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Influence of the hyrax expander screw
position on stress distribution in the
maxilla: A study with finite elements

Leticia Chaves Fernandes,? Robert Willer Farinazzo Vitral,2 Pedro Yoshito Noritomi,?
Carina Abrantes Schmitberger,? and Marcio José da Silva Campos?®
Juiz de Fora, Minas Gerais, and Campinas, Sao Paulo, Brazil

Introduction: Our objective was to evaluate the stress and deformation distribution patterns on the maxillary
bone structure using the finite element method by simulation of different vertical and anteroposterior positions
of the expansion screw on the hyrax expander appliance. Methods: Part of the maxilla with anchorage teeth,
midpalatal suture, and the hyrax appliance were modeled, and 6 distinct finite element method models were
created to simulate different positions of the expansion screw. There were 2 vertical positions at distances of
20 and 15 mm from the occlusal plane. Another 3 positions were anteroposterior, with the center of the screw
placed between and equidistant from the mesial face of the first molar and the distal face of the first premolar,
aligned to the center of the crown of the first molar, and the anterior edge of the screw aligned to the distal
face of the first molar. The initial activations of the expanders were simulated, and the stress distributions on
the maxilla in each model were registered. Results: The stress was concentrated in the anterior region of the
models, close to the incisive foramen, dissipating through the palate in the posterior and lateral orientations,
in the direction of the pterygoid pillar, diverting from the midpalatal suture region. When the expander screw
was simulated closer to the occlusal plane and in a more anterior position, more stress was located around
the incisive foramen and distributed through the midpalatal suture to its posterior portion. More posterior
positions resulted in concentrated stress around the pterygoid pillars. At all simulations, the midpalatal suture
showed a V-shaped expansion, with the vertex superior in the coronal view and posterior in the axial view.
Conclusions: Different positions of the expander screw interfered with stress intensity and distribution patterns.
When the expansion screw was simulated in a more occlusal and anterior position, it was more efficient to
transfer the mechanical effects from the appliance to the bone structures. (Am J Orthod Dentofacial Orthop
2019;155:80-7)

suture (MPS) and transverse
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n a maxillary transverse deficiency, the maxilla has a of the midpalatal

triangular aspect, with a deep and ogival palate and

constriction in the posterior segments of the dental
arch, usually associated with posterior crosshite.'™
Rapid maxillary expansion (RME) is the standard
treatment for maxillary transverse deficiency.”® The
orthopedic procedure uses expanders to apply lateral
loads to the maxillary teeth that lead to disarticulation
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expansion of the maxilla.

MPS disarticulation is easily obtained in children but
is more difficult in patients in advanced skeletal matura-
tion stages because of the progressive palatine suture
fusion.” During RME, it is common to have unwanted
vestibular dental inclination that compromises stability
and prognosis,”®'? thus limiting the orthopedic results
of the treatment.'*'”

One of the most used devices for RME is the hygienic
rapid expander (hyrax), with an expander screw posi-
tioned transverse to the MPS and metallic extensions
soldered to orthodontic bands in the anchorage
teeth.'%"'” Variations in position of the expander screw
of the hyrax expander can interfere with the load
distribution of orthopedic forces,'® influencing its
efficiency and the orthopedic effect of RME."”

Knowledge of the effects of the expander is essential
to reach the maximum potential of skeletal effects.'® The
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Fig 1. Mesh of tetrahedral elements in preprocessing stage.

finite element method (FEM) sets the stress and defor-
mation states of solids subjected to external forces'® "
and can be used in RME analysis to determine the
loads and deformations to which teeth and craniofacial
bones are subjected.'®?9**

The aim of this study was to evaluate stress and
deformation distribution patterns on the maxillary
bone structure using the FEM by simulation of different
vertical and anteroposterior positions of the expander
screw in the hyrax expander appliance.

MATERIAL AND METHODS

A finite element model from Renato Archer Technol-
ogy Information Center was used for this study, and it
was created from images of computed tomography
(GR model Light-Speed 16 Pr6) of an adult with no
evident asymmetry, whose permanent teeth were all
erupted except for the third molars, with no prosthetic
rehabilitation and no injuries in the craniofacial region,
either congenital or acquired. The use of these images
to create the model was approved by the ethics research
committee of the University of Sao Paulo (number
97/06).

A CAD model was created (Rhinoceros 4.0; McNeel
North America, Seattle, Wash) from the tomography
images containing the maxilla, base of the skull
(zygomatic, nasal, sphenoid, and frontal bones), first
premolars, and first molars on the right and left sides,
and a functional bone-suture unit depicting the MPS.

The anatomic model of part of the maxilla,
anchorage teeth, and MPS was imported with the
software FEMAP (version 10.1.1; Siemens PLM oftware,
Plano, Tx), incorporating the single-body hyrax
appliance, composed of 1 expander screw and 3 wire
segments with 0.036-in diameter that joined the screw
to the teeth and the teeth to each other on each side,
creating the geometric model with a mesh of
tetrahedral elements (Fig 1).
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The geometric model was subjected to a mathemat-
ical analysis in the NEI Nastran software (Noran
Engineering, Westminster, Calif), using a bone thickness
of 2 mm. There was a horizontal movement restriction
imposed on the body of the device to simulate soldering
to the orthodontic bands adapted to the teeth. The
model structures were determined with specific
properties (Table 1), and the simulated materials had
elastic, isotropic, and uniform characteristics.

Six FEM models were created to simulate different
positions of the expander screw (Table 11), with 3
anteroposterior and 2 vertical variations. The expander
screw was positioned in the transverse center of the
model’s palate, perpendicular to the MPS and parallel
to the occlusal plane in all simulations.

In the anteroposterior orientation (Table 11; Fig 2, A),
the center of the screw was positioned equidistant to the
mesial face of the first molar and distal face of the first
premolar in the anterioposterior position 1, aligned to
the center of the first molar crown in the anterioposterior
position 2, and in the anterioposterior position 3 the
anterior edge of the expander was aligned to the distal
face of the first molar. In the vertical view (Table 1I;
Fig 2, B), the expander screw was positioned 20 mm (ver-
tical position 1) and 15 mm (vertical position 2) from the
occlusal plane in direction to the palate. Figure 3 shows
the vertical and anteroposterior positions of all 6 models.

A condition for the outline of the maxillary bone was
set for both tension distribution and displacement
analysis to restrict vertical, anteroposterior, and
transverse movements of the model. These conditions
represented the cranial bone structures that are anatom-
ically in contact with the maxilla, fixed in the superior
(base of the skull) and posterior (pterygoid pillar) limits.
A bar element was created for each node in the border of
the face in the MPS and perpendicular to it. One side of
the element bar was connected to the bone sharing the
node with the vertex of the volumetric elements, and
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Tablel. Mechanical properties attributed to the struc-
tures of the geometric model

Material Poisson coefficient Young’s modulus (MPa)
Bone'” 0.3 10000
Teeth”’ 0.3 20000
Midpalatal suture** 0.49 1
Hyrax expander'” 0.33 200000

the other end was fixed (Fig 4). The activation of the
hyrax was made only by the enforced displacement to-
ward the maxillary expansion. 1t was possible for the
model to move in the anteroposterior and vertical direc-
tions, since it can happen during hyrax activation.

In the MPS region, a mathematical condition of
symmetry was imposed, and the load was symmetrically
recreated on the opposite side to achieve equivalent
results for both sides. In each model, a transverse
displacement of 0.5 mm in the center of the screw was
simulated; because of the symmetry condition, this was
equivalent to a 1-mm activation of the hyrax expander.

RESULTS

The numbers of nodes and elements of the mesh in
each model were different due to the length variations
in the arms of the expander screw (Table 111).

For the transverse displacement of the maxilla, after
simulating the screw opening, all models had a V-shaped
expansion, with a superior and posterior vertex, with a
greater opening in the alveolar region in the coronal
view (Fig 5, A) and the anterior region, close to the
incisive foramen in the axial view (Fig 5, B). These
images used a rendering of the bar elements in a
100:1 scale to highlight and facilitate visualizing how
the system behaves.

For the evaluation of stress distribution, the stress in
the model M1 (Fig 6) was concentrated in the anterior
region, close to the incisive foramen, with maximum
tension about 15 MPa, coinciding with the region of
greater transverse opening. The stress dissipated
through the palate anteroposteriorly, directed to the
pterygoid bone, deviating from the MPS region. This
stress distribution pattern was found in all models,
differing in the intensity of maximum tension.

Model M2 (Fig 6) showed lower stress in all regions.
The incisive foramen had the highest stress in the model,
approximately 9 MPa.

In model M3 (Fig 6), the maximum stress was
lower around the incisive foramen—approximately
7.5 MPa—with an increase of stress intensity distributed
from the anterior to the posterior directions. In this
model, the region of highest stress changed and was
observed around the pterygoid bone.
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Table II. Finite element model related to the antero-
posterior and vertical positions of the expander screw

Vertical variation

Vertical Vertical
Anteroposterior variation position 1 position 2
Anteroposterior position 1 Model 1 (M1) Model 4 (M4)
Anteroposterior position 2 Model 2 (M2) Model 5 (M5)
Anteroposterior position 3 Model 3 (M3) Model 6 (M6)

Model M4 (Fig 6) had the largest area of stress distri-
bution and the highest levels of stress, with values above
30 MPa registered in the regions of the incisive foramen
and pterygoid bone. In this model, the stress distribution
reached the central region of the palate.

Model M5 (Fig 6) showed similar areas of stress
distribution to model M4, including the MPS region,
although with lower levels of stress.

In model M6 model (Fig 6), there was minor stress
distribution, similar to M3, but with even less intensity.
The maximum stress in the model (approximately 9 MPa)
was registered in the posterior region, and the region of
the incisive foramen showed maximum values about
5.5 MPa, the lowest in the models.

The analysis of the maxilla from the median palatine
suture from the sagittal or internal cut view (Fig 7)
agrees with the data in the occlusal (axial) views, with
the same stress distribution tendencies in the median
palatine suture. Models 4, 5, and 6 showed the greatest
areas, in decreasing order, of stress dissipation in the
region of the suture.

DISCUSSION

RME is a common treatment for skeletal maxillary
transverse deficiency.”” The loads and deformations to
which teeth and craniofacial bones are subjected in
this procedure have been analyzed with good
results by the FEM.”%?*?°

In this study, the properties for the behavior of
different structures in the model (Young’s modulus
and Poisson’s ratio) were set independently from the
patients’” ages.”>***>?” In addition, to evaluate the
structures’ displacements after opening the expander
screw, bar elements were used in the MPS, simulating
the elastic properties presented by this structure in
individuals during growth, prone to MPS disarticulation.

The position of the expander screw is not rigidly
determined in the design of the expander appliance,
since it varies according to the experience of the
practitioner.'® With the finite element model, Araugio
et al'® evaluated the degree of dental inclination during
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Fig 3. Axial and sagittal views of the anteroposterior and vertical positions of the 6 models.

RME with different heights of the expander screw, but
they did not consider anteroposterior variations of the
expander screw, and it did not describe load distribu-
tions on bone structures.

The study and improvement of expander appliances
aim not only to minimize unwanted tooth displacement,
but mostly to maximize orthopedic effects.'®***° These
effects are related to the capacity of expander appliances
to impose optimal transverse loads to the maxilla, which
can be simulated in a computational model by the
FEM.?®?° An effective load distribution during MPS
opening is related to a lower residual tension at the
end of the activation period, reducing the amount of
time required for bone remodeling in the stabilization
phase."”

In general, we found that the tensions were concen-
trated in the anterior portion of the models, close to the
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incisive foramen, dissipating through the palate in a
posterior and lateral direction, toward the pterygoid
pillars—another area of stress concentration, as
described by Matsuyama et al.’' Liu et al'’ described
the stress accumulation in the anterior region on the first
stages of activation of the expander screw as a factor
that helps in the initial opening of the MPS. After
overcoming the first resistance of the MPS, the opening
pattern behaved the same way in all models in this study,
with a superior and posterior vertex, as already described
in the literature.'””>?'° This pyramidal pattern of
expansion can be due to the different levels of
resistance of the MPS along its length and to the
presence of the pterygomaxillary structure, which
limits its expansion.”"

The vertical and anteroposterior variations of the
expander screw resulted in different stress distributions
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Fig 4. Bar elements connection.

Table lll. Number of nodes and elements of the mesh
in each model

Model Numbers of nodes Elements of the mesh
M1 452775 298716
M2 585703 388772
M3 646482 426757
M4 405764 267517
M5 434441 286567
M6 451859 297940

in the maxilla. When in the more anterior positions, P1
and P2, there was a highest load transfer from the
expander screw to the bone structures after activating
the appliance, with bigger areas of stress distribution
and higher levels of stress through the maxilla. Models
M4 and M5 were the only ones in which the stress
reached the posterior portion of the MPS.

The simulations of the anteroposterior position P3
(models M3 and M6) showed stress concentrations close
to the pterygoid pillar, where we also noted the highest
stress level. The maxilla in this region is more resistant to
lateral openings, making the stress concentration inef-
fective to promote RME.?' This change in the stress dis-
tribution pattern could be related to the greater
anteroposterior misalignment of the expander screw
with the point of application of force (molars and pre-
molars); this leads to higher energy consumption by
the appliance in the moment of activation, due to the
flexibility of the appliance and the reduction of load in-
tensity along the maxilla.

Regarding the vertical position, when the
expander screw was placed closer to the occlusal plane,
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there was a more efficient conversion from the mechan-
ical effect of the screw opening to stress on the bone
structures, probably associated with the shorter length
of the arms of the device, and because the expander
screw was vertically closer to the center of resistance
of the teeth.'® Therefore, apart from the models with
the expander screw in the most posterior position (M3
and M6), those with the expander screw in the occlusal
position (M4 and M5) had more extensive areas of stress
distribution and higher levels of stress than did the
models with the expander screw in the cervical position
(M1 and M2).

Although the vertical position of the expander screw
showed greater influence in stress distribution and
intensity than did the anteroposterior variation, the
model with the most favorable results (M4) and the
model with the least favorable results (M6) were in the
same vertical position, in the farthest anterior and
posterior positions, respectively. The expander screw
had better results in the most anterior and occlusal
position; thus, the M4 model was the most efficient.
Comparatively, the M6 model (the most posterior and
occlusal) was the one that transferred the lowest loads
to the bone structure after activation.

In the models simulated, the most occlusal position
of the expander screw allowed for a better stress
distribution in the maxilla after the hyrax expander
was activated. Although the expander screw was
associated with an increase in the patient’s discomfort
when it was closer to the occlusal plane,’” the stage of
active treatment with this device is fairly short. More
comfortable retention devices can be used after the
expected result is reached.
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Fig 5. Displacement in the A, coronal plane and B, axial plane; scale 100:1.

Fig6. View in the axial plane of maximum tension in all 6 models. The images show the tension in meg-
apascals distributed along the maxilla in each model, with color variations from blue to red for lower and
higher tensions, respectively.
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Fig 7. View in the sagittal plane (MPS) of maximum tension in all 6 models. The images show the
tension in megapascals distributed along the maxilla in each model, with color variations from blue

to red for lower and higher tensions, respectively.

CONCLUSIONS

The simulations of activation of the expander screw

in different positions with the FEM showed the
following.

1.

January 2019 e Vol 155 e Issue 1

There was a V-shaped expansion in the maxilla, with
a superior and posterior vertex, in every position of
the expander screw.

Variations in the positions of the expander screw in
the vertical and anteroposterior directions interfered
with the patterns of distribution and the intensity of
stress. The anteroposterior variation had the most
influence.

The most occlusal and anterior position of the screw
was more effective to transfer the mechanical
effects from the expander to the bone structures,
with a larger area of stress distribution and higher
stress values in the maxilla.
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