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Abstract: This paper aims to represent the orthodontic treatment of two young patients with skeletal
Class I relationship and unilateral impacted canines (case 1 with palatally displaced canine and case
2 with buccally displaced canine). Before starting full-mouth alignment, canines are moved away
from the roots of the neighbouring teeth. The protocol involved a surgical phase carried out in order
to expose the canine and traction it with TADs (temporary anchorage devices) and an orthodontic
phase performed to finalize the alignment. The canines were moved through vertical and distal force
vectors by using TADs as well as a cantilever spring. As soon as the crown of the canine was fully
visible, digital impressions were taken to start the digital planning of the orthodontic phase. At the
end of the treatment, results show a control of the facial aesthetics both from the frontal and lateral
perspectives with a harmonious profile. The molar and canine Class I relationship was achieved with
the recovery of the impacted canines and the overbite and overjet were normalized.

Keywords: clear aligner system; TADs (temporary anchorage devices); anchorage; canine impaction

1. Introduction

Altered dental eruption is represented by a clinical condition in which there is no
eruption of the tooth in its correct location. One of the main objectives of interceptive
orthodontics is to prevent the development of the permanent teeth problems, and among
these, one of the most frequent is the inclusion of canines. The prevalence of maxillary
canine impaction ranges from 1.0% to 2.5% [1–3]. Many studies have reported that the ma-
jority of the impacted maxillary canines are palatal (85%) when compared to labial (15%) [4].

When the canine begins its eruptive path, it appears with mesial inclination and
becomes more upright until it reaches the distal part of the lateral incisor root. If the canine
does not follow this path, it becomes impacted, and this can lead to several problems [5,6].

A correct diagnosis together with clinical examinations and radiographs are funda-
mental before starting an orthodontic treatment. The most recommended kind of X-ray for
the early prediction of impacted maxillary canine is the panoramic radiograph taken at age
of 8 or more (>11 yr) if the canine’s bulge is impalpable [7].

Many orthodontic techniques, including specific devices, have been proposed to
recover the impacted canine into the arch and manage the anchorage in the best way.

The “Canine First Technique”, already explained in the literature, is an orthodontic
approach for the impacted canines [8,9]. The aim of this technique consists of moving
the crown away from the roots of adjacent incisors with cantilever spring and temporary
anchorage devices Since the introduction of TADs as anchorage devices, the effectiveness
and predictability of orthodontic treatment has improved [10]

In the literature, there are many authors who discuss the treatment of impacted canines
with conventional fixed appliances, but no studies have been carried out concerning clear
aligners. The aim of this study is to show the advantages of combining TADs and aligners.
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Two orthodontic treatments of the palatal and buccal displaced canines will be reported. In
both cases, the protocol includes two phases: the first one exposes the canine and moves it
away from the roots of the lateral incisors, and the second aligns and levels the arches and
finalizes the occlusion.

2. Treatment Planning

Treatment goals included achieving a Class I molar and canine relationship, restor-
ing the impacted canine space without damaging the lateral incisor roots, and refining
alignment and occlusion. The treatment protocol involved non-extraction strategies, the
application of the clear aligner system, the auxiliaries as temporary anchorage devices, and
the use of cantilever springs for the canine disimpaction. The ClinCheck® was planned
with the arch expansion of 2 mm per stage and an additional 10◦ of buccal root torque
for upper molars and premolars. All subjects were instructed to wear their aligners full
time, except during meals and tooth brushing. Each aligner was changed every 7 days.
In these subjects, the overall treatment included two phases: firstly, the surgical exposure
and traction of the impacted canine with TADs (the canine-first technique), and secondly,
alignment and finishing with the clear aligner system.

3. Case 1

A 17-year-old female patient came for an observation in good general and oral health
without any significant pathologies.

The chief complaint of the patient was the absence of a permanent maxillary ca-
nine. Her face, from a frontal view, appeared well-proportioned in the three-thirds with
facial symmetry.

From a lateral view, the profile appeared straight and a normal nasolabial angle,
labiomental sulcus, and lip competence was represented. The initial records were collected
and X-rays were taken (Figure 1).
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Figure 1. A 17-year-old female with dentoskeletal Class I with an impacted upper right canine before 
treatment. Figure 1. A 17-year-old female with dentoskeletal Class I with an impacted upper right canine

before treatment.

Intraorally, the patient had Class I molar and canine relation on both sides, along with
normal overbite, overjet, and the retention of the deciduous canine.
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The cephalometric analysis showed a skeletal Class I (ANPg +1.7◦) with a good
proportion of the maxillaries (SNA 84◦; SNB 82.3◦) in a normo-divergent vertical pattern
(SNˆGo-Gn = 32.8◦) and a good inclination of the upper and lower teeth, respectively
(I/ANS-PNS 116.2◦; i/GoGn 91.6◦) (Table 1).

Table 1. Cephalometric Analysis.

Cephalometric Analysis

Pre-Treatment Post-Treatment

Sagittal Skeletal Relationships

SNA 84◦ 84.1◦

SNPg 82.3◦ 80.8◦

ANPg 1.7◦ 2◦

Wits −2.1 mm −1.3 mm

Vertical Skeletal Relationships

SN/ANS-PNS 7.7◦ 8.6◦

SN/Go-Gn 32.8◦ 34.9◦

ANS-PNS/GoGn 25.1 26.3◦

Dento-Basal Relationships

I/ANS-PNS 116.2◦ 109.2◦

i/GoGn 91.6◦ 88.8◦

i/APg 1.8 mm 1.3 mm

Dental Relationships

Overjet 3.6 mm +2.2 mm
Overbite 2.1 mm −0.3 mm

Interincisal Angle 127.1◦ 135.6◦

The panoramic X-ray showed unilateral permanent canine displacement in sector
four with an alpha angle of more than 53◦ degrees according to the Ericson and Kurol
classification (Figure 2).
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Figure 2. Pre-treatment panoramic X-ray with the evaluation of alpha angle and sector according to
the Ericson and Kurol classification.

3.1. Treatment Progress

The treatment started with the surgical exposure of the permanent canine followed by
the extraction of the deciduous canine. At the same time, a TAD (3M Unitek 8 mm × 1.5 mm)
was inserted on the palatal side between the upper second premolar and first molar.
Thereafter, a TMA 0.018 × 0.025—in cantilever spring was tied directly to the TAD and it



Appl. Sci. 2023, 13, 6914 5 of 19

was activated through extrusion and distalisation with a force of 50 g to move the canine
crown past the lateral incisor apex (Figure 3).
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Figure 3. After the surgical exposure of the impacted canine, a TAD was inserted between 1.5 and 1.6
and a 0.017 × 0.025 TMA was tied to the wire chain.

As for the palatally displaced canine, the cantilever spring was activated until the
canine was visible and near the crest. Then, the deciduous canine was extracted and
intraoral digital scans were taken by using the 3D scanner to start the orthodontic treat-
ment (Figure 4).
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Figure 4. After 6 months of cantilever spring activation in extrusion and distalisation.

At the first Clincheck®, the use of an eruption compensator was planned in order to
link the displaced canine to the aligner, through an elastic ligature, thus facilitating the
desired movement. Bite ramps are usually placed in order to disocclude the upper and
lower arches and increase the movement of the canine from the palatal to the vestibular
side (Figures 5 and 6).
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Figure 5. First Clincheck® and first set of aligners to create space, reach alignment and levelling
of both arches. The use of elastics and button as auxiliaries to promote the movement of the
impacted canine.
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Figure 6. Progress of treatment with mechanics of elastics.

Once the disimpacted canine was in a better position and near to the crest, intraoral
impressions and a new series of pictures were taken (Figure 7).
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Figure 7. First refinement with the involvement of the 1.3 in the aligner and consequent alignment
and levelling of both arches.

A horizontal rectangular attachment was placed on the buccal surface of the canine
and a buccal root torque was applied to ensure the three-dimensional control of the tooth
movement (Figure 8).
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Figure 8. Horizontal Rectangular gingival bevelled attachment to improve the fitting on the 1.3 and
buccal root torque.

The overall treatment time was 20 months, of which 6 months involved canine traction
and 14 months encompassed clear aligner therapy.

3.2. Results

At the end of the treatment, the data of the patient successfully treated with a technique
that combines cantilever mechanics with tads and clear aligners reveal the control of the
profile and soft tissue harmony.

Final clinical records show good aesthetics and the functional recovery of upper
canines in the arch. A Class I canine relationship was achieved, and overbite and overjet
were normalized. The coordination of the maxillary and mandibular midline was carried
out (Figure 9).
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The radiographic evaluation shows an ideal root parallelism and a preserved periodon-
tal health in the canine region. Retention was provided by Vivera in the upper arch and by
bonded lingual retainer in the lower arch. No TADs failures were observed (Figure 10).
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4. Case 2

An 18-year-old female patient was referred, complaining of unpleasant smile. She
presented good general health and no systemic or congenital diseases. From a frontal
view, the patient presented a well-proportioned three-thirds of her face and no evidence
of asymmetry. From the lateral view, the profile appeared convex with well-represented
nasolabial angle, labiomental sulcus, and lip competence. Intraorally, the patient showed a
Class II malocclusion with the molar Class I relationship, edge to edge canine relationship
on both sides, increased overjet, overbite, and the retention of the 63. Panoramic, lateral
headfilm, and dental cast records were taken (Figure 11).
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Figure 11. An 18-year-old female with dentoskeletal Class II with impacted upper left canine
before treatment.

The initial cephalometric analysis showed a skeletal Class I relationship (ANB, +2.6◦)
and mesodivergent pattern with the proclination of the upper (I/ANS-PNS 118.8◦) and
lower (i/GoGn:102.2◦) incisors. All the radiographic findings, the age of the patient,
the prolonged deciduous retention, and the risk of root resorption of the adjacent tooth,
led clinicians to conclude that the permanent canine would not erupt properly without
intervention (Table 2).

Table 2. Cephalometric Analysis.

Cephalometric Analysis

Pre-Treatment Post-Treatment

Sagittal Skeletal Relationships

SNA 79.6◦ 81.9◦

SNPg 77◦ 77.6◦

ANPg +2.6◦ +4.3◦

Wits −2.8 mm −3.4 mm

Vertical Skeletal Relationships

SN/ANS-PNS 8.6◦ 8.8◦

SN/Go-Gn 35.6◦ 34.5◦

ANS-PNS/GoGn 27◦ 25.7◦

Dento-Basal Relationships

I/ANS-PNS 118.8◦ 106.2◦

i/GoGn 102.2◦ 108.3◦

i/APg 1.5 mm 2.2 mm

Dental Relationships

Overjet +5.5 mm +1.8 mm
Overbite 0 mm 0.3 mm

Interincisal Angle 112◦ 132◦
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The position of the impacted canine showed an alpha angle of 58◦ and the Ericson and
Kurol II sector classification. No clinical symptoms on articular examination were detected
(Figure 12).
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the Ericson and Kurol classification.

4.1. Treatment Progress

The treatment started with the first surgical phase followed by the extraction of the
deciduous canine, and its engagement and traction toward the arch.

This was followed by the insertion of a TAD (3M Unitek 8 mm × 1.5 mm) on the buccal
side between the upper second premolar and first molar on the buccal side. Thereafter, a
TMA 0.018 × 0.025-in cantilever spring was modelled and applied directly to the TAD and
activated in extrusion and distalisation, applying a force of 50 g to achieve the movement
of the canine crown from lateral incisor apex (Figure 13).
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As for the palatally displaced canine, the cantilever spring was activated until the
canine was visible and near the crest. Then, the deciduous canine was extracted, and
intraoral digital impressions were taken for the clear aligner treatment.

In the first Clincheck®, the use of an eruption compensator was planned in order to
locate the displaced canine.

At the same time, the canine was linked to the button cutout of 36 teeth by using Class
II elastics to extrude and tip it. On the right side, Class II elastics were placed in order to
improve the dental Class II malocclusion (Figures 14 and 15)
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Once the displaced tooth was in a better position and near the crest, intraoral impres-
sions and a new series of pictures were taken. Then, an upper arch expansion was planned
in order to correct the transverse discrepancy and crowding.

A horizontal rectangular attachment was placed on the buccal surface of the canine,
and lingual root torque was applied to ensure the three-dimensional control of the tooth
movement (Figure 16).

The overall treatment time was 18 months, of which 6 months involved canine traction
and 12 months encompassed clear aligner therapy.



Appl. Sci. 2023, 13, 6914 15 of 19

Appl. Sci. 2023, 13, x FOR PEER REVIEW 16 of 21 
 

Once the displaced tooth was in a beĴer position and near the crest, intraoral impres-
sions and a new series of pictures were taken. Then, an upper arch expansion was planned 
in order to correct the transverse discrepancy and crowding. 

A horizontal rectangular aĴachment was placed on the buccal surface of the canine, 
and lingual root torque was applied to ensure the three-dimensional control of the tooth 
movement (Figure 16). 

   

 

 
Figure 16. Digital impressions after the first set of aligners and a new Clincheck® to refine the occlu-
sion. 

The overall treatment time was 18 months, of which 6 months involved canine trac-
tion and 12 months encompassed clear aligner therapy. 

4.2. Results 
Post-treatment records of the patient successfully treated using a combination of can-

tilever mechanics with TADs and clear aligners show a control of the facial aesthetics from 

Figure 16. Digital impressions after the first set of aligners and a new Clincheck® to refine
the occlusion.

4.2. Results

Post-treatment records of the patient successfully treated using a combination of
cantilever mechanics with TADs and clear aligners show a control of the facial aesthetics
from the frontal and lateral perspectives with a harmonious soft-tissue profile. Final clinical
records show good aesthetics and the functional recovery of the upper canines in the arch.
A Class I canine relationship was achieved, and overbite and overjet were normalized. The
correction of crowding was carried out (Figure 17).

At the end of the treatment, cephalometric radiographs show the good control of the
upper and lower inclination. The radiographic evaluation shows an ideal root parallelism
and a preserved periodontal health in the canine region (Figure 18). Retention was achieved
through Vivera in the upper arch and via a bonded lingual retainer in the lower arch. No
TAD failures were observed.
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5. Discussion

The aim of this paper is to represent the orthodontic treatment of two young patients
with skeletal Class I and unilateral impacted teeth. The used technique has allowed correct
impacted canine repositioning in order to improve the smile arc. In these cases, extra-torque
was used on the Clincheck® for the proper control of the canine roots, but since there is
only one point of application of the force, the precision of the torque is affected. Simon et al.
indicate that a loss of torque of up to 50% must be taken into consideration when using
aligner treatment [11].

The traditional technique requires initial alignment and placement of heavy rectan-
gular base arch wires to neutralize reaction forces. In clinical practice, the most correct
path to take is to move the impacted canines away from the roots of adjacent teeth before
completing the orthodontic configuration of the arch. The disimpaction of the canine
without the support of neighbouring teeth requires bone anchorage [12]. It is useful to
use the TAD supports linked to a TMA cantilever spring to provide anchorage for canine
eruption before starting alignment. In the literature, a similar case with canine impaction
has been described [13].

According to a study of Heravi et al., the disimpaction of palatally impacted canines
before the alignment of teeth may decrease root resorption; moreover, the use of TADs
allows a more controlled movement of the impacted tooth [12]. When approaching im-
pacted canines with a single direct TAD, it is important to assess the correct site for its
primary stability. Nucera et al. analysed the posterior supra-alveolar insertion and they
stated that the cortical bone thickness was adequate, but an accurate measurement of the
palatal mucosa should be taken as its extension ultimately affects TAD length selection [14].

One of the major reasons for failure of the treatment of the impacted canines is the
poor anchorage [15–18]. Another drawback can be the root resorption of adjacent teeth
due to the intrusive compressive forces generated or due to the incorrect planning of the
force vector.

The “Canine First Approach” was proposed to avoid these side effects related to
the incorrect canine traction, including root resorption and insufficient tooth movements.
According to the study by Migliorati et al., by using the direct anchorage, the canine showed
a 1 mm/month movement speed rate for the root apex and slightly faster movement in
terms of cusp movement when compared to the use of the indirect [19,20]. The single-TAD
approach is impressive and simple to handle, but it should be noted that some authors
prefer the use of two-TAD technique to reduce any stability problems due to traction
activation [21–23].
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In our case series, the TADs and cantilever spring combination allowed us to perform
the “Canine First Technique” to avoid overloading adjacent teeth. Then, the therapy
involved the use of clear aligners to finalize the aesthetic and functional treatment.

In the study of Houili, the mean accuracy of Invisalign® for all tooth movements was
50%. The highest overall accuracy was achieved with a buccal-lingual crown tip (56%).
These results are logical, given that the aligner material primarily flexes in a buccolingual
direction. Furthermore, aligners move teeth by pushing, and the buccal and lingual aspects
of the crown provide the largest surface area to be pushed. The choice of Invisalign®

technology has made it possible to create a digital design of the treatment plan, which
guarantees greater accuracy and predictability as well as aesthetic results. Considering the
literature on clear aligner treatment, the introduction of attachments and auxiliaries should
be taken into account in order to reach predictable results [24].

6. Conclusions

Post-treatment data obtained from our patients successfully treated via a combination
of cantilever mechanics with TADs and clear aligners illustrate the control of facial aesthetics
from frontal and lateral perspectives, along with a harmonious soft-tissue profile.

The radiographic evaluation shows ideal root parallelism and preserved periodontal
health in the canine region. The treatment of impacted canines can be managed effec-
tively with clear aligners through the use of auxiliaries such as TADs, which, when used
appropriately, can lead to satisfactory results.
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