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ABSTRACT

Introduction: An impacted canine is a very
common condition and raises several clinical
complications. Early and exact diagnosis is
important in order to minimise the risks and
subsequent complications. The objective of
this study is to analyse the effectiveness of
two dimensions in the volumetric diagnosis
for impacted maxillary canines, using the
lines proposed by Algerban as a reference.

Methods: An orthodontic study of the
maxilla using orthopantomography with
cone beam computed tomography (CBCT)
at the Madrid European University Clinic
was performed on 27 patients selected
with 36 maxillary impacted canines. Three
reference lines were drawn based on the
distance from the cusp of the canine to the
occlusal plane (L1), to the midline (L2) and
to its ideal eruption site (L3), in both the
orthopanthomography and the CBCT. As
ideal reference values, we selected a control
group of 36 erupted maxillary canines.

Results: The results were compared in 2
and 3 dimensions using the Student's t test,
after verifying their normal distribution
using the Anderson-Darling contrast test.
Statistical significance (p > 0.05) was not
obtained for any of the variables studied.
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Conclusions: The use of CBCT is vital to
ensure good diagnosis of the canine position
and its relationship with adjacent structures
and thus establish an adequate treatment
plan. However, orthopantomography
provides sufficient information for initial
planning.
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INTRODUCTION

Canines are of vital importance in facial and oral
aesthetics, as well as in the functionality and
development of occlusion. Both Andrews! with his
six keys to occlusion and the latest articles by Clark?
demonstrate the importance of the canine in occlusion.
There is no doubt that the canine is one of the pillars
in the ideal occlusion scheme proposed by nature. If
it is in an aberrant position, it can cause alterations in
the entire occlusion system. Due to its anatomy, the
maxillary canine guides mandibular movements and
supports the forces of occlusion, with a large crown
compared to the size of the mandibular tooth itself,
and is the tooth with the greatest stability. Its roots
are the longest and widest, so these teeth have a firm
anchorage in the alveolar bone. Clinically, canines are
the teeth that should be lost last. Due to their strategic
location in the mouth, they are the cornerstones of the
dental arch?®.

The maxillary canine is the permanent tooth with the
longest eruption path. It begins forming with a mesial
tilt and rapid growth, then slows down as it straightens
or even shows a slightly distal diversion.* This change
in speed and inclination corresponds to the contact
of the canine with the distal area of the lateral incisor,
at approximately 9 years of age. Hence the important
role played by the upper lateral incisor in the eruption
of the canine. The prevalence and incidence of an
impacted maxillary canine is widely reported in the
literature. The earliest articles we found in this regard
were by Cramer in 1929° and Mead in 1930°. These
describe an incidence of 1.4% and 1.57%, respectively,
after selecting a sample of American white males.
Other authors expand and modify the sample, and
obtain prevalences of 0.92% (Dachi’), 1.8% (Thilander
and Jakobsson®), 2.2% (Thilander and Myberg®), 3.61%
(Aitasa- 10%°) and 2.8% (Ericson and Kurol*113),

For the interarch position, the classification refers to
maxillary canines impacted by the palatal or vestibular.
According to this classification®, Jacoby found that
92.31% of patients (a ratio of 12:1) had a palatal
impaction, on later expansion of the sample, a ratio of
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6.6:1, palatal vs vestibular, was found. Other authors,
such as Gaulis and Joho® obtained a ratio lower than
2:1. The international consensus is for a ratio of 3:1.
The current classification, proposed by authors such
as Stivaros and Mandall*¢, reduces the percentage of
palatal inclusions to 61%, while vestibular inclusions
appear in 5% of patients. For these authors, 34% of
canines would be positioned at an intermediate point
in the arch. For Rimes et al,*” the proportion of canines
impacted palatally is 44%, while those displaced in
the vestibular position is 38%. Syrynska'?, however,
reported 60.3% for palatal canines and 20.6% for
vestibular; while 19.2% were in an intermediate
position in the alveolus.

The literature suggests impaction occurs more in
women than men. Dachi’ reports 78.57%, Gashi®®
77.10% and Bishara®® suggests a ratio of 2:1 for
maxillary canine impaction in women over men, which
is confirmed by Cooke?!.

Regarding bilaterality, 8% of patients have a bilateral
impaction according to Dachi’, Bishara?°, Manne?* and
Yadav?®. Shirazi**, however, found no association in
gender for unilateral or bilateral impaction in maxillary
canines.

Most authors associate palatal inclusion with the
Caucasian race, at 5.9%, while vestibular inclusion is
associated with Asians, 1.7%?>?’. The impaction ratio
of Caucasian patients to African or Asian patients is
2:1, according to Peck and Peck?. Etiological factors
associated with impacted canines are shown in Table 1.

MATERIAL AND METHODS

A total of 148 patients (76 men and 72 women) with
one or both maxillary canines impacted were selected
from those who underwent orthodontic studies during
the Master’s of Orthodontics at the University Clinic
between 2009 and 2016.

The inclusion criteria were as follows: patients with
impacted upper uni- or bilateral canines; over 10
years old of either sex; with a diagnostic CBCT and
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Table 1. Factors associated with impacted maxillary canines®.

LOCAL FACTORS

SYSTEMIC FACTORS OTHER ASSOCIATED FACTORS

* Tooth size in relation to arch size

* Failure to reabsorb the root of the temporal canine

» Premature loss of the temporal canine

* Cysts

* Root dilaceration

* Absence of lateral incisor

» Anatomical changes in lateral incisor size

« latrogenic or idiopathic factors

» Changes in the formation time of the lateral incisor root

« Endocrine deficiencies
« Febrile illnesses
« lonising radiation

* Hereditary
* Palatal cleft
» Malposition of the dental germ

S}

orthopantomography of the maxilla. The following were
excluded: those with previous completed orthodontic
treatment; those with agenesis or absence of one or
both upper canines; agenesis or absence of one or
both upper central incisors; agenesis or absence of one
or both upper first premolars; syndromic patients or
those with medical complications, including metabolic
and/or endocrine disturbances related to eruption
alterations.

A sample of 28 patients with 36 impacted maxillary
canines was selected after applying the inclusion and
exclusion criteria. The CBCT and orthopantomography
scans performed during the orthodontic study were
then analysed and a new cephalometric tracing was
created by a single investigator using Nemotec 3D
software. In this analysis, a series of dental and skeletal
points of reference were created and selected, both in
the

orthopantomography and in the CBCT, upon which
planes and measurement axes were drawn according
to the Algerban method . Three linear distances were
measured from the cusp of the canine using these
points, planes and axes: to the occlusal plane (L1); to
the midline (L2); and to the canine’s ideal eruption site
(L3), as described in Figures 1-3 for both diagnostic
methods.

A descriptive data analysis of the variables L1, L2 and L3
was carried out in 2 and 3 dimensions using the mean,
standard deviation and confidence intervals.

Figure 1A. Measurements, axes and planes in CBCT.
Figure 1B. Measurements, axes and planes in
orthopantomography.

From these data and applying the Anderson-Darling
contrast test of normality, the normal distribution of the
sample was observed. The results of the radiographic
methods in 2 and 3 dimensions were compared by
means of the Student’s t test for the difference of
means.
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Figure 2A. Points marked on CBCT. Figure 3A. Reference lines in CBCT.
Figure 2B. Points marked in orthopantomography. Figure 3B. Reference lines in orthopantomography.

Table 2. Results for the sample of 36 canines in 3D and 2D.
The value of "P" is obtained by the Student's t test.

SISTANCE VARIABLE MEAN (X) - CONFII?ENCE OF INTEBYAL 95%
and standard deviation m
From canine to occlusal plane (L1) 2D 13.31+3.28 0.930 14.76 11.86
3D 13.30+4.44 14.80 11.80
From canine to midline (L2) 2D 9.35+5.90 0.914 11.35 7.35
3D 9.04+5.26 10.82 7.26
From canine to its ideal eruption site (L3) 2D 14.84+4.16 0.620 16.25 13.43
3D 15.31+3.94 16.65 13.98
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RESULTS

The statistical analysis results for the mean, p value and
confidence interval are summarised in millimetres in Table
2. As can be seen in Table 3, no statistically significant
differences were obtained at a value of p < 0.05 for any of
the three variables studied (L1, L2 and L3).

Of the three variables, L1 showed less deviation
between 2D and 3D, with similar values for both. On
the other hand, L2 tended to overestimate the values
obtainedin 2D, ifitis considered that 3D measurements
are “real or gold standard”. The 2D values for the
variable L3 tended to underestimate those in 3D. The
difference in the variables prevented any attempt at
obtaining a mathematical formula to calculate the
degree of deviation for these measurements for any of
the variables.

DISCUSSION

An impacted tooth is a pathological condition defined
by its failure to erupt in the oral cavity within the
time and conditions considered normal for it, based

on clinical and radiographic diagnostic methods. The
radiographic method of choice for initial diagnosis is
orthopantomography.

However, panoramic radiography does not always
provide us with all the necessary information for a
proper diagnosis and planning of the case. According
to Ericson and Kurol®, panoramic radiography is not
sufficient for the detection of impacted teeth, with
additional diagnostic radiographic methods being
necessary.

Regarding prevalence, in the study of 28 patients, 11
(39.29%) were men and 17 (60.71%) women. This gives
us a greater number of patients included in the female
sample with a ratio slightly lower than the 2:1 proposed
by Ericson and Kuro® or the 78.9% proposed by Walker
in 2005%!, as shown in Figure 4. All the authors consulted
obtained results similar to those seen in the classic
articles, with a ratio of approximately 2:1. This ratio has
been associated for years with population density, the
eruptive sequence and early bone growth in females.
Regarding the canine deviation trajectory, 65% of
these were located palatally, which is lower than that
proposed by other authors such as Walker®, or Ericson

Labio-palatal location of the impacted maxillary canine crown

ERICSON, S. &  ABDEL-SALAM,
KUROL, J.4 E.®

WALKER, L.*

Palatino

JACOBY, H.*

Vestibular/Bucal

DA SILVA-
SANTOS, L*

ZYNAB, J.4 DE LACRUZ, S. &

VAYA, A.

Figure 4. Distribution of the sample by labiopalatal location according to various authors.
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and Kurol®, with palatal impaction percentages of 80%
and 91%, respectively; as shown in Figure 5.

As confirmed in Figure 4, all authors agree that
palatal displacement of the canine is more frequent
in Caucasian patients. All the samples taken in the
preparation of Figure 4 refer to Caucasian, African-
American or African patients. For the Asian population,
there is apparently a greater predisposition to
impaction vestibularly over palatally, for an as yet
unknown reason**.

Finally, the present study gave values of 67.86%
for unilateral impactions, which is similar to those
obtained by Da Silva-Santos®, and clearly lower than
those obtained by Dachi in 19613 and as compiled by
Bishara in 1992%, as shown in Figure 6.

The values for impacted canines are similar to those
obtained by Algerban. For the distance from the cusp
of the canine to the midline, Algerban obtained a mean
value of 9.60 mm, while, the mean in our sample was
7.62 mm; for the distance of the impacted canine to
the occlusal plane, Algerban had a mean distance of
10.60 mm compared to 12.67 mm in our sample. Due

oen
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to its condition and eruptive trajectory, the maxillary
canine is a major risk factor in root resorption of the
lateral incisor, so its early diagnosis not only lies in
avoiding impaction of the canine, but also plays an
important role in avoiding lateral incisor injury. As
Stivaros demonstrated in his 2000 study®’, 2.3% of
canines deviate their eruption in a higher position than
normal, which is a risk factor and an indicator of lateral
incisor root reabsorption.

This study shows that, compared to the 2-dimensional
method, the CBCT provides us with information and
clear images of the intraosseous position, inclination,
morphology of the impacted tooth and the proximity
and relationship of the impacted makxillary canine with
various anatomical structures and root dilacerations
that cannot be detected with the 2D radiographic
method, as stated by Chen?, Sawamura®* and Walker*
in their studies.

As we have mentioned in the results section
and following, the difference in the lines and
measurements proposed by Algerban, and transferred
to an orthopanthograph as a reference, are not
statistically significant (p > 0.05), which indicates that

Sample distribution by sex
OMen
OWomen
80,00 75,00 7113
70,10 ,
70,00 67,00 67,00
60,71
60,00
50,00
39,29
40,00
33,00 33,00 29,90 -
30,00 25,00 !
20,00
10,00
0,00
ALQERBAN,A?  ERICSON, S. & JACOBY, H."" DASILVA-SANTOS,  DACHI, SF.3* DE LACRUZ &
KUROL, J.& L% VAYA, A.

Figure 5. Comparison of the samples by sex according to various authors.
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Unilateral vs. bilateral Impaction

DACHI SF’ DA SILVA-SANTOS L.*

GHASI A%

DE LACRUZ, S. & VAYA, A

Figure 6. Distribution of the sample by unilateral or bilateral location, according to various authors.

the linear measurement performed in a CBCT or in an
orthopantomography would provide the same result.
For more accuracy, the data from a larger sample size
would have to be studied, since our sample size is not
comparable to that of other authors mentioned.

Although the diagnostic advances in image processing
in recent years with CBCT represent a great advance
in dentistry and, in this case, in orthodontics, the ideal
diagnostic method for each patient must be chosen
individually. The choice of radiographic method to
be used depends on the type of treatment to be
performed. With new advances, the 3-dimensional
technique can select specific regions of the face, thus
minimising the amount of radiation. These advances
represent a double-edged sword when it comes to
updating protocols and systems, since clinicians need
to update their 3-dimensional knowledge to offer
patients optimal treatment and diagnosis*.

CONCLUSIONS

In evaluating the linear position of the impacted
maxillary canine, orthopantomography provides
sufficient information for initial planning of the case,
without giving clear information on the relationship of
the canine to the adjacent structures. However, CBCT
remains the method of choice for diagnosing the linear
and angular position of the impacted maxillary canine.
This study represents a first phase in the diagnosis and
planning of the treatment, with angular measurements
needing to be introduced to determine the degree of
impaction of the maxillary canine, as well as to predict
the difficulty of treatment.
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