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ABSTRACT

Introduction: Three-dimensional (3D) cone-beam computed imaging allows localization of impacted canines, using spatial
relationships with excellent tissue contrast. The aim of this study was to compare different views to assess exact localization
of impacted maxillary canine using Kodak 9000 (France). Materials and Methods: In this study, 24 consecutive subjects
with seven bilateral (considered as two samples) and 17 unilateral impacted maxillary canines were selected and subjected
to cone-beam computed tomography (CBCT); axial and sagittal views were captured to localize the exact position of the
impacted canine to the occlusal plane and its relation with adjacent incisors. Results: Mean angulation of 37.57° and
40.27° for axial (horizontal) and sagittal (vertical) views, respectively. A correlation was found between the proximity of
the impacted canine to the incisors and their resorption (%* 19.584). Cuspal tip distance was higher in sagittal view than
in the axial view (P < 0.05). Conclusion: Depending upon the type of impaction both sagittal and axial views showed
significant variation with axial view having predominant values. Therefore, CBCT images can allow the operator to assess
the direction of impacted canine, amount of surrounding alveolus bone, local anatomic considerations, resorption, and
condition of adjacent teeth; thereby, improving quality of orthodontic treatment planning and as well as surgical approach.
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Introduction

The cornerstone of the dental arches ‘the canines’ are one
among the most frequently impacted teeth after the third
molars, with a prevalence ranging from approximately
1-3% due to its multifactorial etiology.!"" Maxillary canines
are important esthetically and functionally, but impacted
canines are more difficult and time consuming to treat.
Moreover, impacted canines vary greatly in the inclination
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and location and can lead to resorption of neighboring
incisors, as well as cystic degeneration.”* The orthodontic
surgical management of impacted canines requires an
accurate diagnosis and localization.™

Historically, several radiographic techniques have been
recommended, including periapical, occlusal, panoramic,
and cephalometric radiographs or a combination of this
approaches.”! When using these techniques, however, the
appearance of the longitudinal axis and the relationship with
the neighboring bony and dental structures are often inaccurate
because these complex structures overlap in the maxillofacial
region. In such cases, therefore, several authors have used
computed tomography (CT)-—particularly spiral CT-for
localization of the impactions and for evaluation of resorption
of incisors, due to the excellent tissue contrast and precise
three-dimensional (3D) images afforded by this technique.*
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However, the relatively high radiation dose and high
cost have restricted its use in the evaluation of tooth
impaction.!"3!

In recent years, a series of cone-beam computed
tomography (CBCT), units have been developed and
used for localization of tooth impaction; these machines
use cone-shaped radiation to gather information in the
maxillofacial region, with high spatial resolution and
significantly decreased radiation doses.”® Hence, precise
3D localization of impacted canines can be the central and
contemporary to their clinical management.

Materials and Methods

In the above study, sample of 24 patients presenting
to the Department of Orthodontics and Dentofacial
Orthopedics, Dr Syamala Reddy Dental College, with
impacted or ectopically erupting maxillary canines were
considered. This group of patients showed a definite
indication that they would benefit from this modality
of investigation. These patients were referred to Oral-D
Diagnostic Center Bengaluru, Karnataka, India for
localization of impacted teeth, using CBCT (Kodak 9000
France). Impacted canines were localized using the CBCT
images, in coronal, axial, and sagittal views assessing
their inclination/angulation, distance from occlusal plane,
proximity to the adjacent teeth, and causing resorption
[Figure 1].

Objectives of this Study Were to Determine

1. Localization: In three views-axial, coronal, and sagittal
e Angulation (inclination) of the canine to the midline.
e Cuspal tip distance from the occlusal plane line.

2. Alveolus width was measured in axial and sagittal
views.

3. Root resorption and proximity of the adjacent teeth was
graded in one of the following four categories based on
the grading system suggested by Ericson and Kurol:P!
e No resorption: Intact root surfaces
e Mild resorption: Resorption midway to the pulp or

more, the pulp lining being unbroken.

e Moderate resorption: The pulp is exposed by the
resorption, the involved length of the root is less
than one third of the entire root.

e Severe resorption: The pulp is exposed by the
resorption, and the involved length is more than
one-third.

Method

The longitudinal axis of the impacted canine was defined
with the aid of a 3D distance calibration toolbar in the
Kodak 9000 software, which automatically connected a
line between the cusp tip and the root apex in the sagittal
view after these two points were selected by the users.
On the axial plane, the distances from the cusp tip to the
midline of the maxilla were measured perpendicularly,
and the angle between the long axis of the canine and
mid-sagittal plane was calculated [Figures 2 and 3].

To determine reliability and repeatability of this method,
measurements were taken by two operators, an orthodontist
and by a radiologist (time interval-1 day) on the original
reoriented volumetric image, and the mean of the two
readings was considered.

The position on the occlusal plane where the normally
erupted canine cusp tip should be located was used as a
control reference point. The occlusal plane was defined as the
plane touching the incisal edge of a central maxillary incisor
to the mesiobuccal cusp tips of the first maxillary molars.

Figure 1: Three-dimensional (3D) reconstructed image of maxillary
impacted canine using Kodak 9000

Figure 2: A CBCT image showing line connecting the long-axis of
impacted maxillary canine
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Statistical Analysis

A Student’s t-test was carried out to compare the differences
between the different variations of impaction. Decision
Criterion: We compare the P-value with the level of
significance. If P < 0.05, we reject the null hypothesis and
accept the alternate hypothesis. If P = 0.05, we accept the
null hypothesis.

Results

Characteristics of Patients and Variations of
Impacted Canines

Among the 24 patients, eight were male and 16 cases were
female. Ages ranged from 14 to 27 years, with mean age
of 17.29 + 3.52 and median age of 16.5 years. Seventeen
patients presented with unilateral impactions, while seven
patients had bilateral impactions. Among the 17 unilateral
impactions, 10 of them were on left side and six on right
side.”? One was in the midline and three cases had retained
deciduous teeth [Tables 1 and 2].

3D Localization of Canines Determined by
Angulation and Cuspal Tip Distances from the
Occlusal Plane

Measurements showed that the horizontal angle of the
impacted maxillary canine in the axial view varied from 10° to
73° with a mean angle of 37.57° and vertical angle in sagittal
view varied from 0° to 75° with a mean of 40.27° [Table 3].

Table 1: Gender distribution in the study sample

Gender n %

Male 8 33
Female 16 67
Total 24 100

Table 2: Mean age in the study sample (overall and according
to gender)

Gender Mean  Standard SE of Mean Median Min Max
deviation

Overall 17.29 3.52 0.72 16.5 13 27

Male 20.13 4.45 1.57 20.5 15 27

Female 15.88 1.82 0.46 16.0 13 20

SE: Standard error

Table 3: Comparison of angulation between axial and sagittal
views

View Mean Standard SE of Mean Mean t P-value
deviation difference
Axial 37.57 16.15 2.95
. -2.700 -0.576 0.567
Sagittal 40.27 19.94 3.64

SE: Standard error. Higher mean angulation was recorded in sagittal view compared to
axial view, but the difference between them was not statistically significant (P > 0.05)

Higher mean angulation was recorded in sagittal view
compared to axial view, but the difference between them
was not statistically significant (P > 0.05). But different
views are required for different type of impaction, since it
is essential to consider the long axis of the impacted canine
to orient its angulation to the mid-sagittal plane.

Hence, in the study axial view was considered for canines
that were horizontally and for mesiopalatally impacted the
angulation was better oriented in sagittal plane [Figures 4 and 5].

Figure 3: Sagittal image showing the width of alveolus at different sites
depending upon the site of impaction

Figure 4: Axial view showing the angulation of bilaterally impacted
canines to the midsagittal plane

Figure 5: Sagittal view of the same patient considered for comparison
of the angulation to the midsagittal plane
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Higher mean cuspal tip distance was recorded in sagittal
view compared to axial view and the difference between
them was found to be statistically significant (P < 0.05).

Measurements reveal that among the seven mesiopalatally
and two horizontally impacted canines showed a much
relative readings to the midsagittal plane in the axial view
than in the sagittal plane with a mean difference of 5.33 +
0.4 mm, signifying that in such conditions axial view gives
a better position of the cuspal tip of the impacted canines
for surgical approach [Figure 6 and Table 4].

Assessment of Alveolus Width

Higher mean alveolus width was recorded in sagittal
view compared to axial view and the difference between
them was found to be statistically significant (P < 0.05)
[Table 5].

Resorption and Proximity of the Adjacent Teeth

Of the 30 sample, 26 of the cases showed resorption of
the adjacent incisors resulting in a resorption rate of 53%.
Among the 26 cases, 18 showed resorption with contact
relationship of adjacent teeth with close proximity of 0.5
mm in the axial view. While eight patients had resorption
of the adjacent incisors with no contact from the impacted
canines.

Higher number of samples with touch proximity had
moderate resorption, whereas higher number of samples
with no touch proximity had mild resorption. The
association between resorption and proximity was found
to be statistically significant (P < 0.001) [Figure 7 and
Table 6].

In total, the resorption were mild in 10 cases, moderate
in 13, and severe in three patients; graded according

Figure 6: 3D reconstructed image with clear demarcation of cuspal tip
of impacted canines in anteroposterior direction

to Ericson and Kurol grading system.! Whereas root
resorption occurred only in lateral incisors in 13 impacted
canines, only on the central incisors in seven impacted
canines, and on both in six impacted canines and on the
adjacent premolars in two cases.

Table 4: Comparison of cuspal tip distance between axial and
sagittal views

View Mean Standard SE of mean Mean t P-value
deviation difference
Axial 7.77 4.55 0.83
. -2.960 -2.395 0.020*
Sagittal 10.73 5.02 0.92

SE: Standard error. *Denotes significant difference. Higher mean cuspal tip distance was
recorded in sagittal view compared to axial view and the difference between them was
found to be statistically significant (P < 0.05)

Table 5: Comparison of alveolus width between axial and
sagittal views

View Mean Standard SE of mean Mean t P-value
deviation difference
Axial 0.98 0.46 0.08
. -0.390 -3.523 0.001*
Sagittal 1.37 0.40 0.07

SE: Standard error. *Denotes significant difference. Higher mean alveolus width was
recorded in sagittal view compared to axial view and the difference between them was
found to be statistically significant (P < 0.05)

Table 6: Association between resorption and proximity of
adjacent teeth

Resorption Touch No touch  Total x? P-value
n % n %

No resorption 0 0 3 21 3

Mild 1 6 9 64 10

Moderate 11 69 2 14 13 19.584 <0.001*

Severe 4L 25 0 0 4

Total 16 100 14 100 30

*Denotes significant association. Higher no. of samples with touch proximity had
moderate resorption; whereas, higher no. of samples with no touch proximity had mild
resorption. The association between resorption and proximity was found to be statistically
significant (P < 0.001)

Figure 7: Sagittal view showing the resorption of root of the adjacent
incisor at the apical third
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Discussion

The prevalence of maxillary canine impaction appears
to vary within a range of 0.9-3.0%, depending on the
population examined. Females are reported to be more
commonly affected.l'#1%" Studies have shown that 2D
imaging with panoramic X-rays is not a reliable method
for localization of impacted canines.l'>"! For accurate
location, the position of the canine must be measured in
three dimensions. CBCT allows description in all three
planes of space.l*!3

Previously, spatial relationship of the impacted canines
was described using 2D images obtained from CBCT.I'¥
However, it has been shown that it is feasible to quantify
3D tooth displacements from CBCT data with sufficient
accuracy, by Chen et al.® 3D volumetric imaging might
provide information for improved diagnosis and treatment
plans, and ultimately result in more successful treatment
outcomes and improved patient care.l'>'® Kau et al.,l'”]
stated that in complex orthodontic cases, such as in
canine impactions and cleft lip and palate, 3D imaging is
mandatory and CBCT is the imaging of choice.

CBCT, which provides a lower-dose, lower-cost alternative
to conventional CT, is being used with increasing frequency
in the practice of orthodontics and oral and maxillofacial
radiology. Based on the diagnostic requirements, the field
of view (FOV), mA, and kV can be altered to reduce the
radiation dosage.!®'!

The etiology of impacted canine remains unclear. Adjacent
peg-shaped or missing lateral incisors have been suggested to
contribute to the palatally impacted canines by not providing
proper guidance to the canine during its eruption. However,
Peck et al.'" have stated that the etiology of palatally
impacted canines is genetic in origin. The etiology of labially
impacted canines is due to an inadequate arch space.!'o'

Angular and linear measurements indicate that maxillary
canine impaction varies greatly, the cuspal tip distance of
the impacted canine to the occlusal plane was significantly
increased in the sagittal view, in conditions like horizontal
impaction the value was found to be least in the axial
view. Whereas, the readings were of negative when the
canine tip was inverted towards the anterior nasal spine
[Figure 8].

When comparing the angulation, there was no statistical
difference between views. The angle varied in horizontal
impaction, since it was inappropriate to obtain the long
axis of the impacted canine in sagittal view. Hence, the

Figure 8: Three-dimensional reconstructed image of a patient showing
the orientation of the cuspal tip directed towards the anterior nasal spine

axial view is the choice in such instances to orient the long
axis to the occlusal plane [Figure 4].

The alveolus width of the impacted canines is increased in
sagittal view with a mean difference of —0.390 mm when
compared to the axial views. The width was greater when the
canine was palatally impacted and towards the midsagittal plane
[Figure 3], thus the readings from different views can guide the
operator (surgeon) for better surgical approach to create most
appropriate window or exposure of the impacted canine for
a suitable placement of an orthodontic auxillary/attachment.

The mechanism of root resorption following maleruption
and the factors involved in the process are not clear. Most
authors have stressed the role of physical pressure due to
the migration of the maxillary canine. Accordingly in this
study, 11 of 13 resorbed lateral incisors and five out of
seven resorbed central incisors were in close contact with
the impacted canines, indicating that incisor resorption was
significantly correlated with contact between the incisor
and impacted canine. This finding was consistent with
previous studies by Ericson and Kurol.?!

The proper treatment of impacted maxillary canines
depends on patient age and cosurgical procedure, general
oral health, type of impaction, presence of spacing and
crowding, and associated complications such as resorption
of adjacent teeth and cystic degeneration.?319

Treatment alternatives include interceptive treatment, surgical
exposure and orthodontic alignment, autotransplantation,
or even extraction of the impacted canine.!'® For patients
10-13 years of age, and under conditions where adequate
space exists, Ericson and Kurol®? recommend the extraction
of the deciduous canine as the treatment of choice to correct
palatally impacted canines.
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Horizontal and inverted impactions represent a severe
vertically abnormal path of eruption; therefore, extraction
of the canine is in most cases desirable, or otherwise the
canines may be left in situ, provided that they are far away
from the normal dentition.'1.16l

For those impactions that should be removed or exposed,
the 3D orientation in different planes/views provided by
CBCT can assist surgeons in choosing the appropriate
surgical approach, identifying the tooth that should be
extracted, and reducing the amount of surgical trauma
on the adjacent hard and soft tissues. And also assist
in reducing the biomechanics involved during canine
retraction, when they are favorably impacted.™

Conclusion

The position of impacted maxillary canines varied greatly,
both in the vertical and horizontal inclination/angulation. In
the above study, axial view showed a significant difference
in the alveolus width and cuspal tip distances in horizontal
and mesiopalatally impacted canines. Though we could
not find much statistical difference between both views
in terms of angulation, but higher mean angulation was
recorded in sagittal view compared to axial view. Hence,
with this study we conclude that axial view was much
reliable compared to sagittal and other views depending
upon the type of impaction.®
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