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Class III skeletal anomaly is one of the
most difficult malocclusions to correct in orthodontics.
Class III skeletal malocclusion may result from: (1)
maxillary retrognathism, (2) mandibular prognathism,
or (3) combined maxillary retrognathism and mandibu-
lar prognathism. In order to treat Class III cases, the
position of the responsible jaw that causes the maloc-
clusion should be corrected. Ellis and McNamara1

found that 65% to 67% of all Class III malocclusions
were characterized by maxillary retrognathism.
Numerous studies have been conducted to find new
ways to correct Class III skeletal malocclusion. Some
investigators2-11 used chincups to correct these Class III
skeletal patterns. However, mandibular treatment alone
is not sufficient to correct retrognathic maxillary posi-
tion. Protraction of nasomaxillary complex on skeletal
Class III cases has been accomplished in some experi-
mental and clinical studies.12-16 In the late 1960s, the
Delaire17 mask was popularized to protract the maxilla.
In this appliance design, extraoral anchorage regions
were the chin and forehead. However, upward and for-
ward rotation of maxilla and downward and backward
rotation of mandible were also observed. In 1983,

Petit18 modified the Delaire mask. In essence, his facial
mask consisted of a forehead pad and a chin pad that
were connected with a heavy steel rod. Intraorally, a
bonded rapid palatal expansion appliance was used.
Forward traction of the maxilla was accomplished by
rubber bands. The treatment results produced by this
appliance were the anterior movement of the maxilla
and downward and backward rotation of the mandible.
Kambara,19 in animal studies, demonstrated that max-
illary anterior displacement was accompanied by
upward and forward rotation of the maxilla. Nanda20

reported that the midfacial complex of Macaca mulatta
monkeys could be displaced anteriorly by sutural mod-
ification, and his histologic findings supported those of
Kambara’s.19 Nanda21 introduced a modified protrac-
tion headgear face bow that aimed to control the point
of force application and direction of the force. The
forehead and the chin were used as areas of support.
According to Nanda,21 the nature of movement of the
maxillary complex was related to the direction of the
force and the point of force application. He claimed
that applying the force to the maxilla at the occlusal
level would cause upward and forward rotation of the
maxilla. With this new face bow design the point of
force application was moved above the occlusal plane.
Nanda’s results showed that maxilla translated for-
ward; however, downward and backward rotation of
mandible and maxillary molar extrusion were unavoid-
able. According to Tanne et al22 and Hirato,23 the loca-
tion of the center of resistance of maxilla is between
the first and the second upper premolar root apexes.
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Ichikawa et al24 and Kawagoe et al25 reported in their
previous studies that conventional maxillary protrac-
tion headgears cause extrusion and anterior rotation
of the anchor teeth, and upward and forward rotation
of the maxilla. Later Hata et al26 and Itoh et al27

examined the biomechanical effects of maxillary pro-
traction on the craniofacial complex on dry human
skulls. Their results indicated that protraction forces
at the level of the maxillary arch produced an upward

and forward rotation and an anterior movement of the
maxilla. They showed that protraction forces applied
10 mm above the Frankfort horizontal plane pro-
duced a downward and backward rotation of the
maxilla with an anterior movement of nasion. In
addition, protraction forces that applied 5 mm above
the palatal plane produced a combination of parallel
forward movement with downward and backward
rotation of the maxilla. Constriction of the anterior
part of the palate occurred in all these cases.

Previous studies have shown both the effects and
side effects of the application of protraction forces on
the maxillary complex. In order to achieve optimal
treatment results, the malocclusion should be properly
diagnosed. Until recently most of the current appli-
ances could not prevent the upward and forward rota-
tion of the maxilla and downward and backward rota-
tion of the mandible. As shown by the research cited
above, the most important things to be considered in
maxillary protraction are the point of the force applica-

Fig 1. A, Tubes were soldered to the RME screw at the
premolar buccal region; B, full coverage acrylic cap
splint type RME appliance.

Fig 2. Acrylic cap splint in the mouth.

Fig 3. A, Intraoral component of face bow (left lateral
view); B, face bow of extraoral appliance (ready to apply).
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tion and the direction of the force. In theory, correction
of a retrognathic maxilla should not affect the orthog-
nathic mandible. As the mandible is attached to the
head with temporomandibular joint (TMJ), it rotates
around the condylar axis when opening and closing the
mouth. It is impossible to really stabilize the force sys-
tem in reverse pull headgear, which takes anchorage
from the chin, because the movement of the mandible
does not allow us to apply a consistent force. Another
very important aspect that needs to be considered is the

uncertain effect of maxillary orthopedic forces on the
TMJ and on mandibular growth. In growing children,
force application to the chin by reverse-pull headgear
causes downward and backward rotation of mandible.
Grummons28 claimed that reverse headgears might
have harmful effects on the TMJ because they take sup-
port from the mandible. In 1997, Conte et al29 devel-
oped a new appliance called “Maxillary Protractor,”
which took anchorage from forehead, temporal, and
occipital regions. These investigators claimed that if

Fig 4. Heavy (750 g) protraction elastics of MMPH.

Fig 5. Force and moment system of MMPH.
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the force is not applied to mandible, any potential TMJ
dysfunction is prevented.

To eliminate the potential adverse effects of the
previous versions of reverse-pull headgears, we have
developed a modified protraction headgear design. Our
aim in planning this headgear design was to protract the
maxilla without upward and forward rotation in skeletal
Class III patients, which were classified as having a ret-

rognathic maxilla and an orthognathic mandible. In our
appliance design, the point of force application is posi-
tioned above the center of resistance of maxilla. We
have not used the mandible for anchorage because of
the potential deleterious effects of distal force on the
TMJ. A full coverage acrylic cap splint type-rapid max-
illary expansion (RME) appliance was used intraorally
to release the maxilla prior to the protraction.

Fig 6. A, Cephalometric landmark points on the cephalometric films; B, reference lines on the
cephalometric films; C, maxillary skeletal cephalometric variables; D, maxillary dental cephalometric
variables.
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MATERIAL AND METHODS
Case Selection

In our study, we selected 17 patients (12 female and
5 male) at the University of Marmara, Faculty of Den-
tistry, I

·
stanbul. The age of the male patients ranged from

11.41 to 14.25 years with an average age of 13.14 years.
The age of the female patients ranged from 10.56 to
13.50 years with an average of 12.49 years. Mean age
for the study group was 12.81 years. As for case selec-
tion criteria, the patients were required to show maxil-
lary retrognathism with a normal or high angle growth
pattern, Class III molar relationship with an overjet less

than 0 mm (ANB angle <1°, SNA angle < 80° for girls,
and SNA angle < 80° for boys, SN-GoMe angle > 32°). 

Intraoral Appliance

A full coverage acrylic cap splint type RME appli-
ance that covered all the maxillary dentition was con-
structed. The thickness of the acrylic was about 3 mm.
On both buccal sides of the acrylic splint, tubes (8 mm in
length and 1.65 mm in diameter) were placed in the pre-
molar region. Retention wires that extended to the expan-
sion screw were soldered to the tubes. These tubes were
used for the engagement of the face bow’s inner arch.

Fig 6. cont’d. E, intermaxillary variables; F, mandibular skeletal cephalometric variables; G, mandibu-
lar dental cephalometric variables.
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The design of the intraoral appliance is illustrated in Fig
1. After cementation of the RME appliance with fluoride-
releasing glass ionomer cement (3M-Unitek REF 712-
051-2724), the palatal screw was activated twice a day for
5 days (total of 2 mm expansion). At the end of the fifth
day, the protraction headgear was applied (Fig 2).

Extraoral Appliance

The extraoral appliance consisted of a face bow
and forehead pad. The face bow had intraoral and
extraoral components and was custom-made individu-
ally for each patient. The intraoral bow (1.55 mm in
diameter) was inserted from the distal openings of the

tubes (Fig 3A). It was soldered to the extraoral face
bow, 10 mm in front of the incisor region of the cap
splint. The extraoral face bow (3 mm in diameter) was
extended backward to the ear then turned upward,
ending at the level of the hooks on the forehead pad
(Fig 3B). The distance between the wire hooks on the
forehead pad and the hooks of the extraoral face bow
was adjusted to 3 cm. In this extraoral appliance
design, only the forehead was used as the anchorage
unit. Delaire mask’s forehead piece was used and
modified. On both sides of the pad, adjustable wire
hooks (1.2 mm in diameter) were placed that allowed
us to maintain the distance from the forehead pad

Table I. Skeletal changes related to maxilla

Before protraction After protraction Median

X SD X SD Before protraction After protraction Wilcoxon Significance

1 SNA 77.32 2.24 79.61 2.53 77 80 0.0004 ***
2 SN\ANS-PNS 9.88 1.70 11.55 1.67 10.5 11.5 0.0016 **
3 CF.-NA 84.05 2.31 87.02 3.56 84 88 0.0003 **
4 VRL-ANS-PNS 91.5 5.64 93.17 4.12 93 93 0.0084 **
5 N-ANS 53.29 3.09 55.17 3.50 52.5 55 0.0007 ***
6 A-CFH 53.17 2.76 56.05 4.13 53 55 0.0007 ***
7 A-VRL 61.44 3.50 63.58 4.19 62 64 0.0004 ***
8 VRL-FuncOP 104.85 3.20 112.9 6.07 105.5 112 0.0003 ***
9 CFH\ANS-PNS 4.44 2.09 5.70 2.20 5 6.5 0.0029 **

*P<.05; **P< .01; ***P<.001.

Table II. Maxillary dental changes

Before protraction After protraction Median

X SD X SD Before protraction After protraction Wilcoxon Significance

10 Isi-Isa\SN 104.41 6.24 99.91 10.03 105 102 0.0052 **
11 SN\FuncOP 20.70 3.19 28.78 6.48 20 27.5 0.0003 ***
12 Isi-VRL 64.08 5.36 63.23 6.67 64 64 0.3003
13 Isi-CFH 74.38 4.05 77.29 5.40 74 77.5 0.0018 **
14 Ms.\ANS-PNS 20.08 2 18 1.59 20 18 0.0003 ***
15 ANS-PNS\FOP 12.97 5.30 18.44 6.66 11.5 18 0.0004 ***
16 CFH\ FuncOP 13.91 2.65 22.88 7.49 13.5 21 0.0003 ***

*P<.05; **P<.01; ***P<.001.

Table III. Intermaxillary changes

Before protraction After protraction Median

X SD X SD Before protraction After protraction Wilcoxon Significance

17 ANB –1.5 1.67 1.88 1.02 –1 1.5 0.0003 ***
18 ANS-PNS\GoMe 26.08 3.67 27.44 4.52 24 26 0.0303 *
19 Overjet –1 1.33 1.52 1.19 –1 1 0.0003 ***
20 Overbite 0.32 0.76 1.14 0.87 0 1 0.0362 *

*P<.05; **P<.01; ***P<.001.
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hooks to the face bow hooks. For patient comfort
and for better adaptation to the forehead, the inner
surface of the pad was covered with silicone and
soft-liner material. Heavy elastics (2H [3/16 inch]
14 oz, Ormco Corp) were attached between the
hooks of the face bow and the hooks on the forehead
pad. A total of 750 g of protrusive force was
applied, and the force was oriented parallel to the
Frankfort horizontal plane (Fig 4). The extraoral
appliance was worn for at least 17 hours per day for
3 months (Fig 4). At the end of the third month, the
appliance was removed and records were taken
(cephalometric x-rays and intraoral and extraoral
pictures). The force-moment systems of the extrao-
ral appliance are demonstrated in Fig 5.

Cephalometric Method

Pretreatment and posttreatment lateral cephalograms
were carefully traced for each patient on 8 × 10 inch
acetate paper. Each pair of radiographs of a patient was

traced at the same sitting to minimize tracing errors. Six-
teen cephalometric landmark points (Fig 6A), 3 refer-
ence lines (Fig 6B), and 42 cephalometric variables (27
skeletal, 15 dental) (Fig 6C, D, E, F, G) were used in this
study. The positional changes of the cephalometric land-
marks between the two tracings were measured by a
Cartesian coordinate system. A horizontal reference line
(CFH) constructed by reducing 7° from the sella-nasion
line was used as the X axis. Because of problems with
reproduction of the conventional Frankfort horizontal
(FH) plane, a constructed FH plane is used. A vertical
line (VRL) passing through sella and perpendicular to
the X axis served as the Y axis. All measurements were
taken to the nearest 0.5 mm.

Statistical Method

Skeletal and dental changes related to maxilla and
mandible were analyzed with Wilcoxon signed rank
test. NCSS (Number Cruncher Statistical System)
computer package was used on an IBM PC. The mean,

Table IV. Skeletal changes related to mandible

Before protraction After protraction Median

X SD X SD Before protraction After protraction Wilcoxon Significance

21 SNB 78.64 2.69 77.47 3.47 79 77.5 0.0064 **
22 SN-Pn 80.05 2.89 78.76 3.52 81 79 0.0026 **
23 Ar-Go-Me 126.91 4.98 127.6 4.90 127 129 0.0329 *
24 S-Ar-Go 145 5.75 146.1 6.02 146 145 0.0207 *
25 SN\Go-Me 36.38 3.11 38.43 4.48 35 37.5 0.0064 **
26 Ar-Go 46.17 5.68 45.9 4.38 44 44.5 0.1095
27 GoMe 70 3.64 69.91 3.58 69 70 1
28 Ar-Me 103.47 4.27 103.9 4.06 103.5 104 0.0609
29 Na-Me 118.44 4.80 120.9 5.85 119 121 0.0004 ***
30 S-Go 74.85 4.94 75.7 4.59 74 75 0.0022 **
31 B-VRL 57.91 6.08 56.61 7.13 56 56 0.0202 *
32 B-CFH 92.79 4.69 95.11 6.86 92.5 94 0.0007 ***
33 Pg-CFH 103.79 3.69 106.1 5.68 104 105 0.0006 ***
34 Pg-VRL 59 7.81 57.17 8.45 56 55 0.0011 **
35 Me-VRL 51.5 7.12 48.12 8.41 51 50 0.0041 **
36 Me-CFH 108.76 4.65 111.4 5.47 109 111 0.0005 ***

*P<.05; **P<.01; ***P<.001.

Table V. Mandibular dental changes

Before protraction After protraction Median

X SD X SD Before protraction After protraction Wilcoxon Significance

37 Iii-Iia\Go Me 88.02 3.59 85.17 3.59 88 86 0.0070 ***
38 Iii\VRL. 64.38 5.53 61.79 6.38 65 63 0.0005 **
39 Iii\CFH 73.47 3.70 76.08 4.86 74 76 0.0003 **
40 Mi-VRL 40.35 4.04 38.94 5.11 40 39 0.0039 **
41 Mi-CFH 70.47 3.04 72 4.5 70 72 0.0080 **
42 Isi-Isa/Iii-Iia 131.5 4.82 137.64 8.71 132 136 0.0097 **

*P<.05; **P<.01; ***P<.001.
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median, and standard deviations were calculated for
each measurement. The normal distribution of the val-
ues were not assumed in this study. But means and
standard deviation were used for better presentation
technique and to show all aspects of the variables.

RESULTS

Cephalometric analysis revealed that at the end of
the third month the maxilla advanced anteriorly. The
distance between the VRL and point A increased by
2.14 mm, whereas the SNA angle increased by 2.29°.
The maxilla rotated in a downward and backward
direction, as indicated by the 1.67° increase in SN to
palatal plane (ANS-PNS) angle (Table I). Dentally,
maxillary incisors were extruded, and the angle
between functional occlusal plane (FOPln) and SN
increased by 8.08° (Table II). There was 2.52 mm
increase in overjet and 0.82 mm increase in overbite
(Table III). The mandible rotated slightly in a down-
ward and backward direction, as shown by the 1.87°
increase in mandibular plane (Go-Me) to SN angle.
Anterior total face height increased by 2.05 mm (Table
IV). Maxillary incisors were extruded and tipped
palatally; mandibular incisors were tipped lingually,
thus increasing the interincisal angle (Table V). Maxil-
lary molars were intruded by 2.08 mm. Clinically,
patients wore the appliance without any discomfort. All
the cephalometric changes related to maxilla,
mandible, and intermaxillary changes as well as maxil-

lary and mandibular dental changes are presented in
Table I-V and in Fig 7.

DISCUSSION

As mentioned earlier, our purpose in developing
MMPH was to protract the maxilla without upward and
forward rotation in Class III patients with retrognathic
maxilla and orthognathic mandible. The average age of
the 17 patients that were selected for study group was
12.81 years. Mermigos et al30 claimed that early treat-
ment of Class III patients with protraction headgear
would stimulate sutural activity. However, in an article
from 1997, Merwin et al31 stated that there was no dif-
ference between the age groups of 5 to 8 and 8 to 12
years from the point of protraction of the maxilla.

In our study, we expanded the maxilla for 5 days (2
turns/day) before protraction. On the fifth day, sutural
opening was observed on the occlusal radiographs.
After the fifth day, activation of the screw was discon-
tinued because posterior anatomic structures would
displace the maxilla anteriorly and would not allow us
to examine the effect of protraction headgear only. The
total amount of activation of the screw was 2 mm. Prof-
itt and Fields32 claimed that before protraction of the
maxilla, transversal expansion had to be done in order
to enhance protraction. There are other studies21,33-43

in the literature that support the concept that RME pro-
cedures release maxilla’s sutures with the surrounding
bones and enhance the protraction procedure.

In the present study, a full coverage acrylic cap
splint type RME appliance was used in order to
increase the rigidity of the appliance, to prevent the
occlusal interferences, to apply homogeneous force,
and to maximize the skeletal effect of the protraction
headgear. Previous investigations38,43-45 showed that
the application of cap splint type maxillary expansion
appliances would increase the skeletal effect of the pro-
traction headgear. According to Haas,36 the use of
acrylic cap splint type RME appliance would allow
homogeneous force distribution during maxillary
expansion.

In our appliance design, the force was applied at the
forehead pad level, which is above the center of resis-
tance of the maxilla. The direction of the force was for-
ward and parallel to the Frankfort horizontal plane.
Previously, different kinds of headgear designs were
examined in various studies; however, upward and for-
ward rotation of maxilla appeared unavoidable. Hick-
ham,46 Mermigos et al,30 and Wisth et al47 applied the
protraction force at the canine region. Spolyar42

applied the force at premolar or deciduous molar
region in order to minimize the upward and forward
rotation. Kambara19 claimed that in order to maximize

Fig 7. Composite superimposition.
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protraction and minimize the upward and forward rota-
tion of the maxilla, the point of force application
should be moved mesially. Roberts and Subtelny48 and
Verdon49 moved the point of force application distal to
the laterals in order to prevent anterior open bite while
protracting the maxilla. However, upward and forward
rotation of the maxilla was unavoidable. Itoh et al27

Fig 8. Pretreatment facial and intraoral photographs.

Fig 9.Protraction completion facial and intraoral photographs.
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claimed that upward and forward rotation of the maxilla
was due to the direction of the force. He recommended
applying the force in a downward and forward direction
rather than parallel to the horizontal plane. Numerous
investigators27,47-53 examined the effects of force appli-
cation at an angle of 15° to 30° below the occlusal plane
in order to prevent upward and forward rotation of the
maxilla. However, their findings also showed that upward
and forward rotation of maxilla was unavoidable. In sum-
mary, none of the these approaches could prevent the
upward and forward rotation of the maxilla. According to
Tanne et al22 and Hirato,23 the center of resistance of the
maxilla was located in between the root apices of first
and second premolars. Ichikawa et al24 and Kawagoe,25

in their studies on dry human skulls, showed that pro-
traction forces, which were at the level of occlusal plane,
created upward and forward rotation. Applying the force
5 mm above the palatal plane caused forward movement
of maxilla in conjunction with downward and backward
rotation, whereas force application 10 mm above the
Frankfort horizontal plane created downward and back-
ward rotation of maxilla along with forward movement
of nasion. Lee et al52 developed an “antenna-type modi-
fied protraction headgear” that moved the point of force
application above the center of resistance of the maxilla.
They concluded that for anterior translation of the max-
illa, protraction force should be 500 g, the point of force
application should be 15 mm above the occlusal level,
and the force should be applied at an angle of 20° below
the occlusal plane. Staggers et al54 and Nanda21 designed
a facebow, with which the point of force application
would be carried above the occlusal plane in order to pre-
vent upward and forward rotation of the maxilla. How-
ever, extrusion of the maxillary molars and downward
and backward rotation of the mandible were observed in
most of their treated cases.

In our study, 750 g of protrusive force was applied
for 17 to 20 hours per day. The duration of the treat-
ment was 3 months. Haas36 claimed that in order to
obtain orthopedic force, the amount of force had to
exceed 1 pound (454 g). Nanda,20 Cozzani,38 Hick-
ham,46 and Roberts and Subtelny48 applied forces that
varied between 500 and 1000 g.

Some investigators48,49,55 have decreased appliance
wear to 10 to 14 hours per day; however, they extended
the total treatment duration up to 1 year. Nanda21

claimed that 24 hour appliance wear would achieve
more orthopedic effect than 16 hour appliance wear.
McNamara56 also suggested that full day appliance
wear would increase the amount of skeletal protraction.

To examine the skeletal changes that were related to
maxilla, 6 angular and 3 linear parameters were ana-
lyzed in the present study (Table I). The sagittal para-Fig 10. Posttreatment facial and intraoral photographs.
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meters related to maxilla show that there was 2.29°
increase in SNA angle (P < .001). The angle between
the horizontal plane and NA increased by 2.97° (P <
.01). These results suggest that this appliance was
effective in protracting the maxilla anteriorly. Previous
investigators found similar results with different kinds
of protraction headgear designs. However, if we exam-
ine the vertical changes related to the maxilla, the angle
between the horizontal plane and ANS-PNS plane
increased by 1.26° (P < .01). The angle between SN
and ANS-PNS plane increased by 1.67° (P < .01). The
distance from the horizontal plane to point A increased
by 2.88 mm (P < .001). The angle between the hori-
zontal plane and functional occlusal plane increased by
8.11 (P < .001). These results indicated downward and
backward rotation of the maxilla. These findings were
contrary to the previous investigations. This may be
related to the point of force application of the conven-
tional headgears. 

To analyze the dental changes related to maxilla,
we used 7 parameters (Table II). The distance
between the horizontal plane (H. Pln.) and maxillary
incisors increased by 2.91 mm (P < .01) indicating
extrusion of the maxillary incisor. Maxillary incisors
were also retroclined as shown by the 4.5° (P < .01)
decrease in SN to maxillary incisor axis angle. Max-
illary molars were intruded as indicated by the –2.08
mm (P < .001) decrease in the distance between the
maxillary first molars and ANS-PNS plane. The func-
tional occlusal plane was rotated in a downward and
backward direction. SN to functional occlusal plane
angle increased significantly (P < .001). Posterior
open bite was observed after the removal of the appli-
ance. All these findings were also at variance with the
findings related to previously introduced reverse
headgears. These results may be related to the point
of force application used in the present study. The
adverse effects of conventional headgears were pro-
clination of the upper incisors, extrusion of the
molars and opening of the anterior bite.

Skeletal and dental parameters related to the
mandible were not mentioned in the present study. As
discussed previously, downward and backward rota-
tion of the mandible is related to the downward and
backward rotation of the maxillary dentition, and the
extrusion of the anterior teeth. The final evaluation of
cephalometric changes related to the mandible
should be done at the end of fixed orthodontic ther-
apy. In our view, downward and backward rotation of
the mandible is reversible and related to the down-
ward and backward rotation of the maxillary denti-
tion, which could be corrected by fixed orthodontic
treatment (Fig 8-10).

CONCLUSION

This newly developed modified headgear MMPH
can be used very effectively in Class III patients with a
retrognathic maxilla in conjunction with an anterior
open bite tendency. The aim of our study to avoid
upward and forward rotation during the protraction of
the maxilla was achieved. Future studies are needed in
order to examine the long-term stability of the skeletal
and dental changes related to maxilla and mandible.
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