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Abstract: Background: To assess the changes in the inclination of the premolar and molar during
a maxillary expansion with a micro-implant-assisted skeletal expander (MSE). Materials and Methods:
A total of 21 patients (16 females, 5 males) with a mean age of 18.6 ± 4.5 (range 11.3–26.3 years) with
a transverse maxillary deficiency were included in this study. They all received an MSE appliance
for the maxillary skeletal expansion. The activation protocol consisted of about 0.5 mm expansion
a day until a diastema was observed and continued with about 0.25 mm a day until the desired
transverse relationship between the maxilla and mandible was achieved. OnDemand3D software
was used for the measurements of the inclination change in the maxillary premolars and molars, pre-
and post-expansion. Graphpad was used to compare the mean change in each tooth with the zero
value (no change), and the p values of these changes with every tooth were calculated. Moreover, the
changes and the mean values of all the teeth on the left and right sides were calculated separately.
Results: A total of sixteen measurements were conducted for each patient. The first premolars tipped
palatally after the expansion, while the second premolars and molars tipped buccally. The changes
were significant for the molars and the left second premolar. Conclusions: The MSE induced some
changes in the tooth inclination. The first premolars moved palatally, most likely due to perioral
musculature and mastication force, while the first and second molars moved buccally. The second
molar buccal movement is most likely due to the craniofacial rotation caused by the MSE as they
were not subject to the expansion force.

Keywords: maxilla transverse deficiency; maxillary expansion; MSE; dental inclination

1. Background

A maxillary transverse deficiency is a commonly encountered problem in orthodon-
tic practice [1] and is generally treated with the tooth-borne rapid maxillary expansion
technique (RME) [2]. However, two factors are associated with the limitations of such an
approach: the treatment timing and the dental or periodontal side effects.

In growing patients, RME is a highly predictable approach with a significant or-
thopedic effect. In mature patients, it is more difficult to achieve skeletal effects during
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the expansion [3] because of the complex interdigitation/interlocking of the craniofacial
sutures [4] which produces higher levels of resistance against the expansion. Furthermore,
detrimental side effects such as dental tipping, alveolar bone loss or periodontal dehis-
cence have been associated with this procedure [5,6]. These unwanted changes have been
observed even in growing patients and are significantly more severe in skeletally mature
patients.

In order to overcome these limitations and to avoid complex surgical options [7],
especially for skeletally mature patients, an alternative treatment has been proposed: the
micro-implant-assisted rapid palatal expansion (MARPE) [8]. A number of designs of
MARPE appliances with various treatment outcomes have been reported [9–11]. The
Midfacial Skeletal Expander (MSE) [12] is one MARPE with unique features, designed
to produce a favorable posterior and superior force vectors during the expansion by the
posterior positioning of the appliance between the zygomatic buttress bones [13].

Although the orthopedic effect of the MSE [14–16] and other types of MARPE appli-
ances is being continuously documented, their effect on dental inclination changes needs
further investigation. Some studies have reported changes in dental tipping following
MARPE especially on the maxillary first molar [17–22], and only a few of them have
addressed the tipping of the maxillary premolars [23–26]. The inclination changes with
the anchor teeth are understandable; however, the reason for the changes observed with
non-anchor teeth must be explored further.

The aim of this study is to investigate the effect of the bone-borne MSE expander on
the inclination of the maxillary teeth and the cause of the changes.

2. Materials and Methods

A total of 21 patients (16 females, 5 males) with a mean age of 18.64 ± 4.5 (range
11–26.25 years) were included in this retrospective study approved by the Ethical Commit-
tee of the University of California, Los Angeles. The inclusion criteria were: (1) patients
with transverse maxillary deficiency treated with MSE, (2) the availability of two CBCT
images: pretreatment and within 3 weeks after the completion of MSE expansion and
(3) no previous orthodontic treatment. All patients were treated at the orthodontic clinic,
UCLA School of Dentistry, Institutional Review Board approval (IRB number 17-000567).
For diagnosing the maxillary deficiency, the transverse analysis method described in the
previous studies was used [13,15].

2.1. MSE Design and Activation Protocol

The MSE appliance was fixed at the palatal bone between the two zygomatic buttresses
by means of four micro-implants (1.8 mm in diameter and 11 or 13 mm in length) with
bicortical engagement. The appliance has a central jackscrew, four parallel holes for
micro-implants insertion and two arms on each side to help stabilize the jackscrew during
expansion (Figure 1).
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The arms are made with a soft alloyed metal in order to minimize the transmission
of the expansion force to the anchor teeth when the micro-implants tip or move laterally,
cutting through the palatal bone, during the expansion. The soft arms bend, absorbing
the lateral force, reducing the load on molars and preventing unwanted tooth movements;
however, it provides the necessary stability of the jackscrew position during the activation
period. The activation protocol started with about 0.5 mm expansion a day until a diastema
was observed and continued with about 0.25 mm activations a day until the desired
transverse relationship between maxilla and mandible was achieved. Once the active
expansion was completed, the MSE was kept in place for six months as skeletal retention
while bone filled the widened suture.

2.2. Evaluation Method

The same scanner (5G; NewTom, Verona, Italy) with an 18 × 16 cm field of view was
used for all patients to obtain the pre- and post-expansion CBCT images. The step-by-
step procedure for the three-dimensional analysis was: First, the superimposition of the
pre- and post-expansion CBCT images was performed with the automated voxel-based
registration function of OnDemand3D software (Cybermed, Daejeon, Korea). The accuracy
of such superimposition was previously validated [27]. Following the superimposition, the
orientation of the images was established by identifying the maxillary sagittal plane (MSP)
on the primary CBCT, passing through three reference points: anterior nasal spine (ANS),
posterior nasal spine (PNS) and Nasion (Figures 2 and 3).
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Figure 3. Identification of the reference points for the midsagittal plane at the axial, sagittal and
coronal sections.

Eight maxillary teeth were examined for each patient: first and second premolars and
first and second molars, bilaterally. All measurements were taken from the coronal view of
the primary CBCT, followed by the same set of measurements from the secondary CBCT.
Tooth inclination was determined by the angle between the long axis of the tooth and the
horizontal reference line. The long axis of a tooth was defined as the line passing through
the occlusal fossa of the crown and the apical point of the palatal root for molars and first
premolar, and the apical point of the root of second premolar. The horizontal reference
line is the representation of the axial palatal plane in the coronal view. As described by
Cantarella et al. [13], the axial palatal plane is perpendicular to the maxilla sagittal plane
and passess through ANS and PNS. Once the inclination of a specific tooth was measured
at the primary CBCT, the secondary CBCT was selected without changing the orientation
of the horizontal reference line (Figure 4).

2.3. Statistical Analysis

For each patient, the pre-expansion tooth inclination value was extracted from the
post-expansion value of every tooth to calculate the change. The mean change in each tooth
for all patients was then calculated. Graphpad 5.0 software was used to compare the mean
change in each tooth with the zero value (no change) using paired t-test, and p values were
calculated. Moreover, the changes and the mean values of all teeth on left and right sides
were calculated separately.
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2.4. Three-Dimensional Visualization

Three-dimensional volumetric registration was performed to isolate the tooth move-
ment relative to the maxilla. The registration was performed to superimpose the initial
CBCT and the post-expansion CBCT at the zygomatic buttress and the palate for the right
and left sides separately (Figure 5).
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After this registration, bone and tooth surfaces were constructed using the marching
cubes algorithm. To visualize the direction of the tooth movement with respect to maxilla,
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a color contour map was generated in order to differentiate the direction of the movements
from the surface of initial CBCT to the surface of the post-expansion (Figure 6).

Appl. Sci. 2022, 12, x FOR PEER REVIEW 6 of 10 
 

 
Figure 6. Three-dimensional visualization and color mapping of tooth movement after expansion 
in the left and right side. The blue color indicates palatal tipping and the red color buccal tipping. 

3. Results 
A total of sixteen measurements were conducted for each patient. The mean pre- and 

post-expansion tooth inclinations, the mean change and the p-value of the comparison 
with the zero change are reported in Table 1. The first premolars tipped palatally after the 
expansion, while the second premolars and molars tipped buccally. The changes were 
significant for the molars and left second premolar. The comparison between the left and 
right mean inclination changes for each tooth is reported in Table 2. No significant differ-
ence was found. 
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3. Results

A total of sixteen measurements were conducted for each patient. The mean pre- and
post-expansion tooth inclinations, the mean change and the p-value of the comparison
with the zero change are reported in Table 1. The first premolars tipped palatally after
the expansion, while the second premolars and molars tipped buccally. The changes were
significant for the molars and left second premolar. The comparison between the left
and right mean inclination changes for each tooth is reported in Table 2. No significant
difference was found.
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Table 1. Mean and SD of pre- and post-expansion tooth inclination and inclination change (in degrees).
A positive Mean change indicates a buccal inclination, a negative mean change indicates a palatal
inclination. The p-values of the comparison with the zero change are tabulated. The asterisk indicates
statistical significance.

Tooth No Pre-Expansion Post-Expansion Change p Value

14 91.8 ± 11.1 91.2 ± 10.4 −0.6 ± 2.7 0.27
24 95.0 ± 9.1 94.7 ± 9.1 −0.4 ± 1.8 0.23
15 92.0 ± 7.6 92.6 ± 7.4 0.6 ± 1.9 0.17
25 92.3 ± 12.4 93.7 ± 12.5 1.5 ± 1.7 0.018 *
16 108.0 ± 6.5 110.8 ± 6.2 2.8 ± 2.4 0.0002 *
26 110.3 ± 7.3 113.8 ± 7.9 3.5 ± 2.1 <0.0001 *
17 114.7 ± 7.5 116.6 ± 7.3 1.9 ± 2.4 0.004 *
27 114.6 ± 7.8 116.8 ± 8.5 2.2 ± 2.6 0.0008 *

Table 2. Mean change, SD and p-value of the difference between left and right sides.

Tooth No Right Left p-Value

1st premolar −0.6 ± 2.7 −0.4 ± 1.8 0.7774
2nd premolar 0.6 ± 1.9 1.5 ± 1.7 0.1341

1st molar 2.8 ± 2.4 3.5 ± 2.1 0.2533
2nd molar 1.9 ± 2.4 2.2 ± 2.6 0.6787

4. Discussion

In the present study, the inclination changes in the maxillary premolars and the molars
following the MSE treatments is reported. The MSE is a specific MARPE appliance which
is designed to produce posterior and superior force vectors by inserting the micro-implants
posteriorly between the two zygomatic buttresses and superiorly engaging both the palatal
and nasal cortical bones [13]. These posterior and superior expansion forces are proven to
be effective against the posterior and superior resistances. The bicortical engagement of
micro-implants produces a more parallel pattern of expansion [12,13].

Regarding the maxillary molar inclination changes, the mean buccal tipping values of
the first and second molars were 3.1◦ ± 2.3 degrees and 2.1◦ ± 2.5, respectively. Because
the second molars were not anchor teeth, this buccal inclination change cannot be from
the dental tipping. Cantarella et al. described the MSE expansion as a skeletal rotation
of the hemifacial structure with the fulcrum near the frontozygomatic suture [14]. This
type of skeletal rotation would change the buccal inclination of the molars because the
landmarks further away from the fulcrum would move more. This concept was first
described by Paredes et al. [15]. However, the first molar could have tipped buccally
when the micro-implants tipped or moved laterally within the palatal bone during the
expansion, because the molars were the anchor teeth. Based on the fact that the second
molar inclination changed by 2.1◦ without any expansion force on it, we can conclude that
the skeletal rotation caused by the MSE was the reason for this change. Assuming the 2.1◦

change with the second molar was from the skeletal rotation, the first molar tipping may be
about 1◦ [3.1◦–2.1◦]. When analyzing the dental tipping in the coronal plane, the changes
occurred from a rotation of the entire craniofacial structure and maxillary basal bone. The
dental tipping has to be analyzed within the alveolar bony housing.

While the existing studies show similar results for the molar inclination changes
with the MARPE treatments, the studies for the premolar inclination changes are few
and contradictory [19,23–26]. The MARPE devices used in these studies were of different
designs, either with two or four micro-implants inserted posteriorly or laterally in the
palate, with various numbers of teeth banded. Two studies reported a significant buccal
tipping of the first premolars [19,25]. Ngan et al. [19] treated a total of eight cases with
an MSE device and reported a mean buccal tipping of 5.86 ± 5.71 for the first premolars.
However, they used bands on the first premolars to stabilize the MSE and positioned
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the MSE device in various palatal locations. Akin et al. [25] reported a mean premolar
buccal tipping of 3.06◦ ± 1.41. They treated a total of nine patients with a hybrid MARPE
with two micro-implants and palatal resin pads which produced a v-shaped expansion,
with a greater expansion anteriorly. Other studies reported either no changes [18,23] or
a palatal tipping of the premolars [9,24,25]. All of them used a MARPE device with four
micro-implants inserted laterally or posteriorly in the palate, except for Toklu et al. [26]
who used a MARPE with two anterior mini-screws. However, the mean age of the patients
included in the study was 13.8 ± 2.2, younger than the other studies. The appliance design
can greatly influence the pattern of the maxillary expansion and dentoalveolar changes,
and it is not possible to generalize the changes in all MARPE. Each appliance should be
studied separately, and the changes must be analyzed based on the appliance design and
its impact on craniofacial structures.

The mean palatal tipping values of 0.6◦ ± 2.7 and 0.4◦ ± 1.8 for the first right and left
premolars were observed in the current study with the MSE, whereas almost no changes for
the second premolars were observed. The skeletal rotation caused by the MSE produced 2.1◦

of the second molar inclination change, and similar changes in the buccal direction can be
expected from the premolars. However, the premolar movements were not significant, with
the first premolars moving in the palatal direction. One possible explanation for the palatal
movement of the first premolars and the relative palatal movement of the second premolars
might be the resistance force of the perioral muscles during the expansion. The skeletal
rotation by the MSE may have changed their inclination in the buccal direction initially, but
the external force by the perioral muscles tipped them in the palatal direction, reversing
and reducing the buccal inclinations of the first and second premolars, respectively. This
impact appears to be more prominent in the anterior region and the influence seems to
decrease posteriorly (Table 1). If this is the case, the differences in the inclination changes
between the first and second molars may have been caused by the buccal perioral muscles.
Because the first molars were attached to the MSE and no movement was allowed, but
the second molars were subject to the perioral influence, the discrepancy may be the
result of the second molars moving palatally. Another contributing factor might be the
occlusion forces that may have uprighted the buccally inclining posterior teeth during the
mastication. The occlusal contacts of the second molars in younger patients are lighter than
the premolars, and the uprighting of the second molars by the occlusal force may have been
less than that of the premolars. This may be the reason why the inclination changes in the
buccal direction were observed more with the second molars than both the first and second
premolars. Because the first molars could not be influenced by the occlusal interference, the
inclination changes were greatest, although it was a minimal difference between the first
and second molars. A study by Paredes et al. illustrated the MSE treatment resulted in 96%
skeletal rotation with insignificant dentoalveolar changes [15], and the majority of the 3.1◦

first molar inclination change may be due to the skeletal rotation. It is conceivable that the
entire buccal segment rotated as much as the first molars with the MSE, and the perioral
musculature and occlusal function may have uprighted the buccally inclining premolars
and second molars with more prominent movement in the anterior region. This means the
dental tipping within the alveolar housing may be negligible, even with the first molars.
Although the MSE expansion caused skeletal rotation with negligible dental movement, the
changes with buccal bone have not been evaluated. A further study evaluating the changes
in the buccal bone thickness in correlation with the current study would be important in
understanding the risk involved with skeletal expansion.

Lastly, no significant difference in the inclination change was observed between the
left and right sides for both the premolars and molars. Because the expansion force is
reciprocal and the human skull is generally not symmetric, an asymmetric expansion is
expected. However, the magnitude of asymmetry did not yield significant differences in
the buccal inclination changes between the two sides.
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5. Conclusions

The tooth inclinations of the second molars changed in the buccal direction during
the MSE treatment, even though they were not subjected to the expansion force, indicating
that the changes were due to the craniofacial rotation caused by the MSE. The premolar
inclination changes were less than that of the second molars, and the first premolars moved
in the palatal direction, indicating an uprighting of the teeth, most likely due to the perioral
musculature and mastication force. These changes were more prominent in the anterior
region. The first molar had slightly more buccal inclination because it was stabilized by the
MSE, not allowing the uprighting.
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