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ABSTRACT

Introduction: Impaction of the permanent maxillary canines is a serious dental
development disorder that affects about 3% of the general population. Its final position
in the occlusion is critical for the completion of the arch form, functional occlusion,
dental symmetry, and harmony. Aim: The aim of the present study was to evaluate
the impacted maxillary canine location on 3D images and to determine positional
components associated with impaction severity that may affect treatment difficulty.
Material and methods: The current study included 40 CBCT scans of 40 unilateral
impacted canines where several angular and linear measurements on the reconstructed
panoramic, axial, sagittal, and coronal views were measured and then based on the angle
between the impacted canine and their proposed post-treatment position, the sample
was divided to three impaction severity groups, group 1: Mild (IMPC/VAC <30°),
group 2: Moderate (IMPC/VAC 30°-55°), and group 3: Severe (IMPC/VAC >55°).
Results: Severity of impacted canines increased when their cusp tips were close to
midline distance<4mm ,and the vertical distance to the maxillary occlusal plan was
>14mm, when their root apices were far from the dental midline a distance>23mm,
and from the skeletal midline a distance>16mm. Severity of the impacted canine was
associated with increased angulation IMPC/VAC>45°, IMPC/midline>45°, and IMPC/
PL>120°. Conclusions: Cone beam computed tomography images enable thorough
localization of impacted canines and their relationship to neighboring anatomical
structures, the use of virtual aligned canine in the recent study is a reliable and applicable

method that can be used in future research.

INTRODUCTION

Impacted maxillary permanent canines (IMPCs) are commonly
encountered in the orthodontic field, after third molars, maxillary
canines are the most frequently impacted teeth, with a prevalence in
the range 0.9-3.0%, depending on the population examined®. Several
complications associated with the impacted maxillary permanent
canine had been well documented including absence of dentoalveolar
symmetry in case of unilateral impaction, absence of canine protected
occlusion, resorption of the adjacent permanent incisors or premolars,
internal or external resorption of the impacted canine, cyst formation
around the un erupted canine, flattened nasolabial fold, and referred
pain®,
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Radiographic evaluation of the
maxillary permanent canines is a critical component
in the diagnosis of the condition. Three-dimensional

(3D) imaging comes to the forefront in the diagnosis

impacted

and treatment decision of the canine impaction.
Several studies had been published that support
and proved the superiority of the use of CBCT for
accurate localization of IMPCs and related root
resorption of adjacent incisors®®. Cone beam
computed tomography (CBCT) changed 2D-based
diagnosis and treatment planning of impacted
canines in 27% of the evaluations”.

The treatment of impacted canine is multidis-
ciplinary and is associated with prolonged treat-
ment time and increased costs. Previous studies
have highlighted the radiographic parameters that
affect the prognosis of IMPCs. The most influenc-
ing of such parameters according to the literature
were; the labio-palatal position of the IMPC in the
alveolus®'V unilateral or bilateral®'>'¥ the sector
position of the IMPC®?#1919 "the lateral distance of
IMPC cusp tips and root apices to midline'®!”, the
vertical distance of IMPC to occlusal plane!*!161®)
and the angulation of the IMPC to the midline7'*2%,

A detailed assessment of the impacted canine’s
location, angulation and orientation is essential for
planning treatment; therefore, the aim of the present
study was to assess the pretreatment position of the
impacted canine using 3D CBCT to determine the
difficult canine impactions that may affect treatment
procedures.

MATERIALS AND METHODS

This study was conducted on forty CBCT
radiographs of patients with unilateral impacted
maxillary permanent canines collected from the
archives of the Oral Radiology department, Faculty
of Dentistry, Suez Canal University after the

approval of the REC (Research Ethics Committee)
of the Faculty No/261/2020. The CBCT radiographs
included in the present study were of good quality
and sufficient field of view to fully cover the maxilla.
Exclusion criteria were radiographs with limited
field of view, or low resolution that precluded
accurate measurements, presence of odontogenic
tumors or cysts around the IMPCs, cases with
radiographic
craniofacial anomalies, or syndromes.

signs of orthodontic treatment,

Radiographic evaluation:

OnDemand 3D" software (version 1.0, Cy-
bermed Inc., Seoul, South Korea) was used in this
study for image analysis and to obtain the following
measurements.

1. From reconstructed panoramic view the follow-
ing parameters were obtained (Figure 1):

a. Impacted maxillary permanent canine/virtual
aligned canine angle (IMPC/VAC) (Figurel.B),
defined as the angle between the long axis of the
IMPC and the virtual position of the normally
aligned canine between the lateral incisor and
first premolar. The virtual aligned canine is
therefore defined as the proposed post-treatment
position of the impacted canine in the arch.
The maxillary occlusal plane was first drawn
as the line from the mesiobuccal cusp of the
maxillary first molar to the incisal edge of the
maxillary central incisor. The VAC was then set
at 11° angulation to a line perpendicular to the
maxillary occlusal plane at area of the canine,
The long axis of the IMPC was represented by
a line passing from the cusp tip to the root apex
(Figurel.A).

b. The angulation of the impacted maxillary
permanent canine to dental midline (o angle):
The dental midline was first drawn which was
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11.1[deg]

90.0[deg]

16,89 [mm

represented by a vertical line passing between

the central incisors (Figurel.C). Then, a angle
was measured as the angle between the long
axis of the IMPC and the midline.

Linear distance of impacted maxillary perma-
nent canine cusp tip to maxillary occlusal plane
(DTO), was measured as a line from the canine
cusp tip dropped perpendicular to the maxillary
occlusal plane®? (Figurel.D).

Linear distances between cusp tip and root apex
of the impacted maxillary permanent canine
to the dental midline were obtained, where the
canine cusp tip and root apex of the IMPC were
intersected perpendicular to the dental midline

Fig. (1) (A) Reconstructed panoramic view showing

90.0[deg]

the 11-degree angulation and the long axis of
the canine, (B) Reconstructed panoramic view
showing the angle between the VAC and IMPC,
(C) Reconstructed panoramic view showing the
angle between the IMPC and the dental midline,
(D) Reconstructed panoramic view showing the
distance from the cusp tip to the maxillary occlusal
plane, (E) Reconstructed panoramic view showing
the distance from cusp tip, and root apex to the
dental midline.

and measured. (Figurel .E).

From the axial view the following parameters
were obtained (Figure2.A, B):

Cusp tip and root apex of impacted canine
deviations from skeletal midline: Distances
between the cusp tip (Figure2.A) and root apex
(Figure2.B) of the IMPC were measured to
the skeletal midline The skeletal midline was
identified by the following landmarks on the
radiographs: intermaxillary suture, incisive
foramina, anterior nasal spine, and nasal septum.

From the coronal view the following angle was
obtained (Figure2.C):
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10.77 [mm

The impacted maxillary permanent canine

angulation to the skeletal midline: obtained as
the angle between a line passing through the
midline of the maxilla and the long axis of the
canine (a line passing through the canine cusp

and the canine apex) (Figure2.C).

From the sagittal view the following parameters
were obtained: (Figure2.D, E):

Fig. (2) (A) Axial view showing the distance from the cusp

tip of the IMPC to the skeletal midline, (B) Axial
view showing the distance from the root apex of
the IMPC to the skeletal midline, (C) Coronal view
showing the angle between the skeletal midline and
IMPC, (D) Sagittal view showing the horizontal
plane to pass through the ANS and PNS and the
angle between the long axis of IMPC and the PI,
(E) Sagittal view showing the horizontal axis at the
functional occlusal plane and the distance from the
IMPC cusp tip to the functional occlusal plane.

Impacted maxillary permanent canine angula-
tion to palatal plane (Pl): The landmarks used to
identify the palatal plane were the anterior nasal
spine (ANS) and posterior nasal spine (PNS),
the long axis of the canine was drawn and the
angle between the IMPC and Pl was measured
(Figure2.D).

Cusp tip of the impacted maxillary permanent
canine to the functional occlusal plane:
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The functional occlusal plane was drawn as
a line extending from the incisal edge of the
mandibular central incisor and the most superior
occlusal edge of the mandibular first permanent
molar®?, then the vertical distance between the
canine cusp tip and the functional occlusal plane
was obtained (Figure2.E).

Sample Grouping:

Based on angle IMPC/VAC obtained from
reconstructed panoramic view, the cutoff point of
the angle was set at 30°, which is approximately
third the distal angulation of the normal positioned
canine angulation (11°) to complete horizontal
impacted canine at an angle of (90°)!”, the cases
were divided into three impaction severity groups:

Group 1: Mild impaction severity (IMPC/VAC
<309,

Group 2: Moderate impaction severity (IMPC/
VAC 30°-55°), and

Group 3: Severe impactions (IMPC/VAC >55°).

Statistical analysis:

The statistical analysis was carried out using
computer software Statistical Package for Social
Science (SPSS). Data was collected, checked, re-
vised, and organized in tables and figures using Mi-
crosoft Excel 2016. Data was subjected to outliers’
detections and normality testing using Shapiro-Wilk
and Kolmogorov-Smirnov. Difference between
parametric data was performed using independent
samples t-test.

Statistical assessments comprised ANOVA for
group comparisons, the difference between mild,
moderate, and severe groups in various measured
parameters were presented as mean and standard
deviation. Differences were assessed by one-way

ANOVA followed by Duncan’s multiple range test
in parametric data to measure specific differences
between pairs of means. Statistical significance was
setat P<0.05.

RESULTS

All measurements on CBCT radiographs in-
cluded in the study were repeated at least 14 days
after the initial assessment by the same examiner to
determine intra-observer reliability, intra-spectator
dependability inside consistency evaluated Cron-
bach’s alpha and ICC at 0.05 level. Accordingly,
high intra-observer reliability was seen between
R1 and R2 (reading 1 and reading 2). The ICC be-
tween R1 and R2 showed a high agreement between
them ranging between 0.898 to 0.981 in all mea-
sured variables. Moreover, Cronbach’s alpha also
revealed high agreement between R1 and R2 rang-
ing between 0.946 to 0.990.

Results of the current study are listed in (tablel).
Comparison between the three study groups showed
that the highest clinically significant differences
between groups were related to a-angle, cusp tip to
maxillary occlusal plane, root apex to dental midline
in the reconstructed panoramic view, IMPC/skeletal
midline in the coronal view, apex deviation in the
axial view, and IMPC/skeletal midline in the sagittal
view, while cusp tip to skeletal midline showed a
significant difference in the axial view, and less
significant difference in the reconstructed panoramic
view, while cusp tip to functional occlusal plane in
the sagittal view showed non-significant difference
between groups.

In addition, the mean values regarding root
apex to dental midline in reconstructed panoramic
view, root apex, and cusp tip deviation in the axial
view, showed resemblance in moderate and severe
impaction groups with no significant difference

NO.1
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between them but they both differed from mild 3.

impaction group.

Based on the angle between the IMPC and their
future treated position, or as referred as the “virtual
aligned canine position”, results of the current study
can be summarized in the following points:

1. Severely impacted canines showed mesial or
medial position of their cusp tips close to the

midline (distance<4mm).

2. Severely impacted canines showed distal
position of their apices to the dental midline

(distance>23mm), and to skeletal midline 6.

(distance >16mm).

Severely impacted canines showed increased
angulation of the IMPC to VAC (IMPC/
VAC>45°)

Severely impacted canines showed increased
angulation of the IMPC to midline in
reconstructed OPG and coronal view (IMPC/
midline>45°).

Severely impacted canines showed high IMPC/
PL angle>120°, the severity of this angle
reflected the difficulty of repositioning the
root buccally during orthodontic treatment and
indicated a more difficult path of eruption.

Sever impaction showed higher vertical distance
to occlusal plane (DTO>14mm).

Table (1) Comparison between the three groups regarding the various measured parameters.

Mean + SD ANOVA
gpl: Mild gp2: Moderate gp3: Severe F Sig.
(n=15) (n=20) (n=5)
Reconstructed panoramic view
IMPC/VAC 17.80+7.01 ¢ 40.85+£5.96 a 59.29+591b 198.7 <.001***
o-angle 20.40+10.34 ¢ 43.45+6.93 b 60.91+£8.03 a 108 4 <.0071%#**
Cusp tip to occlusal plane 7.04£2.25 ¢ 1042+£3.15b 14.37+1.94 a 30.5 <.001%%*
cusp tip to midline 9.85+2.92 a 6.55+5.98 a 6.57+£5.78 a 41 0.021%*
root apex to midline 18.23+3.84 b 23.39+5.68 a 26.35+7.26 a 123 <.0071%**
Coronal view
IMPC/midline 13.37£7.90 ¢ 26.81£17.38 b 442242103 a 17.1 <.001***
Axial view
Cusp tip deviation 901+3.15a 549+5.15b 442+449b 6.9 0.002%*
Apex deviation 12.78+2.08 b 15.70+2.98 a 16.86+3.69 a 124 <.001***
Sagittal view
IMPC/PL 108.06+9.12 ¢ 121.54+10.59 b 135.78+10.97 a 324 <.001#**
Cusp to functional occlusal plane 8.49+5.55 a 10.25+3.77 a 1037+£5.04 a 14 0.265 ns

P value for comparisons between severity groups, statistical significance was set at P < 0.05.

*Means less significant difference. **Means significant difference. ***Means highly significant difference.

Ns means non-significant difference.
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DISCUSSION

Impacted teeth, particularly IMPCs, are major
challenges in the orthodontic field because of their
potential to complicate orthodontic procedures. In
the dental arch, the permanent canine is a powerful
tooth that plays a key role in occlusion, lateral
articulation motions, and aesthetics®. As a result,
a well-positioned canine in the dental arch is one of
the therapeutic goals in every treatment plan.

Radiographic examination has always been an
important part of diagnosing an impacted canine.
Recently, three-dimensional imaging had taken the
lead in radiographic examination of the impacted
canine®. Several published studies have supported
and proved the superiority of the use of CBCT for
accurate localization of IMPCs and related root
resorption of adjacent incisors“®. therefore, further
emphasizing the diagnostic benefit of 3-D imaging
over traditional 2-D imaging approaches®*2%.

From this perspective, the present study was
conducted for the purpose of localization and
determination of positional components associated
with impaction severity using CBCT to determine
which diagnostic parameters greatly affect the
treatment decision based on the severity of the
impacted canine.

To individualize the severity of canine impaction
for each case, the present research used the angula-
tion between IMPC to its’ proposed post-treatment
position for grouping the study sample to three
groups, based on the differences in IMPC/VAC an-
gle as obtained from reconstructed panoramic view,
to determine the reliability and applicability of this
method for severity assessment of IMPC in differ-
ent cases in the future'”. The diagnostic parameters
used in the current study were chosen precisely after

thorough reviewing the literature to select the most
influencing parameters affecting the severity level
and subsequently affecting treatment decision. Ac-
cording to previous studies, such parameters are;
the sector position of the IMPC®1%19 the lateral
distance of IMPC cusp tips and root apices to mid-
line"’27, the vertical distance of IMPC to occlusal
plane'7223) the angulation of the IMPC to the mid-
line®1729 to the virtual aligned canine'”, and to the
occlusal plane®*??, Accordingly, the choice of pa-
rameters was included in our study.

Results of the current study showed excellent
intra-examiner reliability for almost all angular
and linear parameters used for analysis of impacted
canine severity, hence reflecting the reproducibility
of the method described to locate IMPC using
CBCT.

Regarding the parameters assessed from the
reconstructed panoramic view, IMPC/VAC angle
was significantly different between all three groups,
which was in accordance with a previous study
conducted be Zeno and Ghafari”. Results of both
studies showed that severity of the impaction was
correlated to angulation >45°.

In the present study, a-angle showed highly
significant difference between groups and the
severity of impaction was found to be associated
with angulation>45°, which was in accordance with
the study conducted by Zeno and Ghafari et al."'".
The angulation of an unerupted canine to midline
(o-angle) had been shown to influence the likelihood
of impaction, risk of resorption, and the duration
of treatment®”. According to Bazargani et al.CV,
a-angle was able to explain 54% of the variation
in treatment duration, the adjusted treatment time
rose by 0.19 months for every degree of higher
-angulation.
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In the current study, DTO showed a high
statistically significant difference between groups,
where severity of impacted canine increased when
DTO was >14mm as measured from reconstructed
panoramic and sagittal views. Such results were
again in accordance with those of Zeno and
Ghafari"”?, as well as the results of Stewart et al.(?
who found that DTO higher than 14mm was seen
in severe impaction cases, and was associated with
increased treatment duration. On the other hand,
Fleming et al."® could not identify a statistically
significant link between vertical distance and
treatment duration (p=0.065), the weakness in their
investigation was the limited sample size.

The horizontal distance of the root apex of
IMPC to midline was measured twice, the first was
to dental midline from reconstructed panoramic
view, and the second was to skeletal midline from
the axial view. Regarding the distance to dental
midline, the severity of impaction was found to
be related to distance>23mm. Similarly, Zeno
and Ghafari"”? found that distance>20mm was
related to the severe impaction group with a highly
significant difference. For the distance to skeletal
midline, the results of the current study showed
that distance>16mm was associated with increased
impaction severity, however, the results of Zeno
and Ghafari"” showed statistically non-significant
relation between the distance of root apex to midline
and the severity of impaction.

Similarly, in the coronal view, the angle of the
IMPC/midline showed highly significant difference
between groups with which was again in agreement
with the results of the previously mentioned study
by Zeno and Ghafari '?. Our results reflect that in
severe impaction groups, the deviation of the IMPC
crown in the mesio-distal horizontal direction
increased, where most of the cases were distally

tipped, mild impaction cases showed a more normal
mesio-distal tip value than moderate and severe

impaction groups.

In the sagittal view, IMPC/P] angle showed a
highly significant difference between groups, such
results were in accordance with previous studies
conducted by Zeno and Ghafari 17, and Ross et al
@7 revealing that the increase in this angle (IMPC/
PL>120°) was correlated to increased impaction
severity. From a clinical standpoint, the severity of
this angle reflects the difficulty of repositioning the
root buccally during orthodontic treatment which
makes it difficult to achieve correct angulation in
the third order, thus compromising aesthetics 7.

The limitations of the current study included
the relatively small sample size. In addition, no
orthodontic treatment was performed to clinically
align impacted canines to confirm the effect of the
assessed parameters on the actual severity of IMPC.
Lack of sufficient data in the literature concerning

virtual aligned canine was another limitations

CONCLUSIONS

1. Severity of canine impaction is not only a factor
of canine cusp position, but also the root apex
position in mesiodistal and labiolingual position
is of high diagnostic effect since root movement
during canine alignment may result in root
resorption of the canine itself or the adjacent
teeth especially if the distance of root movement

needed is large.

2. The virtual position of the normally aligned
canine helped in assessing the severity of canine
impaction and is therefore recommended for the

determination of treatment difficulty.
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