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Main points:
All the appliances showed similar stress distributions.
The maximum posterior expansion was achieved with the Hyrax appliance.
The maximum anterior expansion was observed with the double-hinged appliance.
Inferior maxillary displacement was the greatest with the Hyrax appliance.
Anterior maxillary displacement was the greatest with the double-hinged appliance.

ABSTRACT

Objective: This study aimed to describe the displacement of anatomical structures and the stress distributions caused by the Hyrax,
fan-type, and double-hinged expansion screws via the 3-dimensional (3D) finite element method (FEM).

Methods: The 3D FEM was based on the computed tomography data of a 12-year-old patient with a constricted maxilla. The Hyrax
model included 1,800,981 tetrahedral elements with 2,758,217 nodes. The fan-type model included 1,787,558 tetrahedral elements
with 2,737,358 nodes. The double-hinged model included 1,777,080 tetrahedral elements with 2,722,771 nodes. The von Mises stress
distributions after 0.2 mm of expansion and displacement patterns after 5 mm of expansion were evaluated.

Results: The highest stress accumulation was observed in the sutura zygomatico maxillaris area with all 3 appliances. An increase in
stress was noted at the pterygomaxillary fissure, the medial and lateral pterygoid process of the sphenoid bone, and the nasal areas.
The wedge-shaped skeletal opening was observed with all 3 appliances. In the transverse plane, maximum posterior expansion was
achieved with the Hyrax appliance, whereas the maximum anterior expansion was observed with the double-hinged appliance. The
maxilla moved inferiorly and anteriorly with all the 3 appliances. The greatest inferior displacement of the maxilla was recorded with
the Hyrax appliance, whereas anterior maxillary displacement was the greatest with the double-hinged appliance.

Conclusion: All the appliances showed similar stress distributions. The use of double-hinged screw caused a slight anterior displace-
ment of point A. The fan-type and double-hinged appliances were shown to be more effective on anterior maxillary constriction,
whereas the Hyrax appliance might be chosen for resolving maxillary posterior constriction.

Keywords: Finite Element Method, rapid maxillary expansion, transverse maxillary deficiency

INTRODUCTION

Rapid maxillary expansion (RME) is often needed to correct transverse discrepancies. RME is also used to correct
the axial inclinations of the posterior teeth before functional jaw orthopedic or orthognathic surgery to mobilize
the circummaxillary sutures, to reduce nasal resistance, and to broaden the smile (1).
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The positional changes of the skeletal and dental structures after
RME have been evaluated and documented in previous studies
(2-4). Some authors have reported that the anatomical resistance
areas are the dentoalveolar complex, midpalatal suture, zygoma-
tico maxillary buttress, and circummaxillary sutures (4, 5). Isaac-
son (1964) and Wertz (1970) (2, 6) have stated that the resistance
occurring during RME is caused by the neighboring tissues, such
as zygomatic and sphenoid bones, and not the suture itself.

In recent years, the finite element method (FEM) has been prov-
en to be a great research method to solve various biomechani-
cal problems in orthodontics (7, 8). The possibility of simulating
different clinical conditions without subjecting the patients to
possible harmful adverse effects is one of the most important
advantages of this method (9).

For anterior constriction, 2 different screw designs, the fan-type
(10, 11) and the double-hinged type (12,13), were introduced
instead of the conventional expansion Hyrax screw, which has
been reported to expand the anterior part compared with
the posterior part of the maxilla (4, 14). Multiple FEM studies
have analyzed the effects of RME on the craniofacial complex
and dentition; however, the effects of the fan-type and dou-
ble-hinged expansion screws have not been evaluated with
FEM yet (7-9).

This study aimed to analyze the stress concentration areas and
displacement of the bony units with 3 different RME appliances
on the same patient-based 3-dimensional (3D) FEM.

METHODS

The digital imaging and communications in medicine data were
imported into the Mimics version 10.01 software (Materialise,
Leuven, Belgium), and the bone tissue was calibrated (15). A
computer-aided model was constructed based on the dental
volumetric tomography scan of a 12-year-old male patient pre-
senting with maxillary constriction. The cone-beam computed
tomography image was taken with an lluma Imtec Imaging
machine (3M, Ardmore, OK, USA [X-ray tube, 120 kV; X-ray tube
current, 1-4 mA; scanning time, 40 seconds maximum and 7.8
seconds minimum; field of view, 14.2x21.1 cm; voxel size, 0.0936
mm; greyscale, 14 bit]) with the patient sitting in an upright posi-

Figure 1. The digital imaging and communications in medicine
images on Mimics software

tion. The model containing only the nasomaxillary complex and
the cranial bones was obtained by subtracting the mandibular
and vertebral masks from the main mask (Figure 1).

Data of the models of the bony structures, teeth, and periodon-
tium were exported to Geomagic Design X (Rock Hill, USA) and
SOLIDWORKS 2016 software (SOLIDWORKS Corp, Waltham, Mas-
sachusetts, USA). Surface meshes were created; unwanted parts,
such as overlaps, irregularities, roughness, and holes on the sur-
face mesh structure, were arranged; and solid models were cre-
ated for finite element analysis.

N

Figure 2. a-c. Modeling of the Hyrax appliance (a), modeling of the
fan-type appliance (b), modeling of the double-hinged appliance (c)
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Hyrax (Leone, Florence, Italy), fan-type (Leone, Florence, Italy),
and double-hinged expanders (Bestdent, Kaoshiung, Taiwan)
were modeled using SOLIDWORKS 2016. The screws were posi-
tioned parallel to the midpalatal suture, as close to the palate as
possible (Figure 2a-2c).

ANSYS version 17.0 (Canonsburg, PA, USA) was used for the fi-
nite element analysis. The resulting volumetric Hyrax model
included 1,800,981 tetrahedral elements with 2,758,217 nodes;
the fan-type model included 1,787,558 tetrahedral elements
with 2,737,358 nodes; And the double-hinged model included
1,777,080 tetrahedral elements with 2,722,771 nodes. Each ele-
ment had a tetrahedral shape and included 10 nodes (Figure 3).

The teeth, cortical and cancellous bones, sutures, periodontal
ligament, and stainless steel were considered to be homoge-
nous and isotropic. The material properties, which were deter-
mined from the data of the previous studies, are shown in Table
1(16-21).

Table 1. Young's modulus and Poisson’s ratio used in this study

Young’s modulus (MPa) Poisson’s ratio
Compact bone 13,700 1 0.3
Cancellous bone 1,370 2 0.3
Suture 10 3 0.49
Tooth 20,290 4 0.3
PDL 0.68 5 0.49
Stainless steel 210,000 0.3
PDL: fibrous connective tissue that surrounds the root and connects to the
alveolar bone

Table 2. Displacement of various skeletal structures (mm)

Nodes along the foramen magnum were determined as the
boundary condition, and all the displacements were restricted
to this area (Figure 4) (7, 8, 22). The 2 parts of the maxilla were
separated so that they could move with expansion forces lateral-
ly with respect to the vertical plane of symmetry (7).

This study was approved by the ethics committee of the Bezmi-
alem Vakif university clinical research (15.09.2015-17/18). Using
the data extracted from the archival dental volumetric tomog-

100,00 mrm)

Figure 4. Boundary conditions

Hyrax Fan-type Double-hinged
Skeletal structures X Y Y4 X Y 4 X Y Y4
Internasal suture 0.07 -026 -13 5.1 0.05 0 -061 52 -0.01 0.03 -047
Frontonasal suture 0.05 -036 -1.19 53 0.05 -0.07 -052 54 006 -0.01 -0.34
Frontomaxillary suture 002 -027 -1.05 55 0 -003 -043 56 -004 002 -024
Nasomaxillary suture -003 -023 -1.15 57 -0.07 -002 -045 58 -0.16 -0.01 -0.28
Frontal process -014 -02 -097 59 -021 -003 -03 510 -031 -0.03 -0.08
Zygomatico maxillary suture -0.58 0.2 -0.19 511 -054 028 0.21 512 -0.73 0.15 047
Inferior orbital rim -05 012 -023 513 -05 022 018 514 -071 022 046
Infraorbital foramen -0.64 0.1 -05 515 -062 013 -001 516 -0.82 0.04 022
Zygomatic process -0.76 034 -018 517 -067 029 0.17 518 -0.87 0.21 0.4
Lateral nasal cavity wall -0.75 -0.13 -1.04 519 -079 -01 -033 520 -1.08 -022 -0.13
ANS -1.24  -02 -134 521 -113 -024 -059 522 -144 -044 -039
Point A -1.38 -0.1 -128 523 -123 -0.18 -053 524 -154 -038 -0.32
PNS -063 -025 -1.11 525 -055 -026 -049 526 -073 -047 -0.37
Pterygomaxillary fissure -038 025 -0.11 527 -031 0.6 015 528 -046 0.08 0.3
Medial pterygoid (inferior) -047 017 -026 529 -036 005 001 530 -05 -0.08 0.09
Medial pterygoid (superior) -0.05 -0.05 -021 531 -0.06 -0.05 0 -0.1  -0.01 0.02
Lateral pterygoid (inferior) -043 023 -007 532 -032 012 014 533 -046 0.02 0.25
Lateral pterygoid (superior) -0.16 0.11  -0.08 -0.16 0.09 0.12 -022 004 0.19
ANS: Anterior point on maxillary bone; PNS: Posterior point of palatine bone
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Table 3. Displacement of various dentoalveolar and dental structures (mm)

Hyrax Fan-type Double-hinged
Dentoalveolar and dental structures X Y Y4 X Y Y4 X Y Y4
Apical region of incisor =15 0 -1.21 6 -1.32 -0.14 -048 7 -1.75  -04 -034
Apical region of canine -1.13  0.04 -091 8 =1 -0.02  -0.26 9 -1.29 -0.17 -0.04
Apical region of premolar -1.3 033 -0.56 10 -1.07 019 -004 1N -1.39 004 0.9
Apical region of molars -0.96 041 -0.23 12 -0.78 029 0.14 13 -1.02 0.18 035
Incisal edge of incisor -201 0.16 -1.33 14 -1.8 -008 -054 15 -221 -041 -031
Palatinal cusp tip of canine -167 036 -0.82 16 -131 0.1 -0.16 17  -1.72 -012 -0.04
Palatinal cusp tip of molar -1.55 037 -0.53 -0.84 026 -0.03 -1.35 0 0.11

Table 4. Von Mises stress distribution of various skeletal structures

(MPa)

Von Mises (Mpa)
Double-

Skeletal structures Hyrax  Fan-type hinged
Internasal suture 1.12 1.72 2.23
Frontonasal suture 1.27 1.57 1.59
Frontomaxillary suture 2.63 217 2.36
Nasomaxillary suture 2.51 2.07 2.16
Frontal process 1.55 0.53 0.58
Zygomatico maxillary suture 6.39 4.32 4.46
Inferior orbital rim 0.07 0.01 0.33
Infraorbital foramen 1.24 0.74 1.88
Zygomatic process 1.97 0.92 2.13
Lateral nasal cavity wall 1.2 0.87 1.22
ANS 0 0 0
Point A 0.01 0 0
PNS 0.04 0.01 0.05
Pterygomaxillary fissure 4.86 3.66 4.26
Medial pterygoid (inferior) 0.18 0.05 0.11
Medial pterygoid (superior) 3.19 1.49 2.54
Lateral pterygoid (inferior) 0.18 0.1 0.12
Lateral pterygoid (superior) 2.52 1.39 2
ANS: Anterior point on maxillary bone; PNS: Posterior point of palatine bone

Table 5. Von Mises stress distribution of various dentoalveolar and
dental structures

Von Mises (Mpa)

Dentoalveolar and Double-
dental structures Hyrax  Fan-type hinged
Apical region of incisor 0 0 0
Apical region of canine 0.45 0.63 0.71
Apical region of premolar 0.29 0.37 0.44
Apical region of molar 0.88 0.23 0.53
Incisal edge of incisor 0 0 0
Palatinal cusp tip of canine 0.06 0.11 0.13
Palatinal cusp tip of molar 0.26 0.19 0.19

raphy scan images of a 12-year-old male patient with maxillary
transverse deficiency, 3D finite element models were generated
with institutional review board approval. The parents/legal guard-

ian of the patient previously signed an informed consent form
stating that his archival data could be used for scientific purposes.

RESULTS

The 3D coordinates were recorded for various craniofacial struc-
tures before and after the screw activation in all 3 dimensions
(X-axis-positive value: lateral movement, X-axis-negative value:
medial movement, Y-axis-positive value: posterior movement,
Y-axis-negative value: anterior movement, Z-axis-positive value:
inferior movement, Z-axis-negative value: superior movement).
Positive changes indicated lateral, posterior, and inferior dis-
placements. The von Mises stress distribution was recorded af-
ter 0.2 mm of expansion, and the displacement of the structures
was evaluated after 5 mm of expansion (Tables 2-5).

In this study, the von Mises stress distributions were investigat-
ed after the initial 0.2 mm of activation as in previous studies
(28). In the literature, there are many of finite element analysis
studies that have investigated the skeletal effects with different
amounts of maxillary expansion (7, 8, 22, 28-30). In some of these
studies, displacement patterns were investigated based on mod-
erate maxillary transverse deficiency after 5 mm expansion as in
our study (15). A similar method was followed to allow the com-
parison of the results.

Displacement Pattern in the X-axis

A wedge-shaped opening was observed with all 3 appliances.
In the transverse plane, the maximum posterior expansion was
achieved with the Hyrax appliance (1.55 mm), whereas the max-
imum anterior expansion was observed with the double-hinged
appliance (2.21 mm).

In the internasal and front maxillary suture area, slight medial
displacement was observed with the Hyrax and fan-type appli-
ances, whereas slight lateral displacement was observed with
the double-hinged appliance.

The lateral nasal walls showed lateral displacement with all 3 ap-
pliances; 0.75 mm, 0.79 mm, and 1.08 mm lateral displacements
were observed with the Hyrax, fan-type, and double-hinged ap-
pliances, respectively.

The inferior parts of the pterygoid plates showed greater dis-
placements than the superior parts (Tables 2 and 3).
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Figure 5. a-c. Stress distribution for the Hyrax appliance (a), stress

distribution for the fan-type appliance (b), stress distribution for the
double-hinged appliance (c)

Displacement Pattern in the Y-axis

The maxilla moved anteriorly with all 3 appliances. The greatest
anterior displacement of the maxilla was recorded with the dou-
ble-hinged appliance (1.44 mm).

The lateral nasal walls showed anterior displacement with
all 3 appliances; 0.13 mm, 0.1 mm, and 1.22 mm anterior dis-
placements were observed with the Hyrax, fan-type, and dou-
ble-hinged appliances, respectively.

The dentoalveolar complex moved posteriorly with the Hyrax
appliance (central incisor-0.16 mm), whereas anterior displace-
ment was recorded with the fan-type (central incisor-0.08 mm)
and double-hinged appliances (central incisor-0.41 mm) (Tables
2 and 3).

Displacement Pattern in the Z-axis

The maxilla moved inferiorly with all 3 appliances. The greatest
inferior displacement of the maxilla was recorded with the Hyrax
appliance (1.34 mm).

The maxilla rotated posteriorly with anterior nasal spine (ANS)
showing more inferior displacement than posterior nasal spine
(PNS) with the Hyrax and fan-type appliances, whereas parallel
movement occurred with the double-hinged appliance.

The lateral nasal walls showed inferior displacement with all 3 ap-
pliances; 1.04 mm, 0.33 mm, and 0.13 mm inferior displacements

were observed with the Hyrax, fan-type, and double-hinged ap-
pliances, respectively.

When all the anatomical structures were evaluated in the vertical
plane, greater inferior displacement was recorded with the Hyrax
appliance than the fan-type and double-hinged appliances (Ta-
bles 2 and 3).

Von Mises Stress Pattern

The stress distribution with the initial 0.2 mm of expansion is pre-
sented in a color band, with different colors representing various
stress levels, where red indicates areas with the highest stress
and blue indicates the lowest stress (Figure 5a, b, and c.)

The highest stress accumulation was observed in the sutura zy-
gomatico maxillaris area (Hyrax=6.39 MPa, fan type=4.32 Mpa,
double-hinged=4.46 MPa) with all 3 appliances.

An increase of stress was noted at the pterygomaxillary fissure
and medial and lateral pterygoid plates of the sphenoid bone
and the nasal areas. When all the anatomical structures were eval-
uated overall, the stress distributions were found to be the high-
est with the Hyrax expansion screw, and the lowest values were
recorded with the fan-type expansion screw (Tables 4 and 5).

DISCUSSION

Previous orthodontic FEM studies used shell elements for mesh-
ing the models (7, 8). However, we used tetrahedral elements
with 10 nodes, which have previously been proven to provide
better stress transmissibility and bending deformations, for
mesh generation (22).

The number of elements that constitute the working model and
the number of nodes that each element includes are important
factors affecting the sensitivity and reliability of the finite ele-
ment analysis. In previous studies, Iseri et al. (7) used 2,349 ele-
ments and 2,147 nodes; Jafari et al. (8) used 6,951 elements and
7,357 nodes; and Gautam et al. (22) used 108,799 elements and
193,633 nodes. The models used in this study included approxi-
mately 1,800,000 volumetric elements and 2,750,000 nodes.

In our study, the wedge-shaped opening was observed with all
3 appliances. In the transverse plane, the maximum posterior
expansion was achieved with the Hyrax appliance and the max-
imum anterior expansion was observed with the double-hinged
appliance. Several studies have explained the wedge-shaped
opening in the anteroposterior plane as a result of the resistance
generated in the pterygomaxillary connection (2, 6). The differ-
ence between the opening patterns is thought to be related to
the screw design.

The maxilla moved inferiorly and anteriorly with all 3 applianc-
es in the vertical and sagittal planes. The inferior and anterior
movement of the maxilla resulting from the RME procedure has
been previously reported in many studies (2, 7, 8, 22, 23). Sich-
er (24) reported that the maxillocranial sutures produce inferior
and anterior movement of the maxilla after the RME. Wertz (2)
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suggested that separation of the maxillary complex from the
pterygoid process could allow significant anterior movement of
the maxilla. Gardner and Kronman (23) related the anterior max-
illary displacement to the opening of the spheno-occipital syn-
chondrosis. However, Da Silva Filho et al. (25) found no sagittal
movement related to the maxilla, but they reported changes in
the vertical plane and inferior displacement.

Taking into account the displacement pattern of the maxilla,
Dr. Liou (12) designed the double-hinged expansion screw. He
stated that the double-hinged appliance provided a greater
anterior displacement of the maxilla with less chance of bone
resorption behind the maxillary tuberosity. He also stated that
the double-hinged appliance significantly displaced the max-
illa more anteriorly compared with the Hyrax appliance in an
experimental study in 14 cats (13). This finding is similar to that
of our study. The highest anterior displacement was observed
with the double-hinged screw. We believe that the design of the
double-hinged screw moves the center of rotation of the maxilla
during opening behind the area of tuberosity, causing the for-
ward movement of the maxilla.

Doruk et al. (10) compared the effects of the Hyrax and fan-type
appliances and reported that the maxilla moved inferiorly and
anteriorly in both the groups. Their findings showed that the
fan-type appliance also forced the maxilla anteriorly more than
the Hyrax appliance. The authors argued that the fan-type appli-
ance had a buttressing effect on the skeletal structures behind
the maxilla, which explained the rotational opening (10). In this
study, the greatest maxillary inferior displacement was record-
ed with the Hyrax appliance, whereas the anterior maxillary dis-
placement was the greatest with the double-hinged appliance.

The maxilla rotated posteriorly with the Hyrax and fan-type ap-
pliances, whereas parallel movement occurred with the dou-
ble-hinged appliance. Other studies reported varying degrees of
anterior or posterior rotation. Iseri et al. (7) and Gautam et al. (8)
reported the posterior rotation of the maxilla with RME in con-
trast with Jafari et al. (22) who found anterior maxillary rotation.

In the nasal area, a slight medial displacement was observed
with the Hyrax and fan-type appliances, whereas slight lateral
displacement was observed with the double-hinged appliance.
Multiple studies have reported medial displacement of the na-
sal structures after REM (7, 22). Medial displacement of the nasal
area might lead to compression of the tissues. This phenomenon
explains the frequent dizziness and the pressure and tension in
the nasal bridge, under the eyes, and around the cheekbones re-
ported during palatal expansion therapy (4, 22).

The lateral nasal walls were displaced laterally, inferiorly, and
anteriorly with all 3 appliances. These findings show similarities
with previous reports, and the movement of the lateral nasal
walls and inferior movement of the nasal floor could cause a re-
duction in the airway resistance (4, 7, 8, 22).

With all 3 appliances, the lateral and medial pterygoid plates
showed lateral bending; the inferior portion was displaced more

than the superior part, in agreement with the results of previous
research (7, 8, 22). This is because the pterygoid plates are more
resistant to bending in the parts that are closer to the cranial
base (3). Similarly, in our study, lower stress levels were noted
for the inferior parts of the plates, and higher stress levels were
reported for the superior parts.

Doruk et al. (10) reported that Hyrax caused palatal tipping of
the upper incisors, whereas the fan-type appliance caused labial
tipping of upper incisors. Similarly, in this study, palatal tipping
of the upper incisors was recorded with the Hyrax appliance and
labial tipping of upper incisors was recorded with the fan-type
and double-hinged appliances (10).

When all the anatomical structures were evaluated in the verti-
cal plane, a tendency toward inferior displacement was record-
ed with the Hyrax appliance. This is in agreement with the find-
ings of previous studies (2, 25). However, some studies reported
that expanded vertical dimensions decrease after the retention
phase and the changes that occur are not permanent (26, 27).

Previous studies reported that the main resistance to RME oc-
curred not only in the median palatal suture but also in the sphe-
noid and zygomatic bones (8, 14).

Iseri et al. (7) observed large amounts of stress accumulation in
the canine and molar areas in the maxillary arch, on the lateral
sides of the inferior nasal cavity, on the pterygoid plates of the
sphenoid bone, and on the zygomatic and nasal bones with RME.
Jafari et al. (8) reported that the greatest stress accumulation was
seen in the internasal, nasofrontal, and nasomaxillary sutures.
Gautam et al. (22) found maximum stress accumulation along
the frontomaxillary, nasomaxillary, and frontonasal sutures.

In this study, the maximum stress accumulation was observed in
the sutura zygomatico maxillaris area with all 3 appliances. An
increase of stress was noted at the pterygomaxillary fissure, me-
dial and lateral pterygoid plates of the sphenoid bone, and the
nasal areas. The overall stress distribution values were found to
be the highest with the Hyrax expansion screw, and the lowest
values were recorded with the fan-type expansion screw.

Similar to the results of our study, Matsuyama et al. (28) found
the highest stress levels in the zygomatic process, pterygomax-
illary fissure, and tuberous maxilla area with RME. Lee et al. (29)
found the highest stress levels in the zygomatico maxillary su-
ture. Mac Ginnis et al. (30) reported high stress levels in the zy-
gomatico maxillary suture, zygomatic process, lateral pterygoid
plate, and palatine bone.

Although RME is mainly performed for correcting transversal
problems, different vertical and sagittal effects may occur de-
pending on the choice of the appliance. This study aimed to
shed light on the selection of the most appropriate expansion
appliance according to the skeletal and dental relationship of
the patients, either in the vertical or sagittal planes. However, the
limitations of the FEM studies, especially the absence of soft tis-
sue, should be considered. Further studies modeling soft tissues
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also should be performed to better simulate the clinical scenario.
A similar study could be performed in vivo with identical triplets
presenting with similar maxillary constriction, although it would
be difficult to find suitable patients.

Despite all its advantages, it should be noted that finite ele-
ment analysis is a simulation scenario created by researchers.
It requires a computer with sufficient hardware equipped with
expensive software that needs regular updates. Another disad-
vantage is that it requires some presumptions (homogeneous,
linear, and isotropic) to simplify the real situation as it is not
possible to model all of the complex anatomical structures or
to consider all their mechanical properties. There are also other
disadvantages, such as the need for detailed information trans-
fer regarding the material properties, loading of the applied
forces into the system, and the extensive time required to per-
form the analysis. In this study, only the initial displacements
and stress distributions were studied, which could be consid-
ered a limitation considering the dynamic nature of the real
clinical application.

CONCLUSION

The following conclusions can be drawn per the results of our
study:

1. A wedge-shaped opening was observed, and the maxilla
moved inferiorly and anteriorly with all 3 appliances.

2. The maxilla rotated posteriorly with the Hyrax and fan-type
appliances, and parallel movement occurred with the dou-
ble-hinged appliance.

3. The dentoalveolar complex moved posteriorly with the Hy-
rax appliance, whereas anterior displacement was recorded
with the fan-type and double-hinged appliances.

4.  The maximum stress was found in the sutura zygomatico
maxillaris with all 3 appliances.

Some clinical projections to be considered are the use of fan-
type and double-hinged expansion appliances in cases where
the maxillary constriction is located more anteriorly. However,
the Hyrax appliance may be preferred in patients with exces-
sive posterior constriction. The double-hinged and fan-type ap-
pliances seem to be more advantageous for providing vertical
control compared with the Hyrax appliance and thus should be
preferred in patients with increased vertical height. Considering
the displacement of the dental structures, it might be hypoth-
esized that the Hyrax appliance could play an auxiliary role in
camouflage treatment of dental Class Il malocclusion and the
double-hinged appliance in the treatment of the dental Class IlI
malocclusion. Nevertheless, these suggestions need to be justi-
fied with further clinical studies.
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