was used as
appropriate. For within-group comparisons across time points,
repeated measures ANOVA or the Friedman test was applied.
Post-hoc analyses were performed where necessary, and a
p-value <0.05 was considered statistically significant.

RESULTS

Analysis of skeletal measurements in the transverse direction
revealed that, in general, there were no significant differences

between the groups (p>0.05).In contrast, there were statistically
significant differences between periods (p<0.05; Table 3). The
abbreviations and descriptions of the related measurements
are as follows: OrR-OrL: The distance between the right and left
orbital (Or) points; NcR-NcL: The distance between the right
and left nasal (Nc) points; ZygR-ZygL: The distance between the
right and left zygomatic (Zyg) points; MxR-MxL: The distance
between the right and left maxillary (Mx) points.

Evaluation of maxillary dental measurements indicated no
significant intergroup differences (p>0.05), whereas statistically
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significant differences were observed between periods (p<0.05)
(Table 4). In contrast, mandibular dental measurements showed
no statistically significant differences either between groups or
across time periods (p>0.05) (Table 4).

DISCUSSION

Midpalatal suture opening and dental changes between two
RME appliances-one supported by molars alone and the other
supported by both premolars and molars-have previously
been compared using occlusal radiographs and dental casts.
From a perspective comparable to that of the present study,
the intragroup evaluations of the appliance supported by
four teeth can be considered with respect to dental effects at
different time points. The study included 9 males and 6 females,
which is comparable to the present sample (9 females, 6 males).
Similarly, the measurement time points were comparable: T1,

j' :
el | LIRS
r!’ “9”“‘
.‘\' | '1 )

pretreatment; T2, post-active expansion; T3, after 3 months of
retention.'®

Statistically significant increases in intermolar and intercanine
distances between T1 and T3 in the four-tooth-supported
RME group and noted no significant relapse in intercanine
width between T2 and T3 by Lamparski et al.’”® In contrast,
the present study demonstrated statistically significant
differences in intercanine width between T1 and TO (p<0.001)
and between T2 and T1 (p<0.01); in intermolar width between
T1 and TO (p<0.001), between T2 and T1, and between T2
and TO (p<0.01) within the same group. These discrepancies
may be attributed to differences in measurement methods
and age ranges of the study populations. While previous
measurements were performed on dental casts, the present
study used measurements digitally from CBCT images.
Furthermore, the previously reported age range was 7-13 years,
whereas the present study included individuals aged 10 to 17

“ by 2
'I'”"'?;“‘

Figure 4. CBCT frontal reference points and skeletal transverse measurements. (A) Reference points: 1. right orbital point; 2. left orbital point; 3. right
nasal point; 4. left nasal point; 5. right zygomatic point; 6. right maxillary point; 7. left maxillary point; 8. left zygomatic point (B) Linear measurements:
OrR-OrL (The distance between the right and left orbital) 2) NcR-NcL [The distance between the right and left nasal (Nc) points] 3) ZygR-ZygL (The
distance between the right and left zygomatic (Zyg) points) 4) MxR-MxL (The distance between the right and left maxillary (Mx) points).

CBCT, cone-beam computed tomography.

Figure 5. Dental arch measurements. (A) Maxillary measurements: 1. Intercanine distance; 2. Interpremolar distance; 3. Intermolar distance (B)
Mandibular measurements: 1. Intermolar distance in the mandible; 2. Interpremolar distance in the mandible; 3. Intercanine distance in the mandible.
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Table 3. Changes in skeletal transverse dimensions following RME

Measurement timepoint

Hyrax (1)
Mean+SD

Hybrid (2)
Mean+SD

Mini-Screw (3)
Mean+SD

Intergroup

p-value/post-hoc

OrR-OrL (TO) 63.62+3.00 64.91+3.64 66.95+3.40 0.057¢
0.037%3
OrR-OrL (T1) 64.28+3.28 65.55+3.83 67.65%3.32
(1-3/0,035%)
OrR-OrL (T2) 63.90+3.16 65.27+3.83 67.31+£3.38 0.063¢
Intragroup p <0.007w*** <0.007w*** 0.0070%**
T1-TO (0.000%*%), T1-TO (0.000%*¥), T1-TO (0.000%*%),
Post-hoc
T2-T1 (0.01*%) T2-T1 (0.006**) T2-T1 (0.006**)
NcR-NcL (TO) 24.12+2.74 22.89+1.50 23.08+1.67 0.447°
NcR-NcL (T1) 27.72+2.61 27.39+£2.17 27.54+2.09 0.967°
NcR-NcL (T2) 26.45+2.48 26.69+2.28 26.61+£2.09 0.960"
Intragroup p <0.007w*** <0.0079%** <0.0070%**
T1-TO (0.006%**), T2-TO (0.003%**), T1-TO (0.006**),
Post-hoc T2-T1 (0.006%**), T1-TO (0.000%*%), T2-T1 (0.006%**),
T2-TO (0.000%*%) T2-T1 (0.006**) T2-TO (0.000%*%)
ZygR-ZygL (TO) 97.14£5.91 94.45+4.37 97.70+4.41 0.611°
ZygR-ZygL (T1) 98.67£5.59 95.91+4.39 99.61£3.56 0.417°
ZygR-ZyglL (T2) 97.68+5.74 95.00+4.20 98.54+3.81 0.666°
Intragroup p <0.007w*** <0.007w*** <0.0071w***
T1-TO (0.000%**), T1-TO (0.000%*%), T1-TO (0.000%*%),
Post-hoc T2-T1 (0.003%*), T2-T1 (0.005%*), T2-T1 (0.006**),
T2-T0 (0.018%) T2-T0 (0.016%) T2-T0 (0.014%)
MxR-MxL (TO) 58.21£3.65 59.69+2.74 60.01£2.16 0.051¢
0.021%*
MxR-MxL (T1) 61.78+4.16 64.63%+2.71 64.97+2.81
(1-3/0.029%)
MxR-MxL (T2) 60.86+4.19 62.59+3.01 63.58+2.81 0.087¢
Intragroup p <0.007w*** 0.007w*** <0.0070%**
T1-TO (0.000%*%), T1-TO (0.000**), T1-TO (0.000%*),
N T2-T1 (0.011%), T2-TO £ " r «
Post-hoc (0.005*%) T2-T1(0.011%), T2-T1(0.011%),
T2-TO (0.001%*¥) T2-TO (0.005%*%)
eKruskal-Wallis Test, SANOVA test, *: Friedman Test, % Repeated measure ANOVA.
#p<0.05; **p<0.01; ***p<0,001.
OrR-OrL, right and left orbital width; NcR-NcL, right and left nasal width; ZygR-ZygL, right and left zygomatic width; MxR-MxL, right and left maxillary width; TO,
prior to treatment; T1, after active expansion; T2, following a 3-month retention period, SD, standard deviation; RME, rapid maxillary expansion; ANOVA, analysis
of variance.

Table 4. Changes in dental arch dimensions following RME

: : Hyrax (1) Hybrid (2) Mini-screw (3) Intergroup p/

Measurement & timepoint

Mean+SD Mean+SD Mean+SD Post-hoc
fv.'raox' Sl EmER DN TS T | o . 2 o 32.90+4.07 32.25+3.38 0.408°
f\"Ta]X' CIGETER B EITES G0 | o0 s n g 37.42+5.14 37.72+4.07 0.170°
Mrazx‘ R 35.81+4.69 35.76+3.50 0.164°
Intragroup p <0.0072*** <0.00172**= <0.00179x**
Post-hoc T1-T0 (0.000%*%), T2-T1 T1-T0 (0.000%%), T2TO | T1-T0 (0.006*%), T2-T1

(0.003**) (0.003*%) (0.006**), T2-TO (0.000%**)
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Table 4. Continued

Measurement & timepoint

Max. distance between premolars

Hyrax (1)
Mean+SD

Hybrid (2)
Mean+SD

Mini-screw (3)
Mean+SD

Intergroup p/

Post-hoc

30.05+2.40 31.29+2.39 31.09+2.50 0.423¢
(mm) -TO
DAEY SCIB IS R £ ELS 37.27+2.88 36.733.24 37.054.23 0916°
(mm) -T1
Ll IS (T 36.00+2.78 35.48+3.21 35.55+4.13 0.869°
(mm) -T2
Intragroup p <0.0019%** <0.001Q*** <0.0019***

e T1-TO (0.000***), T2-T1 e

S T1-T0 (0.000%%), T2-T0 | (9.011%), T1-T0 (0.000%*), T2-T1

(0.003*¥) (0.006**), T2-TO (0.006**)

T2-TO (0.005%*)

Max. intermolar distance (mm) - TO 42.26+3.58 42.26+2.45 41.36+2.08 0.240°
Max. intermolar distance (mm) - T1 49.85+3.00 49.66+3.08 46.22+3.57 0.0115% (1-3)
Max. intermolar distance (mm) - T2 48.49+2.90 48.24+3.17 45.03+£3.68 0.018%* (1-3)
Intragroup p <0.00179x*= <0.0079x** <0.00172***

Post-hoc

T1-TO (0.000%**), T2-T1
(0.008**), T2-T0 (0.008**)

T1-TO (0.000%**), T2-T1
(0.008**), T2-T0 (0.008**)

TO-T1 (0.000***), T2-T1
(0.014*), T2-T0 (0.014%)

(0.003**)

Mandibular canine distance (mm) -TO | 26.07+2.92 27.424+2.04 26.87+2.50 0.113¢
Mandibular canine distance (mm) -T1 | 26.65+2.85 27.62+1.84 27.04+2.45 0.545°
Mandibular canine distance (mm) -T2 | 26.30+2.97 27.62+1.96 26.93+2.47 0.087¢
Intragroup p 0.004>** 0.215° 0.110°
T2-T1 (0.000%*%), T2-TO
Post-hoc (0.005%%)
{V'T?)”d'b”'ar e EENE () | o e 34.50+3.29 35.26+2.35 0.5345
{\Aﬁnd'b“'ar e e EREER ) | o 34.98+3.07 35.6242.26 0713
K‘ATaz”d'b”'ar PENEETERETCE () | o e o 34.79+3.20 35414226 0.6915
Intragroup p 0.006%** 0.0299* 0.008%**
£ XK <
Post-hoc T1-T0 (0000, T2T1 | 1y 1 (0,008%) T1-T0 (0.001%%%)
(0.005%%)
{\AT%”d'b“'a’ intermolar distance (mm) | 45 73,5 99 42045294 4175+324 0.6815
f"'ﬁ"d'b”'ar IEMme e CSENES (W) | oo 5 o 42.44+3.05 42454311 0.391°
MTz”d'b“'ar IR ECSEES G | om0y 42.1743.00 42.25+3.07 06335
Intragroup p <0.0019%** 0.008%** 0.005%*
i XK <
Post-hoc T1-T0(0.000%%), T2-TT | 1 15 (0,001%+%) T2-T0 (0.000%*%)

*p<0,05; ** p<0,01; *** p<0,001.

°Kruskal-Wallis Test, SANOVA test, *Friedman Test, “Repeated measure ANOVA.

TO, prior to treatment; T1, after active expansion; T2, following a 3-month retention period; SD, standard deviation; RME, rapid maxillary expansion.
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years. Age differences between study samples may be more
influential than differences in measurement methodology.

Increases in interdental width achieved with monocortical
and bicortical miniscrew-assisted hybrid Hyrax appliances
were evaluated in individuals aged 18-21 years using CBCT at
pretreatment (T0) and at the end of expansion (T1). Since it was
unclear whether the second scan corresponded precisely to T1
or T2 in the present study, comparisons were made for both
the T1-T0O and T2-TO periods. Statistically significant increases in
intermolar, interpremolar, and intercanine widths were reported
in both groups between T0O and T1 (p<0.001)." Similarly, the
present study demonstrated statistically significant differences
in the same parameters between T1 and TO (p<0.001) and
between T2 and TO (p<0.01). Despite differences in miniscrew
diameter (e.g., 1.6 mm), length (8-10 mm), and age range,
the findings are consistent. However, because bicortical
engagement of miniscrews was not considered in the design
of the present study, a direct comparison regarding this aspect
was not possible.

The skeletal and dental effects of RME with MARPE and
Hyrax appliances have also been evaluated using CBCT and
dental models before expansion (T1) and shortly after active
expansion (T2). Significantly greater increases in nasal and
maxillary widths were reported in the MARPE group, whereas
increases in intermolar width were not statistically significant.?
In contrast, the present study found no significant difference
between the same groups in the increase in nasal width after
active expansion (p>0.05), whereas the increase in maxillary
width was statistically significant (p<0.05). Intermolar width
increases differed significantly between groups at both time
points: after active expansion (T1) and after the retention
period (T2) (p<0.05). These discrepancies may be explained
by differences in sample size, appliance design, miniscrew
characteristics, and the timing of post-expansion records.

Long-term effects of MARPE and RPE on the nasal cavity and
interdental region have also been investigated using CBCT,
including a control group. Significant increases in multiple
skeletal and dental parameters were observed in the short
term, whereas in the long term, MARPE demonstrated a greater
increase in posterior nasal cavity width. Although intermolar
width increased significantly in the RPE group in the short
term (p<0.05), no differences were observed in later periods
(p>0.05).2" The anterior nasal width, comparable to nasal
width in the present study, did not differ significantly between
MARPE and RPE at any time point. Only the pretreatment
and immediate post-expansion periods are comparable to
the present study, due to the shorter retention period used.
In the present study, although no significant between-group
difference in nasal width increase was observed (p>0.05),
the increase in intermolar width was significantly greater in
the Hyrax group (p<0.05). Despite differences in miniscrew
protocols, the findings regarding nasal width and intermolar
distance were similar.
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The effects of hybrid and Hyrax appliances have also been
evaluated before treatment and after a longer retention period.
Greater increases in nasal cavity and maxillary widths were
reported in the hybrid group, whereas interdental changes
were not statistically significant.?? In contrast, the present
study demonstrated no significant intergroup differences
in either orthopedic or interdental changes during the T2-T0O
period (p>0.05). The discrepancy in orthopedic outcomes may
be attributed to the longer retention period (approximately
11 months) used in prebious studies compared with the
approximately 3-month retention period used in the present
study.

Study Limitations

The main limitation of the present study is the three-month
follow-up, which limits assessment of the long-term stability of
treatment outcomes. However, tthe inclusion of individuals in
the pubertal growth period-considered optimal for orthopedic
interventions-was a deliberate methodological choice to
enhance the skeletal response to maxillary expansion.

CONCLUSION

RME provided significant skeletal and dental improvements
in the maxilla across all appliance groups. Among them, the
bone-borne appliance produced the greatest skeletal changes,
underscoring its clinical value in cases with pronounced
transverse deficiencies. While mandibular dental changes
partially relapsed and soft-tissue effects were minimal, the
overall findings underscore the effectiveness of RME and
the importance of selecting appliances according to clinical
needs. Nevertheless, concerns remain regarding the long-
term stability of these outcomes, and further well-designed
longitudinal studies are warranted.
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