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ABSTRACT

Objective: To assess the relationship of a and 8 angles of maxillary impacted canines with maxillary lateral
incisor root resorption. Material and Methods: For this, 40 patients (between 11 and 45 years) with
impacted maxillary canines presenting to a private orthodontic clinic were evaluated.20% of the cases were
male and 80% were female. The a and B angles were measured on panoramic radiographs to determine the
angulation of impacted canine. CBCT scans had been taken by ProMax 8D CBCT system were used to
examine lateral root reorption. The relationship between the size of a and B angles of impacted maxillary
canines and root resorption in the adjacent maxillary lateral incisor was analyzed using SPSS version 22.
Results: The mean size of a and B angles had no significant correlation with the presence/absence, location,
or severity of root resorption in the adjacent lateral incisor or the buccolingual position of impacted canine.
The a and B angles in impacted maxillary canines cannot be used to determine the incidence or severity of
root resorption in the adjacent lateral incisor. Conclusion: No significant association between a and B
angles and incidence or severity of root resorption in the adjacent lateral incisor was found.
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Introduction

Maxillary canine teeth have the highest rate of impaction after third molars [17. Impaction of teeth
seems to be multifactorial. Several factors have been proposed to play a role in impaction of maxillary canines.
These factors can be divided into two groups of local and systemic factors; however, local factors play a more
prominent role in this respect [17]. Local factors include improper location of tooth buds, presence of
pathologies such as supernumeraries, odontoma, cysts or neoplastic lesions, long path of eruption, trauma, or
delayed exfoliation of primary teeth [2-47. The most important cause of impaction is the slow movement of
impacted tooth towards the palatal surface. An erupting maxillary canine should move vertically towards the
occlusal surface. However, impacted canines move towards the mesial and palatal directions [5,67.

Maxillary canine teeth determine the occlusion, shape, and function of dental arch [77]. Maxillary
canine impaction has a prevalence rate of 0.8% to 2.8%, and has a palatal orientation in 85% of the cases [87].
Maxillary canine impaction can cause several complications including periodontal problems, bone resorption in
the adjacent areas, caries in the adjacent teeth, and root resorption of the adjacent teeth. Root resorption of the
maxillary lateral incisor is the most common complication of maxillary canine impaction [97].

Patients with permanent maxillary canine impaction require an interdisciplinary treatment plan,
which depends on accurate identification of the position of impacted canine [10,117]. Moreover, the presence
and severity of root resorption in the adjacent lateral incisor and premolar should be determined. Evidence
shows that both of the aforementioned parameters have a great impact on treatment planning by orthodontists
and maxillofacial surgeons [8,127. Also, time of treatment of impacted canine is highly important and is
determined following precise assessment of tooth developmental stage [187. Furthermore, the severity of root
resorption of lateral incisor affects the prognosis of treatment and survival of the tooth [97.

Radiographic modalities are used to determine the exact position of impacted teeth. Periapical
radiography can be used to assess the position of impacted canine and presence/absence of root resorption in
the adjacent teeth [147]. However, two or more radiographs are required for more accurate assessment of
impacted tooth in different spatial planes [157. Occlusal radiograph can be used to determine the buccolingual
position of impacted canines [15]. However, all these radiographic modalities have the possibility of
superimposition of canine on the adjacent teeth due to their two-dimensional (2D) nature [167]. The diagnostic
accuracy of panoramic radiography for impacted canines is still a matter of debate. Although panoramic
radiographs provide little information about the buccolingual position of impacted teeth, it has been reported
that the relationship of canine cusp tip and distal half of the root of lateral incisor may be a good indicator of
palatal impaction of canine [177].

Evidence shows that cone-beam computed tomography (CBCT) is preferred to 2D imaging for
determination of position of impacted canines [157. However, it would be ideal to first request a panoramic
radiograph to assess the possibility of other anomalies such as peg lateral incisors, missing premolars, or
ectopic teeth, since they may be genetically related to canine impaction, and then a CBCT scan with a small
field of view can be requested to better assess root resorption or position of impacted canine in more details
[157. By doing so, we can decrease the patient radiation dose, in comparison with requesting a full field CBCT
in the first place [187].

Considering early detection of lateral root resorption by the impacted canines is a great help in a
better treatment plan, and limited number of studies conducted on this topic, this study sought to assess the
relationship of a and B angles of maxillary impacted canines with root resorption in the adjacent maxillary

lateral incisor using panoramic radiography and CBCT.
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Material and Methods
Study Design and Sampling

This analytical, cross-sectional study evaluated 40 patients (with 40 impacted maxillary canines)
presenting to a private orthodontic clinic in Rafsanjan city, who were selected using convenience sampling.
Sample size was calculated to be 40 according to a study by Ezoddini et al. [197. According to the objectives of
this study (comparison of parameters in the two groups) and the minimum required sample size with 5% error

and 80% power is 40 people in each group (accuracy of 0.08) [207.

n, =32 n,=12
U, = 46.63 M, =61.13 ey N = (1.96+0.849% X 2 X 829.743 = 40
s, = 18.58 s, = 17.10 (14.5)

The mean age of patients was 18.2 + 6.55 years (range 11 to 45 years). Of 40 patients, 8 (20%) were
males and 32 (80%) were females. Of all cases of canine impaction, 14 (85%) were in the right and 26 (65%)
were in the left side.

The inclusion criteria were age range of 11 to 45 years, having an impacted maxillary canine, presence
of maxillary first molars, presence of mandibular teeth, having both panoramic radiograph and CBCT scan
(taken as part of their orthodontic treatment and not for the purpose of this study), and visibility of C2 (cervical
vertebra) on the panoramic radiograph. The exclusion criteria were rotation of impacted maxillary canine,
rotation of maxillary first molar, vertical or horizontal dimension malocclusion, superimposition of the
vertebral column over the mandibular ramus on panoramic radiograph, and patients with craniofacial
syndromes or cleft lip and/or palate.

All CBCT scans had been taken by ProMax 3D CBCT system (Planmeca, Helsinki, Finland) with full
maxilla field of view and the exposure settings of 66 kVp, 9 mA, and 16 s time. In romexis software 4.6.2R, first
on the sagittal plane, occlusal plane is set parallel to the ground then a curve was drawn on the reconstructed
axial view, this curve passes exactly between the buccal and lingual cortical surfaces. Finally panoramic like
and cross sectionals with a thickness of 2 mm were reconstructed, also check by scrolling all the coronal and
axial cuts and the amount of lateral root resorption on each plane was recorded. All panoramic radiographs had
been obtained by ProMax dental X-ray unit (Planmeca, Helsinki, Finland) with the exposure settings of 110
kVp and 10.65 s time.

Two landmarks were identified and used for assessment of canine angulation namely the a and 8
angles. The a angle is formed at the intersection of the occlusal line and longitudinal axis of canine tooth. The
occlusal line is the line connecting the mesiobuccal cusp tips of the maxillary first molars. The a angle was
measured for each impacted canine on the panoramic radiograph (Figure 1A). The B angle is formed at the
intersection of the cervical line and the longitudinal axis of impacted canine. The cervical line is the line
connecting the most anterior and most inferior points of C2 (cervical vertebra). This angle was measured for
each impacted canine on the panoramic radiograph (Figure 1B).

Presence/absence of root resorption in the adjacent lateral incisor was also evaluated on panoramic
radiographs and recorded. Next, the CBCT scans of the maxilla in axial, sagittal and cross-sectional views
were evaluated for presence/absence of root resorption in the lateral incisor. These measurements were

performed by a maxillofacial radiologist.
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In case of presence of root resorption, its severity was classified in buccopalatal and mesiodistal
dimensions using the following classification system [217: Grade 0: Absence of resorption; Grade 1: Loss of
natural contour of the root; Grade 2: Loss of <50% of dentin; Grade 3: Loss of 250% of dentin without pulp
involvement; and Grade 4: Pulp involvement.

The location of root resorption in the lateral incisors was categorized into three groups of apical
third, middle third and cervical third [217]. Eventually, the relationship of the size of a and B angles of the
impacted maxillary canine on panoramic radiographs with root resorption in the adjacent lateral incisor was

analyzed.

Figure 1. Measurement of a (A) and B (B) angles on a panoramic radiograph.

Data Analysis

Data were statistically analyzed using SPSS version 22 (SPSS Inc., IL, USA). The Kolmogorov-
Smirnov test showed normal distribution of data regarding a and £ angles. Thus, parametric tests including
the Chi-square test, t-test and Pearson’s correlation test were applied for data analysis. If not significant, the
Mann-Whitney and Spearman test and fisher’s exact test were applied. The frequency and percentage values
were reported for qualitative variables while the mean and standard deviation values were reported for

quantitative variables. Level of significance was set at 0.05.

Ethical Clearance

The study was approved by the ethics committee of our university (IR. RUMS.REC.1398.093).

Results
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Based on panoramic radiographs, 11 cases (27.5%) had root resorption and 29 (72.5%) were sound.
The location of resorption in one tooth (2.5%) was in the cervical third, while it was in the middle third in 4
(10%) and in the apical third of the lateral incisor root in 17 (42%) teeth. CBCT revealed that 18 lateral incisors
(45%) did not have resorption, 9 (22.5%) had grade 1 (Figure 2), 5 (12.5%) had grade 2 (Figure 3) and 8 (20%)
had grade 4 resorption (Figure 4). Grade 3 was not seen in any case.

Table 1 shows the mean size of a and [ angles of impacted canine and their correlation with severity
of root resorption in the adjacent lateral incisor. No significant correlation between the mean size of a angle
and severity of root resorption (p=0.775). No significant correlation between the mean size of 3 angle and

severity of root resorption either (p=0.748).

Figure 2. Grade 1 resorption in the apical third of the lateral incisor root.

Figure 3. Grade 2 resorption in the middle third of the lateral incisor root.
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Figure 4. Grade 4 resorption in the apical third of the lateral incisor root.

Table 1. Comparison of the mean and standard deviation of a and 8 angles with respect to the intensity
of root resorption in adjacent lateral teeth by one-way analysis of variance.

Angle N Mean Std. Deviation F p-value
Alpha 0 18 56.07 18.25 0.371 0.775
1 9 51.08 12.99
2 5 51.23 14.05
4 8 49.32 20.10
Total 40 52.98 16.76
Beta 0 18 55.87 18.45 0.409 0.748
1 49.83 183.17
2 51.52 12.99
4 8 49.07 20.43
Total 40 52.61 16.90

According to t-test, the mean size of a angle had no significant correlation with gender (p=0.498 in
males and p=0.948 in females). The mean size of 5 angle had no significant correlation with gender either

(p=0.610 in males and p=0.936 in females).
Table 2 shows the mean size of a and B angles based on age range. The results showed no significant

association between the mean size of a and  angles with age range (p>0.05).

Table 2. Evaluation of age variables grouped with alpha and beta angles by t-test analysis.

Angle Age (Years) N Mean Std. Deviation T p-value
Alpha 11-19 25 50.60 16.78 0.997 0.250
20-45 15 56.96 16.52
Beta 11-19 25 50.01 16.93 0.883 0.213
20-45 15 56.95 16.50

Table 8 presents the mean size of a and B angles based on the location of root resorption. According to
t-test, the mean size of a and B angles had no significant correlation with the location of resorption (p>0.05).

Since resorption in the cervical third was only noted in one tooth, it was not included in statistical analysis.
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Table 3. Survey the relationship between mean angle a and 8 angles the location of root resorption.

Angle N Mean Std. Deviation T p-value
Alpha  Middle 5 49.96 10.46 0/079 0.704
Apical 17 50.60 16.85
Beta Middle 5 49.38 11.28 0/090 0.70
Apical 17 50.10 16.76

Table 4 shows the mean size of a and B angles based on the presence/absence of root resorption in the
adjacent lateral incisor on panoramic radiographs. According to t-test, the mean size of a and B angles had no
significant correlation with presence/absence of root resorption in the adjacent lateral incisor on panoramic

radiographs (p=0.879 for a and p=0.896 for B angle).

Table 4. Survey mean size of a and B angles based on the presence/absence of root resorption in the
adjacent lateral incisors on panoramic radiographs.

Angle Age (Years) N Mean Std. Deviation T p-value
Alpha Absent 29 53.24 15.78 0.157 0.879
Present 11 52.30 19.96
Beta Absent 29 52.88 16.22 0.132 0.896
Present 11 52.03 19.42

Of impacted canines, 7 (17.5%) had been positioned buccally and 83 (82.5%) had been positioned
palatally. The exact test showed no significant correlation between the buccolingual position of impacted
canine and presence/absence of root resorption in the adjacent lateral incisor on panoramic radiographs
(p=0.075). The Pearson’s correlation test revealed a strong correlation between the size of a and B angles
(r=0.995, p=0.000).

The exact test showed a significant correlation between the severity of root resorption in the adjacent
lateral incisor and buccolingual position of impacted canine (p=0.040), and the severity of resorption was
greater in lateral incisors adjacent to buccally positioned impacted canines. The quadrant of impacted canine
had no significant correlation with root resorption or its severity in the adjacent lateral incisor on panoramic
radiographs (p=1.00).

In order to assess the correlation of dependent variable ie. severity of root resorption with
independent variable i.e. size of a angle, the logistic regression test was applied, which revealed R?=0.025 and

B=-0.026, showing no significant correlation (p=0.842). The same result was obtained for 3 angle.

Discussion

This study assessed the relationship of a and B angles of maxillary impacted canines with maxillary
lateral incisor root resorption on panoramic radiographs and CBCTscans. Of all cases of canine impaction, 14
(35%) were in the right and 26 (65%) were in the left side, which was in agreement with previous results
[19,22,237, all conducted on the Iranian population. The age range of patients from 11 to 45 years is an
important limitation of the study. Since the probability of root resorption increases with age, it is not possible
to make an accurate assessment of presence and severity of the lateral incisors root resorption.

The prevalence of canine impaction is reportedly 1% to 3% [16,24] and it has a predilection for female
gender [24-267. In our study, 80% of patients with canine impaction were females. This difference between

males and females is due to the difference in craniofacial growthpatterns of males and females. However, it
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should be noted that our sample size was derived from patients of one private orthodontic clinic only, and
females generally have a higher demand for orthodontic treatment. Multicenter studies with larger sample size
are required on this topic.

In our study, most impacted canines (82.5%) had a palatal position, which was in agreement with other
studies [20,277]. However, the frequency of palatally positioned impacted canines in our study was higher than
the value reported by Danaei and Shahidi [217 and lower than the value reported by Grover and Lorton [287].
Labial impaction is often due to space shortage in dental arch while palatal impaction may occur in presence of
adequate space in dental arch [287. Variability in prevalence and position of canine impaction in studies can be
due to racial differences, sample collection criteria, and sample size [297].

Evidence shows that detection of root resorption by periapical radiography is not accurate [30,317].
Periapical radiography can detect root resorption in only 12% of the cases [317]. However, if combined with
other imaging modalities such as panoramic radiography and lateral cephalometry, root resorption can be
detected in 50% of the cases [16,327]. CBCT 8D imaging has several applications in orthodontics and
orthosurgery, and can significantly enhance the detection of root resorption [127. However, voxel size can
significantly affect the detection of primary or mild root resorption [3387. Considering the high accuracy of
CBCT, the difference in detection of root resorption by panoramic radiography (detection of 11 cases) and
CBCT (detection of 22 cases) in our study is justified. Also, Danaei and Shahidi [217 reported that teeth that
showed no resorption on periapical and panoramic radiographs had clear resorption on CT scans. Moreover,
conventional radiography underestimated the severity of resorption, which highlights the superior efficacy of
3D radiography for detection of root resorption.

According to Liu et al. [807 and Ericson and Kurol [157] root resorption in teeth adjacent to an
impacted canine is common. Its prevalence rate was 55% in our study. Also, most lateral incisors with root
resorption were adjacent to palatally impacted canines in our study, which was different from the findings of
Kim et al. [347. This difference can be attributed to higher general prevalence of palatal canine impaction in
our study.

The current study revealed that the severity of root resorption in the lateral incisor was higher when
the impacted canine had a buccal position. No previous study has assessed this relationship to compare our
results with. Further studies are required to confirm this relationship. Also, this study had a cross-sectional
design. Considering the long and complex path of eruption of canine teeth [167, longitudinal studies are
required for more accurate assessment of this relationship. Since buccal impaction is mainly due to space
shortage, risk of contact of canine tooth crown with the root of lateral incisor would be higher. Another
important factor to consider is that duration of canine impaction also affects the severity of root resorption in
the adjacent lateral incisor. Also, size of dental follicle of impacted canine and the distance between the canine
tooth crown and lateral incisor root can affect the occurrence of root resorption. Since these factors were not
evaluated in this study, we cannot draw a definite conclusion regarding the correlation of severity of resorption
with buccal position of impacted canines.

The current results found no significant association between the size of a angle and incidence or
severity of root resorption in the adjacent lateral incisor, which was in agreement with the results of Guarnieri
et al. [227). They assessed the angles between the longitudinal axis of canine and the occlusal line, midline and
the longitudinal axis of lateral incisor and confirmed the presence of a correlation between the angle formed by
the longitudinal axis of canine and longitudinal axis of lateral incisor with the severity of root resorption of

lateral incisor. No other significant correlations were noted.
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Another study measured the a angle to determine the position of impacted canines. They showed that
the a angle had a significant correlation with the position of impacted canines, and when the impacted canines
had a buccal position, the size of a angle was significantly higher compared with palatally positioned impacted
canines [197. According to their results and ours, the size of a angle may reveal the position of impacted
canine. However, no correlation exists between the size of a angle and root resorption in the adjacent lateral
incisor. Ezoddini et al. [197] found a significant correlation between the size of  angle and position of impacted
maxillary canines. They added that § angle had a higher diagnostic value than the a angle in determining the
tooth position. They showed a strong correlation between the a and B angles, which was in agreement with our
findings.

As mentioned earlier, the a angle is formed between the longitudinal axis of canine tooth and the
occlusal line, and the occlusal line is influenced by vertical and horizontal malocclusions involving maxillary
first molars or their absence. Thus, it is recommended to use B angle instead of a angle for assessment of
impacted maxillary canines. The results showed that by an increase in the size of a and B angles, the severity of
root resorption in the lateral incisor decreased. However, this reduction was not significant. Therefore, the
severity of root resorption of lateral incisors can be roughly estimated by measuring the a and B angles.
However, further studies are required on this topic. By an increase in the severity of resorption, the prognosis
of lateral incisor would decrease. Thus, the severity of resorption should be evaluated to determine the
prognosis of lateral incisor, and CBCT has superior efficacy for this purpose.

The current results showed that root resorption of lateral incisor had the highest frequency in the
apical third and lowest frequency in the cervical third, which was in agreement with the results found in the
literature [21,35]. However, Ericson and Kurol [827 reported that resorption had the highest frequency in the
middle third of the root.

According to Alqerban et al. [337, medial inclination of impacted canine and its overlap with over half
portion of lateral incisor is the most common cause of root resorption of lateral incisor. Since impacted canine
is in contact with the middle and apical thirds of the adjacent lateral incisor root in 84% of the cases, higher
rate of root resorption in the apical and middle thirds in our study is justified.

Future longitudinal studies are required to assess the correlation of buccolingual position of impacted
canines and severity of root resorption in the adjacent lateral incisors. Also, the severity of root resorption in
different stages of development of impacted canines should be evaluated. Furthermore, the correlation of dental
follicle of impacted canines and the distance between the canine tooth crown and root of lateral incisor with the
severity of resorption should be investigated in future studies to detect all possible factors affecting lateral

incisor root resorption.

Conclusion

No significant association between a and  angles and incidence or severity of root resorption in the

adjacent lateral incisor was found.
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