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Abstract
Background: Diagnosis and early treatment of impacted teeth are crucial for preventing their pathological
complications such as root resorption. This study aimed to assess the predictive factors of root
resorption in lateral incisors adjacent to impacted maxillary canines using cone-beam computed
tomography.

Methods: In this retrospective descriptive-analytic study, 150 samples of impacted canines from 138
CBCT images were collected from the �les of 12–35-year-old patients. The association between the
severity and location of root resorption in lateral incisors adjacent to impacted maxillary canines and the
patients’ age, sex, impacted canine’s angulation, position and follicle size was evaluated. Position and
angulation of the impacted teeth were measured using the OnDemand3Dä software. Kruskal Wallis test,
Fisher’s exact test, Mann-Whitney test, Kolmogorov-Smirnov test, Spearman’s rank correlation coe�cient
and multinomial logistic regression were used for data analysis.

Results: The probability of resorption in the middle-third of the roots of lateral incisors decreased by 20%
with each millimeter of increase in the distance between the impacted canines’ cusp tip from the occlusal
plane (P=0.009). There was a signi�cant association between the severity of lateral incisors’ root
resorption and sex; root resorption was signi�cantly more severe in females (P=0.029). No signi�cant
differences were observed between the lateral incisors’ root resorption and age, sagittal and transverse
positions of the impacted canine, its follicle size, and the angle between the long axis of canines with the
midline, occlusal plane and the long axis of lateral incisors (P>0.05).

Conclusion: Among the evaluated variables, the vertical position of the impacted canine in�uenced the
location of the lateral incisors’ root resorption. The severity of root resorption was higher in females.

Introduction
The maxillary canine tooth has the longest and most tortuous eruption path among permanent teeth. Its
mineralization commences in the fourth or �fth months of fetal age and its eruption occurs at 12 years of
age; that is, 6 years after the eruption of the mandibular 1st molar, which mineralizes at the same time as
the maxillary canine (1).

Impaction of a permanent tooth usually occurs due to the tooth’s failure to move and reach its correct
position in the dental arch during the eruption period (2, 3). Maxillary canine impaction is the second
most common eruption failure, affecting 1–3% of the population (4), and can lead to pathological
problems (2, 5). The most important irreversible adverse effect of maxillary canine impaction is the root
resorption of its adjacent teeth, especially the lateral incisor, which can lead to lateral incisor tooth loss
(6). To date, several risk factors have been identi�ed with regards to the root resorption of lateral incisors,
while its causal factor remains unknown (1). These risk factors are either local or systemic. Local risk
factors include lack of space in the dental arch, trauma, ankylosis of primary teeth, ectopic tooth bud,
in�ammation, pathologic lesions, and mesial movement of the adjacent teeth, all of which may lead to
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premature loss of these teeth. Systemic risk factors include malnutrition, anemia, rickets, vitamin D
de�ciency, endocrine diseases, syndromes such as turner (7), and speci�c infections such as syphilis and
tuberculosis(8). Genetic factors can also have a role in lateral incisor root resorption (8).

Early diagnosis of root resorption may not be possible as it is often asymptomatic; even though
resorption can reach the dental pulp, no clinical symptoms may be evident. Consequently, the lesion is
usually diagnosed when the tooth needs to be extracted (2, 4). Due to the rapid progress of root
resorption of teeth adjacent to impaction, identifying teeth with a high risk of root resorption is essential
for early intervention and treatment (5). Knowledge regarding the effects of maxillary canine impaction
on the adjacent lateral root resorption (ALRR) and awareness of root resorption risk factors can provide
e�cient clinical guidance for clinicians to determine the prognosis, treatment planning and the
appropriate timing for intervention (9).

Two-dimensional imaging approaches such as periapical, panoramic and occlusal radiographs can be
helpful with the diagnosis and follow up of tooth eruption conditions and evaluating treatment results
(8). However, they have limitations such as dimensional distortions and superimpositions, which may
render them inadequate for diagnosis and treatment in most cases (8). Root resorption can be
immediately identi�ed using three-dimensional imaging techniques such as cone beam computed
tomography (CBCT)(1). CBCT radiographs have higher sensitivity and accuracy in the diagnosis of root
resorption compared to two-dimensional radiographic techniques (6). Studies have indicated that
resorption of roots with a diameter of less than 0.6mm and a depth of less than 0.3mm cannot be easily
identi�ed in two-dimensional radiographic images, especially if the impacted tooth is buccally positioned
(1). Moreover, CBCTs can provide three-dimensional details regarding the position of the impacted
maxillary canine (IMC) and the adjacent lateral incisor, their position towards the �oor of the nasal
foramina, maxillary sinus and mandibular canal, and these details can be observed from different angles
(8, 10, 11).

The association between ALRR and some variables including the position and angle of the impacted
tooth, patient’s sex and age, the distance between IMC and the midline and the occlusal plane, as well as
the IMC’s follicle size has been evaluated in previous studies (2, 3, 12). However, none of the previously
conducted studies have evaluated all these variables in a single population. Moreover, no study has yet
been conducted that would evaluate all these variables in a single Iranian population with an adequate
sample size.

This study aimed to evaluate the association between the abovementioned factors and ALRR in a sample
of the Iranian population. The results of this study can help clinicians to make early interventions and
appropriate treatment plans to prevent ALRR in patients with IMC.

Methods And Materials
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A retrospective descriptive-analytic design was chosen for this study. The sample size was calculated as

150 according to the formula (n = 
z2

1−
α
2

× P × ( 1−P )

d2  ) with a con�dence interval of 95% ( z1−
α
2

) =1.96

and a P (impaction prevalence) = 0.4 (13) and an estimation error of d = 0.08. CBCT images of patients
were studied using non-probability convenience sampling while conserving con�dentiality and
anonymity. The study was conducted after its experimental protocol being approved by the committee for
ethics in research, school of dentistry, Shahid Beheshti University of Medical Sciences
(IR.SBMU.DRC.REC.1398.198).

Data was collected using the documents in the CBCT archive of the department of oral and maxillofacial
radiology, Faculty of Dentistry, Shahid Beheshti Medical University, Tehran, Iran, from Sep 2018 to May
2020. Patients between 12–35 years of age who had taken CBCT images due to different diagnostic
reasons and had at least one IMC adjacent to a lateral incisor were included in this study. The presence of
a maxillary �rst molar to determine the occlusal plane was among the inclusion criteria. The exclusion
criteria included patients under orthodontic treatment, having a pulp-treated lateral incisor adjacent to
IMC, having a craniofacial anomaly, hereditary syndromes, systemic diseases that might affect tooth and
bone growth and formation, and low-quality radiographic images.

CBCT images of 138 patients (including 150 MICs), taken with standard resolution and �eld of view
(FOV) of 12×8mm with a voltage of 110 kVp obtained through the NewTom VGI device (QR, Verona, Italy)
were evaluated in this study. Data were collected through patient records and observation and
measurement of their CBCT images using the OnDemand3D™ software. Observation and measurement
of CBCT images were conducted by a senior dental student at Shahid Beheshti Dental School. She had
received speci�c training for observing, diagnosis, and analysis of CBCT images, under the supervision of
an experienced associate professor of the oral and maxillofacial radiology department. The reliability of
our data was tested on 30 samples with an interval of 21 days. Inter-observer and intra-observer
agreements were evaluated to ensure the reliability of the �ndings.

The Kurol-Ericson scale was used for measuring the severity of ALRR. This scale has 4 categories, from
“no resorption” to “severe resorption” (Fig. 1) (13).

The angle between the long axis of IMC and the lateral incisor (CAL) and also the angle between the long
axis of IMC and the midline (CAM) were measured in the coronal plane of the CBCT images using the
tools of the software (Fig. 2).

The software enabled the evaluation of 3D images in coronal and sagittal planes. The transverse and
vertical position and the distance between the cusp tip and apex of IMC and the midline were recorded in
the coronal plane. The angle between the long axis of IMC and the occlusal plane (CAO) was measured in
the sagittal plane using the software (Fig. 3).

Using the images in the axial view, the size of the canine dental follicle and the severity of ALRR were
evaluated. The severity of root resorption was also evident in sagittal images which helped to ensure the
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accuracy of the diagnosis (Fig. 4).

Data analysis
Kolmogorov-Smirnov test was used to evaluate the normal distribution of continuous data, and the
intraclass correlation coe�cient (ICC) was used to evaluate data reliability. The reliability of continuous
variables was evaluated using ICC. Reliability scores higher than n > 0.75 were considered excellent
agreement according to Rosner’s division (14). Kappa coe�cient was used to evaluate the reliability of
categorical data, kappa ≥ 0.6 was considered acceptable (15). To evaluate the effect of the independent
variables on the location of ALRR, Fisher’s exact test and multinomial logistic regression were used.
Kruskal Wallis test, Mann-Whitney test and Spearman’s rank correlation coe�cient were used to evaluate
the association of continuous and categorical variables with the severity of root resorption. Type 1 error
was set at α = 0.05, so p- value < 0.05 was considered signi�cant. The SPSS software™ version 20 was
used for statistical analysis.

Results
Descriptive statistics

In this retrospective study, 150 CBCT images of 112 female (74.7%) and 38 male (25.3%) patients with an
average age of 24.16 ± 8.00 years were evaluated. 24 IMCs (16%) were labially and 126 (84%) were
palatally positioned. In 23 patients (15.3%), the vertical position of the IMC towards the adjacent lateral
incisor roots was in the apical third, in 83 samples (55.3%) in the middle third and in 44 patients (29.3%)
in the incisal third. Degrees of 1,2,3 and 4 of ALRR had an incidence of 109 (72.9%), 20 (13.1%), 10 (6.7%)
and 11 (7.3%), respectively. With regards to the resorption location, in 18 patients (12%) resorption was
located in the apical third, in 22 patients (14.7%) in the middle third, and only in one patient (0.7%) in the
incisal third of the root.

Inter-observer and Intra-observer agreement:

Kolmogorov-Smirnov test revealed the normal distribution of our continuous variables (p > 0.05).
Therefore, the ICC reliability coe�cient was used to evaluate the reproducibility of the data. All ICC
reliability coe�cients were more than 0.75, which was reported excellent agreement according to Rosner’s
division (14). For all �ve variables of sagittal, vertical and transverse canine position, severity and
location of resorption, the kappa coe�cient was > 0.8.

Sex, age and follicular size

The results indicated higher severity of ALRR in females (Table 1). There was no signi�cant association
between the location of ALRR and the patients’ sex (Table 2).

In addition, no signi�cant association was observed between the variables of age and canine follicle size
with the severity and location of ALRR (P > 0.05).
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Transverse, sagittal and vertical position

There was no signi�cant association between the severity of ALRR and transverse, sagittal and vertical
position of IMC (Table 1). In addition, no signi�cant relationship was found between transverse, sagittal
and vertical position of IMC and the location of ALRR (Table 2).

Impacted canine distance to the midline and occlusal plane

No signi�cant relationship was observed between the severity of ALRR and the distance from the cusp tip
and apex of IMC to the occlusal plane and to the midline (P > 0.05).

The distance between the canine cusp tip and the occlusal plane was signi�cantly associated with the
location of ALRR (P = 0.009). In other words, each millimeter of increase in the distance between the cusp
tip of IMC and the occlusal plane decreased the probability of resorption in the middle third of the lateral
incisor’s root by 20% (OR = 0.777, 95%CI: (0.643–0.937)).

Evaluation of the association between the distance of the apex and the cusp tip of IMC from the midline
and the location of ALRR indicated no signi�cant statistical association (P > 0.05).

Impacted canine angulation to the midline, occlusal plane and lateral tooth long axis

No signi�cant association was observed between the severity of ALRR and the angle between the long
axis of IMC and the lateral incisor (CAL), the occlusal plane (CAO), and the midline (CAM) (P > 0.05). In
addition, no relationship was found between the location of ALRR and the above-mentioned angles.
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Table 1
Distribution of degrees of root resorption severity according to impacted canine position and sex (Mann-

Whitney U test)
    Resorption degree Total P-

value
1 2 3 4

Vertical position Apical 17
(73.9%)

3 (13.0%) 1(4.3%) 2(8.7%) 23 0.29

Middle 56(67.5%) 14(16.9%) 7(8.4%)7 6(7.2%) 83

Occlusal 36(81.8%) 3(6.8%) 2(4.5%) 3(6.8%) 44

Sagittal position Labial 16(66.7%) 3(12.5%) 3(12.5%) 2(8.3%) 24 0.43

Palatal 93
(73.8%)

17
(13.5%)

7 (5.6%) 9
(7.1%)

126

Transverse
position

Mesial 84
(71.2%)

16
(13.6%)

9 (7.6%) 9
(7.6%)

118 0.42

Distal 25
(78.1%)

4 (12.5%) 1 (3.1%) 2
(6.3%)

32

sex Female 76
(67.8%)

18
(16.2%)

9 (8.1%) 9
(8.1%)

112 0.03

Male 33
(86.8%)

2 (5.3%) 1 (2.6%) 2
(5.3%)

38
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Table 2
Distribution of location of root resorption according to the impacted canine position and sex (Fisher’s

exact test)
    Resorption location Total P-value

    No resorption Apical Middle  

Vertical position Apical 17 (77.3%) 0 (0%) 5 (22.7%) 22 0.09

Middle 56 (67.5%) 13 (15.7%) 14 (16.9%) 83

Incisal 36(81.8%) 5(11.4%) 3(6.8%) 44  

Sagittal position Labial 16 (66.7%) 5 (20.8%) 3 (12.5%) 24 0.36

Palatal 93 (74.4%) 13 (10.4%) 19 (15.2%) 125

Transverse position Mesial 84 (71.8%) 16 (13.7%) 17 (14.5%) 117 0.58

Distal 25 (78.1%) 2 (6.3%) 5 (15.2%) 32

Sex Female 76 (68.4%) 16 (14.5%) 19 (17.3%) 111 0.08

Male 33 (86.8%) 2 (5.3%) 3 (7.9%) 38

*Since root resorption in the incisal one-third was observed in only one sample, this case was
excluded and the number of samples was considered 149 for this table.

Discussion
Early diagnosis of maxillary canine impaction and its associated factors is crucial for preventing its
consequent adverse effects. Since these risk factors have not been speci�cally evaluated in the Iranian
population, this study aimed to evaluate all these variables in a sample of Iranian patients. Awareness of
risk factors related to root resorption of the lateral tooth adjacent to IMC can help dentists and dental
specialists choose the appropriate treatment plan and make early interventions.

In our study, CBCT images of 138 patients with 150 MICs were evaluated; 12 patients had bilateral
maxillary canine impaction. The female to male ratio was 3:1. Studies of Kanavakis (2015), Dagsuyu
(2017), and Andersen et al (2021) were in line with this study, indicating that the impaction of maxillary
canine is more common in females (3, 16, 17). It is speculated that variations in genetics or craniofacial
growth patterns between males and females may be the cause for the aforementioned difference (2, 17).
However, female patients being more attentive to aesthetics and more willing to receive orthodontic
treatment can also be the reason for this difference (12, 18).

Alqerban et al’s study in 2016 showed that ALRR due to impaction is more common in females (4).
Considering that in our study, the number of females was higher than males, a comparison cannot be
made between the two sexes. Nevertheless, since impacted canines are more prevalent among females
than males, ALRR might also be more prevalent among females (4).
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According to Alqerban in 2016, Guarnieri in 2016, and Ucar et al in 2017, no signi�cant association was
observed between sex and the location of root resorption, which is in accordance with our study (4, 11,
19). Moreover, these studies revealed that in cases with ALRR, the severity of resorption in females was
signi�cantly higher, which is in line with our results (1).

Since the delayed eruption of maxillary canines is usually noted after the age of 11(20) and the
probability of root resorption in teeth adjacent to an impacted tooth increases with time (1), the age range
of our samples was limited to 12–35 years. In accordance with studies of Dogramaci (2015), Ra�enbeul
(2019), and Kalavritinos (2020), our study showed no association between the patients’ age and the
severity and location of ALRR (5, 6, 21).

In our study, most IMCs were palatally positioned (84%), which is in accordance with Brosson (2020) and
Hadler-Olsen’s (2015) studies (22, 23). Buccal impaction is usually related to insu�cient space in the
dental arch, while palatal impaction may occur even with adequate space (12).

In this study, the highest prevalence of the vertical position of IMC towards the adjacent lateral incisor
was in the middle third (55.3%), incisal third (29.3%) and apical third (15.3%), respectively. These results
are in accordance with the studies of Ra�enbeul (2019) and Andresen (2021) (5, 16).

In the 150 samples evaluated in this study, 109 (72.9%) of adjacent lateral incisors had no root
resorption. This is in accordance with Liu et al’s study in 2008 in which 210 impacted canines were
evaluated and the prevalence of maxillary lateral root resorption was 27.2%(24). Moreover, in the present
study, among the teeth with root resorption, 20 (13.1%) showed slight, 10 (6.7%) moderate and 11 (7.3%)
severe root resorption. Strbac et al’s study in 2012 obtained similar results (25).

In accordance with the studies of Bin (2015), Guarnieri (2016), and Ra�enbeul (2019), in our study, the
rate of ALRR was higher in the middle (14.7%), apical (12%), and incisal third (0.7%), respectively (5, 19,
26). Similar to our �ndings, no signi�cant association was observed between the vertical position of IMC
and the severity and location of ALRR in the studies of Cuminetti (2017), Kalavritinos (2020) and Bin
(2015) (1, 6, 26).

The results of the present study showed that the IMC’s follicle size was not signi�cantly associated with
the severity and location of ALRR. This �nding is in accordance with the results of Cuminetti (2017),
Ra�enbeul (2019) and Kalavritinos (2020)’s studies (1, 5, 6). Nevertheless, Chaushu et al’s study in 2015
showed a signi�cant association between IMC’s follicle size and severe ALRR (27). This difference could
be due to the fact that in our study, all resorption degrees were reported, from no to severe, unlike the
abovementioned study in which only severe degrees were reported.

Ucar et al (2017) reported that neither the transverse position of IMC nor the distance between the cusp
tip and apex of IMC from the midline were associated with the severity and location of ALRR (11) which
is in line with the �ndings of the present study.
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Cuminetti et al (2017) showed that the mean value of CAM was lower in patients with severe ALRR (1).
However, similar to our study, Cuminetti et al found no signi�cant association between the transverse
position of IMC and ALRR (1).

Our study showed no signi�cant association between the sagittal position of IMC and the severity and
location of ALRR. This �nding is in line with the studies of Jawad (2016), Ucar (2017) and Hadler-Olsen
(2019)(11, 23, 28). The �ndings of Ardakani et al’s study is however at odds with our �ndings; their study
showed that the buccal positioning of IMC can increase the severity of ALRR (12). This difference can be
due to Ardakani et al’s smaller sample size (40 samples) or their sample’s different age range (11–45
years).

The present study showed that an increase in the distance of the canine cusp tip from the occlusal plane
decreases the probability of ALRR in the middle third of the root. Our team found no previous studies
evaluating the relationship between the vertical position of IMC and the location of ALRR.

Our study showed no signi�cant association between the severity and location of ALRR and CAL, CAO,
CAM. This �nding is in accordance with the studies of Hadler-Olsen (2015), Ucar (2017) and Ardakani
(2021) (11, 12, 23). Moreover, Guarnieri et al’s study in 2016 showed no signi�cant association between
ALRR and CAM and CAO (18). However, they reported that if the angle between the long axis of IMC and
the adjacent lateral incisor is higher than 54°, the probability of ALRR exceeds by 61% (19).

According to the results of our study, the distance between the cusp tip of the IMC and the occlusal plane
can be used as an index for early detection and prevention of ALRR, especially in female patients with
IMC. If this distance is high in a patient, periodic examinations may be required to prevent the impaction
conditions from deteriorating and to reduce the risk of ALRR to the minimum.

This study had limitations. Evaluating the changes in the severity of ALRR due to IMC in one person
during the time would have led to more reliable �ndings. Due to the hazards of X-ray exposure in several
imagings, this study could not be conducted with a longitudinal approach (10, 11).

Conclusion
The main �ndings of this retrospective study were as follows:

The prevalence ratio of maxillary canine impaction in palatal position compared to the buccal
position was 5:1.

The severity of adjacent lateral root resorption had a signi�cant relationship with sex and was higher
in females.

The distance between the impacted canine cusp tip and the occlusal plane was associated with the
location of adjacent lateral root resorption. An increase in this distance decreased the probability of
resorption in the middle third of the lateral incisor.
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Abbreviations
CBCT: Cone beam computed tomography

IMC: Impacted maxillary canine

ALRR: Adjacent lateral incisor root resorption

CAL: The angle between the long axis of canine and long axis of lateral incisor

CAO: The angle between the long axis of canine and occlusal plane

CAM: The angle between the long axis of canine and midline
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Figures

Figure 1

Axial view of root resorption.

(A) grade 1=no root resorption; (B) Grade 2 = slight root resorption (up to half of the dentinal width); (C)
Grade 3 = moderate root resorption (half or more of the dentinal width, not involving the dental pulp); and
(D) Grade 4 = severe root resorption (with dental pulp involvement).
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Figure 2

IMC position in coronal view

Measurement of the angle between the long axis of IMC and the adjacent lateral tooth (CAL) (yellow) and
the midline (CAM) (red) in the coronal views obtained from CBCTs.

Figure 3
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IMC location in coronal and sagittal views

(A), The distance between the cusp tip and the root apex from the midline in the coronal view, (B) the
distance of the same points from the occlusal plane and the angle between the long axis of IMC and the
occlusal plane (CAO) in the sagittal view.

Figure 4

Follicle size of IMC and it’s relation with ALRR

(A): Evaluating IMC’s follicle size and the severity of ALRR in the axial view; (B) evaluating the severity of
ALRR and the sagittal position of the IMC in relation to the adjacent lateral incisor in the cross-sectional
view. 


