
Stability of dental, alveolar, and skeletal changes 
after miniscrew-assisted rapid palatal expansion

Objective: Miniscrew-assisted rapid palatal expansion (MARPE) is a means for 
expanding the basal bone without surgical intervention in young adults. Here, 
we assessed the differences in dental, alveolar, and skeletal measurements taken 
before (T0), immediately after (T1), and 1 year after (T2) MARPE. Methods: 
Twenty-four patients (mean age, 21.6 years) who had undergone MARPE and 
cone-beam computed tomography at T0, T1, and T2 were included. Changes 
in the following parameters were compared using paired t-tests: intercusp, 
interapex, alveolar, nasal floor, and nasal cavity widths; inclination of the first 
molar (M1) and its alveolus; and thickness and height of the alveolar bone. 
A linear mixed-effects model was used to determine variables that affected 
periodontal changes in the M1. Results: MARPE produced significant increases 
in most measurements during T0−T2, despite relapse of some measurements 
during T1−T2. The alveolar thickness decreased on the buccal side, but 
increased on the palatal side. The alveolar crest level at the first premolar moved 
apically. Changes in the thickness and height of the alveolar bone were affected 
by the corresponding initial values. Conclusions: MARPE can be used as an 
effective tool for correcting maxillomandibular transverse discrepancy, showing 
stable outcomes 1 year after expansion.
[Korean J Orthod 2017;47(5):313-322]

Key words: Cone-beam computed tomography, Miniscrew-assisted rapid palatal 
expansion, Stability, Expansion

Hyun-Mook Lim 
Young-Chel Park 
Kee-Joon Lee 
Kyung-Ho Kim 
Yoon Jeong Choi

Department of Orthodontics, Institute 
of Craniofacial Deformity, College of 
Dentistry, Yonsei University, Seoul, 
Korea

Received January 31, 2017; Revised April 2, 2017; Accepted April 24, 2017.

Corresponding author: Yoon Jeong Choi.
Assistant Professor, Department of Orthodontics, College of Dentistry, Yonsei University, 
50-1 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea.
Tel +82-2-2228-3101 e-mail yoonjchoi@yuhs.ac

313

© 2017 The Korean Association of Orthodontists.

The authors report no commercial, proprietary, or financial interest in the products or companies 
described in this article.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and 
reproduction in any medium, provided the original work is properly cited.

THE KOREAN JOURNAL of 
ORTHODONTICSOriginal Article

pISSN 2234-7518 • eISSN 2005-372X
https://doi.org/10.4041/kjod.2017.47.5.313



Lim et al • Stability of MARPE

www.e-kjo.org314 https://doi.org/10.4041/kjod.2017.47.5.313

INTRODUCTION

Age is considered an important factor in rapid palatal 
expansion (RPE), which is used to obtain orthopedic 
expansion.1-3 Orthopedic expansion through RPE is 
achieved not only by the separation of the midpalatal 
suture, but also by its effects on the circummaxillary 
sutures.4 These structures show greater resistance to 
expansion with age; thus, RPE produces predominantly 
dentoalveolar effects5 and may cause detrimental 
periodontal effects in adults. Therefore, the optimal age 
for RPE would be below 13 to 15 years of age,6 when 
growth at the midpalatal suture would have ceased.7 
In adults, surgically assisted RPE (SARPE) has been the 
treatment of choice.8

Periodontal recession is considered inevitable even 
after SARPE, despite the surgical separation of the 
suture,9 which may be because of the tooth-borne 
design of the appliance. Additionally, the surgical 
intervention required for SARPE creates a burden on 
the patient and practitioner. Therefore, miniscrew-
assisted RPE (MARPE), which is a tooth-and-bone-
borne appliance, can offer an alternative approach for 
expanding the basal bone without surgical intervention 
in young adults.10-12 This appliance has a rigid element 
that connects to four miniscrews, which are inserted into 
the para-midsagittal area, delivering the expansion force 
directly to the basal bone and maximizing the skeletal 
effect.

In previous studies of periodontal changes after RPE, 
the thickness of the buccal bone of the supporting 
teeth was reduced by 0.6–0.9 mm, and the buccal 
alveolar crest level was lowered.13,14 However, in non-
growing patients, the periodontal effects remain unclear, 
because the measurements have been performed in 
growing patients immediately after expansion. Increased 
interdigitation of the midpalatal suture with age may 
result in more dentoalveolar effects after maxillary 

expansion in adults,1 resulting in greater detrimental 
periodontal changes. Although buccal dehiscence has 
been reported immediately after maxillary expansion 
in late adolescent individuals,15 changes in the alveolar 
bone should be monitored over an extended period, 
because its remodeling continues even after the removal 
of the appliance.16

Immediately after MARPE in young adults, the bu
ccal alveolar bone thickness is decreased and the al
veolar crest is lowered.12 Because the alveolar bone 
remodels according to tooth position,17,18 changes in 
the alveolar bone may differ thereafter, which indicates 
the necessity of long-term evaluation. Even though the 
long-term stability of skeletal and dental expansion has 
already been confirmed by means of posteroanterior 
cephalograms,11 various aspects of dental and alveolar 
evaluation have been limited by the two-dimensional 
nature of these scans. Thus, this study aimed to evaluate 
the following null hypothesis: there are no differences 
in dental, alveolar, and skeletal measurements derived 
from cone-beam computed tomography (CBCT) images 
acquired before (T0), immediately after (T1), and 1 year 
after (T2) MARPE. This study further investigated factors 
affecting alveolar changes.

MATERIALS AND METHODS

Subjects 
This retrospective study included 24 patients (8 men 

and 16 women; mean age, 21.6 ± 3.1 years; range, 
18.25–26.75 years; Table 1). The subjects were selec
ted among 38 patients who had been diagnosed with 
maxillary constriction19 and were treated with MARPE 
at the study hospital since January 2012. The inclusion 
criteria were as follows: successful opening of the 
midpalatal suture; availability of serial CBCT images 
acquired at T0, T1, and T2; non-extraction treatment; 
less than 2-mm anteroposterior movement of the 

Table 1. Demographic features of the study subjects

Variable Male (n = 8) Female (n = 16) Total (n = 24)

Age (yr) 21.26 ± 3.61 (19.50–26.75) 21.69 ± 3.05 (18.25–26.50) 21.55 ± 3.14 (18.25–26.75)

Appliance expansion (mm) 6.64 ± 1.46 6.50 ± 1.35 6.54 ± 1.35

Duration of retention (wk) 16.62 ± 4.78 14.62 ± 1.48 15.29 ± 3.05

Duration from T1 to T2 (mo) 14.13 ± 2.30 14.19 ± 2.95 14.17 ± 2.70

Posterior occlusion

   Unilateral crossbite 4 5 9

   Bilateral crossbite 2 5 7

   Constriction without crossbite 2 6 8

Values are presented as number or mean ± standard deviation (range) or number only.
T1, Immediately after expansion; T2, approximately 1 year after expansion.
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maxillary first molar during treatment; cervical vertebrae 
maturity indicator at stage 620; less than 1-mm gingival 
recession before treatment; and absence of systemic 
diseases and craniofacial syndrome. Fourteen patients 
were excluded for the following reasons: failure of 
opening of the midpalatal suture (n = 5); extraction 
treatment (n = 7); and molar distalization > 2 mm (n 

= 2). Based on the findings of a previous study,11 the 
minimum sample size for revealing significant changes 
after MARPE for this study was calculated as 9; thus, 
the 24 subjects included in this study were considered 
adequate. 

MARPE is a modified Hyrax-type expander (Hyrax II; 
Dentaurum, Ispringen, Germany), which is connected 

Figure 1.  Miniscrew-assisted 
rapid palatal expander. Left, 
before expansion; right, after 
expansion.

Table 2. Definitions of the parameters used in this study

Parameter Section for measurements Definition

Appliance expansion Coronal section showing center of 
   the expander hole at T1

Amount of separation of the expander

Inter-cusp width* 3D reconstructed images Distance between the R and L buccal cusp tips

Inter-apex width* Coronal section showing the R and L
   root apices 

Distance between the R and L buccal root apices

Nasal cavity/floor width Coronal section passing through M1
   furcation bilaterally

Distance between the widest portion of 
   the nasal cavity / floor parallel to the PP

Alveolar width Distance between the R and L buccal alveolar bone
   on a line connecting the R and L M1 furcations

Tooth inclination Coronal section passing through 
   centers of the R and L M1 palatal roots

Angle between the long axis of the M1 palatal root 
   and the PP

Alveolar inclination Angle between the palatal alveolar bone and the PP

Absolute changes in
   tooth inclination

Value by subtracting the alveolar inclination value 
   from the tooth inclination value

Interproximal alveolar
   crest level

3D reconstructed images The perpendicular distance from the alveolar crest 
   to a line connecting the incisal edges of the central 
   incisors 

Buccal alveolar 
   crest level†

Coronal section of the center of 
   each tooth root 

Distance from the cusp tip to the alveolar crest, 
   along a reference line connecting the buccal cusp
   tip to the buccal root apex 

Buccal/palatal bone
   thickness†

Axial image showing the R and L
   M1 furcation

The shortest distances from the most prominent 
   buccal/palatal root surface to external border of 
   corresponding cortical bone

T1, Immediately after expansion; 3D, three-dimensional; R, right; L, left; M1, the maxillary first molar; PP, palatal plane.
*Intercusp and interapex widths were measured for the central incisors, canines, first and second premolars, and M1. In 
case of the central incisors, the most mesial point of the incisal edge was used for measurement; and in case of the M1, the 
mesiobuccal cusp was used.
†Buccal alveolar crest level and buccal/palatal bone thickness were measured for the first and second premolars and M1. For 
the M1, the mesiobuccal root was used for the measurements.
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to the palate at the para-midsagittal area by means of 
four miniscrews (collar diameter, 1.8 mm; length, 7 mm; 
Orlus, Ortholution, Seoul, Korea) (Figure 1).10 Four hooks 
soldered onto the screw body delivered the expansion 
force to the bone through each miniscrew: two anterior 
miniscrews were implanted in the rugae area and two 
posterior miniscrews in the para-midsagittal area. The 
jackscrew was turned once a day (0.2 mm per turn) until 
the required expansion had been achieved. Separation 
of the midpalatal suture was confirmed on a periapical 
radiograph. The mean (± standard deviation) appliance 
expansion was 6.54 (± 1.35) mm, and the duration of 
expansion was approximately 5 weeks. The second CBCT 
image was taken within 1 month (mean, 9.5 days; range, 
0–28 days) after the completion of expansion to confirm 
alveolar dehiscence. After approximately 4 months (15.29 
± 3.05 weeks) of retention, the appliance was removed, 
and the maxillary first premolars and first molars 
were included for leveling and alignment. The third 
CBCT image was taken approximately 1 year after the 
completion of expansion (mean duration, 14.17 months; 
range, 12.0–16.5 months) either for presurgical planning 
for orthognathic surgery (n = 13) or as a posttreatment 
record after orthodontic treatment (n = 11). This study 
was approved by the institutional review board of Yonsei 
University Dental Hospital (IRB No. 2-2015-0020).

Measurements
A CBCT apparatus (Alphard VEGA; ASAHI Roentgen 

IND, Kyoto, Japan) was set at 80 kV and 5.0 mA, and 
images were captured for 17 seconds with a 0.3-mm 
voxel size. CBCT images were acquired with each patient 

seated in an upright position and with the Frankfort 
horizontal and Camper’s planes parallel to the floor in 
the lateral and frontal planes, respectively. To prevent 
the overlapping of teeth, the patients were asked to 
bite onto a cotton roll with their posterior teeth during 
image acquisition.

The images were imported as DICOM files using 
InVivo5® software (Anatomage, San Jose, CA, USA) and 
were reoriented with the palatal plane parallel to the 
floor in the sagittal and coronal planes. The following 
measurements were recorded (Table 2; Figures 2 and 
3): appliance expansion (Figure 2A); intercusp (Figure 
3A), interapex (Figure 2B), nasal cavity (Figure 2C), 
nasal floor (Figure 2C), and alveolar (Figure 2C) widths; 
changes in the inclination of the first molar (M1) and its 
surrounding alveolar bone (Figure 2D)15,21; interproximal 
(Figure 3B) and buccal (Figure 2E) alveolar crest levels 
(interproximal  and buccal level , respectively); and 
buccal and palatal bone thicknesses (buccal/palatal 
thickness, Figure 3C). Intercusp and interapex widths 
were measured for the central incisor (I1), canine (C), 
first premolar (PM1), second premolar (PM2), and M1. 
The interproximal level was measured between the I1, 
while the buccal level and buccal/palatal thickness were 
measured at the PM1, PM2, and M1. For measurement 
of buccal thickness at the M1, the mesiobuccal root 
was selected because it was more prominent, and was, 
therefore, more likely to exhibit greater changes than 
did the distobuccal root.13 For evaluation of changes in 
inclination, buccal level, and buccal/palatal thickness, 
measurements were acquired on both sides, and the 
mean values were used for analysis.

Figure 2. Measurements on the 
coronal images. A, Appliance 
expansion; B, interapex width; 
C, nasal cavity width (top), 
nasal floor width (middle), 
and alveolar width (bottom); 
D, alveolar inclination (left) 
and tooth inclination (right); 
E, buccal alveolar crest level.
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Statistical analyses
Normal distribution of data was confirmed using the 

Shapiro–Wilk test. Paired t-tests were used to investigate 
changes between T0 and T1, T1 and T2, and T0 and T2. 
Changes in the buccal thickness and buccal level at the 
M1 were evaluated using a linear mixed-effects model, 

which included age, amount of expansion, duration of 
expansion, duration of retention, initial buccal thickness, 
and initial buccal level as covariates. The variance in
flation factor revealed no multicollinearity among the 
covariates. Participants were treated as a random effect, 
and all other effects were considered fixed. We assumed 

Figure 3. Measurements on 
three-dimensional and axial 
images. A, Intercusp width. 
From top to bottom, intercusp 
widths of the central incisors, 
canines, first premolars, se­
cond premolars, and first mo­
lars. B, Interproximal alveolar 
crest level (dashed arrow) 
between the central incisors; 
C, buccal and palatal bone 
thicknesses.

Buccal
bone
thickness Palatal

bone
thickness

AA CC

BB

Table 3. Changes in intercusp width, interapex width, and skeletal widths before (T0), immediately after (T1), and 1 year 
after (T2) expansion (unit: mm)

Measurement (n = 24) ΔT1–T0 ΔT2–T1 ΔT2–T0

Inter-cusp width

   Central incisor 1.14 ± 1.01‡ −1.56 ± 1.28‡ −0.43 ± 0.57†

   Canine 3.02 ± 1.25‡ −0.74 ± 2.42 2.95 ± 2.43‡

   First premolar 5.96 ± 1.20‡ −1.01 ± 2.58 4.99 ± 2.24‡

   Second premolar 5.77 ± 1.34‡ −1.90 ± 2.50† 3.88 ± 2.21‡

   First molar 5.63 ± 1.90‡ −2.02 ± 2.91* 3.61 ± 3.22‡

Inter-apex width

   Central incisor 3.05 ± 1.02‡ −2.58 ± 1.68‡ 0.47 ± 1.41

   Canine 2.39 ± 1.22‡ 0.97 ± 1.87* 3.36 ± 2.03‡

   First premolar 3.60 ± 1.60‡ −1.20 ± 1.43† 2.41 ± 1.81‡

   Second premolar 1.57 ± 1.42‡ 0.20 ± 1.45 1.79 ± 1.37‡

   First molar 2.78 ± 1.44‡ 0.13 ± 1.26 2.65 ± 1.95‡

Nasal cavity width 1.61 ± 0.94‡ −0.37 ± 0.36‡ 1.25 ± 0.80‡

Nasal floor width 2.20 ± 1.01‡ −0.64 ± 0.73‡ 1.56 ± 1.02‡

Alveolar width 2.60 ± 0.85‡ −0.50 ± 0.94* 2.10 ± 1.13‡

Values are presented as the mean ± standard deviation.
Paired t-tests were performed; *p < 0.05, †p < 0.01, ‡p < 0.001.
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that the model had a compound-symmetry variance–
covariance structure.

One examiner performed all measurements. To de
termine intraexaminer reliability, 10 patients were 
randomly selected and the measurements were repeated 
2 weeks apart. Intraclass correlation coefficients were 
determined to range from 0.966 to 0.976. All statistical 
analyses were performed using IBM SPSS Statistics ver. 
20.0 software (IBM Co., Armonk, NY, USA), with the 
significance level set at p < 0.05. 

RESULTS

Intercusp, interapex, alveolar, nasal floor, and nasal 
cavity widths showed significant increases during T0–T1 
(p < 0.001), and most of the measurements decreased 
slightly during T1–T2 (p < 0.05). All parameters of the 
transverse dimension, except the interapex width at I1, 
showed significant increases during T0–T2 (p < 0.01; 
Table 3).

During T0–T1, the M1 and its corresponding alveolar 
bone showed buccal tipping of 3.91o and 1.78o, res
pectively (p < 0.01), indicating a 2.07o buccal tipping 
of the tooth itself (p < 0.05). During T1–T2, the tooth 
axis decreased by 2.34o, while the alveolar axis increased 
further by 0.49o, indicating that the tooth itself became 
more upright by 2.30o (p < 0.05). Consequently, during 
T0–T2, the alveolar bone showed a 2.26o buccal ti
pping (p < 0.01), but the tooth, per se, did not show 
significant changes in inclination (p > 0.05; Table 4).

During T0–T1, the thickness of the alveolar bone at 
the PM1 and M1 decreased on the buccal side, while it 
increased on the palatal side (p < 0.001). For the buccal 
bone, as the thickness increased during T1–T2 (p < 0.05), 
it exhibited a 0.26-mm decrease at the PM1 during 
T0–T2 (p < 0.01), but no significant differences were 
observed at the M1 during T0–T2 (p > 0.05). Although 
the thickness of the palatal bone decreased during T1–
T2 (p < 0.05), it showed an increase of 0.31–0.50 mm 
during T0–T2 (p < 0.01). The alveolar crest levels at 
the I1, PM1, PM2, and M1 moved significantly apically 
during T0–T1 (p < 0.01), but moved coronally during 

T1–T2 (p < 0.05). One year after expansion, the buccal 
alveolar crest level at the PM1 had moved 1.54-mm 
apically (p < 0.01), while that at the other teeth showed 
no significant movement (p > 0.05; Table 5).

The linear mixed-effects models revealed that 
the changes in buccal thickness during T0–T2 were 
negatively affected by the initial buccal thickness (p < 
0.01). The changes in buccal level during T0–T2 were 
negatively affected by the initial buccal level (p < 0.001; 
Table 6). 

DISCUSSION

This study investigated transverse changes in various 
aspects of anatomical structures after MARPE and 
their 1-year stability in young adults. Expansion at T1 
included 39.1% skeletal (nasal floor), 7.1% alveolar, 
and 53.8% dental expansion, while that at T2 included 
43.2% skeletal, 15.0% alveolar, and 41.8% dental 
expansion. These percentages differed because the 
dental parameters exhibited a greater tendency for 
relapse than did the alveolar and skeletal measurements. 
The expansion percentages after MARPE at T2 were 
comparable to those previously reported after RPE (40% 
skeletal, 11% alveolar, and 49% dental expansion)21 but 
were different from those reported after SARPE (46.3% 
skeletal, 33.3% alveolar, and 20.4% dental expansion).22 
While the M1 initially showed buccal crown tipping, 
followed by uprighting of the root, the alveolar bone 
showed buccal tipping during expansion and retention. 
The decrease in buccal thickness  and increase in 
palatal thickness were 0.13–0.36 mm and 0.17–0.50 
mm, respectively, which may be clinically insignificant. 
However, the alveolar crest at the PM1 was reduced by 
1.54 mm at 1 year after the expansion, and the changes 
in the alveolar bone were negatively affected by the 
initial bone level.

Separation of the midpalatal suture was observed in 
subjects of the present study, who—at a mean age of 
21.6 years (range, 18.25–26.75 years)—were older than 
those enrolled in previous tooth-borne or bone-borne 
RME studies.15,23 Of the 38 patients who had initially 

Table 4. Changes in the axis of the first molar and alveolar bone before (T0), immediately after (T1), and 1 year after (T2) 
expansion (unit: degrees)

Measurement ΔT1–T0 ΔT2–T1 ΔT2–T0

Tooth inclination 3.91 ± 2.54‡ −2.34 ± 4.63* 1.58 ± 4.61

Alveolar inclination 1.78 ± 2.38† 0.49 ± 4.92 2.26 ± 4.85*

Absolute changes in tooth inclination 2.07 ± 4.01* −2.30 ± 4.14* −0.02 ± 4.23

Measurements were conducted on both the right and left sides for the 21 subjects, and the mean values were used. 
Values are presented as the mean ± standard deviation.
Paired t-tests were performed; *p < 0.05, †p < 0.01, ‡p < 0.001.
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been enrolled, 5 patients (4 men and 1 woman; age 
range, 20.1–24.3 years) failed to exhibit opening of the 
midpalatal suture; this amounted to an 86.8% success 
rate in suture opening, similar to that reported in 
previous studies.11,12 A study on cadavers reported only 
5% of the suture to be invisible by the age of 25 years.24 
Histological and radiographic findings have revealed 
that the midpalatal suture begins to close in the late 
twenties,25 which possibly supports the data on suture 
opening. Moreover, the proportion of skeletal expansion 
at T1 (39.1%) was comparable to that previously 
reported in adolescents (35–40%)19,21 and after SARPE 
(21.5–46.3%).22,26,27 However, because of the resistance 
of the midpalatal and circummaxillary structures to 
expansion, stress would continue to accumulate until 

the separation of the maxillary bone, which might result 
in dental tipping, alveolar bending, and deformation 
of the appliance.19,28 Relative to the extent of appliance 
expansion, the lower extent of expansion of the 
intercusp width could be explained by the stress-induced 
deformation of the appliance.

The effects of MARPE were not only limited to the 
maxilla, but also extended to the circummaxillary 
structures. The maxillary halves showed buccal rotation, 
with the rotational center located near the frontonasal 
suture.15,21 The pyramidal pattern of expansion indicates 
buccal tipping not only of the teeth but also of the 
alveolar bone. On the axial plane, similar degrees of 
expansion were noticed at the premolars and M1, which 
might be due to the even distribution of the resistance 

Table 5. Changes in the alveolar variables before (T0), immediately after (T1), and 1 year after (T2) expansion (unit: mm)

Measurement ΔT1–T0 ΔT2–T1 ΔT2–T0

Alveolar bone thickness

   Buccal PM1 −0.52 ± 0.38‡ 0.27 ± 0.57* −0.26 ± 0.38†

PM2 −0.09 ± 0.39 −0.27 ± 0.64 −0.36 ± 0.60†

M1 −0.36 ± 0.29‡ 0.22 ± 0.60* −0.13 ± 0.59

   Palatal PM1 0.92 ± 0.77‡ −0.49 ± 0.71† 0.50 ± 0.78†

PM2 0.38 ± 0.46† −0.21 ± 0.60 0.17 ± 0.63

M1 0.56 ± 0.61‡ −0.26 ± 0.51* 0.31 ± 0.44†

Alveolar crest level

   Buccal PM1 2.27 ± 2.99† −0.92 ± 2.44 1.54 ± 2.00†

PM2 0.66 ± 0.62‡ −0.45 ± 1.01* 0.21 ± 1.05

M1 0.74 ± 0.93† −0.41 ± 1.01 0.33 ± 0.67

   Interproximal I1 0.40 ± 0.37‡ −0.37 ± 0.55† 0.03 ± 0.44

Measurements for the alveolar bone thickness and buccal alveolar crest level were conducted on both the right and left sides 
for the 21 subjects, and the mean values were used. 
Values are presented as the mean ± standard deviation. 
I1, The central incisor; PM1 and PM2, the maxillary first and second premolars, respectively; M1, the maxillary first molar.
Paired t-tests were performed; *p < 0.05, †p < 0.01, ‡p < 0.001.

Table 6. Correlation coefficients using linear mixed-effects models showing factors affecting changes in the alveolar 
bone 

Variable
Buccal alveolar bone thickness Buccal alveolar crest level 

ΔT1–T0 ΔT2–T1 ΔT2–T0 ΔT1–T0 ΔT2–T1 ΔT2–T0

Age 0.005909 −0.077348 −0.062499 −0.006442 −0.009155 0.063239

Amount of expansion −0.008471 −0.064510 −0.050545 −0.092005 −0.071938 −0.078999

Duration of expansion −0.027005 −0.010361 −0.037486 0.032864 −0.009373 0.038797

Duration of retention 0.027577 0.035385 0.056663 −0.077161 0.005321 −0.037018

Initial thickness 0.035755 −0.218921 −0.352755† −0.407634 −0.011216 −0.163772

Initial level 0.110275 0.069853 0.076241 −0.317577 −0.248987 −0.567606‡

Initial thickness, Initial buccal alveolar bone thickness; initial level, initial buccal alveolar crest level.
*p < 0.05, †p < 0.01, ‡p < 0.001.
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from the maxilla.1 After expansion, the skeletal measure
ments (nasal cavity width and nasal floor width) had 
decreased by 23.0–29.1% (0.37–0.64 mm), which could 
be considered clinically insignificant, while dental 
measurements showed various ranges of change. During 
T1–T2, the intercusp widths of all the examined teeth 
except the canines and first premolars showed significant 
decreases. Several variables, such as overexpansion and 
subsequent alignment by comprehensive orthodontic 
treatment, could have affected relapse. Although the 
central incisors were not included in the appliance, they 
showed a decrease in dental measurements during T1–
T2, similar to the other teeth. Bioelastic activity on the 
palatal soft tissue and stretching of the transseptal fibers 
between the teeth might have affected the decrease.29 

Buccal tipping of the M1 was noticed during T0–T1, 
while that of the alveolar bone was noticed during T0–
T2. The greater extent of buccal tipping of the tooth 
during T0–T1, relative to that of the alveolar bone, 
could explain the decrease in buccal thickness and 
increase in palatal thickness, as reported in previous 
studies.13,15 Thereafter, the tooth adopted an upright 
position, and the alveolar bone appeared to remodel 
according to the tooth position, as evident from 
the increase in buccal thickness, decrease in palatal 
thickness, and subsequent additional buccal tipping 
of the alveolar bone. Even though the timing of the 
alveolar changes is unclear, the alveolar bone seemed to 
change more slowly than did the tooth, which suggests 
that the alveolar bone underwent remodeling.17,18,30 The 
increase in buccal thickness and decrease in palatal 
thickness might be a homeostatic mechanism,31 or it 
might indicate the potential of bone apposition due 
to uncontaminated periodontal attachment to the oral 
cavity.32

A decrease in interproximal level was observed after 
not only MARPE but also SARPE.9 This might have been 
caused by the stretching of the transseptal fibers during 
expansion and their subsequent recovery to their original 
positions over time after the disappearance of tension.33 
The decrease in buccal level after expansion might have 
been due to the decrease in buccal thickness.13,15 The 
PM1, unlike other teeth, showed a 1.5-mm vertical 
bone loss at 1 year after expansion, although the bone 
loss had been partially recovered during T1–T2. The 
differences in anatomical characteristics between the 
PM1 and M1 might underlie this change: the contour 
of the buccal alveolus shows superior narrowing in the 
PM1 area but superior widening in the M1 area.13 The 
findings of regression analysis revealed that the quantity 
of the initial alveolar bone in terms of thickness and 
height would influence the changes in buccal thickness 
and buccal level, respectively, although this analysis was 
performed only for the M1. Thus, the greater the initial 

quantity of bone present, the lesser would be the extent 
of alveolar bone loss.13,14

The present findings on the stability and periodontal 
changes after MARPE demonstrate that MARPE is an 
alternative to RPE or SARPE in young adults. Because 
bone regeneration was not observed in a previous 
study even at 7 months after SARPE,34 we collected 
the final CBCT images that were acquired at least 1 
year after expansion. However, in the present study, 
orthodontic treatment administered during T1–
T2 might have obscured the changes solely due to 
MARPE. In addition, 1 year might not be an adequate 
time period for estimation of stability. Even though 
gingival recession was not observed clinically, further 
changes should be monitored since gingival recession 
could occur in the presence of gingival inflammation.35 
With limited numbers of patients exhibiting maxillary 
constriction, we could not address conventional RPE and 
SARPE. Future randomized clinical trials may need to 
comparatively evaluate the clinical efficacies of MARPE 
and conventional RPE or SARPE. 

CONCLUSION

The null hypothesis was rejected: there were significant 
increases in dentoalveolar and skeletal measurements 1 
year after MARPE, while buccal alveolar bone thickness 
and height at the first premolar decreased 1 year after 
MARPE. Within the limitations of this study, our results 
suggest that MARPE can be used as an effective tool for 
correcting maxillomandibular transverse discrepancies in 
young adults, showing stable outcomes by 1 year after 
expansion. However, in patients whose buccal alveolar 
bone in the first premolar area is thin and the alveolar 
crest is low before expansion, the possibility of alveolar 
dehiscence should be carefully monitored. 
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