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Abstract: The article describes the orthodontically treated case of a 25-year-old patient with skeletal
and dental class III malocclusion, anterior crossbite, which caused functional and aesthetic problems,
occlusal trauma, and incisor wear. Treatment with transparent aligners was proposed to meet the
patient’s needs, using the sequential distalization protocol. While sequential distalization is well
documented for class II malocclusion treatment in maxillary arch teeth, further investigations are
necessary for class III malocclusions. In fact, lower teeth movements are more complex due to
mandibular bone density and the presence of the third molars, which are often extracted to perform
distalization. In addition, the use of intermaxillary elastics helps control the proclination of the
anterior teeth as a reaction to distalizing forces. At the end of the treatment, the patient reached
molar and canine class I and positive overjet and overbite. The inclination of lower incisors and the
interincisal angle have improved, resulting in aesthetic and functional enhancement.

Keywords: orthodontics; corrective orthodontics; invisalign; removable orthodontic appliances;
tooth movement techniques
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1. Introduction

Class III malocclusion is a maxillofacial disorder characterized by a concave profile
due to mandibular protrusion, maxillary retrusion or a combination of both. There is a
significant amount of scientific literature on the rapidly growing orthopaedic approach to
class III malocclusions, which have a strong genetic influence on their aetiology [1–7].

In adult patients, it is essential to distinguish between the basal skeletal class III, for
which surgical treatment is elective, and functional class III, or pseudo-class III, in which,
due to a discrepancy between maximal intercuspation and centric occlusion, and therefore
an occlusal interference, the patient in maximum intercuspation advances the mandible. In
these cases, occlusal improvement can be achieved with orthodontic therapy alone [8–13].
Although the combination of orthognathic surgery and orthodontic therapy is considered
the gold standard for class III malocclusion, if the patient decides not to undergo surgery,
orthodontic treatment alone may help compensate for mild skeletal class III malocclusion.
In this way, both the function and aesthetics of the patient can be improved [14,15].

This paper reports the case of a patient with skeletal and dental class III malocclusion,
negative overjet and overbite who did not accept a combination of orthognathic surgery
and orthodontic therapy. The patient was treated with clear aligners to achieve dental
compensation by applying the sequential distalization protocol of 50% of the lower arch
teeth. At the end of the treatment, an improvement of the overbite, overjet and class
III molar was achieved with retroclination of the lower incisors to compensate skeletal
malocclusion.

Recently, an increasing number of adult patients have requested orthodontic treat-
ment, desiring an effective and comfortable alternative to fixed multibracket therapy [16].
Transparent aligners can meet this demand because, with proper planning and patient
cooperation, the effectiveness of this therapy is comparable to fixed orthodontic treat-
ment [17–20].

2. Case Report

A 25-year-old patient had skeletal and dental class III malocclusion, anterior crossbite
and incisal head-to-head relationship. This produced not only functional and aesthetic
alterations but also occlusal trauma and incisor wearing. During childhood, the patient had
already been orthodontically treated with multibrackets equipment and a palatal expander.
Unfortunately, an orthodontic relapse occurred during adulthood, so the patient asked for
re-treatment with a lower aesthetic impact and greater comfort than his previous experience
(Figure 1).

The orthopanoramic X-ray showed the physiological presence of all teeth and their
good condition. The latero-lateral skull X-ray revealed a class III hyperdivergent skeletal
malocclusion, a slight overbite and a negative overjet. Clinical examination also indi-
cated minor teeth crowding with Angle class III malocclusion and head-to-head incisors
relationship (Figure 2 and Table 1).

Intraoral scans were carried out, and models were analysed, highlighting a Bolton
discrepancy of 0.30 mm in the lower arch due to the lower incisors’ greater mesiodistal
dimension. Before orthodontic treatment, extractions of the lower two-third molars were
carried out to create a distal space for the second molars.

The orthodontic setup included the sequential staging of movements (Figure 3); the
second molars were distalized first, and after 50% of their movement, the movement of
the first molars began. The planned distalization was 2 mm on the right side and 1 mm on
the left side. Once the distalization of the second molar was completed, the distalization of
the second premolar began. In the same pattern, all the lower elements were distalized.
A slight expansion of the upper and lower arches was necessary to allow the crowding to
resolve. In addition, mild proclination of the upper anterior teeth was planned to create
spaces distal to the upper lateral incisors.
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Although the lower incisors were in the correct cephalometric position, it was nec-
essary to retroclinate them and perform an interproximal reduction (IPR) to resolve the
anterior overjet. IPR was indicated because the incisors were triangular in shape [21].
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Figure 1. Extra and intraoral photos of the patient before treatment: Right lateral occlusion (A);
Frontal occlusion (B); Left lateral occlusion (C); Upper occlusion (D); Lower occlusion (E); Patient
smile (F) and right profile (G).
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Figure 2. Patient X-rays, cephalometry tracing and analysis before treatment: panoramic X-ray (A);
latero-lateral X-ray of the skull before treatment (B); Cephalometric tracing (C).
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Table 1. Cephalometric values before treatment.

Cephalometric Parameters Min Mean Max t0

Sagittal Skeletal Relations
Maxillary Position 78.5◦ 82◦ 85.5◦ 82.5◦

Mandibular Position 76.5◦ 80◦ 83.5◦ 84.4◦

Sagittal Jaw Relation −0.5◦ 2◦ 4.5◦ −1.9◦

Vertical Skeletal Relations
Maxillary Inclination 5◦ 8◦ 11◦ 4.3◦

Mandibular Inclination 30.5◦ 33◦ 35.5◦ 31◦

Vertical Jaw Relation 19◦ 25◦ 31◦ 27.6◦

Dento Basal Relations
Maxillary Incisor Inclination 104◦ 110◦ 116◦ 106.9◦

Mandibular Incisor Inclination 87◦ 94◦ 101◦ 81.4◦

Mandibular Incisor Compensation 0 2 4 3.7
Dental Relations

Overjet 1 3.5 6 −0.9
Overbite −0.5 2 4.5 −0.9

Interincisal Angle 126◦ 132◦ 138◦ 140.6◦
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rior attachments provided the proper retention and control of molars and premolars distal 

Figure 3. Invisalign® (Align Technology, Tempe, AZ, USA) software staging table where it is possible
to appreciate the “ladder” scheme of distalization. In the upper arch all teeth were moved at the same
time. In the lower arch, lower teeth were distalized in a sequential way, while anterior teeth were
moved from the beginning. Red triangles mean that all teeth had attachments.

Upon delivery of the first transparent aligners, rectangular retention attachments were
applied to the posterior teeth and rectangular attachments with gingival bevels on the
lower anterior teeth to ensure maximum retention of the aligners. In addition, posterior
attachments provided the proper retention and control of molars and premolars distal
tipping, while retention attachments on lower canines and upper first molars prevented
side effect movements with the application of class III intermaxillary elastics. Interproximal
reduction (IPR) between lower incisors of 2 mm was planned (Figure 4). After third molar
extraction, composite attachments and metal buttons for elastic support were bonded.
Orthodontic elastics plus clear aligners were delivered to the patient [22].
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Figure 4. Invisalign® software display of attachments, programmed IPR and cuts for elastic: Right
lateral vision of virtual setup (A); Frontal vision of virtual setup; IPR of 0.4 mm from canine to canine
was planned (B); Left lateral vision of virtual setup (C).

The patient correctly wore the aligners for 22 h a day with class III elastics anchored
on the upper first molars and lower canines. After 12 months of treatment, the patient
had improved tooth class, a positive anterior overjet, resolution of the posterior crossbite,
and improved upper and lower alignment. At the end of the first phase of treatment
(Figure 5), slight refinement was required. A few months later, the patient consolidated
the molar and canine class I relationship, achieved a positive overjet and overbite, and
resolved midline misalignment (Figure 6). At the end of the refinement phase, the patient
was required to wear a long-term upper and lower Essix retention device during the
night. Due to the transverse discrepancy between the upper and lower arch caused by
class III malocclusion, to maintain adequate periodontal health of the upper posterior
sectors, it was preferred not to expand the upper arch excessively and therefore not to
resolve the crossbite of the second molars. From a cephalometric point of view (Figure 7
and Table 2), the inclination of the lower incisors and interincisal angle improved, which
resulted in an aesthetic and functional enhancement. Pre-post-cephalometric evaluation,
made with Deltadent® software (Outside format, Pandino, Italy), is reported in Table 3 and
cephalometric tracing superimposition is shown in Figure 8.
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Frontal occlusion (B); Left lateral occlusion (C).
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Figure 7. Patient X-rays and cephalometry after treatment: Orthopanoramic X-ray (A); Latero-lateral
skull X-ray (B); Cephalometric tracing (C).

Table 2. Final cephalometric values.

Cephalometric Parameters Min Mean Max t1

Sagittal Skeletal Relations
Maxillary Position 78.5◦ 82◦ 85.5◦ 82.5◦

Mandibular Position 76.5◦ 80◦ 83.5◦ 84.4◦

Sagittal Jaw Relation −0.5◦ 2◦ 4.5◦ −1.9◦

Vertical Skeletal Relations
Maxillary Inclination 5◦ 8◦ 11◦ 4.3◦

Mandibular Inclination 30.5◦ 33◦ 35.5◦ 31◦

Vertical Jaw Relation 19◦ 25◦ 31◦ 26.7◦

Dento Basal Relations
Maxillary Incisor Inclination 104◦ 110◦ 116◦ 115.2◦

Mandibular Incisor Inclination 87◦ 94◦ 101◦ 84.9◦

Mandibular Incisor Compensation 0 2 4 1.9
Dental Relations

Overjet 1 3.5 6 3.5
Overbite −0.5 2 4.5 3.4

Interincisal Angle 126◦ 132◦ 138◦ 145◦
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Table 3. Comparison of pre- (t0) and post- (t1) cephalometric values.

Cephalometric Parameters Min Mean Max t0 t1

Sagittal Skeletal Relations
Maxillary Position 78.5◦ 82◦ 85.5◦ 82.5◦ 82.5◦

Mandibular Position 76.5◦ 80◦ 83.5◦ 84.4◦ 84.4◦

Sagittal Jaw Relation −0.5◦ 2◦ 4.5◦ −1.9◦ −1.9◦

Vertical Skeletal Relations
Maxillary Inclination 5◦ 8◦ 11◦ 4.3◦ 4.3◦

Mandibular Inclination 30.5◦ 33◦ 35.5◦ 31◦ 31◦

Vertical Jaw Relation 19◦ 25◦ 31◦ 27.6◦ 26.7◦

Dento Basal Relations
Maxillary Incisor Inclination 104◦ 110◦ 116◦ 106.9◦ 115.2◦

Mandibular Incisor Inclination 87◦ 94◦ 101◦ 81.4◦ 84.9◦

Mandibular Incisor
Compensation 0 2 4 3.7 1.9

Dental Relations
Overjet 1 3.5 6 −0.9 3.5

Overbite −0.5 2 4.5 −0.9 3.4
Interincisal Angle 126◦ 132◦ 138◦ 140.6◦ 145◦
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3. Discussion

Treatment with clear aligners allows better sagittal control in bite malocclusions
because it allows more significant arch opening and the application of intermaxillary
elastics to control the loss of anterior anchorage due to distalizing forces [17,23–26].

Orthodontic treatment with aligners is increasingly sought after by patients of all
ages due to aesthetic and comfort requirements, but orthodontists are also increasingly
adopting it. The digital workflow allows for a 3D scan of the dental arches and the design
of tooth movements. It is possible to choose which teeth to move individually, as if using
a segmented orthodontic system, or to move all the teeth simultaneously, as if using a
straight wire or functional orthodontic system [27–33].
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Furthermore, the versatility of the aligner system is another aspect to consider, among
the advantages they offer. In particular, it is possible to design a sequential distalization
of the upper or lower jaw to solve a dental class II or III, respectively, in a segmented
manner [34–36].

The disadvantages are related to the need for maximum collaboration. The patient
must wear the aligners for at least 22 h a day [37–39]. Additionally, their biomechanics are
more complex than fixed therapy [27,40–42].

Sequential distalization involves initially moving the most distal teeth while keeping
the rest of the arch still anchored. Subsequently, the mesial teeth are immediately moved,
and the whole arch is shifted distally [17,43,44]. The correction of the altered molar class
takes a long time and is visible after many months of treatment. For this reason, to maintain
high levels of cooperation, it is necessary to solve the problem of anterior crowding from
the first aligner. Many case reports have demonstrated the possibility of achieving molar
sequential distalization in patients with the Invisalign® system [45–48].

Simon et al. demonstrated the high predictability of molar distalization with aligners
by planning attachments and movements of 2.6 mm. Aligners can prevent distal tipping
and molar extrusion as a reaction force to distalization [49–51].

Kamy Malekian et al. reported two cases: 2.5 and 3 mm distalization, measured from
the distal surface of the lower molar to Rickett’s vertical line in the cephalometric analysis.
To achieve this result, it was necessary to extract the third molars. Furthermore, considering
that the correction occurs by tooth movement, there is a greater demand for anchoring
control. Indeed, a loss of anchorage could occur due to the mutual reaction force [17,52,53].

The treatment of dental class II with sequential distalization is well recorded and
widely used by orthodontists. In contrast, a more in-depth study is required to lower
teeth distalization for class III malocclusions due to the greater bone density and frequent
dysodontiasis of the III lower molars [54–56]. In both cases, it is necessary to wear inter-
maxillary elastics (with a class II or III force vector) together with the aligners to control the
proclination of the anterior teeth. The sequential distalization can be observed graphically
in the “phases” table, which shows to which aligner a given tooth movement corresponds.
Therefore, it is possible to visualise a kind of “ladder” shape in the sequential movement
diagram, which shows how a single tooth moves for the first aligners. Therefore, during
the later stages, a maximum of two teeth will move simultaneously, and at the end of the
movement of each tooth, its position will be blocked. Even if the teeth do not move during
the distalization movement, it is necessary to reinforce anchorage with intermaxillary
elastics. The Invisalign® design software can insert cuts into the aligners themselves to
allow direct application of the elastic or adhesive buttons for direct application of the elastic
on a tooth [18,57–61].

The patient in this study did not accept orthodontic treatment associated with or-
thognathic surgery but accepted a compromise of orthodontic treatment with lower molar
distalization, retroclination of lower incisors and proclination of upper incisors to improve
overjet and overbite and correct class III. The patient preferred to wear orthodontic aligners
instead of fixed multibracket appliances. Aligners can be more aesthetic than fixed or-
thodontics and allow patients to clean their teeth more easily [36,62]. Like a fixed appliance,
aligners allowed the application of class III elastics to reinforce lower anterior anchorage
during lower first and second molars distalization after the extraction of the lower third
molars. It should be emphasised that the patient was very cooperative, wearing aligners
and intermaxillary elastics. The advantage of the aligners was that every movement was
programmed before starting the treatment, and the movements were planned with sequen-
tial staging. In fact, only the lower second molars were moved during the first phases of the
treatment. All the other teeth were blocked, and no movement was planned. After moving
50% of the second molars, the first molars started to move. These movements are called
“sequential”.
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Long-term stability will be monitored in subsequent years. It is mandatory to con-
trol orthodontic relapse with removable retention, considering that this treatment was a
compromise with compensation of skeletal class III, which is easy to relapse.

4. Conclusions

The patient in this case report saw aesthetic and comfort needs achieved with clear
aligners. In addition, the patient’s excellent compliance allowed good results to be achieved
without damaging the patient’s periodontium. It can be said that the sequential distaliza-
tion protocol of the lower teeth, which is less studied than the sequential distalization of
the upper teeth, leads to good compromise results while avoiding, as in this case, orthog-
nathic surgery. The patient refused the latter option when possible treatment alternatives
were presented.
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