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Stress distribution and displacement of ")
three different types of micro-implant
assisted rapid maxillary expansion (MARM

E): a three-dimensional finite element study
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Abstract: Background/objective: Until 2010, adults underwent surgical treatment for maxillary expansion;
however, with the advent of micro-implant-assisted rapid maxillary expansion (MARME), the availability of less
invasive treatment options has increased. Nevertheless, individuals with severe transverse maxillary deficiency do
not benefit from this therapy. This has aroused interest in creating a new device that allows the benefit of maxillary
expansion for these individuals. The aim of this study was to evaluate the efficacy of three MARME models
according to tension points, force distribution, and areas of concentration in the craniofacial complex when
transverse forces are applied using finite element analysis.

Materials and methods: Digital modeling of the three MARME models was performed. Model A comprised five
components: one body screw expander and four adjustable arms with rings for mini-implant insertion. These arms
have an individualized height adjustment that allows MARME positioning according to the patient’s palatal
anatomy, thereby preventing body screw expander collision with the lateral mucosa in severe cases of maxillary
deficiency. Model B was a maxillary expander with screw rings joined to the body, and model C was similar to
model B, except that model C had open rings for the insertion of the mini-implants. Through the MEF (Ansys
software), the stresses, distribution, and area of concentration of the stresses were evaluated when transverse forces
of 785 N were applied.

Results: The three models maintained the following pattern: model C presented weak stress peaks with limited
distribution and lower concentration area, model B obtained median stress peaks with better distribution when
compared to that of model C, and model A showed better stress distribution and larger concentration area. In
model A, tensions were located in the lateral lamina of the pterygoid process, which is an important site for
maxillary expansion. The limitation of the present study was that it did not include the periodontal tissues and
muscles in the finite element method evaluation.

Conclusions: Model A showed the best stress distribution conditions. In cases of severe atresia, model A seems to
be an excellent option.
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Background

Transverse maxillary deficiency affects 13.3% to 18% of
individuals with deciduous and mixed dentition [1, 2],
and its prevalence is almost 10% in adults [3]. This skel-
etal change may cause alterations in facial morpho-
physiology. The treatment of transverse maxillary defi-
ciency consists of opening the midpalatal suture and
separating the hemi-maxillae by rapid maxillary expan-
sion (RME). This procedure was first described by An-
gell in 1860 [4] and later, Haas [5] initiated studies to
assess the effects of this therapy. RME is used success-
fully in growing patients [6] when the midpalatal suture
is not yet fully mature. However, in patients treated after
the growth peak, skeletal maturity is shown with resist-
ance zones in the midpalatal suture, limiting the success
of RME [6]. Thus, for many specialists, treatment of
transverse maxillary deficiency involves surgical proce-
dures, which are invasive and costly [7]. Commonly,
most patients refuse invasive procedures, such as surgi-
cally assisted rapid maxillary expansion (SARME). Add-
itionally, patients’ financial condition should also be
considered before selecting the best treatment option.

In 2010, the first case of RME using mini-implants
was reported [8]. This technique is called mini-implant-
assisted rapid maxillary expansion (MARME) and is cur-
rently used as another option besides SARMES. Re-
cently, Moon et al. developed a device with rings to
determine the insertion site of mini-implants [9]. Other
models were developed following the same concept in-
troduced by Moon et al., with some variations. These
devices have proven to be effective in most cases [9-10].
However, for patients with severe transverse maxillary
deficiency, the depth of the palate increases. Further-
more, the size of the screw body expander of these
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devices can cause tissue damage in the lateral mucosa of
the palate in patients with severe maxillary deficiency
[11]. Additionally, this technique still presents limita-
tions in cases of asymmetry. Some new MARME models
with extension arms allow positioning of the body screw
expander without colliding with the lateral palatal mu-
cosa; therefore, they are designed to be used even in se-
vere cases of maxillary deficiency and asymmetry.

The finite element method (FEM) has been applied to
evaluate force systems of orthodontic appliances, which
enhances results and reduces possible side effects by
avoiding clinical tests in humans [12, 13, 14]. FEM can
elaborate the uses of MARME by evaluating the stresses
and tension of the appliance, since different structures of
the craniofacial complex can be modeled and evaluated
for the impact analysis of any type of applied force [14,
15, 16].

Since the new models promise to be effective, even in
severe cases of transverse maxillary deficiency, it is fun-
damental to certify their benefits and efficiency in rela-
tion to craniofacial tensions and their distribution. As
such, the aim of this study was to evaluate and compare
the efficacy of three different MARME appliances ac-
cording to tension points, force distribution, and areas
of concentration in the craniofacial complex by FEM.

Methods

Since this was an in silico study, where all hypotheses
were tested digitally, no ethical approval was needed. A
finite element model corresponding to half of the skull
of an adult human, obtained from a multi-slice com-
puted tomography (Digital Imaging and Communica-
tions in Medicine), was generated (Fig. 1) in Renato
Archer Technology Information Center (Campinas,
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Fig. 1 Three-dimensional model of a half human skull obtained from a DICOM file of an adult individual
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Brazil). The model was duplicated with a symmetrical
cranium to exactly comprehend the dissipation of forces.
This model was created using the software GR model
Light-Speed 16 Pro. The elastic properties of the skull
(Table 1) were based on previous studies [12, 17].

Three different models of MARME, based on three
MARME devices (Fig. 2), were digitally created (Fig. 3).
Model A comprised five components: one body screw
expander and four adjustable arms with rings for mini-
implant insertion. These arms have an individualized
height adjustment that allows MARME positioning ac-
cording to the patient's palatal anatomy (Figs. 2a and
3a), thereby preventing body screw expander collision
with the lateral mucosa in severe cases of maxillary defi-
ciency (Fig. 4). Model B was a maxillary expander with
screw rings joined to the body (Figs. 2b and 3b). Model
C was similar to model B, except that model C had open
rings for the insertion of the mini-implants (Figs. 2c and
3c¢), allowing the orthodontist to angle the mini-implants
during their insertion. The distance between the anterior
and posterior mini-implants was different in each model.
The anteroposterior distance in models A, B, and C was
15 mm, 10 mm, and 9 mm, respectively.

The models were created using computer-aided design
(Fig. 4) in the software Rhinoceros (Rhinoceros 5.0 SR11
- Robert McNeel & Associates, Seattle, WA). The same
process was used to create the mini-implants [17], which
were specific to each MARME appliance tested, although
all of them were quite similar. A bicortical insertion of
the mini-implants was performed, since it showed better
RME results as shown by Lee et al. [18]. The MARME
complex was positioned in the distal region of the first
upper premolar and distal to the first upper permanent
molar [13].

The elastic properties of the materials used are listed
in Table 2. To apply the FEM, the structures were di-
vided into triangular meshes (elements) whose vertices
were the nodes (quantitative data is presented in Table
3). Structural simulation was analyzed using ANSYS
software (Mechanical Release 18.2, Canonsburg, PA) of
the type “Static and Linear Analysis.”

Images were captured at a maximum principal stress
of 7.85 N (1 complete activation screw), according to a
previous study [17]. Force distributions were presented
in different colors, varying according to the resulting
force expressed in each region (Table 4). Results were
expressed in MPa (Megapascal) and converted into

Table 1 Elastic properties of the skull model

Material Modulus of elasticity Poisson’s ratio
Cancellous bone 13.700 03
Compact bone 7930 03
Tooth 20.000 03
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gf/mm?® To make the data easier to interpret, the data
were arranged in progressive levels from S1 to S3 ac-
cording to the degree of tension (Table 5, Fig. 17). This
classification was created using the following parame-
ters according to the results observed in the software
cited above:

- Color grading (quantity and color nuances)

- Stress range in mm?

Smooth color and no graduation (S1) implied that
there was only a low intensity, undistributed stress peak,
as shown in the green areas in Fig. 4 (S1). On the other
hand, Fig. 4 (S2) shows a color gradient from green to
blue, which, according to the software used, implied that
there was a stress distribution. Figure 4 (S2) still shows a
larger area of tension distribution. In contrast, Fig. 4
(S3) shows a color graduation between orange, yellow,
shades of green, and blue, which indicates a large distri-
bution of tension, besides having the largest area of ten-
sion distribution per mm?,

Results

Results on the stress category and distribution for each
view and structure evaluated are presented in Table 6.
The different stress regions are represented in Figs. 6, 7
and 8 and Videos 1, 2, 3,4, 5,6, 7, 8 and 9.

In the frontal view (Fig. 6), high stress points occurred
in the mini-implant region and in the supporting tooth
region (upper first molar) for models B and C (Fig. 6b, c,
respectively). For model C, the stress force was of cat-
egory 3, which means approximately 9.726 gf/mm?
Model B showed the same amount of force with a wider
distribution area. For model A (Fig. 6a), a better distri-
bution of these tensions, as well as a higher force inten-
sity ranging in category 4 with up to 14.2760 gf/mm? in
the nasal region, were observed. Tensions in models B
and C were concentrated on the buccal bone plate (Figs.
6b and 5c¢). In general, there were tensions in orbit (all
models presented a maximum principal stress of 6626
gf/mm?) and the distribution was higher in model A,
followed model B and C (Fig. 6). The strongest stress
point, category 5, occurred in the nasal cavity floor,
reaching up to 489.199 gf/mm? at the insertion region of
the mini-implants, for both models B and C. It was also
observed that tension was lower on teeth for model A
(9.726 gf/mmz), while both models B and C reached cat-
egory 5 with up to 489.199 gf/mm?>.

The stresses in the nasal region were similar in the
frontal view for all three models. In the frontal isometric
view, the vestibular stress region for models B and C
was evident, ranging from 6.6263 to 9.7262 gf/mm?
while the force distribution for model A varied from
3.0757 to 9.7262 gf/mm?, with better stress distribution.
The stress on the tooth region for model A was of cat-
egory 4 (maximum principal stress of 14.2760 gf/mm?),



André et al. Progress in Orthodontics (2021) 22:20

Page 4 of 12

Fig. 2 Original design of MARME models. Source: Biomaterial Korea®, Seoul, South Korea and Peclab®, Belo Horizonte, Brazil
A\

J

and the other models reached category 5 with stress
value of 489.199 gf/mm? The nasal region presented
tensions up to 14.2760 gf/mm? for model A with force
distribution category S3.

In the lateral view (Fig. 7; Videos 1, 2 and 3), the stress
on the lateral lamina of the pterygoid process of the
sphenoid bone was evident. Model C (Fig. 8¢c; Video 3)
presented a stress peak up to 6.626 gf/mm?* (category 2)
only in the central region of the lateral lamina of the
pterygoid process. Model B (Fig. 6b; Video 2) presented
a well-distributed stress ranging from 6.626 to 9.726 gf/
mm?, featuring categories 2 and 3. Model A (Fig. 7a)
presented the same stress range between 6.6263 and
9.7262 gf/mm? as observed in model B, and the distribu-
tion was transmitted through the entire pterygoid
process (Video 1). The nasal region also showed stress
tensions up to 14.2760 gf/mm? on model A, with force
distribution category S3. Interestingly, the tooth tension
was lower in this view (Fig. 7).

In the vestibular view (Videos 4, 5 and 6), tensions in
the lateral lamina of the pterygoid process presented a
very distinct force distribution. For model C (Video 6),
the peak tension was up to 6.626 gf/mm? (category 2).
Models A and B (Video 4 and 6) presented with category

3 (9.726 gf/ mm?), in a wider area and maximum tension.
For model A, in the lateral lamina of the pterygoid
process (Video 4), the tension showed great distribution
reaching up to 9.726 gf/mm?. In the vestibular view, all
models reached a maximum stress of 489.199 gf/mm? in
the supporting tooth, and model A obtained the most
uniform distribution (S3).

In the isometric occlusal view (Fig. 8; Video 7, 8, 9), a
large area of high-intensity tension of up to 489.199 gf/
mm? (category 5) was observed at the site of installation
of the mini-implants in models B and C (Fig. 7b, c). Even
though model A (Fig. 8a) presented similar amount of
tension, it was distributed all over the palate, up to the
lateral lamina of the pterygoid process (Video 7). Model
C (Fig. 8c) did not present any tension in this area
(Video 9), and model B presented tension of only 3.076
gf/mm? (category 1) at few points (Fig. 8b; Video 8). All
tested models reached a maximum stress of 489.199 gf/
mm? in the tooth region, where model B obtained the
best force distribution (S3).

Occlusal view clearly showed tension distribution from
the maxillary bone to the lateral lamina of the pterygoid
process. For model A, the tension was up to 9.726 gf/mm?>
(category 3). In this view, a high stress area (category 5)

A

Fig. 3 Design of the MARME models
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Extension arms (adjustable height)

Fig. 4 Schematic drawing of a coronal view of a patient with severe transverse maxillary deficiency. a The adjustable height of model A arms can
provide the RME. b Models B and C simulation, the body screw expander collides with the lateral mucosa, which could cause injury

Collision of the
mini-implant
rings with the
latéral mucosa
of the palate.

was observed in the nasal floor cavity at the insertion
point of the mini-implants. In model A, the distribution
appeared with a lower stress area and wider distribution
of forces across the palate (Table 6). Model B showed
lower molar stress in the occlusal view.

Discussion

FEM methodology was chosen for this study because it
is a precise mathematical process, which could test the
mechanical quality of three MARME models. These de-
vices were chosen because of their different advantages.
Model A was designed to perform RME in cases of se-
vere atresia [11]. Model B was chosen because it has
already shown satisfactory results in clinical studies [19,
20, 21]. Model C was chosen because it has open rings
for insertion of mini-implants, which is advantageous in
situations of mini-implant loss (it is possible to repos-
ition another mini-implant with a different angulation
from the original installation) [10, 22].

Regarding the stress distribution found in the support-
ing tooth region, high stress intensity up to 489,199
gf/mm2 was found in general (Fig. 5, Table 6). In the
lateral (Fig. 6a, Video 1) and vestibular views (Video 4),
the maximum stress region observed in model A was in
the distal portion of the tooth that received the band.
Models B and C (Fig. 6¢, b) presented extremely high
forces (category 5—maximum principal stress 489.199
gf/mm?) in the mesial, buccal, and distal faces. Jain et al.
2017 [17] concluded that excessive force on the support-
ing teeth is closely related to the side effect of tooth tip-
ping. Clinically, a high incidence of tooth tipping (90.1%)
[23] after RME was reported with a model similar to that
of model B [23, 24]. Another clinical study found

Table 2 Elastic properties of the MARME model material

Material Modulus of elasticity Poisson’s ratio
Stainless Steel 200.000 033
Titanium 105.000 0.34

increased tooth inclination in the right and left upper
molars of 2.77° and 2.03°, respectively [9]. Hence, it
could conceivably be hypothesized that model A has a
minor side effect of tipping of teeth. However, as the
periodontal tissue was not included in the evaluation,
the amount of stress on the supporting teeth cannot
suggest reliable clinical implications.

All evaluated models presented tensions in the infraor-
bital region. Model C (Figs. 5¢ and 6c) presented the
lowest distribution of these stresses (6626 gf/mmz),
while model B (Figs. 5b and 6b) presented low and
medium stress (ranging from 3.076 to 9726 gf/mm?*) and
a relatively non-diffused distribution. Model A presented
well-distributed tensions (S3), varying from low to
medium stress intensities (from 3.076 to 9726 gf/mm?*—
Figs. 5a and 6a). This corroborates previous studies on
MARME [16, 21]. As it is a region with important
nerves, more clinical studies are necessary to assess
whether there are any side effects in this region.

Models B (maximum principal stress of 6626) and C
(from 6.626 to 9.726 gf/mm?) showed an external stress
distribution pattern (Fig. 5b, c), corresponding to the
buccal alveolar bone surface, with a better stress distri-
bution in model B (S2). Reportedly, RME conventional
treatment can change buccal bone thickness [7, 7]. This
corroborates with a previously published FEM study of
MARME [9]. In a clinical study, Moon et al. [9] reported
a reduction in the buccal cortical thickness of the
alveolar bone of 0.67 + 0.44 mm on the right upper mo-
lars and 0.48 + 0.48 mm on the left upper molars. Simi-
lar results were demonstrated by Lim et al. [23].
Furthermore, Ngan et al. [27] observed a 39% reduction

Table 3 Number of nodes and elements of the MARME models

MARME model Nodes Elements
Model A 2.922.005 2.050.160
Model B 1.456.578 984.598

Model C 2218113 1.516.929
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Table 4 Qualitative classification of the stresses from the 7.85 N (785 g) force magnitude applied

CATEGORY COLORS RELATED

EXPRESSED MAGNITUDE - gf/mm?

0 .

0

0<M<=3,076

3,076< M <=6,626

6,626< M <=9,726

9,726< M <=14,2760

14,2760< M <489,199

in buccal cortical thickness after the use of a model
similar to model B in their clinical study. In the present
study, model A presented more internal tension in the
maxillary bones and an S3 distribution in the buccal re-
gion (Fig. 26a; Video 27). This distribution included the
internal portion of the bone, but greater intensity of
stress was observed in the nasal bone and lateral lamina
of the pterygoid process. Future clinical studies are ne-
cessary to evaluate the clinical consequences of these
results.

Nasal, frontonasal, and internal sutures received ten-
sions of up to 9.726 gf/mm? in models B and C (Fig. 5b,
c). Similar results were observed previously with the
same magnitude of transverse force application [17].
Model B showed a better force distribution (Table 6).
Model C showed the same stress levels as model B but
showed a low distribution of stress. Model A showed up
to 14.2760 gf/mm?> of stress with S3 distribution
category. Song et al. [28] observed similar results in their

Table 5 Categories of stress distribution

Distribution Category
Low coverage area S1
Mean coverage area S2
High coverage area S3

clinical study and showed that frontonasal and fronto-
maxillary sutures underwent major changes after RME,
which were more desirable than the changes found in
the sutures involved with the zygomatic bone. Further-
more, another clinical study showed a significant in-
crease in the cross-sectional dimension of the nasal
cavity (in the premolar and molar region) and a conse-
quent improvement in nasal respiratory flow [29].
Therefore, changes in this region are desirable. It is
speculated that model A has better effects on the
patient's respiratory flow. Longitudinal clinical studies
will be necessary to evaluate these changes.

Considering the three models in occlusal view, the re-
gion of the medial lamina of the sphenoid process with
the wing of the vomer was the location where the
models were similar, both in maximum stress and distri-
bution (489,199 gf/mm?). In a previous prospective clin-
ical study, changes were observed in the sphenoid
process with the use of a model similar to model B [28].
According to the author, more clinical studies should
evaluate RME alterations in this region because of the
presence of important vessels and nerves.

The expander bodies of the three models have differ-
ent sagittal distances between the mini-implants. The
higher distance of model A allows a position with a
greater amount of bone thickness in the anterior region
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Fig. 5 Quantity of distribution per square millimeter. Categories S1 (low coverage area), S2 (mean coverage area), and S3 (high coverage area)

while keeping the posterior mini-implants in a more MacGinnis et al. [16] found high stress around the
posterior position (higher resistance region during RME)  mini-implants of a model similar to model B, with-
[30]. Model A fits into a larger portion of the maxilla, out a wide palatal distribution. These findings are
which suggests better stress distribution in the palate alarming because high-intensity forces with no
and the region of the mini-implants. stress distribution can bend or fracture the mini-

Table 6 Category and distribution results in each evaluated view and structure

MARME model Model A Model B Model C
View/structure Category Distribution Category Distribution Category Distribution
Frontal/maxillary bone 2and3 S3 2and3 2 2 St
Frontal/nasal region Tand4 S3 lTand3 S2 1to3 S1
Frontal /infraorbital region 2and3 S3 2and3  S2 2 S1
Inclined frontal/infraorbital region 2and3 S3 2and3 2 2 S1
Inclined frontal/mini-implants region Ttob S3 1t05 S1 1to5 S1
Inclined frontal/tooth Tt03 S3 3t05 S2 3t05 S2
Inclined frontal/nasal region lTand4 S3 Tand3 S2 1to3 S1
Isometric frontal/maxillary region 0to3 S3 2and3  S2 2 S1
Isometric frontal/tooth Tto4 S3 2t05 S2 2to5 S2
Isometric frontal/infraorbital region Tt03 S3 1to3 S2 2t03 S1
Isometric frontal/nasal region Tand4 S3 Tand3 S2 1to03 S1
Lateral/lateral lamina of pterygoid process Tto3 S3 1t03 S3 2 St
Lateral/nasal region Tand4 S3 lTand3 S2 1to3 S1
Lateral/tooth Tto5 S3 1t05 S2 2t05 S2
Isometric occlusal/mini-implants region 1to5 S3 1t05 S2 2to5 St
Isometric occlusal/lateral lamina of pterygoid process Tto3 S3 1 S1 0 -
Isometric occlusal/tooth Tt05 S2 1to5 S3 2to5 S1
Vestibular/lateral lamina of pterygoid process Tto3 S3 1t03 S3 1to?2 S1
Vestibular/tooth Ttob S3 1to5 S2 2t05 S1
Occlusal/lateral lamina of pterygoid process Tto3 S3 1t03 S2 2 S1
Occlusal/mini-implants region Tto5 S3 2to5 S2 2to5 St
Occlusal/tooth Tto5 S2 1to5 S3 Tto5 S1
Occlusal/junction of the vomer wing with the medial lamina of the Ttob S3 1t05 S3 1to5 S3

sphenoid process region

The categories are presented according to Table 4 and distribution according to Table 5
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Fig. 6 FEM simulation in frontal view

implants. Additionally, with this weak tension distri- Lack of tension or distribution in the lateral lamina of
bution, the opening of the midpalatal suture may the pterygoid process area may result in the failure of
not occur [31]. RME [30]. The images suggest that model A had a better
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Fig. 8 FEM simulation in isometric occlusal view
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effect on this area, both in amount of force and quality
of the distribution, when compared to model B and even
greater effect, when compared to that of model C. Model
A showed the best stress distribution pattern in the

maxillary bone, nasal region, as well as in the mini-
implant insertion region.

Another interesting advantage of model A is that,
owing to the height adjustment of the rings, it is possible
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to place the body screw expander with wider screw sizes.
In this way, treatment possibilities are extended with the
use of this device.

MARME in adults is a relevant and current topic for
orthodontics. Previous evidence already shows that this
is a promising method, which should be accurately indi-
cated. Thus, more clinical research is needed to clarify
the influence of differences in installation sites, distance
from the expander body to the palate, appliance design,
and activation protocols.

Limitations

The limitation of the present study was not to include
the periodontal tissue and the muscles in the FEM
evaluation.

Conclusions
Model A presented the best conditions of skeletal stress
distribution in a hemi-skull model.

The palate-to-appliance distance, and the increased
distance between the mini-implants (characteristic of
model A), seem to be the factors that provide greater
amplitude of stress distribution in the craniofacial
structure.

In cases of severe atresia, model A seems to be an ex-
cellent option, since it demonstrated a better distribu-
tion of forces along the craniofacial structures.

Clinical studies are necessary to understand and verify
the effectiveness of model A.

Abbreviations

RME: Rapid maxillary expansion; SARME: Surgically assisted rapid maxillary
expansion; MARME: Mini-implant assisted rapid maxillary expansion;

FEM: Finite element method; DICOM: Digital imaging and communication in
medicine

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/540510-021-00357-5.

Additional file 1.
Additional file 2.
Additional file 3.
Additional file 4.
Additional file 5.
Additional file 6.
Additional file 7.
Additional file 8.
Additional file 9.

Acknowledgements
We would like to thank the Renato Archer Technology Information Center
for the support during this project development.

Authors’ contributions
ACB established the methodology, performed the FEM evaluations, wrote
the article, and performed the literature review. R-NJ made the article

Page 11 of 12

revision. PBPM made the article structure, revision, and translation. IW per-
formed the literature review. NFD was the supervisor during all the research.
He established the methodology, and made the article revision and transla-
tion. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Technology Research Center, University of Mogi das Cruzes, Dr. Candido
Xavier de Almeida Souza Avenue, 200, Mogi das Cruzes 08780-91 Sao Paulo,
Brazil. 2Depar‘m’\ent for Orthodontics, University of Sao Paulo, Professor Lineu
Prestes Avenue, 2227, Sao Paulo, SP 05508-000, Brazil. *Private Practice,
Palestina Street,51, Jardim Europa, Vargem Grande Paulista, Sado Paulo
06730-000, Brazil. “School of Orthodontics, University of S&o Paulo, Professor
Lineu Prestes Avenue, 2227, Sao Paulo 05508-000, Brazil.

Received: 14 October 2020 Accepted: 22 April 2021
Published online: 21 June 2021

References

1. da Silva Filho OG, Santamaria M Jr, Capelozza FL. Epidemiology of posterior
crossbite in the primary dentition. J Clin Pediatr Dent. 2007;32(1):73-8.
https://doi.org/10.17796/jcpd.32.1.h53g027713432102.

2. Almeida RR. Preventive and interceptive orthodontics: myth or reality? 2nd
ed. Maringé: Dental Press; 2013.

3. Brunelle JA, Bhat M, Lipton JA. Prevalence and distribution of selected
occlusal characteristics in the US population, 1988-1991. J Dent Res. 1996;
75(Spec no):706-713

4. Angell EC. Treatment of irregularities of the permanent or adult teeth. Part
1. Dent Cosmos. 1860;1(10):541-4.

5. Haas AJ. Rapid expansion of the maxillary dental arch and nasal cavity by
opening the mid palatal suture. Angle Orthod. 1961;31:73-90.

6. Angelieri F, Franchi L, Cevidanes LHS, Bueno-Silva B, McNamara JA Jr.
Prediction of rapid maxillary expansion by assessing the maturation of the
midpalatal suture on cone beam CT. Dental Press J Orthod. 2016;21(6):115—
25. https://doi.org/10.1590/2177-6709.21.6.115-125.sar.

7. Stuart DA, Wiltshire WA. Rapid palatal expansion in the young adult: time
for a paradigm shift? J Can Dent Assoc. 2003;69(6):374-7.

8. Lee KJ, Park YC, Park JY, Hwang WS. Miniscrew-assisted nonsurgical palatal
expansion before orthognathic surgery for a patient with severe mandibular
prognathism. Am J Orthod Dentofacial Orthop. 2010;137(6):830-9. https//
doi.org/10.1016/}.3j0d0.2007.10.065.

9. Moon HW, Kim MJ, Ahn HW, Kim SJ, Kim SH, Chung KR, et al. Molar
inclination and surrounding alveolar bone change relative to the design of
bone-borne maxillary expanders: A CBCT study. Angle Orthod. 2020,90(1):
13-22. https://doi.org/10.2319/050619-316.1.

10.  Calil RC, Marin Ramirez CM, Otazu A, Torres DM, Gurgel JA, Oliveira RC, de
Oliveira RCG, Valarelli FP, Freitas KMS. Maxillary dental and skeletal effects
after treatment with self-ligating appliance and miniscrew-assisted rapid
maxillary expansion. Am J Orthod Dentofacial Orthop. 2020:50889-
5406(20)30646-6. doi: https://doi.org/10.1016/j.aj0od0.2020.09.011. Epub
ahead of print. PMID: 33288357

11, Janson M, Silva Neto FH. Transverse discrepancies treatment in adults:
orthodontic and orthopedics alternative rationale. Rev Clin Ortod Dental
Press. 2016;15(6):56-89. https://doi.org/10.14436/1676-6849.15.6.056-089.art.


https://doi.org/10.1186/s40510-021-00357-5
https://doi.org/10.1186/s40510-021-00357-5
https://doi.org/10.17796/jcpd.32.1.h53g027713432102
https://doi.org/10.1590/2177-6709.21.6.115-125.sar
https://doi.org/10.1016/j.ajodo.2007.10.065
https://doi.org/10.1016/j.ajodo.2007.10.065
https://doi.org/10.2319/050619-316.1
https://doi.org/10.1016/j.ajodo.2020.09.011
https://doi.org/10.14436/1676-6849.15.6.056-089.art

André et al. Progress in Orthodontics

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

(2021) 22:20

Ludwig B, Baumgaertel S, Zorkun B, Bonitz L, Glasl B, Wilmes B, et al.
Application of a new viscoelastic finite element method model and analysis
of miniscrew-supported hybrid hyrax treatment. Am J Orthod Dentofacial
Orthop. 2013;143(3):426-35. https:/doi.org/10.1016/j.aj0d0.2012.07.019.

Lee HK, Bayome M, Ahn CS, Kim SH, Kim KB, Mo SS, et al. Stress distribution
and displacement by different bone-borne palatal expanders with micro-
implants: a three-dimensional finite-element analysis. Eur J Orthod. 2014;
36(5):531-40. https://doi.org/10.1093/ejo/cjs063.

Knop L, Gandini LG Jr, Shintcovsk RL, Gandini MR. Scientific use of the finite
element method in orthodontics. Dental Press J Orthod. 2015;20(2):119-25.
https://doi.org/10.1590/2176-9451.20.2.119-125.sar.

Lotti RS, Machado AW, Mazzieiro ET, Landre JJ. Scientific aplication of finite
element method. Rev Dent Press Ortodon Ortop Facial. 2006;11(2):35-43.
https://doi.org/10.1590/51415-54192006000200006.

MacGinnis M, Chu H, Youssef G, Wu KW, Machado AW, Moon W. The effects
of micro-implant assisted rapid palatal expansion (MARPE) on the
nasomaxillary complex--a finite element method (FEM) analysis. Prog
Orthod. 2014;15(1):52. https://doi.org/10.1186/540510-014-0052-y.

Jain V, Shyagali TR, Kambalyal P, Rajpara Y, Doshi J. Comparison and
evaluation of stresses generated by rapid maxillary expansion and the
implant-supported rapid maxillary expansion on the craniofacial structures
using finite element method of stress analysis. Prog Orthod. 2017;18(1):3.
https://doi.org/10.1186/540510-016-0157-6.

Lee RJ, Moon W, Hong C. Effects of monocortical and bicortical mini-
implant anchorage on bone-borne palatal expansion using finite element
analysis. Am J Orhod Dentofacial Orthop. 2017;151(5):887-97. https://doi.
0rg/10.1016/).2j0d0.2016.10.025.

Suzuki H, Moon W, Previdente LH, Suzuki SS, Garcez AS, Consolaro A.
Miniscrew-assisted rapid palatal expander (MARPE): the quest for pure
orthopedic movement. Dental Press J Orthod. 2016;21(4):17-23. https://doi.
0rg/10.1590/2177-6709.21.4.017-023.0in.

Zong C, Tang B, Hua F, He H, Ngan P. Skeletal and dentoalveolar changes in
the transverse dimension using microimplant-assisted rapid palatal
expansion (MARPE) appliances. Semin Orthod. 2019;25(1):46-59. https://doi.
0rg/10.1053/j.50d0.2019.02.006.

Oh H, Park J, Lagravere-Vich MO. Comparison of traditional RPE with two
types of micro-implant assisted RPE: CBCT study. Semin Orthod. 2019;25(1):
60-8. https://doi.org/10.1053/j.50d0.2019.02.007.

Andrade T. MARPE: uma alternativa ndo cirdrgica para o manejo ortopédico
da maxila: parte 2. Rev Clin Ortod Dental Press. 2018;17(6):24-41. https://doi.
0rg/10.14436/1676-6849.17.6.024-041 epa.

Lim HM, Park YC, Lee KJ, Kim KH, Choi YJ. Stability of dental, alveolar, and
skeletal changes after miniscrew-assisted rapid palatal expansion. Korean J
Orthod. 2017;47(5):313-22. https;//doi.org/104041/kjod.2017.47.5.313.

Park JJ, Park YC, Lee KJ, Cha JY, Tahk JH, Choi YJ. Skeletal and dentoalveolar
changes after miniscrew assisted rapid palatal expansion in young adults: a
cone-beam computed tomography study. Korean J Orthod. 2017:47(2):77-
86. https://doi.org/10.4041/kjod.2017.47.2.77.

Garib DG, Henriques JF, Janson G, Freitas MR, Fernandes AY. Periodontal
effects of rapid maxillary expansion with tooth-tissue-borne and tooth-
borne expanders: a computed tomography evaluation. Am J Orthod
Dentofacial Orthop. 2006;129(6):749-58. https://doi.org/10.1016/j.ajodo.2006.
02.021.

Kayalar E, Schauseil M, Kuvat SV, Emekli U, Firatli S. Comparison of
tooth-borne and hybrid devices in surgically assisted rapid maxillary
expansion: a randomized clinical cone-beam computed tomography
study. J Craniomaxillofac Surg. 2016;44(3):285-93. https://doi.org/10.101
6/jjcms.2015.12.001.

Ngan P, Nguyen UK, Nguyen T, Tremont T, Martin C. Skeletal, dentoalveolar,
and periodontal changes of skeletally matured patients with maxillary
deficiency treated with microimplant assisted rapid palatal expansion
appliance: a pilot study. AOS Trends Orthod. 2018;8(2):71-85. https://doi.
0rg/10.4103/apos.apos_27_18.

Song KT, Park JH, Moon W, Chae J-M, Kang K-H. Three-dimensional
changes of the zygomaticomaxillary complex after mini-implant assisted
rapid maxillary expansion. Am J Orthod and Dentofacial Orthop. 2019;
156(5):653-62.

Storto CJ, Garcez AS, Suzuki H, Cusmanich KC, Elkenawy I, Moon W, et al.
Assessment of respiratory muscle strength and airflow before and after
microimplant-assisted rapid palatal expansion. Angle Orthod. 2019,89(5):
713-20. https://doi.org/10.2319/070518-504.1.

30.

31

Page 12 of 12

Brunetto DP, Sant'/Anna EF, Machado AW, Moon W. Non-surgical treatment
of transverse deficiency in adults using Microimplant-assisted Rapid Palatal
Expansion (MARPE). Dental Press J Orthod. 2017;22(1):110-25. https://doi.
0rg/10.1590/2177-6709.22.1.110-125sar.

Seong EH, Choi SH, Kim HJ, Yu HS, Park YC, Lee KJ. Evaluation of the effects
of miniscrew incorporation in palatal expanders for young adults using
finite element analysis. Korean J Orthod. 2018;48(2):81-9. https://doi.org/104
041/kjod.2018.48.2.81.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1016/j.ajodo.2012.07.019
https://doi.org/10.1093/ejo/cjs063
https://doi.org/10.1590/2176-9451.20.2.119-125.sar
https://doi.org/10.1590/S1415-54192006000200006
https://doi.org/10.1186/s40510-014-0052-y
https://doi.org/10.1186/s40510-016-0157-6
https://doi.org/10.1016/j.ajodo.2016.10.025
https://doi.org/10.1016/j.ajodo.2016.10.025
https://doi.org/10.1590/2177-6709.21.4.017-023.oin
https://doi.org/10.1590/2177-6709.21.4.017-023.oin
https://doi.org/10.1053/j.sodo.2019.02.006
https://doi.org/10.1053/j.sodo.2019.02.006
https://doi.org/10.1053/j.sodo.2019.02.007
https://doi.org/10.14436/1676-6849.17.6.024-041.epa
https://doi.org/10.14436/1676-6849.17.6.024-041.epa
https://doi.org/10.4041/kjod.2017.47.5.313
https://doi.org/10.4041/kjod.2017.47.2.77
https://doi.org/10.1016/j.ajodo.2006.02.021
https://doi.org/10.1016/j.ajodo.2006.02.021
https://doi.org/10.1016/j.jcms.2015.12.001
https://doi.org/10.1016/j.jcms.2015.12.001
https://doi.org/10.4103/apos.apos_27_18
https://doi.org/10.4103/apos.apos_27_18
https://doi.org/10.2319/070518-504.1
https://doi.org/10.1590/2177-6709.22.1.110-125.sar
https://doi.org/10.1590/2177-6709.22.1.110-125.sar
https://doi.org/10.4041/kjod.2018.48.2.81
https://doi.org/10.4041/kjod.2018.48.2.81

	Outline placeholder
	Abstract
	Background/objective
	Materials and methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Limitations
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

