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Abstract: Class II malocclusion due to mandibular retrognathia is associated with a posterior po-
sitioning of the tongue and the hyoid bone, reducing the oropharyngeal volume. This could be
a contributing factor to the development of respiratory and cardiovascular problems. This study
evaluates the oropharyngeal volume variation in 13 patients with class II malocclusion undergoing
functional orthopedic treatment with Sander Bite Jumping Appliance (SBJ). CBCT scans were per-
formed before treatment (T0) and approximately after 12.5 months (T1): the retropalatal volume and

retroglossal volume were quantified in mm?3

using a segmentation software. At T1, the retropalatal
volume increased in 2523 + 2088 mm?3, and the retroglossal volume increased in 2258 + 1717 mm?.
Both values were statistically significant (p < 0.05). This widening of the airways may allow prevention

and treatment of sleep-disordered breathing, including obstructive sleep apnea syndrome.

Keywords: class II malocclusion; upper airways; Sander Bite Jumping Appliance (SBJ); functional
appliance; cone-beam computed tomography; Obstructive Sleep Apnea Syndrome (OSAS)

1. Introduction

Class II malocclusion is a frequent malocclusion which orthodontists daily have to
face. Eighty percent class II malocclusion is due to mandibular retrognathia rather than
prognathism of the maxilla [1]. When the mandible is located in a retruded position, the
soft tissues in relation to it are dislocated as well and they interfere with the airways. In
particular, a posterior positioning of the tongue and the hyoid bone decreases the oropha-
ryngeal volume; in this sense, oral and pharyngeal regions have a primary function in
the maintenance of airway patency and in the swallowing process [2]. A retrognathic
mandible is a contributing factor to the development of Obstructive Sleep Apnea Syndrome
(OSAS) and other respiratory problems [3]. The incidence of Sleep-Disordered Breathing
(SDB) in adolescents was estimated to be around 6%, and it is shown that patients suf-
fering from it have a double incidence of excessive daytime sleepiness, lower academic
grades, and attention deficit/hyperactivity [3]. Addition, SDB can predispose to systemic
problems including cardiovascular and respiratory disorders [4]. It is hypothesized that
mandibular advancement obtained through orthopedic-functional appliances can increase
the oropharyngeal airway lumen. This study evaluated the oropharyngeal volume vari-
ation in patients with class II malocclusion undergoing functional orthodontic treatment
with a Sander Bite Jumping Appliance. To the best of our knowledge, no extensive research
has been performed to evaluate upper airway morphology changes specifically after the
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treatment with a Sander Bite Jumping Appliance. The values of initial and final volumes
were obtained through cone beam computed tomography (CBCT), which has been shown
to be an appropriate method for airway analysis and a fundamental tool in the diagnostic
phase as well as in the clinical planning in dentistry [5].

Considering the lack of specific research on the Sander Bite Jumping Appliance, the
present pilot study was designed. The primary null hypothesis of this pilot study is that no
significant differences occur for the retropalatal volume.

2. Materials and Methods
2.1. Sample Selection

The study took place from January 2017 to December 2022. The study participants
were selected according to the following inclusion criteria: bilateral class II molar relation-
ship; class II skeletal relationship (ANB greater than 4 degrees) diagnosed by cephalometric
analysis; and retruded mandible (SNB less than 78 degrees). The exclusion criteria were:
worsening in the harmony of the profile with Frankel’s maneuver; tonsil/adenoid hyper-
trophy, or other obstacles in the upper airways; periodontal diseases; poor oral hygiene;
orofacial inflammation conditions; congenital anomalies or endocrine pathologies that
could influence the treatment; skeletal anomalies or significant facial asymmetries; ob-
structive sleep apnea syndrome; previous functional or orthodontic treatment; and lack of
compliance on the part of the patient. Informed consent was obtained from the parents of
all the patients who entered the study.

Twenty-one patients were initially screened to be recruited for the study. After ex-
cluding 8 participants who did not meet the inclusion criteria, the sample was made up of
13 patients (4 males and 9 females) with skeletal class II malocclusion. At the beginning
of the functional orthopedic treatment, the mean age of the subjects was 10 years and
5 months with a standard deviation of 1 year and 2 months.

The initial documentation included: study models, intraoral and extraoral pho-
tographs, and CBCT. CBCT scans were performed before treatment (T0) and approximately
after 12.5 months (T1) using the “NewTom VGi evo” device. During the scan, the subjects
were standing with their chin supported by a craniostat, and the Frankfurt plane was
parallel to the floor. The patients were recommended to hold their breath, not to swallow,
to keep their teeth in maximum intercuspation, and to touch the palate with the tip of their
tongue. Orthopantomography and latero-lateral teleradiography were obtained from the
CBCT. These images were useful for completing the orthodontic diagnosis. All the patients
then performed additional CBCT (T1) after the beginning of the orthopedic-functional
therapy. This study was approved by the Clinical Investigation Ethics Committee of Verona
and Rovigo, Italy (protocol number 70252). The procedures were in accordance with the
Helsinki Declaration of 1975, as revised in 2000.

2.2. Volume Calculation

The CBCTs were used to perform digitized volumetric analysis using ITK-SNAP 3D
segmentation software (Version 3.6.0, © 1998-2007, Paul A. Yushkevich, Guido Gerig). This
software allows the user to select the space of the airways based on air radiological intensity
values and then to delimit these spaces according to the anatomical landmarks considered,
obtaining clear and precise limits. In this study, two volumes, delimited by a plane parallel
to the Frankfurt plane, were defined and quantified:

O  Retropalatal volume (RPV), limited superiorly by a plane passing through posterior
nasal spine and inferiorly by a plane passing through the most postero-inferior point
of the soft palate (Figure 1);

O  Retroglossal volume (RGV), limited superiorly by a plane passing through the most
postero-inferior point of the soft palate and inferiorly by a plane passing through
the most postero-superior point of the epiglottis. This volume also included the
volumetric portions facing the oral cavity between the soft palate and the lingual root
and between the epiglottis and the lingual root (Figure 2).
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Figure 1. Retropalatal Volume (RPV).

Figure 2. Retroglossal Volume (RGV).

The calculation of the airway volumes was performed by a single highly skilled
head- and-neck radiologist. The operator was unaware of which radiological images
corresponded to TO and which to T1.

2.3. Sander Bite Jumping Appliance

This appliance aims at correcting skeletal and dental class II relationships. Before its
application, a multibracket fixed orthodontic appliance was used when needed to obtain a
tipping movement of the upper anterior sector, to create sufficient overjet for the correction
of the dentoskeletal class. This first phase of the treatment has only a dental effect; therefore,
it cannot have influenced other anatomical structures.

The Sander Bite Jumping Appliance consists of two resin plates. The upper plate
has a median expansion screw and two stainless steel extensions (prongs) that form a 60°
angle with the occlusal plane. The lower plate has an inclined plane parallel to the prongs.
Both plates have two Adam’s clasps for the first molars and a vestibular anterior arch
which reaches the canines. The lower plate also has an incisal resin coating, which aims at
reducing the vestibularization of the lower anterior teeth (Figure 3) [6].

The lower incisors’ proclination must be managed carefully. To achieve the highest
level of orthopedic correction without overly supporting the lower lip at the conclusion
of therapy is one of the treatment’s objectives. The likelihood of orthopedic correction of
mandibular retrusion decreases with each millimeter of dental compensation for the overjet
caused by the proclination of the lower incisors or the retroclination of the upper incisors.
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Figure 3. Sander Bite Jumping Appliance.

Mandibular propulsion is determined by the advancing construction bit and con-
sequently by the jaws of the upper plate, which rest on the inclined plane of the lower
plate [7].

Initially, mandibular propulsion occurs because of the active contraction of the propul-
sive muscles of the jaw. When the propulsive muscles lose their activation, the inclined
plane of the lower equipment, resting on the legs, discharges a reaction force owing to the
elastic effect of the retrusor muscles [7]. Therefore, it is essential to identify a line of action
that is closest to the center of resistance of the upper jaw identified by Teuscher, near the
so-called key ridge [8].

The main benefits of this type of biomechanics are a lower risk of jaw rotation phe-
nomena, mandibular post-rotation, and control of maxillary growth [7].

This device provides an increase in jaw growth when worn for more than 14 h/day. It
is important to underline the fact that the device is also active during the night, when the
patient is in a resting position, owing to the clamp-inclined plane system that provides for a
disclusion of up to 14 mm [9], but it is more active if the disclusion is limited to 34 mm [10].
This means that propulsion is also active during the night, which is very important because
mouth breathing is frequent in younger patients [11].

Although the electromyographic activity of the masseters is reduced during the
night [12], Yamada and Saeki demonstrated that night use benefits from a greater ac-
tive bone turnover [13] and from the growth-promoting effect of the functional equipment
during rest [14].

The BJA, like any other functional device, requires a construction bite that must
determine the desired position of the jaw and develop a neuromuscular action to obtain
the skeletal and dento-alveolar transformations necessary to correct the malocclusion. If
the patient’s initial overjet was less than 7-8 mm, the initial activation we used was equal
to the mm necessary to arrive at a head-to-head incisal relationship; if, on the other hand,
the initial overjet was greater than 7-8 mm, the initial activation was 7 mm followed by a
further activation.

Bite registration occurs in four stages.
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e The bite was prepared using five layers of wax (three layers of hard wax with two
layers of soft wax in between).

e  Thejaw of the patient, seated and in a relaxed position, was guided into the established
position 3—4 times by manipulating the chin between the thumb and forefinger; the
patient then repeated the same exercise while keeping the jaw in an advanced position
for a few minutes.

e  The wax, once softened, was then placed in the patient’s mouth, and the mandible
was guided into the desired closed position by checking the butt-to-butt incisal ratio,
the Class I or overcorrected Class I molar ratio, and the midline.

e  The wax was removed, checked on the models, and the edges were trimmed, cooled,
and checked again in the mouth.

2.4. Data Analysis

Descriptive statistics were used to examine the data. The mean and standard devia-
tions of retropalatal and retroglossal volumetric values at T0O and T1 were calculated. For
statistical significance evaluation of volumetric changes that occurred after treatment with
the Sander Bite Jumping Appliance, the Student’s t-test for paired data was used. The
significance level was set at p < 0.05. STATA® 15 Data Analysis and Statistical Software
(StataCorp LLC, College Station, TX, USA) were used for the statistical analysis.

3. Results

The 13 patients selected for this study (4 males and 9 females) who satisfied the
inclusion criteria had an average age of 10 years and 5 months (+1 year and 2 months);
the reported results refer to an average treatment period of 12.5 months. The volumetric
measures of RPV, RGV and VTOT at TO (Table 1), T1 (Table 2), T0-T1 variation (Table 3) and
mean values at TO, T1 and TO-T1 (Table 4) are here presented.

Table 1. Volumetric values in mm? at TO: Retropalatal volume (RPV), Retroglossal Volume (RGV),
Total volume (VTOT = RPV + RGV).

Patient RPV RGV VTOT
1 4738 5947 10,685
2 4693 4835 9528
3 3595 1070 4665
4 4018 2255 6273
5 4005 2356 6361
6 2395 890 3285
7 1074 3670 4744
8 6488 3271 9759
9 3349 1818 5167

10 3315 3235 6550
11 4199 2243 6442
12 3582 1074 4656

[y
(O8]

5265 3860 9125
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Table 2. Volumetric values in mm? at T1: Retropalatal volume (RPV), Retroglossal Volume (RGV),
Total volume (VTOT = RPV + RGV).

Patient RPV RGV VTOT
1 9430 9136 18,566
2 5303 6659 11,962
3 4526 1593 6119
4 4101 3268 7369
5 5580 4789 10,369
6 2817 2069 4886
7 3828 5757 9585
8 8779 4660 13,439
9 8289 7240 15,493

10 7991 5077 13,068
11 5632 3639 9271
12 5254 1995 7249
13 11,990 10,030 22,020

Table 3. Volumetric variations in mm? between T0 and T1: Retropalatal volume (RPV), Retroglossal
Volume (RGV), Total volume (VTOT = RPV + RGV). All values were positive.

Patient RPV RGV VTOT
1 4692 3189 7881
2 610 1824 2434
3 931 523 1454
4 83 1013 1096
5 1575 2433 4008
6 422 1179 1601
7 2754 2087 4841
8 2291 1389 3680
9 4940 5386 10,326

10 4676 1842 6518
11 1433 1396 2829
12 1672 921 2593
13 6725 6170 12,895

Table 4. Comparison between mean values at TO and T1; volumetric variation between T0 and T1;
p-value. Retropalatal volume (RPV), Retroglossal Volume (RGV), and Total volume (VIOT = RPV +
RGV). *: p < 0.05.

Mean Values (mm?) T0 T1 T1-TO p-Value
RPV 3901 £ 1326 6425 + 2649 2523 £ 2088 0.0009 *
RGV 2810 £ 1520 5067 + 2658 2258 + 1717 0.0005 *

VTOT 6711 + 2339 11,492 £ 5006 4781 + 3650 0.0005 *
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Retropalatal volume
RPV variation, analyzed by the Student’s t-test, was statistically significant. The
p-value of the test was 0.0009; this value is below the significance limit of 0.05 (Figure 4).

— =
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Figure 4. Box and Whiskers Plot graph representing retropalatal volume (RPV) values at TO (1) and
at T1 (2).

Retroglossal volume

RGYV variation, analyzed by the Student’s t-test, was statistically significant. The
p-value of the test was equal to 0.0005; this value is below the significance limit of 0.05
(Figure 5).
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Figure 5. Box and Whiskers Plot graph representing retroglossal volume (RGV) values at TO (1) and
at T1 (2).

Total volume

VTOT variation, analyzed by the Student’s {-test, was statistically significant. The
p-value of the test was equal to 0.0005; this value is lower than the significance limit of 0.05
(Figure 6).
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Figure 6. Box and Whiskers Plot graph representing total volume (VTOT) values at TO (1) and at
T1 ().

RPV, RGV, and VTOT increased between T0O and T1: RPV increased in 2523 + 2088 mm?3,
RGV increased in 2258 + 1717 mm?3, and VTOT increased in 4781 + 3650 mm?. Every
volumetric variation reached statistical significance.

4. Discussion

Class II malocclusion, classified on the basis of the relationship of the lower molar
to the upper molar, affects a large group of individuals. It has been estimated that it
involves about 14.7% of the US population, with the prevalence decreasing from 22.6%
in the 8-11 years age group to 15.6% between 12 and 17 years old, ending up at 13.4%
between 18 and 50 years old [15]. The National Center for Health Statistics reported that
20.4% of 6- to 11-year-olds have a bilateral class II molar relationship [16], while among
12- to 17-year-olds the prevalence drops to 14.5% [17]. Several studies have shown that
there is no significant difference in the distribution of malocclusions between males and
females [18]. Racial, national, and ethnic factors have a certain influence on the incidence of
malocclusions and on the type of growth: a higher frequency of the dolichofacial type has
been found in Caucasian subjects and a higher prevalence of the brachyfacial type in Black
subjects [19]; class Il malocclusions were found to be more frequent in Whites, especially of
northern European origin, while class III prevailed in Asian populations [20].

In a recent study, Kim et al. demonstrated that children with skeletal class II mal-
occlusion due to mandibular retrusion have reduced airway dimensions compared to
children with class I malocclusion [21]. Similarly, Kerr reported that subjects with class II
malocclusion show smaller nasopharyngeal dimensions than subjects with class I [22]. El
and Palomo evaluated the oropharyngeal volumes of patients with different dentofacial
skeletal patterns. The oropharyngeal airway volumes of patients with class II malocclusion
were small compared with those of class I and class III patients. They therefore reported
that the position of the mandible relative to the skull base influences the volume of the
oropharyngeal airways [23].

In recent years, in order to perform a precise evaluation of the values of the initial
and final upper airway volumes, cone beam computed tomography (CBCT) has been
extensively used, representing an appropriate method for airway analysis, besides being a
fundamental tool in the diagnostic phase as well as in the clinical planning in dentistry [5].
Grauer evaluated differences in airway shape and volume between growing subjects with
different facial patterns, using CBCT. A statistically significant association was found
between lower airway volume and the antero-posterior relationship of the maxillae, and
between airway volume and facial size [24].

All these authors therefore demonstrated a statistically significant relationship between
the position of the mandible and the dimensions of the naso-oropharyngeal airways. If no
upper nasopharyngeal airway disease related to adenoid or tonsil hypertrophy or chronic
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respiratory problems is found, early correction of a skeletal class II could eliminate the
possibility of having respiratory disorders during sleep, such as snoring [25]. With an
appropriate treatment plan, an improvement in the sagittal mandibular position can favor
an increase in the dimensions of the naso-oropharyngeal airways as well as improve the
facial profile and dento-alveolar relationships [26].

Furthermore, the hyoid bone plays a key role in keeping the airways open during
sleep. As already described in the literature, in subjects affected by obstructive sleep apnea,
the hyoid bone is found on average in a lower and more retruded position than in healthy
subjects [27]. Galvao compared the position of the hyoid bone in subjects with different
malocclusions and demonstrated that the position of the hyoid bone varies according to
the malocclusion [28]. The hyoid bone is positioned more supero-ventrally in individuals
with class II malocclusion than in those with class I occlusion [29].

The upper respiratory tract is an anatomical space whose dimensions can be influenced
by posture, sex, age, obesity, and body mass index [30]. The reduced size of the pharyngeal
airways can cause respiratory problems, resulting in decreased growth hormone levels in
children as well as obstructive sleep apnea syndrome (OSAS) [31,32]. OSAS is a serious
health, social, and economic problem. The anatomical sites that can determine upper
airway obstruction causing OSAS can be sought at various levels: nasal, oropharyngeal,
and craniofacial. At the nasal level, the most frequent causes are: marked deviations
of the septum, hypertrophy of the turbinates, and a reduced size of the anteroposterior
diameter of the nasopharynx. At the oropharyngeal level, the most frequent causes are:
tonsillar hypertrophy, hypertrophy, and hypotonia of the soft palate, and macroglossia
with hypertrophy of the base of the tongue and the narrow anteroposterior diameter of
the retropharyngeal space. Finally, the craniofacial conformation and in particular the
post-rotation of the mandible and the low position of the hyoid bone should be mentioned.
OSAS is a chronic disease; in children it manifests with hyperactivity, and the severity
of the disorder correlates with learning difficulties and reduced attention span. Patients
with OSAS associated with narrowed pharyngeal airways tend to exhibit characteristics
typical of individuals with Angle class Il malocclusion [33], namely, short and retrognathic
mandible [34] and sagittal discrepancy [35]. Respiratory disorders cause abnormalities in
maxillofacial growth, such as vertical facial development, anterior open bite, skeletal class
II malocclusion, and posterior crossbite [36,37].

Functional appliances are used to correct the occlusal relationships early and thus
stabilize the occlusion, which allows normal condylar growth [38].

How much orthopedic-functional treatment is able to influence the growth of the
jaw is a controversial topic. The mandible has sites of secondary cartilage, which allow
for the development of the condylar and coronoid processes; the condylar cartilage is
replaced by bone by mid-fetal life, but its proximal end persists as proliferating cartilage
beneath the fibrous joint lining until the third decade of life. The cartilage of the coronoid
process disappears before birth [39]. Secondary cartilages are of the adaptive type: they
do not directly guide growth, but a functional stimulus can promote growth, through cell
division. In orthopedic-functional treatment, the condyles are brought forward into the
glenoid fossa, and this should stimulate skeletal growth. If growth were genetically prede-
termined, functional appliances would have little effect on mandibular growth. If growth
were instead driven by environmental factors, functional appliances should significantly
increase growth.

Animal studies have demonstrated that when the mandible is habitually positioned
in a protruded position, molecular and cellular changes occur, leading to remodeling of
the condyle and glenoid fossa. Some authors argue that functional appliances have no
long-term effects on mandibular growth, comparing the treated patients and the control
group. Tulloch et al. in 2004 reported that patients treated at pre-adolescent age had poor
success in terms of skeletal changes when analyzed following fixed orthodontic alignment
treatment, also performed at pre-adolescent age [40]. Dolce et al. in 2007 observed that,
while significant skeletal improvements were obtained following functional treatment alone,
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when the entire treatment period, including alignment, was considered, the only residual
skeletal effects were less than 1 grade [41]. However, demonstrations from experiments on
growing monkeys have made it possible to obtain a mandibular increase, and this increase
is maintained even at the end of growth [42].

There exist several types of functional appliances designed over more than one hun-
dred years by countless clinicians. The common goal is to bring the jaw forward.

The present study showed that the Sander Bite Jumping Appliance is able to mod-
ify in a statistically significant way the upper airways at retropalatal and at retroglossal
level, according to what has been reported in the literature. The total volume variation
(RPV + RGV) was lower than in Iwasaki’s study, which considered the effect of Herbst func-
tional appliance on airway volume and found a volumetric increase of 4187 + 3028 mm? on
retropalatal air volume (p-value = 0.052) and a volumetric increase of 5000 + 3676 mm?3 on
retroglossal air volume (p-value = 0.015) between TO and T1 [43]. Moreover, Rizk achieved a
more important volumetric variation studying the effect of the MARA functional appliance:
the oropharyngeal airway volume (which corresponds to total volume in the present study)
increased of 5537 + 4850 mm? between TO and T1 (p-value = 0.005) [44]. However, the
values of volumetric variation obtained in this study were higher than in Li’s study, which
analyzed the effect of a Twin-Block appliance on the upper airways [45]. Regarding the
oropharyngeal volume, which corresponds to the total volume (RPV + RGV) of the present
study, the volumetric increase was of 1726 4 1205 mm? (p-value = 0.028). The results
obtained confirm that an anterior mandible repositioning increases the volume of the
airways. Moreover, the oropharyngeal volumetric changes appear to be due to an anterior
repositioning of the hyoid bone, which increases the sagittal dimensions of the airways.
In fact, after the orthopedic functional treatment, the hyoid bone is brought to an anterior
position together with the jaw by the suprahyoid muscles. The oropharyngeal volumetric
increase allows a reduction in the mechanical impedance to the air flow; however, treatment
with a Sander Bite Jumping Appliance alone cannot be sufficient for treating OSAS, as it is
a multifactorial pathology [46].

Bidjan et al. published in 2020 a systematic literature review with meta-analysis on the
effect on the upper airways of functional orthopedic treatment of class II malocclusions. He
observed a statistically significant increase in nasopharyngeal volume, especially through
the use of removable functional appliances, which appear to lead to a greater increase in
airways than do fixed functional appliances [47].

Ganesh and Tripathi in 2021 published a scoping review of 18 studies and found that
72% of these reported an increase in oropharyngeal and hypopharyngeal airways using
fixed functional appliances due to mandibular advancement [48].

Bariani et al. in 2022 published a literature review in which, on the contrary, it is
concluded that there is too little evidence, due to too small samples and the absence of ran-
domization, control group and long-term outcomes to support that functional equipment
can be effective in treating OSAS in children [49].

A limitation of this study is represented by the fact that this is a pilot study and no
sample size calculation was performed. Additionally, no control group was considered
in the study protocol; this was owing to the fact that it is considered unethical from a
radiological and therapeutic point of view to perform two CBCTs in less than a year and
an orthodontic treatment on young patients who do not need them. However, this does
not allow one to detect whether the increase in oropharyngeal spaces could be due even
to the physiological growth of the patients, in addition to the usage of the appliance. For
instance, Rongo et al. [50], as in the present study, evaluated the short-term effects of the
Sander Bite Jumping Appliance on the pharyngeal airways in skeletal Class II malocclusion
patients. By means of cephalometric evaluations, the authors found that the oropharyngeal
region increased in the treated group, but the difference was not statistically different
with respect to the control group. The authors concluded that the airway dimensions
increased for both the control subjects and the Class II patients with the Sander Bite
Jumping Appliance due to physiological growth. The appliance only induced a statistically
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References

significant change in the tongue and soft palate position, but the clinical relevance of these
changes remains questionable.

In addition to the limitations mentioned above, the present study does not control
gender, which could be a confounding factor. Past research, in fact, has produced con-
trasting results: according to some authors there seems to be a difference between male
and female subjects [51], while others do not agree [52,53]. Abramson reported no such
effect on measured airway parameters [52], whereas Tan detected larger oropharyngeal
airway volumes in males [53]. It is clear that the compliance of the patients can influence
the results.

5. Conclusions

This study shows that, even after a few months of orthopedic-functional treatment
with a Sander Bite Jumping Appliance, there are positive results in class II malocclusion cor-
rection and in producing a significant increase in oropharyngeal volume at both retropalatal
and retroglossal levels. This widening of the airways may allow prevention and treatment
of sleep-disordered breathing, including obstructive sleep apnea syndrome. In the absence
of adenotonsillar hypertrophy or other anatomical obstacles, the correction of mandibular
retrusion allows the patient to achieve better respiratory function. CBCT has proved to be a
valid method that is sensitive to volumetric variations of oropharyngeal airways. However,
this radiological examination has some limitations, including the young age of the patients;
this limitation has made the standardization of the exam more difficult, since not all the
children have been able to remain immobile for the time necessary for its execution and to
control respiration, swallowing, or lingual posture. Although positive effects have been
found, the sample is limited, and for this reason additional patients will have to be selected
s0 as to consolidate the obtained results; it is also necessary to study long-term efficacy of
the therapy and to evaluate the long-term stability of the treatment.
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