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/Abstract

~

The purpose of this case report is to describe the treatment of a Class Ill malocclusion in the primary dentition using
maxillary expansion with aligners, in combination with a facemask anchored to buttons or hooks integrated into the
aligners. The treatment objectives included correcting anterior and posterior crossbites, achieving maxillary
protrusion through maxillary traction, improving mandibular dynamics, and balancing the facial profile. Skeletal and
dental changes were evaluated, revealing a significant increase in the SNA angle and harmonization of the
anteroposterior relationship according to Wits values. Vertical skeletal characteristics remained stable throughout the

\treatment. /
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ﬂhe success of the treatment is attributed to accurate diagnosis, appropriate planning, and strong patient and family\
compliance. The results underscore the importance of early intervention in Class Il malocclusion, particularly when
the maxilla is the primary etiological factor, highlighting the crucial role of orthopedic appliances and treatment
adherence in achieving favorable craniofacial growth.
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Introduction

Class lll malocclusion is one of the most notorious malocclusions, and is therefore often identified early,

since differences in skeletal size, already exist regarding occlusion Class | as early as 4-5 years of age [1].
It has been documented that Class Ill malocclusion tends to exacerbate during growth, especially from
adolescence onwards. Therefore, in children, this malocclusion may not be fully defined, and
unestablished facial and occlusal features may make diagnosis difficult [2]. The earlier the interceptive
phase is initiated, the greater the orthopedics effects, often to the detriment of the inevitable orthodontic
effects [3]. In Class Ill malocclusion, the mandibular arch is more advanced relative to the maxillary arch,
and this condition tends to worsen with age, which has led to controversy among researchers regarding
diagnosis, prognosis and treatment [4].

The etiology of this problem may be of genetic origin [5], which is associated with a poorer prognosis [6],
or of environmental origin, influenced by a more anterior and inferior position of the tongue [7], as well
as by habits and oral breathing [8]. According to the WHO, this type of alteration ranks third after dental
caries and periodontitis [9]. Its incidence varies among different ethnic groups, ranging from 0 to 26%
worldwide [10,11]. The prevalence of Class Ill malocclusions also varies considerably, ranging from 1 to
4 % in Caucasians, 4 to 12 % in Chinese and 9 to 19 % in Koreans [12,13].

In relation to etiology and underlying skeletal dysmorphia, several studies have indicated that both
mandibular prognathism and maxillary retrognathism are equally frequent in individuals with Class IlI
anomalies (with a range of 32 to 63 % of patients presenting with a retrusive maxilla) [14,16]. Furthermore,
in the majority of patients, a combination of both skeletal aberrations is observed. With an increasing
number of studies highlighting the maxillary component in Class Ill skeletal patterns [17, 18], and with the
understanding that the therapeutic influence on the growing mandible is limited (and may involve
unwanted side effects for the temporomandibular joint), the standard therapy for mild to moderate Class
Il discrepancies, especially in growing patients, is maxillary protraction to correct the maxillary deficiency.

Early treatment of Class Il malocclusion aims to create an environment conducive to proper dentofacial
development in order to prevent progressive hard and soft tissue changes, improve skeletal discrepancies
and provide optimal conditions for future craniofacial growth. This early approach offers benefits in
aesthetics and facial profile, prevents periodontal recession and tooth wear, improves
temporomandibular joint (TMJ) function, reduces negative psychosocial effects in children and reduces
the need for orthognathic surgery, thus simplifying later therapeutic phases [19. 21]. In addition, when
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the face mask is combined with maxillary expansion, an increase in airway volume is achieved, resulting
in improved respiratory function [22-24].

The purpose of this case report is to describe the treatment of a Class lll malocclusion in the primary
dentition using maxillary expansion with clear aligners in combination with a face mask with button or
hook traction integrated into the aligner.

Development

Maxillary expansion and anterior traction facial mask

The treatment of the spectrum of Class Ill malocclusions represents one of the most complex challenges
in the field of orthodontics and orthopedic orofacial therapy. Since the late 19th century, a variety of
treatment strategies have been proposed, ranging from the use of functional appliances [25-27], chin rest
therapy [28, 29] and face mask therapy [30-34] to surgical correction by split sagittal osteotomy and LeFort
| osteotomy.

There are few systematic literature review studies, and even fewer including statistical meta- analyses on
the effects and effectiveness of maxillary protraction therapy with the use of an orthopedic face mask
[35-37]. The influence and possible improvement of maxillary protraction through maxillary expansion
has been the subject of debate [38-42]. In a 1999 review, concluded that expansion slightly improves the
effect of maxillary protraction and reduces tooth movement, although they noted that the clinical
significance is low [35]. The review of face mask therapy, conducted by Cordasco et al. and published in
2014, also partially addressed the aspect of expansion, indicating that no significant improvement was
observed with rapid palatal expansion [37]. In 2005, introduced a novel approach, proposing a protocol
of alternating activation and deactivation of the maxillary expansion appliance (altRAMEC) prior to the
application of class lll mechanics, which improved the therapeutic effect in the hypoplastic maxilla [43].

The treatment of Class Ill malocclusion in growing patients with the use of a face mask is effective for the
correction of sagittal discrepancy. The need for a single transverse expansion is mainly determined by
dentoalveolar anomalies in the transverse dimension, such as edge-to-edge occlusion or crossbites.
Recent findings underline that there is no significant improvement in maxillary protraction when
additional expansion is performed [44].

Similarly, the literature includes studies comparing the effectiveness of clear aligners with rapid maxillary
expansion (RME) in terms of maxillary expansion. Although further research is needed to confirm these
findings, the available data indicate a significant increase in palatal volume, as well as in other evaluated
parameters such as air volume. While cases treated with rapid palatal expanders demonstrate a slight
superiority over clear aligners in all evaluated parameters, this difference has not been found to be
statistically significant [45-47].

Several clinical studies, systematic reviews and meta-analyses have demonstrated the skeletal effects of
face mask treatment, both in combination with and without rapid maxillary expansion (RME) as described.
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Thermoplastic materials, trimline on the aligner and integrated attachments for maxillary
traction

Thermoplastic materials

Transparent aligners are manufactured from various thermoplastic materials, the properties of which are
altered during the thermoforming process. In addition, the intraoral environment significantly influences
the performance of these aligners. According to [48], the mechanical characteristics of the polymer used,
the daily frequency with which the aligner is removed and the magnitude of tooth activation are
determining factors in the forces generated by the aligner [49].

Currently, thermoplastic materials used in the manufacture of aligners include polyethylene terephthalate
(PET-G), polypropylene, polycarbonate (PC), thermoplastic polyurethanes (TPU) and vinyl ethyl acetate
[50].

In our proposed protocol, a specific combination of aligners is used at each stage of treatment: initially, a
PET-G aligner, followed by a TPU aligner. In the proposed protocol, a specific combination of aligners is
used at each stage of treatment: initially, a thermoformed multilayer copolyester and polyurethane
composite (TPU + PET-G) plastic, followed by a TPU aligner. Previous studies have demonstrated that the
forces applied by multilayer TPU + PET-G aligners significantly decrease during the first eight hours of wear,
after which they reach a point of stability [51]. This system counteracts the reduction in force by utilizing
two aligners per stage; the first, a TPU + PET-G multilayer aligner, is worn during the initial days, followed
by a new polyurethane (TPU) aligner, which has shown less force degradation compared to other
materials [52].

The combination of these two types of materials improves the predictability of complex tooth movements,
ensuring more effective control of mass shifts and torque changes.

Variable trimline
The trimline on orthodontic aligners refers to the edge that delineates how far the aligner extends over
the tooth and gum. This trimline can influence several aspects of aligner treatment, including:

1. Tooth movement,

2. Patient comfort, 3.

3. Aligner stability

4. Aesthetics [53-55].

It is critical that the trimline be straight and 2.5 mm above the gingival margin to meet specific protocol
requirements and achieve the desired dentoalveolar and skeletal movement (Figure 1).
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C. Scalloped on anteriors at the ;Inglvnl margins and at 2.5 mm on posteriors
Figure 1: Variable trim line.

Buttons and Hooks Integrated into The Aligner

Buttons and hooks integrated directly into the aligners provide an additional attachment point for the use
of elastics during treatment. This tool can be added to any part of the aligner allowing the elastics for
traction to the face mask to engage in any direction. With a solid structure they are designed to facilitate
efficient tooth movement, allowing the teeth to move without being directly affected by the forces of the
elastics, withstanding a force of up to 500g (Figure 2).

Figure 2: angel Button™ angel Hook™.

Material and Method

The purpose of the clinical case presented here is to demonstrate that early management of Class I
malocclusions offers better results, and how the use of the protraction mask followed by maxillary
orthopedic therapy is highly beneficial for these patients.

Maxillary expansion will be carried out using clear aligners, designed with a high cut-off line. These aligners
will simulate the mass movements of rapid maxillary expansion (RME) without individual movements of
the upper arch teeth. For each stage of treatment, a set of two aligners will be used: the first (MASTER
CONTROL S™), made of TUP+ PET-G material, will initiate movement due to its more flexible properties,
while the second (MASTER CONTROL™), made of TPU, will consolidate movement due to its more rigid
characteristics. Each aligner will be used for five days, for a total of ten days per phase. The magnitude of
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expansion in each stage will be 0.2 mm, and the total will vary according to the severity of the case (Figure
3).

Figure 3: Procedure for palatal expansion using aligners

The aligners will be equipped with a button or hook placed between the lateral incisor and the primary
canine, which will serve to connect the maxilla to the face mask stem Figure 2. The face mask has an
adjustable anterior arch, which is used to apply traction on the makxilla using elastics. During maxillary
expansion, elastics will be used to provide a force of 300-500 grams per side, and it is recommended that
the mask be worn for an average of 12 hours per day (Figure 4).

Figure 4: Facemask anchored to hooks integrated into the aligners.

The protocol described is designed to be applied to patients with primary dentition or erupting first molars.
This makes it possible to take advantage of the first growth spurt, which occurs between 5 and 7 years of
age. In this period, with the eruption of the first molars, it is possible to establish a new adequate occlusal

plane, that favors mandibular movements and promoting optimal anteroposterior and vertical dynamics
[56-60] (Figure 5).
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| GROWTH VEOCITY CURVE |

Figure 5: Growth Velocity Curve.

Clinical Case

Patient 4 years and 6 months

A patient aged 4 years and 6 months was referred for a general assessment for the first time to the dentist.
The main reason for consultation was the presence of caries and parental concern about an apparent
mandibular protrusion.

Diagnosis

On extraoral clinical examination (FIGURE 6), the patient presented an oval face with proportionate facial
thirds, although with a slight increase in the lower third, mesofacial pattern and lip competence. There
was a slight deviation of the chin to the left, with no significant asymmetry in the frontal plane. When
smiling, 90% of the upper incisors and 70% of the lower incisors were present, with visible buccal corridors,
symmetrical elevation of the commissures, and no gingival exposure when smiling. The profile was
concave, with a favorable cervicomandibular angle and biretrochelism. In addition, adenoid facies
features were observed, with mixed daytime and nocturnal breathing.

Figure 6: Facial Photographs Pre-Treatment

On intraoral examination (Figure 7), bilateral posterior crossbite and anterior edge-to-edge bite were
observed. The midlines were centric and the lower one was deviated to the left in maximum occlusion
due to a functional deviation. In the lateral photographs, on the right side there was a Class Ill molar and
canine, almost complete and slightly more marked on the left side, coinciding with the mandibular
functional deviation. In an occlusal view, the arches were parabolic, with lack of transversal development
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(skeletal cause of the upper) and absence of diastemas and primate spaces. The upper Wilson's curve was
correct without coronal offsets and the lower Spee's curve was slightly accentuated.

Figure 7: Intraoral Photographs Pre-Treatment

On functional examination, (Figure 8) the patient had mixed day and night breathing with a normal
swallowing pattern, lip competence and a low tongue. The patient had no symptoms or signs of joint
dysfunction. The functional Planas chewing angles were asymmetrical, the left side with propulsive gothic

angles being smaller.

Figure 8: Mandibular Dynamics PreTreatment (Functional Masticatory Angle of Planas)

Radiographic examination (Figure 9) showed a Class Ill skeletal malocclusion (0° SNA) of maxillary cause
(A-Np at -2.81), with the mandible basically well positioned (Poig-Np at -5) and with a mesodolicofacial
pattern (Ar-Go'-Me of 131°). Symmetrical condyles and hypertrophic turbinates.

At the dental level, radiological crowding was observed, the first molars were in the process of eruption,
the 36th molar was slightly present in the mouth. The upper incisor was retroinclined (Burstone 96°),
while the lower incisor was well positioned (Tweed 90°) and the interincisor angle was increased (153°).

The patient had no clinical problems or chronic diseases that could interfere with orthodontic treatment.

Figure 9: Pre-Treatment Radiographs
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Objective

The treatment plan was designed as an initial phase of early orthodontic intervention, aimed at achieving
dentoalveolar and skeletal goals through the combination of aligners and the use of a face mask. The
objectives of this first phase, described in this article, include correction of posterior and anterior crossbite,
modification of skeletal Class Ill by maxillary traction, promotion of a favorable change in the occlusal
plane to optimize mandibular dynamics in the anterior-posterior and vertical planes, improvement of
labial competence and obtaining a more harmonious soft facial profile. During this phase, a set of
AngelAligner® aligners consisting of 26 stages (52 aligners) was used, with regular clinical check-ups every
60 days.

Results

Adherence to treatment by the patient was optimal, both in the use of the aligners and in the use of the
facial mask. At the end of this first phase of treatment, a notable improvement in aesthetic balance was
observed. At the extraoral level, adequate lip closure was achieved without muscular tension,
accompanied by a more harmonious nasolabial angle. The patient's facial profile showed less concavity,
with a more defined mentolabial angle and greater projection of the chin. The aesthetics of the smile
improved considerably due to the maxillary protraction and the correction of the transverse discrepancy
(Figure 10).

Figure 10: Facial Photographs Post-Treatment

Intraorally, the patient presented a bilateral molar and canine occlusion in slight class Il (Figure 11). The
bilateral posterior crossbite resolved correctly, as did the anterior crossbite. Both overbite and protrusion
showed values within normal, and the midlines were overcorrected by modifying the functional angle on
the left side, with the aim of altering the predominant chewing pattern that the patient had previously
presented.
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Figure 11: Intraoral Photographs Post-Treatment

From a functional point of view, the patient performed exercises focused on improving nasal breathing
and correct placement of the tongue at rest on the palate. Masticatory function was balanced, achieving
appropriate functional masticatory angles, with no evidence of mandibular propulsion (Figure 12).

Figure 12: Mandibular Dynamics Post-Treatment (Functional Masticatory Angle of Planas)

As for the radiological evaluation, only one new lateral skull X-ray was performed due to the young age of
the patient and the short interval between radiological recordings. The results indicated an increase in
the SNA angle (from 74.26° to 76.91°), while the SNB angle remained stable (74.30° // 74.25°), resulting
in a normal maxillary relationship (ANB = 2.77). Another significant change was the reduction in the Witts
index from -3.3 to -1.13, evidencing anteroposterior harmonization. Vertical skeletal measurements
remained constant, with no change in the Sn-Go-Gn angle (131°). In addition, the anterior vertical
dimension decreased (ANS-Me from 53.18 to 50.72), thus achieving a more proportionate lower third.
(Figure 13) The complete results are presented in Table 1.
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Figure 13: Pre and Post Treatment Cephalometry.

R PRE-TREATMENT POST-TREATMENT
SNAE) 74,26° 76,910
SNB () 74,30° ' 74,250
ANB 0 2,77
SNGoGn () 131° 131°
A-Npi{mm) . -2,81 ' 08
Pog-Np(mm) -5,11 -5,23
ANS-Me(mm) 53,18 ' 50,72
Wits (mm) 33 1,13

Table 1: Pre and Post Treatment Cephalometric Data

Discussion

Several studies have shown the relevance of early treatment in patients with Class Il malocclusion. In
most cases with early mixed dentition or late deciduous dentition, the face mask is considered the
standard therapeutic option [19-21]. This approach fully coincides with our strategy, which was based on
maxillary traction with face mask to achieve skeletal protraction of the maxilla and redirect mandibular
growth. In this case, the SNA angle increased from 74.26° to 76.91°, while the SNB remained constant at
74.25°, resulting in a normal maxillomandibular relationship with a final ANB of 2.77. Similarly, reported
an average improvement of 4.1 mm in the Wits index using the Hybrid Hyrax combined with a face mask,
although they noted that the skeletal effects would have been greater with earlier treatment [16]. In this
case, a significant improvement in the Wits index was observed, from -3.3 mm to -1.13 mm. The literature
that analyzes the effects of posteroanterior traction of the maxillary complexin Class Ill patients suggests
that the improvement in sagittal intermaxillary skeletal relationships is often associated with an increase
in inverted skeletal relationships, which may be detrimental, particularly in hyperdivergent Class llI
patients. However, recent studies indicate that vertical skeletal characteristics do not significantly affect
short-term outcomes in expansion and face mask treatment [38]. In this case, vertical skeletal
measurements showed no variation, with the Sn-Go-Gn angle remaining at 131°.Regarding transverse
improvement using aligners, in their randomized controlled trial, observed a significant increase in palatal
volume (p<0.05) in both the aligner group (mean increase of 243.95 + 473.24 mm?3) and the rapid palatal
expander (RPE) group (mean increase of 532.01 + 540.52 mm3). No statistically significant differences
(p<0.05) were found in the variation from TO to T1 between the aligner and RPE groups for all the
evaluated outcomes, which aligns with the results obtained in our patient [45]. Functionally, the patient
exhibits a new occlusal plane that promotes a balanced mandibular dynamic, with no evidence of
protrusive movements. This outcome is consistent with the findings of Dr. Raymond (56-58), who
emphasizes the importance of an appropriate functional plane in maintaining mandibular stability. Upon
completion of treatment with the facemask and aligners, the patient was retained with passive aligners,
awaiting dental replacement.

Conclusion
e This clinical case illustrates the favorable evolution of early treatment of Class Ill malocclusion
using a combined therapy of extraoral orthopedics and maxillary orthopedic appliances.
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e Aligners have proven to be an effective tool in the early interceptive and orthopedic treatment of
Class lll malocclusions when used in combination with the facial mask.

e This therapeutic combination makes it possible to correct dentofacial alterations, taking
advantage of the capacity of the aligners to guide dental movements while the facial mask favors
skeletal correction.

e The success of the treatment relies to a large extent on an accurate diagnosis and the active
collaboration of the patient and her family environment.

In conclusion, Class lll malocclusion should be intercepted early, prioritizing growth redirection, especially
when the maxilla is the main etiological factor or when dental and/or functional factors are involved.
Diagnosis, therapeutic planning and prognosis depend on a number of characteristics that the
orthodontist must carefully evaluate, such as the patient's age, growth potential and skeletal pattern. The
earlier the intervention, the greater the likelihood of favorable responses in maxillary advancement and
transverse expansion. Proper use of orthopedic devices, with correct application of force in terms of
intensity and direction, together with patient adherence, are determining factors in achieving optimal
results.
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