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Combined orthodontic-surgical management of a
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ABSTRACT
The presence of an impacted mandibular canine is one of the most difficult challenges that an
orthodontist will meet. Orthodontic treatment is planned on an individual basis after thoroughly
considering the patient’s overall facial and dentoskeletal characteristics; the duration, risks, and
costs of treatment; patient preferences; and the orthodontist’s experience. This article reports
an orthodontic treatment of a boy, age 12.9 years, with an impacted mandibular canine in the
permanent dentition that was successfully managed. Radiographic analysis indicated a trans-
migration of the mandibular right canine. The orthodontic treatment plan included extraction of the
deciduous right canine followed by surgical exposure and ligation of the permanent canine.
Eruption was properly guided, and the correct position of the tooth was achieved. This challenging
treatment approach is described in detail, including the mechanics used to align the impacted
canine. (Angle Orthod. 2016;86:681–691.)
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INTRODUCTION

The prevalence of impacted mandibular canines
varies from 0.05% to 0.4%, which is less frequent than
impaction of maxillary canines, ranging from 0.9% to
2.2%.1,2 An impacted tooth occasionally migrates away
from the site in which it develops but usually remains
within the same side of the arch.3 When migration of an
impacted tooth crosses the midline, the phenomenon
is called transmigration.4 Transmigration is rare, and
the canine is the only tooth that can migrate from either
maxillary semiarch across the midline to the opposite
side.5 The literature provides little data about transmi-
grations of lateral incisors or premolars.6

Several factors are thought to be involved in trans-
migration, such as premature loss of deciduous teeth,
retention of the deciduous canine, odontomas, crowd-
ing, supernumerary teeth, and excessive crown length
of the mandibular canine. However, the etiology and
exact mechanism are still unclear.7,8

Patients with canine transmigration are also often
characterized by mandibular lateral incisor hypodontia
or second premolar hypodontia, enamel developmen-
tal defects, reduced number of teeth, or impacted
maxillary canines.9

The mandibular left canine is affected more often
than the right and migrates more in females than in

a Postgraduate Orthodontic Student, Postgraduate Orthodon-
tic Program, Multidisciplinary Department of Medical-Surgical
and Dental Specialties, Second University of Naples, Naples,
Italy.

b Associate Professor, Department of Biomedical, Odontosto-
matological Sciences and of Morphological and Functional
Images, Section of Orthodontics, University of Messina, Messina,
Italy.

c Research Assistant, Department of Biomedical, Odontosto-
matological Sciences and of Morphological and Functional
Images, Section of Orthodontics, University of Messina, Messina,
Italy.

d Professor, Department of Orthodontics, Tehran Dental
Branch, Islamic Azad University, Tehran, Iran.

e Associate Professor, Multidisciplinary Department of Medi-
cal-Surgical and Dental Specialties, Second University of
Naples, Naples, Italy.

f Associate Professor, Chairman of Post Graduate Orthodontic
Program, and Head of Unit of Orthodontics, Multidisciplinary
Department of Medical-Surgical and Dental Specialties, Second
University of Naples, Naples, Italy.

Corresponding author: Dr Gaetano Isola, Department of
Biomedical, Odontostomatological Sciences and of Morpholog-
ical and Functional Images, University of Messina, AOU
Policlinico “G. Martino”, Via Consolare Valeria 1, 98125
Messina, Italy
(e-mail: gisola@unime.it)

Accepted: September 2015. Submitted: May 2015.
Published Online: October 26, 2015
G 2016 by The EH Angle Education and Research Foundation,
Inc.

DOI: 10.2319/050615-309.1 681 Angle Orthodontist, Vol 86, No 4, 2016



males (1.6:1 ratio). Unilateral migration is more
common than bilateral migration. Bilateral migration
of mandibular canines may occur in spite of having
adequate space for eruption.10

Transmigrating teeth can cause root resorption,
tipping, and sensitivity of adjacent teeth11 and pain or
discomfort for the patient. The side effects are related
to the severity of the transmigration.

According to Mupparapu’s classification,12 there are
five types of transmigrated mandibular canine (Fig-
ure 1), with type 1 being most frequent. Thus, early
diagnosis and assessment of the extent of canine
transmigration are crucial for the prevention of
impaction, and they could reduce related complica-
tions in both esthetics and function.13 Conversely,
failure to diagnose, manage, or properly treat impacted
canines can lead to external resorption of adjacent
teeth (especially the lateral incisors), esthetic prob-
lems, misalignment of neighboring teeth, shortened
dental arches, and increased follicular cyst formation
and recurrent infections,14,15 resulting in irreversible
damage that may eventually cause tooth loss.16,17

In this article, we describe an unusual clinical case
wherein a transmigrated mandibular canine (TMC)
was diagnosed in a 12.9-year-old patient and treated
with a combined orthodontic-surgical approach. This
likely prevented the side effects of transmigration and
allowed correct canine repositioning in the dental arch.

DIAGNOSIS AND ETIOLOGY

The patient was a 12.9-year-old boy having a Class
II division 1 dental relationship of the permanent

dentition with a 6-mm overjet, slight mandibular midline
deviation, and mild crowding in both arches. The
maxillary arch was slightly constricted with no cross-
bite. All mandibular teeth were erupted except the right
canine and third molars, whereas the right deciduous
mandibular canine was still present (Figures 2 and 3).

Lateral cephalometric evaluation18 showed a Class II
skeletal malocclusion (ANB, 5u), mesiofacial pattern
(SN/GoMe, 31u), and proclined maxillary (1/SN, 110u)
and mandibular incisors (IMPA, 110u). The facial
profile was slightly convex.

The panoramic radiograph showed an impacted
right TMC, positioned mesioangularly across the mid-
line, labial to the anterior teeth, with the crown portion
between the roots of the left incisors (Figure 4),
consistent with type 1 of Mupparapu’s classification
(Figure 1).

The patient’s medical and dental histories were
unremarkable, with no trauma to the deciduous teeth,
no previous orthodontic treatment, and no familial
occurrences reported.

Treatment Objectives

The treatment objectives for this patient were to (1)
guide the impacted right TMC into the arch, (2) achieve
a bilateral Class I canine and molar relationship, (3)
reduce the increased overjet, (4) solve the mild
crowding, and (5) correct the midline deviation.

Treatment Alternatives

Before starting treatment, we considered the follow-
ing treatment options:

Figure 1. Diagrammatic representation of the five distinct patterns of transmigration (types 1–5). Retained deciduous tooth (tooth #83) is also

represented. Type 1: Canine positioned mesioangularly across the midline within the jaw bone, labial or lingual to anterior teeth, and the crown

portion of the tooth crossing the midline. Type 2: Canine horizontally impacted near the inferior border of the mandible below the incisor apices.

Type 3: Canine erupting either mesial or distal to the opposite canine. Type 4: Canine horizontally impacted near the inferior border of the

mandible below the apices of either premolars or molars on the opposite side. Type 5: Canine positioned vertically in the midline (the long axis of

the tooth crossing the midline) irrespective of eruption status.
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Figure 2. Pretreatment facial and intraoral photographs.

Figure 3. Pretreatment dental cast photographs.
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1. No treatment. The deciduous canine was estheti-
cally acceptable and could be left. Nevertheless,
the tooth did not have good root length so its
longevity was limited. It would thus be monitored
and restored, when necessary, with a fixed pros-
thesis or an implant or transplantation after extrac-
tion of the impacted right TMC. However, early
removal of the impacted canine is probably better
with a view to preventing resorption and other side
effects.

2. Minimal treatment. Extract the impacted TMC and
achieve space closure through mesial movement of
the first premolar, creating a Class III relationship
on the right side.

3. Treatment with premolar extractions. Extract the
maxillary first and mandibular second premolars as
the Class II division I dental relationship, 6-mm
overjet, mild crowding in both arches, and proclined
maxillary (1/SN, 110u) and mandibular incisors
(IMPA, 110u) suggest. Surgical exposure of the
impacted TMC would also be required to move it

into proper position. However, the convex facial
profile and the uncertainty of repositioning the
impacted TMC might not support this option.

4. Treatment with TMC extraction. Extract three
premolars along with the impacted TMC to avoid
surgical exposure and orthodontic repositioning of
the impacted TMC, but keep the facial profile
convex. However, Abbott et al.19 described the
transposition of an unerupted permanent mandibu-
lar right canine to a position between the permanent
left canine and left lateral incisor and indicated that
the tooth was suitable for orthodontic treatment. It
was also suggested that extraction of first premo-
lars should be avoided when radiographs reveal the
presence of an overly mesially angulated unerupted
canine that has begun to migrate labially across the
incisors.19

5. Treatment without extractions. Through a conserva-
tive, orthodontic-surgical approach with the aim of
improving the Class II, division 1 dental relationship
and profile with Class II mechanics, but leaving

Figure 4. Pretreatment lateral cephalometric radiograph with tracing; the panoramic radiograph showed an impacted transmigrated mandibular

right canine, positioned mesioangularly across the midline, labial to the anterior teeth, with the crown portion between the roots of the left incisors.
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incisor proclination uncorrected. In addition, third
molar extractions and surgical exposure of the
impacted TMC would be necessary.

Treatment Progress

Esthetic concerns and both the patient’s and
parents’ desires called for a challenging solution and
an unusual nonextraction treatment to align the TMC
into its normal position.

Option 5 was favored as it avoided implants and
permanent tooth extractions and would result in all

teeth being in their correct positions. However, such

repositioning has been described in few case re-

ports,1,9,20 and the required tooth movement would be

complex, extensive, and protracted, with the risk of

jeopardizing the roots and damaging the supporting

structures of the canine and adjacent teeth.

All risks, including the usual surgical risks and failure
to achieve the desired objective, were understood and

accepted by the patient and the parents, who gave

written informed consent.

Treatment started with the placement of a mandibu-
lar lingual arch and 0.018 3 0.025-inch Alexander
brackets in the maxillary arch and partially in the
mandibular arch. Initial alignment and leveling was

achieved in the maxillary arch with a 0.016-inch NiTi
wire, whereas the right mandibular arch was fitted with
a passive, 0.017 3 0.025-inch TMA sectional wire
extending from the second molar to the first premolar,
bent down to the canine level and ending with an
eyelet applied for distal movement of the canine crown
away from the incisor roots (Figure 5).

The impacted TMC was surgically exposed with
a labial approach due to the thin labial plate of the
mandibular incisors and the risk of damaging their
roots. Surgery was carried out under local anesthesia
(mepivacaine 2% with epinephrine 1:100,000). A
conservative, full-thickness flap21 was carefully elevat-
ed by securing the mental nerve. Then a transcoronal,
0.011-inch stainless steel braided ligature was applied
to tie the impacted TMC and, after flap repositioning
and suturing, a very light elastic module to avoid
damage to the incisor roots was used to connect the
braided ligature to the eyelet of the sectional wire
(Figure 5).

While the permanent canine was being uprighted
labially to the incisors with its crown crossing the
midline, the deciduous canine was extracted with great
care being taken to prevent contact between the crown
of the permanent canine and roots of the mandibular
incisors.

Figure 5. Intraoral photographs and panoramic radiographs showing initial alignment and leveling with a maxillary 0.016-inch NiTi wire and

a 0.017 3 0.025-inchTMA mandibular right sectional wire ending with an eyelet lightly tied with an elastic module to the 0.011-inch stainless steel

ligature applied on the surgically exposed canine.
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Subsequently, the lingual arch was removed, man-
dibular bonding was completed, and a 0.016 3 0.022-
inch stainless steel wire was applied along with an
open NiTi coil spring to gain the space needed for
canine repositioning (Figure 6). Elastic traction was
again used to fully upright the canine. As soon as
possible, a button and then a bracket were bonded to
the crown of the canine to bring it into its final position.

Finally, 0.017 3 0.025-inch stainless steel wires
were applied to coordinate both arches, whereas
0.018-inch round Australian archwires were used for
the finishing procedures. The third molars were
extracted (Figure 7).

After active orthodontic treatment, the brackets were
removed. A maxillary Hawley and a mandibular canine-
to-canine bonded retainer were used for retention.

Treatment Results

An excellent esthetic and functional outcome was
achieved through the collaborative efforts of an
orthodontist and an oral surgeon. The impacted TMC
was repositioned into its correct position and re-
sponded normally to a vitality test with minimal gingival
recession.

The occlusion showed a well-aligned dentition with
Class I molar and canine relationships. The patient had
a consonant smile arch, interdigitation of the teeth was
good, the initial mild crowding was corrected, and

normal overjet and overbite were achieved. The
maxillary midline was coincident with the facial midline
(Figures 8 and 9).

The posttreatment panoramic radiograph showed
normal bone levels and minimal root resorption of the
TMC. Cephalometric analysis showed improved max-
illomandibular relationship (ANB, 3.5u) and unchanged
incisor proclination (Figure 10).

The treatment lasted 3 years, 6 months, and the
patient was motivated and cooperative throughout.
Oral hygiene was good to moderate. Both the patient
and his parents were pleased with the outcome.

After 15 months’ retention, the occlusion was well
maintained and the repositioned TMC presented
minimal gingival recession. Overall superimpositions
showed favorable mandibular growth and improve-
ment of overjet (Figures 10 and 11).

DISCUSSION

The patient had an impacted right TMC, with an
open apex that could have developed into a more
severe transmigration, that is, type 2 or 4 according to
Mupparapu’s classification. In fact, it is reported that
movement of the canine takes place until complete
development of its root22 and transmigration of
a mandibular canine across the mandibular symphysis
to the opposite side of the dental arch takes several
years.23 Moreover, delayed tooth eruption can cause

Figure 6. Intraoral photographs and panoramic radiograph showing uprighting of the transmigrated mandibular canine guided into its proper

position by elastic traction. In the mandibular arch, the lingual arch was removed, bonding was completed, and a 0.016 3 0.022-inch stainless

steel wire was applied along with an open NiTi coil spring to gain space for canine repositioning.
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necrosis of the pulp, ankylosis, and external apical root
resorption.24,25

It is not possible to predict when resorption will start.
Thus, all impacted teeth should be regarded as having
a high risk of external apical root resorption or damage
to the adjacent tooth. So, radiographic examinations
should be used to monitor these risks. Commonly,
orthopantomography is used.12,17 In some cases,
supplementary diagnostic tools such as computed
tomography (CT) are recommended. In fact, it was
shown that CT scanning substantially increases (by
50%) the detection of possible root resorption on the
adjacent tooth.26,27 However, because it is not reason-
able to perform more than one CT in the same patient,
it was decided to use CT not at the beginning of the
treatment but during the treatment to monitor enamel
integrity and possible damage due to ankylosis and
TMC or mandibular incisor root resorption.

Taking the above factors into account, we com-
menced orthodontic correction of the impacted TMC as
soon as possible. We speculated that delayed treat-
ment might have allowed the TMC to transmigrate
farther, making later treatment mechanics more

complex, whereas appropriate orthodontic intervention
could prevent the possible complications caused by
the TMC. Thus, an early diagnosis is recommended.
Rebellato and Schabel28 found that the greatest
amount of tooth migration occurred before the root is
completely formed, which emphasizes the importance
of early diagnosis. However, an early diagnosis can be
only the result of an early orthodontic examination.

Interestingly, this case describes a TMC on the right
side and in a male patient, whereas TMC is reported to
be more frequent in females and to occur on the left
side.10

A recent comprehensive review of the literature
reported 185 cases of TMC in the past 50 years,27 with
few treatment options described. The most common
approach was to extract the transmigrating tooth,5,8

and then either to treat the malocclusion orthodonti-
cally or not to treat the patient,19,29 considering the
doubtful prognosis of TMC repositioning.20,30 Indeed,
orthodontic-surgical TMC repositioning is discussed in
very few reports.1,9,20

According to Wertz,31 when nonextraction orthodon-
tic treatment is indicated, TMC surgical repositioning

Figure 7. Intraoral photographs and panoramic radiographs showing 0.017 3 0.025-inch stainless steel wires applied to coordinate the arches,

followed by 0.018-inch round Australian finishing archwires.

ORTHODONTIC-SURGICAL MANAGEMENT OF A TRANSMIGRATED MANDIBULAR CANINE 687

Angle Orthodontist, Vol 86, No 4, 2016



Figure 9. Posttreatment dental casts.

Figure 8. Posttreatment facial and intraoral photographs.
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should be attempted. In fact, TMC surgical reposition-
ing followed by extrusion with light orthodontic forces
to avoid ankylosis or external root resorption has the
best long-term prognosis, as reported by Becker and
Chaushu32 in a long-term follow-up study.

However, based on the patient’s and parents’
wishes, it was decided to reposition the TMC into its
normal site in the arch. The extensive repositioning

posed a significant challenge because the right canine
had to be moved in a wide arc from its original position
between the roots of the mandibular incisors to its
physiological site. This required a longer treatment
time, presented biomechanical difficulties, and risked
jeopardizing the roots and damaging the supporting
structures and enamel integrity. However, the patient
and parents wished to avoid implants and permanent

Figure 10. Posttreatment lateral cephalometric radiograph with tracing and superimpositions showing improved maxillomandibular relationship.

The posttreatment panoramic radiograph highlights the complete repositioning of the TMC with proper axial inclination and light apical

root resorption.

Figure 11. Intraoral photographs after 15 months’ retention show a stable occlusion.
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tooth extractions, and to have all teeth in their
correct positions. In addition, canines are considered
important keystones in the dental arch.33,34 Also,
considering that the persistence of TCM must be
regarded as a high risk for root resorption or damage
to the adjacent teeth, we decided to perform this
treatment using light forces and a suitable biomechan-
ical approach to minimize iatrogenic damage.

All the advantages and disadvantages of TMC
repositioning as well as the risks (including that of
being unable to achieve the desired goals) and the
need for good cooperation were discussed, and these
were understood and accepted by the patient and
parents.

The treatment goals were achieved. The esthetic
result of canine repositioning was satisfactory, al-
though minimal gingival recession was observed. The
outcome was rewarding for the clinicians and appre-
ciated by the patient and his parents. This justified the
time and effort spent during this unusual treatment
regimen. The key factors determining the success of
this treatment option were the light forces applied and
the patient’s motivation. In addition, early diagnosis
was crucial to prevent possible complications, espe-
cially root resorption of the adjacent teeth.31

CONCLUSIONS

N Combined orthodontic-surgical management of
a transmigrated mandibular canine is a viable option,
even though it requires a complex and lengthy
treatment protocol and a cost-benefit evaluation.

N Light forces and extra care are required to prevent
possible damage to the teeth and supporting
structures.

N Pediatric dentists should identify transmigrations as
early as possible and direct patients to the ortho-
dontist.
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