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Abstract

To describe an esthetic orthodontic treatment using aligners in an adult patient
with dental class II malocclusion associated with crowding. A 25-year-old female
patient with skeletal class I, bilateral class II relation, increased overjet and over-
bite and crowding in both arches presented for orthodontic treatment. The patient
refused conventional fixed multibracket treatment in favor of aligners. Pre- and
post-treatment records are presented. Treatment objectives were achieved in
10 months, and the patient was satisfied with the functional and esthetic out-
comes. Combining aligners with appropriate attachment location and geometry
is an efficacious means of resolving orthodontic issues such as class II maloc-
clusion in a time frame comparable to that of conventional fixed orthodontics.
Staging in distalization increases the predictability of movement. Furthermore,
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1 | INTRODUCTION

The global prevalence of class II malocclusions in perma-
nent dentition is 19.56% [2-63%]. It is considered to be the
second most common malocclusion and the most com-
mon malocclusion in Caucasian adults." Many treatment
options are available for the correction of class II mal-
occlusion in adult patients including extractions, lower
molar protraction and upper molar distalization.>*
Nowadays, there is an increasing demand for esthetic
treatment among both adolescents and adults. The scope
of Clear Aligner Therapy (CAT) has improved dramatically
over the past decade. Originally directed toward the correc-
tion of mild orthodontic problems in adults,* this approach

this system is associated with optimal oral hygiene and excellent esthetics.

adult orthodontics, attachments, case report, class II, clear aligners, distalization, Invisalign,

became more challenging when applied to complex antero-
posterior discrepancies and orthodontic movements such as
posterior intrusion, anterior extrusion, and torquing.?

Obviously, successful treatment with clear aligners
involves much more than moving teeth virtually by a
software.®” The application of adjunctive biomechanics
through the addition of orthodontic attachments, elastics,
and other devices and features has certainly created more
individualized options for more predictable tooth move-
ment across a wider range of malocclusions.® '

Though scholarly literature for treating complex cases
is still in its early phase, published case reports have
demonstrated satisfying outcomes with complex cases,
such as those involving class II malocclusions.'®™*?
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Furthermore, the precision of movements has im-
proved exponentially in recent years reaching values of
70%-80% due to the continuous research performed by
Align Technology and the incorporation of attachments
and auxiliaries in the treatment protocols."* Moreover, the
predictability of crowding resolution with aligners was
shown recently to be high.*

On another note, considering that patients treated with
CAT have experienced better quality of life scores and bet-
ter oral hygiene during treatment, clinicians are driven to
proceed further with the treatment of challenging cases
using CAT."

To quantify the amount of tooth movement by CAT, 2D
lateral cephalograms and different digital model registra-
tion software have been utilized.'*"’

This case report describes a case with an effective stag-
ing protocol and attachment geometry planning with the
Invisalign system in an attempt to correct class II maloc-
clusion in an adult patient.

2 | CASE DESCRIPTION

2.1 | Case history

A 25-year-old female patient presented for treatment
with the chief complaint of forwardly placed upper front
teeth. All specific patient information was de-identified.
No relevant medical, family, and pyschosocial history
including relevant genetic information was reported.
The patient did not undergo any previous orthodontic
treatment.

2.2 | Clinical findings

Extraoral clinical examination at rest revealed facial sym-
metry with equal vertical facial thirds. The smile analysis
showed a coincident upper dental midline with the facial
midline, a high lip line with increased gum show, and a
straight smile arc. The patient presented with a mild con-
vex profile with average clinical FMA and a protrusive
upper lip with potentially competent lips. Intraoral ex-
amination revealed class IT canine and molar relationship
bilaterally and increased overjet of approximately 10 mm,
deep impinging bite and coincident upper and lower den-
tal midlines. The arch forms were V-shaped in the upper
arch and ovoid in the lower arch. Arch length tooth size
analysis showed crowding in the upper arch of 2mm and
crowding in the lower arch of 6 mm. Periodontal biotype
and oral hygiene were fair. No signs of parafunctional
habits were recorded.

2.3 | Radiographic diagnostic assessment
Panoramic radiography revealed full dentition, lack of
bone defects, no periapical lesions and no temporoman-
dibular joint abnormalities, with the presence of four wis-
dom teeth (Figure 1). Cephalometric analysis (Table 1)
revealed a Skeletal class I base with an average ANB angle
and normal facial height with an average growth pattern.
Dentally, the upper incisors were forwardly positioned
and proclined, while the lower incisors were upright with
a decreased interincisal angle. Soft tissue analysis showed
an acute nasolabial angle with a protrusive upper lip. The
patient's Angle classification was dental class II division 1
with upper segments positioned anteriorly.

2.4 | Treatment objectives and
treatment plan

The primary treatment objectives were to achieve class
I canines and molar bilaterally and reduce the overjet
and overbite. Additional objectives were to relieve the
crowding in both arches, correct the upper arch form,
restore a pleasant smile with optimal lip line and smile
arc, achieve lip competency and enhance the patient's
profile. It was desirable to reduce the overjet and correct
the class II relation by distalizing the upper molars and
retracting the upper incisors. Since the patient presented
with a deep bite, measures to prevent bite deepening were
undertaken. The patient had high esthetic demands and
asked for more esthetic alternatives to fixed appliance
therapy. A treatment approach with clear aligner ther-
apy was the appliance of choice using Invisalign aligners
(Align Technology Inc, Santa Clara, CA, USA). All proce-
dures have been performed in accordance with the ethi-
cal standards laid down in an appropriate version of the
Declaration of Helsinki.

2.5 | Therapeutic intervention

The patient was referred to the surgeon to extract wis-
dom teeth before the start of treatment. The ClinCheck
virtual setup dictated 44 steps for each arch (Figure 2). In
the upper arch, sequential distalization was planned to
gain space for the retraction of incisors, achieving optimal
overjet and class I canine and molar relationships bilat-
erally. Attachments were planned on most of the teeth
to guide their movement and control their axes. Vertical
attachments were planned for molars and premolars to
avoid tipping and aid in bodily movement. The paired ver-
tical root control attachments on the canines bilaterally
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FIGURE 1 Pre-treatment records: Extraoral photos, intraoral
photos, panoramic radiograph, lateral cephalometric radiograph,
and tracing

were placed to help achieve bodily movement and control
their long axes during distalization. Horizontal attach-
ments were planned on upper incisors for extra retention
and firmer grip of the aligner and for aiding in intrusion.
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TABLE 1 Cephalometric analysis pre- and post-treatment

Parameter Pre-treatment Post-treatment
Skeletal

1 SNA 81° 81°

2 SNB 79° 79°

3 ANB 2° 2°

4 WITS APPRAISAL 1.8 1.3

5 FMA 21° 22°

6 GONIAL ANGLE  116° 116°
7 ODI 74 77
Dental

8 U1-NA-LINEAR 9mm 1mm
9 U1-NA-ANGULAR  32° 12°
10  L1-NB-LINEAR 2.5mm 5mm
11  L1-NB-ANGULAR  25° 34°
12 1A 124° 127°
Soft tissue

13 NLA 106° 111°
14  ULIP-EPLANE -2 —4
15 LLIP-EPLANE -1 -2

Class II elastics (3/16 inch, heavy force 4.50z) were
used to augment the movement. The elastics extended
from the upper premolars to lower molars. The benefit of
using short class II elastics is to prevent any clockwise ro-
tation and bite deepening that might happen due to the
extrusion of anterior teeth. Intermaxillary elastics were
hooked from notches in the upper aligners at the first pre-
molar to buttons that were bonded on the lower molars.
The lower arch crowding was relieved by the expansion
effect of the aligners and the proclination of the lower
incisors. The patient was instructed to wear each aligner
for 22h per day and to move on to the next one in the se-
ries after 14 days. Mid-treatment records are presented in
(Figure 3).

2.6 | Treatment outcomes and follow-ups
Overall treatment time was <lyear of active treatment.
After 10months of treatment, the treatment objectives
had been successfully fulfilled. The treatment was com-
pleted in one phase with no additional refinement re-
quired. Forty-four aligners were used as planned by the
ClinCheck, where 24 aligners were used for upper molar
distalization and the other 20 aligners were used for inci-
sor retraction and finishing. The patient was compliant in
wearing the aligners every day for 22h per day and she
reported wearing times per day in a compliance chart
that was given to her. Post-treatment records demonstrate
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FIGURE 2 ClinCheck virtual setup

satisfactory final results with all objectives achieved
(Figure 4). Extraoral photos show an enhanced profile
and improved lip competency. The smile of the patient
was restored with optimal smile arc and decreased gum
show. Intraoral examination reveals coincident upper and
lower dental midlines, class I canines and molars bilater-
ally, adequate overjet and overbite, and ovoid well-aligned
upper and lower arches. Post-treatment panoramic radi-
ography showed good root parallelism, no signs of crestal
bone height reduction, and no evidence of apical root re-
sorption. Cephalometric and digital model superimposi-
tions highlight the distalization of upper molars with no
vertical movement and retraction of upper incisors. There
was mild extrusion of the lower molars and proclination
of the lower incisors due to the use of class II elastics,
which helped reduce the overjet and attain incised contact
(Figures 5 and 6). There were no adverse effects noticed
or reported by the patient. The patient was very satisfied
with the treatment result and reported enhanced smile
esthetics, better profile and more comfort during closing
teeth and chewing food. For retention, the patient had
Vivera removable retainers, and follow-up examination
after 1year of retention showed stable treatment results
(Figure 7).

3 | DISCUSSION
The aim of the present case report is to explain the man-
agement of a dental class IT malocclusion case using CAT,
where the patient was not willing to undergo fixed appli-
ance therapy. CAT with intermaxillary elastics enabled
the resolution of the malocclusion within a treatment time
comparable with that required for conventional fixed ap-
pliance therapy, providing the patient with a comfortable,
practical and esthetically pleasing appliance. There were
controversies over whether moderate to difficult maloc-
clusions can be successfully accomplished with CAT.>’
Different treatment modalities have been proposed
in the literature to correct class II malocclusion includ-
ing the use of clear aligners with mandibular advance-
ment feature if the patient is growing.” In adult class
II patients, clear aligners have been used to correct the
class IT malocclusion either alone'® or in combination
with auxiliaries, adjuncts either pre-aligner therapy
in the form of fixed functional appliances or concom-
itantly with aligners in the form of temporary skeletal
anchorage devices placed either Buccally or Palatally.
In some cases, extraction of some teeth might be neces-
sary.® However, these alternative options involve more
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FIGURE 3
records

Mid-treatment intraoral

o
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complex treatment with increased treatment time and
additional expenses and require more patient compliance
throughout treatment. Distalization of maxillary molars
is frequently the treatment of choice required in class
IT nonextraction patients. Distalization achieved in this
case was 2.5mm with no observed vertical movement.
These findings are in accordance with the mean reported
distalization values by Ravera et al'® on 20 nongrowing
patients (2.52 mm) and Simon et al'® on 30 adult patients
(2.7mm), who reported the highest accuracy for bodily
distal movement of molars of 87%. The authors further
emphasized the greater accuracy when the movement
was supported by the presence of attachments. Our find-
ings are also in accordance with Caruso et al's findings
in a retrospective study to assess the upper molar dis-
talization and its effect on the vertical dimension. They
reported efficient upper molar bodily distalization of
up to 3mm with good vertical dimension control. This
could be attributed to the aligner design that enables 3D

movements by holding teeth on all surfaces including
vestibular, palatal-lingual, and also occlusal.?

In the present case, attachments were planned on most
teeth to guide their movement and control their axes, re-
sulting in higher predictability of movements. Different
attachment angulations and geometries were planned,
where vertical attachments were placed on the premolars
and molars to prevent tipping and allow for bodily distal-
ization. The attachments were located on the mesial side
of the upper molars to prevent any mesial rotation of mo-
lars. Additionally, paired vertical root control attachments
on the canines bilaterally were placed to help achieve
bodily movement and control their long axes during dis-
talization. Horizontal attachments were also planned on
upper incisors for extra retention and firmer grip of the
aligner. On the contrary, Saif et al® stated that although
distalization can be successfully attained in adult patients
with a mean of 2.6 mm, significant anchorage loss occurs
and the use of attachments has no enhancement effect on
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FIGURE 4 End of treatment records: Extraoral photos,
intraoral photos, panoramic radiograph, lateral cephalometric
radiograph

distalization. This was further elaborated by a systematic
review in 2019 concluding that attachment incorporation
is not necessary when molar distalization is planned."

Furthermore, Simon et al'® highlighted the importance
of staging in increasing the predictability of distalization.
This was also observed in our case, where sequential dis-
talization was planned on 24 stages of aligner treatment,
hence achieving the highest predictability of distalization.

The increased overjet was corrected by a combination
of upper molar distalization, upper incisor teeth retrac-
tion, and lower incisor proclination. This was facilitated
by the use of class II elastics to augment the anchorage
and aid in class II correction. However, short class II in-
termaxillary elastics were placed from upper premolars to
lower molars, unlike the conventional attachment of long
class II elastics from upper canines to lower molars. The
reason behind that protocol was that in this case, it is de-
sirable to avoid the vertical reciprocal forces from elastics
to act on the upper anterior teeth causing extrusion and
retroclination, leading to further bite deepening by the
clockwise rotation of the upper anterior teeth. Also, the
attachment of elastics on canines can lead to canine ro-
tation requiring additional refinements to derotate them.
Furthermore, by using short class II elastics, good control
of maxillary incisor torque was achieved, with no loss of
anchorage. Maxillary incisors are believed to be a starting
point for facial esthetics with growing demands for facial
esthetics. Three-dimensional maxillary incisor position
(MIP) plays a crucial role in enhancing facial esthetics
during smile and rest positions.* Similarly, Caruso et al’
demonstrated good control of upper incisor inclination
with clear aligners in skeletal class II growing patients
treated with aligners with mandibular advancement due
to the biomechanical action of aligners that is achieved by
the full coverage of the whole crown structure by aligners.
Furthermore, Caruso et al”® concluded that upper molar
bodily distalization with clear aligners up to 3mm can
guarantee excellent control of incisal torque without tax-
ing anchorage during the procedure.

In contrast to the overjet reduction achieved in the
present case report, Patterson et al in 2020 observed on
a sample of 80 adult patients, that no significant class II
correction or overjet reduction was achieved with class II
elastics for an average of 7 months using ABO model grad-
ing system.**

Our strategy for the treatment of this patient was
different from the strategy employed by Roberston and
El-Bialy'® in the treatment of an adolescent patient pre-
sented with skeletal class II malocclusion with com-
pensated occlusion. They divided their treatment into 2
phases where phase 1 involved the decompensation of
the inclination of upper and lower incisors through the
use of class IITI elastics followed by phase 2 to correct the
dental class II relation and the use of class II elastics.
This strategy of using initially class III elastics is benefi-
cial if no sufficient overjet is present from the start and if
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FIGURE 5 Superimposition of

pre and post lateral cephalometric
radiographs: (A) Overall superimposition
on the anterior cranial base, (B)
Superimposition of the mandible on

the symphysis and lower border of the
mandible, (C) Superimposition of the
maxilla on the anterior contour of the
zygomatic process
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FIGURE 6 Superimposition of pre-
and post-treatment digital models by the
ClinCheck

the occlusion is compensated through retroclination of
upper incisors and proclination of lower incisors. This
was not the case in our patient as initially the patient
presented with increased overjet and proclined upper in-
cisors. At first, they used long class II elastics from upper

canines to lower molars that might have had an effect on
the retroclination of upper incisors that was noticed in
the end of the treatment. Contrary, we used short class
IT elastics from the start to avoid any adverse effect on
the upper incisors. Moreover, in their study, they had
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FIGURE 7 Intraoral photos after 1year of retention period

to do refinements to increase the palatal root torque of
incisors and also to derotate the upper canines due to
the use of long class II elastics from the canines to lower
molars. This was overcomed in our patient by avoiding
the canines in the attachment of class II elastics and by
using correct attachment geometries on canines, premo-
lars, and molars; hence, no additional refinements were
needed in our patient. We bonded buttons to the lower
molars for increased elastic strength, which allowed the
dental changes necessary for this correction, similar to
their study. Leveling the arches and intrusion of poste-
rior teeth with a clear aligner allowed the vertical bite
jump. This was incorporated into the digital treatment
plan and allowed the mandible to autorotate forward,
which also assisted in the class II correction.

The increased overbite is another challenge in this case.
A few factors in this case allowed us to achieve the desired
overbite correction. Achieving the desired inclination of
the upper incisors was attained by prescribing these move-
ments in the digital treatment plan and by intruding them
using horizontal attachments. Also, extrusion of the upper
incisors was prevented by the use of short class II elas-
tics. Moreover, the distalization movement aided in the
decrease of the bite depth that was achieved.

To quantify the amount of tooth movements in the
present case, two methods of superimpositions were uti-
lized, which were the ClinCheck software superimposi-
tions and the 2D lateral cephalometric superimpositions.

In the present case report, the aligner change was per-
formed every 2weeks. Recently, Align Technology has
indicated that weekly changes of aligners can be made.
A study evaluating the effect of 7days versus 14 days of
aligner wear concluded that the 14-day changes revealed
greater accuracy in posterior movements.”> Moreover, the
tooth requires a period of adaptation for recovery to aid in
stabilization and increase retention.*

The whole treatment objectives were accomplished in
one phase with no additional refinements in 10 months.
This is considered to be a great advantage for CAT where
it was proved to result in a significantly shorter treatment
duration than with braces.”” Patterson et al findings con-
tradict our findings where they stated that additional re-
finements were necessary to address problems created
during treatment.*

4 | CONCLUSIONS

Combined use of aligners with appropriate attach-
ment location and geometry is an efficacious means
of resolving more complex orthodontic issues such as
class II malocclusions within a time frame compara-
ble, if not less, to conventional fixed orthodontics but
with excellent esthetics, oral hygiene and quality of life.
Clinical tips to manage such cases include proper plan-
ning and ideal case selection for achieving the highest
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predictability of movements, efficient anchorage plan-
ning with the ideal selection of attachments locations
and geometries, judicious use of short class II elastics,
14-day aligner change and sequential distalization by
optimizing staging prescriptions that are considered to
be crucial in molar distalization in CAT.
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