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Objective: The spatial position of a canine can affect the level of proximal root resorption and the success of orthodontic 
treatment. The aim of this study was to examine the mesiodistal and vertical position of impacted maxillary canines and to assess 
their relationship with the lateral incisor by using cone beam computed tomography (CBCT).
Material and method: One hundred and sixty-nine CBCT scans of patients presenting with maxillary impacted canines were 
included in the study. The buccopalatal, mesiodistal (classified as sectors I, II, III, IV from distal to mesial) and vertical (cervical, 
middle, apical) position of the maxillary impacted canines were determined. The positional effect on the morphology (width, 
length, and depth) and resorption was assessed on the roots of the maxillary lateral incisors. Obtained data were statistically 
analysed by using Student t-test, the Mann Whitney U and Chi-Square tests.
Results: Of the maxillary impacted canines, the 34.72% that had associated resorption on the adjacent lateral incisors were 
buccally positioned, and 65.28% were palatally positioned. While 45.58% of sector I impacted maxillary canines were 
buccally positioned, 68.31% of sector IV impacted maxillary canines were palatally positioned. Furthermore, there was a 
statistical significance between the mesiodistal position and palatal or buccal maxillary canine impaction (p < 0.05). In addition, 
the vertical position of the impacted maxillary canines was also related to their mesiodistal and buccopalatal positions (p < 
0.05). 
Conclusion: While all maxillary impacted canines had the potential to cause lateral incisor resorption, there was no close 
relationship related to the canine’s buccopalatal, mesiodistal and vertical position. Nevertheless, if an impacted maxillary canine 
migrated towards the midline, the buccopalatal and vertical position of the tooth changed from buccal to palatal and cervical to 
apical, respectively.
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Introduction

The permanent canines aid in the appearance of an 
aesthetically pleasing smile and have an important 
role in functional occlusion.1,2 Maxillary canines are 
the second most commonly impacted teeth after 
the third molars,3,4 with an incidence of 1–3%,5-7 
and with twice the prevalence in females compared 
with males.3,4 Impacted canines can cause aesthetic 
problems related to tipping of adjacent teeth and 
midline deviations. They can also result in migration 
of adjacent teeth, cyst formation, pain and infection.3,8 

However, the most common significant problem 
is root resorption of adjacent teeth,8-11 particularly 
affecting the root of the maxillary lateral incisor.12,13 
Although less common, resorption may also affect 
the roots of the central incisors and premolars.14 
Ensuring the correct positioning of impacted canines 
in the dentoalveolar arch with surgical exposure and 
orthodontic treatment is clinically difficult and time-
consuming.1,12,15 Appropriate surgical intervention 
and orthodontic management depends on the accurate 
spatial localisation of the impacted teeth.1,7,16
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Numerous theories and aetiological factors have been 
reported in relation to impacted maxillary canines.17-19,8 
Previous authors have proposed a guidance theory 
to explain how maxillary canines become palatally 
impacted due to the loss of guidance of a malformed 
or missing lateral incisor.20-23 Another view, named the 
genetic theory, is identified when missing premolars, 
third molars or supernumerary teeth, also occur in 
company with the palatal impaction of a maxillary 
canine.24,25 These theories are indirectly supported by 
studies indicating that patients with palatal maxillary 
canine impaction often have sufficient space for canine 
eruption.4,8,26 Conversely, buccally impacted maxillary 
canines are commonly thought to be associated with 
dental crowding or skeletal (premaxillary) defects.8,27-29 

In addition to the buccopalatal location of impacted 
maxillary canines, a mesiodistal location evident 
on panoramic radiographs may help estimate the 
duration and difficulty of treatment.30,31 As the 
canine crown approaches the maxillary midline, the 
possibility of uneventful eruption after the removal of 
the primary canine is low.15 Radiographically, if the 
cusp of the maxillary canine lies distal to the middle 
of the lateral incisor root, the likelihood of eruption 
of the canine after its deciduous precursor is removed 
is approximately 90%. The success rate of eruption 
decreases to 64% if the canine has passed the middle 
of the lateral incisor root.15 It has been reported that 
when the maxillary canines are vertically located in 
the mid-third, resorption of the lateral incisors is more 
likely.15 

Generally, two-dimensional (2D) radiographs 
are taken as part of an initial diagnosis, to locate 
the canines, to assess tooth eruption, to assist in 
treatment planning and to evaluate the results of 
treatment.2,32,33 However, diagnostic information 
obtained from panoramic radiographs may be limited 
because of distortion, magnification, artefacts, blurred 
images and overlapping structures.2,32,34 Panoramic 
radiographs are not reliable for evaluating root 
resorption on the palatal or buccal surfaces of the teeth 
or if the resorption is mild.35 Cone beam computed 
tomography (CBCT) does not normally present these 
limitations.36,37 Three-dimensional (3D) information 
can be obtained at high resolution from CBCT scans, 
while the level of radiation can be significantly less 
than that of a conventional CT.36,38 

The aim of the present study was to investigate the 
effect of different 3D positions of impacted maxillary 

canines on lateral incisor morphology (root length, 
width, and depth) and the incidence of root resorption.

Material and method

Patients

The study material was obtained from the records of 
patients who presented and were treated for impacted 
maxillary canines in the Orthodontic Department 
of the Dentistry Faculty of Zonguldak Bülent Ecevit 
University from 2014–2019. The demographic 
description of the population of this retrospective 
study was obtained from the Western Black Sea 
Region of Turkey. In addition to a routine orthodontic 
examination and records, a CBCT scan was taken 
with the informed consent of the patient, parent or 
legal guardian to obtain more information regarding 
the location of the maxillary canines and their effect 
on the anterior teeth. From the records obtained, 
and after the exclusion of patients with congenitally 
missing lateral incisors, cleft lip-palate, odontoma, 
mesiodens, and those with a syndrome or systemic 
disorder affecting the teeth and surrounding tissue, a 
total of 169 patients were included in the study. The 
patients comprised 73 females and 96 males with a 
mean age of 17.91 ± 6.52 years (range, 11.66–40.25 
years). 

Approval for the study was granted by the Ethics 
Committee of Zonguldak Bülent Ecevit University 
Medical Faculty (protocol no: 215-119-18/11).

Method

The patients were positioned standing with the head 
and Frankfort horizontal plane (alanaris - tragus) 
parallel to the floor. CBCT images were acquired 
using a Veraviewepocs 3D R100 / F40 device (J 
Morita Manufacturing Corporation, Kyoto, Japan) 
applied at a tube voltage of 85-90kV, a tube current 
of 3-8mA, a scan duration of 9.4 seconds and FOV 
of 8 × 5 cm and 4 × 4 cm. After reconstruction of the 
scans, CBCT images were evaluated using i-Dixel 2.0 
software (J. Morita Corporation, Osaka, Japan).

The impacted maxillary canines were classified in 
three groups as buccopalatal, mesiodistal and vertical 
according to crown position. A modification of the 
sectors described by Ericson and Kurol was used 
on the CBCT images to determine the mesiodistal 
position of the teeth.39 Defining a reference point 
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as the lateral incisor, the impacted maxillary canines 
were classified according to their distance from the 
midline. To do this, three lines were drawn relative to 
the lateral incisors, and described by:

1.	 A line contacting the distal of the crown and 
root of the lateral incisor

2.	 A line dividing the lateral incisor by passing 
through the centre of the tooth’s long axis

3.	 A line contacting the mesial of the crown and 
root of the lateral incisor. 

Using the three constructed lines, four regional sectors 
were formed (Figure 1). The location of the cusp tip 
of the impacted maxillary canine was determined in 
relation to the created sectors, which were labelled as 
I, II, III, or IV. The vertical position of the impacted 
canine was determined as cervical, middle, or apical 
relative to the ipsilateral central incisor on the CBCT 
images.40 Two oriented horizontal planes were 
drawn through the root apex of the central incisor 
and another passing through the cemento-enamel 
junction. After constructing the two lines, a third 
horizontal line was drawn parallel and equidistant. By 
dividing the root of the ipsilateral central incisor into 
three equal parts, vertical zones were derived (cervical, 
middle, apical). The vertical position of the cusp of 
an impacted maxillary canine was classified according 
to the defined zones. In addition, impacted maxillary 
canines were separated into two groups as palatal 
or buccal according to their location relative to the 
alveolar crest.

To determine the status of the teeth adjacent to the 
impacted maxillary canines, an analysis was undertaken 
of the mesiodistal and buccopalatal dimensions at the 
cemento-enamel junction, root length and resorption 
of the lateral incisors.

Statistical analysis

Data obtained in the study were statistically 
analysed using IBM SPSS version 24.0 software 
(IBM Corporation, NY, USA). Conformity of the 
data to a normal distribution was assessed with 
Skewness, Kurtosis and the Shapiro-Wilk tests. To 
analyse mean differences within groups of data with 
a normal distribution, the Independent t-test and 
ANOVA were applied, and for those not showing a 
normal distribution, the Mann-Whitney U-test and 
the Kruskal-Wallis test were used. For comparisons 

between groups and correlations, the Chi-square test 
and Fisher’s Exact test were applied. A value of p < 
0.05 was accepted as statistically significant.

Results

The statistics describing the age and gender of the 
study participants, the mesiodistal, buccopalatal 
dimensions of the adjacent lateral incisors at the 
cemento-enamel junction and root length, resorption 
in the lateral incisors, and buccopalatal, mesiodistal 
and vertical positions of the maxillary canines, are 
shown in Table I.

The relationships were examined between the root 
dimensions of the lateral incisors adjacent to maxillary 
canines with buccal or palatal impaction, the presence 
of resorption in the lateral incisor, and the mesiodistal 
and vertical locations of the maxillary canines. As 
presented in Table II, there was a statistically significant 
change in the mesiodistal and vertical positions 
according to the buccal or palatal displacement of the 
impacted maxillary canines (p < 0.01). 

The relationships of the mesiodistal location of the 
impacted maxillary canines according to the four 
sectors are shown in Table III. Root length and width 
variability was observed related to the adjacent lateral 
incisors, and a significant difference was determined in 
the buccopalatal and vertical location of the maxillary 
canines (p < 0.05). As the impacted maxillary canines 
approached the midpalatal line (i.e., sector IV), there 

Figure 1. Mesiodistal sectors (I, II, III, IV) and vertical zones (C, M, A) 
of impacted maxillary canine on CBCT according to locations.
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N Minimum Maximum Mean ± SD SE

Age (years) 169 11.66 40.25 17.91 ± 6.52 0.5

Lat. M-D root width 169 4.1 7.4 5.26 ± 0.61 0.05

Lat. B-P root width 169 4.26 8.96 6.11 ± 0.71 0.06

Lat. root length 169 4.14 17.80 13.86 ± 2.33 0.18

Gender Female Male 

169 73 (43.2%) 96(56.8%)

Resorption in the lateral incisor Present Absent 

169 72(42.6%) 97(57.4%)

Canine B-P Position Buccal Palatal

169 68(40.2%) 101(59.8%)

Canine M-D Sector I II III IV

169 43(25.44%) 14(8.28%) 30(17.75%) 82(48.52%)

Canine vertical zone Cervical Median Apical

169 52 (30.8%) 61(36.1%) 56 (33.1%)
SD: standard deviation, SE: standard error of mean

Table I.  Descriptive statistics of results.

Buccal (N=68) Palatal (N=101)

Values Mean ± SD Mean ± SD p

Lateral incisor M-D root width 5.23±0.46 5.28±0.7 0.61†

Lateral incisor B-P root width 6.32±0.87 5.97±0.55 0.014††

Lateral incisor root length 14.36±1.93 13.50±2.52 0.12††

Buccal (N=68) Palatal (N=101)

Lateral incisor resorption Present 25 (14.7%) 47(27.81%) 0.08†††

Absent 43 (25.44%) 54(31.95%)

Canine M-D sector I 31(18.3%) 12(7.1%) <0.01††††

II 11(6.51%) 3 (1.78%)

III 13(7.69%) 17(10.6%)

IV 13(7.69%) 69(40.83%)

Canine vertical zone C 31(18.34%) 21(12.43%) <0.01††††

M 8(4.7%) 53(31.4%)

A 29(17.16%) 27(15.98%)
† Student t-test, †† Mann Whitney U test, ††† Fisher exact test, †††† Chi-Square test 

Table II.  Comparisons of the groups according to buccopalatal position of the impacted canines.

was an increase in either the palatal or apical position.  
However, if the impacted maxillary canines were 
closer to sector I, the likelihood of buccal or cervical 
displacement was increased. In addition, the chance of 
lateral incisor resorption increased when the impacted 
maxillary canines approached the midpalatal line  
(p < 0.05).

As presented in Table IV, lateral incisor resorption 
was unrelated to the vertical location of the impacted 
maxillary canine. However, the buccopalatal and 
mesiodistal position of an impacted maxillary canine 
was affected by its vertical location (p < 0.05).
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Discussion

The resorption of anterior teeth in the presence of 
impacted maxillary canines occurs and is of concern 
to patients and clinicians.12 The incidence of root 
resorption affecting the lateral incisors adjacent to 
impacted maxillary canines was found to be 42.6% in 
the present study.  Root resorption rates examined by 
different imaging methods reportedly vary in incidence 
between 6% and 67%,9,15,37 and studies that have 
previously examined the prevalence of lateral incisor 
resorption using CBCT reported inconsistencies. 
Liu et al.16 noted a resorption rate of 27% in lateral 
incisors adjacent to 210 impacted maxillary canines, 
while Walker et al.7 reported a prevalence of 66.7% in 
27 cases. Kim et al.29 reported a prevalence of 49.5% 
in a study of 186 impacted maxillary canines. The 
reasons for the variation were likely related to different 
age ranges of the patients and operator experience 
in interpreting CBCT images.16 The resorption 
incidence rates have also been reported to be related 
to the imaging technique used.2

The results of the current study revealed no significant 
relationship between the buccopalatal position of 
impacted maxillary canines and root resorption 
of the lateral incisors (p > 0.05). Recent studies 
have compared canines presenting with buccal 
and palatal impaction against control groups.10,11,35 
However, there are conflicting results. Kim et al. 
reported that impacted maxillary canines in a buccal 

position caused more resorption in adjacent teeth 
than those in palatal positions and the relationship 
was statistically significant.29 In contrast, Lai et al. 
observed more root resorption when maxillary canines 
were in a buccal position but the difference was not 
statistically significant.10 Ucar et al. described more 
root resorption in the lateral incisors associated with 
palatally impacted maxillary canines compared with 
those canines impacted in a buccal position. There 
was, however, no noted statistical significance.11 As 
these studies were conducted in different geographic 
regions, the differences in the results could be 
attributed to demographic variability as it has been 
previously reported that the variability of a population 
influences the incidence of resorption in any tooth or 
individual in relation to displaced maxillary canines.13 

When comparing impacted maxillary canines 
according to the four sectors of mesiodistal location, 
it was noted that the lateral incisor resorption rate 
increased with greater canine proximity to the 
maxillary midline. The difference, however, was not 
statistically significant (p > 0.05). Similarly, Ucar et 
al. compared the sectors in which the canines were 
localised and, although the amount of lateral root 
resorption increased from sector I to sector IV, the 
difference was again not statistically significant.11 Ngo 
et al. evaluated the relationship between the sector 
location of the maxillary canines and root resorption 
and, while no root resorption of the lateral incisors was 

Sector I   
(N=43)

Sector II  
(N=14)

Sector III 
(N=30)

Sector  IV 
(N=82)

Values Mean ± SD Mean ± SD Mean ± SD Mean ± SD p

Lateral incisor M-D root width 5.18±0.34 5.29±0.5 5.27±0.47 5.31±0.77 0.72†

Lateral incisor B-P root width 6.36±0.5 6.99±1.46 5.90±0.43 5.92±0.61 <0.05††

Lateral incisor root length 14.17±1.84 13.61±0.67 15.24±2.43 13.17±2.44 <0.05††

Sector I   
(N=43)

Sector II  
(N=14)

Sector III 
(N=30)

Sector  IV 
(N=82)

p

Lateral incisor resorption Present  10(5.91%) 9(5.32%) 7(4.14%) 46(27.22%) <0.05†††

Absent 33(19.52%) 5(2.96%) 23(13.61%) 36(21.3%)

Canine B-P position B 31(18.3%) 11(6.51%) 13(7.69%) 13(7.69%) <0.01†††

P 12(7.1%) 3 (1.78%) 17(10.6%) 69(40.83%)

Canine vertical  zone C 23(13.61%) 5(2.96%) 10(5.92%) 14(8.28%) <0.01†††

M 16(9.47%) 2(1.18%) 9(5.33%) 34(20.12%)

A 3(1.78%) 8(4.73%) 11(6.51%) 34(20.11%)
† ANOVA test, †† Kruskal-Wallis test, ††† Chi-Square test 

Table III.  Comparison of the groups according to mesiodistal location of the impacted canines.
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determined in sectors I, II, and III, root resorption was 
observed in 21 of 39 teeth in sectors IV and V.33 It has 
also been reported that impacted maxillary canines in 
sector I indicate buccal impaction and those located 
in sectors IV and V suggest palatal impaction.33 
Lindauer et al. reported that when most of the tip 
of the cusp of the maxillary canine was displaced 
to the mesial or over the lateral incisor root, palatal 
impaction of the maxillary canine was indicated.39 
Kim et al. analysed the position of impacted maxillary 
canines, and, consistent with the present study, found 
that buccally impacted canines were more frequent 
in sector II, whereas palatally impacted canines were 
more frequent in sector IV.31 The findings of the 
current study indicated that palatal rather than buccal 
impaction was seen more often when canine location 
was noted from sector I towards sector IV, in results 
that were found to be statistically significant (p < 
0.05).

In previous studies that have used two-dimensional 
radiographs to determine the vertical positioning of 
impacted maxillary canines, resorption of the lateral 
incisors has been reported to be 82% in the mid-
third, 13% in the apical, and the remainder in the 
cervical areas of the tooth root.15 More recent studies 
that have used CT have reported that most maxillary 
lateral incisor root resorption is located in the mid-

third, thereby confirming previous research.10,12 
In the current study, no statistically significant 
relationship was determined between the vertical 
position of impacted maxillary canines and lateral 
incisor root resorption (p > 0.05). However, the 
vertical position of an impacted maxillary canine had 
a statistical relationship with the mesiodistal sectors 
and buccopalatal positions (p < 0.05). According to 
these results, while canines positioned in sector I were 
mostly impacted near the cervical, canines in sector 
IV were located near the apical area.

There is a relationship between impacted maxillary 
canines and morphological anomalies of maxillary 
lateral incisors.3,20 Liuk et al. assessed the mean length, 
width (mesiodistal) and depth (buccopalatal) values 
of upper lateral incisors adjacent to palatally impacted 
maxillary canines and found these parameters were 
lower than those of a control group.23 Through 
examination of periapical and panoramic radiographs, 
Becker et al. also found the mean length of upper 
lateral incisors adjacent to palatally impacted canines 
was shorter than the dimensions of a control group.22 
Becker reported that the mean length of the lateral 
incisor was approximately 6 mm longer than that 
reported by Liuk et al. As confirmed by a previous 
study, this demonstrates that CBCT measurements 
are likely more accurate and reliable.36 

Cervical (N=52) Middle (N=61) Apical (N=56)

Values Mean ± SD Mean ± SD Mean ± SD p

Lateral incisor M-D root width 5.21±0.58 5.34±0.67 5.23±0.57 0.49†

Lateral incisor B-P root width 6.09±0.68 6.15±0.48 6.08±0.93 0.25††

Lateral incisor root length 13.77±2.11 13.77±2.94 14.03±1.74 0.72††

Values Cervical (N=52) Middle (N=61) Apical (N=56) p

Lateral incisor resorption Present  21(12.43%) 27(15.976%) 24(14.2%) 0.7†††

Absent 33(19.53%) 33(19.53%) 31(18.34%)

Canine B-P position B 31(18.34%) 8(4.7%) 29(17.16%) <0.01†††

P 21(12.43%) 53(31.4%) 27(15.98%)

Canine M-D sector I 23(13.61%) 16(9.47%) 3(1.78%) <0.01†††

II 5(2.96%) 2(1.18%) 8(4.73%)

III 10(5.92%) 9(5.33%) 11(6.51%)

IV 14(8.28%) 34(20.12%) 34(20.11%)

† ANOVA test, †† Kruskal-Wallis test, ††† Chi-Square test 

Table IV.  Comparison of the groups according to the vertical position of the impacted canines.
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In a study that compared the mesiodistal and 
buccopalatal root width of maxillary lateral incisors 
of individuals with buccally or palatally impacted 
canines, the mesiodistal width of lateral incisors 
associated with buccally impacted canines tended 
to be greater, whereas no difference was observed 
in buccopalatal width.28 In the current study, no 
statistically significant difference was apparent in 
the root width, length and depth of lateral incisors 
adjacent to buccally or palatally impacted maxillary 
canines. A possible reason for this difference could be 
that most studies did not compare the lateral incisors 
adjacent to palatally or buccally impacted maxillary 
canines with each other but only to a control group.

One of the main aims of the current study was 
to evaluate the position of impacted maxillary 
canines in the three planes of space (sagittal, vertical 
and horizontal) using a reliable and repeatable 
method. Conventional radiographs are known to 
have limitations related to overlapping images, 
misinterpretation of palatal and buccal canine 
location, magnification and distortion.2,32,34 As CBCT 
scans can provide accuracy in all spatial planes in 
describing the position and dimensions of impacted 
maxillary canines, this method was used in the current 
study. However, the classification of canine position 
was made using methods previously employed on 
panoramic radiographs introduced by Ericson and 
Kurol35 and later developed by Lindauer.39 By this 
universal classification, it was possible to compare the 
results of CBCT scans with other imaging methods, 
consistent with previous studies that have examined 
impacted maxillary canine position by using 
CBCT.29,33

In light of the results of the present study, it is 
recommended that clinicians take into consideration 
the high probability of resorption of the adjacent lateral 
incisors when the mesiodistal location of an impacted 
maxillary canine enters sector IV, and diagnosis and 
treatment planning should be made accordingly. 
Clinicians should also be aware that the mesiodistal 
location (sector) of an impacted maxillary canine on 
2D radiographs may be used to estimate buccopalatal 
and vertical positions. In addition, while panoramic 
radiographs may be sufficient for the sector and 
vertical zone analyses of impacted maxillary canines, 
the level of resorption and buccopalatal displacement 
should be examined by CBCT.

Conclusions

Within the scope of the present study, it was concluded 
that:

•	 As the mesiodistal position of an impacted 
maxillary canine locates from sector I to sector 
IV towards the midpalatal line, its buccopalatal 
position changes from buccal towards the palatal 
and the vertical position from cervical to apical.

•	 The resorption frequency in adjacent lateral 
incisors was higher when an impacted maxillary 
canine was either located in sector IV in the 
mesiodistal plane or on the palatal side in the 
buccopalatal plane.

•	 There was no significant difference between 
buccally and palatally impacted maxillary 
canines in respect of the mean root length and 
width of the lateral incisors. 
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