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Abstract
Purpose We aimed to compare the short-term effects of alternate rapid maxillary expansion and constriction (Alt-RAMEC)
with conventional rapid maxillary expansion (RME) followed by facemask (FM) therapy.
Methods A total of 30 patients who had received facemask therapy after RME or Alt-RAMEC protocols were included
in the study. The Alt-RAMEC/FM and RME/FM groups were created to be well-matched regarding cervical vertebral
maturation stage and sex. In the Alt-RAMEC group (10 males and 5 females, 10.99± 1.80 years), expansion screws were
activated for a week (two turns/day), then deactivated in the following week (two turns/day). The activation–deactivation
protocol continued for 6 or 7 weeks. In the RME/FM group (10 males and 5 females, 11.61± 1.20 years), screw activation
was performed according to the patients’ requirements. Lateral cephalograms which had been taken at the beginning of
treatment and at the end of the facemask therapy were analyzed. Intragroup and intergroup differences were statistically
analyzed.
Results Both groups showed a significant sagittal advancement of the maxilla. However, the Alt-RAMEC/FM group
showed statistically greater improvements than the RME/FM group for SNA (3.11± 1.79 vs. 1.45± 1.34, p= 0.008),
ANB (4.29± 1.80 vs. 2.95± 1.19, p= 0.023), convexity (8.91± 4.29 vs. 5.61± 2.51, p= 0.016), and overjet (5.86± 2.29
vs. 4.61± 2.10, p< 0.001). The sagittal mandibular, vertical skeletal, dental, and soft tissue changes were similar between
the groups (p> 0.05).
Conclusion The Alt-RAMEC protocol was found to be more effective in the correction of skeletal class III malocclusion
in the short term.
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Vergleich der kurzfristigen Auswirkungen einer Gesichtsmaskentherapiemit vorheriger
konventioneller schneller Gaumennahtexpansion bzw. einem alternativen Protokoll für schnelle
Gaumennahtexpansion und -konstriktion
Eine retrospektive Studie

Zusammenfassung
Ziel Unser Ziel war es, die Kurzzeiteffekte einer alternierenden schnellen Gaumennahtexpansion und -konstriktion
(Alt-RAMEC) mit einer konventionellen schnellen Gaumennahtexpansion (RME) mit anschließender Gesichtsmasken-
behandlung (FM) zu vergleichen.
Methoden In die Studie wurden insgesamt 30 Patienten aufgenommen, die nach RME- oder Alt-RAMEC-Protokollen
eine Gesichtsmaskenbehandlung erhalten hatten. Die Gruppen Alt-RAMEC/FM und RME/FM wurden so zusam-
mengestellt, dass sie hinsichtlich des Reifungsgrads der Halswirbel und des Geschlechts gut übereinstimmten. In der
Alt-RAMEC-Gruppe (10 Jungen, 5 Mädchen, 10,99± 1,80 Jahre) wurden die Dehnschrauben eine Woche lang aktiviert
(2 Umdrehungen/Tag) und in der darauf folgenden Woche deaktiviert (2 Umdrehungen/Tag). Das Aktivierungs-/Deaktivie-
rungsprotokoll wurde für 6 oder 7 Wochen fortgesetzt. In der RME/FM-Gruppe (10 Jungen, 5 Mädchen, 11,61± 1,20 Jahre)
wurde die Schraubenaktivierung entsprechend den Anforderungen der Patienten durchgeführt. Die zu Beginn der Be-
handlung und am Ende der Gesichtsmaskenbehandlung angefertigten seitlichen Kephalogramme wurden analysiert. Die
Unterschiede zwischen den einzelnen Gruppen wurden statistisch ausgewertet.
Ergebnisse Beide Gruppen zeigten eine signifikante sagittale Vorverlagerung des Oberkiefers. Die Alt-RAMEC/FM-Gruppe
zeigte jedoch statistisch größere Verbesserungen als die RME/FM-Gruppe für SNA (3,11± 1,79 vs. 1,45± 1,34, p= 0,008),
ANB (4,29± 1,80 vs. 2,95± 1,19, p= 0,023), Konvexität (8,91± 4,29 vs. 5,61± 2,51, p= 0,016) und Overjet (5,86± 2,29
vs. 4,61± 2,10, p< 0,001). Die sagittalen mandibulären, vertikalen skelettalen, dentalen und Weichgewebeveränderungen
waren zwischen den Gruppen ähnlich (p> 0,05).
Schlussfolgerung Das Alt-RAMEC-Protokoll erwies sich bei der kurzfristigen Korrektur von skelettalen Klasse-III-Malok-
klusionen als wirksamer.

Schlüsselwörter Dentofaziale Orthopädie · Skelettale Klasse-III-Malokklusion · Oberkiefer-Retrusion · Protrusion des
Unterkiefers · Zirkumaxillarnähte

Introduction

Skeletal class III malocclusion is characterized by maxil-
lary retrusion, mandibular protrusion, or both. Facemask
(FM) therapy is commonly used for the early correction
of class III malocclusions. The primary purpose of face-
mask therapy is to protract the retrusive maxilla anteriorly
by modifying sutural growth [1].

Rapid maxillary expansion (RME) is a recommended
treatment adjunction with maxillary protraction therapy for
mobilization of the circummaxillary sutures [2]. However,
the amount of rapid maxillary expansion for a patient with-
out maxillary transversal deficiency is often limited and
may not provide sufficient sutural mobilization for the an-
terior movement of the maxilla. In 2005, as a solution to this
limitation, Liou and Tsai [3] announced the alternate max-
illary expansion and constriction (Alt-RAMEC) procedure
with the hypothesis that opening and closing the sutures
within a distinct course would result in more mobilization
in the sutures, and they reported this method to be more
effective than conventional RME. In 2008, Wang et al. [4]
histologically demonstrated that the Alt-RAMEC procedure

opens sutures more than conventional RME in a study with
inbred cats.

There is a limited number of studies comparing treat-
ment results between Alt-RAMEC and conventional RME
followed by facemask therapy, and their results include
some contradictions. While Isci et al. [5] found the Alt-
RAMEC/FM procedure led to two times more anterior
movement of point A than the conventional method (4.13
vs 2.33), Liu et al. [6] reported that the Alt-RAMEC/FM
protocol produced differences of less than 1mm or 1°,
which was not clinically significant. Masucci et al. [7]
suggested that the Alt-RAMEC/FM protocol was more ef-
fective than the conventional RME/FM therapy. However,
Da Luz Vieira et al. [8], Do-deLatour et al. [9], Ozbilen
et al. [10], and Fisher et al. [11] did not find a statistical
difference between Alt-RAMEC/FM and RME/FM groups.
Also, in a recent systematic review [12], the evidence re-
garding the Alt-RAMEC protocol was stated to be based
on only low to moderate certainty.

In the majority of previous studies [5, 6, 8, 10], groups
with matched chronological ages were compared. On the
other hand, in assessing the skeletal response of growing
patients to treatment, it might be more logical to con-
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sider skeletal maturation and sex of the patients [13, 14].
Therefore, the present study aimed to reveal the differences
in skeletal, dental, and soft tissue changes between Alt-
RAMEC/FM and RME/FM treatment modalities by com-
paring well-matched groups in terms of skeletal maturation
and sex.

Materials andmethods

Ethical approval was obtained from the clinical research
ethics committee of Tokat Gaziosmanpasa University
(Study number: 20-KAEK-191). Patients who were treated
with 6 or 7 weeks of Alt-RAMEC protocol (with twice
daily activation of the expander) followed by facemask
therapy at the Orthodontics Departments of Tokat Gazios-
manpasa and Erciyes Universities between the years 2013
and 2020 were recruited. Informed consent was obtained
from the parents of all participants included in the study.
The inclusion criteria were growing patients with negative
Wits values, class III malocclusion, and 0mm or less over-
jet. Patients with any craniofacial anomaly such as cleft lip
and palate, poor cooperation (who wear the FM for less
than 12h a day), or missing records were excluded.

Records of 15 patients (10 males and 5 females, mean
age of 10.99± 1.80 years) who met the inclusion criteria
were collected. Then, cervical vertebral maturation stages
(CVMS) were determined according to the method of Has-
sel and Farman [10] from the pretreatment lateral cephalo-
metric radiographs of these patients by an orthodontist with
4 years of experience (SY), and the data were recorded in an
Excel file (Microsoft, Redmond, WA, USA): 8 of the 15 pa-
tients were at stage CVMS1, 6 were at CVMS2, and 1 of
them was at CVMS3. Another 15 patients (10 males and

Fig. 1 Intraoral occlusal view of an acrylic bonded Hyrax expander
Abb. 1 Intraorale Okklusalansicht eines mit Acryl gebondeten Hyrax-
Expanders

Fig. 2 Frontal view of a Petit-
type facemask
Abb. 2 Frontalansicht einer
Gesichtsmaske vom Typ Petit

5 females, mean age of 11.61± 1.20 years) who received
RME/FM therapy and matched well in terms of CVMS and
sex were recruited from the archives. The same inclusion
and exclusion criteria were applied to this group. Pretreat-
ment chronological ages, total facemask usage times, and
the cooperation levels of the patients were recorded from
the files of the patients.

An acrylic bonded Hyrax appliance (Fig. 1) and a Pe-
tit-type facemask (FM; Fig. 2) were used in both the Alt-
RAMEC/FM and RME/FM groups. In the Alt-RAMEC/FM
group, the expansion screw was activated twice daily
(0.4mm per day) in the first week and deactivated in
the following week. This course was continued for 6 or
7 weeks depending on the patient’s requirement. In pa-
tients with a narrow maxilla, the course was terminated
by activating the screw in the seventh week. In those who
did not need maxillary expansion, the course was termi-
nated after deactivating the screw in week 6. After carrying
out this protocol, facemasks that implement a total force
of 700–800cN (350–400cN per side) were applied. In
the RME/FM group, the screw was activated twice daily
for 2 weeks, and then additional activations were applied
according to the patient’s requirement. Then, the face-
masks were applied to the patients with a total force of
700–800cN.

The protraction hooks were in the canine region of the
appliances, and the protraction forces were applied via pro-
traction elastics, with an angle of 30–45° downward to the
occlusal plane. The patients were instructed to wear face-
masks for 16–18 hours a day and change their elastics daily.
The treatment was terminated when a minimum of 2mm
positive overjet was reached.

The lateral cephalometric radiographs of the patients
taken just before the treatment and at the end of the face-
mask therapy were traced using Dolphin® Imaging software
(version 11.5, Patterson Dental Supply, Chatsworth, CA,
USA) by a single, blinded examiner (SY). In all, 10 angu-
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Table 1 Comparison of initial
demographic and cephalometric
measurements between groups
Tab. 1 Vergleich der de-
mographischen und kephalo-
metrischen Ausgangsdaten
zwischen den Gruppen

Alt-
RAMEC/FM

RME/FM P Test

Chronologic age (Years) 10.99± 1.80 11.61± 1.20 0.361 Mann–Whitney
Maturation stages CVMS1 (n) 8 (2F/6M) 8 (2F/6M) – –

CVMS2 (n) 6 (2F/4M) 6 (2F/4M) – –

CVMS3 (n) 1 (1F) 1 (1F) – –

Sex distribution Female/Male (n) 5/10 5/10 – –
Initial
cephalometric
measurements

ANB (°) –0.74± 2.30 –1.57± 2.04 0.307 t-test

Wits (mm) –5.77± 2.45 –5.79± 2.22 0.998 t-test

Convexity (°) –1.59± 5.39 –3.91± 4.33 0.204 t-test

SN/GoGn (°) 32.30± 5.72 35.55± 6.45 0.156 t-test

FMA (°) 27.67± 5.55 30.69± 5.07 0.130 t-test

N-Me (mm) 102.55± 7.46 108.45± 8.87 0.059 t-test

ANS-Me (mm) 55.33± 5.41 58.87± 4.26 0.056 t-test

Overjet (mm) –2.39± 1.85 –1.57± 2.00 0.253 t-test

Overbite (mm) 2.17± 2.43 2.11± 2.27 0.901 Mann–Whitney

Facemask
duration

(Months) 8.24± 2.94 7.81± 1.95 0.640 t-test

CVMS Cervical vertebral maturation stage, F Female, MMale, FM facemask

Table 2 Cephalometric changes
in the Alt-RAMEC/FM group
Tab. 2 Kephalometrische
Veränderungen in der Alt-
RAMEC/FM-Gruppe

T0 T1 P Test

Mean SD Mean SD

SNA (°) 82.14 3.33 85.25 3.51 <0.001* Paired-t

SNB (°) 82.88 3.91 81.68 4.21 <0.001* Paired-t

ANB (°) –0.74 2.30 3.55 1.99 <0.001* Paired-t

FHA-N (mm) –1.28 2.59 0.77 2.98 <0.001* Wilcoxon

FHPg-N (mm) –1.34 6.70 –5.27 7.26 <0.001* Paired-t

Wits (mm) –5.77 2.45 –1.99 3.40 <0.001* Paired-t

Convexity (°) –1.59 5.39 7.32 4.21 <0.001* Paired-t

SN/GoGn (°) 32.30 5.72 34.22 6.07 <0.001* Paired-t

FMA (°) 27.67 5.55 30.35 6.40 <0.001* Paired-t

N-Me (mm) 102.55 7.46 107.95 8.21 <0.001* Paired-t

ANS-Me (mm) 55.33 5.41 59.89 6.15 <0.001* Paired-t

U1/SN (°) 106.08 6.69 107.80 5.17 0.231 Paired-t

U1/PP (°) 113.94 6.81 113.37 5.16 0.671 Wilcoxon

U1-NA (mm) 3.03 1.64 3.75 1.34 0.088 Paired-t

IMPA (°) 89.54 5.17 88.73 6.05 0.536 Paired-t

L1-NB (mm) 4.89 1.55 4.95 1.85 0.882 Paired-t

Nasolabial angle (°) 108.83 10.70 106.53 10.66 0.350 Paired-t

UL-E (mm) –4.07 1.73 –1.87 2.08 0.001* Paired-t

LL-E (mm) –0.13 1.94 0.03 2.41 0.770 Paired-t

Mandibular length (mm) 108.98 7.73 112.72 8.31 <0.001* Paired-t

Midface length (mm) 75.76 4.23 80.21 4.05 <0.001* Paired-t

Overjet (mm) –2.39 1.85 3.47 2.17 <0.001* Paired-t

Overbite (mm) 2.17 2.43 0.66 2.01 0.025* Paired-t

SD standard deviation
*p< 0.05
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lar and 13 linear measurements were performed to evaluate
the skeletal, dental, and soft tissue changes.

Two months later, to assess the repeatability of the mea-
surements, 10 randomly selected cephalograms were re-
traced by the same researcher (SY).

Statistical analysis

The statistical analysis of the data was carried out using
Sigmastat 3.5 (Statcon© Witzenhausen, Germany). The
means and standard deviations of the changes between
the pre- and posttreatment measurements were calculated.
Shapiro–Wilks test was used for evaluating the normality
of the data. Then, paired-samples T-test for normally dis-
tributed and Wilcoxon test for nonnormally distributed data
were used. Intergroup differences were tested with inde-
pendent samples T-test or Mann–Whitney U test. Pearson
correlation was used to assess the intraexaminer reliability.
The level of significance was set at p< 0.05. A post hoc
power analysis was conducted using G*Power 3.1.9.6.

Table 3 Cephalometric changes
in the RME/FM group
Tab. 3 Kephalometrische
Veränderungen in der RME/FM-
Gruppe

T0 T1 P Test

Mean SD Mean SD

SNA (°) 77.66 3.28 79.11 3.15 <0.001* Paired-t

SNB (°) 79.23 3.73 77.73 3.44 <0.001* Paired-t

ANB (°) –1.57 2.04 1.39 1.90 <0.001* Paired-t

FHA-N (mm) –4.37 3.40 –3.58 3.89 0.240 Paired-t

FHPg-N (mm) –6.01 5.78 –9.24 8.87 0.026* Paired-t

Wits (mm) –5.79 2.22 –1.86 2.68 <0.001* Paired-t

Convexity (°) –3.91 4.33 1.70 4.24 <0.001* Paired-t

SN/GoGn (°) 35.55 6.45 37.24 5.71 0.001* Paired-t

FMA (°) 30.69 5.07 32.75 5.97 <0.001* Wilcoxon

N-Me (mm) 108.45 8.87 113.97 8.35 <0.001* Paired-t

ANS-Me (mm) 58.87 4.26 62.70 4.26 <0.001* Paired-t

U1/SN (°) 102.73 5.72 104.22 5.57 0.117 Paired-t

U1/PP (°) 111.43 6.18 112.11 6.88 0.415 Paired-t

U1-NA (mm) 3.83 1.83 4.43 2.17 0.181 Paired-t

IMPA (°) 85.39 4.03 84.10 4.71 0.057 Paired-t

L1-NB (mm) 3.75 1.74 3.41 1.98 0.147 Paired-t

Nasolabial angle (°) 105.95 13.69 105.20 13.80 0.737 Paired-t

UL-E (mm) –5.21 1.42 –3.64 1.99 <0.001* Paired-t

LL-E (mm) –1.09 2.01 –0.72 2.58 0.461 Paired-t

Mandibular length (mm) 111.31 6.40 114.13 6.54 0.005* Paired-t

Midface length (mm) 75.15 4.22 77.94 4.87 <0.001* Paired-t

Overjet (mm) –1.57 2.00 3.04 1.19 <0.001* Paired-t

Overbite (mm) 2.11 2.27 0.41 1.59 0.007* Paired-t

SD standard deviation
*p< 0.05

Results

The post power of the present study, when assessing treat-
ment differences between the groups (for the SNA variable),
was calculated as 80%. The intraexaminer reliability was
high with the Pearson coefficient varying between 0.731
and 0.989.

The severity of the sagittal and vertical skeletal mal-
occlusions, chronological age of the patients, sex distri-
bution, and skeletal maturation stages were similar be-
tween the groups, at the beginning of treatment (p> 0.05).
Also, the facemask usage durations were also found to
be similar (8.24± 2.94 months in the Alt-RAMEC/FM
and 7.81± 1.95 months in the RME/FM group; p> 0.05;
Table 1).

Statistically significant improvements were found for
some skeletal measurements in both groups (Tables 2
and 3). The SNA angle increased by 3.11± 1.79° and
1.45± 1.34° in the Alt-RAMEC/FH and RME/FM groups,
respectively (Table 4). Both groups showed a significant
decrease of the SNB (1.2± 1.03°, 1.5± 0.99°) and a signif-
icant increase of the vertical skeletal measurements which
indicates a posterior rotation of the mandible. As a re-
sult, the overbite was found to be reduced by 1.51± 2.34
and 1.71± 2.09mm in the Alt-RAMEC/FH and RME/FM
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Table 4 Comparison of the
cephalometric changes between
groups
Tab. 4 Vergleich der kephalo-
metrischen Veränderungen zwis-
chen den Gruppen

Alt-RAMEC/FM RME/FM P Test

Mean SD Mean SD

SNA (°) 3.11 1.79 1.45 1.34 0.008* t-test

SNB (°) –1.20 1.03 –1.50 0.99 0.424 t-test

ANB (°) 4.29 1.80 2.95 1.19 0.023* t-test

FHA-N (mm) 2.03 2.27 0.79 2.48 0.254 Mann–Whitney

FHPg-N (mm) –3.93 2.94 –3.23 5.04 0.649 t-test

Wits (mm) 3.79 3.10 3.93 2.31 0.890 t-test

Convexity (°) 8.91 4.29 5.61 2.51 0.016* t-test

SN/GoGn (°) 1.92 1.76 1.69 1.61 0.716 t-test

FMA (°) 2.68 2.14 2.05 2.68 0.485 t-test

N-Me (mm) 5.41 3.31 5.52 2.72 0.919 t-test

ANS-Me (mm) 4.56 2.37 3.83 2.21 0.393 t-test

U1/SN (°) 1.72 5.32 1.49 3.46 0.891 t-test

U1/PP (°) –0.57 5.12 0.68 3.14 0.431 Mann–Whitney

U1-NA (mm) 0.71 1.51 0.59 1.63 0.836 t-test

IMPA (°) –0.81 4.97 –1.29 2.41 0.901 Mann–Whitney

L1-NB (mm) 0.05 1.37 –0.34 0.86 0.355 t-test

Nasolabial angle (°) –2.29 9.19 –0.75 8.44 0.635 t-test

UL-E (mm) 2.20 2.14 1.57 1.31 0.342 t-test

LL-E (mm) 0.15 1.99 0.37 1.91 0.760 t-test

Mandibular length (mm) 3.74 3.15 2.82 3.28 0.440 t-test

Midface length (mm) 4.45 2.45 2.79 2.19 0.062 t-test

Overjet (mm) 5.86 2.29 4.61 2.10 <0.001* Mann–Whitney

Overbite (mm) –1.51 2.34 –1.71 2.09 0.813 t-test

SD standard deviation
* p< 0.05, Minus sign values indicates a decrease, while the other values indicate an increase

groups, respectively (Table 4). There was no statistically
significant change in the dental measurements, the na-
solabial angle, and the lower lip position for both groups
(p> 0.05). The upper lip was found to be protruded in both
groups (Tables 2 and 3).

The Alt-RAMEC/FM group was found to be more effec-
tive in the correction of the class III malocclusion than the
RME/FM group, with greater improvements of SNA (3.11°
vs 1.45°, p= 0.008), ANB (4.29° vs 2.95°, p= 0.023), con-
vexity (8.91° vs 5.61°, p= 0.016), and overjet (5.86mm vs
4.61mm, p< 0.001). The sagittal mandibular, the vertical
skeletal, the dental, and the soft tissue changes were simi-
lar between the groups (Table 4).

Discussion

The studies in the literature vary considerably in terms of
the applied protraction force (700–1000cN), the activation
rate of the expander (2 or 4 times a day), the Alt-RAMEC
duration (4–9 weeks or throughout the entire course of max-
illary protraction) [15, 16], the screw design (Hyrax, Haas
[15], double-hinged [3, 10], bone-anchored [17–19]), the
chronological ages of the patients treated (5.6–13.3 years),

the existence of cleft lip and palate anomaly, and the pro-
traction appliance used (noncompliance intraoral springs
[3], bone-anchored class III elastics [20], or facemasks).
Similarly, the presented results of these studies are quite
different.

The results of the current study revealed that Alt-
RAMEC/FM therapy led to a small but greater advance-
ment of the maxilla than RME/FM (with a 1.66° greater
increase of the SNA angle) in non-cleft patients. The find-
ings of our study support some related studies [5–7, 12].
Masucci et al. [7] reported that the increase of the SNA an-
gle in their Alt-RAMEC/FM group was 1.2° greater than in
the RME/FM group. Similarly, Isci et al. [5] found a 1.23°
greater increase of the SNA angle and 1.17mm more ad-
vancement at A point in their Alt-RAMEC/FM group in
the short term. Liu et al. [6] reported 0.74° more increase
of the SNA and 0.93mm more advancement of point A in
their Alt-RAMEC/FM group but stated that this difference
being less than 1° would not be of clinical significance. In
a recent study [16], even with simultaneous application of
a facemask and the Alt-RAMEC protocol, only 0.88° more
increase of the SNA and 0.83mm more advancement of
point A was found in the Alt-RAMEC/FM group compared
to the RME/FM group. In light of these findings, long-term
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results would be most important. However, as far as we
know, there are very few studies in the literature in which
long-term results were analyzed.

In the study of Liou and Tsai [3], the observed differ-
ence in the amount of maxillary advancement obtained with
Alt-RAMEC compared to conventional RME was reported
to be significantly higher than that in the above-mentioned
studies (3.2mm more maxillary advancement in the Alt-
RAMEC group, 5.8mm vs 2.6mm). Similarly, Meazzini
et al. reported 5.7mm sagittal advancement of point A in
cleft patients [20] and 5.4mm in non-cleft patients [21].
However, unlike other related studies, they [3, 20, 21] used
noncompliance intraoral springs for maxillary protraction
instead of a removable facemask and a double-hinged ex-
pander instead of a Hyrax. In addition, Meazzini et al. [20,
21] used miniscrews for distributing the traction forces to
the bones. In light of these limited findings, the reason for
the greater amounts of advancements can mainly be at-
tributed to the expander type and daytime application of
the protraction forces.

Based on Biederman’s theory [22], Liou and Tsai [3]
claimed that in cleft patients the Alt-RAMEC protocol
alone (without applying a maxillary protraction force),
carried out with a double-hinged expander, results in more
sagittal advancement of the maxilla than RME alone. They
reported 3mm forward movement at point A following
an Alt-RAMEC protocol alone for 9 weeks. On the other
hand, in non-cleft patients in a CBCT study, the forward
movement of point A was reported to be only 0.89mm
[23] after following the same Alt-RAMEC protocol and the
same type expander as Liou and Tsai [3]. The difference in
results might be due to the use of different imaging modal-
ities (2D cephalograms versus CBCT) and the different
maxillary morphology of cleft patients.

Some researchers [8–11, 20] did not find any statisti-
cally significant difference between their Alt-RAMEC/FM
and RME/FM groups. The inconsistency between the re-
sults may be attributed to individual variables such as inho-
mogeneous cooperation level and/or skeletal maturation of
the groups. As there are only small differences between the
two treatment protocols, even minor differences related to
the variables mentioned above may affect the results. To our
knowledge, this is the first study comparing non-cleft Alt-
RAMEC/FM and RME/FM groups that match well in terms
of skeletal maturation and sex. In most of the former stud-
ies, the investigated groups were created based on chrono-
logical age [5, 6, 8, 10]. However, the correlation between
chronological age and skeletal maturation was found to be
quite low [13]. Treatment applied at different maturation
stages can induce different amounts of skeletal response,
and this can affect the outcome. To overcome this bias, the
groups of the current study were created from patients who
were matched regarding skeletal maturation and sex.

Exactly determining the facemask wearing time is an-
other critical point when comparing different clinical stud-
ies. Except for the study of Liou and Tsai [3], generally,
wearing time was determined according to the patients’
statements, or the patients were asked to compile a list
of daily use. Especially in the case of children, these state-
ments might be unreliable. Thus, it might not be possible
to determine the differences in cooperation between the
groups. The same limitation exists in the current study.
Since the current study was retrospective, the facemask
wearing times of the patients were collected from the treat-
ment forms which were filled out according to patients’
statements. For future prospective studies, using noncom-
pliance appliances or technologies [24] that measure the
duration of facemask use can increase the reliability of the
results.

The present study also showed that Alt-RAMEC/FM and
RME/FM therapies did not cause any significant change of
the lower and upper incisor positions or inclinations. These
findings are consistent with the results of Isci et al. [5], Do-
deLatour et al. [9], Liu et al. [6], and Maino et al. [25].
However, Liou and Tsai [3] reported a significant protru-
sion of the upper incisors and a significant retrusion of
the lower incisors in both Alt-RAMEC and RME groups.
This difference might be explained by the diversity of the
maxillary protraction appliances used. In Liou and Tsai’s
study design, the protraction force was applied to banded
upper canines and maxillary first molars while an acrylic
bonded expander which comprised all posterior maxillary
teeth was used in the present study. In addition, Liou and
Tsai used the lower arch for anchorage, while the chin and
forehead were used in our study. The intraoral maxillary
protraction springs might have caused more dental effects
than a facemask combined with a bonded expander. These
undesirable dental effects were also reported after facemask
therapy combined with banded RME appliances [26, 27].
On the other hand, although it is more invasive, using bone-
anchored appliances could also be another option to elim-
inate the dental side effects of the treatment, especially in
older patients [19, 28, 29].

According to the current study, both treatment modalities
caused an increase in the vertical skeletal dimension, but
these effects were similar between the groups. These results
are consistent with the literature [5, 7, 9, 10, 30]. This
effect is believed to be caused by the facemask putting
a retrusive force on the chin and forcing the mandible to
rotate posteriorly. Based on these findings, it might be more
reasonable to apply the facemask especially on patients with
lower vertical facial height.

This retrospective study presents evidence without
being affected by inhomogeneous group bias that Alt-
RAMEC/FM therapy leads to slightly more favorable
skeletal effects than RME/FM. However, there are some
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limitations. The retrospective design of the study, not con-
sidering the growth pattern of the patients, the absence of
an untreated control group, and the relatively small sample
size can be listed as limitations. Also, this study includes
only short-term results.

Conclusions

With some limitations, the present study supports that, at
least in the short term, class III treatment following the
Alt-RAMEC/FM protocol is slightly but more effective
than that following the RME/FM protocol. Nevertheless,
randomized controlled studies evaluating long-term results
with larger sample sizes are needed before the Alt-RAMEC
protocol becomes a routine treatment method for the early
correction of skeletal class III malocclusion.
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