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Abstract

Background: Rapid maxillary expansion (RME) is an important method for correcting maxillary transverse deficiency.
Objectives: The aim of this study was to assess the variations of the palatal plane in the anteroposterior and vertical directions after
RME observed under cone-beam computed tomography.
Methods: The images using the cone-beam computed tomography were obtained from the skull of 15 patients (10 males, 5 females)
with ages from 7 to 14 years, at the specialization course in orthodontics of the School of Dentistry at UFBA before (T0) and after (T1)
RME using the Haas-type expander. The sagittal slices were obtained with Dolphin imaging program, premium version 11.0, in order
to visualize the most anterior and posterior extremities of the maxillary bone and the following points: Sella (S), nasion (N), anterior
nasal spine (ANS) and posterior nasal spine (PNS). The distances between points S and PNS (L1) and between N and ANS (L2) and the
angles formed by the intersection of line SN with the palatal plane (angle 1) and line SN with line N-ANS (angle 2) were measured.
Results: The values obtained were statistically analyzed using Students t-test. At the time intervals assessed, no statistically signif-
icant difference was found in the linear measurements L1 and L2 (P = 0.296 and P = 0.674, respectively). No statistical significance
was found when assessing angles 1 and 2 (P = 0.673 and P = 0.589, respectively).
Conclusions: RME using the Haas-type expander does not cause any alterations in the vertical or sagittal position of the maxilla.
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1. Background

Rapid maxillary expansion (RME) is an important
method for correcting maxillary transverse deficiency (1,
2). For this procedure, several types of appliances can be
used to open the mid-palatal suture, with intense forces in
the transverse direction, causing expansion (1, 3, 4).

However, studies using lateral cephalometric radio-
graphs have found that undesirable side effects can occur
such as the downward and anterior displacement of the
maxilla (5-8). Therefore, these effects may be deleterious
for patients with a hyperdivergent pattern causing clock-
wise rotation of the mandible (6, 8) or leading to anterior
open bite in patients who already have this tendency (1, 5,
6, 8, 9).

With the advent of cone-beam computed tomogra-
phy (CBCT), which provides more accurate diagnosis, and
the use of computer programs, which allow manipula-
tion of images such as magnification on the screen, three-

dimensional assessment of the bone structures and linear
and angular measurements, it is possible to obtain more
accurate evaluations (10, 11).

2. Objectives

Thus, the aim of this study was to assess the possible
alterations of the maxilla represented by the palatal plane
after RME in the anteroposterior and vertical directions
through images obtained from the CBCT.

3. Methods

This quantitative and longitudinal study was con-
ducted after the approval by the Research Ethics Commit-
tee of the School of Dentistry of the Federal University of
Bahia (CAAE 10816812.3.0000.5024). CBCT images of pa-
tients before and after RME who had sought the Center of
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Orthodontics and Facial Orthopedics Professor José Édimo
Soares Martins (School of Dentistry of the Federal Univer-
sity of Bahia) and who needed to undergo orthodontic
treatment were used.

Fifteen patients were selected in accordance with the
following inclusion criteria: Patients aged between 7 and
14 years who needed rapid maxillary expansion (RME)
as part of orthodontic treatment planning; presence of
maxillary first molars, maxillary first deciduous molars
and/or maxillary first permanent premolars; normal gen-
eral health condition; agreement with the research and
their parents and/or guardians signed a term of free and
informed consent (TFIC); have not submitted any previous
orthodontic treatment; or no active carious lesions and/or
periodontal disease in any teeth.

All patients were submitted to a routine clinical exam-
ination with the purpose of planning orthodontic treat-
ment and the following complementary exams were per-
formed: Dental casts of the maxillary and mandibular
dental arches, intra and extraoral photographs, periapical
and interproximal radiographs, and CBCT. These examina-
tions were performed before placing any orthodontic ap-
pliances (T0). After RME (T1), a new CBCT was taken since
this exam provides other evaluations of alterations that oc-
cur in the face, craniofacial sutures, nasal cavity, and in the
upper airways.

The images were obtained by using the cone-beam
computed tomograph iCAT® (Imaging Sciences Interna-
tional, Pennsylvania, USA), in accordance with the follow-
ing acquisition parameters: FOV (field-of-view) of 22 cm,
120 kVp, 47.74 mAs, voxel of 0.4 mm and acquisition time of
40 seconds. The patients were examined while they were
seated with the Frankfort horizontal plane parallel to the
ground, mid-sagittal plane perpendicular to the ground
and positioned in habitual maximum intercuspation. The
images in DICOM (Digital Imaging and Communications
in Medicine) format were then imported and multiplanar
reconstruction of the maxillary structures was performed
using the Dolphin Imaging Program, premium version 11.0
(Dolphin Imaging & Management Solutions, Chatsworth,
USA).

The RME clinical procedure was performed using the
Haas-type expander with the rings placed on the first per-
manent molars and, depending on the stage of tooth de-
velopment of the patient, on the first premolars or first
deciduous molars. The appliances were fabricated using
a 0.036-inch stainless steel wire (Morelli, Sorocaba, São
Paulo, Brazil) and a 11 mm expansion screw of the Magnum
model (Dentaurum, Ispringen, Baden-Württemberg, Ger-
many), and split acrylic (Jet Articles Dental Classic Ltda, São
Paulo, Brazil) that followed the basic design of Haas1.

Treatment included an active stage, during which lat-

eral forces were applied, and a passive retainer stage. The
first stage lasted from 2 to 4 weeks, depending on the
amount of expansion desired, which started 24 hours after
the placement of the appliance and the expansion screw
was activated twice a day (1/4 turn every 12 hours). At the
end of this stage, the screw was stabilized and a new tomo-
graphic exam was required.

Using the CBCT images obtained from the initial and
after expansion, the Dolphin imaging program was used
to determine and measure the points. Before performing
the markings and measurements of the points, it was nec-
essary to standardize the position of the digital image of
the skull according to the coronal and sagittal planes. In
the lateral view, the anterior nasal spine (ANS) and poste-
rior nasal spine (PNS) were positioned to coincide with the
plane represented by a line parallel to the ground in the
program, so it was always necessary to perform the sagit-
tal slices to verify the correct position. In the front view, the
midline of the software was positioned exactly on the mid-
line of the patient, coinciding with the nasion (N) and an-
terior nasal spine (ANS) points. To make sure that the skull
was correctly centered, an axial section was made on which
the ANS and PNS coincided with the vertical line represent-
ing the sagittal plane. This procedure was necessary in or-
der to replicate the 3D-volumetric data set positions in all
experimental times (T1 and T2) as well as to evaluate skele-
tal changes regarding such stable planes. Reference plane
positions were recorded to allow the initial position to be
resumed whenever necessary.

From the sagittal cut in 1 mm thickness of the center of
the head, which showed the most anterior and posterior
extremities of the maxillary bone, the markers were iden-
tified in order to measure the linear distance and angles
between them (Figure 1). A single examiner performed all
the measurements.

In order to avoid possible measurement errors, two
similar computers, software and monitors were used side
by side, in darkened proper room. This enabled simulta-
neous manipulation of CBCT images during the location
of the planes and landmarks in the experimental times for
each patient, with T1 as reference.

The following points were established (Figure 1A): Sella
point (S), nasion point (N), anterior nasal spine (ANS), and
posterior nasal spine (PNS). From these points, linear mea-
surements of the distance between S and PNS (L1) and be-
tween N and ANS (L2) were performed (Figure 1B).

The angular measurements were obtained by angle 1
formed between the SN line with the palatal plane and by
angle 2 formed by the SN line with N-ANS line (Figure 1C).
Subsequently these values were treated statistically.

To assess the reliability of the method, three initial to-
mographs and three tomographs after rapid maxillary ex-
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Figure 1. Images of points (A) linear measurements (B) and angles (C) with the aid of the Dolphin imaging program version 11.0

pansion of three patients were selected, on which the nec-
essary points were marked and proposed measurements
were taken. After 15 days, the same procedure was repeated
and it was found that all variables showed no statistically
significant differences, indicating that the method is reli-
able and reproducible.

After obtaining the assessed values of the 15 patients,
the data were tabulated and submitted to statistical analy-
sis and the data of each parameter at time intervals T0 and

T1 were compared to assess the possible alterations of the
maxilla in the anteroposterior and vertical directions. For
this purpose, Student’s t-test was used with 95% confidence
interval.

Statistical analysis was performed using the Minitab
program version 15.0 (Belo Horizonte, Minas Gerais,
Brazil).
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4. Results

In the vertical direction, from the analysis of the dis-
tances between S-PNS (L1) and N-ANS (L2), it was observed
that no statistically difference (P = 0.296 and P = 0.674, re-
spectively) with regard to the time intervals evaluated (T0
and T1), as shown in Figure 2. Analyzing also the angle 1,
which could determine the rotation of the palatal plane in
clockwise or counterclockwise directions, the initial values
and after RME did not show any statistically difference (P =
0.673), as shown in Figure 3.

With regard to the behavior of the maxilla in the an-
teroposterior direction, a similar result was found in the
values obtained for angle 2 (Figure 3), since no statistical
different was found (P = 0.589).
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5. Discussion

Several evaluations of the behavior of the maxilla after
RME were conducted in previous studies, but these stud-
ies were limited to evaluating cephalometric radiographs
using conventional radiographic images for data acquisi-
tion with the disadvantage of superimposition of anatomi-
cal structures of the skull. By using CBCT this disadvantage
is eliminated, for it allows the distances between anatom-
ical points to be measured and it allows more accurate vi-
sualization of the diagnosis parameters resulting in more
reliable and precise data (10, 11).

3D assessment of RME outcomes required the choice
of stable reference for same registration in each period
evaluated. In terms of facial changes, references utilized
should not rely on structures that might have changed
between the CBCT acquisitions. For this reason, we used
points and planes already known in conventional cephalo-
metric, which allowed the standardization of the 3D-
reconstruction and the evaluation of the possible alter-
ations of the maxilla in the anteroposterior and vertical di-
rections. That could be one of our study’s limitations.

The present study used CBCT to assess the behavior of
the maxilla, it was observed that in the anteroposterior di-
rection, there was no significant difference. A study of 183
patients using lateral cephalometric radiographs the ante-
rior displacement was not significant in class I and II pa-
tients (12), which was in agreement with a study conducted
with 25 children that found no alteration in the maxilla in
the sagittal direction (13).

On the other hand, other authors reported anterior dis-
placement, which favors the correction of skeletal class III
malocclusion and anterior crossbite (1, 3, 5). Evaluations
performed after the retention period showed values close
to the initial ones (1, 14-16), indicating the recurrence of
anteroposterior cephalometric alterations. These findings
corroborate the results of the present study, despite using
different evaluation time intervals, since the analysis of the
behavior of the maxilla was performed immediately after
RME. It could also be suggested that the use of a more ac-
curate method for obtaining images would minimize the
difference in results related to the position of the maxilla
at different evaluation times.

Short-time tendencies for the development of
mandibular/maxillary alterations should not be con-
sidered as conclusive results. They should be reassessed
after the treatment effect has ceased. Possible orthodontic
and orthopedic responses after expansion are subject
to recurrences as any movement caused by other types
of mechanical (16). Therefore, no difference was found
when the growth of children who underwent RME was
compared with other children who had not undergone
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any kind of treatment for a period of 2 years and 9 months
after the procedure. This result may suggest that possible
undesirable alterations that occur with the use of ex-
panders are compensated by growth and development in
the medium and long term and they become insignificant.
In the present study, no alterations were observed in the
short term, which does not cause concern when secondary
effects of RME occur in patients who show normal growth
curves.

From the analysis of the data, there was no change in
the palatal plane in the vertical direction. This result cor-
roborate those of De Rossi et al. (13), but differ from those
found by Farronato et al. (12) The two above-mentioned
studies, however, used cephalometric radiographs, but
these are more difficult to determine posterior nasal spine
due to the superimposition of the structures in the image,
which prevents more accurate measurements.

Another point of divergence is the types of appliances
used. Although some studies defend the use of expansion
appliances with occlusal coverage for vertical and sagit-
tal control (9, 13), others found no significant changes in
the palatal plane with the use of appliances such as the
Haas, Hyrax appliances or occlusal coverage (12, 14). In the
present research, it was also found that RME performed
with the Haas-type appliance did not cause changes in the
palatal plane.

Positive results were obtained when vertical-pull chin-
cup was used for vertical control in patients with hyperdi-
vergent facial pattern during the active phase of RME up to
the end of mixed dentition in comparison with other pa-
tients who did not use this accessory appliance (17). Bet-
ter results were found when the same accessory appliance
was used in patients during their pubertal growth spurt
(18). This concern becomes pertinent in cases of patients
with hyperdivergent skeletal pattern and downward and
backward rotation of the mandible, mandibular retrog-
nathism, and anterior open bite. However, these findings
are of little statistical relevance and they are clinically in-
significant. As the sample of this study was predominantly
composed of patients with normal facial patterns and ver-
tical changes were not significant, it can be affirmed that
orthopedic appliances specific for vertical control during
the active phase of RME become dispensable for individu-
als with normal growth pattern in order to prevent any ad-
verse effects.

In view of the above discussion, further studies us-
ing a standardized sample in accordance with the pat-
tern of growth are needed with the purpose of discussing
the favorable and unfavorable aspects of RME in patients
with hyperdivergent pattern and/or a tendency for devel-
opment of anterior open-bite. In the present study, the se-
lection of the sample was based on reduced transverse di-

mension of the maxilla and aspects related to the growth
pattern and anteroposterior relationship between maxilla
and mandible were not taken into consideration.

5.1. Conclusions

Therefore, it may be concluded that rapid maxillary
expansion using the Haas-type appliance did not signifi-
cantly change the sagittal and vertical position of the max-
illa in patients with normal growth pattern.
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