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1. Introduction

Impaction is a retardation or halt in the normal process of tooth. There are various terminology
in literature to define impaction including delayed eruption, primary retention, submerged
teeth, impacted teeth ets. A canine is considered as being impacted if it is interrupted after
complete root development or the contralateral tooth is erupted for at least 6 months with
complete root formation [1].

Impaction of maxillary canines is a frequently encountered clinical problem. The cause of
canine impaction can be the result of localized, systemic or genetic factor(s). There are a number
of possible sequelae to canine impactions. The diagnosis and localization of the impacted
canines is the most important step in the management of impacted canines based on clinical
and radiographic examinations. Treatment of impacted maxillary canines usually requires an
interdisciplinary approach. Treatment options include no treatment, interseptive approach,
extraction, autotransplantation and surgical exposure and orthodontic alignment of the
impacted canine. The most desirable treatment approach is early diagnosis and interception
of potential impaction. However, in the absence of prevention, surgical exposure and ortho‐
dontic alignment should be considered. Surgical treatment techniques and orthodontic
considerations depend on the location of the impacted canine in the dental arch.

2. Incidance of impacted canines

Maxillary canines are the second-most frequently impacted teeth after the third molars [2] with
prevalence from 0.8-5.2 % depending on the population examined [3,4]. The incidence of
maxillary canine impaction is about 20 times more than mandibular canine impaction [5].
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Approximately one third of impacted maxillary canines are positioned labially or within the
alveolus, and two thirds are located palatally [6]. In another study [7], Ericson and Kurol
reported that, 50% of the 156 ectopically positioned canines were in a palatal or distopalatal
position, 39% in a buccal or distobuccal position, and 11% apical to the adjacent incisor or
between the roots of the central and lateral incisors. Maxillary canine impactions occur twice
as often in females than in males [8] and only 8% of canine impactions are bilateral [9].

3. Developmental considerations

Maxillary canines develop lateral to the priform fossa and have a longer and difficult path of
eruption than any other tooth through they reach their final position in occlusion. Coulter and
Richardson [10] stated that in three planes of space, maxillary canines travel almost 22 mm
from their position at the age of 5 years to their position at 15 years. At the age of 3 maxillary
canine is high in the maxilla, with its crown directed mesially and lingually. At the age of 8 it
angulates medially with its crown lying distal and slightly buccal to the lateral incisor [11].
Also at this stage the canine normally migrates buccally from a position lingual to the root
apex of its deciduous precursor, however, if it cannot make this transition from the palatal to
the buccal side, it remains palatally impacted [12]. Maxillary canines follow a mesial path until
it reaches the distal aspect of the lateral incisor root and gradually uprights to a more vertical
position by moving towards the occlusal plane guided by the lateral incisor root. However,
maxillary canines often erupt into the oral cavity with a marked mesial inclination [13]. If the
lateral incisors are congenitally missing, the canine may erupt in a mesial direction until it
comes into contact with the distal aspect of the central incisor root and erupts into the lateral
incisor space [14]. Consequently, the roots of the lateral incisors play an important role in the
guidance of upper permanent canines [15].

Table 1 shows the calcification and eruption timing of the maxillary canines according to Brand
and Isselhard [16].

Calcification begins 4 months

Enamel complete 6-7 years

Eruption 11-12 years

Root completed 13-15 years

Table 1. Calcification and eruption timing of the maxillary canines

The mean eruption age for the maxillary canine is approximately 1 year earlier in females (10.98
years) than in males (11.69 years) [17]. Hurme [17] suggested that if maxillary canine has not
appeared by the age of 13.1 in males or by 12.3 in females, the eruption may be considered late.
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4. Etiology of impacted canines

Eruption is a tightly coordinated process, regulated by a series of signaling effects between the
dental follicle and the osteoblast and osteoclast cells found in the alveolar bone [18]. A wide
variety of localized, systemic and genetic reasons may cause disruption in eruption process,
ranging from delayed eruption to a complete failure of eruption [19]. Systemic reasons include
endocrine deficiencies, febrile diseases, and irradiation. There is not only one etiology to
explain the occurrence of a majority of impactions or either the localization of impaction
occuring labially or palatally [20]. Environmental factors may cause impaction during the long,
tortuous eruption path of a canine. The primary causes of impacted canines are localized
conditions and result of one or a combination of following factors [21]:

1. tooth size, arch length discrepancies,

2. prolonged retention or early loss of the deciduous canine,

3. apical periodontitis of deciduous teeth [22],

4. abnormal position of the tooth bud,

5. presence of an alveolar cleft,

6. ankylosis,

7. premature root closure [23],

8. cystic or neoplastic formation,

9. dilesaration of the root,

10. disturbances in tooth eruption sequence,

11. mucosal barriers-scar tissue: trauma/surgery [24],

12. gingival fibromatosis/ gingival hyperplasia [25],

13. supernumerary teeth [26],

14. iatrogenic,

15. idiopathic including primary failure of eruption [27].

If no physical barrier can be identified, the cessation of eruption of a normally placed and
developed tooth germ before emergence is described as primary retention [28]. Generally
genetic etiology is related with primary retention [29]. If the teeth becomes impacted due to
an obstruction of the eruption pathway such as crowded dental arch, it is defined as secondary
retention [28].

The etiology of impacted teeth may depend upon the location of impacted tooth. The exact
etiology of palatally displaced maxillary canines is unknown yet hypothesized to be both
multifactorial and genetic in origin [30]. Where as buccal canine impaction is result of ectopic
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migration of the canine crown over the root of the lateral incisor due to crowding or shifting
of the maxillary dental midline, causing insufficient space for the canine to erupt [31].

Two main theories have been associated with the occurrence of palatally impacted maxillary
canines: the “guidance theory” and the “genetic theory” [2]. According to the guidance theory,
the presence of the lateral incisor root with right length and formed at the right time are
important variables needed to guide the mesially erupting canine in a more favorable distal
and incisal direction. If excessive space exists due to malformed or absent lateral incisor the
canine would cross back from the buccal to the palatal side behind the buds of the other teeth
[3]. In the clinical observation of Jacoby [32], he stated that 85% of the 40 palatally impacted
canines had sufficient space for eruption in the dental arch. He claimed that labially impacted
maxillary canine could only be due to arch length deficiency where as palatal impaction due
to excessive space in the canine area. In accordance, Al-Nimri and Gharaibeh [33] stated that
the presence of an excess palatal width and anomalous lateral incisor may contribute to the
etiology of palatal canine impaction. They have also found that palatal canine impaction
occurred most frequently in subjects with a Class II division 2 malocclusion. Conversely,
McConnell [34] found transverse maxillary deficiency in palatally impacted canine cases. On
the other hand, Langberg and Peck [35] observed no statistically significant difference in the
anterior and posterior maxillary arch widths between subjects with palatally displaced canines
and a comparison sample.

The genetic theory assigns genetic factors as the primary origin of the eruption anomaly of
maxillary permanent canines. Palatally impacted canines, such as familial and bilateral
occurrence, sex differences, are genetically associated with dental anomalies such as ectopic
eruption of first molars, infraocclusion of primary molars, aplasia of premolars and one third
molar [36]. Sacerdoti and Baccetti [38] showed that unilateral palatal canine displacement was
associated with missing upper lateral incisors where as bilateral canine displacement with
agenesis of third molars, indicating the genetic etiology of palatal canine displacement. Peck
et al., [37] also found a positive correlation between palatally displaced canines and third molar
agenesis.

5. Sequelae of canine impaction

Careful observation of the development and eruption of canines during periodic dental
examination of the growing child is essential to prevent potential complications. Shafer et al.
[39] suggested the following sequelae for canine impaction:

1. labial or lingual malpositioning of the impacted tooth,

2. migration of the neighboring teeth and loss of arch length,

3. internal resorption,

4. dentigerous cyst formation,

5. external root resorption of the impacted tooth, as well as the neighboring teeth,
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6. infection particularly with partial eruption, and

7. referred pain and combinations of the above sequelae.

6. Diagnosis of impacted canines

The diagnosis and localization of the impacted canines is the most important step in the
management of impacted canines based on clinical and radiographic examinations.

6.1. Clinical evaluation

In clinical evaluation firstly patient’s age and dentition should be examined to detemine
whether there is a delayed eruption or not. Secondly, the presence or absence of a factor such
as certain diseases that may cause tooth structure, size, shape, and color defects adversely
affecting tooth development should be searched [40]. Subsequently the amount of space in the
arch for the unerupted canine, the morphology and position of the adjacent teeth, the contours
of the bone, the mobility of teeth should be considered through clinical evaluation [41].

Indicative clinical signs of canine impaction may be listed as following: [20]

1. delayed eruption of the permanent canine or prolonged retention of the deciduous canine
beyond 14 to 15 years of age,

2. the presence of an asymmetry in the canine bulge or absence of a normal labial canine
bulge observed during alveolar palpation,

3. presence of a palatal bulge, and

4. distal tipping, or migration of the lateral incisor

During normal eruption of the maxillary canine, usually a labial bulge is noted on the mucosa
superior to the maxillary primary canine. When such a bulge is not visible, an intraoral
palpation is required to provide a clear localization of the permanent canine. Also mobility of
all present teeth should be assessed during palpation. Mobile deciduous canines may indicate
normal resorption of the roots by the permanent canines where as mobility of the permanent
lateral incisor may be the potential result of root resorption by the impacted canine [20].

According to Ericson and Kurol [42] the absence of the "canine bulge" at earlier ages should
not be considered as indicative of canine impaction. In their evaluation of 505 schoolchildren
between 8 and 12 years of age, they found that at 10 years, 29% of the children had nonpalpable
canines, but only 5% at 11 years of age, whereas at later ages only 3% had nonpalpable canines.
They found that many of the children under 10 years of age whose canines initially were
determined by palpation to be potentially abnormal, actually later developed and erupted
normally. Thus they found radiographic examination impractical and unnecessary for children
under 10 years of age [43].

In contrast, examination of intrabony movement of the canines between the dental age of 8 to
10 years was advised by Williams [44]. If permanent canine bulges are not palpable, he offered
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to examine lateral and frontal radiographs specifically for Class I malocclusions, even with
minimal arch length loss. He suggested removing the deciduous canine when a position
apparently lingual to the anterior teeth on the lateral radiograph and a medial tilt of the long
axis of the canine in relation to the lateral wall of the nasal cavity on the frontal radiograph are
observed.

6.2. Radiographic verification

The accurate location of impacted canines and determining their relationship to adjacent
incisors and anatomical structures is the part of the diagnostic process and is essential for
successful treatment. This required information can be partially obtained from conventional
two-dimensional radiographs as the first step which includes periapical radiographs, occlusal
films, panoramic views, and lateral cephalograms [45].

In most cases analysis should begin with routine periapical films. A single periapical film
would relate the canine with the neighboring teeth both mesiodistally and superoinferiorly.
In order to estimate the buccolingual position of the canine, a second periapical film is obtained
by using [46]: (1) Tube-shift technique or Clark's rule, (2) buccal-object rule.

In tube-shift technique two adjacent periapical radiographs of the impacted tooth are taken at
slightly different horizontal angles. The object that moves in the same direction as the cone, is
palatally impacted. If the impacted canine is located buccally, the crown of the tooth moves in
the opposite direction as the x-ray beam. Consequently the object closest to the film will move
in the same direction as the tube head.

In the buccal-object rule two periapical films are taken of the same area, with approximately
20° vertical angulation of the cone changed when the second film is taken. The buccal object
will move in opposite direction to the source of radiation.

Occlusal films also aid to detect the buccolingual position of the impacted canine in conjunction
with the periapical films especially when treating an uncooperative child, a child with very
small oral aperture. However, alone, this type of radiograph provides no information relative
to the vertical position of the impacted tooth [47].

Frontal and lateral cephalograms can sometimes be useful in determining the position of the
impacted canine, particularly its relationship to other facial structures, such as the maxillary
sinus and the floor of the nose.

Panoramic radiography has also been utilized as a diagnostic tool for determination of
unerupted canine positions [48]. Radiographic variables on panoramic x-rays: α-angle (angle
measured between the long axis of the impacted canine and the midline), d-distance (distance
between the canine cusp tip and the occlusal plane), and s-sector where the cusp of the
impacted canine is located (sector 1, between the midline and the axis of the central incisor;
sector 2, between the axes of the central incisor and the lateral incisor; or sector 3, between the
axes of the lateral incisor and the first premolar) have been shown to be predictive factors for
prediction of eventual impaction, the durations of orthodontic traction and comprehensive
orthodontic treatment to reposition the impacted tooth. However these features are not valid
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predictors of the final periodontal status of orthodontically-repositioned impacted canines
[49]. The more severely displaced the canine with regard to the adjacent maxillary incisors, the
longer the orthodontic treatment.

Medical computerized tomography (CT) was an improvement which overcomes the limita‐
tions of conventional two-dimensional (2D) imaging however, radiation exposure of CT scans
limits its clinical utility [50]. The advent of 3D cone beam computed tomography (CBCT) has
reduced the radiation dose, making it an advantageous tool in dentistry [51]. CBCT images
have been proven to be useful for the accurate diagnosis of the impacted canines, treatment
planning and the identification of associated complications, such as root resorption in adjacent
incisors. In addition it was found that CBCT reduces the treatment duration and increases the
success of treatment in difficult cases to a similar level of simpler cases [52]. Small volume
CBCT may be indicated as a supplement to a routine panoramic X-ray in the following cases
if: [53]

• canine inclination in the panoramic X-ray exceeds 30°

• root resorption of adjacent teeth is suspected

• the canine apex is not clearly discernible in the panoramic X-ray, implying dilaceration of
the canine root.

6.3. Root resorption and radiographic evaluation

The ability to evaluate the condition of the lateral incisor root is of great importance to the
clinician because 80% of the teeth resorbed by the ectopically erupting canines were found
to be lateral incisors [21]. Lateral incisor image could only be evaluated in 37% of the cases
with the use of periapical films [47]. However CBCT provides more detailed information
about the location and extent of the resorbed roots and may notably alter the prevalence
of root resorption [54].

Ericson and Kurol [7] found the incidance of lateral resorption as 38%, in a study of 156
ectopically impacted maxillary canines with using CT. In a more recent study, Oberoi and
Knueppel [55] determined no root resorption in 40.4%, slight root resorption in 35.7%,
moderate resorption in 14.2% and severe root resorption in 4% of the adjacent lateral incisor
evaluated by CBCT.

7. Treatment planning considerations

Maxillary canines play an important role in creating good facial and smile esthetics, since they
are positioned at the corners of the dental arch, forming the canine eminence for support of
the alar base and the upper lip. Moreover, when the maxillary canines are properly aligned
and have good shape and size, pleasing anterior dental proportions and correct smile lines are
achieved. Functionally, they support the dentition, contributing to disarticulation during
lateral movements in certain persons [56]. Treatment of impacted maxillary canines usually
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requires an interdisciplinary approach involving oral surgical, restorative, periodontic as well
as orthodontic components. Prudent treatment planning is necessary to achieve the various
treatment goals [21].

The patient with an impacted maxillary canine initially must undergo a comprehensive clinical
and radiographic evalution of the malocclusion to localize the impacted canine and decide on
its prognosis for alignment. Patient’s cooperation, age, general oral health, skeletal variation
and presence of spacing or crowding in the arch are important agents affecting prognosis [57].
Any root resorption of the adjacent teeth should also be considered. Orthoontist should also
be aware of the normal development and eruption pattern in order to conduct interceptive
treatment if appropriate, which provides cost benefit than other more invasive prosedures.
Patient and parent counselling on the treatment options and informed constent is essential to
avoid any medicolegal problems [58].

8. Treatment options

The clinician should consider the various treatment options available for the patient, including:
[21]

1. No treatment

2. Interseptive treatment

3. Extraction of the impacted canine

4. Autotransplantation of the canine

5. Surgical exposure and orthodontic alignment

1. No treatment

No active treatment could be recommended when: [59]

• the patient does not request treatment

• there is no sign of resorption of adjacent teeth or other pathology

• there is a severely displaced canine with no evidence of pathology, if it is remote from the
dentition ideally there is a good contact between lateral incisor and first premolar or good
esthetics/prognosis for deciduous canine

In this instance, the unerupted canine should be periodically monitored with respect to cystic
degeneration, root resorption and the other possible complications. The optimal time interval
between radiographs is not known to reduce the radiation dosage. In most cases, long-term
prognosis of retained deciduous canine is poor, regardless of its root length and crown shape
since the root of retained deciduous canine will eventually resorb and it will have to be
extracted [21].
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2. Interseptive treatment

Early diagnosis and intervention is very important for it could save the time, expense, and
more complex treatment in the permanent dentition. If early signs of ectopic eruption of the
canines is determined, the clinician should made an attempt to prevent their impaction and
its potential sequalae. Frequently, primary canines are extracted as an interceptive measure to
facilite the permanent canine eruption or at least provide changes to a more favorable position
[12]. The extraction of the primary canine is recommended when:

• the patient is aged 10-13 years.

• the maxillary canine is not palpable in its normal position and radiographic examination
exhibites palatal canine ectopia. If the permanent canine is located in a more medial position
or the patient is older than the ideal age group, extraction of the primary canine may provide
less favourable results [60].

Clinical re-evaluation and follow-up radiographs should normally be taken at 6-month
intervals. If there is no improvement in canine position within 12 months on panaromic films
after the extraction of primary canines, an alternative treatment is indicated [61].

The severity of the angulation of the impacted canine is an important factor in the prognosis.
The more inclined the tooth is, the less is the probability that it will spontaneously erupt [61].
Power and Short [62] predicted the chances of canine impaction based on orthopantomographs
between the years of 10-13 and claimed that eruption chance of the impacted tooth will
decrease even after deciduous extraction is performed if the permanent canine is angled more
than 31° to the midline.

Ericson and Kurol [61] stated that the removal of the deciduous canine before 11 years of age
will normalize the position of the ectopically erupting permanent canines up to 91% if the
permanent canine crown is distal to the midline of the lateral incisor. However the success rate
decreases to 64% when the canine crown overlaps medially to the long axis midline of the
lateral incisor.

Williams [44] suggested the extraction of the maxillary deciduous canine as early as 8 or 9 years
of age to enhance the eruption and self-correction of a labial or intra-alveolar maxillary canine
impaction in Class I uncrowded cases.

Extraction of deciduous canines in conjunction with the use of cervical pull headgear, and
rapid maxillary expansion have been reported to be effective procedures in the interceptive
treatment of maxillary canine impaction [2]. Baccetti et al. [63] found that 65 percent of palatally
displaced cases that underwent the removal of the deciduous canine resulted in successful
eruption of permanent canines without any other treatment. The prevalence rate could be
improved significantly up to 88 percent by preventing mesial migration of the upper posterior
teeth after extraction of the deciduous canine, such as with the use of cervical-pull headgear
[63]. Also Olive [64] stated that opening space for the canine crown with routine orthodontic
mechanics might allow for spontaneous eruption of an impacted canine. However early
correction of the flared and distally tipped lateral incisors is not recommended in order not to
cause impaction of the canines or the resorption of lateral incisor roots [65].
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Another randomized clinical trial performed by Bagetti et al. [66] reported that TPA and
deciduous canine extraction alone was as effective as rapid maxillary expansion followed by
a TPA coupled with the extraction of deciduous canines, as an interceptive treatment option
for patients from 9 years 5 months to 13 years of age with palatally displaced canines. The use
of these protocols in late mixed dentition subjects increased the eruption rate significantly more
than only extraction and untreated groups.

3. Extraction of impacted canines

The surgical removal of impacted canines although seldom considered might be a viable option
in the following situations: [29]

• patient declines active treatment and/or is happy with apperance.

• there is evidence of early resorption of adjacent teeth.

• the patient is too old for interseption.

• there is a good contact for lateral incisor and first premolar or the patient is willing to
undergo orthodontic treatment to substitute first premolar for the canine

• if the impacted canine is ankylosed and cannot be transplanted

• if the root of impacted canine is severely dilacerated

• if the impaction is severe and the degree of malocclusion is too great for surgical reposi‐
tioning/transplantation.

Especially extraction of the labially erupting and crowded canine is contraindicated. Such an
extraction might temporarily improve the aesthetics however may complicate and compro‐
mise the orthodontic treatment results.

If removal of the impacted canine is required, the orthodontist should decide whether to
replace the premolar into the canine position or restore the missing canine space with a
prosthesis or an implant. If the canine space is going to be closed orthodontically, the posterior
segment has to be protracted. Before the extraction decision is made, factors such as lingual
cusp interferences, tooth size discrepancy, and the difficulties encountered when employing
unilateral mechanics should also be considered [21].

When an extraction is performed, it often leaves a critical alveolar defect of difficult manage‐
ment. Puricelli et al. [67] recommended maxillary partial osteotomy as an efficient resolution
for the correction of bone defects within the dental arches which is performed by mobilizing
an alveolar bone segment. They have indicated this technique within the concept of individual
and multiple sustenance of integrity in occlusion and of the dental arches, especially in young
patients, where the indication for fixed prosthetics or osseointegrated implants might be
precocious. They stated that this technique offers a superior time efficient solution for the loss
of the maxillary canines compared to the osseointegrated implant rehabilitation or orthodontic
space closure.

Surgical extraction of impacted canines and their substitution by first premolars eliminates all
the risks and uncertainty related to orthodontic extrusion of an impacted canine. Good
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functional and esthetic results can be achieved, if an accurate and detailed anterior tooth
position is managed during orthodontic finishing [68]. Smile esthetics of maxillary premolar
substitution can be improved by intruding the first premolars to a higher gingival margin with
respect to the maxillary lateral incisors and restoring the premolars with composite resin
buildups or porcelain veneers to produce natural canines [69]. Otherwise slightly extrusion of
the maxillary first premolars is also acceptable if premolar crowns are long, with prominent
buccal cusps. Also, slight negative crown torque and a mesiopalatal rotation is recommended
to resemble a natural canine as possible [68]. Additionally it is reported that there is no scientific
evidence that one occlusal scheme is better than the other. Hence canine guidance can well be
constructed by premolar guidance or a group function, by slightly extruding the maxillary
first premolar [70].

4. Autotransplantation of the canine

Autotransplantation could be performed as a treatment option when: [59]

• interceptive treatment is inconvenient or has failed,

• the degree of malocclusion is too severe to achieve orthodontic alignment,(crown tip mesial
to the mid-line of the lateral incisor or mesial angulation greater than 55° [47],

• adequate space is available for the canine

• the prognosis is good for the tooth to be transplanted and it can be removed atraumatically.

• patient refuses a conventional orthodontic therapy

• failure of orthodontic alignment due to immobility

Successful prognosis of transplanted teeth depends on the following factors: the condition of
the remaining periodontal ligament attached to the extracted donor tooth [72], the adaptation
of the donor tooth to the socket [73], the duration and the method of splinting after transplan‐
tation [74], and the timing of endodontic treatment of the transplanted teeth [75].

Recent studies of autotransplantation of canines have reported success rates of 38–58% over
more than 10 years [76, 77]. In another recent study, Huth et al. [71] found that the success rate
of autotransplanted teeth was 74%, along with a high patient satisfaction [37]. They recom‐
mended autotransplantation especially in adolescent patients in whom alternative treatments,
such as dental implants, are not yet indicated since autotransplanted teeth increase or at least
maintain the bone level and facilitate a later dental implant supply.

The most relevant complications in autotransplantation of teeth that affect the success rate are
inflammatory or replacement resorption [78]. Periodontal healing is responsible for root
resorption after autotransplantation. At a later stage of development the root is fully formed
and the chances of pulpal and periodontal healing is reduced [79, 80]. The optimal develop‐
mental stage for autotransplantation is when the root is 50-75 percent is formed [81].

In some clinical studies it was suggested that the preapplication of mechanical stimuli to the
donor teeth might stimulate the periodontal ligament, prevent ankylosis, reduce the damage
to the periodontal ligament, and prevent root resorption after replantation [82,83]. Recently,
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Ru and Bai [84] reported a maxillary canine autotransplantation case where the extraction site
of deciduous canine was preserved with a titanium prosthesis and a bioresorbable membrane
to prevent root resorption and anyklosis.

The prognosis of ectopic canine autotransplantation in adults is poor. In the research of Schatz
and Joho [85] on 20 transplanted maxillary canines, they determined that pulp vitality
remained in 80% of the patients aged 13 to 20 years group however all impacted canines
required root canal therapy in the 20-to 48-year age-group.

Endodontic treatment of autotransplanted teeth with closed apices is considered as mandatory
analog of traumatically avulsed teeth with closed apices [86]. If the toot has a open apice, a
wait-and-see strategy is accepted due to the considerable potential of revascularization [87],
which occurs in up to 100% of these teeth [81]. In such a case, endodontic treatment is per‐
formed only if signs of pulp necrosis or root resorption are detected [87]. On the other hand,
some authors suggested a wait-and-see strategy even in cases with closed apices [88, 89]. In
the study by Ahlberg et al. [89], 30% of 33 maxillary canines with complete root formation
required no endodontic treatment after an average of 6 years. (Figure 1)

5. Surgical exposure of teeth and orthodontic treatment

The most desirable treatment approach for the management of impacted maxillary canines is
early diagnosis and interception of potential impaction. However, in the absence of prevention,
clinicians should consider surgical exposure and orthodontic alignment.

This treatment option is recommended when: [59]

a. the patient tends to wear orthodontic appliances

b. the patient is well motivated and has general good dental health

c. the long axis of the ectopic canine is not too horizontal or oblique. The closer the crown
is to the midline and the root to the mid-palatal suture, the poorer pronosis for alignment
[60]

d. any evidence of root resorption or other pathology is such that it is more desirable to
preserve the canine. For instance if the adjacent lateral incisor is resorbed and have a very
poor prognosis, it would be advantageous to attempt alignment of impacted canine to
replace the lateral incisor [59].

Two approaches could be followed after surgical exposure: [21]

1. surgical exposure to allow for natural eruption to occur

2. surgical exposure with the placement of an auxiliary

8.1. Surgical exposure to allow for natural eruption to occur

This method is often used when:

• the canine has an appropriate axial inclination and does not need to be uprighted during its
eruption,
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• the root development has not been completed yet, therefore patient’ s age is important

The progress of canine eruption should be monitored with roentgenograms, using reference
points such as an adjacent tooth or the arch wire. If the tooth fails to erupt, removal of any
cicatricial tissue surrounding the crown is recommended. The main disadvantages of this
approach are the spontaneous but slow canine eruption, the increased treatment time, and the
inability to influence the path of eruption and the risk of ankylosing [21].

 

                         

 
 

Figure 1. Bilateral impacted canines were treated with autotransplantation in a 22 year old adult patient. A wait and
see strategy was followed and canal therapy was applied after seven months from autotransplantation as external root
resorption was detected. 10 years after treatment the patient came with the left canine broken due to external root re‐
sorption, however no difference was observed in the contralateral canine.
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8.2. Surgical exposure with the placement of an auxiliary

Surgically assisted orthodontic guidance is required when all possibilities of its natural
eruption have been failed. It is preffered to be performed at least 6 months after root apex
completion [10]. The duration of this orthodontic treatment varies from 12–36 months
depending on a number of factors including the patient's age, crowding, the angulation and
bucco-palatal position of the tooth, its distance from the occlusal plane and the periodontal
health [8]. If the inclination of the canine is greater than 45 degrees in relation to the midline
then the prognosis for alignment worsens. The further the canine needs to be moved then the
poorer the diagnosis for a successful outcome. Either the tooth should not be anyklosed or the
root not be dilaserated [60]. Correct root positioning and a good buccal overlap is necessary
for a stable result [90]. The prognosis is worse in older patients than in young patients, thus
early diagnosis is essential [42]. The upper age limits suggested for successful alignment of an
unerupted canine are 16 and 20 years [57]. In contrast Nieri et al. [8] found the position of the
impacted canines closer to the physiologic position of the dental arch in older subjects which
affected the treatment duration positively.

Combined forced eruption treatment approach is performed at three phases [8].

• surgical exposure of the impacted tooth

• placement of an attachment to the tooth

• application of orthodontic mechanics to align the impacted teeth

Mostly two approaches are recommended in regards to the timing of attachment placement:
[21]

1. The first method is a two-step approach. Firstly the canine is surgically uncovered and
the area is packed with a surgical dressing in order to avoid filling in of tissues around
the tooth. After wound healing within 3-8 weeks, the pack is removed, then an attachment
is bonded on the impacted tooth [91]. This approach is preferred when bleeding compro‐
mises attachment bonding [92].

2. The second method is a one-step approach, in which, the attachment is placed on the tooth
at the time of surgical exposure. This method is especially recommended for palatally
impacted teeth which aids the clinician to visualize and better control the direction of
tooth movement when traction force is applied.

8.3. Surgical exposure of the impacted tooth

During surgical exposure of an impacted tooth, only enough bone should be removed for the
placement of a bonded bracket [21]. Excision of tissues must be carefully performed and the
cementoenamel junction (CEJ) should not be intentionally exposed. If done incorrectly, the
unerupted tooth may be left with inadequate keratinized tissue. Therefore the use of electro‐
surgical or laser techniques is contraindicated for surgical exposure. These instruments are
designed for removal of hard and soft tissues, the contact of the instrument to the tooth may
lead to permanent damage of either type of tissue and/or devitalization of the tooth [20].
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Main indicator of the treatment success of impacted maxillary canines is related with the final
periodontal outcome [49]. In earlier methods, radical bone was removed during surgical
exposure and all bony obstacles were removed to provide an easier path for tooth eruption.
Literature shows that the most serious periodontal damage is loss of supporting bone which
is associated with more heavy surgical procedures involving exposure of the tooth underneath
the cementoenamel junction (CEJ) [93]. Therefore exposure of the CEJ was a critical variable
and special attention has to be given during surgery or when placing a wire lasso with or
without a gold chain.

Classification and treatment techniques will be presented in detail according to the position
of impacted maxillary canines:

8.4. Palatal versus labial impactions

The incidence rate of palatal impaction is at least 3:1 [94] and up to 6:l when compared to labial
impaction [95]. Labial impactions generally have a more favorable vertical angulation whereas
palatally impacted canines are more often inclined in a horizontal/oblique direction [21].
Jacoby [32] determined that 85% of palatally impacted canines had enough space in the dental
arch where as only 17% of the labially unerupted maxillary canines appeared to have sufficient
space for eruption. Consequently he claimed arch length deficiency as a primary causative
factor for labially impacted canines.

Ectopic labially positioned canines may erupt frequently high in the sulcus or alveolar ridge
on their own without either surgical exposure or orthodontic treatment. Contrarily, palatally
impacted canines seldom erupt without intervention due to the thickness of the palatal cortical
bone and also the dense, thick, and resistant palatal mucosa [21].

8.5. Management of labially impacted canines

Labially impacted maxillary canine is often positioned high in the alveolar bone and erupts
through the alveolar mucosa. It has been emphasized that labially impacted canines are more
challenging to manage without the occurrence of adverse periodontal problems. Therefore,
special attention has to be given to surgical technique, marginal gingival placement, control
of inflammation, magnitude of force, atraumatic surgery, and proper gingival attachment [96].

Generally 3 techniques are used for uncovering a labially impacted maxillary canine [31]:

i. excisional uncovering (gingivectomy)

ii. apically positioned flap

iii. closed eruption techniques

The orthodontist should guide the surgeon properly to select an appropriate technique. If the
correct uncovering technique is chosen, the eruption process can be simplified, resulting in a
predictably stable and esthetic result. Four criteria should be evaluated by the orthodontist in
order to determine the appropriate method for uncovering the tooth before referring a patient
for surgical exposure. First, the labiolingual position of the impacted canine crown should be
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determined. If the tooth is impacted labially, then any of the 3 techniques could be performed,
since there is usually little or any bone covering the crown of the impacted canine. However,
if the tooth is impacted in the center of the alveolus, an excisional approach and an apically
positioned flap are usually more difficult to perform, for large amount of bone removal might
be required from the labial surface of the crown.

The second criterion to evaluate is the vertical position of the tooth relative to the mucogingival
junction. Any of the 3 techniques can be chosen to uncover the tooth, if most of the canine
crown is positioned coronal to the mucogingival junction. (Figure 2)

Figure 2. Closed flap technique was performed for the maxillary canine to erupt and orthodontic traction was applied
to align the canine into the lateral position.

When the canine crown is positioned apical to the mucogingival junction, the most appropriate
approach is the closed eruption technique for it would provide adequate gingiva over the
crown and prevent reintrusion of the tooth in the long term [97]. Excisional technique would
be inappropriate, because it would result in no gingiva over the labial surface of the tooth after
eruption has completed. An apically positioned flap would either be inappropriate since it
would cause possible reintrusion and instability of the crown of the tooth after orthodontic
treatment [98].

The third criterion to evaluate is the amount of attached gingiva in the area of the impacted
canine. The creation and preservation of the band of attached gingiva is very critical for
periodontal health in the management of labially impacted teeth [12]. The only technique
that predictably would produce more gingiva is an apically positioned flap, if there were
insufficient  gingiva  in  the  area  of  the  canine.  Otherwise,  mucogingival  recession  and
alveolar  bone loss  may occur.  Any of  the  3  techniques  could be  selected,  if  there  were
sufficient gingiva to provide at least 2 to 3 mm of attached gingiva over the canine crown
after it had been erupted [31].

The final criterion to evaluate is the mesiodistal position of the canine crown. An apically
positioned flap should be preferred if the crown were positioned mesially and over the root
of the lateral incisor, since it could be difficult to move the tooth through the alveolus unless
it was completely exposed. In this situation, closed eruption or excisional uncovering generally
would not be recommended [31].
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There are conflicting reports in the literature regarding apically positioned flap technique and
closed eruption technique [64,98-100]. Unfortunately, some reports and studies have failed to
differentiate that the “open” technique is different from an apically positioned flap approach
[96]. There is conclusive evidence that an open eruption approach through nonkeratinized
gingival should be avoided [98]. The absence of an adequate band of attached gingiva around
the erupting canine may cause inflammation of the periodontium. Vanarsdall and Corn [99]
emphasized that it is risky to move teeth in the presence of inflammation. In addition Caprio‐
glio et al. [101] stated that it is necessary to use conservative surgical techniques and ortho‐
dontic systems mimicking the natural pattern of eruption in order to achieve adequate
periodontal status.

An apically repositioned flap or closed eruption techniques through keratinized gingival tissue
are recommended [102]. If the tissue is too thin to be dissected as a partial thickness graft,
laterally repositioned pedicle graft, a free gingival graft can be performed initially to increase
the thickness of keratinized gingiva. After approximately 30 to 60 days or complete healing of
the grafted tissue, the tooth may be exposed, bonded, and orthodontic traction might be
applied.

Vernette et al. [98] compared the esthetic and periodontal results between the apically
repositioned flap and the closed eruption techniques of surgically uncovering labially
impacted maxillary teeth (incisors and canines). They have concluded that periodontal
attachment differences between uncovered and contralateral teeth were not clinically signifi‐
cant in either the apically positioned flap or closed-eruption groups. However labially
impacted maxillary anterior teeth uncovered with an apically positioned flap technique have
more unesthetic sequalae than those with closed-eruption technique. Also adverse effects were
detected treated with apically positioned flap technique such as increased clinical crown
length, width of attached tissue, gingival scarring, and intrusive relapse since the mucosal
attachment tends to pull the crown of the tooth apically.

However in literature the disadvantages of closed eruption technique were reported as
increase in treatment time, additional surgical procedures, diminished control of tooth
movement, as well as adverse periodontal responses [21,96]. Advantages of the apically
positioned graft are that it is minimally invasive, provides controlled tooth movement (even
high in the vestibular depth), prevents cystic follicles, decreases treatment time. Also it
prevents ankylosis if bonding is delayed for 1 week [96]. It was reported that only 4 to 5 months
was enough to erupt labially impacted teeth into the arch with apically positioned grafts even
in severe cases [103].

In the review article of Vanarshdal [96] it was concluded that adverse responses have not been
determined with labially uncovered teeth with grafts that have been left open and activated a
week later. Surgical exposure with careful attention to the periodontal tissues and proper
orthodontic alignment without intentional closing over with soft tissue could provide a more
predictable result for patients. It was also emphasized that the pedicle graft is necessary on the
labial of the maxilla. The gingivally repositioned procedure as described earlier [99] didn’ t
create a compromised periodontal outcome, and treated teeth were indistinguishable from
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untreated sides Vanarshdal [96] stated that closed eruption technique was not superior to
apically repositioned flap technique as a result of this evidence based data.

Apart from these comman used three techniques explained above, the application of tunnel
technique might be indicated in the following situations: [8]

i. if persistent deciduous canines exists with impacted canines or space available in the
dental arch and

ii. feasibility of direct traction of the impacted canine to the center of the alveolar ridge
as assessed on the diagnostic radiographic records to reproduce the physiologic
eruption pattern of the canine.

8.6. Management of the palatally impacted canines

The most common impaction encountered by orthodontists is the palatal impaction of
maxillary canines (95-Stellzig et al., 1994). With palatal impactions it is critical to recognize that
the entire palate is covered with specialized mucosa and a graft is not necessary [104]. The
most commonly used surgical methods for exposing the impacted canine are: [59]

1. open surgical exposure and allowing for natural eruption

2. open surgical exposure and packing with subsequent bonding of an auxillary

3. closed surgical exposure with the placement of an auxiliary attachment intraoperatively.

The first method is most appropriate if the canine has the correct inclination and will then
erupt spontaneously. Schmidt [105] suggested to uncover palatally impacted canines early,
during the mixed dentition in order to encourage autonomous eruption, without orthodontic
intervention. They have reported that the overall treatment time is reduced with superior
periodontal and aesthetic results since the bone levels and attachment levels improved on the
canine and lateral incisor and also little to no root resorption occured on the lateral incisors.

Kokich and Mathews [100] also recommended earlier timing for uncovering palatally impact‐
ed canines before starting orthodontic treatment. In some cases, surgical exposure could be
performed during the late mixed dentition. First a full-thickness mucoperiosteal flap is
elevated, then all bone over the crown is removed down to the cementoenamel junction.
Following the flap is returned, and a hole is made through the gingival flap. If the tooth is
highly positioned in the palate a dressing might be placed over the exposed area in the flap.
Although it has been noted that autonomous eruption occurs within 6 to 9 months postoper‐
atively, there is currently no report in the literature to support this statement [106]. After the
canines erupt to the occlusal level an attachment could be bonded for the further orthodontic
treatment.

The second approach is the “open window” eruption technique in which a flap is elevated and
enough amount of bone is removed to expose the tip of the impacted crown to be bonded. The
flap is then repositoned and sutured with a small “window” cut into the flap of the palatal soft
tissue, covering the embedded crown packed with surgical dressing. To provide a good
periodontal prognosis, a special attention should be given in maintaining the attached gingiva
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on the impacted tooth. One week later postoperatively the pack is removed and an attachment
is bonded with subsequent traction using a fixed appliance. There is some evidence that the
periodontal status may be compromized [107]. (Figure 3)

 

 

Figure 3. Bilateral palatally impacted maxillary canines were uncovered by open surgical technique, orthodontic trac‐
tion was performed by ballista springs. Alignment of bilateral maxillary canines lasted 4,5 years.

The third option is the closed eruption technique. If a canine is associated with severe resorp‐
tion of the root of the incisor, an open exposure is not indicated since it endangers the vitality
and existence of the incisor. In such a case a closed eruption technique would provide both
teeth a vital state [108]. In this technique sufficient space should be created before the surgical
exposure. Usually uncovering a palatally impacted canine occurs after the first 6 to 9 months
of orthodontic alignment of the maxillary dentition. In this technique firstly a mucoperiostal
flap is reflected and a minimum of bone is removed to reveal the follicle,which is opened at
the most superficial point only. Bone is not cleared away from the neck of the tooth, nor more
of the follicular tissue than is essential for bonding, and certainly not down to the cementoe‐
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namel junction [109]. A small eyelet, threaded with soft twisted ligature wire of 0.012-in gauge,
is then bonded while hemostasis is maintained. The flap is then sutured fully back to cover
the entire wound and exposed area, with the twisted ligature wire drawn through the flap at
a point strategically placed to permit traction in the direction that will have been confirmed
when the orthodontist actually sees the tooth in situ. Generally, orthodontic traction begins
soon after the surgery towards to the edentulous site [109].

On the other hand if not enough bone is removed then the tooth will not move and orthodontist
might suspect from anyklosis. However the incidence of ankylosed maxillary canines is low
[100]. In the case of insufficient bone removal over the impacted tooth, the tooth will not be
able to resorb the bone over the crown efficiently for the dental follicle is deflated and removed.
When a force is applied the enamel of the impacted crown comes into contact with the bone
however there are no cells in the enamel to resorb the bone. Therefore resorption will eventu‐
ally occur slowly through pressure necrosis [31].

Closed eruption technique is a more conservative approach however if bond failure occurs
then re-exposure is required. Also direct bonding of the impacted canine during surgery may
cause soft tissue injury due to the acid etching contamination. Becker et al. [108] suggested the
use of an eyelet bonded in a mid-buccal position on the crown of the impacted tooth at surgery
as these have the highest success rate. Becker and Chausu [109] stated that morbidity is lower
in closed eruption approach than for open procedures since healing is faster, postoperative
pain is considerably reduced, and postsurgical bleeding is virtually eliminated.

There is a controversy in the literature regarding the periodontal outcome of open or closed
surgical exposure and subsequent orthodontic alignment of the palatally displaced canines
[110]. It is believed that periodontal health is compromised when the palatal mucosa is excised
with open technique [93].) However in a systematic review Parkin et al. [111] found no robust
evidence to support one surgical technique over the other.

Also in recent studies [112, 113] evaluating the differences in the periodontal outcomes of
palatally displaced canines (PDC) exposed with either an open or a closed surgical technique,
no significant differences in post-treatment periodontal status of the canines and adjacent teeth
were determined between the techniques. Both treatment methods were found acceptable for
treatment of the palatally impacted canine. In addition Smailine et al., [113] 2013 concluded
that post-treatment periodontal status and the level of bone support were not dependent on
the patients’ age at the start of treatment, the duration of treatment, or the initial horizontal
and vertical localization of impacted canine.

9. Orthodontic considerations

Orthodontic treatment methodology for impacted canines depends on various factors, such
as location of the impacted canine in the dental arch relative to adjacent incisors, the distance
from the occlusal plane, canine crown overlaps, canine angulations, the possible presence of
ankylosis, root resorption, or dilaceration [100]. Generally, horizontally impacted or ankylosed
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canines are the most hazardous to manage and have the poorest prognosis [114]. Some of these
teeth may need to be extracted. These variables are also used as predictors of the orthodontic
treatment duration [100].

Frequently, when the palatally impacted canine is surgically uncovered, only the lingual
surface of the tooth is available for bonding attachments. However Becker and coworkers [107]
stated that the palatal surface as the poorest bonding surface. The orthodontic force to be
applied to the bonded attachment requires careful planning because if an orthodontic force is
applied from the adjacent maxillary teeth, it will tend to embed the buccal surface of the crown
and may create periodontal problems. In order to prevent this problem, first the tooth should
be erupted vertically and once a facial attachment can be bonded, forces should direct the tooth
facially [115].

When removal of premolars is planned for the orthodontic treatment, it is advised to delay
their extractions until the canine is surgically uncovered and feasibility of moving the impacted
canine is insured. However, the premolar has to be removed initially prior to any attempt to
move the canine in severely crowded cases. In such a case, the patient or parents should be
made aware of the possible complications [21].

During closed-eruption technique, the orthodontist should select mechanics that erupt the
tooth through the center of the alveolar ridge. The eruption of the tooth between the alveolar
cortical plates prevents bone dehiscence and unfavorable orthodontic and esthetic consequen‐
ces [49]. The mechanics that draw the tooth labially should be avoided, in order not to produce
a bony dehiscence or labial recession of gingival magrin [31].

The impacted tooth under orthodontic traction forces should be periodically checked for
excessive mobility or bleeding from gingiva around the tooth. It is important to ensure that
periodontal attachment is following the tooth as it is guided into the arch [116]. Furthermore
correction of torque, labio-palatal root angulation of the impacted canine should be considered
to achieve proper functional occlusion. The bracket on the labial aspect of the canine can be
inverted to correct the torque or a mandibular premolar bracket can bonded to the ectopic
canine to produce a more negative torque [117].

9.1. Methods of attachment

Wire ligatures, a bracket, a hook, button or an eyelet directly may be attached to the enamel
surface after the surgical exposure of the impacted tooth crown [29]. (Figure 2,3) If the canines
are deeply impacted, a gold chain may be used that can pass through a long tunnel created
between the impacted tooth and the empty socket of the extracted primary canine [118]. A
circumferential, dead soft, ligature wire (lasso) passing around the cervical area of the tooth
shouldn’ t be used as an attachment since too much bone removal is required. This "heavy
exposure," may provoke the risk of injuring the adjacent teeth, external root resorption and
ankylosis [119]. Celli et al. [120] advocated bonding of two attachments to the impacted canine
instead of the classic single one for closed eruption of palatally impacted canines in order to
reduce the potential risk of a second surgical operation when the traction attachment comes
off.
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9.2. Traction methods

Various methods have been used for moving the canine into proper alignment. These include
the use of light wires (Figure 2) or springs soldered to a heavy labial or palatal base wire,
mousetrap loops, K-9 spring, ballista loops (Figure 3c), Kilroy I, II springs [31, 121, 122].
Vardimon et al. [123] recommended the use of magnets to treat impacted canines on the basis
of a less invasive surgical procedure, effective forces at short distances, and controlled spatial
guidance. (Figure 4) With the introduction of new orthodontic materials such as elastic threads,
elastometric chains, and nickeltitanium springs, the orthodontist has a wider choice of
materials and also greater control of the force magnitude and direction.

Figure 4. Orthodontic traction of bilateral impacted canines with the use of magnets. Right maxillary canine closer to
the surface could be erupted with magnets. The left canine also moved closer along the top of the arch, however the
patient discontinued his treatment.

Emerging Trends in Oral Health Sciences and Dentistry486



An efficient way to make impacted canines erupt is to use closed-coil springs with eyelets, as
long as no obstacles impede the path of the canine. If the canine is in close proximity to the
incisor roots and a buccally directed force is applied, then it will contact the roots of adjacent
teeth and may cause damage. (Figure 5) In addition, the canine position may not improve due
to the root obstacle. Therefore regardless of the material used, the direction of the applied force
should initially move the impacted tooth away from the roots of the neighboring teeth. In
addition, the following is recommended: [21]

1. Initially maxillary arch should be levelled and aligned until a rigid rectangular arch can
be inserted prior to the surgical exposure of the impacted tooth and application of traction
forces [115].

2. Enough space should either be available in the arch or should be created for the impacted
tooth;

3. In order to preserve the space created, either continuously tie the teeth mesially and
distally to the canine or place a close coiled spring on the arch wire;

4. The eruption path might require the fabrication of auxiliaries numerous times due to
anatomic obstructions during the traction process to redirect forces [115].

5. The use of light forces to move the impacted tooth, no more than 2 oz (60 g);

6. The arch wire should have enough stiffness, such as.018 ×.022, to resist deformation
against traction forces during canine extrusion (Figure 2). The added stiffness of the arch
wire will diminsh the undesirable "rollercoaster" effect caused by intrusion of the
neighboring anchor teeth as a reaction to the deflection of a lighter and hence more flexible
arch wire. Therefore, the magnitude of the force applied should not deflect the arch wire.

Orthodontic traction on the impacted tooth should be applied with light forces (20 to 30 g). In
most of the cases, the root tip of the impacted canine is usually in a good position, so a tipping
movement (light movement) is appropriate to move the crown toward the dental arch. The
combined effects of "light" surgical exposure, "light" orthodontic movements, and "light"
orthodontic forces are beneficial to the future periodontal health of the tooth since they
minimize the loss of alveolar bone support and potential injury to the tooth during traction.
However "heavy movement" such as torque during the traction cause more bone loss [21].

Fixed or removable appliances can be used for the traction of impacted tooth. However there
are certain disadvantages of removable appliances such as the need for patient cooperation,
limited control of tooth movement, and the inability to treat complex malocclusions [21]
therefore only in cases with multiple missing teeth Hawley-type appliances might be used
which transfer anchorage demands to the palatal vault and the alveolar ridge [124].

Most techniques have used the maxillary arch as anchorage for traction, which may be
unsuitable in many clinical situations [94]. In cases in which the impacted canine is situated
palatal to the lateral incisor, firstly an attempt should be made to move the canine away from
lateral incisor before moving the impacted tooth toward the dental arch. In this situation if the
desired forces cannot be applied from within the maxillary arch, mandibular arch might be
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used as a source of anchorage. A mandibular fixed lingual arch with a vertical hook can be
used for this purpose. Elastics are engaged in these vertical hooks and to the attachment on
the impacted teeth for the required traction. In addition directional forces can be used by
applying elastics. The main disadvantege of mandibular anchorage is the difficulty encoun‐
tered in controlling the magnitude and direction of the applied forces because of the mobile
mandibular arch [115].

Recently mini-screws have been proved to be reliable and convenient skeletal anchorage
devices in the management of unerupted canines. Their mechanical resistance was found
suitable for the initial orthodontic traction of these teeth. Mini-screws are placed in the alveolar
process to improve the initial angulation of impacted canine teeth. Following soft tissue healing
around the exposed tooth, mechanical traction can be activated with a nickel-titanium closed-
coil spring exerting gentle forces 0.5–0.8 N (50–80 g) of force. The main advantage of this
method is that the maxillary arch should not be bracketed until the canine has begun to move
and ankylosis can be ruled out [125].

Figure 5. A buccally directed traction of a palatally impacted maxillary canine resulted in the buccal movement of the
adjacent lateral root due to the close approximity and gingival recession was observed 10 years after treatment.
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Poggio et al. [126] studied the interradicular anatomy of 25 patients with volumetric tomo‐
graphic imaging. On the palatal side, the most available bone was determined between the
second premolar and first molar whereas on the buccal side between the two premolars. These
areas were found convenient for the clinical application of a mini-screw if extrusion of a
palatally impacted canine is planned. On the buccal side less bone was determined between
the second premolar and first molar. On the palatal side, the interseptal distance between the
two molars was either less, yet still sufficient.

Impacted teeth tend to respond much later in adults than do those in children. Chaushu et al.
[127] advised the placement of a temporary anchorage device in the palate at the time of closed
exposure and the immediate application of elastic traction for several months since they have
experienced failure of teeth to erupt despite the application of traction in patients in their fourth
and fifth decades of life. They place orthodontic appliances if positive signs of movement are
observed.

9.3. Retention considerations and long term follow-up of impacted canines

Treatment of impacted tooth is almost always a clinical challenge. Holistic treatment planning,
prudent flap design, coupled with forced eruption using light extrusive forces, periodontal
health and functional occlusion are central to achieving the desired long-term results.

Becker et al. [128] evaluated the posttreatment alignment of the impacted canines in patients
who had completed their orthodontic treatment. They observed an increased incidence of
rotations or spacings on the "impacted" side in 17.4% of the cases, whereas on the control side
the incidence was only 8.7%. The control side had ideal alignment twice as often as did the
impacted side.

Capriogli et al. [101] evaluated the long-term (4.6 years) periodontal response of palatally
impacted maxillary canines aligned using a closed-flap surgical technique in association with
a codified orthodontic traction system. No damage to periodontium was detected in the long-
term.

Woloshyn et al. [129] evaluated the posttreatment changes nearly 4 years after treatment and
compared the differences in the periodontal and pulpal status, root length, and tooth alignment
between the side of the forced-erupted ectopically canine and the contralateral side. The
probing attachment level was found lower on the mesial and distal aspect of the previously
impacted canines, also the roots of the adjacent teeth were found shorter. The incidance of
pulpal obliteration was 21% in the previously impacted canines. Significant posttreatment
changes such as intrusion, lingual displacement, rotation, and discoloration was determined
in 40% of the previously impacted teeth where as 91% had a normal appearance on the
contralateral side.

A fiberotomy or a bonded fixed retainer is suggested to prevent rotational relapse, after the
completion of the desired movements and often before the appliances are removed. Removing
a "halfmoon-shaped wedge" of tissue from the lingual side of the canine might intercept lingual
drift after correction of palatally impacted canines [130].
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D'Amico et al. [131] reported the adverse effects of the orthodontic-surgical treatment for
impacted maxillary canines in the long term conducted in a sample of 61 cases. 6.5% of the
patients were dissatisfied with the esthetic results, whereas the orthodontist estimated the
results as good in only 57% of the cases. Canine guidance was detected less frequently on the
working side during lateral movements in previously impacted canines due to the significant
difference in their inclination compared to normally erupted ones.

9.4. Frequent complications observed with unerupted teeth

Surgical exposure of the impacted tooth and the complex orthodontic mechanisms that are
applied to align the impacted tooth into the arch may lead to deleterious consequences for the
supporting structures of the tooth, such as displacement and devitalization, ankylosis or loss
of vitality, recurrent pain, cystic degeneration, invasive servical root resorption, external root
resorption of the canine and adjacent teeth. Furthermore loss of periodontal bone support,
gingival recession, sensitivity problems or combinations of these factors may be observed
[129].(Figure 5) Most of these risks can be prevented with proper management of periodontal
tissues and timing of care. These problems can result in prolonged treatment time, esthetic
deformities and often the loss of teeth.

If no movement of the impacted canine is observed, this may be as a result of single or
combination of the following reasons: [132]

• inappropriate positional diagnosis of the impacted teeth and its relationship with the roots
of the adjacent teeth which leads to incorrect direction of traction

• a lack of considerably anchorage requirement will lead to inefficient mechanotherapy and
unnecassarily longer treatment

• anyklosis might have afflicted the impacted tooth either a priori or as the result of the earlier
surgical or the orthodontic maneuers.

• scar tissue might have blocked the wire chain, [133]

If, the tooth does not show clear evidence of movement after six months of orthodontic force
application, a re-evaluation is necessary. Ankylosis, one of the major complications associated
with impacted canines, can rarely be detected based on clinical and conventional radiographic
examinations however CBCT provides a better diagnosis of the area of ankylosis [134].

In the recent study of Koutzoglou and Kostaki [135] evidence of an association between
exposure technique and ankylosis was determined. The percentage of ankylosis was 3.5% in
the open technique and 14.5% in the closed technique. They have defined anyklosis as
impacted canines being immobilized a priori or during traction, due to all the possible causes
that could contribute to immobilization, such as all types of external tooth resorption and other
known or unknown factors. Additionally, they found a evidence that the grade of impaction
and the patient's age are significant predictors of ankylosis.

Traditionally, once a tooth becomes ankylosed, surgical luxation has been the treatment of
choice [136]. Although orthodontic light forces are applied immediately after luxation to
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prevent reankylosis, ankylosis often occurs again [137]. Another viable treatment option for
ankylosed or dilacerated maxillary canines is apicotomy proposed by Puricelli [138] in 1987.
An apicotomy is a guided fracture of a canine root apex performed with a small chisel followed
by orthodontic traction of the canine crown. Puricelli’s data [138, 139] showed that in 29
patients who had the procedure, 26 procedures were successful and 3 failed.

Becker and Chausu [109] stated that invasive cervical root resorption is the cause of many
failed impacted teeth, rather than the knee-jerk and usually unproven application of the label
“ankylosis.” It is difficult to diagnose on a radiograph, yet, as the lesion grows, bone is usually
deposited in the depth of the resorption lacunae, and then the tooth will no longer respond to
extrusive traction [140]. Radical surgery extending down to the cementoenamel junction is
likelihood of this possible sequel.

Becker et al. [132] reported that repeat surgery was required for 62.9% of the impacted canines
in which corrective treatment was started, mostly to redirect the ligature wires with the
guidance of the 3-dimensional imaging. If orthodontic traction fails other treatment options
should be considered. Prosthetic replacement might be performed yet preparation of the
adjacent, usually healthy teeth for a conventional fixed bridge is far from ideal. Implant
placement would be another option that generally requires extraction of the impacted tooth.
However this causes a bony defect which must be bone-grafted. Orthodontic closure of the
gap might also be considered but it results in asymmetry in unilateral cases [125].

10. Conclusions

The management of impacted canines is important in terms of esthetics and function and,
requires a qualified experience of a number of clinicians. If patients are evaluated and treated
appropriately, then the frequency of ectopic eruption and subsequent impaction of the
maxillary canine can be reduced. Various surgical and orthodontic techniques may be used to
uncover impacted maxillary canines related to its position. Accurate localization, conservative
management of the soft tissues, selection of appropriate surgical approach, rigid anchorage
unit, and the direction of the orthodontic traction are the important factors for the successful
management of impacted canines.
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