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A B S T R A C T

Canine maxillary teeth are aesthetically most dominant teeth which can present a smile as either holy or evi.
They define the mouth’s corner, are involved in the aesthetic smile, maintain occlusal stability, and design
the shape of the dental arch. As the position of the impacted canines is amidst vital anatomical structures
like the nasal cavity and sinuses in the maxilla and mental nerve in the mandible, a thorough radiographic
evaluation to determine the position of the impacted canines is of utmost importance prior to any treatment
planning. By using a radiographic image, a clinician can clearly identify its location.The present paper aimed
to determine the prevalence, etiology, and clinical diagnosis of impacted maxillary canines in orthodontic
patients.
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1 INTRODUCTION

Impacted teeth are those with a delayed eruption time or that
are not expected to erupt completely based on clinical and
radiographic assessment. Permanent maxillary canines are
the secondmost frequently impacted teeth; the prevalence of
their impaction is 1-2% in the general population (1). This is
most likely due to an extended development period and the
long, tortuous path of eruption before the canine emerges
into full occlusion. Methods of diagnosis that may allow
for early detection and prevention should include a family
history, visual and tactile clinical examinations by the age of
9-10 years and a thorough radiographic assessment. Because
there is a high probability that palatally impacted maxillary
canines may occur with other dental anomalies, the clinician
should be alert to this possibility (2). When the condition
is identified early, extraction of the maxillary deciduous
canines may, in some cases, allow the impacted canines

to correct their paths of eruption and erupt into the
mouth in relatively good alignment (3). This interceptive
treatment may further reduce complications associated with
palatally impacted canines including root resorption of the
lateral incisors and the need for more complex surgical and
orthodontic intervention (4).

2 DISTURBANCE OF THE NORMAL
DEVELOPMENT

As the starting point to understanding abnormal devel-
opment that creates canine ectopy, it is crucial to first
understand how normal development occurs and how, in
this scenario, the canine maneuvers its way in relation to the
roots of the adjacent teeth. (1) As it does so, it influences the
alignment of the adjacent teeth while, at the same time, its
own eruption and alignment are influenced by them, until it
erupts into the mouth and into its final position (2).

© 2023 Published by International Dental Educationists’ Association (IDEA). This is an open access article under the CC BY license
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3 THE NORMAL ERUPTION MECHANISM

The mechanism of normal eruption and normal alignment
of the maxillary anterior teeth was first described by
Broadbent, over 70 years ago (1,2). He outlined how the
eruption of the two central incisors produces an initial
temporary arrangement, which is quite different from the
final alignment that will be seen just 4 or 5 years later (4).
He called this temporary arrangement the Ugly Duckling
stage (Figure 1). He described the orientation of the two
newly erupted maxillary central incisors and the initial wide
intercoronal space between them - the midline diastema -
and how this spontaneously closes up quite naturally, in the
fullness of time, with the eruption of the canine teeth (1).
At the outset, he considered that the diastema was caused
by the early developmental location of the unerupted lateral
incisors, high up on the distal side of the roots of the
central incisors. With one lateral incisor on each side in
the narrow apical area, the roots of the central incisors are
pushed together, to cause a distal flaring of their crowns. (3)
A hypothetic apically directed extension of their long axes
converges somewhere above their developing apices (5).

Fig. 1: a-d:UglyDuckling Stage a: Schematic representation of the
emergence and closure of the Diastema during canine development
and its eruption, b-d:mesial Tipping of the canine at the beginning
of development, the up righting of the canine in the course of
development and eruption resulted a closure of the diasteme

In the ensuingmonths of normal development, the lateral
incisors migrate downwards on the distal aspect of the
central incisors, surrendering their constricting effect on the
apices of the central incisors. As they move down past the
CEJ, they eventually erupt, distally flared, into interproximal
contact with the crowns of the central incisors (1,5). The
outcome of this is that their relationship to the incisors
becomes reversed. The central incisor crowns are influenced
to tip mesially, reducing the wide diastema and partially up
righting the long axes of these teeth (6).

At the age of 8 years, normally developing unerupted
caninesmay be seen on a periapical radiograph to bemesially
angulated, high on the distal side of the apical third of the
roots of the lateral incisors, in much the same relationship
that existed between the lateral and central incisors, a year or
so earlier. The canines constrict the four developing incisor
apices into a small space and their crown-to-root long axes
converge to a virtual point high above their apices (1–3)

During the ensuing 2-3 years, the downward eruptive
movements of the canines are guided along the distal aspect
of the roots of the lateral incisors and, as they move down,
they release their “stranglehold” on the incisor apices and
generate a progressive mesial up righting of all four incisor
crowns as they go. This results in a closing off of what
remains of the midline diastema and an integral chain of
interproximal contacts between the crowns of the anterior
6 teeth (5).

This account of the natural dynamics of eruption and
alignment of the maxillary anterior teeth, described by
Broadbent so long ago (1), has become a well-recognized and
established cornerstone of our orthodontic literature and
has withstood the test of time (1–5). It is widely quoted in
the literature and is accepted as axiomatic to the narrative
of normal growth and development. This is the Guidance
Theory of Eruption of the maxillary anterior teeth (6).

From this description it is clear that there ismuch that can
go wrong in this complex scheme of events that may have an
effect on the eruption path of the canine. Indeed, Broadbent
speculated that because of the long path of eruption taken by
the maxillary canine, from close to the floor of the orbit to
its final destination – a distance of 22mms – it had a greater
chance of going off-course. It clearly requires a relatively
small discrepancy in direction or degree of influence of one
of the factors involved tomalfunction and to undermine this
fragile scheme. It was his view that this was the reason that
the canine occasionally became palatally displaced (1–4).

Faced with such a compelling association, the obvious,
facile, and simplistic conclusion is to infer that palatally
impaction of the canine is also genetically determined and
linked to anomalous or missing lateral incisors – a view that
is held by the authors of most of these studies (3–6).

The present paper aimed to determine the prevalence,
etiology, and clinical diagnosis of impacted maxillary
canines in orthodontic patients.

4 PREVALENCE AND ETIOLOGY

Eighty-five per cent of impacted maxillary permanent cus-
pids are palatal impactions, and 15% are labial impactions.
Inadequate arch space and a vertical developmental posi-
tion are often associated with buccal canine impactions
(Figure 2) (7). If buccally impacted cuspids erupt they do
so vertically, buccally and higher in the alveolus. Due to
denser palatal bone and thicker palatal mucosa, as well as a
more horizontal position, palatally displaced cuspids rarely
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erupt without requiring complex orthodontic treatment
(Figure 3) (8). Palatally erupting or impacted maxillary
canines occur twice as often in females than males, have
a high family association and are 5 times more common
in Caucasians than Asians. It is not unusual for maxillary
canine impaction to occur bilaterally, although unilateral
ectopic eruptions are more frequent (7–10).

Fig. 2: a-c: Buccally impacted cuspids erupt vertically, buccally and
higher in the alveolus

Fig. 3: a-e: Palatally displaced and retained canines. Surgical
exposure and orthodontic treatment are necessary for the up
righting

Historically, impaction of canines has been associated
with a number of factors such as consumption of soft food,
supernumerary teeth, abnormal growth of the primordial
band in embryonic life, variation in growth of the maxilla
or mandible, syphilis, hare lip, cleft palate, endocrine
disorders, trauma, premature loss of primary canines and
nasal obstruction. There is however no single reported cause

of impaction of canines (1–4).
The causes for retarded eruption of teeth may be either

generalized or localized (11).
The generalized causes have been attributed to many

diseases, syndromes, and systemic factors.

4.1 Localized causes

The most common causes for canine impactions, however,
are usually localized and are a result of any one or a
combination of the factors described below.

4.1.1. Tooth size – arch length discrepancy
Crowding was considered to be one of the major causes
of impacted maxillary canine, for both buccal and palatal
displacements (12). Association with certain malocclusions
such as an Angle Class II, division 2 relationship has been
suggested (13). However, it is unclear and there is a consensus
in the literature that arch length deficiency is associated
primarily with buccal canine displacement (14). Further, a
number of studies have shown that the likelihood of palatally
displaced canines is lower when crowding is present (15).

4.1.2. Prolonged retention or early loss of the primary
canine
The delayed exfoliation of the primary canine is considered
by many authorities, to be the principle etiologic factor for
the impaction of the maxillary canine (16). There have been
several studies that support this theory and advocate the
timely extraction of primary canines to allow spontaneous
eruption of the permanent successor (17). However, delayed
resorption is probably a result of the ectopic path of eruption
rather than the cause of the impaction (18–20)

4.1.3. Abnormal position of tooth bud and long path of
eruption
An etiological influence on maxillary canine displacement
has, for a long time, been attributed to the various
developmental phases of the tooth germ and the long
eruption path (19). permanent canine develops high in the
maxilla with calcification commencing 4-12 months post-
natally and crown completion at 6-7 years of age. At the
age of 2 1

2 years, the tooth germ of the permanent maxillary
canine is lying above the first premolar tooth germ. From
this position, the maxillary canine has a long and devious
path to cover (20,21). In the three planes of space, the canine
travels almost 22mm from its position at the age of 5 years
to its position at the age of 15 years (22). Whilst the primary
dentition is being carried (23).

It moves down the distal aspect of the lateral incisor
during erupt this will often result in closure of a physiological
midline diastema, if present (24). Displacement from the
normal path of eruption most commonly occurs in a palatal
direction and this has been suggested to be the cause of the
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impaction (20).

4.1.4. Presence of alveolar cleft
Tooth abnormalities in children with cleft lip and/ or palate
occur more frequently than in the normal population.
The congenital absence of the permanent lateral incisor
is probably, the most commonly occurring anomaly in
these patients (1,25). However, patients with complete alveolar
clefts also have permanent canines in abnormal locations
during eruption and are at an increased risk of impaction
when compared with the unaffected population. Both the
timing of alveolar bone grafting and the presence of lateral
incisors are factors that can influence the risk of canine
impaction (1–3,26–28) (Figure 4).

Fig. 4: a-g: Child with cleft, lip and palate left side a-d: patient
with complete alveolar cleft have permanent canines in abnormal
locations during eruption, impaction of the tooth 23, e-g: alveolar
bone grafting in the alveolar cleft region. After bone augmentation,
it was possible to upright the displaced and retained canine

4.1.5. Guidance theory
Miller and Bass reported that there appeared to be an
unusually high prevalence of congenitally missing lateral
incisors associated with palatally impacted canines. They
suggested that under such circumstances, the permanent
canine lacks the guidance normally afforded by the distal
aspect of the root of the lateral incisor (29,30). Miller however,
assumed that the root of even an abnormally small lateral
incisor, such as a peg shaped lateral incisor, is usually
of adequate length to guide the canine along a normal
course (29)

While many researchers support the hypothesis of Miller
and Bass that the part played by the lateral incisor, as a guide
in the normal eruption of the permanent canine; numerous
proponents of the guidance theory have also reported
a significantly higher incidence of hypoplastic and peg
shaped lateral incisors in patients with palatally displaced
canines, when compared with the general population (31).
These authors considered palatal displacement of a canine

to be due to the abnormal adjacent lateral incisor being
unable to provide the required guidance for normal canine
eruption (31) (Figure 5).

Fig. 5: a-d: Hypoplastic and peg shaped lateral incisors 12 in
patients with palatally displaced and retained canines

The explanation given by Becker and his co-workers in
1981; was based on a two-phase development of palatal
canine displacement. During the first phase, the canine
deviates from the physiologic eruption path in the palatal
direction. This is often due to retarded development of
hypoplastic maxillary lateral incisors, the roots of which are
insufficiently formed to take over the guiding function at
the critical time in the eruption of the permanent canine.
Furthermore, in cases of incomplete root development and
congenital aplasia of the maxillary lateral incisor there is
an excess of space in the maxillary apical base. This is the
precondition for the canine to be able to leave its labial
developmental position and migrate to a palatal position
across the roots of the incisors and premolars. Jacoby showed
that patients with palatal displacement of their canines
exhibited excess space (32).

During the second phase, corrective movements occur
with the canine moving into an upright position to fit into
the dental arch. In patients with hypoplastic, or peg-shaped
lateral I this self-correcting movement will be prevented
by the completely developed roots of the lateral incisors,
whereas it can still take place if the lateral incisors are
congenitally missing (1–5).

Both Becker et al and Brin et al recorded peg-shaped
lateral incisors approximately three times as often a con-
genital aplasia of those teeth in patients with palatal canine
displacement (15,33). Peck and co-workers also reported a
significant increase in the frequency of peg-shaped lateral
incisors but found no statistical significance in the co-
workers (34,35).

Frequency of agenesis of the maxillary lateral incisors in
association with palatally displaced canines. Becker and his
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co-workers even suggest that aplasia wasmore likely to occur
on the contra-lateral side, whereas hypoplastic and peg-
shaped laterals are more likely to cause palatal displacement
of the adjacent canine (1–4).

Thus, it is evident that the permanent lateral incisors
exert a powerful local influence. However, in the majority
of the cases, palatally displaced canines are found adjacent
to developed incisors (34,35). The guidance theory offers no
explanation for this; hence recourse to the theory of genetic
origin is necessary which is supported by the increased risk
of palatal canine displacement in association with aplasia or
impaction of other teeth (1–5).

As a second possibility, the genetic etiologymay be due to
a disturbance in a cogenetically critical zone for example, in
the fusion area between the palatal shelves and the median
nasal process. However, it is difficult to explain, why themost
pronounced manifestation of this disturbance, i.e., aplasia of
the lateral incisor, is not significantly greater adjacent to a
palatally displaced canine (36).

4.1.6. The genetic theory
The theory of “genetic origin” is based on the observation
that palatal displacement of a canine rarely occurs as
an isolated symptom but is generally accompanied by
genetically determined tooth anomalies such as hypoplasia
and/or agenesis of the maxillary lateral or the aplasia of
other teeth. According to the literature, this is because the
palatal displacement of a canine is due to complex genetically
determined tooth anomalies which are ultimately aplasia-
oriented and are in turn due to disturbances of dental
development or of the dental lamina (37).

The possibility of there being an autosomal inherited
dominant trait with variable expression and incomplete
penetrance is under discussion (38). Family studies of
patients with hypodontia have revealed mutations in
the MSX1/MSX2 homeodomains. These mutations are
expressed in dental tissues at the onset of tooth devel-
opment and are held responsible for the developmental
disturbance (38).

Besides tooth agenesis, tooth shape anomalies such as
hypoplastic or peg-shaped teeth, tooth impactions and
retarded tooth mineralization are regarded as co-variables
genetic developmental anomaly. According to Peck and co-
workers (34) it is not only the association with genetically
determined anomalies but also the frequent bilateral occur-
rence, significant gender related differences, the cumulation
of symptoms among affected families, and significant inter-
population differences that suggest a genetic origin for
palatal displacement of maxillary canine (32).

4.1.7. Ankylosis
Ankylosis can be defined as an interruption in the rhythm
of eruption and reportedly remains one of the major
complications associated with impacted teeth in children.

Unerupted permanent teeth may become ankylosed by
inostosis of enamel (Figure 6). The process follows the
irritation of the follicular or periodontal tissue, resulting
from chronic infection. The close association of an infected
apex of a primary tooth to an unerupted permanent tooth
may give rise to the process (39). subsequently resorb, and
bone, or coronal cementum may be deposited in its place.
This results in rigid fixation of the tooth in the unerupted
position. In other cases, extensive bony ankylosis of the
primary tooth may prevent its normal exfoliation as well as
eruption of the permanent successor (40) (Figure 7).

Fig. 6: Ankylosis of some teeth in both jaws was the cause of their
retention

Fig. 7: a-d: Ankylosis of the primary molar 75 was the cause of the
retention of the toot 35

4.1.8. Formation-Follicular disturbance and cyst or
neoplasm
Normal activity of the dental follicle is intimately involved
in the direction of tooth eruption. Specific cellular changes
occur in and around the follicle when a tooth erupts (Marks
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and Cahill 1987). Disturbance of the follicle may produce an
abnormal path of eruption of the canine (39).

Frequently primary maxillary canines are affected by
caries (usually distally) and these lesions are left untreated
in the majority of children with the belief that these teeth are
about to shed (41). In such cases, the tooth loses its vitality
when the caries reaches pulp, and a chronic periapical area
develops. The soft tissue lesion is a potent cause of deflection
of the path of the developing unerupted permanent canine.
In rare instances, it may develop into a radicular cyst, or
it may initiate cystic changes in the follicle of the canine,
both of which alter the path of eruption of the canine (41).
Likewise, a tumor in the region acts as a physical barrier and
can thus disrupt the normal path of eruption of the canine
(Figure 8).

Fig. 8: a-f: a, b: PanoramicX-ray and CT show enormous cyst.
Cyst development in the maxilla and mandible was the cause of
displacement ant future retention. c-e:Cystectomy of the maxillary
Cyst; Cystotomy of the mandibular cyst. f: OPG a few months after
the surgical treatment. There was a spontaneous up righting of the
teeth in the lower jaw.

4.1.9. Dilaceration of the root or trauma
The term dilaceration which was first used by Tomes in
1848 is defined as a deviation, or bend in the linear
relationship of a crown of a tooth to its root (41). Tooth
dilaceration can present in a variety of ways including non-
eruption of the affected tooth, prolonged retention of the
primary predecessor, and apical fenestration of the labial
cortical plate or it can be asymptomatic (40). The most widely
accepted cause of dilaceration is mechanical trauma to the
primary predecessor tooth results in dilaceration of the
developing succedaneous permanent tooth (Figure 9). Any
form of trauma during the developmental stages of the
permanent canine can cause dilaceration of the tooth and

subsequently prevent its eruption in the oral cavity. Also,
trauma to the anterior region of the dentition; may lead to
aberrations in the path of eruption of the canines which may
result in their impaction, or ectopic eruption (15).

Fig. 9: a-d: Trauma to the anterior region of the dentition; lead to
aberrations in the path of eruption of the canines which result in
their impaction

4.1.10. Other factors which reportedly may contribute to
dilaceration include
(a) scar formation,

(b) developmental anomalies of the primary tooth germ,
(c) facial clefting
(d) advanced root canal infections
(e) ectopic development of the tooth germ and lack of

space
(f) the effect of anatomic structures such as, the cortical

bone of the maxillary sinus, the
mandibular canal, or the nasal fossawhichmay deflect the

epithelial diaphragm,
(g) the presence of a cyst, tumour, or odontogenic

hamartoma such as, an odontoma and a
supernumerary tooth
(h) orotracheal intubation and laryngoscopy
(i) mechanical interference with eruption
(j) tooth transplantation
(k) extraction of primary teeth and
(l) hereditary factors
(x) Idiopathic factors, including primary failure of

eruption

4.2 Generalized causes

The most common generalized causes are described
below (26–29,42).
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4.2.1. Hypopituitarism
Hypopituitarism is characterized by a deficiency in the
secretion of the growth hormone which causes delayed
development and eruption of the dentition. Both the
primary and permanent dentitions are affected and in severe
cases, the primary dentition may be retained throughout
the patient’s life while the permanent teeth which although
developed, remain unerupted (1,2) (Figure 10).

Fig. 10: a-f: 14-year-old patient with deficiency in the secretion
of the growth hormone. The Extraction of the retained deciduous
teeth did not lead to the eruption of the permanent teeth, multiple
retention

4.2.2. Hypothyroidism
Delayed tooth eruption has also been observed in hypothy-
roidism. An extreme manifestation of this condition is
cretinism which involves severe delays at all stages of
development of the dentition (1).

4.2.3. Cleidocranial dysostosis
This condition is characterized by a partial or total absence
of the clavicles, large fontanels and open sutures. There
is a developmental delay affecting the entire dentition.
Hypodontia or conversely, a number of supernumerary teeth
may also occur (7).

4.2.4. Down syndrome
Down syndrome is a congenital anomaly in which delayed
eruption of the dentition is found and the eruption sequence
deviates from the normal pattern (8).

4.2.5. Achondroplasia
This is a condition characterized by deficient growth of
the extremities, the cranial base and the maxilla. Delayed
development of the dentition is a feature of this disease (7).

4.2.6. Hypovitaminosis (A or D)
Long term hypovitaminosis may also have a retarding effect
on the eruption of teeth (1,2).

4.2.7. Amelogenesis imperfecta
Inherited enamel defects that occur in the absence of
a generalized syndrome are collectively designated as
amelogenesis imperfecta. This condition generally causes a
delayed eruption of both the dentitions (43) (Figure 11).

Fig. 11: a-c: Light amelogenesis imperfecta with ectodermal
dysplasia; a displacement and retention of the maxillary canines

4.2.8. Osteopetrosis
Osteopetrosis shows an increased bone density and a
characteristic delay in, or failure of eruption of teeth. (4).
The etiology of primary failure of eruption is incompletely
understood. However, it has been suggested that either the
blood flow or themetabolism of the periodontal ligament are
altered in this condition. Also, primary failure of eruption
could be related to some sort of genetic disturbance with
varying penetrance and expressivity. This unknown cause
of failure eruption could play a role in the impaction of
canines (44).

5 DIAGNOSIS

Early detection of impacted maxillary canines may reduce
treatment time, complexity, complications, and cost. Ideally,
patients should be examined by the age of 8 or 9 years
to determine whether the canine is displaced from a
normal position in the alveolus and assess the potential
for impaction (1). The clinician can investigate the presence
and position of the cuspid using 3 simple methods: visual
inspection, palpation, and radiography. (33)

36



Watted et al. J Multi Dent Res. 2023;9(1):30–42

5.1 Visual Inspection

Clinical signs that may indicate ectopic or impacted
succedaneous cuspids include lack of a canine bulge in
the buccal sulcus by the age of 10 years, over retained
primary cuspids, delayed eruption of their permanent
successor and asymmetry in the exfoliation and eruption
of the right and left canines (1,2). Primary cuspids that are
retained beyond the age of 13 years and have no significant
mobility strongly indicate displacement and impaction of
permanent canines. Although Power and Short (7) assert that
the maxillary canine is late in its eruption sequence if it has
not emerged by the age of 12.3 years in females and 13.1 years
in males, correlation between chronological and dental ages
is poor and overall dental development must be considered
when investigating delayed canine eruption (1–3).

Although distal crown tip on themaxillary lateral incisors
is common in the mixed dentition stage before eruption
of the maxillary canines, an exaggerated distally tipped
incisor should increase suspicion of a mesially deflected and
palatally impacted canine (4) (Figure 12)

Fig. 12: a, b:Distally tipped lateral incisor should increase suspicion
of amesially deflected and palatally impacted canine

In these cases, the lateral incisor crown may be tipped
distally because the impacted cuspid is exerting force on
the distal aspect of the lateral incisor root. Such palatal
impactions can cause the lateral incisor to rotate as well.
Retroclined lateral incisors can also occur when buccally
directed forces cause the root to tip labially and the crown
to tip palatally (1–5).

In severe cases, the central incisor may also be affected,
and its crown may become malpositioned (2).

5.2 Palpation

Palpation of the buccal and lingual mucosa, using the
index fingers of both hands simultaneously, is recommended
to assess the position of the erupting maxillary canines.
Eruption time of a maxillary canine varies from 9.3 to 13.1

years. Because canines are palpable from 1 to 1.5 years before
they emerge, the absence of the canine bulge after the age
of 10 years is a good indication that the tooth is displaced
from its normal position, and ectopic eruption or impaction
of the maxillary cuspids is possible (1–4). Asymmetries in the
alveolar process are not considered significant in children
younger than 10 years, and differences in bilateral palpation
could be due to vertical differences in eruption rates at young
ages. However, in patients older than 10 years, an obvious
palpable bilateral asymmetry could indicate that one of the
permanent cuspids is impacted or erupting ectopically. (8,9)

5.3 Radiography

Radiographs are indicated when canine bulges are not
present, right and left canine development and eruption
is asymmetrical, occlusal development is advanced and
there are no palpable bulges indicating the presence of the
cuspids in the alveolar process and the lateral incisor is
delayed in eruption, malpositioned, or has a pronounced
labial or palatal inclination in relation to the adjacent
central incisor (2). Accurate radiographs are critical for
determining the position of impacted canines and their
relation to adjacent teeth, assessing the health of the
neighbouring roots, and determining the prognosis and
best mode of treatment (1,2). The conventional radiographic
techniques that are used are – intraoral periapical radiograph
(IOPA), occlusal radiograph, orthopantomograph (OPG)
which suffice for simple cases of impaction but for difficult
cases not only is correct diagnosis required but also precise
location, accurate assessment of the relation of the adjacent
teeth and the surrounding anatomic structures, for the
above stated procedures advanced radiography is useful
in planning the treatment. The advanced radiographic
techniques include computed tomography (CT), cone beam
computed tomography (CBCT) and transtomography. Intra
oral periapical radiographs (IOPA) A single periapical film
provides the clinician with a two-dimensional representa-
tion of the dentition. (1–5) In other words, it would relate
the canine to the neighbouring teeth both mesiodistally and
superoinferiorly (8). To evaluate the position of the canine
buccolingually, a second periapical film should be obtained
by one of the following methods –

a. Tube-shift technique or Clark’s rule - Two periapical
films are taken of the same area, with the horizontal
angulation of the cone changed when the second film is
taken. If the impacted canine in question moves in the same
direction as the cone, it is lingually positioned. If the canine
moves in the opposite direction, it is situated closer to the
source of radiation and is therefore buccally located.

b. Buccal-object rule - If the vertical angulation of the
cone is changed in two successive periapical films, the buccal
object will move in the direction opposite the source of
radiation. On the other hand, the lingual object will move
in the same direction as the source of radiation. The basic
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principle of this technique deals with the foreshortening and
elongation of the images of the films (45).

5.4 Occlusal Radiographs

Occlusal films also help determine the buccolingual position
of the impacted canine in conjunction with the periapical
films, provided that the image of the impacted canine is not
superimposed on the other teeth (45).

In a study conducted by ERICSON and KUROL they
concluded that the orthopantomograph was found to be
unreliable for the purposes of

1. Determining the position of a misplaced canine in the
dental arch or to the adjacent lateral incisors, and

2. Showing resorption on adjacent teeth (46)

Its value lies in giving a panoramic view of the mouth
before starting orthodontic treatment. Bayesian network
analysis can be applied to the OPG to evaluate the position
and judge the degree of canine impaction. In Bayesian
network analysis the parameters which are taken into
account are alpha angle which is the anglemeasured between
the long axis of the impacted canine and the midline ,d-
distance: distance between the canine cusp tip and the
occlusal plane (from the first molar to the incisal edge of
the central incisor), and s-sector: 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) (47).

5.5 Orthopantomograph (OPG)

Panoramic radiography is a fundamental examinationwhich
gives an overview but does not permit precise localization
of an impacted canine in three-dimensional space (1–6). In
the above shown OPG, the alpha angle is 55◦, distance (D)
is 21mm and the impacted canine is in sector 2. Hence
it is an unfavourable impaction. Computed Tomography
(CT) In order to minimize the risk of root resorption of
permanent teeth due to impacted canine, an early detection
of abnormal contact between the malpositioned canine
and the roots of permanent incisors is essential. In this
respect, conventional radiographs have proved inadequate.
Both conventional radiology panoramic and intra –oral only
suggest possible contact between an impacted canine and
the permanent incisor when it is located in a true palatal
or buccal position relative to the root of adjacent teeth.
Several authors have suggested the use of CT in these cases
because it is known to be superior to other radiographic
methods in showing bony lesions as well as provides accurate
3D localization of canines (48). The relative introduction of
spiral CT has significantly improved scanning by reducing
the examination time and minimizing movement artefacts.
Multiple transaxial images can be retrospectively reviewed

from a single spiral CT scan data set with varying degrees
of overlap, thus optimizing multiplanar reformations with
better longitudinal resolution (49). Tomography offers greater
diagnostic yield, but it is difficult to perform, entails high
radiation exposure, and often fails to demonstrate minimal
root resorption. The major limitation of CT is radiation risk
which is especially greater in children (48). The average range
of radiation exposure for maxilla is 1,031-1,420 µSv (50)

5.6 Cone Beam Computed Tomography (CBCT)

The most recognized need for CBCT imaging in orthodon-
tics is that of impacted canine evaluation. CBCT imaging
is precise in determining not only the labial/lingual rela-
tionship but also a more exact angulation of the impacted
canine. These 3D images are beneficial in determining the
proximity of adjacent incisor and premolar roots, which can
be invaluable in determining the ease of uncovering and
bonding and the vector of force that should be used to move
the tooth into the arch with a lesser chance of damage to
adjacent tooth (51–53) (Figures 13 and 14). It also has the
potential of providing clear images of highly contrasted
structures and is useful in evaluating bone. CBCT scanners
are based on volumetric tomography, using a 2D extended
digital array providing an area detector. This is combined
with a 3D x-ray beam (48). The advantages that the CBCT
offers over conventional tomography are14: X-ray beam
limitation, image accuracy, rapid scan time, dose reduction,
display modes unique to maxillofacial imaging and reduced
image artefact. The average radiation dose in CBCT is 36.9 –
50.3 µSv, that is significantly reduced up to 98% compared
to conventional CT (51).The analysis that is novel and unique
to CBCT and helps in aid clinicians to quickly estimate the
difficulty of treatment involving impacted canines, without
having to domultiple measurements of angles and distances,
to relay the approximate treatment plan to the patient. KPG
analysis uses a KPG index which is a grid like scale was
devised of the three different views (x, y and z) in order to
grade the difficulty of impaction and the potential efficacy
of treatment. What makes this analysis unique is the x axis
which helps in scoring the canine in the x axis. Depending on
its anatomical location, the cusp tip and the root tip are each
given a number on a 0–5 scale on the three separate images
taken before treatment. The sum of both cusp tip and root
tip scores in the three views would decide the anticipated
difficulty of treatment, classified as easy, moderate, difficult,
and nearly impossible. Scores in the range 0–9 fall into the
category of easy; 10–14 aremoderate; 15–19 are difficult; and
20 and above are extremely difficult (1–10,51).

5.7 Transtomography

Computed tomography and cone beam computed tomogra-
phy come with a drawback that free-standing conventional
tomographic equipment is not readily available outside
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Fig. 13: a, c: CBCT shows the exact position of the displaced and
impacted canines

Fig. 14: a, d: CBCT shows the exact position of the displaced and
impacted canine on the right side of the maxilla, a resorption of
the lateral incisor. The CBCT enables the correct application of
the forces for the up righting of the impacted tooth without major
damage to the lateral incisor

specialist departments. A few panoramic units on themarket
are capable of exposing true tomographic images. Such
units are dual-purpose units with separate programs and
functions for panoramic radiography and tomography (1–9).
Transtomography uses a well-established scanning method
employing a narrow beam i.e., so called orthoradiographic
technique or parallel scanning that is used with several
existing digital panoramic units to expose. By using a narrow
beam, we increase the magnification and thus minimize
the unsharpness but layer thickness becomes very wide (54).
To this simple translational scanning technique one more
movement i.e., pendularmovement is also added to decrease
the layer thickness. But the problem of blurred images still
exists to a certain depth (18). Transtomography is useful for
canine impactions that are not very highly placed and most
useful in knowing the relationship between the impacted
canine and the root resorption of the lateral incisor. The
value of this useful technology is in the series of options

available for exposure. It is thus possible to expose transto-
mographs employing different tomographic angles, 25◦, 10◦,
5◦, 3.4◦, 1.7◦ and 0.9◦, creating nominal layer thicknesses of
1 mm, 3 mm, 6 mm, 9 mm, 18 mm and 36 mm. It is possible
to expose cross-sectional or longitudinal transtomographs
of any part of the jaws including the temporomandibular
joints. Such transtomographs may portray the upper or the
lower jaw, or both. It is possible to combine four cross
sectional transtomographs or three cross-sectional and one
longitudinal transtomograph in one composite image (54,55).

The advantages of this technique over are conventional
tomography are low radiation, low cost and the easy
availability and use of routine equipment (54).

6 DISCUSSION

Impaction of maxillary and mandibular canines is a
frequently encountered clinical problem, the treatment
of which usually requires an interdisciplinary approach.
Surgical exposure of the impacted tooth and the complex
orthodontic mechanisms that are applied to align the tooth
into the arch may lead to varying amounts of damage
to the supporting structures of the tooth, not to mention
the long treatment duration and the financial burden to
the patient. Hence, it seems worthwhile to focus on the
means of early diagnosis and interception of this clinical
situation. In the presentation, an overview of the incidence
and sequelae, as well as the surgical, periodontal, and
orthodontic considerations in the management of impacted
canines is presented.

The management of impacted canines is important in
terms of aesthetics and function. Clinicians must formulate
treatment plans that are in the best interest of the patient, and
they must be knowledgeable about the variety of treatment
options. When patients are evaluated and treated properly,
clinicians can reduce the frequency of ectopic eruption and
subsequent impaction of the maxillary canine. This allows
for complete control in efficient correction the impaction
and for avoidance of damage to adjacent teeth. Careful
selection of surgical and orthodontic techniques is essential
for the successful alignment of impacted canine (1–10,33).

The prevalence of maxillary canine impaction is signif-
icant and the frequency increases with other genetically
associated dental anomalies. (56)

Ericson and Kurol found that radiographic supervision of
maxillary canine eruption usually is not necessary before 10
years of age. (57,58)

6.1 Patients younger than 10 years of age

For patients younger than 10 years of age, the clinician
should suspect that palatal impactionmay occur in the future
if either of the following two situations exists:

(i) there is a family history of palatally impactedmaxillary
canine in particular, but also small, peg-shaped, or missing
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lateral, or incisors or other missing teeth
(ii) The patient has small, peg shaped, or missing lateral

incisors (33)

6.2 Patients older than 10 years of age

For patients older than 10 years of age, the clinician should
suspect that impaction may have occurred if any of the
following three features are observed:

(i) asymmetry on palpation, or a pronounced difference
in the eruption of canines between the left and right side, i.e.,
one canine is in poor position and the other is in a favourable
position, (59)

(ii) the canines cannot be palpated, and occlusal devel-
opment is advanced suggesting abnormal paths of eruption,
i.e., both canines are in poor positions, and

(iii) the lateral incisor is proclined and tipped distally,
which may indicate a labial impaction of the canine. Though
distal tipping alone is not always associated with any
eruption disturbance and may be the well-recognized “ugly
duckling” stage of normal dental development. (58–64)

The clinician should also suspect that impaction may
be present if there is an abnormality in the magnification
of the canine on the panoramic radiograph. In addition,
an impaction should be suspected if on the panoramic
radiograph, the canine overlaps either the lateral or central
incisor (59–64).

Multidisciplinary approach for guiding the impacted
canine gives predictable results. Careful diagnosis is critical,
and it is crucial that every patient should be managed with
tailor-made treatment plan with sound scientific backing
as there is no ‘cook book’ approach for all cases. The
development of treatment and mechanical plans must be
based on the careful analysis of the clinical situation and
identification of the correct force system is necessary to
obtain the desired tooth movement.

The management of an impacted canine is a complex
procedure requiring a multidisciplinary approach. The
clinicians should communicate with each other to provide
the patient with an optimal treatment plan based on a
scientific rationale.

7 CONCLUSIONS

• The unambiguous nature of the data suggests that both
buccally and palatally impacted canines have similar
etiology and mechanism of impaction.

• Diagnosis of an impactedmaxillary canine can be done
as early as 8 years of age therefore screening of patients
to detect an early impaction could be done at this age.

• Visual inspection and digital palpation can frequently
aid in the diagnosis and determination of the location
of an impacted maxillary canine.

• Radiographs utilizing the vertical tube shift principle
were found to have a higher capability of diagnosing,
and a greater degree of accuracy in determining

the position, of an impacted maxillary canine when
compared to the horizontal tube shift principle.
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