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Abstract

Background: The effects of rapid maxillary expansion (RME) have been widely studied with classic bidimensional imaging.
Objectives: The study aimed to determine immediate post-expansion effect of RME with three-dimensional imaging.
Methods: Computed tomography (CT) low dose scan records were taken for three patients before applying RME (T0), and imme-
diately after the end of the active expansion phase (T1). For one patient a CT scan was available also at T2, at time of RME removal.
Image analysis was done in 4 steps: segmentation of the face skull, model construction and exportation of .stl surface shells, cranial
base superimpositions and colorimetric maps overlay.
Results: There were differences in the bone adaptations to RME, but it was possible to identify some common trends in the three
patients. All of the three patients showed a pattern of forward movement of the maxilla associated to the suture opening. Patients
1 and 3 demonstrated also a downward movement of the maxilla, which was not visible on patient 2. As a sagittal advancement of
almost 6 mm, as visible in patients 1 and 3, was not possible due to growth in only two weeks, all bony changes could be attributed
to the RME. For patient 1, the bony changes present at T1, were still present at T2, while the suture was closed.
Conclusions: A pattern of forward immediate displacement of the maxilla with respect to the cranial base was consistently noticed
in three patients. The vomer bone maintained a connection with one half of the maxilla when the suture opened.
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1. Background

The effects of rapid maxillary expansion (RME) have
been widely studied and sometimes criticized (1-4). Some
Authors focused on side effects of the RME both on the ver-
tical plane (5-8) and on the sagittal plane (6-9), as seen from
lateral cephalograms. As the aim of the expander is to in-
crease the transversal dimensions, there were claims for
clockwise rotation of the mandible as a consequence of in-
creased vertical dimension of the maxilla in the short term
(5-8). A recent long-term study showed that RME can be car-
ried out successfully in patients with increased vertical di-
mensions without detrimental effects on the vertical skele-
tal relationships (10). An immediate sagittal forward pro-
jection of the maxilla was also assessed (6-9).

Studies on the short-term effects of RME from a bidi-
mensional perspective lost clinical interest at least a
decade ago. The advent of cone-beam computed tomog-
raphy (CBCT) lead to a new and more comprehensive way
to look at treatment outcomes. Cevidanes et al. defined a

method for superimposition on the cranial base for CBCT
images that allows to analyze skeletal changes in three-
dimensions (3D) (11, 12). Magnusson et al. (13) applied
the method of volumes superimposition to study skele-
tal transversal changes in adults receiving a surgically as-
sisted rapid palatal expansion (13). More recently Gkan-
tidis et al. (14) described and tested the reproducibility of
a method of superimpositions on the cranial base of sur-
faces extracted from CBCT data (14).

The aim of this study was to apply the 3D superimposi-
tion method on the cranial base of three growing patients
undergoing a RME treatment in order to analyze the skele-
tal changes that occurred in the maxillary region.

2. Methods

From a sample of 17 patients (15, 16) who were treated
with a banded RME (17) at University of Rome “Tor Vergata”,
3 prepubertal patients were selected for having the cranial
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base fully visible into the 13.7× 13.7 field of view of the low-
dose CT scan. The age of the three subjects was 8.9, 10.1 and
12.0 years. All the patients presented with constricted max-
illary arches, variable degree of crowding and one or both
displaced maxillary canines as assessed by panoramic ra-
diograph. The treatment protocol consisted of two turns
per day (0.4 mm) for two weeks (7 mm) until overcorrec-
tion of the transverse width was achieved (palatal cusp of
the upper posterior teeth approximating the buccal cusp
of the lower posterior teeth). After the active phase of ex-
pansion the appliance was left in place six months to allow
for the complete ossification of the midpalatal suture (15).

Computed tomography (CT) low dose scans of the 3
subjects were available at 2 time points: immediately be-
fore appliance placement (T0), at the end of active expan-
sion (T1). Low-dose CT scans were taken with a scanner con-
sole (Light-Speed 16, General Electric Medical System, Mil-
waukee, Wisconsin, USA) with a 1.25 mm slice thickness,
13.7x13.7 cm field of view (FOV), following a low dose pro-
tocol with 80 KV instead of the standard setting used for a
Dentascan of 120 KV (16).

Image analysis was done in 4 steps: segmentation of
the face skull, model construction and exportation of .stl
surface shells (11, 12) (with ITK-Snap open-source software,
www.itksnap.org), cranial base superimpositions (13) and
colorimetric maps overlay (with VAM software, Canfield
Scientific, Fairfield, New Jersy, USA).

The study was done under the approval of the local eth-
ical committee (15, 16).

3. Results

The color code for standard superimposition (no color
distance algorithm applied) is the following: orange T0,
purple T1.

When performing color map superimposition a colori-
metric scale is presented at the side of each figure: the
darker the blue the bigger/outer the superimposed shell,
with regard to the reference. Green stays for no changes
and red stays for a restrain in dimensions. The limits of
the scale are shown at the edges of the scale, and the scale
was set as going from -6mm (red), to +6mm (blue), passing
from 0 (green, no linear differences between the surfaces).

There were some differences in the bone adaptations to
RME, but it was possible to identify some common trends
in the three patients.

All of the three patients showed a pattern of forward
movement of the maxilla associated to the suture opening
(Figure 1). Forward movement was marked in patient 1 and
3, and smaller in patient 2.

Patients 1 and 3 demonstrated also a downward move-
ment of the maxilla, which was not visible on patient 2 (Fig-
ure 2).

The distance color map images showed that changes
were concentrated and maximal at the dental level and at
the alveolar process area of the maxilla. They involved also
the malar region (outer wall of maxillary sinus) and they
extended up to the zygomatic process of the maxilla, as
it’s visible in patients 1 and 3. In patient 2, asymmetrical
changes were concentrated in the right alveolar process
and malar region of the right hemi-maxilla (Figures 3 - 5).

The vomer bone maintained a connection with one
side of the hemi-maxilla. In patient 2 it was possible to no-
tice a marked asymmetry in suture opening, with one of
the halves staying “locked” and the other half responding
asymmetrically to the screw opening (Figures 1,4).

As a sagittal advancement of almost 6 mm, as visi-
ble in patients 1 and 3 (Figure 1), was not possible due to
growth in only two weeks (time of activation of the screw),
all bony changes could be attributed to the RME proto-
col. Some Authors identified an advancement of point A,
and mandibular post-rotation. While it is difficult to them
them out from classic 2D radiographs, this phenomenon
may be easier interpreted with the help of 3D imaging. In
fact, is seems that, in order to separate at the level of the
midpalatal suture, the two halves of the maxilla need to
“squeeze” out through forward and downward (Figure 6).
This is very likely to be the only way to win the resistance
of the posterior circum-maxillary sutures. The classical V-
shaped opening of the suture that was recorded with oc-
clusal radiographs, is apparently possible due to a displace-
ment of each hemi-maxilla towards a zone of no resistance,
i.e. forward and downward, as circum-maxillary sutures
are mainly located in the posterior and upper zone of the
maxilla.

For Patient 1, a CT including the cranial base was avail-
able at T2, immediately after appliance removal (Figure
7). When superimposing T2 on T1, it was possible to no-
tice only minor changes, while the suture appeared to be
closed due to re-ossification. The superimposition of T2
and T0 showed a sagittal forward movement of the same
entity as the one recorded at T1. While closing at the level
of the suture, it seems that the maxillary bones were able
to keep the changes induced by the RME.

A limit of this study is the limited number of patients
observed. However, it’s hard to extensively increase the
number of observations due to ethical reasons. It was at
least possible to observe with a 3D perspective the effect of
suture opening due to rapid maxillary expander and try to
better interpret some of the consequences recognized by
Authors studying maxillary expansion.

Individual variability seems to play a main role and
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Figure 1. All of the Three RME Patients Showed a Pattern of Forward Movement of the Maxilla Associated to the Suture Opening

Figure 2. Patients 1 and 3 demonstrated Also a Downward Movement of the Maxilla, Which Was Not Visible on Patient 2

Figure 3. Color Maps Changes for Patient 1

other observations are needed to assess what happens to
the maxilla when using an RME.

4. Conclusions

The present study is a qualitative representation of
what happened in a 3D perspective to the maxilla when a
RME appliance was used.

A pattern of forward immediate displacement of the
maxilla with respect to the cranial base was consistently
noticed in three patients. The vomer bone maintained a
connection with one half of the maxilla when the suture
opened
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Figure 4. Color Maps Changes for Patient 2 with Asymmetric Suture Opening

Figure 5. Color Maps Changes for Patient 3

Figure 6. In Order to Separate At the Level of the Midpalatal Suture, the Two Halves of the Maxilla Need to “Squeeze” out Through Forward and Downward

Figure 7. For Patient 1, a CT Including the Cranial Base Was Available at T2, Immediately After Appliance Removal
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