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Abstract

Class III malocclusion is a growth-related dentofacial deformity and one of the most challenging treatments for orthodontists. The
ideal management of skeletal Class III malocclusion in non-growing patients is an ortho-surgical approach, aimed at modifying the
skeletal deformity. However, not every patient is willing to undergo an orthognathic surgery. Hence, for selected cases, an orthodontic

camouflage with clear system, such as Invisalign®, may constitute a feasible treatment option.

The purpose of this case report is to present a 26-year-old Caucasian male with a severe skeletal Class III malocclusion and a
negative overjet of 2.9 mm, who dismissed the ortho-surgical option in favor of an orthodontic camouflage with Invisalign®. The
management of the case was further complicated by the residence of the patient outside the country and by the national lockdown
secondary to the COVID-19 pandemic, which caused the interruption of in-office appointments. To overcome the unexpected obstacle,
the retention phase was remotely monitoring with Dental Monitoring®, which allowed the clinician to monthly monitor the dental
movements of the patient in absence of chairside visits thought 3D analysis of pictures periodically uploaded by the patient himself.
This case suggested that, in selected patients, an orthodontic camouflage with Invisalign® may represent a favorable treatment option,

and digital technologies may facilitate a continuity of care, especially in unprecedent times like the current COVID-19 pandemic.
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Abbreviations

DM: Dental Monitoring®; OJ: Overjet; OB: Overbite; SNB: Sella-
Nasion-B Point Angle; U1-SN: Upper Incisor to Sella-Nasion Angle;
L1-MM: Lower Incisor to Mandibular Plane Angle; U1/A-Pog: Up-
per Incisor to A-Pogonion Line; L1/A-Pog: Lower Incisor to A-Po-

gonion Line; IPR: Interproximal Reduction; PVS: Polyvinyl Siloxane
Introduction

Class III malocclusion constitutes one of the most challenging
treatment management in orthodontics. It can include a mandibu-
lar prognathism, a maxillary deficiency or a combination of both

[1]. Early orthopedic treatment options are available to influence

the residual growth in children and adolescents. However, for those
patients with a skeletal discrepancy and no residual growth left,
an ortho-surgical approach targeting maxillary and/or mandibular
bone is suggested as the ideal treatment plan [1]. Nevertheless, not
every patient agrees on undergoing an invasive procedure such as
an orthognathic surgery. Therefore, in selected cases, an orthodon-
tic camouflage may be proposed, which includes the dentoalveolar
compensation of the underlying maxillary and mandibular skeletal
discrepancy by displacing the teeth in relation to the supporting
jaws [2], with resulting proclined upper incisors and retroclined
lower incisors [3,4]. In cases of orthodontic camouflage, it is im-
portant to establish realistic treatment objectives, and to effectively
communicate possible aesthetic compromise of the therapy to the

patient. For these situations, systems that allow for a careful digital
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planning and for a strict control of dental movement and vertical

dimension are desirable, such as clear aligners.

In the past 25 years, clear aligners have constituted a revolu-
tion for the modern Orthodontics. At first, they were recommend-
ed only for the management of mild-to-moderate dental crowding
[5]. However, their encouraging advantages in aesthetics, in facili-
tating oral hygiene performance, in applying controlled forces in
compromised periodontal dentition, and in the possibility of fewer
in-office visits, allowed this orthodontic system to embrace the
treatment of more complex cases [6,7]. In particular, systems of
clear aligners, such as Invisalign® (Align Technology®, San José,
California, USA), are particularly indicated in some specific maloc-
clusions thanks to their delicate control of each dental movement
[8]. Specifically, Invisalign® system may constitute a feasible option
for cases of Class Il malocclusion with orthodontic camouflage in
non-growing patients, where aesthetic demands, a strict control of
dental movements of the anterior teeth and of the verticality are

often required thorough the entire treatment.

Especially in those situations where orthodontic treatment
alone is not the optimal therapy and incisors are being proclined
or retroclined to favor dentoalveolar compensation, a closer moni-
toring of the stability of the occlusion in the retention period at
the end of an active orthodontic treatment appears particularly
useful. Unfortunately, from December 2019 the spread of a world-
wide pandemic due to SARS-CoV-2 infection imposed lockdowns
and restriction in mobility within and among the countries. Dental
offices were not immune from such imposition, and non-urgent
in-office visits were suspended, in favor of telehealth services [9].
Due to the crucial role of the first months of retention phase at the
end of an orthodontic treatment [10], the integration of systems of
remote monitoring, such as Dental Monitoring (DM, Dental Moni-
toring® SAS, Paris, France), to the retention period appears of valu-
able assistance [11]. DM consists of a digital integrated software,
that allows the patients to regularly take pictures of their dentition
with a smartphone, patented cheek retractors and a ScanBox®, and
upload them on an integrated platform, shared with the clinician
[12]. One of the functionalities of DM is three-dimensional (3D)
Monitoring Light®, which performs calculation of dental move-
ments and two-dimensional (2D) clinical analysis, by superimposi-
tion of the initial virtual dental casts with monthly intraoral scans
[13]. Thus, the doctor can regularly evaluate the uploaded pictures

to early detect any potential orthodontic relapse. Remote digi-
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tal technologies such DM appear particularly useful in situations
where in-office visits may not be feasible, i.e. in times of the current
COVID-19 pandemic, or when the patient lives abroad [14-16].

Case Report

We present the case of a skeletal Class III malocclusion with a
negative overjet (O]) of 2.9 mm, in a healthy 26-year-old male, man-
aged with an orthodontic camouflage using Invisalign®, in-office
visits scheduled every 3 months due to the location of the patient
outside the country, and monthly follow-ups using DM in the reten-
tion period during the lockdown secondary to the COVID-19 pan-

demic.
Materials and Methods

Appropriate informed consent was obtained from the patient for

publication and divulgation of accompanying photographs.

Diagnosis and Etiology

A 26-year-old Caucasian healthy male presented for an orth-
odontic evaluation for a chief complaint of “dental crowding and
reverse bite”. He admitted having consulted several other provid-
ers to gather information on potential treatments; however, each
clinician was concordant in proposing an ortho-surgical approach
to treat his malocclusion. Nevertheless, the patient refused to un-

dergo any orthognathic surgery.

General medical history was noncontributory, and dental his-
tory revealed a previous trauma to the upper left central incisor.
He denied any known familiarity for Class Il malocclusion and any
previous orthodontic treatment. At the moment of the consulta-
tion, the patient expressed another concern: he was living in Lon-
don (United Kingdom), and he could travel back to Italy for in-office

orthodontic appointments approximately every 3 months.

Frontal extraoral examination revealed a pronounced asymme-
try of the lower third of the face. On smiling, a midline deviation to
the left side by 4 mm and limited exposure of upper incisors were
detected. Lateral extraoral examination showed a concave profile,
characterized by a marked mandibular prognathism and a flat na-
so-labial angle. Right and left profiles appeared markedly different
(Figure 1A).
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Frontal intraoral examination revealed a left unilateral cross-
bite, a midline discrepancy with a shift of the lower midline to the
left, dental crowding in the upper arch, negative bucco-lingual in-
clination of the lower molars and premolars, an overbite (OB) of
2.3 mm, and an unaesthetic composite restoration on the left upper
central incisor, consistent with the reported dental trauma. Lateral
intraoral examination revealed molar and canine class III relation-
ships, more severe on the right side, an anterior crossbite, an O] of
-2.9 mm and a flat curve of Spee (Figure 1B and 1C). No signs or
symptoms of temporomandibular disorders were reported; swal-
lowing and speech appeared normal and functional. Occlusal con-
tacts were detected on the buccal inclines of the upper and lower
posterior teeth and canines (Figure 2). A periodontal evaluation of

the patient excluded any sign of gingivitis and periodontal pockets.

The pre-treatment panoramic radiograph showed a complete
permanent dentition, radiopaque intracanal material on the upper
left central incisor, consequence of the dental trauma reported by
the patient, pronounced antigonial notch, parallelism of the dental
roots and normal alveolar bone levels. Only the right condyle was
visible on the radiograph, which appeared rounded and regular in
morphology, with no sign of osteoarthritic changes and bone ero-
sion (Figure 1D). The lateral cephalogram revealed a skeletal Class
[II malocclusion (Wits appraisal = -4.85 mm), characterized by a
mandibular prognathism (SNB = 84°). The maxillary incisor procli-
nation (U1-SN = 120°, U1/A-Pog = 3.74 mm) confirmed the dento-
alveolar compensation of the dentition in the presence of a skeletal
malocclusion. Lower incisors did not appear to be retroclined in
respect to the supporting mandibular bone (L1-MM = 98°, L1/A-
Pog = 8.47 mm) (Figure 1D and Table 1).

Figure 1: Pre-treatment extra-oral (A) and intra-oral (B) photo-
graphs, dental casts (C) and radiographic examination (D)

panoramic radiograph and cephalogram
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Figure 2: Pre-treatment intraoral views from ClinCheck®:
frontal, lateral (A) and occlusal views, with occlusal contacts

highlighted in green color (B).

Values Pre-treat- Norm values,
ment mean (+ SD)
Skeletal mea-
surements
SNA (°) 82 82 (2)
SNB (°) 84 80 (2)
ANB (°) 2 2(2)
Wits (mm) -4.85 2(2)
SN-MP (°) 22 31.71 (5.19)
FMA (°) 21 25(5)
MM (°) 22 28 (6)
Dental mea-
surements
U1-SN (°) 120 103 (5)
L1-MM (°) 98 90 (5)
U1/A-Pog (mm) 3.74 2.7 (1.8)
L1/A-Pog (mm) 8.47 2(2)

Table 1: Pre-treatment cephalometric analysis.

SNA: Sella-Nasion-A Point Angle; SNB: Sella-Nasion-B Point Angle;
ANB: A Point-Nasion-B Point Angle; Wits: Wits Appraisal; SN-MP:
Stella-Nasion to Mandibular Plane; FMA: Frankfort Mandibular
Plane Angle; MM: Maxilla-Mandibular Plane Angle; U1-SN: Upper
Incisor to Sella-Nasion Angle; L1-MM, Lower Incisor to Mandibular
Plane Angle; U1/A-Pog: Upper Incisor to A-Pogonion Line; L1/A-

Pog: Lower Incisor to A-Pogonion Line.
Treatment alternatives

The following treatment alternatives were proposed, and risks,
advantages and disadvantages of each option were discussed with

the patient:

a) Combination of ortho-surgical approach, to address the
skeletal nature of the discrepancy and the asymmetry.

This was communicated as the ideal treatment plan.

b) Orthodontic camouflage using fixed multibracket orth-
odontic appliance, with the extraction of one lower inci-

sor and the use of intermaxillary Class III elastics.
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c) Orthodontic camouflage using Invisalign®, requesting
three ClinCheck® (Align Technology Inc, San José, Califor-
nia, USA) with the following instructions: (1) extraction
of lower third molars and one lower incisor, distaliza-
tion of mandibular molars, and intermaxillary Class III
elastics; (2) extraction of lower third molars, extensive
interproximal reduction (IPR) on lower anterior teeth,
distalization of mandibular molars, and intermaxillary

Class III elastics.

As the patient dismissed the ortho-surgical option, the alterna-
tive of the orthodontic camouflage with Invisalign® was privileged
for aesthetic reason and due to the limited availability of the pa-
tient to perform regular chairside visits. Additionally, the patient
favored the option of extensive IPR over the extraction of a lower

incisor.

Extraction of the upper third molars was also suggested to the
patient, although this could have been done during the orthodontic

treatment.
Treatment objectives

Treatment goals of the orthodontic therapy were to correct
the anterior crossbite by establishing a proper O], enhance the
smile aesthetics, resolve the dental crowding, avoid harmful oc-
clusal contacts on anterior teeth, and improve the left unilateral
crossbite. Establishing molar and canine Class I relationships and
achieving coincident dental midlines were not included among the
treatment objectives, as not considered realistic within an orth-
odontic camouflage of a skeletal Class IIl malocclusion. The patient
was informed of the necessity of along-term retention phase at the
end of the active treatment to maintain stable aesthetic outcomes

over time.
Treatment progress

The treatment was provided by a specialized Invisalign® pro-
vider orthodontist (L.S.). The treatment plan as displayed by the
ClinCheck®included an initial set of 27 aligners in the upper arch
and 46 aligners in the lower arch (Figure 3A). The ClinCheck® was
developed with the following instructions: IPR by 0.3 mm and 0.4
mm between mandibular anterior and posterior teeth, respec-
tively, to be performed before stage 1; mandibular molar distaliza-
tion by 2 mm; use of intermaxillary Class III elastics; dentoalveolar
expansion of upper left premolars; “aesthetic first” on the upper
arch, to address the upper dental crowding from the beginning of

the treatment. Specific attachments were requested (Table 2).

Before starting the treatment, the lower third molars were ex-
tracted. Due to the complexity of the dental movements, the patient
was instructed to wear the aligners for 2 weeks (22 hours per day),
along with intermaxillary Class III elastics (5/16” 4.50z, 3/16”
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Attachment | Description | Teeth | Purpose | Addi-
# tional
instruc-
tions
Vertical rect- | Mesial bev- 3.6, Distal Start
angular eled 5-mm 3.7, transla- | moving
vertical 4.6, tion the next
rectangular 4.7 tooth
attachment once the
previous
tooth has
achieved
% of the
expected
distal-
ization
(after 8
aligners)
Distal bev- 3.3, Rota-
eled 5-mm 4.3 tion and
vertical distal
rectangular inclina-
attachment tion
Horizontal | Gingival bev- | 1.4, Bucco- - Over-
rectangular | eled 4-mm 1.5, lingual | correc-
horizontal 2.4, expan- | tion by 2
rectangular 2.5 sion mm
attachment
- +3° of
buccal
root
torque
for each
mm of
buccal
expan-
sion
Gingival bev- | 1.6, Bucco- - Over-
eled 5-mm 1.7, lingual correc-
horizontal 2.6, expan- | tion by 2
rectangular 2.7 sion mm
attachment
-+3°of
buccal
root
torque
for each
mm of
buccal
expan-
sion
Optimized Optimized 1.1, Extru-
extrusion 1.2, sion
attachment 2.1,
2.2

Table 2: Attachments requested to develop the ClinCheck® of the

first se of aligners the first set of aligners.
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4.50z). During the treatment, in-office check-ups were performed
approximately every 10 weeks, coinciding with the travels to Italy
of the patient. After 18 months, the treatment was interrupted at
lower stage 36 because of poor tracking on lower canines, and new
polyvinyl siloxane (PVS) impressions of both arches and bite reg-
istration with putty PVS impression material were taken (Bisico®,
Bielefelder Dentalsilicone GmbH & Co. KG, Bielefeld, Germany).
The patient was already satisfied with the results of this first part
of the treatment: O] and OB were corrected (O] = 2.4 mm, OB =
1.3 mm), and the left unilateral crossbite was no longer present
(Figure 4). The refinement series included a set of 13 additional
aligners on upper and lower arches, aimed at establishing bilat-
eral posterior occlusal contacts and detailing the dental alignment
(Figure 3B). An additional IPR of 0.3 mm on the lower anterior

teeth was prescribed.

Figure 3: Superimposition between initial (stage 1, in blue) and fi-
nal dental position (stage 46, in white) predicted by the ClinCheck®
on occlusal view (A); superimposition between initial (stage 1, in
blue) and final dental position (stage 13, in white) of the refinement
predicted by the ClinCheck® on occlusal view (B).

Results

After 6% months from the beginning of the refinement, the case
was considered completed with no need of additional aligners. At
the appointment of removal of the attachments, removable max-

illary and mandibular retainers were delivered to the patient for

30

Figure 4: Extraoral (A) and intraoral (B) photographs before the

refinement.

nocturnal use. The treatment objectives were achieved, with great
satisfaction of the patient. On extraoral examination, a balanced
facial harmony was attained, the pre-treatment facial asymmetry
was no longer visible, and the profile was more convex and pleas-
ant (Figure 5). On intraoral examination, a positive O] was obtained
(O] changed from -2.9 mm to 2.4 mm), bilateral posterior occlusal
contacts were established, maxillary and mandibular arches ap-
peared U-shaped, and the dentition resulted well-aligned (Figure
5B). As expected, the Class III molar relationship was maintained.
The total time of treatment was 26 months, including 2 months of
waiting between the new impression and the delivery of the set of
refinement. The patient was encouraged to proceed with the ex-
traction of the remaining upper third molars, still evident at post-

treatment panoramic radiograph (Figure 5C).

Unfortunately, due to the spike of COVID-19 cases worldwide, a
national lockdown was imposed, and non-urgent dental appoint-
ments were cancelled. Therefore, the patient was proposed to con-
tinue the monitoring of the first months of the retention phase re-
motely. He was provided with the dedicated cheek® retractor and
the ScanBox® by DM (Figure 6) and was instructed on how to per-
form monthly scans of his dentition. A first set of intraoral pictures
was taken together with the orthodontist, to ensure a proper use
of the device. The patient was complaint with the instructions and
rigorously performed the scans monthly. No major dental move-
ments were detected by DM.
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Figure 5: Post-treatment extraoral (A) and intraoral (B) photo-

graphs and radiographic examination (C).

Figure 6: Dedicated cheek retractor and ScanBox® by Dental Moni-
toring® (A) and device used by patient (B).

After 6 months, when travels among European countries were
permitted again, the remote monitoring by DM was interrupted
and the retention phase was continued with in-office visits every 6

months to monitor the fit of the retainers.
Discussion

This case demonstrated the effectiveness of Invisalign® in man-
aging a severe skeletal Class III malocclusion with an orthodontic

camouflage. Offering this system allowed to accomplish the aes-
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thetic and functional expectations of the patient, while also com-
plying with the aesthetic demands and with the limited availabil-
ity of chairside appointments. Additionally, the case was remotely
monitored with Dental Monitoring®, thus allowing a strict control
over unfavorable dental movements during the first months of the
retention, which the literature suggest being the most critical pe-

riod for orthodontic relapse [17].

In the present case, the use of digital technologies increased the
quality and the accuracy of communication between the clinician
and the patient. First of all, the initial virtual ClinCheck® which
provides a virtual simulation of the predicted dental movements
[18], permitted to efficiently visualize the different therapeutic op-
tions and to set up realistic objectives. During the visualization of
the ClinCheck®, it is crucial to educate the patient that this consti-
tutes only a virtual prediction of the dental movements [19,20]. It
is responsibility of the clinician to distinguish between predictable
movements and unrealistic expectations, based on experience and
knowledge of biomechanics, which in turn dictate the choice of the
attachments [21].

Moreover, the integration of the remote monitoring by DM per-
mitted to maintain a continuity of care of the patient in times where
it would have been otherwise interrupted by the national lockdown
imposed by the governments to face the COVID-19 pandemic. The
retention period starts at the end of an active orthodontic treat-
ment [3]. Especially during the first months after the removal of the
appliance, the teeth are at risk of orthodontic relapse [17]. Hence,
monthly chairside appointments in the first three months and ev-
ery three-six months thereafter are normally recommended, to en-
sure a proper fit of the retainers and the compliance of the patient
in wearing them. A functionality of DM, 3D Monitoring Light®, al-
lows 3D calculation of dental movements to detect early changes in
alignment by superimposing the monthly scans to the initial virtual
cast (i.e. the .stl file derived from the dental impression taken at the
time of debonding of the appliance). The software has a method
error of one tenth of millimeters and less than 0.5° of precision for
linear and angular movements, respectively [12,22]. Therefore, a
monitoring of the retention period with DM may allow for a more
precise evaluation of those dental movements that, if undetected,

would incur in an unpleasant orthodontic relapse.

In Orthodontics, systems of remote monitoring like DM are

advocated for several other uses, such as monitoring of the oral
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hygiene [23,24] and of the fit of clear aligners [25] during orth-
odontic treatments, evaluation of the expansion with rapid palatal
expander [26] and of the compliance of patients in wearing re-
tainers [27,29], and follow-up of surgical-orthodontic approaches
[28] and during retention period [29]. Instead, integration of DM
during the orthodontic therapy was not performed, based on a re-
cent study that did not find any significant difference in terms of
accuracy of predicted dental movements between the group with
DM and the group without DM [30]. For the above-mentioned ad-
vantages, remote digital technologies may be suggested as part of
standard orthodontic care [31,32].

Despite the ideal management being ortho-surgical, Invisalign®
achieved the established treatment objectives thanks to specific
advantages of the system. First of all, the expected molar distaliza-
tion was efficiently accomplished by the aligners, as predicted by
the ClinCheck®. At this regard, studies reported high predictability
of Invisalign® in molar distalization within 2.6 mm, when attach-
ments and intermaxillary elastics are utilized [33-35]. On the con-
trary, fixed multibracket appliances may rely on complex mechan-
ics to achieve the same degree of mandibular molar distalization
[36-39]. In the present case, the O] changed by 5.3 mm at the end
of the therapy, which is in line with what reported by the literature
in cases of non-growing non-surgical treatments of severe skeletal
class Il malocclusion [40]. Beside the 2 mm of molar distalization,
the rest of the O] correction was achieved by IPR and significant
dental compensation. However, studies have suggested a negligi-
ble difference between non-surgical and surgical skeletal class III
cases, especially when a lack of optimal dental decompensation in
the pre-surgical phase is attained, thus compromising the quantity

of the orthognathic surgical correction [41,42].

In the literature, cases of orthodontic camouflage of severe non-
growing skeletal Class III malocclusion treated with clear aligners
are increasing [43,44]. These are frequently associated with addi-
tional procedures or technologies to either accelerate or improve
the accuracy of the treatment, such as high frequency vibration de-
vices [45], surgical corticotomy [27], or supportive myofunctional
therapy [46]. To the best of our knowledge, this is the first study
that reported of a non-growing skeletal Class III case treated with
Invisalign®, with a first period of retention phase remotely moni-
tored with DM. The implementation of DM was reassuring for both
the patient and the clinician, especially because relying on an im-
minent reopening from the lockdown to allow for in-office check-

ups was not predictable.
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Conclusion

Although orthodontic therapy alone was considered as sec-
ond-line option, Invisalign® system was effective in achieving the
treatment objectives in a healthy adult with severe skeletal class
I[II malocclusion. The results suggest that, for selected patients,
an orthodontic camouflage may be a feasible choice. The inconve-
nience of the lockdown due to the COVID-19 pandemic was over-
come by the integration of a remote monitoring by DM. Implement-
ing traditional orthodontic therapies with digital technologies may
maintain a continuity of care for orthodontic patients during un-

precedent times, like the present COVID-19 pandemic.
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