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Effects of facemask treatment anchored with miniplates after alternate rapid

maxillary expansions and constrictions; A pilot study

Demet Kayaa; Ilken Kocaderelib; Bahadir Kanc; Ferda Tasard

ABSTRACT
Objective: To describe the dentoskeletal and soft tissue effects of facemask treatment anchored
with miniplates after alternate rapid maxillary expansions and constrictions (Alt-RAMEC) in
maxillary retrusion patients.
Materials and Methods: The sample consisted of 15 patients with a mean skeletal age of 11.6 6

1.59 years undergoing 8 weeks of Alt-RAMEC followed by maxillary protraction. Three hundred fifty
to 400 g of force per side was applied to the facemask from the titanium miniplates inserted on the
lateral nasal wall of the maxilla. Total treatment time was 9.9 6 2.63 months. Treatment changes
were evaluated cephalometrically and analyzed by means of the dependent t-test and the Wilcoxon
signed rank test.
Results: The miniplates withstood the orthopedic forces exerted during the treatment.
Cephalometric findings showed that the maxilla moved forward by 2 mm, with an 0.8u
counterclockwise rotation and without maxillary incisor movement. The mandible moved slightly
in a downward and backward direction (1.2u). The inclinations of the mandibular incisors decreased
significantly (2u). Statistically significant increases were observed in the vertical dimension (1u–
1.3u). Soft tissue changes were more marked in the upper lip and soft tissue pogonion than in the
lower lip.
Conclusions: This treatment approach can offer an advantage for correcting mild/moderate
maxillary retrusion in Class III patients. (Angle Orthod. 2011;81:639–646.)
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INTRODUCTION

Facemask has been successfully used for the
correction of Class III malocclusion since the late
1960s.1–3 The main effects of conventional facemask
therapy are maxillary forward movement and sutural
remodeling.4,5 Rapid maxillary expansion (RME) has

been recommended for use in conjunction with
facemask because it disrupts circummaxillary and
intermaxillary sutures and facilitates the orthopedic
effect of facemask.6,7 However, it has been reported8–11

that circummaxillary sutures may not be well disartic-
ulated by use of RME alone and might be better
managed by the use of alternate RME and constriction
(Alt-RAMEC).

When using toothborne appliances in conjunction
with facemask, some dental compensation (maxillary
incisor proclination) is observed.12–14 The purpose of
orthopedic treatment should be the achievement of
skeletal changes rather than dental compensation.
Thus, a more rigid anchorage is critical for a pure
orthopedic-forward movement of the maxilla. Trans-
ferring the force to the maxilla with a rigid anchorage
device has been attempted previously.15–21 Facemask
treatment with miniplate anchorage has rarely been
discussed.18–21 The literature concerning the facemask
treatment anchored with miniplate comes in the form of
case reports,19–21 except for one study18 with a small
sample size. Therefore, the aim of this prospective
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study was to evaluate the dentoskeletal and soft tissue
effects of the Delaire-type facemask treatment an-
chored with miniplates in maxillary retrusion patients.

MATERIALS AND METHODS

The study group consisted of 15 patients (nine
females, six males) with a mean skeletal age of 11.6 6

1.59 years, according to the atlas of Greulich and
Pyle.22 The patients met the following criteria: no
history of previous orthodontic/orthopedic treatment,
no systemic diseases or congenital deformities,
concave profile, skeletal and dental Class III maloc-
clusion, edge-to-edge/reverse incisor relationship, and
symptom-free temporomandibular joint function. This
study was approved by the Ethical Committee of the
Hacettepe University Medical School. (The Institutional
Approval number for this study is LUT 06/91-20.)
Parents and patients were informed about the treat-
ment; they agreed to participate in the study and
signed informed consent forms.

A bonded RME appliance was fabricated for each
patient. The screw of the RME appliance was
alternately opened and closed for 2-week periods over
the course of 8 weeks in order to disarticulate the
circummaxillary sutures. The treatment protocol began
with expansion, followed by final constriction. Daily
activation for the expansion/constriction course was
0.5 mm. After the final constriction course, surgical
preparation was completed. While the patient was
under local anesthesia, a vertical incision was made at
the labial vestibule between the lateral incisors and
canines on both sides. When necessary, horizontal
incisions were made on the left and/or right sides of the
vertical incisions. The mucoperiosteal flap was then
elevated, and titanium miniplates designed by Erverdi
et al.23 (Multipurpose Implant; Tasarimmed, Istanbul,
Turkey) were adapted to the lateral nasal wall of the
maxilla. Straight extensions of the miniplates were
bent distally to avoid applying pressure to the attached
gingiva and so that elastics could be applied. After
predrilling with a 1.3-mm–diameter bur under copious
irrigation, the miniplates were fixed with three screws
(2-mm diameter, 5 or 7 mm in length; Mondeal,
Tuttlingen, Germany) (Figure 1). Incisions were closed
with 4/0 vicryl sutures. The patients were prescribed
antibiotics, analgesics, and a 0.012% chlorhexidine
rinse, which they were to use for 1 week. One week
after surgery, the miniplates were examined via a
panoramic radiograph (Figure 2).

After soft tissue healing (10 days), a Delaire-type
facemask was adjusted for the patients, and 100 g of
force per side was applied via elastics between the
miniplates and facemask. The force was increased by
350–400 g per side during the second week of

treatment. The direction of force was 30u forward and
downward to the occlusal plane, so that the force vector
was closer to the center of the resistance of the
nasomaxillary complex. The patients were advised to
wear the facemask full time and were seen every
3 weeks to control the force. When the desired forward
movement of the maxilla was achieved for a good
profile, the miniplates and bonded RME appliance were
removed. The total treatment time, including 8 weeks of
the Alt-RAMEC protocol, measured 9.9 6 2.63 months.

Lateral cephalometric radiographs were taken be-
fore treatment and after maxillary protraction using a
standardized protocol. Cephalometric analysis was
made based on a reference system in addition to
conventional cephalometric analytical methods. A
horizontal reference line (X) through the sella was
constructed down anteriorly 7u to the SN line, and a
perpendicular line was constructed through the sella
as the vertical reference line (Y). Twenty-one linear
and 15 angular measurements were evaluated (Fig-
ure 3a–f).

Normality of the data was tested with the Shapiro-
Wilks test. Statistical evaluation was conducted using
a dependent t-test when the data displayed a normal
curve, and a Wilcoxon signed rank test was used when
the data did not display a normal curve.

RESULTS

With the exception of one patient, the patients’
miniplates were stable during treatment on the right

Figure 1. Titanium miniplate after attachment to the lateral nasal wall

of the maxilla.
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side a month after starting the treatment. When the
miniplates were removed, bone apposition around
them was observed (Figure 4).

The cephalometric effects of the treatment are
summarized in Table 1. The results revealed that the
maxilla was displaced forward, with statistically signif-
icant increases in SNA, maxillary depth, McNamara,
convexity, A-Y distance, and maxillary length. A
statistically significant increase in PNS-X distance
and no change in ANS-X distance resulted in a
statistically significant counterclockwise rotation of
the palatal plane. Skeletal effects on the mandible
included statistically significant decreases in SNB and
B-Y distance. Facial depth, mandibular length, and
Pog-Y distance showed no significant changes with
treatment. Increases in ANB and the Witts appraisal
were found to be statistically significant. In addition,
significant increases were observed for all vertical
measurements (1u–1.3u and 2.9 mm).

There were no statistically significant changes in any
measured variable along the mean maxillary and
mandibular incisor angulations, except for L1-NB.
The L1-NB angle decreased significantly. The maxil-
lary first molar (U6-Y) moved forward 2.4 mm. Overjet
showed a statistically significant increase, whereas the
overbite did not change.

Treatment effects on the facial profile were empha-
sized by statistically significant increases in Ls-Y and

Ls-E distances and a statistically significant decrease
in sPog-Y distance. No change was found in Li-Y and
Li-E distances. Pr-Y distance showed a statistically
significant increase with age.

DISCUSSION

It has been reported that facemask treatment should
be started at early ages24–26 because sutures become
highly interdigitated27 and dental changes rather than
skeletal changes are achieved in older ages.5,25,26,28 To
disarticulate circummaxillary sutures, at least 12–15 mm
of expansion is required.29,30 However, the maxilla may
be wider than the mandible after such an expansion.
The Alt-RAMEC protocol was developed for disarticulat-
ing circummaxillary sutures without overexpansion.8–11

The treatment of our patients with a conventional
facemask application would result in dental compensa-
tion of the skeletal problem. Therefore, we used a
facemask with rigid anchorage in combination with an
Alt-RAMEC protocol to achieve more positive reactions
to the protraction forces. A control group (to distinguish
the effects from those associated with growth) was not
included in the study because of ethical concerns.

To provide rigid anchorage, ankylosed primary
canine,31 osseointegrated implant,20 onplant,17 mini-
screw,16 and miniplate18–21 have been reported in the
literature. We preferred the miniplate because it
provided a reliable source of anchorage for orthopedic

Figure 2. Panoramic radiograph after surgery.
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forces.18,19,21 In addition, miniplates can be bent easily,
and force can be applied immediately, without waiting
for osseointegration.

The lateral nasal wall of the maxilla is a critical
region because the force vector is closer to the center
of resistance of the nasomaxillary complex when the
force is applied from this region.18 In addition, it is
easier to place and remove the miniplates in this
region, and this region provides good bone quality.

In all but one patient, the miniplates were stable
during treatment. In this patient, mobility was observed

for one miniplate. The mobility could be explained,
since the miniplate was placed distal to the right
maxillary canine, where the bone was thin because of
the root of this tooth. The miniplate provided a stable
anchorage in the later stages because titanium
materials can undergo osseointegration with time.

Burstone and Marcotte32 concluded that forward
movement of the maxilla was small and rarely more
than 1–2 mm. Baik33 and Gautam et al.34 reported that
greater forward movement of maxilla was achieved
when the facemask was applied in conjunction with

Figure 3. Cephalometric measurements used in the study: (a) X, horizontal reference plane; Y, vertical reference plane; 1, palatal plane angle

(ANSPNS-SN) (u); 2, SNA (u); 3, maxillary depth (FH-NA) (u); 4, McNamara (A-Nperp) (mm); 5, convexity (A-NPog) (mm); 6, A-Y (mm); 7, ANS-X

(mm); 8, PNS-X (mm); and 9, Maxillary length (Co-A) (mm). (b) 10, SNB (u); 11, Facial depth (FH-NPog) (u); 12, Pog-Y (mm); 13, B-Y (mm); and

14, Mandibular length (Co-Gn) (mm). (c) 15, ANB (u); 16, Witts appraisal (mm). (d) 17, GoGn-SN (u); 18, FMA (u); 19, Lower facial height (ANS-

Xi-Pm) (u); 20, N-Me (mm); and 21, ANS-Me (mm). (e) 22, U1-SN (u); 23, U1-FH (u); 24, U1-NA (u); 25, IMPA (u); 26, FMIA (u); 27, L1-NB (u); 28,

U6m-Y (mm); 29, overjet (mm); and 30, overbite (mm). (f) 31, Pr-Y (mm); 32, Ls-Y (mm); 33, Ls-E (mm); 34, Li-Y (mm); 35, Li-E (mm); and 36,

sPog-Y (mm).
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maxillary expansion. In Class III cases treated with
rigid anchorage, the amounts of maxillary protraction
varied between 3.0 and 5.6 mm.18,20,21 In our cases, a
significant amount of maxillary protraction (2 mm) was
achieved. The reasons for the differing amounts of
maxillary protraction can include age, patient cooper-
ation level, presence of cleft lip and palate, the
magnitude of force used, the selected reference plane,
and treatment duration.

Even if the direction of orthopedic force was 30u
downward and forward from the occlusal plane, as
recommended previously,35,36 a counterclockwise ro-
tation of the palatal plane (0.8u) was observed. The
amount of palatal plane rotation was smaller than
observed in the other studies using rigid anchorage17–19

and was clinically negligible. In the study of Baek et
al.,21 0.2u, 0.4u, and 0.8u of counterclockwise rotation
of the palatal plane were reported. However, the
patients in the study of Baek et al.21 had clefts,
meaning that these patients did not have some/
complete parts of the midpalatal suture and that the
maxilla was not as rigid as in patients with a normal
midpalatal suture. This rotation effect is greater (1.27u–
1.44u) in the studies12,14,37 that used a conventional
facemask system. Direct miniplate anchorage for
facemask treatment after Alt-RAMEC protocol is likely
to minimize the rotational effect.

Facemask therapy that delivers the force to the chin
has a clockwise rotation effect on the mandi-
ble.12,14,18,33,37,38 In our study, a 1.2u decrease in SNB
and a 1.8-mm decrease in B-Y distance were found.
This rotation effect contributes to the correction of the
Class III malocclusion.12 The lack of significance in the
mean increase in mandibular length indicates a lack of
limited effect of facemask on mandibular growth, which
agrees with the study of Ngan et al.39 Baccetti et al.38

showed smaller increases for mandibular length in the
treatment group compared with the untreated group.

Vertical dimension increases are a common effect of
all variations of facemask treatment.12,14–16,18,37 Yuksel
et al.40 reported greater increments in vertical dimen-
sion for a late treatment group (12 years, 6 months)
than for an early treatment group (9 years, 8 months).
In another study,41 2.17u of increase was observed for
patients with a mean age of 11 years, 8 months. The
mean skeletal age of our patients was 11.6 6

1.59 years, and the increase in vertical dimension
was minimal (+1u–1.3u).

Facemask treatment in conjunction with toothborne
appliances results in proclination of maxillary inci-
sors.12,23,38,39 In our study, direct bone anchorage with
miniplate eliminated undesirable proclination of the
maxillary incisors. The mandibular incisors uprighted
slightly as a result of the force delivered by the
facemask on the chin, as reported previously.42 Overjet
was improved with the combination of dental and
skeletal changes.12,38,39 The increase in overjet resulted
from maxillary protraction, slight mandibular rotation,
and mandibular incisor uprighting in this study.
Clockwise rotation of the mandible and counterclock-
wise rotation of the palatal plane makes one think of
the possibility of a decrease in overbite. The lack of
change in ANS-X distance and the slight rotation of the
mandible in conjunction with uprighting of the mandib-
ular incisors counteracted the change for overbite in
our study, in contrast to the results of the studies
showing a decrease in overbite.39,40

Class III patients have an unfavorable facial appear-
ance, which may affect their psychological status.
Therefore, the improvement of facial esthetics is an
important factor in patients’ psychosocial develop-
ment. In our study, forward movement of the maxilla,
associated with slight mandibular rotation, resulted in a
reduction of profile concavity, in accordance with the
results of studies15–21 conducted using rigid anchorage.
The soft tissue effects were more marked for the upper
lip and soft tissue pogonion than for the lower lip.
Forward movement of the upper lip resulted from
maxillary protraction without maxillary incisor proclina-
tion. Lower lip position did not change after treatment,
as in the study of Cozza et al.43 However, Ngan et al.44

observed changes in soft tissue profile accompanied
by forward movement of the upper lip and backward
movement of the lower lip.

Clinicians should be aware that problems, such as
infection due to poor oral hygiene, loosening of
miniplates as a result of applying torsional forces,
and soft tissue irritation due to unfavorable bending of
the distal extension of the miniplate, may arise after
the insertion of miniplates. Facemask treatment
anchored with miniplates after use of the Alt-RAMEC

Figure 4. Bone apposition around the miniplate.
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Table 1. Cephalometric Changes After Delaire-Type Facemask Anchored With Miniplatea

Measurements Time Mean SD Median Minimum Maximum P

Maxillary measurements

Palatal plane angle (ANSPNS-SN), u T0 6.9 2.65 7.0 1.5 11.0 .036*

T1 6.1 2.78 6.0 0.0 10.5

SNA, u T0 76.8 2.5 77.0 73.0 82.5 .001*

T1 78.5 2.54 78.5 75.0 84.5

Maxillary depth (FH-NA), u T0 86.6 1.73 86.0 84.0 89.0 .001*

T1 88.4 2.30 88.0 84.0 93.0

McNamara (A-Nperp), mm T0 23.5 1.56 24.0 26.0 21.0 .001*

T1 21.8 2.37 22.5 25.5 3.0

Convexity (A-NPog), mm T0 22.1 1.97 21.5 27.0 0.0 .001*

T1 0.4 1.76 0.5 22.5 4.0

A-Y, mm T0 64.5 3.99 65.0 59.0 71.5 .001*

T1 66.5 3.80 66.0 61.5 74.0

ANS-X, mm T0 44.9 2.05 44.0 41.5 49.0 .207

T1 45.5 2.93 45.5 41.5 51.0

PNS-X, mm T0 45.0 2.50 45.0 41.0 48.5 .001*

T1 46.3 2.46 45.5 42.5 51.0

Maxillary length (Co-A), mm T0 84.6 2.56 84.0 81.0 89.0 .001*

T1 87.1 2.41 87.5 83.0 91.0

Mandibular measurements

SNB, u T0 78.2 2.93 78.0 73.0 84.0 .004*

T1 77.0 2.86 76.5 73.0 83.0

Facial depth (FH-NPog), u T0 88.7 2.34 89.5 84.5 92.0 .077

T1 88.0 2.30 89.0 84.0 90.5

Pog-Y, mm T0 63.4 7.33 64.5 52.0 78.5 .108

T1 62.1 6.86 61.0 54.0 78.0

B-Y, mm T0 62.8 6.94 63.0 52.0 77.0 .034*

T1 61.0 6.52 60.0 53.0 76.0

Mandibular length (Co-Gn), mm T0 117.2 4.36 117.5 111.0 124.5 .117

T1 118.2 4.19 119.0 110.0 123.0

Maxillomandibular measurements

ANB, u T0 21.3 1.76 21.0 25.5 1.0 .001*

T1 1.5 1.67 1.5 21.5 4.5

Witts appraisal, mm T0 27.1 3.09 27.0 213.0 22.0 .001*

T1 22.9 2.80 22.0 28.5 2.0

Vertical measurements

GoGnSN, u T0 37.7 5.07 39.5 27.0 44.0 .002*

T1 39.0 4.42 40.0 32.0 45.0

FMA, u T0 27.9 4.20 28.0 17.0 35.0 .020*

T1 28.9 4.33 29.0 20.0 37.0

Lower facial height (ANS-Xi-Pm), u T0 46.0 3.10 46.0 39.0 50.5 .013*

T1 47.1 2.82 47.5 41.5 52.5

N-Me, mm T0 121.6 5.21 122.5 111.5 131.0 .001*

T1 124.5 5.40 125.0 116.0 133.5

ANS-Me, mm T0 68.8 4.59 70.0 58.5 75.0 .001*

T1 71.7 5.03 72.5 64.0 79.5

Dental measurements

U1-SN, u T0 104.9 3.92 105.0 98.0 111.0 .916

T1 105.1 4.67 105.0 92.0 111.0

U1-FH, u T0 114.6 5.42 113.5 105.0 124.0 .670

T1 115.0 5.04 115.0 102.0 122.0

U1-NA, u T0 27.0 4.45 26.5 18.0 34.0 .444

T1 26.2 4.23 26.5 15.0 32.0

IMPA, u T0 86.1 6.03 86.0 77.0 97.0 .112

T1 84.5 4.34 85.0 73.5 90.0

FMIA, u T0 66.7 5.92 66.5 56.5 78.0 .957

T1 66.6 3.79 67.0 61.0 72.0

L1-NB, u T0 21.8 3.55 21.5 15.0 30.0 .049*

T1 19.8 2.68 20.5 15.0 23.0
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protocol can offer an advantage for correcting mild/
moderate maxillary retrusion; its treatment effect on
the maxilla is orthopedic. However, further studies with
larger study groups are required to evaluate the long-
term effects of such treatment.

CONCLUSIONS

N Facemask treatment anchored with miniplates after use
of the Alt-RAMEC protocol resulted in the following:

N Significant forward movement of the maxilla, with a
slight counterclockwise rotation and without maxillary
incisor proclination;

N Significant clockwise rotation of the mandible, with
slight uprighting of the mandibular incisors;

N Statistically significant increase in vertical dimension;

N Significant improvement in soft tissue profile, with
significant forward movement of the upper lip and
backward movement of the soft tissue pogonion.
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