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Zygomatic miniplates for skeletal anchorage in
orthopedic correction of Class 111 malocclusion: A
controlled clinical trial

Erdal Bozkaya® Objective: To evaluate the effects of facemask therapy, which was anchored
Alime Sema Yiiksel’ from the zygomatic buttresses of the maxilla by using two miniplates, in skeletal
Siileyman Bozkaya” Class 1 patients with maxillary deficiency. Methods: Eighteen skeletal Class

1M1 patients (10 girls and 8 boys; mean age, 11.4 + 1.28 years) with maxillary
deficiency were treated using miniplate-anchored facemasks, and their outcomes
were compared with those of a Class 111 control group (9 girls and 9 boys; mean
age, 10.6 + 1.12 years). Two 1-shaped miniplates were placed on the right and
“Department of Orthodontics, Faculty left zygomatic buttresses of the maxilla, and a facemask was applied with a
?ZKZ;“SW’ Gazi University, Ankara, 400 g force per side. Intragroup comparisons were made using the Wilcoxon
, ) ) test, and intergroup comparisons were made using the Mann-Whitney U-test (p
Department of Oral and Maxillofacial .
Surgery, Faculty of Dentistry, Gazi < 0.05). Results: In the treatment group, the maxilla moved 3.3 mm forward,
University, Ankara, Turkey the mandible showed posterior rotation by 1.5°, and the lower incisors were
retroclined after treatment. These results were significantly different from those
in the control group (p < 0.05). No significant anterior rotation of the palatal
plane was observed after treatment. Moreover, changes in the sagittal positions
of the maxillary incisors and molars were similar between the treatment and
control groups. Conclusions: Skeletally anchored facemask therapy is an
effective method for correcting Class 111 malocclusions, which also minimizes the
undesired dental side effects of conventional methods in the maxilla.
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INTRODUCTION

In skeletal Class 111 patients with maxillary hypoplasia,
facemasks have been widely used to stimulate the
protraction of the maxilla during the growth period. Several
intraoral tooth-borne devices have been used to transfer
orthopedic force from the facemask to the maxilla.'”

However, since these appliances use the maxillary
dentition for orthopedic anchorage, they cause some
side effects beside maxillary protraction. Proclination
of the upper incisors, mesialization and extrusion of
the maxillary molars, camouflage of the skeletal effect,
constriction of the maxillary arch and space closure of
the canines, and posterior rotation of the mandible due
to molar extrusion are the most commonly observed side
effects of tooth-borne anchorage.””

In order to avoid the side effects of tooth-borne
appliances and to transfer the orthopedic force directly
to the maxilla, intentionally ankylosed deciduous
canines,® osseointegrated implants,” mini-implants,’
onplants,” and miniplates'®'” have been used as skeletal
anchorage units during protraction. However, ankylosed
teeth could be loosened because of root resorption,’
and implants and onplants would need osseointegration
before force application.”” Miniplates have been
successfully used in maxillary protraction therapy as
skeletal anchorage because they offer the following
advantages: the force can be applied immediately
after insertion, they can be properly contoured to
match anatomical structures, and they are resistant to
orthopedic forces."”"®
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In the literature, few clinical studies have evaluated
miniplate-anchored facemask therapy.”'®'" In those
studies, miniplates were inserted to different anatomical
locations, and only two of them preferred the zygomatic
buttresses of the maxilla.'®'® However, neither of these
studies compared their results with those of Class 111
control subjects. Therefore, the aim of this study was to
evaluate the dentofacial effects of therapy using a facemask,
which was anchored from the zygomatic buttresses of the
maxilla by using two miniplates, in skeletal Class 111 patients
with maxillary deficiency and to compare their results with
those of a Class 111 control group.

MATERIALS AND METHODS

The study analyzed the lateral cephalograms of patients
with skeletal Class 111 malocclusions who were referred
to the Department of Orthodontics, Faculty of Dentistry,
Gazi University for their orthodontic treatment. Ethical
approval was obtained from the Ethical Committee of
Faculty of Dentistry, Ankara University (09.01.2012-28/4).

The patients who fulfilled the following inclusion
criteria were included in the study: (1) skeletal (ANB <
0°, Wits < —2 mm) and dental Class 111 malocclusion with
maxillary retrusion (SNA < 82°), or maxillary retrusion
and mandibular protrusion (SNB > 80°); (2) decreased
or optimum mandibular plane angle (SN/GoGn < 38°);
(3) absence of functional shift of the mandible; (4)
between developmental growth stages PP2= (i.e., the
epiphysis of the proximal phalanx of the index finger
has the same width as the diaphysis; this stage indicates

Figure 1. A and B, Miniplates
and screws used for fixation.
C, Design of a miniplate.
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the prepubertal growth period) and MP3cap (i.e., the
diaphysis of the middle phalanx of the middle finger is
covered by the cap-shaped epiphysis; this stage indicates
the peak of the pubertal growth spurt), as evaluated
using hand-wrist radiographs; and (5) no craniofacial
anomalies or previous orthodontic treatment.

The study consisted of two groups: the treatment
group (18 patients; 10 girls and 8 boys; mean pre-
treatment age, 11.4 + 1.28 years) that received
miniplate-anchored facemasks, and an untreated
control group (18 patients; 9 girls and 9 boys; mean
pre-treatment age, 10.6 + 1.12 years) that was formed
from the archives of the department to distinguish

the changes caused by the treatment and growth. The
material comprised the records of patients with Class
111 malocclusions whose treatment could not be started
because of poor hygiene and/or changes in dentition.

Surgical protocol

In the treatment group, two titanium miniplates were
inserted at the zygomatic buttresses of the maxilla
by the same maxillofacial surgeon. The 1-shaped
miniplates were designed with two holes in the body
and a C hook at the head. The neck of the miniplate
was a rounded bar 20 mm in length and 1.5 mm in
diameter (Tasarnmmed, Istanbul, Turkey) (Figure 1). At

Figure 2. A, Elevated mucoperiosteal flap between the maxillary canine and the distal border of the first molar. B and
C, Miniplates shaped to match the anatomic structure of the zygomatic buttresses and fixation with two self-drilling
miniscrews. D, Closed flap with the C-shaped head of the miniplates exposed at the level of the soft tissue between the

maxillary canine and first premolar.

Figure 3. A and B, Facial and
profile views of a patient
wearing the Petit-type face-
mask. C, Elastics from the
miniplates to the facemask
30° (blue-colored line) extend
in downward direction at an
angle of 30° with reference
C to the occlusal plane (black-
colored line).
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Figure 4. Cephalometric angular measurements evaluated
in the present study.

2, SNA; 7, SN/ANSPNS; 8, SNB; 9, SN/GoGn; 10, ArGoMe;
18, ANB; 19, ANSPNS/GoGn; 20, SN/OP; 25, U1/NA; 26,
U1/ANSPNS; 27, L1/NB; 28, L1/GoMe; 29, U1/L1; 42,
nasolabial angle.

the buccal vestibule side, a mucoperiosteal flap was
elevated between the maxillary canine and the distal
border of the first molar under local anesthesia to
expose the maxillary zygomatic buttress. The miniplates
were shaped to match the anatomic structure of the
zygomatic buttresses and fixed using two self-drilling
miniscrews 2 mm in diameter and 5 mm in length
(Tasarrmmed). The flap was closed and the C-shaped
heads of the miniplates were exposed at the level of
the soft tissue between the maxillary canine and first
premolar (Figure 2).

Maxillary protraction protocol

One week after the placement of the miniplates,
protraction forces were applied from the miniplates
to the Petit-type facemask. Elastics were directed 30°
downward from the occlusal plane and exerted a 400 g
force per side (Figure 3). A removable, acrylic bite raiser
covering the mandibular dentition was used to avoid
occlusal contacts. Patients wore the facemask all day
except during meals.

The bite raiser was used until edge-to-edge incisor
relation was achieved, and the facemasks were used until
at least 2-mm overjet was achieved. The miniplates were
not removed considering the different anchorage needs
during the fixed orthodontic treatment.

Lateral cephalograms were acquired before miniplate
insertion (TO) and after facemask therapy (T1) in
the treatment group, and before (TO) and after (T1)
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Figure 5. Cephalometric linear skeletal measurements
evaluated in the present study.

X, The tuberculum sella-wing (T-W) plane; vy, the
perpendicular plane to the T-W plane at the T point; 1,
S-N; 3, Co-A; 4, A-x; 5, A-y; 6, ANS-PNS; 11, Co-Gn; 12,
Go-Me; 13, Ar-Go; 14, B-x; 15, B-y; 16, Co-x; 17, Coy; 21,
Wits; 22, N-ANS; 23, ANS-Me; 24, S-Go; 40, UL-S line; 41,
LL-S line.

Figure 6. Cephalometric linear dental measurements
evaluated in the present study.

x1, The ANS-PNS plane; y1, the perpendicular plane to
the ANS-PNS plane at the PNS point; x2, the Go-Gn
plane; y2, the perpendicular plane to the Go-Gn plane
at the Go point; 30, U1-NA; 31, U1-x1; 32, U1-y1; 33,
U6-x1; 34, U6-y1; 35, L1-NB; 36, L1-x2; 37, L1-y2; 38,
overjet; 39, overbite.
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the observation period in the control group. All
cephalograms were traced and superimposed by the
same operator. The tuberculum sella-wing (T-W) plane
was constructed as the “horizontal reference plane (x)”
to evaluate vertical changes. The “vertical reference
plane (y)” was constructed perpendicular to the T-W
plane at the T point to evaluate sagittal changes (Figures
4 and 5). The lateral cephalograms acquired at T1 were
superimposed on those acquired at TO along the T-W
plane at the T point, and the reference planes were
transferred from the cephalograms acquired at TO to
those acquired at TT1.

Maxillary and mandibular local superimpositions were
performed to evaluate the dentoalveolar changes caused
by treatment/observation. The “maxillary horizontal
reference plane (x1)” was drawn along the ANS-PNS

122

Figure 7. Pretreatment facial
and dental images of patient.
A-C, Frontal, oblique and
profile view in occlusion; D-
F, frontal, oblique and profile
view in smiling. G, Intraoral
frontal view; H, intraoral
lateral view (right); I, intraoral
lateral view (left); J, maxillary
occlusal view; K, overjet; L,
mandibular occlusal view.

plane, and the “maxillary vertical reference plane (y1)”
was drawn perpendicular to the ANS-PNS plane at
the PNS point. The “mandibular horizontal reference
plane (x2)” was drawn along the Go-Gn plane, and the
“mandibular vertical reference plane (y2)” was drawn
perpendicular to the Go-Gn plane at the Go point (Figure
6). On each lateral cephalogram, 14 angular and 28
linear measurements were made (Figures 4-6).

Statistical analysis

The power of the sample sizes of the groups was
analyzed using G*Power Software (v3.1.3; Franz Faul,
Universitit Kiel, Germany). The data obtained from the
subjects were evaluated using 1BM SPSS Statistics for
Windows, version 20.0 (IBM Corp., Armonk, NY, USA).
The normality of the distribution of the variables was
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examined using the Shapiro-Wilk test. As the variables
did not show a normal distribution, the Mann-Whitney
U-test was used for intergroup comparisons and the
Wilcoxon test was used for intragroup comparisons.
p < 0.05, p < 0.01, and p < 0.001 were considered
statistically significant.

RESULTS

During protraction therapy, screw loosening was
observed once in 3 miniplates and twice in 1 miniplate
out of the 36 miniplates, and the success rate of
miniplate stability was 86.11%. After mobility was
observed, the miniplates were immediately replaced
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Figure 8. Posttreatment facial
and dental images of the same
patient. A-C, Frontal, oblique
and profile view in occlusion;
D-F, frontal, oblique and pro-
file view in smiling. G, Intra-
oral frontal view; H, intraoral
lateral view (right); I, intraoral
lateral view (left); J, maxillary
occlusal view; K, overjet; L,
mandibular occlusal view.

onto a substantial bone as close as possible to the
previous insertion area of the zygomatic buttresses,
and the patients continued wearing the facemasks.
Pre- and posttreatment images of one of the patients
in treatment group were given in Figure 7 and 8,
respectively.

In this study, the power of the sample size of both
groups was found to be 95%. A comparison of the
initial ages and dentofacial morphology of both groups
is shown in Table 1. The mean chronological age of
the treatment group was statistically higher than that
of the control group (p < 0.01). ANB®, U1/NA°, and U1/
ANSPNS®, as well as the ANS-PNS, Co-Gn, U1-NA, Ul1-
y1, and U6-y1 dimensions showed statistically significant
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Table 1. The mean ages and cephalometric measurements before treatment/observation and group-wise comparisons

Treatment group (n = 18) Control group (n = 18)
Parameter p-value*
Mean Median SD Mean Median SD
Age (yr)
Chronological 11.40 11.50 1.28 10.60 10.50 1.12 0.04"
Skeletal 11.46 11.25 1.44 10.82 10.58 1.24 0.161
Cranial
S-N 71.42 71.00 3.79 70.77 70.62 2.62 0.743
Maxilla
SNA 77.64 78.00 2.73 77.56 77.50 3.29 0.815
Co-A 85.47 84.75 5.07 82.80 83.25 21 0.161
A-x 59.56 60.00 5.12 61.68 61.96 5.29 0.239
A-y 53.14 51.50 7.26 50.74 50.20 5.08 0.481
ANS-PNS 53.06 52.75 3.16 50.87 50.14 2.66 0.044"
SN/ ANSPNS 9.42 10.00 3.03 10.67 11.00 3.02 0.252
Mandible
SNB 81.39 82.00 3.30 79.47 78.75 3.04 0.104
SN/GoGn 32.50 33.25 4.80 34.19 35.00 3.94 0.293
ArGoMe 132.17 132.00 5.68 130.97 132.25 4.33 0.606
Co-Gn 119.17 117.75 6.22 113.81 113.93 4.38 0.006"
Go-Me 72.69 73.00 5.36 72.05 72.45 &1 0.815
Ar-Go 46.14 46.00 5.14 43.36 42.00 3.99 0.068
B-x 101.22 101.25 6.39 101.95 102.38 6.96 0.696
B-y 50.33 51.25 12.31 44.20 43.58 8.36 0.152
Co-x 20.69 20.00 5.12 21.63 21.77 2.96 0.339
Co-y -22.83 -22.25 3.71 -21.24 -21.53 3.52 0.239
Maxillo-mandibular
ANB -3.72 -3.50 2.32 -1.92 -2.25 2.07 0.034"
ANSPNS/GoGn 23.39 23.50 4.85 24.11 24.25 3.94 0.628
SN/OP 16.42 16.00 4.24 16.38 16.50 4.03 0.888
Wits -9.06 -9.25 2.88 -7.36 -7.35 2.19 0.055
Face height
N-ANS 54.31 54.50 3.42 54.94 55.50 3.50 0.743
ANS-Me 64.67 63.50 3.99 64.27 62.74 3.38 0.584
S-Go 75.81 75.75 6.30 74.08 72.45 5.27 0.252
Dental
U1/NA 27.83 28.00 7.27 20.19 21.00 4.61 <0.001°
U1/ANSPNS 115.00 115.50 7.31 108.92 106.50 6.33 0.016"
L1/NB 20.56 22.00 6.87 20.39 20.00 5.63 0.839
L1/GoMe 84.97 85.50 5.81 85.39 86.50 6.02 0.791
U1l/L1 134.78 135.50 10.66 140.31 142.75 7.93 0.051
Ul-NA 6.89 6.50 2.41 4.88 5.13 1.31 0.014"
Ulx1 27.58 27.75 2855 27.99 27.30 1.80 0.963
Ul-yl 51.53 51.00 4.51 46.77 45.94 3.22 0.001°
U6-x1 21.89 21.25 1.64 21.96 21.53 1.64 0.888
U6-y1 20.14 19.25 3.24 17.31 17.59 3.26 0.014"
L1-NB 4.56 4.50 2.15 5.21 4.75 2.16 0.389
L1-x2 37.64 37.50 291 37.96 37.90 2.31 0.673
L1-y2 66.00 65.50 5.44 65.71 66.42 3.14 0.988
Overjet -3.28 -4.00 1.66 -3.43 -3.42 1.11 0.696
Overbite 3.00 3.00 2.01 &7 &1 1.98 0.389
Soft tissue
UL-S line -1.78 -1.75 2.07 -1.33 -1.32 2.40 0.606
LL-Sline 2.22 3.00 2.66 1.90 1.79 2.11 0.542
Nasolabial angle 100.75 99.25 13.73 103.44 109.00 15.75 0.252

*Intergroup comparisons performed using the Mann-Whitney U-test.

SD, Standard deviation.

x, The tuberculum sella-wing (T-W) plane; y, the perpendicular plane to the T-W plane at the T point; x1, the ANS-PNS plane; y1, the perpendicular
plane to the ANS-PNS plane at the PNS point; x2, the Go-Gn plane; y2, the perpendicular plane to the Go-Gn plane at the Go point.

p <0.05,"p <0.01, °p < 0.001.
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Table 2. Cephalometric changes after treatment/observation and group-wise comparisons

Treatment group (n = 18)

Control group (n =18)

Parameter p-value'
Mean Median SD p-value* Mean Median SD p-value*
Cranial
S-N 1.03 1.00 0.72 ! 0.95 1.05 1.07 9 0.673
Maxilla
SNA 2.22 2.00 1.44 ! -0.25 0.00 1.15 <0.001"
Co-A 3.97 4.50 1.92 ‘ 1.82 1.84 1.82 ! 0.003°
Ax 2.03 1.75 1.34 ! 1.01 0.53 0.99 ! 0.031°
A-y 3.31 35 1.28 1.02 0.26 2.30 <0.001"
ANS-PNS 1.86 2.00 1.23 ! 0.78 0.53 0.73 ! 0.019°
SN/ ANSPNS -0.31 -1.00 1.50 0.28 0.00 0.94 0.059
Mandible
SNB -1.33 -15 1.37 S -0.08 0.00 1.27 0.005°
SN/GoGn 1.50 1.00 1.81 8 -0.11 0.00 1.59 0.003°
ArGoMe -0.50 -0.75 2.53 0.44 1.00 1.61 0.239
Co-Gn 2.56 2.00 1.81 ! 2.68 2.05 2.01 ! 0.888
Go-Me 2.19 1.75 1.81 ‘ 0.90 0.53 1.36 f 0.059
Ar-Go 1.08 1.00 1.35 8 1.07 0.26 1.46 0 0.606
Bx 2.86 3.00 1.28 ‘ 1.61 1.32 1.53 ! 0.020°
B-y -1.17 -1.00 2.71 0.98 1.03 2.13 0.029°
Cox 1.64 1.00 1.50 -0.07 0.00 2.13 0.029°
Co-y -0.50 -1.00 1.58 -0.95 -1.03 1.07 9 0.481
Maxillo-mandibular
ANB 3.81 3.50 1.11 ! -0.17 -0.25 0.69 <0.001"'
ANSPNS/GoGn 1.67 1.75 2.00 S -0.17 0.00 1.50 0.002°
SN/OP -1.06 -1.00 2.22 -0.18 -0.13 1.17 0.161
Wits 5.44 5.25 1.97 -0.17 0.00 1.40 <0.001'
Face height
N-ANS 1.28 1.00 0.97 ‘ 1.04 1.05 0.95 ! 0.888
ANS-Me 3.94 4.00 1.84 ! 1.15 1.03 1.38 0 <0.001"
S-Go 2.42 2.25 1.62 1.56 1.28 1.46 ! 0.171
Dental
U1/NA 0.22 0.00 3.57 0.94 0.75 1.93 0.355
U1/ANSPNS 1.72 1.50 3.59 0.81 1.00 2.28 0.521
L1/NB -3.69 -4.50 3.92 S 0.33 0.00 1.62 <0.001"
L1/GoMe -3.39 -4.00 4.03 8 0.22 0.00 1.51 0.002°
U1/L1 0.94 1.50 4.79 -1.11 -0.50 2.37 0.226
U1-NA -0.47 0.00 1.46 0.14 0.00 0.53 0.293
Ulx1 0.53 0.00 1.12 0.22 0.00 0.73 0.673
Ul-yl 0.42 0.50 0.93 i 0.50 0.52 0.91 i 0.542
U6-x1 1.50 1.75 1.15 ‘ 0.58 0.52 0.68 S 0.034"
U6-yl -0.11 0.00 1.09 0.35 0.25 0.88 0.126
L1-NB -0.47 -0.50 0.96 0.08 0.00 0.32 0.031°
L1-x2 1.14 1.00 0.80 ! 0.69 0.77 0.70 9 0.203
L1-y2 -1.50 -2.00 2.47 f 0.52 0.51 1.01 <0.001'
Overjet 5.72 5.75 1.49 ! -0.06 0.00 0.74 <0.001"
Overbite -1.08 -1.75 1.99 * 0.00 0.00 0.68 0.009°
Soft tissue
UL-S line 1.72 2.00 1.39 ‘ -0.03 0.00 1.16 <0.001'
LL-S line -1.78 -1.75 1.26 ! -0.47 0.00 2.57 0.007°
Nasolabial angle 1.36 2.00 5.20 0.39 0.50 3.42 0.563

*Intragroup comparisons performed using the Wilcoxon test.
Intergroup comparisons performed using the Mann-Whitney U-test.

SD, Standard deviation.

x, The tuberculum sella-wing (T-W) plane; y, the perpendicular plane to the T-W plane at the T point; x1, the ANS-PNS plane; y1, the perpendicular
plane to the ANS-PNS plane at the PNS point; x2, the Go-Gn plane; y2, the perpendicular plane to the Go-Gn plane at the Go point.

p <0.05,%p <0.01,'p <0
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differences between the two groups at TO (Table 1).

The mean treatment period in the treatment group was
1.08 + 0.35 years, and the mean observation period in
the control group was 0.82 + 0.28 years. The treatment
time was statistically higher than the observation
time (p < 0.05). Table 2 presents the changes during
the treatment and observation periods, as well as the
differences between the two groups. The cranial changes
(S-N) in both groups were statistically significant (p <
0.001); however, these changes were similar between
the groups. The 2.2° increase in SNA® in the treatment
group was statistically significant compared to that in
the control group (p < 0.001). In the treatment group,
a significant forward movement of the maxilla was
observed, i.e., 3.97 mm and 3.31 mm in Co-A and A-y,
respectively (p < 0.001). In the control group, the change
in Co-A was statistically significant with a movement of
1.82 mm (p < 0.001), while that in A-y was insignificant.
The anterior replacement of the maxilla was significantly
greater in the treatment group than in the control group.
The significant (p < 0.001) vertical movement of the A
point (A-x) and the increase in maxillary length (ANS-PNS)
were statistically greater in the treatment group than
in the control group (p < 0.05). The anterior rotation
of the maxilla in the treatment group and the posterior
rotation of the maxilla in the control group were
insignificant in both intragroup and intergroup analyses.

The mandible showed both downward and backward
movement with treatment. The 1.33° decrease of SNB®
in the treatment group was significantly greater than the
0.08° decrease of SNB’ in the control group (p < 0.01).
Sagittal changes of the B point (B-y) were statistically
different between the two groups (p < 0.05). This value
decreased in the treatment group and increased in the
control group insignificantly. The vertical position of the
B point (B-x) increased significantly in both groups (p <
0.001), and the changes were significantly greater in the
treatment group than in the control group (p < 0.05).
The significant increase in total mandibular length (Co-
Gn), corpus length (Go-Me), and ramus length (Ar-Go)
was similar between the groups. The posterior rotation
of the mandible was statistically significant in the
treatment group (p < 0.01), whereas the mandible showed
insignificant anterior rotation in the control group; both
these changes were statistically different (p < 0.01).

The increase in ANB® and the improvement in Wits
appraisal were higher in the treatment group than in the
control group (p < 0.001). The maxillomandibular plane
angle (ANSPNS/GoGn°) also increased significantly in the
treatment group than in the control group (p < 0.01), and
the results were significantly different between the groups
(ANB® and Wits, p < 0.001; ANSPNS/GoGn’, p < 0.01).

The upper anterior face height (N-ANS), lower anterior
face height (ANS-Me), and posterior face height (S-
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Go) increased significantly in both groups. However,
only the increase in the lower anterior face height was
significantly different between the groups (p < 0.001).
The changes in the upper incisor angles (U1/NA°
and U1/ANSPNS®), upper incisor vertical position (U1-
x1), and upper incisor to NA dimension (U1-NA) were
insignificant in both groups. On the local superimposi-
tions, the sagittal position of the upper incisors increased
significantly in both groups (p < 0.05); however, this
increase was similar and insignificant in both groups.
The sagittal positions of the upper first molars remained
stable in both groups; however, the vertical positions of
these teeth increased significantly. The increase in the
treatment group was significantly greater than that in
the control group (p < 0.05). The lower incisors retruded
(L1/NB, L1/GoMe, and L1-y2) more significantly in
the treatment group than in the control group (L1/
NB and L1-y2, p < 0.001; L1/GoMe, p < 0.01). The
increase in overjet and the decrease in overbite in the
treatment group were significantly greater than those
in the control group (overjet, p < 0.001; overbite, p <
0.01). Moreover, the upper lip protruded and the lower lip
retruded more significantly in the treatment group than in
the control group (UL-S line, p < 0.001; LL-S line, p < 0.01).

DISCUSSION

The treatment of skeletal Class 111 malocclusions
with facemasks is the most preferred method in the
prepubertal/pubertal growth period.” However, several
facemask studies using tooth-borne anchorage devices
have reported undesired side effects.”” Recently, skeletal
anchorage systems, which transfer the orthopedic force
directly to the bone, have become popular because they
help overcome the side effects of tooth-borne devices
and achieve more desirable orthopedic effects. To this
end, clinicians have started using miniplates, which
are biocompatible devices that allow immediate force
application without having to wait after insertion."'®*

Clinicians have reported different maxillary protraction
mechanics with miniplate anchorage. Some authors have
used only intraoral protraction mechanics. For example,
De Clerck et al." reported the use of intraoral Class 111
elastics between the maxillary and mandibular miniplates,
while Sar et al."” and Coscia et al.” used intraoral elastics
between a bonded tooth-borne appliance and the
miniplates. In contrast, a group of authors preferred
protraction of the maxilla with a facemask together with
miniplate anchorage."'* However, none of these studies
used a control group to eliminate the possible effects of
growth. In the present study, maxillary protraction was
performed using a facemask, which was anchored to two
miniplates from the zygomatic buttresses of the maxilla,
and the results were compared with those of a Class 111
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control group.

Many of the previous miniplate-anchored facemask
studies emphasized the use of the apertura piriformis as
the miniplate insertion area.""'>'*'"® However, only two
clinical controlled trials have reported the insertion of
miniplates to the zygomatic buttresses of the maxilla."'®
The zygomatic buttress of the maxilla is close to the
center of resistance of the nasomaxillary complex** and
has enough bone thickness for miniplate insertion.”**
The miniplates in this area have sufficient distance to
the roots of the posterior teeth,” and therefore, they
can be useful for further orthodontic treatments.”

The tuberculum sella (T) and wing (W) points have
been reported to maintain their stability in the pubertal
developmental phases,” as the middle cranial base
completed its growth in the earlier period.” Therefore,
the T-W plane was used as a reliable reference plane in
the present study.

Statistically significant differences were observed
between the chronological ages of the two groups,
whereas the differences between the groups in terms
of skeletal ages were statistically insignificant. Previous
studies have shown that skeletal age is more reliable
than chronological age in determining the growth
period; therefore, in this study, the patients in the two
groups were matched according to their skeletal ages.”**

The mean treatment period was 1.08 + 0.35 years and
the mean observation period was 0.82 + 0.28 years.
Skeletal Class 111 malocclusions should be treated at
an early stage, and as early as possible in the growth
period; therefore, in the present study, the duration of
observation was statistically shorter than the duration of
treatment (p < 0.05).

In the present study, the increase in SNA° was 2.2° and
the forward movement of the A point was 3.31 mm with
maxillary protraction. In the previous facemask studies
utilizing miniplates, the increase in SNA® was reported to
range between 1.7° and 3.7°, and the forward movement
of the A point was reported to range between 2 mm and
4.8 mm.lB—lﬁ,lB

In the literature, a significant anterior rotation has
been reported in the maxilla because of the force vector
of the facemask passing below the center of resistance
of the maxilla when using tooth-borne devices.””
One of the main goals of the present study was the
protraction of the maxilla without any rotation along
the palatal plane by inserting the miniplates as close as
possible to the center of resistance. The 0.31° anterior
rotation of the palatal plane in the treatment group was
insignificant compared to the 0.28° posterior rotation
of the control group. Therefore, we can safely conclude
that a miniplate-anchored facemask decreased, but not
eliminated, the rotation of the palatal plane. Sar et al."”
and Lee et al."” reported results in line with the present

www.e-kjo.org

https://doi.org/10.4041/kjod.2017.47.2.118

study findings, whereas Cha and Ngan'® and Kaya et al."
found significant anterior rotation in the maxilla, which
was different from our findings.

In the present study, the mandible showed downward
and backward rotation with a significant decrease in
the SNB® and B-y dimension, and a significant increase
in the SN/GoGn® and B-x dimension. The significant
increase in the vertical condyle position (Co-x) and lower
face height (ANS-Me) in the treatment group supported
the vertical changes in the mandible resulting from the
treatment. Previous facemask studies have reported
posterior rotation of the mandible due to the extrusion
of the upper molars with tooth-borne devices, anterior
rotation of the palatal plane, and the force directed
with the facemask posteriorly to the chin.***° Previous
studies that evaluated the effects of miniplate-anchored
facemask therapy on the mandible have shown results
similar to the results of the present study.” '

The maxillomandibular relationship showed significant
improvements with increases of 3.81° and 5.44 mm in
ANB’ and Wits appraisal, respectively, in the treatment
group. A significant increase in ANB® has been previously
reported by Lee et al.”” (3.81°), Cha and Ngan'® (4.36°),
Sar et al.”’ (4.46°), and Kaya et al.'"* (2.8°). Moreover,
a significant increase in the Wits appraisal has been
reported by Sar et al.” (5.43 mm) and Kaya et al.'"* (4.2
mm). Because of the insignificant decrease along the
palatal plane and the significant increase along the
mandibular plane angles, the maxillomandibular plane
angle (ANSPNS/GoGn°) showed a significant increase in
the treatment group.

One of the main advantages of skeletally anchored
maxillary protraction is that it helps achieve maximum
skeletal effect and minimum dental side effects while
eliminating the proclination of the upper incisors and
mesialization of the maxillary molars, which have been
reported in most of the studies using conventional
methods."” In this study, the proclination of the upper
incisors and the mesialization of the maxillary molars were
controlled successfully by using miniplate anchorage. In
their studies comparing miniplate-anchored facemasks
with tooth-borne anchored facemasks, Cha and Ngan'®
and Sar et al.” found insignificant changes in the
upper incisors with miniplates while they significantly
protruded the teeth with RME anchorage. In the same
study, Cha and Ngan'® reported insignificant maxillary
molar changes with miniplate anchorage and significant
mesialization with RME anchorage. In contrast, Lee et
al.” reported significant upper incisor protrusion with
miniplate and RME anchorage; however, protrusion was
greater in the RME group than in the miniplate group.

In facemask therapy, the pressure on the lower incisors
causes lower incisor retroclination, as previously reported
in several studies.”"'* In our study, the lower incisors
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showed similar results.

In the present study, overjet increased significantly
(5.72 mm) with the treatment. While 57.9% of this
improvement was due to maxillary protraction, 19.2%
was due to mandibular posterior rotation and 22.7%
due to lower incisor retroclination. Miniplate-anchored
facemask studies have reported that a great amount of
overjet improved after maxillary anterior replacement.'” "

The overbite decreased significantly after maxillary
protraction and this change was more statistically
significant in the treatment group than in the control
group (p < 0.01). The decrease in overbite could be due
to insignificant anterior rotation of the palatal plane and
significant posterior rotation of the mandibular plane.
Contrary to this result, previous miniplate-anchored
facemask studies have reported insignificant changes in
overbite."”™"”

The soft-tissue profile improved with significant
protrusion of the upper lip (p < 0.001) and significant
retrusion of the lower lip (p < 0.01) after maxillary
protraction treatment. The upper lip protrusion was
caused by maxillary forward replacement and the
lower lip retrusion was caused by the retroclination of
the lower incisors. Lee et al."” reported greater upper
lip protrusion with tooth-borne anchorage than with
miniplate anchorage; however, the lower lip showed
insignificant changes in the same study. Cha and Ngan'®
and Kaya et al.'* also reported insignificant lower lip
changes, while Sar et al."” reported retrusion in the lower
lips, which agrees with the findings of the present study.
While comparing our results with those of similar studies
in the literature, the differences in patient selection and
study design should be taken into account. The mean
age of our study group was similar to that of other
miniplate-anchored facemask studies,'*'*'® implying
that age may not be the reason for the differences
observed in the results. When the treatment protocol is
considered, the position (i.e., the zygomatic buttresses
of the maxilla) and differences in the design of the
miniplates, as well as the total duration of applied force
(all day except meal times) could also possibly have
altered the outcomes.

This study also has some limitations. The insertion and
removal of miniplates are invasive surgical procedures,
and these caused some discomfort to our patients. In
addition, the use of a facemask needs patient coopera-
tion, and might cause undesired effects in the mandible
(posterior rotation) and lower incisors (retroclination),
which all limit the advantages of using miniplates in
(Class 111 malocclusion therapy.

Nevertheless, the use of miniplates in combination with
a facemask could be an alternative treatment when more
skeletal effects are desired and tooth-borne anchorage
is not possible. Although our study provides promising
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results, further studies are needed to evaluate the long-
term stability and success of this treatment.

CONCLUSION

In this study, we aimed to evaluate the dentofacial
effects of miniplate-anchored facemask therapy in
skeletal Class 111 patients with maxillary deficiency and
to compare them with those of patients with untreated
Class 111 malocclusions. The following results were
obtained:

e Significant maxillary forward movement was
achieved without significant rotation along the
palatal plane.

® The mandible rotated significantly in the downward
and backward directions and caused a significant
increase in the lower face height.

® The maxillomandibular relationship improved with a
significant increase in ANB® and Wits appraisal.

® Undesired dentoalveolar side effects of tooth-borne
anchorage in the maxilla were eliminated with
insignificant proclination in the maxillary incisors
and insignificant mesialization in the maxillary
molars.

® The zygomatic buttresses of the maxilla provided
enough bone structure for miniplate insertion and
orthopedic force application.
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