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ABSTRACT

Evaluation of skeletal and dentoalveolar
changes after miniscrew assisted rapid
palatal expansion in adults using cone—beam

computed tomography

The aim of this study was to evaluate the facial bone and dentoalveolar
changes in young adult patients immediately after miniscrew assisted rapid
palatal expansion (MARPE) treatment wusing cone—beam computed
tomography (CBCT).

Experimental group was consisted of 14 adult patients (9 females, 5 males;
mean age, 20.1+2.4 years; range, 16—26 years) with maxillary transverse
deficiency and treated with MARPE. CBCT images were taken at pre—

expansion (T1) and post expansion (T2).

1. After expansion (T2), there were statistically significant increases of
skeletal and dentoalveolar measurements (zygoma width, nasal width,

maxillary width, middle alveolus width, and cervical width) (7<0.05).

2. After expansion (T2), there were statistically significant increases in
the width of the nasal cavity and basal bone of maxilla (/<0.001).
Changes in 1st premolar area were higher than those in 1st molar area

in both nasal cavity and basal bone of maxilla.



3. After expansion (T2), the amount of transverse changes was
decreasing from the molar cervical width (C6—C6) to the zygoma width

(Zz-7).

4. By MARPE expansion, midpalatal suture was opened in all subjects and
expanded significantly combined with forward movement of the maxilla

complex (P < 0.05).

5. There were significant increases in all transverse landmarks in
maxillofacial complex except for spina nasalis. At the level of the
alveolar bone crest, there was greater change at the ectomolare than at

the ectocanine (P < 0.01).

The findings of this study suggested that MARPE is an effective method for
correcting the insufficient transverse dimension of the dentition and the
maxillary basal bone in young adults. Additional prospective studies with a
greater number of subjects and long term stability of MARPE treatment

should be followed.

Key words: maxillary transverse discrepancy, adult, miniscrew, RPE, midpalatal

suture, 3D superimposition, CBCT
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[. Introduction

Rapid palatal expansion (RPE) has been widely used in orthodontics to
increase the transverse dimension of maxilla in children since the mid
1960s.(da Silva Filho et al.,, 1995) RPE is routinely used to separate
midpalatal suture and create skeletal orthopedic expansion.(Haas, 1970)
Surgically assisted RPE (SARPE) is often used in adults, because of the
increased resistance from the bony palate and zygomatic buttress. (Kokich,
1976; Shetty et al., 1994) However, SARPE has several limitations, including
high cost, a complex treatment process, and surgical morbidity.(Alpern and
Yurosko, 1987; Bays and Greco, 1992; Williams et al.,, 2012) Therefore,

many efforts have been made to reduce the surgical risks and limitations.



Midpalatal suture may show obliteration during the juvenile period, but a
marked degree of closure is rarely found until the third decade of life in
histological studies.(Persson and Thilander, 1977; Stuart and Wiltshire, 2003)
Conventional RPE would be totally successful in patients under 25 years, and
77.3% successful in patients over 25 years of age.(Knaup et al., 2004)

Conventional RPE can produce unwanted effects in adults, such as buccal
crown tipping, root resorption, reduction of buccal bone thickness, inability of
expansion, and marginal bone loss.(Langford and Sims, 1982; Odenrick et al.,
1991; Rungcharassaeng et al., 2007) To minimize these unwanted effects,
orthopedic expansion of basal bone would be needed.(Baysal et al., 2012;
Capelozza Filho et al., 1996; Gurel et al., 2010; Thilander et al., 1983)

Nonsurgical RPE can be achieved through conventional, bone—anchored,
and combination—type RPEs. Bone—anchored devices have been shown to
result in successful expansion of maxilla.(Gerlach and Zahl, 2003; Ramieri et
al., 2005) To ensure expansion of basal bone and maintain the separated bone
in consolidation, Lee introduced a miniscrew—assisted RPE (MARPE).(Lee et
al., 2010) Some bone—anchored RPE has been reported to do lateral
osteotomy to facilitate the skeletal expansion.(Harzer et al., 2006; Ramieri et
al., 2005; Tausche et al., 2007) MARPE required a placement of miniscrew
under local infiltration anesthesia, and did not need to do osteotomy. MARPE
could be an effective appliance to achieve adequate nonsurgical expansion for
correcting of transverse maxillary deficiency in young adults.(Lee et al.,
2010)

The treatment effect of RPE have been studied through various methods
including finite element analysis(FEM) (Lee et al.,, 2009; Yu et al., 2007),
laser holography (Pavlin and Vukicevic, 1984), photoelastic analysis(Lima et
al., 2011), and a conventional radiographic examination.(Chamberland and

Proffit, 2011; Lima Filho and de Oliveira Ruellas, 2008) Nevertheless the



skeletal and dentoalveolar effects of RPEs, including traditional RPE, bone—
anchored RPE, and MARPE are not yet clearly understood in young adults.

Common ways of orthodontic treatment results are commonly analyzed with
cephalometric radiographs (posteroanterior and lateral), occlusal radiographs,
and dental casts. However there are some limitations with 3—dimensional
subjects.

Cone—beam computed tomography (CBCT) has made it possible to examine
the various aspects of the maxillofacial complex. CBCT have relatively low
radiation dosages, and present a clear view of bony structures with minimal
image distortion.(Mah et al., 2003) Additionally, structures or landmarks of
maxillofacial complex which are not easily available on traditional two—
dimensional (2D) imaging might now be identified. (Park et al., 2006) CBCT
can be used to assess buccal bone height and buccal bone thickness with high
accuracy and precision. (Timock et al., 2011) In this study, image registration
and superimposition of the preoperative and postoperative 3D skull models
were done with a point to point registration and a volumetric registration
method for quantitative 3—dimensional assessment of skeletal and
dentoalveolar changes after expansion with MARPE. (Cevidanes et al., 2011;
Lagravere et al., 2010b; Lagravere et al., 2011)

The aim of this study was to evaluate the skeletal and dentoalveolar
changes in young adult patients immediately after expansion with MARPE

treatment using 3D images from CBCT.



II. Materials and methods

A. Subjects of study

The CBCT records of 14 subjects were obtained from the archives of the
Orthodontic Department, Yonsei University (Seoul, Korea). The study
sample was formed retrospectively using the records of 14 patients(9
females, 5 males; mean age, 20.1£2.4 years; range, 16—26 years) who
required maxillary expansion as a part of orthodontic treatment and had a
complete set of CBCT images taken at specific time (pre —expansion, post
expansion). The mean interval between pre—expansion and completion of
MARPE was 27days (range, 18—35 days). The mean expansion of expander
was 6.7mm (range, 4.5—8.7 mm). After expansion, post expansion CBCT
was taken within 5 weeks (mean, 10.7 days; range, 1—35 days). Patients
with craniofacial anomalies or psychological limitations were excluded.
Patients with previous orthodontic treatment history were also excluded.
Each patient had CBCT images available at pre—expansion (T1) and post
expansion (T2). (Table 1)

Table 1. Characteristics of sample

Sample (n=14)

Sample size F:9, M:5
Mean age (T1) year 20.1£2.4
Range year 16—26

Values are presented as number or mean +* standard deviation.



B. Method of study

1. Clinical application of MARPE

The MARPE was modified with 4—banded (supported by bilateral maxillary
first premolars and first molars) conventional hyrax type RPE. Four rigid

connectors of 0.8 mm stainless steel wire with helical hooks were soldered
on the base of traditional hyrax screw body (Hyrax® Click, Dentaurum,

Germany). Two anterior hooks were positioned on the rugae area and two
posterior hooks were positioned on the parasagittal area. MARPE had passive
contact with the underlying tissue. After cementation of MARPE, orthodontic
miniscrews (Orlus, Ortholution, Seoul, Korea) with a 1.8 mm collar diameter
and 7 mm length were placed in the center of helical hooks. During miniscrew
placement, 2% lidocaine HCI containing 1: 100,000 epinephrine was infiltrated
into the implantation area. NSAIDs (nonsteroidal anti—inflammatory drugs)
could be prescribed for pain control. (Lee et al., 2010)

Maxillary expansion was started at the next day of placement of MARPE
and the appliance was activated by once a day (1/4mm/turn) until the

required expansion was achieved.

Fig. 1. Miniscrew assisted rapid palatal expander (MARPE)



2. Data collection

Study group had taken CBCT images available at pre—expansion (T1) and
post expansion (T2) to evaluate the skeletal and dentoalveolar changes of
maxilla. A pre—expansion CBCT image (T1) was taken as an initial record for
all patients before the placement of the appliance. A post expansion CBCT
image (T2) was taken directly after the required expansion was achieved.

The CBCT (Alphard VEGA, ASAHI Roentgen IND, Japan) imaging system
was used in the study by the radiologist at the following settings: exposures
were made at 5.0 mA and 80 kV for 17 seconds, and the slice thickness was
300 um, using P—mode (width about 154mm x height about 154mm). In the
lateral view, patients were scanned in the up-—righting position with the
Frankfort Horizontal plane (FH plane) parallel to the ground and their
midlines were aligned with the vertical axis of the machine. In the frontal
view the head was oriented with floor of orbits parallel to the floor.

The raw data obtained from the CBCTs were imported to the imaging
software INFINITT (INFINITT healthcare, Seoul, Korea) and InVivob®
software (Anatomage, San Jose, CA) which was used to visualize the slices
and 3D images that are obtained from a CBCT. This is where the 3D
reconstruction of the DICOM (Digital Imaging and Communications in
Medicine) images is made. Landmarks were defined on each of the three
spatial planes (X, Y, Z). The procedure for localizing each point requires the
selection of the most appropriate view (sagittal, coronal, axial) and then
adjusting that point on the other views for better accuracy. All the spatial
positions of each point have been pinpointed on each of these axes as
numerical values. An Excel® sheet, version 12.0 for Windows (Microsoft

Corporation) was created to introduce all the variables and measurements.



Positioning beam

154

B

Fig. 2. Standardization of head position

3. Landmarks, linear and angular measurements

Landmarks and linear measurements was evaluated on the INFINITT
(INFINITT healthcare, Seoul, Korea) and InVivob® software (Anatomage,
San Jose, CA) software program according to the method described by
(Akyalcin et al., 2013; Baysal et al., 2013; Cameron et al., 2002; Chamberland
and Proffit, 2008; Christie et al., 2010; Evangelista et al., 2010; Garib et al.,
2006; Garrett et al., 2008; Handelman et al., 2000; Lagravere et al., 2010a;
Magnusson et al., 2012).(Figures 3—9)



3.1 Landmarks and linear measurements of 3—dimensional images

Fig. 3. Landmarks and linear measurements representing postero—anterior

cephalogram of 3—dimensional image

7: zygomatic process, N: the most lateral wall of nasal cavity, ] (Juglare): the intersection of the
outline of the maxillary tuberosity and the zygomatic buttress, MA: middle alveolus, C6: cervical
point of maxillary 1% molar, Ag: antegonial notch

a) Z—7: zygomatic width (mm), linear measurements from the right zygomatic process to left
zygomatic process

b) N—N: nasal cavity width (mm), maximum width of nasal cavity

¢) J=J: maxillary width (mm), maximum width between the right and the left J point

d) MA—MA: middle alveolus width (mm), maximum width of middle alveolus of maxillary molar
e) C6—C6: cervical width (mm), maximum width of cervical point of maxillary 1% molar

f) Ag—Ag: mandibular width (mm), linear measurements from the right antegonial notch to the

left antegonial notch



3.2 Linear and angular measurements of two—dimensional coronal images.

Fig. 4. Linear and angular measurements of two—dimensional coronal images

perpendicular to the midsagittal plane

A: measurements at the level of maxillary first molar: intermolar width(1), maxillary first molar

axial angulation(2), right(3) and left(4) maxillary first molar buccal bone thickness, right(5)

and left(6) maxillary first molar buccal alveolar height, the maxillary first molar nasal width(7),

the maxillary first molar basal bone width(8), and the maxillary first molar furcation width (9).

B: measurements at the level of maxillary first premolar: interpremolar width (1), maxillary first

premolar axial angulation(2), right(3) and left(4) maxillary first premolar buccal bone thickness,

right(5) and left(6) maxillary first premolar buccal alveolar height, the maxillary first premolar
nasal width(7), and the maxillary first premolar basal bone width(8).

. Intermolar width (mm): linear distance between the most convex point of the palatal surface
of the left maxillary 1% molar and the most convex point of the palatal surface of the right
maxillary 1% molar.

. Interpremolar width (mm): linear distance between the most convex point of the palatal
surface of the left maxillary 1° premolar and the most convex point of the palatal surface of
the right maxillary 1* premolar.

. Maxillary 1% molar axial angulation(° ): angulation was measured between the longitudinal
axis of the palatal root of the right maxillary 1°" molar and the longitudinal axis of the palatal
root of the left maxillary 1°*" molar.

. Maxillary 1°° premolar axial angulation(® ): angulation was measured between the
longitudinal axis of the palatal root of the right maxillary 1° premolar and the longitudinal
axis of the palatal root of the left maxillary 1% premolar.

. Maxillary 1% molar buccal bone width (mm): linear distance from the root of the maxillary

1% molar at the level of trifurcation to the outermost point of the buccal plate.



Maxillary 1°" premolar buccal bone width (mm): linear distance from the root of the
maxillary 1°' premolar at the level of bifurcation to the outermost point of the buccal
plate.

Buccal alveolar height (mm): linear distance from the cusp tip to the buccal alveolar crest,
measured for both right and left sides. For 1°" molar, the buccal crest level was determined
from mesiobuccal and distobuccal aspects of the teeth. For 1°" and ond premolar, the buccal
crest level was determined from middle aspects of the teeth.

Basal bone width (mm): linear measurement of the maxillary basal width at the level of the
maxillary 1% molar, 2™ premolar and 1% premolar.

Nasal cavity width (mm): linear measurement of the nasal cavity width at the level of the
maxillary 1% molar, 2" premolar and 1% premolar.

1°" molar furcation width (mm): linear distance between the furcation of the right maxillary

1% molar and those of left maxillary 1" molar.

3.3 Linear measurements of two—dimensional axial images

Fig. 5. Linear measurements of two—dimensional axial images

A: buccal cortical bone thickness (BCBT) and palatal cortical bone thickness (PCBT) at the level

of the trifurcation of the first molar.

B: buccal cortical bone thickness (BCBT) and palatal cortical bone thickness (PCBT) at the level

of the bifurcation of the premolar.

Buccal cortical bone thickness (BCBT): the distance between the outer border of the
cortical bone and the teeth were measured bucally.
Palatal cortical bone thickness (PCBT): the distance between the outer border of the

cortical bone and the teeth were measured palatally.

10



. To measure the cortical bone thickness at 2 different levels, cross—sections parallel to the
Frankfort horizontal line were obtained at the trifurcation of the first molar and the
bifurcation of the first premolar. However, the method was modified in the following
situations; In case of tooth rotation, the thickness was evaluated using the nearest point of
the root to the cortical plate. When the maxillary sinuses found around the roots of tooth,

the distance was noted as zero.

3.4 Landmarks and linear measurements of 3D reconstruction image

A. Before expansion B. After expansion

Fig. 6. Landmarks and linear measurements representing dimensions of IPMW

and IMW (3—dimensional reconstruction image)

A: before expansion

B: after expansion

a) IPMW: interpremolar width (mm): linear measurements from the buccal cusp tip of the right
1% premolar to the buccal cusp tip of the left 1°' premolar.

b) IMW: intermolar width (mm): linear measurements from the mesiobuccal cusp tip of the right

1° molar to the mesiobuccal cusp tip of the left 1° molar.

11



3.5 The presence of dehiscence and fenestration

The presence of dehiscence and fenestration was evaluated on the
INFINITT (INFINITT healthcare, Seoul, Korea) and InVivob® software
(Anatomage, San Jose, CA) software program according to the method
described by Evangelista et al.(Evangelista et al., 2010) (Fig. 7 and 8) The
axial inclination of the tooth was placed perpendicular to the horizontal plane,
and the total tooth length was evaluated in cross—sectional slices at the
buccal and palatal surfaces. Images that showed no cortical bone around at
least 3 consecutive views were recorded as dehiscence or fenestration. When
the alveolar crest was more than 2 mm from CEJ (cement—enamel junction),
dehiscence was recorded.(Baysal et al., 2013) When the defect did not

involve the alveolar crest, fenestration was recorded. (Persson et al., 1998)

>

A. efore expansion B. After expansion

C. Before e>§;pansion D. After expanhsion

Fig. 7. An example of dehiscence before and after MARPE expansion

A: before expansion (coronal slice)

B: an example of dehiscence after expansion (coronal slice)

12



C: an example of dehiscence before expansion (axial slice)
D: an example of dehiscence after expansion (axial slice)
. Dehiscence: the lack of facial or lingual cortical plate, which resulted in exposing the

cervical root surface and affecting the marginal bone.

. The arrow was pointing to the dehiscence.

Fig. 8. An example of fenestration before expansion

. Fenestration: the lack of facial or lingual cortical plate, which resulted in exposing the root
surface and affecting the bone. When there is still some bone in the cervical region, the

defect is called fenestration.

3.6. 3D landmarks changes before and after MARPE expansion

3D landmarks were evaluated on the InVivo5® software (Anatomage, San
Jose, CA) software program. The image registration and superimposition of
the preoperative and postoperative 3D skull models were done with a point to
point registration and a volumetric registration method, specifically
normalized mutual information, based on the anterior cranial base. The cranial
fossa and the ethmoid bone were regarded as stable areas, with growth
completed before puberty.(Melsen, 1969) After volume registration,
preoperative and postoperative images share the same coordinate system,
which compensates for discrepancies, and diminishes the risks of
measurement errors. Seven pairs of bony landmarks according to the study
Magnusson et al.(Magnusson et al.,, 2012) were selected for measurements.

Alare, ectocanine, processus zygomaticus, and ectomolare were real

13



corresponding landmarks, but spina nasalis anterior, A—point, and prosthion
were constructed in pairs of left and right to estimate transverse
measurement in the midline of the maxilla. Pre—expansion (T1) image was
indicated in white color of the skull and post expansion (T2) image was
indicated in blue color of the skull. (Fig. 9)

It consists of a horizontal axis called the X axis, a perpendicular line to the
x axis called the Y axis and a vertical axis called the Z axis. The X, Y, Z
coordinates of each landmark was used for standardizing the anatomical
identification in the three planes and for guiding of location on sagittal, axial

and coronal views.

14



Fig.9. An example of 3D superimposition before and after MARPE expansion

Right(1) and left(2) alare, right(3) and left(4) spina nasalis anterior, right(5) and left(6)
ectocanine, right(7) and left(8) A—point, right(9) and left(10) prosthion, right(11) and

left(12) ectomolare, and right(13) and left(14) process zygomaticus

. alare: the most lateral and inferior point of the nasal aperture in a transverse plane
. spina nasalis anterior: the tip of the anterior nasal spine
. ectocanine: the most lateral and inferior point on the alveolar ridge opposite the center of

maxillary canine
. A—point: the most posterior and deepest point on the anterior contour of the maxillary

alveolar process in the midsagittal plane

. prosthion: the most anteroinferior point on the maxillary alveolar margin in the midsagittal
plane
. ectomolare: the most lateral and inferior point on the alveolar ridge opposite the center of

the maxillary first molar
. processus zygomaticus: the most inferior and lateral point of the processus zygomaticus
. transverse landmark displacements in maxilla between T1 and T2: the difference between

the pre—expansion and post—expansion registrations

15



. total transverse landmark displacements in the maxilla, measured at 7 pairs of
corresponding landmarks: the total change in the maxilla was calculated as the sum of the

transverse displacement of the 7 pairs of corresponding landmarks on left and right sides

C. Statistical analysis

To test intra—examiner reproducibility, 7 images selected randomly were
repeated by the same examiner a minimum of 1 week later and compared
using the paired T test and the Spearman’s correlation coefficients. The
Shapiro—Wilk tests were used to determine the normality of data. P <0.05
was considered to be the level of statistical significance. The arithmetic mean
and standard deviation were calculated for all measurements. SPSS version
15.0 (SPSS Inc., Illinois, USA) was used for statistical analysis.

@D The intra—examiner reliability was tested using the paired T test
and the Spearman’ s correlation analysis.

@ Skeletal and dentoalveolar changes before and after MARPE expansion
in 3—dimensional images were tested using the paired T test

@ Skeletal changes before and after MARPE expansion in coronal
images were tested using the paired T test

1. Changes in nasal cavity and basal bone of maxilla between T1
and T2

@ Dentoalveolar changes before and after MARPE expansion in

coronal images were tested using the paired T test and the

Wilcoxon signed rank test.

1. Changes in intermolar and interpremolar width between T1
and T2
1. Changes in axial angulation of maxillary first molar and

premolar between T1 and T2

1il. Changes in buccal bone thickness of maxillary first molar and
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premolar between T1 and T2
iv. Changes in buccal alveolar height measurements between T1
and T2
® Dentoalveolar changes before and after MARPE expansion in
axial images were tested using the paired T test.
1. Changes in BCBT and PCBT measurements between T1 and
T2
® Incidence of alveolar dehiscence and fenestration in axial and
coronal images
1. Incidence of alveolar dehiscence and fenestration in MARPE
expansion group
@ 3D landmarks changes before and after MARPE expansion were

tested using the Wilcoxon signed rank test

1. Changes in X, Y, Z coordinates of landmark between T1 and
T2

11. Transverse landmark displacements in maxilla between T1
and T2

1il. Total transverse landmark displacements in the maxilla,

measured at 7 pairs of corresponding landmarks
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III. Results

A. Characteristics of sample

The study sample was formed retrospectively using the records of 14
patients (9 females, 5 males), the mean age of patients was 20.1+2.4years,

and the range of patients was 16—26 years.

B. The intra—examiner reliability

All images measured by the same examiner. For determining the errors
assoclated with CBCT measurements, 7 tomograms were selected randomly,
and their measurements were repeated a minimum of 1 week after the first
measurements and compared with the first measurements by the same
examiner. The intra—examiner reliability test showed no significant
differences (p<0.05) and the magnitudes of difference were 0.45 mm and
0.65° , respectively. Intra—class correlation coefficients were found to be

higher than 0.90.
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C. Statistical analysis

I. Skeletal and dentoalveolar changes before and after MARPE expansion

1. Skeletal and dentoalveolar changes before and after MARPE expansion in

3 dimensional reconstruction images (Table 2, Fig. 3,6,10)

A comparison of before and after measurements is shown Table 2. With
exception of Ag—Ag (mandibular width), all measurements showed
statistically significant increase after MARPE expansion. Both skeletal and

dentoalveolar expansion were achieved after MARPE treatment (Table 2).

Table 2. Changes in skeleletal and dentoalveolar measurements between T1

and T2 in MARPE (3 dimensional reconstruction images, mm)

Expansion (n=14)

Before expansion(T1) After expansion(T2) 4T2-T1

Measurement Region

Mean SD Mean SD Mean SD Sig.
IPMW 39.4 3.3 44.3 3.8 4.9 2.9
IMW 50.8 4.5 56.0 4.3 5.2 3.1
Z-7 124.9 3.5 125.7 3.6 0.8 0.8
N-N 23.8 1.8 25.2 1.4 1.4 1.0
J=J 65.0 4.4 67.0 4.7 2.0 1.5
MA-MA 62.3 4.8 64.7 4.6 2.4 1.4
C6-C6 59.7 4.3 62.9 4.5 3.2 1.5

Ag—Ag 89.1 6.4 89.0 6.5 0.02 5.7 NS
J=J/Ag—Ag (%) 73.1 4.4 75.8 4.8 2.6 2.1

SD: standard deviation, Sig.: significance

T1: before expansion, T2: after expansion

IPMW: interpremolar width, IMW: intermolar width

7Z—7 @ zygoma width, N—N: nasal width, J—J: maxillary width, MA—MA: middle alveolus width,
C6—C6: cervical width, Ag—Ag: mandibular width

The significant difference was defined by Paired t—test.

x <0.05, ** P<0.01. *+x P<0.001, NS, not significant

19



2. Skeletal and dentoalveolar changes before and after MARPE expansion in

coronal images (Table 3—7, Fig. 4)

2—1. Skeletal changes before and after MARPE expansion in coronal images

(Table 3, Fig. 4)

Table 3 showed statistically significant increase in the width of the nasal
cavity and basal bone of maxilla at the level of the maxillary 1°" molar, and
premolars level (7<0.001). Changes in 1° premolar area were higher than
those in 1° molar area in both nasal cavity and basal bone of maxilla. Skeletal

expansion was achieved after MARPE treatment (Table 3).

Table 3. Changes in nasal cavity and basal bone of maxilla between T1 and

T2 (coronal images, mm)

Width of nasal cavity and basal bone (n=14)

Measurement Before expansion(T1)  After expansion(T2) 4T2-T1
Region Mean SD Mean SD Mean SD Sig.
Nasal cavity width
1° molar 29.5 2.6 30.2 2.7 0.7 1.2 *okk
2" premolar 27.0 3.0 28.4 2.9 1.5 1.2 ok
1° premolar 24.5 3.2 26.1 2.9 1.6 1.8 ok
Basal bone width of
maxilla
1°" molar 64.5 5.5 66.2 5.0 1.7 1.8 *okk
2" premolar 54.2 8.0 55.9 7.6 1.8 2.1 ok
1°" premolar 40.1 8.1 42.0 7.6 1.9 3.4 ook

SD: standard deviation, Sig.: significance

The significant difference was defined by Paired t—test.

* <0.05, **% P<0.01. #xx < 0.001, NS, not significant
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2—2. Dentoalveolar changes before and after MARPE expansion in coronal

images (Table 4—7, Fig. 4)

The transversal arch width measurement for the maxillary first molar
increased an average of 4.6 mm after expansion with 7 < .001. The arch
width measurement for the maxillary first premolar increased an average of

4.6 mm after following expansion with 2 < .001(Table 4).

Table 4. Changes in the first molar furcation width, intermolar and

interpremolar width between T1 and T2 (coronal images, mm)

Intermolar and interpremolar width (n=14)

Measur_e ment Before expansion(T1)  After expansion(T2) AT2-T1
Region
Mean SD Mean SD Mean SD  Sig
st .
1" molar furcation 44.3 2.6 46.6 2.8 22 11 e
width
Intermolar width 34.4 3.8 39.0 3.6 4.6 1.9 ook
Interpremolar width 26.1 4.2 30.8 3.5 4.6 1.6 ok

SD: standard deviation, Sig.: significance

T1: before expansion, T2: after expansion

1% molar furcation width : linear distance between the furcation of the left maxillary 1 molar and
those of the right maxillary 1% molar.

Intermolar width (mm): linear distance between the most convex point of the palatal surface of
the left maxillary 1% molar and those of the right maxillary 1°" molar.

Interpremolar width (mm): linear distance between the most convex point of the palatal surface
of the left maxillary 1°' premolar and those of the right maxillary 1* premolar.

The significant difference was defined by Paired t—test.

* <0.05, ** P<0.01. #+x P<0.001, NS, not significant

With regard to changes in the axial angulation of the 1°' molars and 1%
premolars (Table 5), increases were recorded all premolars and molars.
Statistically significant increases were observed in the axial angulation of the
maxillary 1% molars after MARPE expansion, with 5.7+5.2° . The axial

angulation change of 1% molar was higher than those of 1°" premolar (Table 5).
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Table 5. Changes in axial angulation of the left and right maxillary first molar

and premolars between T1 and T2 (coronal images, ° )

Buccal—lingual angulation (E, n=14)

Measurement Before expansion(T1)  After expansion(T2) 4T2-T1
Region Mean SD Mean SD Mean SD Sig.
1** molar 40.3 9.6 46.0 9.1 5.7 5.2 ok
1% premolar 0.4 11.4 2.7 10.7 2.2 10.6 NS

SD: standard deviation, Sig.: significance
T1: before expansion, T2: after expansion

The significant difference was defined by Paired t—test.

* < 0.05, **% P<0.01. #xx < 0.001, NS, not significant

When comparing the effect of maxillary expansion on the buccal plate of
the maxillary 1° molars and 1° premolars, statistically significant decrease
in buccal plate thickness was observed for all teeth. Changes in 1°' premolar
area were higher than those in 1% molar area in buccal bone thickness.

(Table 6)

Table 6. Changes in buccal bone thickness (coronal images, mm)

Buccal bone thickness (n=14)

Measurement Before expansion(T1) After expansion(T2) AT2-T1
Region Mean SD Mean SD Mean SD Sig.
UR6 2.7 1.1 2.4 1.4 0.3 1.1 *
UL6 3.0 0.9 2.2 1.4 0.8 1.0 *
UR4 2.2 1.1 0.9 0.9 1.3 0.9 *
UL4 2.0 0.9 1.0 1.1 1.0 0.8 *

SD: standard deviation, Sig.: significance
T1: before expansion, T2: after expansion
UR: upper right, UL: upper left, 4: first premolar, 6: first molar

The significant difference was defined by Paired t—test.

x <0.05, **% P<0.01. *+x P<0.001, NS, not significant
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A comparison of the buccal alveolar height before and after MARPE is
shown in Table 7. With exception of the left 1% premolar bifurcation level and
1°" molar distobuccal level, these measurements were increased with
statistically significant, indicating the vertical alveolar height decreased

immediately after MARPE expansion (Table 7).

Table 7. Changes in buccal alveolar height measurements (coronal images,

mm)
Right segment Left segment
Measurement Before After Before After
Region expansion(T1) expansion(T2) expansion(T1) expansion(T2)
Sig. Sig.

Mean SD Mean SD Mean SD Mean SD

1% premolar 8.3 1.0 10.0 2.3 * 8.8 1.0 11.4 3.8 NS
2" premolar 8.0 0.9 8.8 1.5 8.3 1.0 9.5 2.2 *
1°" molar

Distobuccal 8.2 0.6 8.5 07 NS 82 0.7 8.8 1.2 NS
Mesiobuccal 8.2 0.6 9.3 22 * 8.2 0.8 105 29 ok

Values are presented as number or mean ¥ standard deviation.
SD: standard deviation, Sig.: significance

The significant difference was defined by the Wilcoxon signed rank test.

* P<0.05, **% P<0.01. #*+ P<0.001, NS, not significant

3. Dentoalveolar changes before and after MARPE expansion in axial images

(Table 8, Fig. 5)

There was no difference between left and right segment. Except the
section A area of canine, all measurements of BCBT (buccal cortical bone
thickness) were statistically significant decreased. After MARPE, all
measurements of the PCBT (palatal cortical bone thickness) were increased,
but there was no significant difference in ond premolar and the section B area

of canine (Table 8).
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Table 8. Changes in BCBT (buccal cortical bone thickness) and PCBT (palatal

cortical bone thickness) measurements (axial images, mm)

Before expansion(T1) After expansion(T2)
Measurement region .
Mean SD Mean SD Sig.
BCBT
Canine
Section A 0.2 0.3 0.1 0.2 NS
Section B 0.5 0.6 0.2 0.4 ok
1° premolar
Section A 0.7 0.6 0.1 0.2 ok
Section B 0.8 0.6 0.3 0.4 ook
2™ premolar
Section A 1.1 0.8 0.6 0.7 oK
Section B 1.8 0.8 1.3 0.8 s
1°** molar
Section A 0.9 0.6 0.3 0.5 o
Section B 1.5 0.9 0.9 0.9 ook
PCBT
Canine
Section A 1.6 1.4 2.1 1.3 ook
Section B 2.4 1.2 2.3 1.1 NS
1° premolar
Section A 1.3 0.4 2.2 1.1 ook
Section B 2.1 1.1 2.5 1.2 *
224 premolar
Section A 1.7 0.6 2.0 0.7 NS
Section B 2.2 0.9 2.2 0.7 NS
1° molar
Section A 1.4 0.6 2.0 0.8 ok
Section B 1.3 0.5 1.5 0.5 *

SD: standard deviation, Sig.: significance

The significant difference was defined by Paired t—test.

* <0.05, ** P<0.01. *+x P<0.001, NS, not significant

* BCBT, buccal cortical bone thickness; PCBT, palatal cortical bone thickness
xSection A: at the level of bifurcation of the 1* premolar

xSection B: at the level of trifurcation of the 1° molar
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II. Incidence of alveolar dehiscence and fenestration in MARPE expansion

1. Incidence of alveolar dehiscence and fenestration in MARPE expansion

(Table 9, Fig. 7,8)

The incidence of alveolar dehiscence and fenestration before and after
MARPE was shown in Table 9. In general, the incidence of dehiscence was
greater for the T2 (after expansion) period than for the T1 (before
expansion) period. The percentage of fenestrations decreased after

expansion (Table 9).

Table 9. Incidence of alveolar dehiscence and fenestration before and after

MARPE (axial and coronal images)

Measurement Total surface Before After expansion

region number expansion(T1) (n=14) (T2) (n=14)

Dehiscence Fenestration Dehiscence Fenestration

Canine
Buccal 28 7(25.0) 18(64.3) 8(28.6) 17(60.7)
Palatal 28 0(0.0) 10(35.7) 0(0.0) 11(39.3)
1* premolar
Buccal 28 5(17.9) 11(39.3) 24(85.7) 3(10.7)
Palatal 28 1(3.6) 0(0.0) 2(7.1) 1(3.6)

2% premolar

Buccal 28 000.0) 2(7.1) 10(35.7) 000.0)

Palatal 28 0(0.0) 0(0.0) 1(3.6) 0(0.0)
1* molar

Buccal 28 0(0.0) 4(14.3) 9(32.1) 3(10.7)

Palatal 28 1(3.6) 1(3.6) 2(7.1) 1(3.6)

Values are presented as number or percentage (%).
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ITII. 3D landmarks changes before and after MARPE expansion

1. X, Y, Z coordinates changes before and after MARPE expansion in 3D

superimposition image (Table 10, Fig. 9)

X coordinates of alare, ectocanine, A—point, prosthion, ectomolare, and
procesus zygomaticus (left and right) were showed statistically significant
changes. Except spina nasalis, all of landmarks showed significant transverse
changes. Y coordinate of alare, ectocanine, and left A point, Z coordinates of
left prosthion, ectomolare, and procesus zygomaticus show statistically

significant changes. (Table 10)

Table 10. Changes in X, Y, Z coordinates of landmarks between T1 and T2

T2-T1
Landmark Mean Median Minimum Maximum SD Sig

Alare, right (1)

X -1.0 -1.6 —2.4 0.2 0.7 ok

Y -0.6 —-2.1 2.1 0.1 0.7 *

Z -0.1 -0.4 -1.7 1.1 0.9 NS
Alare, left(2)

X 0.5 —-0.01 -1.3 2.1 0.9 *

Y -0.8 -0.7 —-3.1 0.3 0.9 ok

Z -0.1 -0.6 -1.7 1.6 1.0 NS
Spina nasalis, right(3)

X -0.6 -0.4 —-2.8 1.3 1.1 NS

Y —-1.2 0.6 —-5.8 1.7 2.1 NS

Z 0.5 0.7 -1.6 3.3 1.3 NS
Spina nasalis, left(4)

X 0.6 0.3 -1.3 4.1 1.3 NS

Y -0.6 3.2 —-5.5 3.6 2.4 NS

Z 0.2 1.7 -1.9 2.4 1.2 NS
Ectocanine, right (5)

X -1.5 —-2.0 —-3.7 0.1 1.3 ok

Y -0.6 -0.8 -1.9 0.5 0.8 *

Z 0.4 0.2 —-1.5 3.0 1.2 NS
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Ectocanine, left (6)

X 0.6 -0.4 -0.6 1.7 0.7 ok
Y -1.0 2.2 -3.3 0.4 1.2 ok
Z 0.2 -0.3 -1.7 2.6 1.2 NS
A-point, right (7)
X -1.7 -1.6 —-3.7 1.1 1.5 ok
Y -0.2 0.7 -1.9 2.0 1.2 NS
Z -0.1 -0.1 —-2.3 2.0 1.2 NS
A—point, left(8)
X 1.2 0.4 —-0.8 4.2 1.3 ok
Y —-0.4 -0.2 -1.9 1.4 0.9 *
Z -0.5 -0.5 —-2.5 2.1 1.4 NS
Prosthion, right(9)
X —-1.8 —-2.0 -3.3 0.3 1.1 ok
Y 0.1 0.3 —2.2 2.4 1.0 NS
Z 0.8 0.3 -0.8 3.9 1.3 NS
Prosthion, left (10)
X 1.3 1.0 -1.3 4.8 1.8 *
Y 0.3 0.5 -1.2 4.3 1.4 NS
Z 0.8 0.6 -0.9 4.7 1.5 *
Ectomolare, right(11)
X —-1.6 2.7 —-2.9 -0.2 0.9 ok
Y 0.1 1.3 -0.7 1.5 0.7 NS
Z 2.5 1.6 -1.5 6.7 2.3 ok
Ectomolare, left(12)
X 1.2 1.3 —-0.4 2.5 1.0 ok
Y 0.1 1.1 —-1.3 1.6 0.9 NS
Z 2.1 1.6 -0.9 7.1 2.3 *
Procesus zygomaticus,
right (13)
X -1.9 -1.2 —-5.2 1.1 1.7 ok
Y 0.1 1.5 -1.5 3.1 1.6 NS
Z 1.2 4.0 —4.4 5.2 2.3 *
Procesus zygomaticus,
left (14)
X 1.7 1.5 —-2.0 5.4 1.7 *
Y 0.2 -0.4 —-2.5 2.9 1.6 NS
Z 1.1 -1.8 —-3.6 4.9 2.5 NS

Values are presented as number or mean* standard deviation.
SD: standard deviation, Sig.: significance

The significant difference was defined by the Wilcoxon signed rank test.

x <0.05, **% P<0.01. *+x P<0.001, NS, not significant
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2. Transverse landmark displacements before and after MARPE expansion in

3D superimposition image (Tablel1, Fig. 9)

Table 11 shows statistically significant increase in the alare, ectocanine,
ectomolare, and procesus zygomaticus. There was greater changes at the
ectomolare and procesus zygomaticus than at the alare and ectocanine.

(Table 11)

Table 11. Transverse landmark displacements in maxilla between T1 and T2

4T2-T1
Landmark Mean Median Minimum Maximum SD Sig

Alare, right (1) L.5 0.7 0.7 3.0 0.8 o
Alare, left(2) 1.6 1.6 0.4 3.4 0.6 s
Spina nasalis, right (3) 2.5 2.1 0.4 5.8 1.6 NS
Spina nasalis, left(4) 2.5 1.8 0.6 5.8 1.7 NS
Ectocanine, right (5) 2.4 2.4 0.6 3.9 0.8 #
Ectocanine, left (6) L9 1.7 0.8 3.4 0.9 *
A—point, right(7) 2.5 2.5 1.0 4.4 1.1 NS
A—point, left (8) 2.2 2.2 0.3 4.7 1.3 NS
Prosthion, right (9) 2.4 2.0 1.1 4.9 1.5 NS
Prosthion, left (10) 2.4 1.80 0.1 6.5 1.9 NS
Ectomolare, right (11) 3.5 3.6 0.5 6.9 1.7 *
Ectomolare, left(12) 3.1 3.2 0.7 7.1 1.8 *
Procesus zygomaticus, 3.5 3.4 1.9 79 18 x
right(13)

irf(t)tzlez;ls zygomaticus, 34 31 1.4 7.9 1.9 .

Values are presented as number or mean ¥ standard deviation.
SD: standard deviation, Sig.: significance

The significant difference was defined by the Wilcoxon signed rank test.

* <0.05, **% P<0.01. #xx < 0.001, NS, not significant
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3. Total transverse landmark displacements before and after MARPE

expansion in 3D superimposition image (Table 12, Fig. 9)

Table 12 shows that there were statistically significant increases in all
transverse landmarks except spina nasalis. Inferiorly, at the level of the
alveolar bone crest, there was greater change at the ectomolare than at the

ectocanine (P < 0.01). (Table 12)

Table 12. Total transverse landmark displacements in the maxilla between T1

and T2, measured at 7 pairs of corresponding landmarks

4T2-T1

Landmark Mean Median SD Sig
Alare, right/left (1—2) 1.4 1.4 1.0 ok
Spina nasalis, right/left (3—4) 1.1 1.9 1.7 NS
Ectocanine, right/left (5—6) 2.1 2.1 1.6 ok
A—point, right/left (7—8) 2.8 2.7 2.2 o
Prosthion, right/left (9—10) 3.1 3.0 2.5 ok
Ectomolare, right/left (11-12) 2.9 3.1 1.5 ok
Procesus zygomaticus, right/left (13—14) 3.7 3.3 3.0 ok

Values are presented as number or mean*standard deviation.
SD: standard deviation, Sig.: significance
The significant difference was defined by the Wilcoxon signed rank test.

* < 0.05, #*% P<0.01. =+ P<0.001, NS, not significant
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IV. Discussion

The conventional RPE (rapid palatal expansion) could lead to limited
skeletal movement(Shapiro and Kokich, 1988), potential for undesirable
dental tipping, root resorption (Baysal et al., 2012), detrimental periodontal
effect(Garib et al., 2006; Thilander et al., 1983), and the lack of firm
anchorage to retain long time (Berger et al., 1998; Gurel et al., 2010).

Skeletal anchorage by means of temporary anchorage devices (TADs) has
proven useful(Nanda and Uribe, 2009) and the application of miniscrews in
orthodontic treatment facilitates maximum anchorage and precise tooth
movement, thus extending the spectrum of treatment options.

SARPE could establish more orthopedic expansion of basal bone rather than
dentoalveolar tipping in adult patients but it requires surgery. Bone anchored
rapid palatal expansion has shown to result in successful RPE in young adults
(Deeb et al., 2010; Gerlach and Zahl, 2003; Lagravere et al., 2010a; Lee et al.,
2010; Ramieri et al.,, 2005; Tausche et al., 2007; Wilmes et al., 2010).
MARPE (miniscrew assisted rapid palatal expansion) is less invasive
treatment modality than SARPE since its introduced by Lee et al. in 2010 (Lee
et al., 2010). Therefore the purpose of this study was to evaluate the skeletal
and dentoalveolar changes in young adults after MARPE as an effective

alternative to SARPE without surgery.
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Center of rotation

Fig.10. The diagram of dentoalveolar and skeletal expansion before and after
MARPE.

7: zygomatic process, N: the most lateral wall of nasal cavity, J (Juglare): the intersection of the
outline of the maxillary tuberosity and the zygomatic buttress, MA: middle alveolus, C6: cervical
point of maxillary 1% molar, Ag: antegonial notch

7—7: zygomatic width (mm), N—N: nasal cavity width (mm), J—J: maxillary width (mm), MA—
MA: middle alveolus width (mm), C6—C6: cervical width (mm), Ag—Ag: mandibular width (mm)

With exception of Ag—Ag (mandibular width), all measurements were showed
statistically significant increase after MARPE expansion in 3—dimensional
reconstruction images (Table 2). Both skeletal and dentoalveolar expansion
were achieved after MARPE treatment. The amount of transverse changes
was decreasing from the molar cervical width (C6—C6) to the zygoma width
(Z-7) (Fig.10). The increase in transversal dental width measurements
following expansion agreed with the results of previous studies (Corbridge et
al.,, 2011; Garib et al., 2006; Mah et al.,, 2003; Palomo et al., 2006; Podesser
et al., 2004; Rungcharassaeng et al., 2007).

The nasal cavity showed significant increases at the level of 1% molars, 1%
and 2nd premolars. Changes in 1% premolar area were higher than those in 1%

molar area in both nasal cavity and basal bone of maxilla (Table 3). There
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was no data of nasal cavity and basal bone width at the level of canine
because of distortion of coronal images, and the coronal slice was taken more
anterior. Garib et al. reported transverse increase at the level of nasal floor
(Garib et al., 2005). These finding might support that the maxillary expansion
increases the air flow and improves nasal breathing (Ciambotti et al., 2001;
Haas, 1965, 1970).

Different from the 2—dimensional images, CBCT visualize and quantify the
changes of basal bone of maxilla.(Cameron et al., 2002; Chamberland and
Proffit, 2008; Handelman et al., 2000) In this study, all levels of maxillary
basal bone width showed significant increase (Table 3).

The activation force of RPE initially leads to compression of the PDL
(periodontal ligament), bending of alveolar bone, and tipping of the anchored
teeth(Haas, 1970). After RPE expansion, the angulation of molars increased
from 1° to 24° (Hicks, 1978; Lione et al., 2013) due to alveolar bending and
tipping of posterior teeth. By contrast, the other study showed no statistically
significant amount of dental tipping after RPE treatment but significant
alveolar tipping compared with the controls(Kartalian et al., 2010). In this
study, MARPE might result in the tipping of maxillary posterior teeth and the
level of the buccal alveolar crest was lowered in all posterior teeth after
MARPE (Table 5, 7). These changes might be attributed to the tipping of
anchored teeth, and the tipping of teeth might lead to changes of the alveolar
crest (Thilander et al., 1983). Clinically, this finding is important, because
clinicians determine the appropriate amount of over expansion. In this study,
the mean amounts of axial angulation of 1% molar was 5.7 +t5.2° (Table 5).
These are clinically acceptable amounts, in comparison to those found by
Christie et al. of 5.91£2.55" (using bonded RPE, mean age: 9.9 years),
Ciambotti et al. of 6.08+£6.25" (using RPE, mean age: 11.1 years) , Kilic et al.
of 6.9 (using RPE, mean age: 13.8 years, range: 11—16 years), and Gurgel
et al. of 4.95£2.67° (using SARPE, mean age: 25.4 ages, range: 17.4—41.8
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years) (Christie et al., 2010; Ciambotti et al., 2001; Gurgel et al., 2013; Kilic
et al., 2008). Garib et al. reported more dental inclination changes at the
molars than at the premolars(Garib et al., 2005), their findings were similar
to our study(Table 5). Tooth inclination changes associated with expansion
devices should be considered during treatment planning.

When comparing the effect of MARPE expansion on the buccal plate,
significant reduction of buccal plate thickness (range: 0.3—0.6mm) was
observed (Table 8). Changes in 1st premolar area were higher than those in
Ist molar area in buccal bone thickness (Table 6). Gauthier et al. reported
that a significant decrease in the thickness of the alveolar bone on the buccal
aspect of all premolars and molars especially on the mesial aspect of the left
1°" molar, with a mean of 0.6+0.5mm, which is up to 55% of the initial
thickness and a significant increase on the palatal aspect (Gauthier et al.,
2011). Corbridge et al. reported that the teeth moved through the alveolus,
leading to decrease in buccal bone thickness and increase in lingual bone
thickness (Corbridge et al., 2011). And Garib et al. found that RPE reduced
the buccal bone plate thickness of supporting teeth 0.6 to 0.9mm (Garib et al.,
2006).

In this study, all measurements of PCBT (palatal cortical bone thickness)
after expansion were increased (range: 0.2—0.9mm), but there was no
statistically significant in ond premolar and section B area of canine (Table 8).
Because of buccal tipping of the posterior teeth, the distance between the
palatal cortical plate and the root surface could be increased (Baysal et al.,
2013). Garib et al. found that RPE increased the lingual bone plate thickness
0.8 to 1.3mm. (Garib et al., 2006)

Because of the considerable force needed to break the midpalatal suture, an
evaluation of the periodontal tissue, including alveolar bone defects and
gingival biotype, is necessary (Evangelista et al., 2010). Garib et al. reported

that RPE reduced the buccal bone thickness of supporting teeth and induced
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the bone dehiscence (Garib et al., 2006). The prevalence of dehiscence and
fenestration has shown different results among various ethnic groups (Ezawa
et al., 1987; Rupprecht et al., 2001; Urbani et al., 1991). Evangelista et al.
found that the maxillary canines and 1° premolars showed a high prevalence
of dehiscence in Class I and Class II division I malocclusion patients using
CBCT (Evangelista et al., 2010). Dehiscence was associated with 51.09% of
all teeth, and the fenestration with 36.51% (Evangelista et al., 2010).
Rupprecht et al. reported that there was more dehiscence (51.09%) than
fenestration (36.51%) (Rupprecht et al., 2001). In this study, the incidence of
alveolar dehiscence was somewhat increased after MARPE expansion (range:
0.0—85.7%). Dental tipping and decreasing in alveolar bone height could
attribute to these alveolar bone dehiscence and fenestration. The occurrence
of dehiscence and fenestration during orthodontic treatment depends on the
direction of movement, the frequency and magnititude of orthodontic forces,
and the volume and anatomic integrity of the periodontal tissues (Wehrbein et
al., 1996). Before MARPE treatment, these dentoalveolar changes should be
considered.

In this study, point to point and volumetric registration 3D superimposition
was used to measure the transverse skeletal and dentoalveolar effects of
MARPE. X coordinates of alare, ectocanine, A—point, prosthion, ectomolare,
and procesus zygomaticus (left and right) were showed statistically
significant changes. The effect was not uniform, significant transverse
expansion was observed especially in X coordinates. Y coordinate of alare,
ectocanine, and left A point showed statistically significant decreases, except
prosthion, ectomolare, precesus zygomaticus (Table 10). There was forward
movement of the maxilla as a result of MARPE expansion.(Chung and Font,
2004; Farronato et al., 2011) Inferiorly, at the level of the alveolar bone crest,
there was greater expansion at the first molars because of posterior tipping.

(Table 11, 12) (Chung and Font, 2004)
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Although the accuracy of CBCT imaging had been well documented, tracing
error was realistically inevitable. Despite the clarity of the images obtained in
our study, CBCT image including metallic objects like MARPE and metal
crown suffers from annoying metal artifacts such as shades and streaks.
Spatial resolution which is the ability to differentiate between two distinct
objects close to each other can be affected by variations in shading, field of
view, and voxel size.(Ballrick et al., 2008) Because of ethical problem, age
matched controlled prospective study was not possible in this study. Another
limitation of this study is the small sample size.

There were needs for improved transverse expansion modality to diminish
the risk of fenestration, dehiscence, and decreasing of buccal bone thickness
due to posterior tipping. Nevertheless the findings of this study confirmed
that MARPE is an effective method for correcting the insufficient transverse
dimension of the dentition and the maxillary basal bone in young adults.
Additional prospective studies with a greater number of subjects and long

term stability of MARPE treatment should be followed.
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V. Conclusion

The aim of this study was to evaluate the skeletal and dentoalveolar
changes in young adult patients immediately after miniscrew assisted rapid
palatal expansion (MARPE) treatment wusing cone—beam computed
tomography (CBCT).

Experimental group was composed of 14 adult patients with maxillary
transverse deficiency and treated with MARPE. CBCT images were taken at

specific time (pre—expansion, post expansion).

1. After expansion (T2), there were statistically significant increases of
skeletal and dentoalveolar measurements (zygoma width, nasal width,
maxillary width, middle alveolus width, and cervical width) (7<0.05).

2. After expansion (T2), there were statistically significant increases in
the width of the nasal cavity and basal bone of maxilla (/<0.001).
Changes in 1st premolar area were higher than those in 1st molar area
in both nasal cavity and basal bone of maxilla.

3. After expansion (T2), the amount of transverse changes was
decreasing from the molar cervical width (C6—C6) to the zygoma width
(z-2).

4. By MARPE expansion, midpalatal suture was opened in all subjects and
expanded significantly combined with forward movement of the maxilla
complex (< 0.05).

5. There were significant increases in all transverse landmarks in
maxillofacial complex except for spina nasalis. At the level of the
alveolar bone crest, there was greater change at the ectomolare than at

the ectocanine (P < 0.01).
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The findings of this study confirmed that MARPE is an effective method for
correcting the insufficient transverse dimension of the dentition and the
maxillary basal bone in young adults. Additional prospective studies with a
greater number of subjects and long term stability of MARPE treatment

should be followed.
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