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Abstract: (1) Background: Orthodontic treatment may be a potential predisposing factor for ECR. The
affected tooth goes to ankylosis, which could lead to a malocclusion. Although teeth severely affected
by ECR (class IV Heithersay) are usually extracted, this case report aims to present the use of an ECR
class IV upper canine, both as ankylosed to solve the malocclusion and the occlusal plane canting,
as well as not ankylosed to correct its ridge defect with orthodontic extrusion. (2) Methods: A 14-
year-old male, complaining of an ugly smile and a failed orthodontic attempt to recover an impacted
canine, was referred to the orthodontic clinic. He was diagnosed with class II right subdivision,
midline deviation, both upper and lower occlusal plane canting, and an upper left canine, previously
impacted, showing ECR class IV. The treatment first included canting resolution with a cantilever
and a spring, exploiting the anchorage offered by the ankylosed ECR canine. Then, a coronectomy,
endodontic treatment, and orthodontic extrusion of that canine were performed to obtain the implant
site development. (3) Results: Clinical and radiographic outcomes showed normocclusion and
better bony conditions for safer implant placement in the aesthetic zone. (4) Conclusions: The high
aesthetics and the periodontal and bony conditions obtained are probably not achievable by other
therapeutic alternatives.

Keywords: external cervical resorption; ankylosed upper canine; occlusal plane canting; orthodontic
extrusion; case report

1. Introduction

Orthodontic treatment aims at aligning teeth or correcting skeletal and functional
problems. However, teeth are not always erupted [1], and a patient’s malocclusion can
include impacted teeth.

Among the most common reasons for the recovery failure of impacted teeth, together
with inadequate anchorage and mistaken directional traction, ankylosis seems to be respon-
sible for 32.4% of failures [2]. However, a retrospective analysis of impacted canine traction
failure shows the presence of a typical root resorption pattern [3] that shifts the diagnosis
from ankylosis to a condition identified as “Invasive Cervical Root Resorption” (ICRR) or
“External Cervical Resorption” (ECR) [3,4].

ECR is an idiopathic and rare external tooth resorption process localized in the area of
the cementoenamel junction and connective tissue attachment [4] that gradually involves
dentin coronally, apically, and circumpulpally up to the predentine layer but does not
involve the pulp until very advanced stages. Unfortunately, scientific literature lacks in-
formation regarding this condition; thus, pathogenesis remains unclear. There are several
potential predisposing factors that lead to ECR: the aforementioned orthodontic treatment,
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traumatic injury, internal bleaching, extraction of a neighboring tooth, and chronic peri-
odontitis [5–7]. Pathogenetically, it has been linked to any kind of direct trauma on the root
cementum that exposes the underlying dentinal tissue to increased odontoclastic action and
reduces the activity of bone resorption factors [8,9]. As the dental hard tissue destruction
progresses, a cementum-like substance is deposited, leading to a relative increase in tooth
resistance that counteracts collapse [8,9]. Therefore, ankylosis followed by replacement
resorption and ECR can be confused. Thus, a thorough analysis of traction non-responding
teeth to determine a loss of anchorage is essential since ICRR loss of tooth mobility is only
partial, related to the localized resorption [3].

Depending on the extension and localization of resorption, the severity of ECR can be
divided into four different classes, according to Heithersay [10]. While different treatment
modalities have been proposed for the initial stages, teeth with advanced ECR lesions are
candidates for extraction [3].

Although orthodontic treatment could have different endpoints, symmetry is consid-
ered a key aspect in achieving an ideal smile [11]. Unfortunately, treating asymmetries often
generates different asymmetries in other planes of the space [12]. The same scenario could
take place in cases of undiagnosed ankylosis, resulting in unexpected teeth movements.

Among asymmetries, occlusal canting could be listed as one of the most challenging
clinical situations for orthodontists. Different segmented mechanics have been proposed
in order to give a new symmetry to the occlusal plane, but they generate a step between
anterior and posterior teeth as a side effect. In order to reduce the weight of side effects, a
novel approach combining a simple auxiliary canting spring with a continuous archwire to
correct canted incisal planes was proposed by M. Musilli [13].

The aim of the present case report is to describe a valid orthodontic, biomechanically
and periodontally-based treatment for a severe ECR case of an impacted canine associated
with a severely canted occlusal plane.

2. Patient Information—Case Presentation

A systemically healthy 14-year-old male patient presented at the orthodontic clinic.
His chief complaints were an ugly smile and a failed orthodontic attempt to recover an
impacted upper left canine. The patient reported that he had previously undergone surgical
exposure of the upper left canine to move it to its correct occlusal position by means of
an orthodontic appliance. The patient’s case report is presented following the CARE
guidelines checklist [14] in Appendix A.

2.1. Clinical Findings

On examination, the patient was periodontally healthy and did not show any carious
lesions. He presented class II right subdivision type 1 with lower midline deviation [15],
both lower and upper occlusal plane canting, and an upper left canine that was partially
erupted but ankylosed. He had an intraoral multibracket fixed appliance that, referring to
the anamnesis, was elsewhere used to recover the impacted canine (Figures 1 and 2). That
multibracket appliance with slot “0.018 × 0.025” was probably the Roth technique.
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Figure 2. Extra-oral patient baseline presentation (with multibracket fixed appliance elsewhere used
to recover the impacted canine).

2.2. Radiographic Findings

An orthopantomographic X-ray showed a radio-transparency on the distal surface of
the upper left canine. Cantings were also evident. No other anomalies could be detected
(Figure 3).
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No other anomalies could be detected.
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2.3. Diagnostic Assessment

Radiographic data, together with the anamnesis and the clinical appearance, were
compatible with the diagnosis of ECR of the upper left canine. The diagnostic assessment
revealed that, most likely, the orthodontic force and surgical disimpaction activated the
canine’s ECR grade 4 Heithersay [10] and its consequent ankylosis.

The delay in achieving a correct diagnosis was responsible for the canting due to the
perpetuation of the ankylosed canine, determining an intrusion of adjacent teeth rather
than the canine’s extrusion. Lower canting was probably due to the use of vertical elastics
from the upper left canine to the lower arch teeth or to indiscriminate alignment [16]
without occlusal vertical control of the lower left side (as a secondary consequence of upper
antagonist teeth intrusion).

3. Therapeutic Interventions

The main aim of the treatment was to solve the severe malocclusion. The class 4 ECR
was attributed to a hopeless prognosis for the upper left canine. However, an eventual
extraction could not be immediately followed by an implant placement since the patient
was still growing.

Thus, the ECR tooth was planned to be used in a twofold way. First, the ankylosis
was used to solve the upper canting by using the element for maximum anchorage. For
this purpose, it was connected to a cantilever activated in intrusion for the first quadrant
directly from the canine. To solve lower arch canting, a modified Ricketts utility arch similar
to a canting spring was used [13], working without molar tip activations but only with
vertical activation on the front teeth.

At the end of the canting resolution phase (Figures 4 and 5), the ECR upper left canine
was located apical to its ideal position and far from the occlusal plane, creating a vertical
discrepancy between the actual and ideal bone levels that would have worsened with its
extraction. With the final aim of placing an implant and avoiding the need for invasive
horizontal and vertical ridge reconstructions, the tooth underwent an orthodontic extrusion
when the anchorage outlived its function.
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Figure 5. The end of the canting resolution phase extra-orally is shown. The ECR upper left canine
was located apical to its ideal position and far from the occlusal plane.

Several scientific articles and case reports describe the role of orthodontic extrusive
remodeling in the enhancement of soft and hard tissue profiles prior to implant place-
ment [17–36].

In this case, the upper left canine was surgically exposed by means of a trapezoidal
full-thickness flap. Then, it underwent a coronectomy extending apically to the ECR lesion
in order to remove the damaged ankylosed distal surface (Figure 6) and was subsequently
treated endodontically (Figure 7). Before the flap suture, a cantilever was bonded to the
residual root (Figure 8).
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of the ankylosed area. Thus, a cantilever 0.9 mm in stainless steel replaced the first one to 
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Figure 8. Cantilever bonded to the residual root.

The extrusion was first planned using a 0.016 × 0.022-inch Elgiloy cantilever inserted
in two palatal -, activated in extrusion, and connected to the canine residual root (Figure 9).
However, no movement happened with the normal orthodontic extrusive force delivered
by this cantilever, likely due to a paracellar block consequent to incomplete removal of
the ankylosed area. Thus, a cantilever 0.9 mm in stainless steel replaced the first one to
increase the extrusion at the orthopedic force of 500 g (Figure 10). As soon as the residual
root erupted, it was orthodontically splinted with a small composite veneer for aesthetic
reasons (Figure 11).
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Figure 11. As soon as the residual root erupted, the canine was orthodontically splinted with a small 
composite veneer for aesthetic reasons. 

The last step of the orthodontic treatment aimed at the resolution of the second class 
subdivision (Figure 12) by using a multibracket fixed appliance with slot “0.018 × 0.022” 
in Ricketts technique, by means of class II elastics, leading to the final normal-occlusion 
(Figure 13), good aesthetic facial and profile (Figure 14), and normal panoramic X-ray fea-
tures (Figure 15). 

Figure 12. Malocclusion of class II left subdivision to correct with class II elastics. 
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Figure 11. As soon as the residual root erupted, the canine was orthodontically splinted with a small
composite veneer for aesthetic reasons.

The last step of the orthodontic treatment aimed at the resolution of the second class
subdivision (Figure 12) by using a multibracket fixed appliance with slot “0.018 × 0.022”
in Ricketts technique, by means of class II elastics, leading to the final normal-occlusion
(Figure 13), good aesthetic facial and profile (Figure 14), and normal panoramic X-ray
features (Figure 15).
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4. Follow-Up and Outcomes

The upper cantilever activated in intrusion directly from the canine solved the upper
canting. A lower modified Ricketts utility arch, similar to a canting spring, solved the lower
canting. The upper cantilever and the lower modified Rickets utility completely corrected
the upper and lower canting, respectively, in four months. Then, the forced orthodontic
extrusion was performed with an SS cantilever, leaving 500 g of orthopedic force, reaching
the residual root eruption in five days. Post-surgical healing was uneventful, allowing
the clinician to remove the sutures at 14 days. A further control visit a month thereafter
confirmed the absence of any complications. The orthodontic splint of the canine’s residual
root allowed clinicians to control its mobility and not only maintain but also increase
the alveolar bone height at that site. However, the site development due to the residual
root extrusion was not only quantitative (volume increase) but also qualitative. With the
periodontal attachment being moved apically by the surgery and its coronal movement,
it was possible to gain keratinized tissue. As shown by the comparison of pre-surgical
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and final pictures, the vestibular gingival tissue changed from an absence to a height
comparable with the adjacent teeth.

At the end of the orthodontic fixed treatment with the multibracket fixed appliance and
with class II elastics, the patient reached normo-occlusion. He showed midline coincidence,
normal overjet, normal overbite, and class I molar and canine relationship.

At the end of orthodontic treatment, upper and lower fixed retainers were placed. The
extruded left canine residual root underwent conservative prosthetic treatment in order
to replace the crown and maintain the bony peaks and aesthetics. The patient undergoes
semestral follow-ups and oral hygiene sessions while waiting to reach a proper age for
implant placement in the upper left canine site.

5. Discussion

The present case report illustrates the treatment of a young patient presenting II class
II right subdivision with both lower and upper severe occlusal plane canting and midline
deviations associated with the upper left canine partially erupted and suffering from a class
IV Heitersay ECR.

In this case report, the orthodontic therapy was carried out with the following objec-
tives: solve the problems that arose from the previous treatment; improve and regulate
the shape of the arches; create a correct occlusion; and, finally, prepare the patient for a
future, safer, less invasive, and more predictable implant-prosthetic rehabilitation. It was
necessary to remove the canine crown with the only aim not to avoid the implant but to
carry out a treatment that could develop the implant site, guaranteeing better quality and
quantity of the alveolar bone.

Only the part of the canine with root resorption and ankylosis (affected by ECR)
was removed, leaving and using the most apical healthy root portion to carry out the
orthodontic extrusion. Alternative treatment for the ankylotic tooth could have included
the following: (a) luxation or distraction [37,38], but in the case presented, the ankylosis area
was too extensive, leading to a high degree of difficulty or impossibility of the intervention;
(b) osteotomy cuts [37], but in that case, the position of the ECR canine was too high;
(c) extraction of the tooth, with a consequent bone deficit and subsequent worsening, due to
the age of the patient and to the extrusive movements to be carried out on the teeth adjacent
to the ankylotic one. The extraction would have been followed at the end of growth by
a bone graft operation (probably with sampling from other areas in order to manage a
significant extension of the defect found at the end of growth) and subsequently by difficult
implant prosthetic replacement or prosthetics on dental elements.

However, the biological and histological foundations that led the authors to develop
the approach performed appear in periodontal research carried out on monkeys [39].

Class IV ECR teeth are considered hopeless and are thus extracted and eventually
replaced [40]. The present case report points out specific characteristics of ECR that could
make affected teeth precious in some treatment plans.

According to histological findings, both in vital and endodontically treated teeth, ECR
pathologically undergoes three phases, ending with the deposition of a bony-like tissue
inside the newly-formed cavities [7,41].

The observed clinical ankylosis is, histologically, only localized at the lesion site, and
it deeply differs from what is normally seen in ankylotic teeth, where it extends all over
the root. Therefore, teeth affected by advanced stages of ECR could be used for maximum
orthodontic anchorage, as well as a normal tooth to be moved throughout the affected site
if bypassed by coronectomies.

In this specific clinical case, the residual root extrusion obtained after the surgery
allowed the site to develop both quantitatively and qualitatively. The extrusion created
an edentulous ridge showing optimal bony conditions, certainly better than what would
have existed if the canine had been extracted in that young patient. In fact, both the canine
extraction and residual alveolar growth in that patient would have caused a significant bone
deficit in that site, compromising the possibility and success of further implant-prosthetic
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rehabilitation. Thus, the extrusion being responsible for the site bone development will
enable the clinician to avoid the need for more complex, invasive, and less predictable
reconstructive surgeries to allow a correct implant placement and reach a desirable aesthetic
result.

On the other hand, the development of an adequate keratinized tissue height, thanks
to the coronal movement of the new periodontal attachment, could camouflage the presence
of the future implant aesthetically without the need for soft tissue grafting. Furthermore, if
maintained during the implant-prosthetic procedures, the presence of the keratinized tissue
is currently considered a positive prognostic factor for implant health by most experts.

The complexity of the orthodontic treatment could have faced the severe upper and
lower occlusal plane canting by adopting a few orthodontic alternatives for this case: (1) the
use of continuous, preactivated arch-wires according to the indications of Eric Liou [42];
the use of levers with rear anchorage, described by Nanda [43,44]; the use of an activated
utility arch with tip back of opposite direction on a three-part segmented arch, suggested
by Dr. Roberto Ciarlantini; or the use of skeletal anchorage in the alveolar vestibular region
of the over-erupted areas of the upper and lower arches.

The pre-activation for canting correction described by E. Liou is, basically, made up of
opposite curvatures activated in the arch-wire posterior sectors (accentuated-Spee curve
on one side and anti-Spee curve on the other), hoping that they can create an intrusive
effect in a canine region of one side and an extrusive effect in the opposite canine region of
the same arch. This method was discarded, both because it relied too much on posterior
dental anchorage, already particularly stressed by the previous therapeutic phases, and
because it did not sufficiently guarantee that the movement would take place mainly in the
anterior sector, based on the concept of indiscriminate alignment. The solution proposed
by Nanda and Uribe consists essentially of segmenting the lower arch into two or three
parts, combined with the use of one or two cantilevers, in order to activate vertical forces
(intrusive/extrusive) on the anterior region (between the canines). This method was not
chosen because, although it is very useful in other cases of canting, in this case, it would
have created too important vertical steps between the posterior segments and the anterior
segment. For the same reason, the mechanics proposed by Roberto Ciarlantini were not
considered useful.

The use of inter radicular skeletal anchorage, as indicated in the third alternative
option, would have been excellent for the patient, but it was discarded to avoid the use
of excessive and unnecessary mini-screws; strong skeletal anchorage already existed in
the upper arch, consisting of ankylosed 2.3 element. In any case, we would have used
the mini-screws later for the forced eruption of the 2.3 element root. For the lower arch, a
system similar to the canting spring was chosen.

This choice allowed the clinician to start the therapy immediately without providing
for changes in the technique, the change of the brackets, or the reintegration of detached
brackets. The upper arch cantilever gave only intrusive force on the most extruded point
of the arch, while the lower utility arch, preactivated as a canting spring and overlayed
onto the pre-existing continuous arch, developed four vertical forces of about 30 g each.
Two of them, opposite in direction, were in the anterior sector, at the level of the anterior
steps of the utility arch, creating a moment suitable for the correction of the occlusal plane
of the frontal teeth. The other two forces were posterior vertical forces of similar intensity,
creating a moment of opposite direction to that one realized in the anterior sector. The
individual posterior forces released at the height of the molars were considered to be of
such intensity as to be well controlled by the occlusion.

6. Conclusions

Thanks to their histologic features, teeth affected by ECR can be considered partly
ankylosed. Clinically, this means that they could be orthodontically regarded as ankylotic
or not, depending respectively on the maintenance of the whole tooth or exclusively the
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part apical to the lesion. Therefore, they can be used for maximum orthodontic anchorage,
as well as extruded to preserve or increase bony profiles in the same clinical case.

On these bases, occlusal canting was solved, thanks to ankylosed canine with ECR
and then an orthodontic extrusion, following the removal of the 2.3 element ankylotic area,
was performed to prepare the site for future implant placement. The high aesthetics and
periodontal and peri-implant health obtained would probably not have been achievable by
other therapeutic alternatives.

7. Patient Perspective

The patient is now awaiting the right age to insert the implant. Even if the forced
extrusion may not have increased the thickness of the alveolar bone because the root portion
used for the implant site development had a reduced size and, above all, a reduced section,
currently, there is good height and regularity of the dental arches, both in aesthetics and
function. These conditions will greatly facilitate the subsequent implant-prosthetic phases.

8. Informed Consent

Finally, regarding CARE guidelines, we obtain the signed informed consent of the
patient to publish online his case in an open access format paper. We believe that authors
have an ethical duty to obtain informed consent from the patient to publish patient infor-
mation in a case report. Consent becomes informed when the patient or a relative reads the
case report and approves its contents, as happened in this case.

Author Contributions: Conceptualization, M.M. and E.V. (Enzo Vaia); methodology, M.T.I.; software,
M.T.I.; validation, V.D. and M.M.; formal analysis, M.T.I.; investigation, M.M. and E.V. (Enzo Vaia);
resources, M.M. and E.V. (Enzo Vaia); data curation, M.T.I. and E.V. (Emanuele Vaia); writing—original
draft preparation, M.T.I.; writing—review and editing, M.T.I.; visualization, M.T.I.; supervision, V.D.
and L.R.; project administration, V.D. and L.R. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study
since IRB is not required for single patient case studies.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.



Dent. J. 2023, 11, 278 12 of 14

Appendix A

Dent. J. 2023, 11, 278 12 of 14 
 

 

Appendix A CARE Guidelines Completed Checklist 

 

References 

1. Ezoddini, A.F.; Sheikhha, M.H.; Ahmadi, H. Prevalence of dental developmental anomalies: A radiographic study. Community 

Dent. Health 2007, 24, 140–144. 

2. Becker, A.; Chaushu, G.; Chaushu, S. Analysis of failure in the treatment of impacted maxillary canines. Am. J. Orthod. Dentofac. 

Orthop. 2010, 137, 743–754. https://doi.org/10.1016/j.ajodo.2008.07.022. 

3. Becker, A.; Abramovitz, I.; Chaushu, S. Failure of treatment of impacted canines associated with invasive cervical root resorp-

tion. Angle Orthod. 2013, 83, 870–876. https://doi.org/10.2319/090812-716.1. 

4. Tronstad, L. Root resorption—Etiology, terminology and clinical manifestations. Dent. Traumatol. 1988, 4, 241–252. 

https://doi.org/10.1111/j.1600-9657.1988.tb00642.x. 

5. Patel, S.; Mavridou, A.M.; Lambrechts, P.; Saberi, N. External cervical resorption-part 1: Histopathology, distribution and 

presentation. Int. Endod. J. 2018, 51, 1205–1223. 

6. Samandara, A.; Papageorgiou, S.N.; Ioannidou-Marathiotou, I.; Kavvadia-Tsatala, S.; Papadopoulos, M.A. Evaluation of ortho-

dontically induced external root resorption following orthodontic treatment using cone beam computed tomography (CBCT): 

A systematic review and meta-analysis. Eur. J. Orthod. 2018, 41, 67–79. https://doi.org/10.1093/ejo/cjy027. 

7. Mavridou, A.M.; Hauben, E.; Wevers, M.; Schepers, E.; Bergmans, L.; Lambrechts, P. Understanding external cervical resorption 

in vital teeth. J. Endod. 2016, 42, 1737–1751. https://doi.org/10.1016/j.joen.2016.06.007. 

8. Hammarström, L.; Lindskog, S. Factors regulating and modifying dental root resorption. Proc. Finn. Dent. Soc. 1992, 88 (Suppl. 

S1), 115–123. 

9. Iqbal, M.K. Clinical and scanning electron microscopic features of invasive cervical resorption in a maxillary molar. Oral Surg. 

Oral Med. Oral Pathol. Oral Radiol. Endodontol. 2007, 103, e49–e54. https://doi.org/10.1016/j.tripleo.2007.01.020. 

10. Heithersay, G.S. Invasive cervical resorption: An analysis of potential predisposing factors. Quintessence Int. 1999, 30, 83–95. 

11. Kokich, V.O., Jr.; Kiyak, H.A.; Shapiro, P.A. Comparing the perception of dentists and lay people to altered dental esthetics. J. 

Esthet. Restor. Dent. 1999, 11, 311–324. 

Figure A1. CARE Guidelines Completed Checklist.

References
1. Ezoddini, A.F.; Sheikhha, M.H.; Ahmadi, H. Prevalence of dental developmental anomalies: A radiographic study. Community

Dent. Health 2007, 24, 140–144. [PubMed]
2. Becker, A.; Chaushu, G.; Chaushu, S. Analysis of failure in the treatment of impacted maxillary canines. Am. J. Orthod. Dentofac.

Orthop. 2010, 137, 743–754. [CrossRef] [PubMed]
3. Becker, A.; Abramovitz, I.; Chaushu, S. Failure of treatment of impacted canines associated with invasive cervical root resorption.

Angle Orthod. 2013, 83, 870–876. [CrossRef] [PubMed]
4. Tronstad, L. Root resorption—Etiology, terminology and clinical manifestations. Dent. Traumatol. 1988, 4, 241–252. [CrossRef]
5. Patel, S.; Mavridou, A.M.; Lambrechts, P.; Saberi, N. External cervical resorption-part 1: Histopathology, distribution and

presentation. Int. Endod. J. 2018, 51, 1205–1223. [CrossRef] [PubMed]
6. Samandara, A.; Papageorgiou, S.N.; Ioannidou-Marathiotou, I.; Kavvadia-Tsatala, S.; Papadopoulos, M.A. Evaluation of or-

thodontically induced external root resorption following orthodontic treatment using cone beam computed tomography (CBCT):
A systematic review and meta-analysis. Eur. J. Orthod. 2018, 41, 67–79. [CrossRef]

7. Mavridou, A.M.; Hauben, E.; Wevers, M.; Schepers, E.; Bergmans, L.; Lambrechts, P. Understanding external cervical resorption
in vital teeth. J. Endod. 2016, 42, 1737–1751. [CrossRef]

8. Hammarström, L.; Lindskog, S. Factors regulating and modifying dental root resorption. Proc. Finn. Dent. Soc. 1992, 88
(Suppl. S1), 115–123.

9. Iqbal, M.K. Clinical and scanning electron microscopic features of invasive cervical resorption in a maxillary molar. Oral Surg.
Oral Med. Oral Pathol. Oral Radiol. Endodontol. 2007, 103, e49–e54. [CrossRef]

10. Heithersay, G.S. Invasive cervical resorption: An analysis of potential predisposing factors. Quintessence Int. 1999, 30, 83–95.

https://www.ncbi.nlm.nih.gov/pubmed/17958073
https://doi.org/10.1016/j.ajodo.2008.07.022
https://www.ncbi.nlm.nih.gov/pubmed/20685529
https://doi.org/10.2319/090812-716.1
https://www.ncbi.nlm.nih.gov/pubmed/23343004
https://doi.org/10.1111/j.1600-9657.1988.tb00642.x
https://doi.org/10.1111/iej.12942
https://www.ncbi.nlm.nih.gov/pubmed/29704466
https://doi.org/10.1093/ejo/cjy027
https://doi.org/10.1016/j.joen.2016.06.007
https://doi.org/10.1016/j.tripleo.2007.01.020


Dent. J. 2023, 11, 278 13 of 14

11. Kokich, V.O., Jr.; Kiyak, H.A.; Shapiro, P.A. Comparing the perception of dentists and lay people to altered dental esthetics. J.
Esthet. Restor. Dent. 1999, 11, 311–324. [CrossRef] [PubMed]

12. Burstone, C.J. Diagnosis and treatment planning of patients with asymmetries. Semin. Orthod. 1998, 4, 153–164. [CrossRef]
[PubMed]

13. Musilli, M.; Grampone, F.; Melsen, B. A new auxiliary spring for correction of a canted incisal plane. J. Clin. Orthod. 2014, 48,
500–504.

14. Riley, D.S.; Barber, M.S.; Kienle, G.S.; Aronson, J.K.; von Schoen-Angerer, T.; Tugwell, P.; Kiene, H.; Helfand, M.; Altman, D.G.;
Sox, H.; et al. CARE guidelines for case reports: Explanation and elaboration document. J. Clin. Epidemiol. 2017, 89, 218–235.
[CrossRef] [PubMed]

15. Janson, G.; de Lima, K.J.R.S.; Woodside, D.G.; Metaxas, A.; de Freitas, M.R.; Henriques, J.F.C. Class II subdivision malocclusion
types and evaluation of their asymmetries. Am. J. Orthod. Dentofac. Orthop. 2007, 131, 57–66. [CrossRef] [PubMed]

16. Fiorelli, G.; Melsen, B. Biomechanics in Orthodontics Rel. 4.0 Online E-Book; IOSS GmbH: Wollerau, Switzerand, 1992.
17. Korayem, M.; Flores-Mir, C.; Nassar, U.; Olfert, K. Implant Site Development by Orthodontic Extrusion. Angle Orthod. 2008, 78,

752–760. [CrossRef] [PubMed]
18. Buskin, R.; Castellon, P.; Hochstedler, J.L. Orthodontic extrusion and orthodontic extraction in preprosthetic treatment using

implant therapy. Pract. Periodontics Aesthetic Dent. 2000, 12, 213–219.
19. Salama, H.; Salama, M. The role of orthodontic extrusive remodeling in the enhancement of soft and hard tissue profiles prior to

implant placement: A systematic approach to the management of extraction site defects. Int. J. Periodontics Restor. Dent. 1993, 13,
312–333.

20. Mantzikos, T.; Shamus, I. Forced eruption and implant site development: An osteophysiologic response. Am. J. Orthod. Dentofac.
Orthop. 1999, 115, 583–591. [CrossRef]

21. Mantzikos, T.; Shamus, I. Forced eruption and implant site development: Soft tissue response. Am. J. Orthod. Dentofac. Orthop.
1997, 112, 596–600. [CrossRef]

22. Tomm, I.; Fontana, P.; Paganelli, C.; Salgarello, S. Orthodontic extrusion and implant site development. J. Dent. Res. 2002, 81,
B264.

23. Ostojic, S.; Sieber, R.; Borer, K.; Lambrecht, J.T. Controlled orthodontic extrusion with subsequent implantation. Schweiz.
Monatsschr. Zahnmed. 2005, 115, 222–231. [PubMed]

24. Bach, N.; Baylard, J.-F.; Voyer, R. Orthodontic extrusion: Periodontal considerations and applications. J. Can. Dent. Assoc. 2004, 70,
775–780.

25. Zuccati, G.; Bocchieri, A. Implant site development by orthodontic extrusion of teeth with poor prognosis. J. Clin. Orthod. 2003,
37, 307–311. [PubMed]

26. Mantzikos, T.; Shamus, I. Case report: Forced eruption and implant site development. Angle Orthod. 1998, 68, 179–186. [PubMed]
27. Nozawa, T.; Sugiyama, T.; Yamaguchi, S.; Ramos, T.; Komatsu, S.; Enomoto, H.; Ito, K. Buccal and coronal bone augmentation

using forced eruption and buccal root torque: A case report. Int. J. Periodontics Restor. Dent. 2003, 23, 585–591.
28. Danesh-Meyer, M.J.; Brice, D.M. Implant site development using orthodontic extrusion: A case report. N. Z. Dent. J. 2000, 96,

18–22.
29. López, S.G.; Gaya, M.V.O.; Capilla, M.V. Esthetic restoration with orthodontic traction and single-tooth implant: Case report. Int.

J. Periodontics Restor. Dent. 2005, 25, 239–245.
30. Biggs, J.; Beagle, J.R. Pre-implant orthodontics: Achieving vertical bone height without osseous grafts. J. Indiana Dent. Assoc. 2004,

83, 18–19.
31. Celenza, F. The development of forced eruption as a modality for implant site enhancement. Alpha Omegan 1997, 90, 40–43.
32. Chambrone, L.; Chambrone, L.A. Forced orthodontic eruption of fractured teeth before implant placement: Case report. J. Can.

Dent. Assoc. 2005, 71, 257–261. [PubMed]
33. Chandler, K.B.; Rongey, W.F. Forced eruption: Review and case reports. Gen. Dent. 2005, 53, 274–277. [PubMed]
34. Lin, C.-D.; Chang, S.-S.; Liou, C.-S.; Dong, D.-R.; Fu, E. Management of interdental papillae loss with forced eruption, immediate

implantation, and root-form pontic. J. Periodontol. 2006, 77, 135–141. [CrossRef] [PubMed]
35. Park, Y.-S.; Yi, K.-Y.; Moon, S.-C.; Jung, Y.-C. Immediate loading of an implant following implant site development using forced

eruption: A case report. Int. J. Oral Maxillofac. Implants 2005, 20, 621–626. [PubMed]
36. Salama, H.; Salama, M.; Kelly, J. The orthodontic-periodontal connection in implant site development. Pract. Periodontics Aesthet.

Dent. 1996, 8, 923–932. [PubMed]
37. Kim, Y.I.; Kim, S.S.; Son, W.S.; Park, S.B. Orthodontic treatment of an ankylosed tooth: Application of single tooth osteotomy and

alveolar bone distraction osteogenesis. Korean J. Orthod. 2009, 39, 185–198. [CrossRef]
38. Wilmes, B.; Drescher, D. Vertical periodontal ligament distraction—A new method for aligning ankylosed and displaced canines.

J. Orofac. Orthop. 2009, 70, 213–223. [CrossRef]
39. Nyman, S.; Lindhe, J.; Karring, T. Healing following surgical treatment and root demineralization in monkeys with periodontal

disease. J. Clin. Periodontol. 1981, 8, 249–258. [CrossRef]
40. Patel, J.; Beddis, H.P. How to assess and manage external cervical resorption. Br. Dent. J. 2019, 227, 695–701. [CrossRef]
41. Mavridou, A.M.; Hauben, E.; Wevers, M.; Schepers, E.; Bergmans, L.; Lambrechts, P. Understanding external cervical resorption

patterns in endodontically treated teeth. Int. Endod. J. 2017, 50, 1116–1133. [CrossRef]

https://doi.org/10.1111/j.1708-8240.1999.tb00414.x
https://www.ncbi.nlm.nih.gov/pubmed/10825866
https://doi.org/10.1016/S1073-8746(98)80017-0
https://www.ncbi.nlm.nih.gov/pubmed/9807152
https://doi.org/10.1016/j.jclinepi.2017.04.026
https://www.ncbi.nlm.nih.gov/pubmed/28529185
https://doi.org/10.1016/j.ajodo.2005.02.031
https://www.ncbi.nlm.nih.gov/pubmed/17208107
https://doi.org/10.2319/0003-3219(2008)078[0752:ISDBOE]2.0.CO;2
https://www.ncbi.nlm.nih.gov/pubmed/18302478
https://doi.org/10.1016/S0889-5406(99)70284-2
https://doi.org/10.1016/S0889-5406(97)70224-5
https://www.ncbi.nlm.nih.gov/pubmed/15832657
https://www.ncbi.nlm.nih.gov/pubmed/12866212
https://www.ncbi.nlm.nih.gov/pubmed/9564429
https://www.ncbi.nlm.nih.gov/pubmed/15871774
https://www.ncbi.nlm.nih.gov/pubmed/16158796
https://doi.org/10.1902/jop.2006.77.1.135
https://www.ncbi.nlm.nih.gov/pubmed/16579715
https://www.ncbi.nlm.nih.gov/pubmed/16161747
https://www.ncbi.nlm.nih.gov/pubmed/9242152
https://doi.org/10.4041/kjod.2009.39.3.185
https://doi.org/10.1007/s00056-009-8811-y
https://doi.org/10.1111/j.1600-051X.1981.tb02036.x
https://doi.org/10.1038/s41415-019-0781-x
https://doi.org/10.1111/iej.12744


Dent. J. 2023, 11, 278 14 of 14

42. Liou, E.J.-W.; Mehta, K.; Lin, J.C.-Y. An archwire for non-invasive improvement of occlusal cant and soft tissue chin deviation.
APOS Trends Orthod. 2019, 9, 19–25. [CrossRef]

43. Deluke, M.; Uribe, F.; Nanda, R. Correction of a canted lower incisal plane. J. Clin. Orthod. 2006, 40, 555–559. [PubMed]
44. van Steenbergen, E.; Nanda, R. Biomechanics of orthodontic correction of dental asymmetries. Am. J. Orthod. Dentofac. Orthop.

1995, 107, 618–624. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.25259/APOS-9-1-4
https://www.ncbi.nlm.nih.gov/pubmed/17062909
https://doi.org/10.1016/S0889-5406(95)70105-2
https://www.ncbi.nlm.nih.gov/pubmed/7771367

	Introduction 
	Patient Information—Case Presentation 
	Clinical Findings 
	Radiographic Findings 
	Diagnostic Assessment 

	Therapeutic Interventions 
	Follow-Up and Outcomes 
	Discussion 
	Conclusions 
	Patient Perspective 
	Informed Consent 
	Appendix A
	References

