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Summary

Objectives: To compare the dental effects produced by a bonded versus a banded expander 
combined with facial mask (FM) in patients with Class III malocclusion by means of digital dental 
casts.
Materials and methods: Two groups of patients with Class III malocclusion and maxillary transverse 
deficiency in the deciduous or early mixed dentition were selected. The first group consisted of 25 
subjects (12 females; 13 males) with a mean age of 7.4 years (SD 1.2 years) treated with a bonded 
expander and FM. The second group consisted of 25 subjects (13 females; 12 males) with a mean 
age of 8.1 years (SD 1.3 years) treated with a banded expander and FM. For each subject of the 
two groups, initial (pre-treatment, T1) and final (post-treatment, T2) dental casts were taken and 
scanned. Maxillary digital models of T1 and T2 were superimposed on the palatal rugae in order 
to analyse the maxillary anchorage loss. Significant between-group differences were tested with 
independent sample t-test (P < 0.05).
Results: No statistical differences were found for any of the variables observed.
Conclusion: Orthopaedic treatment of Class  III malocclusion with either a bonded or a banded 
expander and FM during the deciduous or early mixed dentition induced a significant expansion 
of the maxillary arch and a slight mesialization of the posterior anchoring teeth with no difference 
between the two intraoral appliance designs.

Introduction

In recent years, rapid maxillary expansion and facial mask (RME/
FM) therapy has become a common technique to correct Class III 
malocclusion and the treatment of choice in cases where the etiology 
of Class III malocclusion is maxillary deficiency (1). Recent data on 
the long-term effects of RME/FM indicate that the outcome of ortho-
paedic treatment of Class III malocclusion is favourable when it is 
started during the early developmental phases (2). Numerous studies 
showed that the RME/FM protocol is able to produce significant 

craniofacial changes consisting of maxillary advancement combined 
with a downward and backward movement of the mandible (3–5). 
In the assessment of overall efficiency for RME/FM treatment, an 
important variable is the dental component of the correction of 
Class III malocclusion. To protract the maxilla effectively, the force 
should be applied to the maxilla as a unit. Since the intraoral appli-
ance delivers the force to the maxilla through the elastics attached 
to the FM, a properly designed appliance is critical for the efficacy 
of maxillary protraction (6, 7). Several investigation methods such 
as lateral headfilms, dental casts, and digital dental casts have been 
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used during the last 20 years to examine dental modifications in the 
maxilla induced by different designs of both RME and FM (6, 8–11). 
Baik et al. (12) compared the different effects of various intraoral 
appliances for maxillary protraction, pointing out a more forward 
movement of the maxillary molars in the RME/FM group than in 
the group treated with labiolingual arch/FM (12). Tortop et al. (7) 
showed no significant antero-posterior dental change in prepuberal 
Class III subjects treated with RME or with lingual arch and maxil-
lary protraction. The skeletal contributions to Class  III correction 
were statistically significant, but the dental contribution was similar 
for both anchorage devices (7).

No previous study evaluated the dental effects of RME/FM pro-
tocol comparing the bonded RME with the banded RME by means 
of digital dental casts. A difference in anchorage loss (AL) between 
the two devices for RME can be hypothesized on the basis of the dif-
ferent number of teeth included in the anchorage units. With respect 
to plaster dental casts, digital dental models have many advantages, 
such as storage, transferability, communication, remote diagnosis, 
and treatment result evaluation. The validity and precision of digi-
tal dental models have been widely studied, and numerous investi-
gations have shown that 3D digital models can be used for model 
analysis, diagnosis, and treatment planning (13–15). By superimpos-
ing pre-treatment and post-treatment models on stable structures as 
palatal rugae, it is possible to quantify the exact amount of dental 
movement as results of orthopaedic and orthodontic treatment (16, 
17).

The aim of this retrospective study, therefore, was to analyse the 
dental effects produced by a bonded versus a banded expander com-
bined with FM in prepubertal Class III patients by means of digital 
dental casts.

Subjects and methods

Two groups of patients with Class  III malocclusion were selected 
from the files of the Departments of Orthodontics of the Universities 
of Rome Tor Vergata and of Florence. The inclusion criteria were the 
following: European ancestry (white), anterior crossbite or edge-to-
edge incisor relationship, Class III molar relationship, Wits appraisal 
of minus 2.0 mm or more negative, absence of Centric Occlusion-
Centric Relation discrepancy (indicating pseudo-Class  III maloc-
clusion), negative posterior transverse inter-arch discrepancy (18), 
prepubertal skeletal maturation (CS1–CS2) (19), and deciduous or 
early mixed dentition. The exclusion criteria were the following: 
late mixed dentition, cleft lip and/or palate, and other genetic dis-
eases. This project was approved by the Ethical Committee at the 
University of XXXXX (Protocol number: 9314) and informed con-
sent was obtained from the patients’ parents.

The first group consisted of 25 subjects (12 females; 13 males) 
with a mean age of 7.4 years (SD 1.2 years) treated consecutively 
with a bonded expander (Figure 1) and FM (bonded group) at the 
University of XXXXX (from September 2007 through January 
2012). The second group consisted of 25 subjects (13 females; 12 
males) with a mean age of 8.1  years (SD 1.3  years) treated con-
secutively at the University of XXXXX with a banded expander 
(Figure 2), removable posterior bite blocks in the lower arch (20), 
and FM (from September 2011 through February 2014). Patients of 
the bonded RME/FM group received an acrylic splint expander with 
splints extending from the deciduous canine to the second decidu-
ous molar (21). Patients of the banded RME/FM group received a 
butterfly expander with bands either on second deciduous molars 
or on the first permanent molars (22). For both appliance designs, 

vestibular hooks were present at the level of the deciduous canines. 
Patients’ parents of both groups were instructed to activate the pala-
tal expander 1/4 of a turn per day until overcorrection of the trans-
verse width was achieved (palatal cusps of the upper posterior teeth 
approximating the buccal cusps of the lower posterior teeth). The 
screw was activated in both groups for an average period of 3 weeks.

At the end of active expansion, patients were given FMs with 
pads fitted to the chin and forehead for support. Elastics were 
attached from the soldered hooks on the expander to the support bar 
of the FM in a downward and forward direction (about 30 degrees 
to the occlusal plane). Elastics of increasing force were used until a 
heavy orthopaedic force (400 g per side) was produced. At the time 
of delivery of the FM, bilateral 3/8  inch 8 ounce elastics typically 
were used for the first 1–2 weeks of treatment to ease the patient’s 
adjustment to the appliance. The force generated was then increased 
with the use of 1/2 inch 14 ounce elastics, and finally 5/16 inch 14 
ounce elastics. Patients were asked to wear the FM for 14 hours per 
day. All patients were treated at least to a positive overjet before 
discontinuing treatment. Most patients were overcorrected towards 
a Class II occlusal relationship. The average duration of RME/FM 
treatment was 1.1 years ± 5 months in both groups.

For each subject of the two groups, dental casts were taken 
before (pre-treatment, T1) and at the end of RME/FM therapy (post-
treatment, T2). In order to analyse the maxillary dentoalveolar struc-
tures, the maxillary dental casts were scanned with a tridimensional 

Figure 1. The bonded expander.

Figure 2. The banded expander.
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scanner (D800, 3Shape A/S, Copenhagen K, Denmark, scan time 25 
seconds, resolution two cameras 5.0 megapixels, ultra high point 
accuracy less than 15 μm). Each cast was scanned from 10 or more 
views that were then combined and rendered into three-dimensions 
by using a specific software (3Shape-ScanItOrthodontics™ 2010-
2p3, 3Shape A/S, Copenhagen K, Denmark). The virtual three-
dimensional models were measured with a specific software (VAM, 
Vectra, Canfield Scientific, Fairfield, New Jersey, USA).

Maxillary digital models taken at T1 and at T2 were superim-
posed using the palatal rugae as stable reference structures (16). 
Superimposition on the palatal rugae area was performed with a 
double-step procedure. First, 15 points were placed on the T1 and T2 
casts on the second and third palatal rugae (three points per rugae per 
side) and on the palatal raphe between the palatal rugae (Figure 3). 
A first superimposition through minimization of the distance between 
homologous points was performed. Then, a T-shape area comprising 
the palatal rugae and extending posteriorly along the palatal raphe was 
selected and used to refine the superimposition through a surface-to-
surface approach that enhances superimposition precision (Figure 4).

After digital casts were superimposed, a common reference plane (x, 
y) parallel to the occlusal plane of the T1 cast was defined (Figure 5) (23).

To perform dental arch measurements, homologous points were 
placed on the centre of the distal marginal crests of right and left sec-
ond deciduous molars (ER and EL, respectively). An average point 
between the two mesial points of the central incisors was then calcu-
lated (1-1) and served as anterior reference.

Transversal measurements

1. Intermolar arch width (IAW): linear distance between ER and 
EL (Figure 5).

Sagittal measurements

1. Arch depth (AD): linear distance between 1-1 and the line con-
necting ER and EL (Figure 5).

2. AL: the mean mesial drift of the right and left second deciduous 
molar at T2 (calculated on the y-axis).

Statistical analysis
To determine the method error, measurements on the digital models 
were performed by one trained examiner (LH) and repeated after 
an interval of approximately 2 weeks. A paired t-test was used to 
compare the two measurements (systematic error). The magnitude of 
the random error was calculated by using the method of moments’ 
estimator (24).

Figure 3. Fifteen points placed on the T1 and T2 digital cast on the second and 
third palatal rugae (three points per rugae per side) and on the palatal raphe 
at the level of the selected palatal rugae.

Figure 4. T-shape area comprising the palatal rugae and extending posteriorly 
along the palatal raphe used to refine the superimposition through a surface-
to-surface approach.

Figure 5. T1–T2 digital models superimposed. Homologous points placed on 
the centre of the distal marginal crests of right and left second deciduous 
molars at T1 (ER, EL) and T2 (ER′, EL′). The average point between the two 
mesial points of the central incisors served as anterior reference at T1 (1-1) 
and T2 (1-1′).
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Descriptive statistics were calculated for all the measurements 
in each group. Exploratory statistics revealed that all variables were 
normally distributed (Kolmogorov–Smirnov test) with equality of 
variances (Levene’s test). Differences in gender distribution between 
the two groups were evaluated with a chi-square test. Significant 
between-group differences were tested with independent sample 
t-tests. The power of the study for the independent sample t-test was 
calculated on the basis of the sample size of the two groups and an 
effect size equal to 0.9 for the variable AD (SD 1.1 mm) (8, 25). The 
power was 0.88 at an alpha level of 0.05 (26). All statistical compu-
tations were performed by using a specific software (SigmaStat 3.5, 
Systat software, Point Richmond, California, USA).

Results

No systematic error was found between the repeated measure-
ments. The P value for the paired t-test ranged from 0.53 (AD) 
to 0.90 (AL). The random error ranged from 0.22 mm (AD) to 
0.29 mm (IAW).

No significant between-group differences were found as to gen-
der distribution (chi-square = 0.000; P = 1.000), chronologic age at 
T1 and T2, and as to duration of T1–T2 interval (Table 1).

The analysis of the baseline characteristics at T1 did not show 
any significant between-group difference for any of the variables in 
the bonded group when compared with the banded group.

Descriptive statistics and statistical comparisons on the T2–T1 
changes of the variables in the bonded versus banded groups are given 
in Table 2. No statistically significant differences were found for any 
of the observed variables. The increments in intermolar width were 
similar in the two groups (IAW: +3.8 mm). AD decreased by 0.7 mm 
in the bonded RME group and by 0.8 mm in the banded RME group. 
The mean AL of upper second deciduous molars was 1.5 mm in the 
bonded group and 0.9 mm in the banded group (Table 2).

Discussion

The aim of this study was to assess the AL of posterior teeth at the 
end of early treatment with RME/FM by comparing two different 
expander designs. Maxillary protraction is accomplished by applying 
elastic forces from a FM to an expander that is attached to the poste-
rior teeth. Therefore, the RME/FM protocol typically produces com-
bined skeletal and dental effects (3–5, 27). No previous study analysed 
the dental effects of maxillary protraction by means of superimposi-
tion of digital dental casts. This method of investigation is particu-
larly suitable to evaluate longitudinal dental modifications related to 
craniofacial growth and/or orthodontic therapy (17, 25). It provides 
an exact quantification of changes otherwise obscured by the superim-
position of bilateral anatomic structures in lateral cephalograms (25, 
28). The palatal rugae have been used as stable reference structures to 
superimpose digital dental casts of both growing and adult patients to 
test tooth movements in the sagittal plane (16, 29), while their reliabil-
ity have been criticized when testing vertical changes as only the third 
rugae seem to be stable (24). Damstra et al. (30) questioned the use of 
rugae for patients undergoing an expansion protocol by using a stand-
ardized photographic 2D set and considering only the medial part of 
the rugae. In the literature, the medial part of the second and third 
rugae and the palatal vault posterior to this zone appear to be the 
most stable area when orthodontic treatment and growth are involved 
(16). In this study, the same area described by several authors (16, 25) 
was used to superimpose the T1 and T2 digital casts and to visualize 
the transverse and sagittal effects of RME/FM therapy.

When analyzing the post-treatment outcomes of RME/FM, no 
statistical differences were observed between the two groups with 
different designs of the expanders. AD decreased by 0.7 mm in the 
bonded RME group and by 0.8 mm in the banded RME group. 
These values are very similar to those reported by Ngan et al. (31) 
that observed a reduction of the maxillary arch length of 0.7 mm 
during the treatment period with RME/FM in a group of Class III 

Table 1.  Demographics of the two groups, descriptive statistics, and statistical comparisons at T1 (starting forms). Diff., differences; f, 
females; m, males; RME/FM, rapid maxillary expansion and facial mask; SD, standard deviation; y, years.

Variables

Bonded RME/FM 
(n = 25, 12 f, 13 m)

Banded RME/FM 
(n = 25, 13 f, 12 m) Statistical comparisons

Mean SD Mean SD Diff. P values

Age T1, y 7.4 1.2 8.1 1.3 0.7 NS
Age T2, y 8.5 1.1 9.3 1.1 0.8 NS
T1–T2 interval
 Intermolar arch width (mm) 41.0 2.6 41.9 3.7 0.9 NS
 Arch depth (mm) 26.7 1.8 27.8 2.1 −1.1 NS

NS, not significant.

Table 2. Descriptive statistics and statistical comparisons of the T2–T1 changes. CI, confidence interval; Diff., differences; RME/FM, rapid 
maxillary expansion and facial mask; SD, standard deviations.

Measurements

Bonded RME/FM 
(n = 25)

Banded RME/FM 
(n = 25) Statistical comparisons

Mean SD Mean SD Diff. 95% CI P values

Intermolar arch width 3.8 2.2 3.8 1.8 0.0 −1.2 to 1.1 NS
Arch depth −0.7 1.5 −0.8 1.6 0.1 −0.9 to 0.9 NS
Mean anchorage loss of upper ER/EL 1.5 0.8 0.9 1.2 0.6 −0.0 to 1.1 NS

NS, not significant.
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subjects with a mean age of 8.4 years (31). Both the bonded and 
the banded expanders produced a slight mesialization of the poste-
rior teeth (1.5 mm in the bonded RME group versus 0.9 mm in the 
banded RME group). This amount of AL is in agreement with the 
value reported by other authors by means of cephalometric analysis. 
Westwood et al. (32) observed a mesialization of anchoring teeth of 
1.6 mm at the end of 10 months FM treatment in a group of growing 
subjects with the same mean age. Vaughn et al. (10) pointed out a 
difference in AL when the FM is used in combination with RME or 
not. The maxillary first molar moved forward 1.6 mm in a group of 
children treated with RME and FM, while the upper molars moved 
mesially 2.3 mm in a group of subjects with the same mean age 
treated with the only FM also assisting the Class III correction (10).

The results of this study suggest that in the deciduous or early 
mixed dentition, either a bonded or a banded expander can be cho-
sen as anchorage for maxillary protraction. In the early treatment of 
Class III malocclusion, no significant antero-posterior dental changes 
were observed between the two expander designs. RME is frequently 
needed for the high incidence of maxillary transverse deficiency in 
the patients with Class III malocclusion (33). The findings of the cur-
rent investigation showed that the AL was clinically negligible, thus 
confirming that the overjet correction has to be ascribed mainly the 
skeletal changes induced by RME/FM therapy (34).

Conclusion

The orthopaedic treatment of Class  III malocclusion with either a 
bonded or a banded expander combined with FM during the decidu-
ous or early mixed dentition produced a slight AL of posterior teeth 
with no difference between the two intraoral appliance designs.
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