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Abstract 

Background:  The purpose of this study was to evaluate the palatal morphological changes in Anterior Open Bite 
(AOB) pre-pubertal subjects treated with Rapid Maxillary Expansion and Bite-Block (RME/BB) or Quad Helix with crib 
(QH/C) when compared with a Control Group (CG) by using Geometric Morphometric Analysis (GMM).

Methods:  AOB group (AOBG) included 30 subjects (20 females, 10 males, mean age 8.1 ± 0.8ys) with dentoskeletal 
AOB. AOBG was divided in two subgroups according to the treatment strategy: RME/BB group (RME/BBg) included 15 
subjects (10 females, 5 males, QH/C group (QH/Cg) comprised 15 subjects (10 females, 5 males). The two subgroups 
were compared with a CG of 15 subjects (10 females, 5 males) matched for sex, age, vertical pattern, and observation 
period. Digital upper dental casts were collected before treatment (T1) and at the end of the active treatment (T2). 
Landmarks and semilandmarks were digitized on dental casts and GMM was applied. Procrustes analysis and principal 
component analysis (PCA) were performed.

Results:  At T2, RME/BBg when compared with QH/Cg evidenced no statistically significant differences. Instead, RME/
BBg showed an increased maxillary transverse dimension and a decreased palatal depth when compared with CG. 
The comparison QH/Cg vs. CG demonstrated a slight transversal maxillary expansion.

Conclusions:  RME/BBg showed significant changes in the transversal and vertical dimensions with a clear maxillary 
expansion and a decrease of the palatal depth when compared with QH/Cg and CG. QH/Cg showed a significant 
slight maxillary expansion and no variation in vertical and sagittal planes when compared with CG.
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Background
The anterior open bite (AOB) is defined as an alteration 
in the vertical relationship between the maxillary and 
mandibular dental arches, characterized by a negative 

overbite that is a lack of contact between the upper and 
lower incisal edges in occlusion [1–3].

Epidemiological data report that 1 out of 20 subject 
presents open bite in mixed dentition [4, 5].

This malocclusion occurs because of cooperation 
of many etiological factors, both hereditary and envi-
ronmental [6]. Increased vertical growth pattern and/
or skeletal transverse discrepancy are correlated with 
genetic factor [7]; while environmental factors include 
extrinsic factors, such as sucking habits, which alter 
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the vertical position of the incisors while skeletal rela-
tionships are normal [8]. However, in most cases, the 
distinction is not clear since this malocclusion pre-
sents both dental and skeletal components.

A broad diversity in terms of therapeutic approaches 
has been proposed in the early management of skeletal 
AOB.

Many Authors have emphasized that a skeletal open 
bite should be managed early in growing subjects by 
applying Rapid Maxillary Expander (RME) in associa-
tion with a posterior Bite-Block (BB) [9–13].

Instead, Quad-Helix with crib (QH/C) is used in 
patients with dentoalveolar open bite, often related to 
sucking habits [9].

Patients treated before the pubertal peak exhibit 
significant and more effective long-term changes at 
the skeletal level in both maxillary and circummaxil-
lary structures. When treatment is performed after the 
pubertal growth spurt, maxillary adaptations to expan-
sion therapy shift from the skeletal level to the den-
toalveolar level [14].

In literature, different studies examined the craniofa-
cial effects of these two early treatment protocols on 
lateral cephalometric radiographs using bidimensional 
conventional analysis [9, 13, 15].

Only one study [8] evaluated the mandibular 
response and the mandibular morphometric changes 
to treatments using a different method of shape varia-
tions visualization represented by the Geometric Mor-
phometric Method (GMM) [16–18] in OB subjects 
treated by RME/BB or by QH/C compared with a con-
trol group (CG).

As regards the palatal vault, GMM was used to ana-
lyse the morphological pre-treatment differences of 
this region in pre-pubertal subjects with open bite in 
comparison with a CG. The Authors concluded that 
subjects with open bite exhibited a significant con-
striction of the maxillary arch when compared with a 
CG without malocclusion, and that the morphological 
palatal shape variations in open bite patients were not 
influenced by the presence or absence of non-nutritive 
sucking habits [19].

To our knowledge, this is the first attempt to investi-
gate the therapeutic effects on the palatal vault of two 
different early orthodontic treatments in growing sub-
jects with AOB. This study wants to prove the impor-
tance of maxillary constriction in AOB subjects as an 
etiological factor.

Therefore, the aim of this study was to evaluate the 
palatal morphological changes in AOB pre-pubertal 
subjects after RME/BB and QH/C compared with an 
untreated AOB CG by using the GMM.

Methods
A sample of 30 subjects with AOB (AOBG, 20 females, 
10 males, mean age 8.1 ± 0.8 ys) was retrospectively 
collected from the archives of the Department of 
Orthodontics of the University of Rome “Tor Vergata”.

The project was approved by the ethical committee at 
the University of Rome “Tor Vergata” (protocol number 
248/20) and all subjects’ parents signed the informed 
consent.

Each patient presented the following inclusion cri-
teria: European ancestry (white), negative overbite, 
increased vertical dimension assessed on lateral cepha-
lograms (SN^GoGN > 37°) [20], posterior transverse 
interarch discrepancy ≥ 3 mm [21], mixed dentition 
stage with fully erupted first permanent upper molars, 
prepubertal skeletal maturation (CS1–CS2) [22], good 
quality of pre-treatment (T1) and post-treatment (T2) 
records.

Exclusion criteria were: previous orthodontic treat-
ment, multiple and/or advanced caries, appliance break-
age, supernumerary teeth, tooth agenesis, cleft lip and/or 
palate, and other genetic diseases.

The initial AOBG was divided in two subgroups 
according to the treatment strategy: skeletal open bite 
subjects were treated by the RME in association with a 
posterior BB (RME/BBg), while dentoalveolar open bite 
subjects were treated using the QH/C (QH/Cg).

RME/BBg was composed of 15 subjects (10  F, 5  M; 
mean age 8.1 ± 0.9 ys); gQH/C enrolled 15 subjects (10 F, 
5 M; mean age 8.1 ± 0.7 ys).

The T2-T1 time interval was in mean 1.5 ± 0.6 years for 
gRME/BB and 1.7 ± 0.6 years for gQH/C (Table 1).

The AOBG was compared with a CG of 15 untreated 
AOB subjects (10 F, 5 M; mean age 8.4 ± 1.6 ys). The CG 
subjects were untreated AOB patients who refused treat-
ment and they underwent a follow up until they decided 
to start the therapy. The CG matched with AOBG for 
chronologic age, presence of negative overbite, skel-
etal vertical dysplasia (increased vertical dimension as 
assessed on lateral cephalograms with SN^GoGN > 37°) 
[20], skeletal maturation at T1 and observation period. 
The T2-T1 time interval for CG was 1.2 ± 0.4 years.

Treatment protocols
Each RME/BBg patient underwent the same treatment 
protocol with a “Butterfly” Rapid Maxillary Expander sol-
dered to bands placed on the second deciduous molars or 
on the first permanent molars [23].

The expansion screw was activated once a day until the 
palatal cusps of the upper posterior teeth approached 
the buccal cusps of the lower posterior teeth, in 
overcorrection.
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At the end of the active phase, the RME was left 
in place for 8 months to make stable the expansion 
achieved. After RME removal, no removable upper 
retainer was applied.

The BB is designed as a Schwarz device for the man-
dibular arch, with resin splints of 5 mm thickness in 
the posterior occlusal region (Fig. 1). The BB has been 
prescribed for 12 months to control the vertical dimen-
sion. Patients were instructed to wear the BB full time, 
24 h a day, except for meals and for toothbrushing [24].

As any study involving a removable device, compli-
ance varies among patients. Therefore, a single inves-
tigator conducted an interview with each patient to 
assess his/her collaboration. Compliance was assessed 
with a 3-point Likert-type scale (poor, moderate, good) 
[25]: poor compliance was reported when the patient 
wore BB at night only, moderate compliance occurred 
when the patient wore BB at night and during the day 
at home, and good compliance was assessed when the 
patient wore BB full-time, as suggested by the clinician 
[13].

QH/Cg used a QH/C made of 0.036-inch stainless steel 
wire, soldered to bands on the first permanent molars or 
on the second deciduous molars [26].

The crib was made of three spurs of 0.036-inch stain-
less steel wire positioned on the anterior bridge of the 

Table 1  Demographics and statistical comparison of starting forms between Rapid Maxillary Expansion and Bite Block (RME/BB) 
group, Quad-Helix with Crib (QH/C) group and control group (CG) by means of ANOVA with Tukey post hoc tests (p < 0.05)

SD Standard Deviations, NS Not Significant

RME/BB
(n = 15, 10 f 5 m)

QH/C
(n = 15, 10 f 5 m)

CG
(n = 15, 10 f 5 m)

ANOVA TUKEY post hoc tests
(p value)

Measurements Mean SD Mean SD Mean SD P value QH/C vs.RME 
p value 

QH/C vs.CG 
p value 

RME vs.CG 
p value 

Age at T1
(years)

8.1 0.9 8.1 0.7 8.4 1.6 NS NS NS NS

Age at T2
(years)

9.7 0.8 9.7 0.11 10.2 1.7 NS NS NS NS

T1-T2 interval
(years)

1.5 0.6 1.7 0.6 1.6 0.8 NS NS NS NS

Fig. 1   a Rapid maxillary expander. b Posterior bite block appliance

Fig. 2  Quad Helix with crib
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QH/C to avoid thumb sucking. The three segments are 
inclined lingually to prevent impingement on the sub-
lingual mucosa (Fig. 2) [9, 27].

The therapeutic protocol required the activation of 
the QH/C of the transverse width of a molar. The device 
was reactivated once or twice during treatment to 
achieve overcorrection of the transverse relationships.

Two clinicians with similar experience for both the 
appliances (12–15 years) treated all the patients.

Measurement protocol
In order to analyse the palatal shape, dental casts of the 
maxillary arches of all subjects were collected at the end 
of the active treatment (T2) and were scanned using an 
extraoral scanner with a reported accuracy of 20  μm 
(OrthoX scan, Dentaurum, Ispringen, Deutschland) 
and all models were exported in Standard Tesselation 
Language format (digital file .stl) [19].

3D GMM was chosen to fully study the palatal shape 
[17, 18, 28].

Viewbox 4 software (dHAL software, Kifissia, Greece) 
was used to digitize the post-treatment (T2) digital 
casts.

On each digital cast, landmarks were digitized to 
draw three curves and a total of 239 semilandmarks 
[29] were automatically obtained (Fig. 3).

The curves defined the palatal boundaries as: mid-
sagittal suture (9 points); perimeter curve of the dental 
arch passing apical to the gingival sulci of each tooth 
(21 points); posterior curve passing from distal of the 
first permanent molars (9 points) [19].

The remaining points (semilandmarks) were placed 
uniformly on the palatal surface within the boundaries 
delimited by the three curves [30].

The averages of all the datasets of the palatal mor-
phologies were calculated and these were used as a fixed 
reference (Procrustes’ average) to allow all the semiland-
marks to slide and become more homologous among the 
different subjects, in order to minimize the Thin-Plate 
Spline (TPS) bending energy [18, 29, 31]. This procedure 
has been repeated twice.

Statistical analysis
20 study casts were randomly selected and redigitized by 
the same trained operator (XX) two weeks later to deter-
mine the reliability of the method.

Random error was expressed as the distance between 
repeated digitisations in shape space compared with the 
total sample variance [16].

Procrustes superimposition was used to extract Pro-
crustes’ coordinates for the shape description and prin-
cipal component analysis (PCA) was performed to reveal 
the main patterns of palatal shape variation.

Procrustes distance among the groups means was used 
to evaluate the statistical differences among the groups at 
T2: RME/BBg versus QH/C; RME/BBg versus CG; QH/
Cg versus CG. More than 10 000 permutations have been 
reported [18].

In the presence of normally distributed data, statistical 
inter-group comparisons for the T2 demographics data 
were performed using ANOVA with Tukey post hoc tests 
(P < 0.05).

Results
At T1 RME/BBg patients presented a posterior trans-
verse interarch discrepancy of 5.4 ± 0.5 mm, QH/Cg sub-
jects showed a constricted maxillary arch discrepancy of 
4.1 ± 0.4 mm while the CG of 4.9 ± 0.6 mm.

The analysis of compliance of the RME/BBg subjects 
for the use of BB, evidenced that no one had poor collab-
oration, 2 had moderate cooperation, and the remaining 
13 patients had good compliance. As a result, coopera-
tion was good in 86.7% of the patients.

At T2 in the QH/Cg and RME/BBg the overbite was 
greater than 0 mm in all the patients.

No statistically significant differences were found 
between the three groups in the analysis of the demo-
graphics data.

The mean random error of the 20 repeated digitisations 
for the geometric morphometric analysis, expressed as a 
percentage of total shape variance, was 2.9%.

For the variations in the palatal vault morphology, the 
comparison RME/BBg vs. QH/Cg showed no statisti-
cally significant changes at T2, while RME/BBg vs. CG 

Fig. 3  The three curves drawn on the digital dental casts. Green 
points: midsagittal suture; orange: perimeter of the dental arch 
on margin; pink: posterior border tangent to the distal surface of 
permanent first molars; dark green and blue: semilandmarks on the 
palatal surface
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and QH/Cg vs. CG showed a statistically significant 
difference (10 000 permutations; p = 0.69; p = 0.0093; 
p = 0.0075) (Figs. 4, 5 and 6). The first principal compo-
nent (PC1) described the most important variance and 
was morphologically considered to be the most relevant.

PC1 RME/BBg vs. QH/Cg included the 43.4% of total 
shape variance (PC1: 43.4%; PC2: 18.5%; PC3: 9.0%; 
PC4: 6.7%). Figure  7 showed minor morphological dif-
ferences between the palatal vaults average at the end 
of the two different treatments with a slight greater 

transversal expansion in RME/BBg, though no statisti-
cally significant.

By analysing RME/BBg and CG, PC1 variation defined 
the 30.8% of total shape variance (PC1: 30.8%; PC2: 
19.2%; PC3: 19.2%; PC4: 10.8%; PC5: 6.4%). The pala-
tal vault in RME/BBg was statistically significant more 
transversal expanded and less deep than in CG (Fig. 8).

By comparing QH/Cg and CG, PC1 variation charac-
terized the 29.8% of total shape variance (PC1: 29.8%; 
PC2: 18.0%; PC3: 14.5%; PC4: 8.5%; PC5: 7.4%). The 
QH/Cg palatal vault was slightly statistically significant 
expanded in its transverse dimension than CG one, while 
there were no significant variations in maxillary depth 
(Fig. 9).

Discussion
The purpose of the present study was to evaluate the 
morphological changes of the palatal vault in AOB grow-
ing subjects after two different early orthodontic treat-
ments (RME/BB and QH/C) compared with an untreated 
AOB CG by using GMM.

In literature, the maxillary morphology of pre-treat-
ment open bite subjects has been widely described. 
Several studies revealed the presence of a significantly 
narrower maxillary arch in these patients when com-
pared with a control group [15, 32–34]. However, they 
used bidimensional analysis on dental casts as inter-
canine and inter-molar widths, providing incomplete 
information about the tridimensional morphology of the 
palatal vault [35, 36].

Recently, GMM was proposed as a new method of 
comprehensive shape evaluation that can communicate 

Fig. 4  Plot of the distribution of shape average of RME/BBg (blue 
sphere) vs. QH/Cg (red sphere) in the craniofacial shape space with 
standard deviation at the end of the active treatment (T2)

Fig. 5  Plot of the distribution of shape average of RME/BBg (blue 
sphere) vs. CG (red sphere) in the craniofacial shape space with 
standard deviation at the end of the active treatment (T2)

Fig. 6  Plot of the distribution of shape average of QH/Cg (blue 
sphere) vs. CG (red sphere) in the craniofacial shape space with 
standard deviation at the end of the active treatment (T2)
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even complex morphological changes much more effec-
tively than coefficients that result from traditional mor-
phometric analysis [16].

GMM shows shape changes not only in preselected 
areas (i.e., molars and canine transverse distance, pala-
tal height, palatal depth), but virtually in any point of 

Fig. 7  Morphological maxillary comparison between RME/BBg (blue) and QH/Cg (red) at the end of the active treatment (T2). a Global view from 
above. b Posterior view. c Sagittal view

Fig. 8  Morphological maxillary comparison between RME/BBg (blue) and CG (red) at the end of the active treatment (T2). a Global view from 
above. b Posterior view. c Sagittal view

Fig. 9  Morphological maxillary comparison between QH/Cg (blue) and CG (red) at the end of the active treatment (T2). a Global view from above. 
b Posterior view. c Sagittal view
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the surface where homologous landmarks and semiland-
marks were positioned [37].

When using GMM, we renounce to have any infor-
mation on size, as all the shapes are “averaged” and size 
information is left out of the Procrustes space. This can 
be seen as a disadvantage as only change in shape pat-
terns can be outlined through GMM. Anyway, this limita-
tion can turn into an advantage. In fact, there is no need 
to arbitrarily select a special part of the shape to be meas-
ured as all parts can be compared as far as a landmark fits 
the area. While looking at palates, we can get much more 
information through a GMM procedure rather than with 
standardized measures. Another important aspect is that 
in orthodontics we normally compare anatomical fea-
tures between patients and controls, assuming that con-
trols are more regular or “normal.” However, what can be 
considered normal or not normal, is controversial and of 
difficult interpretation. With GMM, variation of shapes 
just comes out from the population, considering all the 
aspects of the shape, without the need of pre-selecting 
some parts of the population. Variability analysis through 
PCA allows to determine shape patterns and can there-
after dictate which measures to take and not vice versa.  
When pre-selecting patients with different anatomical 
features (like in the example of palates collected from 
oral breathers and standard breathers), GMM has the 
role to underline the source of differences between the 
two samples. If the samples are really different as for their 
space entities, they should appear clusterized, as at least 
the group with pathologic problem (oral breathers) rep-
resents an extreme of the population [37].

Using the means of GMM, Krey KF. et al. [38] observed 
that patients with skeletal AOB present a short man-
dibular ramus due to growth deficit. In addition, sig-
nificant differences were found in terms of maxillary 
vertical development in AOB subjects when compared 
with untreated AOB subjects. However, the authors 
focused on adult patients excluding growing ones, while 
our study included pre-pubertal subjects.

Freudenthaler J. et al. [39] used GMM to evaluate the 
role of craniofacial complex in different malocclusions 
in a sample of patients from 7 to 39 years, showing that 
AOB subjects have the maxilla tilted upwards while the 
mandible downwards.

In 2019, Laganà G. et al. [19] analysed the morphologi-
cal palatal vault shapes’ changes in growing AOB sub-
jects, with or without referred prolonged sucking habits, 
compared with a control group with good occlusion 
through the means of GMM. They found that AOB sub-
jects showed a significant constriction of the maxillary 
arch when compared with the CG and that the morpho-
logical palatal shape variations in AOB subjects were not 

influenced by the presence or absence of non-nutritive 
sucking habits.

However, the mentioned studies described the palatal 
morphological characteristic of the AOB subjects and 
they did not observe the morphological changes occur-
ring in these patients after orthodontic treatment.

Recently, one study [8] evaluated the morphomet-
ric changes in AOB growing subjects after two different 
orthodontic treatment (RME/BB or QH/C) compared 
with an untreated AOB control group, by using conven-
tional cephalometry and GMM. The authors analysed 
only the effects of these treatments on the mandible. 
They found that that RME/BB subjects showed signifi-
cant changes in the vertical orientation of the mandibular 
ramus with a tendency for the mandible to rotate coun-
terclockwise when compared with QH/C subjects and 
CG, resulting in a divergence reduction of the mandibu-
lar and occlusal planes. In contrast, the QH/C protocol 
did not affect the mandibular morphology [8].

To our knowledge, this is the first attempt to study the 
morphometric changes of the palatal vault in AOB grow-
ing subjects after two different early therapeutic proto-
cols (RME/BB and QH/C) compared with an untreated 
AOB CG by using GMM.

According to Laganà et  al. [19], our study group was 
composed by AOB subjects without distinguishing 
the dentoalveolar or skeletal etiological nature of the 
malocclusion.

The initial AOBG was divided into two subgroups 
according to the treatment strategy adopted: subjects 
with skeletal OB were treated by RME/BB, subjects with 
dentoalveolar AOB were treated by QH/C. Then a CG, 
that matched the AOBG for chronologic age, malocclu-
sion and skeletal maturation, was collected.

As suggested by Paoloni et  al. [30], the palatal vault, 
analysed through the means of GMM, was assessed up to 
the gingival margin in order to eliminate the influence of 
dental inclination and position on the alveolar bone.

This investigation showed that RME/BBg when com-
pared with QH/Cg at T2 had no statistically significant 
differences. This result may be explained because every 
treatment strategy, chosen for each patient, was the 
proper one to correct the AOB malocclusion. Therefore, 
a correct occlusion was obtained because the etiological 
factor was removed.

The results of this study showed that at the end of 
active therapy (T2) the RME/BBg presented a palatal 
vault more expanded and less deep than the CG.

These findings agree partially with the ones present in 
literature on patients with maxillary constriction [40–44] 
and confirm that RME significantly increases transversal 
dimensions of the palatal vault.
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However, to our knowledge, no study associated the 
RME to a decrease in the palatal depth. On the contrary, 
Bruder C. et  al. [44] demonstrated that maxillary con-
stricted patients treated by RME have no vertical altera-
tion of the palate. This result is in contrast with the one 
of our study. The difference is in the treatment protocol. 
Our AOB patients were treated with RME and BB that 
controlled the vertical dimension reducing the extru-
sion of maxillary and mandibular molars and applying 
an intrusive force on the teeth and consequently on the 
bones [13].

When comparing QH/Cg vs. CG, the GMM analy-
sis showed significant differences in the morphometric 
shape of the palatal vaults. QH/Cg was slightly expanded 
than CG ones, while there were no variations in maxil-
lary depth. The entity of the transverse expansion was 
inferior to the one obtained by RME/BB therapy. This 
result agrees with several studies [27, 45−47] that dem-
onstrated the transversal variation obtained by the use of 
the quad-helix in growing patients.

Mucedero et al. [9] showed also that the QH/C proto-
col produced a clinically significant downward rotation of 
the palatal plane evaluated on the lateral cephalometric 
radiographs. Meanwhile, our study showed no 3D mor-
phological variation in vertical and sagittal direction of 
the palatal vault in QH/Cg vs. CG because the QH/C 
induced a bodily downward rotation of the maxilla with 
no evidence in the GMM.

Our results demonstrated the correlation between pal-
atal morphology and AOB malocclusion and highlighted 
the clinical need to manage AOB early in growing sub-
jects by treating maxillary constriction in order to obtain 
an easier resolution of the malocclusion [9–13].

Conclusions

•	 GMM is a helpful way to visually represent and 
depict palatal vault changes in growing patients with 
AOB malocclusion after early treatment.

•	 RME/BBg showed significant changes in the trans-
versal and vertical dimensions with a clear maxillary 
expansion and a decrease of the palatal depth when 
compared with QH/Cg and CG.

•	 In RME/BBg, the decrease of the palatal depth con-
tributed to AOB correction and was influenced by 
the use of BB.

•	 QH/Cg showed significant changes only in the trans-
verse dimension with a slight maxillary expansion 
and no variation in vertical and sagittal planes when 
compared with CG.

•	 QH/C induced a bodily downward rotation of the 
maxilla which contributed to AOB correction.
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