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Abstract

:

This case report describes an 18-year-old female patient with a skeletal class I pattern, mandibular asymmetry, a molar class III on the right side, a molar class II on the left side, and an anterior open bite (AOB). Treatment of AOB is often difficult for orthodontists and a multidisciplinary approach is sometimes required to rehabilitate the correct function and posture of the tongue. In this case the AOB was treated using the Nuvola® OP System: a treatment system that combines orthodontic aligners and a myofunctional elastodontic device called Freedom. An upper molar intrusion with miniscrews was performed during the first phase of the treatment programme, and then the aligner treatment began. The Nuvola® OP System ’s aligners are characterized by lingual pins that guide the tongue to the palatal spot position and take advantage of tongue function. The patient was instructed to wear the Freedom device for 30 min a day and to clench every 3 s with closed lips while wearing the aligners. These exercises improve the fitting of the aligners, improve the tongue’s posture, and take advantage of the masticatory forces to resolve the malocclusion. The patient was successfully treated, thus demonstrating that the Nuvola® OP System is a valid alternative for the treatment of AOB.
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1. Introduction


An anterior open bite (AOB) has a multifactorial aetiology and is caused by unfavourable growth patterns, finger sucking habits, enlarged lymphatic tissue, and genetics, among the other factors [1,2,3]. An AOB can impair several functions like speech, swallowing, chewing, and aesthetics [4], thus deteriorating social interactions and quality of life in general [5,6]. In some cases, the aetiology can be identified in incorrect habits like oral respiration or non-nutritive sucking, whose severity and impact on the malocclusion depend on duration, frequency, and severity, as well as the age of the patient [7]. There are several treatment options for reducing the aetiological factors that sustain an AOB [4,6,8,9] and for limiting the excessive vertical growth of the facial skeletal components [5,7,10].



From an orthodontic point of view, an AOB can be solved by controlling the molar eruption and through the orthodontic extrusion of the anterior teeth in growing patients [11,12]. In adult patients, orthodontic camouflage or orthognathic surgery is usually required. Of course, the treatment choice depends on the aetiology, i.e., whether the patient has a skeletal open bite pattern or not, and on the co-existence of combined local factors, such as bad habits [7,13].



The introduction of skeletal anchorage simplified the correction of an AOB [14] through the orthodontic intrusion of posterior teeth with titanium mini-plates or monocortical bone screws [7,14,15]. Skeletal anchorage promotes the intrusion of molars in their bone support and promotes the counterclockwise rotation of the jaw with the consequent closure of the bite [16].



On the other hand, the demand for orthodontic treatment with invisible appliances is constantly increasing, and therefore innovations in clear aligner therapy, which allows the resolution of even complex malocclusions, are important. Regarding the AOB, there are some case reports that have shown the successful treatment of patients with this malocclusion using different methods and appliances [17]. In some cases, clear aligners were also used [16], and some authors have shown that they are successful in controlling the vertical dimension in patients with open bite even when associated with a combination of incisor extrusion and molar intrusion, promoting the counterclockwise rotation of the jaw [18] and improving facial aesthetics [16]. According to this evidence, clear aligners can be successfully used in anterior open bite cases where the aetiology is represented by intruded anterior teeth [19,20]. In the presence of these characteristics, the combination of clear aligners with myofunctional appliances could be beneficial in AOB cases. Indeed, a study showed that clenching exercises may be effective in improving dental contacts, and this could also improve the fit of the aligners, although this has not yet been demonstrated. Moreover, myofunctional appliances showed some positive effects in tongue and labial muscle rehabilitation [5].



Therefore, taking into account this background, the aim of this article was to present a clinical case showing an AOB treated with a combination of clear aligners and a myofunctional appliance (Nuvola® OP System) and to discuss the indications and the clinical results of such a hybrid approach.




2. Case Description and Results


2.1. Diagnosis and Etiology


A young adult female, aged 18 years, visited the Orthodontic Clinic, University of L’Aquila in December 2018; her chief complaint was regarding a lack of tooth overlap and the non-coincidence of the upper and lower midlines. Although aware of her malocclusion, the patient reported that she had not undergone any orthodontic treatment previously, because she had always been recommended traditional orthodontic treatments with a fixed multibracket appliance, which was not acceptable to her. The patient had asked for a completely invisible appliance, without metal brackets, and had also refused the use of lingual brackets.



The patient’s medical history was collected, and a complete clinical examination was performed.



The extra-oral evaluation showed that the profile appeared harmonic although slightly convex. A slight skeletal laterodeviation of the chin was detectable; nevertheless, the anamnesis and the clinical examination revealed sound and healthy temporomandibular joints. The smile analysis showed a wide dental exposure from molar to molar with a slightly increased gingival display, non-coincidence of the dental midlines, and an anterior open bite of 3 millimetres. The upper midline was centred on the facial midline, while the lower midline was shifted to the left by 1.5 millimetres (Figure 1).



The intraoral analysis showed the presence of all permanent teeth except for the third maxillary and mandibular molars. The patient had a molar and canine class III relationship on the right side and a molar and canine class II relationship on the left side, due to the mandibular laterodeviation. There were 2.2 millimetres of crowding in the upper arch and 1.2 millimetres of crowding in the lower arch; the upper anterior segment was the most crowded, and the pre-treatment cephalometric analysis performed with cephalometric software (Dolphin Imaging System, version 11.9, Canoga Park, Calif) showed a skeletal class I, with an ANB of −0.2° and a WITS of −2.0 mm (Figure 2) (Table 1). Vertical parameters showed a normodivergent pattern. Dental measurements showed a more forward inclination of the upper (U1-Palatal Plane = 117.2°) and lower incisors (IMPA = 96.9°).



In conclusion, it could be stated that the patient’s AOB was a dental open bite. In addition, the lower third molars were impacted and mesio-inclinated.




2.2. Treatment Objectives


Following the diagnosis of a dental open bite with asymmetrical molar and canine sagittal relationship and a dental midlines shift, the treatment objectives were to: (1) align and level the dental arches; (2) resolve the AOB; (3) alleviate the gummy smile; (4) obtain acceptable midline coincidence; (5) provide harmonious dental intercuspation.



An AOB can be corrected either by the extrusion of anterior teeth or by the intrusion of posterior teeth to allow the jaw to rotate counterclockwise. In this case, since excessive gingival exposure was already present, the extrusion of the anterior teeth had to be limited to avoid any worsening of the gummy smile. The orthodontic mechanics were aimed mainly at levelling the upper jaw by selective intrusion of the posterior teeth; this solution prevents the extrusion of the upper incisors and allows for the rotation of the mandible in a counterclockwise direction. In this case, this movement had to be well controlled to avoid a more forward inclination of the lower incisors and inversion of the bite, which could have resulted from the mandibular counterclockwise rotation.




2.3. Treatment Alternatives


To achieve all the aforementioned treatment objectives, several treatment options were presented to the patient:




	(1)

	
Orthognathic surgery was presented as the ideal treatment option to improve the profile aesthetics, to correct the mandibular laterodeviation, and to resolve the gummy smile.




	(2)

	
Alternatively, skeletal maxillary expansion was proposed through surgically-assisted or miniscrew-assisted rapid palatal expansion—with an explanation of the pros and cons of both procedures, as well as the difference in scientific evidence supporting both options—followed by fixed appliance treatment with asymmetric elastics, with the purpose of correcting the mandibular laterodeviation, at least from a dentoalveolar point of view.




	(3)

	
To correct the patient’s malocclusion while embracing the patient’s request to have an aesthetic treatment, a lingual fixed appliance was proposed.




	(4)

	
The last treatment option proposed to the patient was orthodontic therapy with clear aligners and elastodontic devices (Nuvola® OP System), combined with miniscrews and a transpalatal arch (TPA) to allow controlled intrusion of the posterior molars.









Since the patient refused any orthognathic surgery, palatal expansion with miniscrew-supported devices, and lingual fixed appliances, the latter treatment option was chosen. The Nuvola® OP System involves a combination of clear aligners and myofunctional devices as a complete system to properly reconfigure the dental physiology as well as the occlusal planes.



Anatomical reinforcements and pins are inserted into the aligners and should allow the transmission of axial forces to dental groups, with the purpose of helping the expansion of the dental arch, even in asymmetric arches.



The aligners also have two lingual pins placed on both sides of the retro-incisive papilla, which are designed to generate proprioceptive stimulation of the tongue according to the principles of myofunctional therapy. The patient must use the myofunctional appliance (Freedom) for 30 min a day, performing 3-s-long clenches, alternated with 3 s of relaxation.



The extraction of the lower third molars was proposed to the patient, who refused, despite being informed about the possible sequelae, because she was afraid of surgical procedures. It was then decided to regularly monitor the conditions of the lower third molars.




2.4. Treatment Progress


Before beginning the use of clear aligners, intrusion of the posterior teeth with skeletal anchorage was planned. Two miniscrews were inserted in the left and right sides of the upper arch between the first and second molars; this area was chosen because the cortical bone has an adequate thickness that does not require predrilling [21] even though it is not considered a safe zone for miniscrew insertion [22]. After insertion of the miniscrews, a TPA with a distal loop and molar bands for the upper second molars were placed, along with palatal and vestibular segmented 0.019 × 0.025 stainless steel wires connecting the first and second molars on each side (Figure 3). The intrusion force was applied by an elastomeric chain tied from the sectional arch to the miniscrew. At the end of the intrusion phase of the upper molars, new orthodontic records were collected, along with digital impressions of the dental arches taken with an intraoral scanner, to plan the treatment phase with clear aligners (Figure 4).



The first phase of therapy involved 18 aligners in the upper and lower arch. The patient was instructed to wear the aligners for at least 22 h a day and to change the set of clear aligners every 15 days. Inter-proximal reduction (IPR) of 0.10 mm was performed between the upper and lower incisors before the third and the sixth aligner. The patient was also given the myofunctional Freedom device to be used daily while wearing the aligners, performing 3-s-long clenching exercises with closed lips for a total of 30 min per day (Figure 5). At the end of the first phase of 18 aligners, a better molar relationship was achieved, the upper incisors were slightly extruded, and the overbite improved.



New digital impressions were taken and a set of six refinement aligners for the upper and lower arches was planned for the correction of the remaining crowding. The last treatment phase involved the use of class III elastics on the left side and vertical intercuspation elastics on the right side to optimize the molar and canine relationships and to correct the dental midlines (Figure 6). Once the sagittal relationship was fully corrected, intercuspation elastics were used on both sides to improve occlusal settling at the level of the canines and first premolars: silicone moulds were used to place composite buttons on the buccal face of the crowns of the upper cuspid, lower cuspid, and lower first bicuspid, and elastics were used full-time for 3 weeks without aligners.



Removable orthodontic upper and lower essix retainers were given to the patient at the end of treatment, and she was instructed to use them overnight every night.




2.5. Treatment Results


At the end of treatment, the AOB and the crowding were completely resolved, while the gingival exposure was stable (Figure 7 and Figure 8). Analysis of the pre- and post-treatment tracing superimposition showed that miniscrews were effective at achieving the intrusion of the upper second molars, while aligners provided one additional millimetre of first molar intrusion [23] which led to an improvement of overbite of a further two millimetres. Overall, these changes resulted in a significant mandibular counterclockwise rotation that led to the correction of the AOB, without impacting the exposure of the upper incisors. Moreover, the post-treatment cephalometric analysis showed an improvement of the upper and lower incisors’ inclination: U1-Palatal plane = 112.4° and IMPA = 94.7° (Figure 9) (Table 1). The midline discrepancy was also corrected. The whole treatment lasted 17 months. In the first 4 months, only a palatal arch and miniscrews were used, while treatment with the Nuvola® OP System lasted the remaining 13 months. At the end of the treatment programme, the patient showed a correct intercuspidation, normal overjet and overbite, and she was pleased with the entire treatment and the final result. At the 15-month clinical follow-up, the treatment result was stable, and the midline coincidence was maintained (Figure 10).





3. Discussion


Patients with dentofacial malocclusions are disadvantaged in society due to low self-confidence associated with physiological problems [24]. An open bite compromises the social behaviour of the individual in multiple ways, thus influencing the quality of life [6,7]. Consequently, the concern for aesthetics motivates patients with an AOB to seek an orthodontic treatment that is effective while being invisible. Knowledge of the main complaints and expectations of the patient, as well as adequate diagnostic examinations, is important when deciding the ideal treatment plan and achieving a satisfactory result [25]. In the present case, clear aligner treatment was chosen to provide a more comfortable and aesthetic treatment [26], but also because the patient’s compliance and attitude towards orthodontic treatment were excellent. Indeed, different studies have revealed that treatment with clear aligners is well supported by patients because of its minimum aesthetic impact [27,28] and that this technique is even preferred over lingual fixed appliances because the latter causes oral dysfunctions like tongue injuries [28]. Despite their advantage in terms of comfort, clear aligners are not as effective as braces in creating adequate occlusal contacts and controlling root torque [29], even if clinical outcomes are usually comparable to the planning of the digital setup in regard to torque movements of the anterior teeth [30]. However, even though clear aligners can be a successful alternative to fixed appliances to treat patients with mild to moderate malocclusion [31], more complex movements are less predictable, especially vertical movements [32]. For these reasons, in the present case report clear aligners were combined with different auxiliary appliances (TPA, miniscrews, myofunctional appliances, vertical elastics) to predictably obtain molar intrusion and AOB correction. During treatment, IPR was performed to gain space in both dental arches, taking care to perform the exact amount of IPR planned [33]. This treatment option was presented as a compromise treatment compared to orthognathic surgery. However, there is currently no consensus on whether surgical or non-surgical treatment is the most stable approach to treat AOB in adult patients. Of course, the stability of the orthodontic treatment is influenced by aetiological factors and their persistence over time [34]. Because of the frequency of relapse [35], it is essential to evaluate, beyond immediate post-treatment results, the achievement of long-term stability [36]. Many authors have shown that after a few years there is a return to the original configuration both at the molar level and at the level of the upper and lower incisors, of varying degrees [25]. AOB treatment through molar intrusion using skeletal anchorage in adult patients can be considered quite unstable, since a relapse of up to 30% can be observed for both molars [37]. Therefore, more efficient methods of retention should be kept in the long-term follow-up [37]. For AOB cases, tongue rehabilitation is very important, because tongue thrusting is always associated—even though it is not always an aetiological factor—with this kind of malocclusion [38,39] and the stability of the orthodontic result is dependent on the persistence or not of aetiological factors [6].



Regarding the use of the elastodontic device, Uchida et al. investigated the impact that daily clenching had on occlusal contacts and found that voluntary clenching is an effective training exercise to intensify the vertical effects on posterior teeth and to improve the occlusal contact area and the occlusal sagittal balance in normal subjects [39]. In particular, they demonstrated that clenching exercises on soft bite blocks with the protocol presented in this case report (3-s isometric contractions over 30 min per day) are able to increase the amount of tooth contacts even after only 8 weeks. Similarly, it was shown that training in adults with hard chewing gum influenced the functional capacity of the masticatory muscles and increased muscle strength, particularly in those with weak muscles [40], such as hyperdivergent patients with AOB [41]. In summary, the existing evidence and the present case report—with all its limitations—seem to support the idea that muscle rebalancing and training are important for treatment outcomes and for treatment stability. Increasing muscular tone and the amount of occlusal contact could prevent teeth extrusion and thus bite re-opening. Moreover, the orofacial myofunctional therapy seems able to create a new neuromuscular pattern and to resolve the incorrect functional and resting postures of the tongue, by improving its muscular proprioception, mobility, and strength [42]. In this way, it is possible to intervene in the aetiological factors and to increase the predictability and stability of the orthodontic treatment.




4. Conclusions


The present case report showed how the simultaneous action of clear aligners and a myofunctional appliance (Nuvola® OP System), together with miniscrews, led to a satisfactory resolution of AOB. The treatment results were stable at the 15-month follow-up. Even if the use of myofunctional appliances is not common in adult patients, the synergic action of these devices resulted in significant molar intrusion and mandibular autorotation, the rehabilitation of tongue function, and an increase in the tone of the elevator muscles. In conclusion, the present case report suggests that the combined use of a myofunctional appliance with clear aligners should be considered for the treatment of adult patients with similar malocclusions. Further clinical trials are recommended in order to investigate the benefits that this kind of approach can provide and to what extent those benefits would balance the limitations, such as the additional costs and the increased compliance required.
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Figure 1. Pre-treatment facial and intraoral photographs. 
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Figure 2. (A): Pre-treatment panoramic. (B): Pre-treatment lateral radiograph. 
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Figure 3. Intraoral photographs of the first treatment phase with TPA. 
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Figure 4. Dental casts before clear aligner treatment. 
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Figure 5. (A) Intraoral photographs with clear aligners; (B) Intraoral photographs with Freedom appliance and clear aligners on. 
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Figure 6. Intraoral photographs of the finishing phase with interclass elastics. 
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Figure 7. Post-treatment facial and intraoral photographs. 
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Figure 8. Post-treatment dental casts. 
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Figure 9. (A): Post-treatment lateral radiograph. (B): Post-treatment panoramic. 
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Figure 10. 15-month follow up intraoral photographs. 
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Table 1. Cephalometric analysis.
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Measurement

	
Norm

	
Pre-Treatment

	
Post-Treatment

	
Difference




	

	
Mean

	
SD

	

	

	






	
SNA (°)

	
82.0

	
3.5

	
78.7

	
79.4

	
0.7




	
SNB (°)

	
80.0

	
3.0

	
78.0

	
79.4

	
1.4




	
ANB (°)

	
2.0

	
2.4

	
0.7

	
0.0

	
−0.7




	
Wits Appraisal (mm)

	
0.0

	
1.0

	
−1.0

	
−2.2

	
1.2




	
FMA (°)

	
26.0

	
5.0

	
23.9

	
21.9

	
−2.0




	
U1-Apo (mm)

	
6.0

	
2.2

	
4.9

	
5.0

	
0.1




	
L1-Apo (mm)

	
2.0

	
2.3

	
2.0

	
2.5

	
0.5




	
U1-PP (°)

	
110.0

	
5.0

	
117.2

	
112.4

	
−4.8
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