Case Report

Anterior retraction with a canine implant in the way using clear aligner: a

case report

Xu Zhang®; Pochun Lin®; Naigi Liao®; Quan Yuan®; Yu Li°

ABSTRACT

Objective: A 26-year-old woman came for orthodontic treatment to improve her profile with pro-
trusive lips. Diagnosed as bimaxillary protrusion, extraction followed by anterior retraction was
indispensable for the case. However, her left upper lateral incisor was absent, the left upper
canine had moved mesially and replaced the adjacent incisor, and the original canine location
was restored with a long implant, which was in good condition. Surgical removal of the implant
would be tricky and might lead to atrophy of the alveolar bone. In addition, the upper left central
incisor had a short, curved root, which could not undergo significant movement.

Materials and Methods: After crucial discussion between orthodontists and implantologists, based
on digital setup, an innovative treatment plan was developed. Four incisors were extracted followed by
clear aligner therapy for anterior retraction. An individualized zirconia abutment was installed on the
upper left implant in a retroclined direction, cemented with a zirconia crown to replace the upper lateral
incisor. Minimally invasive veneers were made to reshape the other upper incisors for better esthetics.
Results: Finally, the patient had her profile greatly improved and the teeth well aligned without
removal of the implant.

Conclusion: Thus, the seemingly mission impossible was accomplished with a satisfactory out-
come, thanks to imaginative treatment planning and delicate interdisciplinary collaboration based
on digital simulation. (Angle Orthod. 2025;95:697—-709.)
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INTRODUCTION

Improving profile esthetics is a major motivation of
orthodontic patients, particularly for those with orofa-
cial deformities like bimaxillary protrusion. The primary
objectives of orthodontic intervention for bimaxillary
protrusion encompass improvement of the soft tissue
profile, typically through premolar extraction and ante-
fior retraction.’™

In special circumstances, unconventional tooth extrac-
tion options may be considered, which could be more
challenging.* Benefiting from development of digital
technology, dentists can now set up the dentition objec-
tive and design the tooth movement staging before initi-
ating the real treatment. Digital simulation has greatly
enhanced control and predictability of orthodontic proce-
dures, especially for complicated cases.

Currently, orthodontic simulation data can be imported
into implant restoration design modules in software,
enabling synchronous multidisciplinary design. Dentists
can predict the adequacy of space for restoration after
orthodontic movement, evaluate the harmony of tooth and
bone volume, determine the earliest feasible timing for
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Figure 1. Pretreatment facial and intraoral photographs.

Figure 2. Pretreatment dental casts.
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Figure 3. Pretreatment radiographs. (A) Lateral cephalogram with tracing. (B) Panoramic radiograph. (C) CBCT. CBCT indicates cone beam
computed tomography.
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Table 1. Cephalometric Analysis Measures Before and After
Treatment

Measurement Pretreatment Posttreatment Norm
SNA (°) 81.33 80.91 83.0
SNB (°) 79.79 79.1 80.0
ANB (°) 1.54 1.8 3.0
SN-MP (°) 39.98 40.68 30.0
FMA (°) 30.51 31.3 26.0
U1-NA (mm) 10.74 3.84 5.0
U1-SN (°) 122.54 105.12 106.0
L1-NB (mm) 10.38 2.41 7.0
IMPA (°) 97.72 76.04 97.0
UL-EP (mm) 2.79 0.58 -1.0
LL-EP (mm) 5.07 0.65 1.0

implant placement based on the tooth movement, and
assess whether previously placed implants can be pre-
served for subsequent restoration.>® Such streamlined
communication with patients regarding the outcome signif-
icantly shortens treatment duration in appropriate cases.

This paper is a report of an unconventional case,
which was completed by using imaginative treatment
planning based on digital simulation and delicate inter-
disciplinary collaboration between orthodontics and
implant prosthodontics.

Diagnosis and Etiology

The patient was a 26-year-old female who pre-
sented with a chief complaint of protrusion and a pref-
erence for orthodontic treatment using clear aligners.

She had undergone orthodontic treatment once in her
adolescence, including traction of some impacted teeth
as she recalled. About 5 years previously, one of her
upper left anterior teeth fell out, and she had a canine
implant installed at another medical facility. At that time,

Figure 4. Digital design and treatment simulation.
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she didn’t care too much about the protrusion. Now she
was concerned about the protrusion and pursued ortho-
dontic treatment for improvement.

The pretreatment facial photographs (Figure 1)
showed that the patient had a mesofacial type, a low
smile line, and a convex profile accompanied by pro-
trusive upper and lower lips. Additionally, her maxillary
and mandibular dental midlines deviated 1.5 mm to
the right of the facial midline.

The intraoral photographs (Figure 1) and dental
casts (Figure 2) showed that the patient had a perma-
nent dentition with Class | molar relationship. Notably,
the upper left lateral incisor was absent, and the upper
left canine had moved mesially and was substituting for
it. An implant restoration took the place of the upper left
canine. Cast analysis demonstrated mild maxillary
crowding and mild mandibular spacing.

The oral panoramic radiograph revealed a fair peri-
odontal condition with three third molars erupted (Fig-
ure 3). The lateral cephalometric analysis indicated a
skeletal Class | relationship, a high mandibular plane
angle, and protrusion of the upper and lower central
incisors (Figure 3, Table 1). Cone-beam computed
tomography (CBCT) showed a short and curved root
of the upper left central incisor, as well as a long
implant (NobelActive, 3.5 X 13 mm) at the original
position of the upper left canine (Figure 3).

The patient was diagnosed as having a Class | mal-
occlusion with bimaxillary protrusion, and skeletal
Class | with a high mandibular plane angle.

Treatment Objectives

The treatment objectives for this patient were to
improve the facial profile by retraction of the anterior

Pre-treatment

Simulated-treatment

%N mﬂr
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Figure 5. The ClinCheck for the RO treatment. Notably, an “oblique attachment” was put on the upper left canine to facilitate mesialization and

extrusion of the tooth as the arrow shows.

teeth, followed by prosthodontic treatment to enhance
anterior dental esthetics.

Treatment Plan Alternatives

To accomplish the objectives, two alternative treat-
ment plans were considered.

Plan A: Extract the upper right first premolar and
two mandibular first premolars, and remove the upper
left canine implant and, then, close the spaces by
retracting the anterior teeth using miniscrew-assisted
anchorage, if necessary.

That plan had two apparent drawbacks. First, the
canine implant was long and displayed good osseointe-
gration, with the apex close to the nasal base (Figure 3).
Consequently, it would be a tough task to take out the
implant, necessitating removal of a certain amount of
surrounding bone, with risk of injuring the nasal base
and causing postsurgical alveolar bone atrophy. Also,
the left upper central incisor with a very short and
curved root might not survive substantial retraction.

Plan B: Extract the handicapped upper left central
incisor as well as the upper right lateral incisor and two
mandibular lateral incisors, followed by closing the
spaces with anterior retraction. After the orthodontic
treatment, the upper right canine would replace the
upper right lateral incisor, the upper left canine would
replace the upper left central incisor, and the upper left
implant restoration would be redirected and reshaped
as the upper left lateral incisor. This plan facilitated a
large amount of anterior retraction with removal of the
upper left central incisor with a short root, and removal
of the long implant was also avoided.

However, there was cause for uncertainty in this plan:
Would the implant restoration be well-aligned in the post-
treatment dental arch? After prudent study of the simu-
lated orthodontic and prosthodontic treatment (Figure 4),
the orthodontists and implantologists tended to support
that a new restoration could probably be made on the
implant to fit in with the postorthodontic dentition.

The patient chose plan B and clear aligners (Invisa-
lign, Align Technologies, San Jose, CA, USA) for ortho-
dontic treatment.

Figure 6. Progress intraoral photographs at the first month of the RO treatment.
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Figure 7. Records at the 16th month of the RO treatment. (A) Intraoral photographs. (B) Lateral cephalogram. (C) Panoramic radiograph.

Treatment Progress

The intraoral scanner (iTero Element, Align Tech-
nologies, San Jose, CA, USA) provided a 3D dataset.
The ClinCheck system was used for setup and design
of attachments and staging. The treatment was com-
pleted in two phases: the initial treatment (R0) and the
first refinement (R1). The patient was seen every 1-
2 months during the treatment process to monitor oral
hygiene and aligner conformity.

Initial Treatment Phase (R0)

The ClinCheck image for RO is shown in Figure 5.
Notably, a rectangular attachment of 4 mm was put on
the left upper canine with an angulation of about 45°
to the crown facial axis. As the large mesial movement
of this canine would be challenging, the orthodontist
(YL) specifically designed such an “oblique attach-
ment” with the speculation that it might assist mesial
and extrusive movements, preventing dislodging the
aligner from the tooth.

Angle Orthodontist, Vol 95, No 6, 2025

The main objectives of RO were to retract anterior
teeth and close the extraction spaces (Figures 6 and
7). A total of 46 aligners were used over 16 months.
The patient changed aligners every 10 days according
to the orthodontist’s instruction. During anterior tooth
retraction, virtual pontics were used for esthetic camou-
flage of the four extracted incisors. On the 16th month,
closure of the extraction spaces was completed, leaving
the implant restoration exclusively outside the dental
arch (Figure 7). Notably, the upper left canine moved
substantially mesially and lingually, with acceptable root
parallelism (Figure 7C), indicating that the oblique rect-
angular attachment worked well in this case.

The implantologists removed the original crown and
abutment from the implant, and then a standard abutment
was temporarily installed, with a resin temporary crown
put on, which aligned well to the dentition (Figure 8).

First Refinement Phase (R1) and Prosthodontic
Treatment

The R1 treatment was to upright the upper right
canine and the lower left canine, and to adjust the
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Figure 8. Intraoral photographs after replacing the temporary crown of the dental implant.

remaining space. A total of 18 aligners were used over
5 months (Figure 9).

At the end of orthodontic treatment, the final pros-
thetic treatment was carried out. A digital smile design
was conducted and a wax-up was created in the labo-
ratory. Then, the configuration was evaluated intraor-
ally prior to tooth preparation (Figure 10A). The
prosthodontic outcome was previewed in the patient’s
mouth using a mockup (Figure 10B). The restorations
did not affect the protrusive and lateral guidance.
Tooth preparation was guided by the mockup spot

Figure 9. Intraoral photographs after first refinement.

bonded to the teeth (Figure 10C). Once tooth prepara-
tion was completed, followed by polishing, a digital
shade matching process was conducted using a gray
card, and a final impression was taken. The final resto-
rations, including the individualized zirconia abutment,
crown and lithium disilicate veneers, were then placed
(Figure 10D). With the patient’s approval, the restora-
tions were cemented individually under rubber dam
isolation, using total etch adhesion and a light-cured
composite following the manufacturer’s instructions
(Figure 10E).

Angle Orthodontist, Vol 95, No 6, 2025
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Figure 10. The final esthetic restoration process for the anterior teeth. (A) Digital smile design; (B) Mockup; (C) Tooth preparation; (D)
Zirconia custom abutment, crown, and silicon-dioxide veneers; (E) Final restoration.

Treatment Results

Orthodontic treatment spanned 21 months with a total
of 64 aligners (46 + 18). After that, esthetic restoration
of the four upper incisors was performed with a zirconia
crown and three lithium disilicate veneers. Despite
obstruction of the upper left implant, the treatment
objectives were fully accomplished (Figures 11-13).
In particular, the incisors were retracted, resulting in
reduced lip protrusion and improved profile esthetics
(Table 1, Figures 13 and 14). Additionally, the upper
and lower midlines coincided with the facial midline.
The patient demonstrated compliance with wearing
clear aligners and expressed satisfaction with the treat-
ment results. Overall, efficient treatment and a satisfac-
tory outcome were achieved in this unconventional case.

Retention

Transparent, full-arch wraparound retainers were used
for both arches. The patient was instructed to wear them
full time for the first year posttreatment and only at night
for the second year. Instructions were provided for home
care, as well as for maintenance of the retainers. Follow-

Angle Orthodontist, Vol 95, No 6, 2025

up records were collected 15 months after the treatment
finished, with stable results observed (Figure 15).

DISCUSSION

This case involved a presentation with bimaxillary
protrusion, a malocclusion usually treated by extracting
four premolars to facilitate anterior retraction. However,
a dental implant at the canine position complicated the
situation. One common option is to extract the implant.
However, due to the long implant and its proximity to
the nasal base, considerable risks were anticipated with
bone removal for implant extraction, potentially leading
to postoperative alveolar bone atrophy. Among the exist-
ing techniques, the reverse torque technique is consid-
ered the most conservative to remove osseointegrated
implants, which may have the following drawbacks: first,
there is over a 12% failure rate; second, in certain cases,
it may lead to implant fracture or bone fragment detach-
ment, especially when appropriate explantation devices
are unavailable.” When the reverse torque technique
fails, drilling or piezosurgery could be considered; how-
ever, these methods may result in greater bone loss.
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Figure 11. Posttreatment facial and intraoral photographs.

An alternative strategy was extraction of the incisors
for retraction, avoiding obstruction of the canine implant.
Usually, it would be preferable to extract the lateral rather
than the central incisors. However, the short and curved
root of the left upper central incisor made it unsuitable for
long-distance retraction. Therefore, extraction of the left
upper central incisor was planned, which not only
removed the handicapped tooth but also ensured effec-
tive anterior retraction.

Since the implant could not be moved, the upper left
lateral incisor to be restored on the implant would be
much wider than the natural upper right lateral incisor.
Therefore, the upper right lateral incisor was planned to
be extracted, with the adjacent, wider canine as its sub-
stitute. The final prosthodontic outcome demonstrated
symmetric upper lateral incisors, which supported the
present treatment plan. Another option was to extract
the upper right first premolar, which might have fallen
short in the following ways: first, the upper right lateral
incisor would still have needed a crown to increase its
width; second, the upper right canine would have been

asymmetric to the upper left first premolar (at the canine
site); third, a miniscrew would have to be used to
enhance posterior anchorage on the right side, which
was avoided in the present treatment plan.

In the lower arch, there were also options: to extract
the incisors or premolars. The patient originally had a
Class | molar relationship on both sides, with good inter-
cuspation. Since two upper incisors were to be extracted,
extraction of two lower incisors would have facilitated
keeping the original occlusion. If two lower first premolars
were extracted, intercuspation would have to be re-
established between the upper first premolars (serving
as the canines) and the lower canines, which would
require recontouring of these teeth. In adult orthodontic
treatment, unnecessary changes to the well-adapted
intercuspation should be avoided if possible. Additionally,
extraction of the lower premolars might also necessitate
use of miniscrews to enhance the posterior anchorage.

Success of the present treatment plan can be pri-
marily attributed to two factors. First, due to the pro-
nounced bimaxillary protrusion, it was determined that

Angle Orthodontist, Vol 95, No 6, 2025
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Figure 12. Posttreatment dental casts.

the left upper posterior teeth needed almost no mesial
movement. This allowed set-up of a treatment objec-
tive involving the greatest amount of anterior retraction
to close the extraction spaces. Second, after the
orthodontic treatment, palatal movement of the upper
anterior teeth was anticipated and, luckily, the implant
was positioned palatally in the alveolar bone, which
increased the chance of success of repositioning the
implant crown to fit in the postorthodontic dentition. In
this case, the orthodontist and the implantologist thor-
oughly considered these factors and devised a compre-
hensive treatment plan, which was successful in the end.

In cases of upper incisor extraction, delicate tooth
positioning should be considered for a better esthetic
outcome. In fixed orthodontic treatment, if an upper
canine is to replace the lateral incisor, it should be
bonded with the preadjusted bracket of the lateral inci-
sor, which includes palatal root torque as the lateral
incisor requires.® In addition, gingival margins of the
upper canines and central incisors are almost at the
same height, whereas those of the first premolars and
lateral incisors are lower. Therefore, individualized
canine extrusion and premolar intrusion may be nec-
essary during their mesial positioning.* In clear aligner
therapy, these details should be considered in the digi-
tal setup of the final dentition.

Another issue worth mentioning is posttreatment lateral
guidance. Since no upper canines remained, there was
no canine protected occlusion after the orthodontic treat-
ment. The deviation from canine protected occlusion to

Angle Orthodontist, Vol 95, No 6, 2025
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group function occlusion after extraction of an upper cen-
tral incisor has been well elaborated in a previous case
report. In the present case, careful intraoral examination
was done to make sure that there was no occlusal inter-
ference during lateral excursion. In addition, the patient
did not complain about any occlusal problem in the reten-
tion period, during which dental alignment was stable.
Therefore, a suitable functional occlusion was established
for the patient.

The implantologist in this case utilized a personalized
zirconia adhesive abutment to avoid exposure of the
metal prefabricated abutment at the gingival margin, and
to reshape the peri-implant gingiva, promoting periodon-
tal esthetics. Previous studies demonstrated that utiliza-
tion of personalized CAD/CAM healing abutments in an
immediate protocol could notably enhance preservation
of peri-implant marginal bone and soft tissue.®'° Various
studies have shown successful osseointegration and
long-term function of single-tooth implant-supported res-
torations."™™"* Compared to conventional prefabricated
abutments, custom-made zirconia abutments associated
with all-ceramic restorations may be used to achieve
superior esthetic outcomes.'®'” Personalized zirconia
abutments are white, and personalized titanium abut-
ments treated with surface gold spraying exhibit a warm
color tone, reducing the color discrepancy between the
peri-implant soft tissue and the natural gingiva.'®2°

The posttreatment panoramic radiograph revealed a
slight mesial inclination of the right upper canine, repre-
senting a minor flaw of this case. The long root of the
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Figure 13. Posttreatment radiographs. (A) lateral cephalogram with tracing; (B) panoramic radiograph; (C) CBCT. CBCT indicates cone beam
computed tomography.
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Pretreatment
Posttreatment

Figure 15. 15-month posttreatment intraoral photographs.
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canine posed a big challenge for achieving ideal root
movement, especially with clear aligners alone. Adjunc-
tive approaches such as segmental archwires or power
arm traction could be used to improve this imperfection.

CONCLUSIONS

This presentation demonstrates a successful inter-
disciplinary treatment of an unconventional case
with an imaginative strategy.

Pretreatment digital simulation, individualized treat-
ment planning, and pertinent interdisciplinary collab-
oration can effectively promote treatment quality
and maximize patient benefits, especially when fac-
ing complicated cases.
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