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Corticotomy-assisted maxillary protraction with skeletal anchorage and

Class III elastics

Hanife Nuray Yilmaza; Hasan Garipb; Tulin Satilmisc; Nazan Kucukkelesd

ABSTRACT
Objective: To analyze the treatment effects of corticotomy-assisted maxillary protraction with
skeletal anchorage and Class III elastics in patients with Class III malocclusions.
Materials and Methods: The study group consisted of 19 patients with a mean age of 13.12 6

1.28 years. Initially, patients were monitored for 5 months before treatment to evaluate growth
changes. Changes during control, protraction and fixed orthodontic treatment periods were
compared with the cephalometric radiographs taken initially, before protraction, after protraction,
and after fixed orthodontic treatment. Treatment outcomes also were compared with the growth
effects.
Results: Sagittal measurements of maxilla showed significant improvements (3.59 6 1.32 mm)
during the protraction period (3.85 6 1.12 months) whereas no significant changes were seen
during the control period. Upper and lower incisor inclinations were increased, and the upper
occlusal plane angle showed significant counterclockwise rotation during protraction. Significant
soft-tissue changes also reflected the underlying skeletal changes. Maxillary advancement was
stable during fixed orthodontic treatment.
Conclusion: Compared with control period of the patients, this protocol produced significant
improvements in skeletal and soft-tissue structures. (Angle Orthod. 2015;85:48–57.)
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INTRODUCTION

Orthopedic protraction of the maxilla is a popular
treatment protocol; however, there are some limita-
tions such as problems with patient compliance, limited
protraction of the maxilla (2–3 mm in 9–12 months),
unwanted dentoalveolar effects, and a chance of
relapse due to late mandibular growth.1–6 Therefore

orthodontists are still searching for fast and effective
treatment protocols that are also applicable after a
growth spurt. We also know that early orthopedic
interventions play a significant role in correcting the
appearance of the face and thus improving the
psychological status of such patients, especially those
between the ages of 13 and 19 years, when they
develop self-confidence.7,8

Recently, osseointegrated implants, titanium screws,
onplants, and miniplates have been used as stable
anchorage for maxillary protraction.9–13 However, many
of these studies are based on facemask wear except
the study of De Clerck et al.,13 in which the patients were
treated by using Class III elastics and bone anchorage.
In this study, we designed an intraoral mechanic for the
fast and effective treatment of skeletal Class III cases
and applied it to a group of patients and evaluated the
results cephalometricaly and statistically.

MATERIALS AND METHODS

G*Power (version 3.1.7, Franz Faul, Universitat Kiel,
Kiel, Germany) software was used for sample-size
calculation. Five patients were required for a power of
80% at the 5% significance level. Thus, the sample
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size of this study, 19 patients, presented a power of
99.9%.

The 19 patients (9 girls and 10 boys) in this
prospective study had a mean age of 13.12 6

1.28 years. The average growth stage was stage 4
according to the cervical vertebral maturation method.
All subjects had skeletal Class III malocclusion
characterized by maxillary retrognathism (ANB , 0u;
NHA , 0 mm; maxillary depth , 90u), normal or low-
angle vertical pattern (SN-MP , 35u; g , 396u: FMA
, 25u), permanent dentition, no systemic disease, and
temporamandibular joint dysfunction. All subjects and
their parents were informed about the treatment
protocols and signed a consent form that was
previously approved by the ethics committee of
Marmara University.

Subjects were monitored for 5 months (mean 5 5.36
6 1.48 months) before treatment to evaluate growth
changes. At the end of this period, a customized

acrylic splint with hooks in the molar region was
constructed and bonded on maxillary dentition
(Figure 1). Then surgery was performed on all patients
under general anesthesia. In the first step of the
surgery, miniplates (Multipurpose Implant, Tasar-
immed, Istanbul, Turkey) were placed on the anterior
wall of the symphysis on both sides between the
canines and the first premolars; the tip was oriented in
the level of proximal contacts (Figures 2a and 3).
Miniscrews 2 mm in diameter and 7 mm in length were
used to fix the miniplates (Mondeal, Tuttlingen,
Germany). In the second step of the surgery, an
incomplete Le Fort I osteotomy was performed to
release the maxilla (Figure 2b). Le Fort I osteotomy
included the lateral nasal walls of the maxilla, but the
nasal walls and nasal septum were left intact. The
pterygoid plates were not involved because there was
no conjunction at this young age. Three days after
surgery, Class III elastics were applied between the

Figure 1. Customized acrylic cap splint with the hooks in the molar region.

Figure 2. (a) Miniplates on the anterior wall of the symphysis; (b) Incomplete Le Fort I osteotomy.
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hooks of the maxillary splint and the miniplates at an
initial force of 300 g per side, which was increased to
600 g per side at 10 days (Figure 4). Patients were
asked to change the elastics twice a day and wear
them full time, except during meals, until a Class II
dental relationship was achieved, at which time the
acrylic splints were debonded. Bite opening was
observed during the protraction protocol; thus, the
patients were instructed to chew gum for 2 weeks after
debonding to achieve self-correction of open bite by
taking advantage of occlusal forces. After closure of
the openbite, miniplates were removed under local
anesthesia and treatment continued with the straight-
wire technique. During fixed orthodontic treatment,
upper premolars were extracted in five patients to
relieve crowding and Class II canine relationships.
Class III bianators were also applied in growing
patients for nighttime wear.

Cephalometric radiographs were taken before treat-
ment, at the end of control period (just before bonding
of the upper splint), after protraction, and after
debonding. The treatment progress of one patient
from this group is shown in Figures 5 and 6.

Cephalometric Method

Thirty-four parameters were traced and measured on
the lateral cephalograms (Figures 7 and 8). To determine
the sagittal and vertical changes of certain anatomic
points, two reference planes were used. The horizontal
reference plane (RP1) was drawn with a 7u angle below
the SN plane at point sella, and a perpendicular line was
drawn to the first plane through the S point (RP2).
Perpendicular lines were drawn to these reference planes
from selected anatomical points (Figure 8).

Statistical Analysis

Statistical analysis was conducted using NCSS 2007
and PASS 2008 software programs (NCSS, Kaysville,
Utah). The data were evaluated using t-tests.

One week after the first measurements, the tracings
and measurements were repeated by the same author
on 30 randomly selected lateral cephalograms. In-
traclass correlation coefficients, which were calculated
for each variable to assess the reliability of the
measurements, ranged from 0.973 to 1.000. No
significant differences were found between the first
and second measurements of those randomly selected
cephalograms.

RESULTS

Miniplates were stable during the protraction period.
Only one miniplate was loose at the end of the
protraction period. Miniplates were removed unevent-
fully with local anesthesia before fixed orthodontic
treatment. The control, protraction, and fixed ortho-
dontic treatment periods lasted 5.36 6 1.48 months,
3.85 6 1.12 months, and 23.13 6 7.03 months,
respectively.

Descriptive statistics for the cephalometric measure-
ments are reported in Tables 1 and 2. Tables 3 and 4
show the differences at the three periods and the
statistical comparisons of those periods. During the
control period, no significant changes were found in
sagittal skeletal parameters, whereas A point showed
3.59 6 1.32 mm (P , .01) forward movement and B
point presented 1.85 6 1.46 mm (P , .01) backward
movement during protraction. The skeletal changes in
the maxilla and mandible led to significant improve-
ment in ANB (24.18 6 1.47u; P , .01; Table 3). No
significant change was recorded in sagittal skeletal
parameters during fixed orthodontic treatment.

Regarding the vertical skeletal parameters, no
significant changes were seen during the control
period. During protraction, a significant decrease was
seen in the SN-UOP angle (8.28 6 4.41u, P , .01),

Figure 3. Panoramic radiograph indicating the miniplate insertion in

the mandible.

Figure 4. Class III elastic between the hooks of the maxillary splint

and the miniplates.
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which presented a significant increase after fixed
treatment (24.51 6 19.75 mm; P , .01). In addition,
SN-MP (P , .01), FMA (P , .01), S (P , .05), and N-
Me (P , .01) demonstrated increases during the
protraction period, all of which remained during the
fixed treatment except SN-MP. A significant increase
was seen in S-Go (22.34 6 2.16 mm; P , .01) during

fixed treatment, although no changes were seen
during the control and protraction periods (Table 3).

No significant changes were found in dental param-
eters during the control period. However, during the
protraction period, the upper and lower incisors were
proclined 9.66u 6 5.26u and 3.63u 6 3.16u, respec-
tively. The upper incisors were uprighted 6.26u 6

Figure 5. (a,d) Initial photographs of the patient; (b,e) Photographs after protraction; (c,f) Photographs at the end of fixed orthodontic treatment.

Figure 6. Cephalometric radiographs of the patient: (a) Initial; (b) After protraction; and (c) At the end of fixed orthodontic treatment.
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4.76u, whereas lower incisor inclinations remained
constant during fixed treatment. The upper molars
were positioned anteriorly (25.59 6 2.94 mm; P , .01)
and inferiorly (22.97 6 2.11 mm; P , .01) during
protraction and remained constant during fixed treat-
ment (Table 4).

The only soft-tissue parameter that revealed a
significant increase during the control period was the
nasal projection (20.73 6 0.21 mm; P , .05).
However, during protraction, the upper lip moved
forward (RP2HA9; RP2HLs; P , .01), the pogonion
moved backward (1.71 6 1.84 mm; P , .01), and
nasal projection increased (22.56 6 1.20 mm; P ,

.01); all of these changes were maintained throughout
fixed treatment (Table 4).

DISCUSSION

The use of skeletal anchorage or corticotomy
assistance in the maxilla for Class III treatment has
been reported previously.9–16 These methods are
usually applied with a facemask, which may lead to
inadequate treatment outcomes because of problems
with patient compliance. Therefore, in this study we
aimed to design an intraoral mechanism that is more
patient friendly and combined it with corticotomy to
accelerate the protraction to motivate the patients.

In order to differentiate real treatment outcomes
from those that occurred with growth, we monitored
patients with no treatment for 5 months before
maxillary protraction (mean 5 5.36 6 1.48 months),
which was the estimated time for maxillary protraction
in similar studies.16–18

Miniplates were maintained successfully throughout
the treatment in all patients except one, which was
loosened after completion of the protraction period.
Bone formation was observed around almost all the
miniplates when they were removed. Miniplates are
reported to be quite stable even under high forces;
they are biocompatible, are pliable, and do not require
time for osseointegration because they are fixed with
monocortical miniscrews.19–21

Patients with permanent dentition were selected to
avoid damage to the tooth germs during incomplete Le
Fort I osteotomy and placement of miniplates. Thus,
the earliest age for this protocol is around 13 years,
which is too late for orthopedic protraction but too early
for orthognathic surgery. If not treated, these patients
should wait for 5–7 years for surgery, which may lead
to psychological disturbances at this age period
because perceptions of facial esthetics are known to
influence psychological development from early child-
hood to adulthood. Studies report that laypeople
evaluate prognathic profiles more negatively than
retrognathic profiles.22,23

Figure 7. Skeletal, dental, and soft-tissue measurements: 1

indicates SNA (u); 2, SNB (u); 3, maxillary depth (u); 4, SN-UOP

(u); 5, Sn-PP (u); 6, SN-MP (u); 7, FMA (u); 8, U1-PP (u); 9, IMPA (u);
10, U1-SN (u); 11, S-Go (mm); 12, L6HMP (mm); 13, N-ANS (mm);

14, ANS-Me (mm); 15, N-Me (mm); 16, nasolabial angle (u).

Figure 8. Linear measurements according to reference planes: 1

indicates RP2HPn; 2, RP2HA; 3, RP2HA9; 4, RP2HLs; 5, RP2HU6;

6, RP2HLi; 7, RP2HU1; 8, RP2HB9; 9, RP2HB; 10, RP2HPog9; 11,

RP1HU6; 12, RP1HA; 13, RP1HU1.
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The literature contains few cases in which growing
patients underwent surgery, and the long-term conse-
quences of such interventions are not known. Some
findings suggest that orthognathic Class III surgery at
early ages will result in recurrence of the Class III
skeletal relationship as the mandible continues to grow
normally.24 Other disadvantages of the surgical proto-
col include the need for bone grafts, lifetime miniplates,
miniscrews for fixation, blood transfusion, and compli-
cated fixed orthodontic treatment before surgery.25

Therefore, we wanted to treat patients with Class III
malocclusion as early as possible with a protocol that
does not affect future maxillomandibular growth.
Considering that no down fracture and no rigid fixation
were done in our protocol, we expected the maxilla

to grow anteroposteriorly in response to possible
mandibular growth after surgery. On the other hand,
the protocol did not include osteotomy of the nasal
septum and lateral nasal walls. According to Wolford et
al.,24 anteroposterior maxillary growth may be expect-
ed with such a surgical protocol, thereby keeping the
nasal septum attached to the palate.

Comparison of the cephalometric data between
control and protraction periods showed highly signifi-
cant maxillary advancement with this new treatment
protocol in a considerably short time (approximately
3.6 mm in 3.8 months). Kircelli and Pektas12 reported
4.8 mm maxillary advancement in 10.8 months,
whereas Sar et al.26 reported 2.3 mm advancement
in 6.78 months by using facemask through miniplates

Table 1. Mean Values of Sagittal and Vertical Skeletal Parameters at Each Stagea

Control Preprotraction Postprotraction Final

Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD

Median

(Minimum/Maximum)

Median

(Minimum/Maximum)

Median

(Minimum/Maximum)

Median

(Minimum/Maximum) P

Sagittal skeletal parameters

SNA 78.05 6 3.59 78.11 6 3.45 80.87 6 3.74 81.26 6 3.5 **

78.50 (71.5/86.0) 78.0 (72.0/86.0) 82.0 (73.5/89.0) 82.0 (74.0/88.5)

RP2HA 67.38 6 5.58 67.20 6 5.40 70.8 6 5.68 70.99 6 5.51 **

67.7 (56.8/76.8) 67.5 (58.0/76.8) 70.0 (62.5/80.0) 70.50 (62.0/80.8)

Maxillary depth 87.13 6 2.64 87.11 6 2.62 90.47 6 3.06 90.53 6 2.84 **

87.50 (82.0/92.0) 88.0 (82.0/92.0) 90.0 (86.0/96.0) 90.0 (86.5/97.5)

SNB 81.74 6 3.67 82.03 6 3.61 80.58 6 3.62 81.03 6 3.71 **

82.0 (73.5/87.0) 82.0 (74.0/88.0) 80.5 (72.5/86.5) 81.50 (72.0/86.5)

RP2HB 69.94 6 8.13 70.50 6 7.74 68.65 6 7.39 70.44 6 7.51 **

69.6 (54.0/85.7) 70.0 (55.5/85.7) 68.5 (53.0/81.0) 70.0 (52.0/84.2)
+ANB 23.71 6 2.26 23.92 6 2.43 0.26 6 2.77 0.24 6 2.49 **

23.50 (28.0/20.5) 23.0 (29.0/20.5) 0.0 (25.5/5.0) 0.0 (25.5/4.5)

Corpus 81.93 6 4.21 82.16 6 4.73 82.75 6 4.37 83.59 6 4.62 **

81.10 (76.1/90.1) 80.70 (75.1/91.0) 81.0 (76.0/92.0) 83.0 (78.3/94.0)

Vertical skeletal parameters

RP1HA 52.92 6 4.16 52.85 6 4.04 52.82 6 4.48 54.25 6 4.52 *

52.0 (47.4/62.3) 52.8 (46.0/61.3) 52.5 (44.0/62.9) 54.0 (45.5/63.0)

N-ANS 57.13 6 3.78 57.2 6 3.49 57.13 6 4.05 57.74 6 3.98 NS

57.0 (51.5/65.6) 56.8 (51.0/65.6) 57.0 (49.0/67.7) 57.8 (50.0/67.0)

SN-PP 9.74 6 3.83 9.79 6 3.16 8.89 6 3.75 9.11 6 3.68 NS

8.5 (4.0/17.0) 9.0 (5.0/16.0) 8.5 (3.0/15.0) 9.0 (3.5/16.0)

SN-UOP 18.42 6 5.42 18.21 6 5.95 9.93 6 6.57 14.45 6 5.14 **

17.5 (8.0/31.0) 18.5 (8.5/31.0) 10.0 (24.0/21.0) 14.0 (4.0/24.0)

ANS-Me 67.68 6 5.69 68.42 6 5.78 70.92 6 5.83 71.27 6 7.53 **

68.1 (55.3/76.4) 69.0 (57.0/78.0) 72.0 (60.0/80.5) 72.0 (57.5/84.0)

SN-MP 34.34 6 6.77 34.34 6 6.64 35.68 6 6.53 34.5 6 7.32 **

35.0 (20.5/45.5) 35.0 (21.0/47.0) 37.0 (22.0/48.0) 35.0 (16.5/48.5)

FMA 25.34 6 6.32 24.97 6 6.28 26.37 6 6.4 25.55 6 7.04 *

26.5 (12.5/34.5) 26.0 (12.0/32.5) 27.5 (13.5/36.0) 27.0 (9.5/35.0)

g 395.68 6 6.74 395.55 6 6.84 396.5 6 6.5 395.92 6 7.68 *

398.0 (382.5 /407.0) 396.0 (382.5/ 408.5) 396.0 (383.5/ 408.5) 395.5 (378.0/ 411.5)

N-Me 124.83 6 8.31 125.46 6 8.44 128.05 6 8.98 128.49 6 10.27 **

124.2 (108.9 /141.0) 126.0 (108.0/ 140.0) 129.0 (109.0/ 145.4) 129.0 (111.0/ 147.0)

S-Go 79.91 6 7.91 80.57 6 7.94 81.14 6 8.59 83.48 6 8.08 **

77.6 (70.5/96.8) 80.0 (71.0/98.5) 79.0 (72.0/99.5) 82.6 (72.5/102.2)

a Analysis of variance: * P , .05; ** P , .01; NS indicates not significant.
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on the lateral nasal wall of maxilla. These values are
similar to our results, but the speed of protraction in our
study is dramatically faster (3.8 months), which
motivates patients to wear the elastics. On the other
hand, in studies of corticotomy-assisted facemask
therapy, Molina et al.14 reported 4–12 mm changes of
A point in 3–4 weeks, whereas Rachmiel et al.15 and
Kucukkeles et al.16 reported 6.8 mm over 3 weeks and
4 mm over 2 months, respectively. These protraction
rates were faster than ours but demanded patient
compliance with full-time facemask wear. In the study
of De Clerck et al.,13 the maxilla was protracted
through Class III elastics between miniplates, called
the bone-anchored maxillary protraction (BAMP) pro-
tocol. They reported that A point moved 4 mm forward

in 12 months, which was a longer protraction period
than ours.

There were no significant changes in sagittal
skeletal parameters related to the mandible during
the control period; during the protraction period, the
mandible presented backward rotation, thereby de-
creasing the projection of the chin, which contributes to
correction of the Class III profile. This finding was
similar to the findings of previous facemask studies.16,26

A possible explanation of this rotation might be
significant counterclockwise rotation of the occlusal
plane, which is unavoidable when maxillary protraction
is made through a force vector below the center of
resistance of maxilla as in many facemask studies.
Sagittal changes achieved during the protraction

Table 2. Mean Values of Dental and Soft-Tissue Parameters at Each Stagea

Control Preprotraction Postprotraction Final

P

Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD

Median

(Minimum/Maximum)

Median

(Minimum/Maximum)

Median

(Minimum/Maximum)

Median

(Minimum/Maximum)

Dental parameters

U1-SN 105.84 6 6.59 105.84 6 6.2 115.5 6 7.44 109.24 6 4.68 **

106 (95/120) 105 (96/118) 115 (103/131) 110 (96/116)

U1-PP 115.39 6 5.39 115.47 6 5.32 124.05 6 6.36 118.24 6 4.24 **

115 (107/128) 114 (108/125.5) 125 (113/138) 119 (107/123)

RP2HU1 71.09 6 6.74 71.68 6 6.68 77.42 6 6.86 75.24 6 7.71 **

71.2 (58.7/84.6) 71.8 (60/84) 77 (64.5/91) 76 (61.5/90.4)

RP1HU1 75.98 6 5.37 76.14 6 5.26 74.61 6 6.08 76.9 6 6.33 **

76 (64.4/86.9) 76.1 (64.5/86.5) 74.5 (60.5/86.7) 77 (63/89.5)

RP2HU6 40.54 6 6.15 41.09 6 6.21 47.58 6 6.72 46.69 6 7.52 **

40.2 (25.8/49) 40.2 (30/52.5) 46 (34.5/59.4) 45.5 (32/59)

RP1HU6 70.09 6 4.78 70.05 6 5.12 73.02 6 5.35 73.44 6 5.31 **

69.3 (62.6/79.3) 69 (62.5/78.8) 72 (65/84.6) 73.9 (64/84)

IMPA 83.16 6 5.96 82.47 6 5.99 86.11 6 6.72 84.24 6 6.01 **

83.5 (72/94) 80 (72/93) 85 (76/104) 83 (77/104)

L6HMP 31.21 6 2.76 31.62 6 3.11 31.73 6 3.59 33.31 6 3.56 **

32 (23.9/34.5) 32.3 (24.5/35.6) 31.5 (24/36.5) 33.6 (25/38)
+Overjet 22.79 6 1.94 22.66 6 2.02 3.67 6 1.58 2.87 6 0.67 **

23 (25.8/1.1) 22.6 (26.1/1.1) 3.2 (1.5/7.7) 3 (1.5/4.1)
+Overbite 3.58 6 2.75 3.6 6 2.66 20.13 6 1.75 2.61 6 0.56 **

3 (0/8.5) 3.5 (0/7.5) 0 (23.5/2) 2.5 (1.4/3.9)

Soft-tissue parameters

Nasolabial angle 103.26 6 11.34 103.26 6 9.98 102.82 6 10.73 105.32 6 9 NS

102 (89/124) 104 (88/123) 102 (83/121) 103 (85/120)

RP2-Pn 102.25 6 6.28 102.98 6 6.6 105.54 6 6.99 106.56 6 6.46 **

102.5 (90.3/113.5) 102 (92/115.7) 104.9 (95/117.5) 107 (93.7/117.3)

RP2-A9 86.16 6 6.85 86.15 6 7.28 89.74 6 7.29 89.66 6 6.72 **

84.9 (75.6/101.3) 85.5 (73/101.3) 88.7 (80/104) 88 (78/103.3)

RP2-Ls 89.01 6 6.76 89.28 6 7.11 92.61 6 7.7 92.34 6 7.04 **

88.9 (78.2/102.4) 87.9 (78.5/104) 92.3 (82/107) 91 (78.5/105.3)

RP2-Li 89.94 6 8.08 90.08 6 8.49 90 6 8.16 90.35 6 7.86 NS

89.1 (76.4/106.8) 88.4 (74.5/109) 90 (75.5/106) 90 (74/106.4)

RP2-B9 82.88 6 8.19 83.3 6 8.12 81.21 6 8.2 81.76 6 8.36 **

82 (68.7/102.4) 82.7 (67.5/101.3) 80.5 (66/97.5) 82 (66.5/101.2)

RP2-Pog9 84.68 6 9.8 85.26 6 9.99 83.55 6 9.73 85.38 6 9.71 *

84.8 (68.1/106.8) 85 (67/108.5) 83.5 (66/104) 85 (64/107.4)

a Analysis of variance: * P , .05; ** P , .01; NS indicates not significant.
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period were stable during fixed orthodontic treatment,
which is promising for the long term (Table 3).

Counterclockwise rotation of the upper occlusal
plane resulted in a temporary anterior openbite
clinically that was spontaneously corrected by occlusal
forces after removal of the appliance, as we observed
in the first few patients. This led us to instruct the rest
of the patients to chew gum three times daily for
30 minutes after meals to speed up bite correction.
During fixed orthodontic treatment the upper occlusal
plane presented clockwise rotation and anterior
rotation of the mandible. This latter finding probably

occurred because of continued growth in posterior
facial height (P , .01) and concomitant extrusion of
the lower molars during fixed treatment. Anterior facial
dimensions increased slightly during protraction and
remained stable during fixed treatment but the values
were small to be clinically important.

Regarding dental changes on the maxilla and
mandible during the control period, there were no
significant changes as with the other parameters.
However, during protraction, upper incisor inclinations
increased due to the counterclockwise rotation of the
upper occlusal plane and the toothborne device, as

Table 3. Difference Values of Skeletal Parameters Between Periods with the Significance of Changes in Each Period and Comparison of

Changes in the Periodsa

Control Preprotraction Postprotraction

Post Hoc

Measurements

Preprotraction (A) Postprotraction (B) Final (C)

(n 5 19) (n 5 19) (n 5 19)

Mean 6 SD Mean 6 SD Mean 6 SD

Median

(Minimum/Maximum) P

Median

(Minimum/Maximum) P

Median

(Minimum/Maximum) P A–B B–C

Sagittal skeletal parameters

SNA 20.05 6 0.04 NS 22.76 6 1.15 ** 20.39 6 0.74 NS ** **

0.00 (21.00/0.50) 22.50 (24.50/20.50) 20.50 (22.00/1.00)

RP2HA 0.18 6 0.83 NS 23.59 6 1.32 ** 20.20 6 0.93 NS ** **

0.00 (20.16/2.54) 23.23 (26.88/21.50) 20.41 (22.49/1.37)

Maxillary Depth 0.026 6 0.61 NS 23.36 6 1.66 ** 20.05 6 1.15 NS ** **

0.00 (21.00/1.00) 23.50 (27.00/21.00) 0.00 (21.50/3.00)

SNB 20.29 6 0.48 NS 1.45 6 0.93 ** 20.45 6 1.05 NS ** **

0.00 (21.00/0.50) 1.50 20.50/3.00) 0.00 (22.50/1.50)

RP2HB 20.57 6 1.16 NS 1.85 6 1.46 ** 21.79 6 2.78 NS ** **

20.50 (22.91/1.87) 2.00 (20.69/4.68) 21.00 (29.17/1.77)
+ANB 0.21 6 0.48 NS 24.18 6 1.47 ** 0.03 6 0.94 NS ** **

0.50 (20.50/1.00) 24.50 (26.50/22.00) 0.00 (21.50/2.00)

Corpus 20.24 6 1.10 NS 20.59 6 0.93 NS 20.84 6 1.32 NS NS NS

20.25 (22.11/1.66) 20.29 (22.89/1.52) 20.52 (24.22/1.43)

Vertical skeletal parameters

RP1HA 0.07 6 1.05 NS 0.02 6 1.30 NS 21.42 6 2.12 NS NS NS

0.00 (22.12/1.75) 0.00 (22.00/2.50) 22 (24.38/2)

N-ANS 20.07 6 1.08 NS 0.07 6 1.11 NS 20.62 6 1.69 NS NS NS

0.00 (22.11/2.60) 0.00 (22.11/2.00) 20.50 (25.14/2.63)

SN-PP 20.05 6 1.85 NS 0.90 6 1.60 NS 20.21 6 1.70 NS NS NS

20.50 (23.00/4.00) 1.00 (22.50/3.00) 20.50 (23.00/3.00)

SN-UOP 0.21 6 2.36 NS 8.28 6 4.41 ** 24.51 6 19.75 ** ** **

0.00 (22.50/7.50) 8.00 (21.50/16.00) 24.00 (213.00/3.00)

ANS-Me 20.75 6 1.27 NS 22.50 6 1.81 ** 20.35 6 5.55 NS * NS

20.66 (22.68/2.09) 22.78 (26.50/1.40) 21.00 (29.75/19.04)

SN-MP 0.00 6 0.04 NS 21.34 6 0.80 ** 1.18 6 1.73 * ** **

0.00 (22.00/2.00) 21.50 (22.50/0.50) 1.00 (21.00/5.50)

FMA 0.37 6 1.13 NS 21.39 6 1.59 ** 0.82 6 1.64 NS ** **

0.50 (21.50/3.00) 21.50 (24.50/3.50) 0.50 (22.00/4.00)

g 0.13 6 .00 NS 20.94 6 1.33 * 0.58 6 2.30 NS * NS

0.00 (22.00/2.00) 21.00 (23.00/2.00) 0 (23.50/5.50)

N-Me 20.63 6 1.40 NS 22.59 6 1.86 ** 20.45 6 5.30 NS * NS

20.51 (23.12/2.28) 22.60 (26.34/1.81) 21.50 (26.93/17.63)

S-Go 20.65 6 1.28 NS 20.57 6 1.17 NS 22.34 6 2.16 ** NS *

20.51 (22.93/1.90) 20.50 (24.23/1.00) 22.73 (26.72/1.89)

a Bonferroni test + Wilcoxon signed-rank test: * P , .05; ** P , .01; NS indicates not significant.
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was found in previous facemask studies.26–28 Interest-
ingly, the lower incisors also proclined, which was also
reported in the study of De Clerck et al.13 using a
similar force vector. The explanation of the proclination
of the lower incisors must be the new posture of the
tongue acting on the lower incisors after correction of
anterior crossbite, which was also reported in the
BAMP protocol.13 During fixed orthodontic treatment,
this increase in lower incisor inclination remained,
whereas the upper incisors uprighted. Upper molars
and incisors moved mesially during protraction;
64.2% of this movement was skeletal and 35.8%
was dental.

No significant changes were seen in soft-tissue
parameters during the control period except for nasal
projection. Nasal projection also presented a signifi-
cant increase during the protraction period. This result
was similar to that typically observed after maxillary
advancement surgery. Nguyen et al.29 reported
3.82 mm forward movement of the nose tip as a result
of the BAMP protocol. The upper lip and lip sulcus also
moved forward, and the soft tissue B point and
pogonion moved backward during the protraction
period, which showed that improvements in the soft-
tissue profile followed the underlying skeletal compo-
nents during the protraction period.13,26–28 All of these

Table 4. Difference Values of Dental and Soft-Tissue Parameters Between Periods with the Significance of Changes in Each Period and

Comparison of Changes in the Periodsa

Control Preprotraction Postprotraction

Post Hoc

Measurements

Preprotraction (A) Postprotraction (B) Final (C)

(n 5 19) (n 5 19) (n 5 19)

Mean 6 SD Mean 6 SD Mean 6 SD

Median

(Minimum/Maximum) P

Median

(Minimum/Maximum) P

Median

(Minimum/Maximum) P A–B B–C

Evaluation of dental parameters

U1-SN 0.01 6 2.32 NS 29.66 6 5.26 ** 6.26 6 4.76 ** ** **

20.50 (25.50/4.00) 29.00 (219.50/21.00) 6.00 (21.00/15.00)

U1-PP 20.08 6 2.51 NS 28.58 6 4.86 ** 5.82 6 4.16 ** ** **

20.50 (24.00/5.00) 28.00 (218.00/22.00) 5.00 (0.00/16.00)

RP2HU1 20.59 6 1.11 NS 25.74 6 2.91 ** 2.18 6 5.66 NS ** **

20.52 (22.95 /1.52) 24.95 (213.04/22.00) 1.00 (22.82/23.34)

RP1HU1 20.17 6 1.39 NS 1.54 6 1.63 ** 22.30 6 2.05 ** * **

20.09 (23.34/3.17) 1.50 (21.44/4.50) 23.00 (25.02/2.00)

RP2HU6 20.55 6 2.07 NS 25.59 6 2.94 ** 20.89 6 2.09 NS ** **

20.53 (25.52/2.72 ) 25.80 (213.78/21.12) 21.41 (24.53/4.09)

RP1HU6 0.04 6 0.87 NS 22.97 6 2.11 ** 20.43 6 2.22 NS ** **

0.00 (22.00/2.07) 22.50 (210.20/1.00) 0.00 (24.86/2.89)

IMPA 0.68 6 1.17 NS 23.63 6 3.16 ** 1.87 6 4.81 NS ** **

0.50 (21.00/3.50) 23.00 (212.00/0.00) 3.00 (29.00/9.00)

L6HMP 20.40 6 1.08 NS 20.12 6 1.36 NS 21.58 6 1.46 ** NS *

20.50 (22.60/1.21) 20.50 (22.00/3.06) 21.50 (24.16/1.50)
+Overjet 20.12 6 0.49 NS 26.33 6 0.36 ** 0.80 6 1.57 * ** **

0.00 (21.06/1.11) 26.00 (29.69/21.80) 0.49 (21.38/4.65)
+Overbite 20.02 6 0.79 NS 3.72 6 1.92 ** 22.74 6 1.53 ** ** **

0.00 (21.12/1.90) 3.50 (21.00/7.50) 22.44 (26.00/0.00)

Evaluation of soft-tissue parameters

Nasolabial Angle 0.01 6 4.43 NS 0.45 6 8.63 NS 22.50 6 4.91 * NS NS

0.00 (211.00/ 8.00) 0.00 (214.00/21.00) 23.00 (212.00/8.00)

RP2HPn 20.73 6 0.92 * 22.56 6 1.20 ** 21.02 6 2.11 NS ** *

21.00 (22.23/0.71) 22.50 (25.81/20.50) 21.00 (24.78/2.69)

RP2HA9 0.01 6 1.53 NS 23.59 6 1.97 ** 0.08 6 2.36 NS ** **

0.00 (22.12/5.11) 24.00 (27.00/0.50) 20.23 (24.54/4.70)

RP2HLs 20.27 6 1.46 NS 23.33 6 2.08 ** 0.27 6 2.58 NS ** **

0.00 (24.23/2.55) 23.50 (27.10/0.50) 0.39 (24.49/4.84)

RP2HLi 20.14 6 1.94 NS 0.08 6 1.63 NS 20.35 6 2.60 NS NS NS

0.00 (22.64/5.27) 0.00 (23.06/3.04) 20.18 (25.50/3.66)

RP2HB9 20.42 6 1.53 NS 2.09 6 2.36 ** 20.55 6 4.66 NS ** *

20.50 (22.90/1.94) 1.63 (22.50/9.42) 20.59 (24.69/16.37)

RP2HPog9 20.58 6 1.70 NS 1.71 6 1.84 ** 21.83 6 2.84 NS ** **

21.50 (23.11/2.64) 1.60 (22.00/5.00) 22.13 (26.00/3.10)

a Bonferroni test + Wilcoxon signed-rank test: * P , .05; ** P , .01; NS indicates not significant.
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changes achieved during the protraction period were
maintained during fixed orthodontic treatment.

CONCLUSIONS

N The treatment protocol described in this study was
very fast and effective for correcting Class III
malocclusion characterized by maxillary retrognath-
ism with a normal or low-angle vertical model.

N The achieved protraction was stable throughout the
orthodontic treatment, which is promising.

N The long-term results should be evaluated consider-
ing the late mandibular growth.
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