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Abstract
Background  To examine the buccolingual inclination of maxillary posterior teeth, curve of Wilson, and transversal 
dimensions in palatally impacted maxillary canine patients, compared to controls by cone-beam computed 
tomography (CBCT).

Materials and methods  Pre-treatment images of 22 bilateral, 32 unilateral impacted maxillary canine patients 
and 30 controls were included. All patients had palatally impacted canines, with no posterior cross-bite. Data were 
reclassified in quadrants according to the presence of impaction, as the impaction quadrant (right and left quadrants 
of 22 bilateral impacted cases, and quadrants presenting impaction of 32 unilateral cases, n = 76), unaffected quadrant 
(quadrant without impaction in 32 unilateral cases, n = 32) and the control quadrant (right and left quadrants of 30 
controls, n = 60) to evaluate the buccolingual inclination angle, transversal width, and arch perimeter. Additionally, 
comparisons were made regarding curve of Wilson and total arch perimeter among bilateral and unilateral impaction 
groups with the control group. Statistical analysis was performed by one-way ANOVA and Kruskal Wallis tests. Tukey or 
Dunn tests were used for comparisons between groups in pairs.

Results  No significant difference was found for the buccolingual inclination of maxillary posterior teeth and curve 
of Wilson among groups. The buccolingual inclination of canines in the impaction quadrant was significantly lower 
than the other quadrants (p < 0.001). Basal bone width at the level of second premolars, and alveolar width at both 
premolars were significantly narrower in the impaction quadrant than in the unaffected quadrant (p < 0.05). Dental 
arch width at the level of first premolar was significantly decreased in the impaction quadrant compared to other 
quadrants (p < 0.05). Arch perimeter was significantly reduced in the impaction quadrant than in the unaffected 
quadrant (p < 0.05).

Conclusion  The presence of bilateral or unilateral palatally impacted maxillary canines did not effect the 
buccolingual inclination of posterior teeth, and curve of Wilson. Transverse discrepancy was evident in the impaction 
quadrant even in the absence of posterior cross-bite. Quadrant analysis was particularly useful in evaluating 
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Background
Maxillary canines, the most frequently impacted teeth 
after third molars [1–4], are important in terms of the 
integrity of the dental arch and aesthetic appearance. 
Two main theories explain the etiology of palatal impac-
tion of maxillary canines, as the “guidance” and the 
“genetic” theories. According to the guidance theory, the 
lack of the guidance of the roots of the maxillary lateral 
incisors leads to canine impaction. The genetic theory is 
based on the abnormalities of tooth size, shape, number 
and/or structures [5, 6]. Their impaction may result in 
migration of the neighboring teeth, reduced arch length/
bone dimensions, or affect angulation of the nearby teeth 
[7]. Previously, the buccolingual and vertical alveolar 
bone dimensions and arch perimeter were significantly 
reduced in the impacted side than the non-impacted 
side [8]. Split-mouth studies also revealed that the width 
from the median raphe to the first premolar is lower on 
the side of impaction than the non-impacted side [9, 10]. 
Again, Arboleda-Ariza [11] stated that, subjects with 
unilateral or bilateral impacted maxillary canines have 
smaller maxillary basal and alveolar transverse dimen-
sions than subjects without impaction.

Maxillary canines provide guidance during mandibu-
lar movements depending on their good crown-to-root 
ratio, and capability of tolerating high occlusal forces 
[12]. The buccolingual inclination of posterior teeth are 
also critical for ideal static and functional occlusion, 
which has been highlighted by Wilson [13]. Okeson [14], 
further explained that the curve of Wilson ensures effec-
tive cuspal contacts, avoiding nonfunctional contacts. 
Nanda [15] stated that, a flat curve of Wilson between 
the buccal segments allowed for proper occlusal func-
tion, but that ‘‘an accentuated curve would result in bal-
ancing interferences, especially in the second molar area.” 
In this respect, the buccolingual inclination of teeth has 
become an interesting topic for orthodontists. Studies 
stated that buccolingual inclination is influenced by the 
vertical growth pattern, skeletal sagittal relationship, age, 
and neighboring teeth loss [16–19]. Once the maxillary 
canines are impacted, consequences will be generated 
in the dental arch, which might affect the dentoalveolar 
development. One of the clinical consequences of this 
condition is the lack of transverse development of the 
maxillary arch, especially at the level of premolars [20]. 
However, literature knowledge is inadequate regard-
ing changes in terms of the inclination of the maxillary 

posterior dentition and the relating curve of Wilson in 
maxillary impacted canine cases.

Cone-beam computed tomography (CBCT) provides 
detailed assessment of the craniofacial tissues by recon-
structing scanned structures in multiple planes [21, 22]. 
They are commonly preferred for the impacted maxillary 
canine cases [23] to visualize crown and root positions by 
overcoming the morphological variations [18, 24].

As noted, tooth impaction has an effect on transverse 
width [11], and tooth inclination is generally due to den-
toalveolar compensation for transverse discrepancies. 
In this sense, it was aimed to examine the dentoalveolar 
compensation that occurs with buccolingual inclina-
tion changes of maxillary posterior teeth, curve of Wil-
son, and transversal maxillary dimensions in patients 
with bilateral and unilateral palatally impacted maxillary 
canines, compared to a control group by using CBCT 
images. The data were reclassified into quadrants accord-
ing to the presence of impaction. The hypotheses were (1) 
the buccolingual inclination angles of maxillary posterior 
teeth, and curve of Wilson of patients with unilateral or 
bilateral palatally impacted maxillary canines varies, (2) 
the skeletal and dental transverse maxillary widths are 
reduced in palatally impacted maxillary canine patients, 
when compared to patients with normally erupted 
canines.

Materials and methods
This retrospective study was approved by the Gazi Uni-
versity Ethical Committee (E-77082166-604.01.02-
418431). Sample size (G*Power software Version 3.1.3, 
Franz Faul, Universität Kiel, Germany) was calculated 
based on the difference in the arch perimeter variable 
between the groups [25]. Mean arch perimeter in the 
bilateral and unilateral impaction groups and the con-
trol group were 62.01  mm, 58.31  mm and 60.50  mm 
respectively, with an effect size of 0.50, when the com-
mon standard deviation was 3.04. Accordingly, a level of 
significance of 0.05 and 90% power with an effect size of 
f = 0,50 analyzed with a one-way ANOVA test required a 
sample of 18 patients for each group. Therefore, a total of 
54 subjects was comprised for the study.

A detailed computer-based search among the CBCT 
images, taken between January 2014 and December 2022 
in the Department of Oral and Maxillofacial Radiology 
were performed by the same researcher (TS) accord-
ing to the following inclusion criteria: (1) aged between 
14 and 25 years, (2) presence of unilateral or bilateral 

asymmetry for basal bone and alveolar bone widths in the premolar region in patients with unilateral palatally 
impacted maxillary canine patients.
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palatally impacted maxillary canines, (3) no supernu-
merary/missing/impacted teeth except maxillary canines 
and third molars, (4) presence of deciduous canines on 
the impacted side, (5) completed root development of 
all dentition, (6) crowding less than 5 mm, (7) absence of 
posterior cross-bite, (8) optimum vertical growth (27°< 
SNGoGn°<37°), (9) no craniofacial deformities/skeletal 
asymmetries, (10) no dental crowns or restorations, (11) 
no history of previous/ongoing orthodontic treatment, 
and (12) good quality CBCT images. The exclusion cri-
teria were: (1) posterior cross-bite, (2) crowns, caries/
extensive restorations, (3) presence of remaining primary 
dentition, (4) transposed maxillary canines/maxillary 
odontogenic pathologies, (5) dental/craniofacial defor-
mities/skeletal asymmetries, and (6) history of trauma or 
surgery. Same criteria were applied to the control group, 
except the presence of impacted canines. Based on these 
criteria, CBCT images of 32 patients with unilateral, and 
22 patients with bilateral palatally impacted maxillary 
canine patients were selected from 138 records. The con-
trol group was constituted from images of 30 patients out 
of 79 images, who had been referred to CBCT imaging 
due to the need of surgical removal of third molars and 
diagnosed of the mandibular pathologies.

Referencing a previous study [26], a quadrant analy-
sis was used to compare the impacted sides of the den-
tal arches with the normally erupted sides. To this end, 
the included 84 maxillary arches were divided into right 
and left quadrants, resulting in 168 quadrants. Further, 
3 quadrants were created as the impacted quadrant 
(right and left quadrants of 22 bilateral impacted cases, 
and quadrants presenting impaction in 32 unilateral 
cases, n = 76), the unaffected quadrant (quadrant with no 
impaction in 32 unilateral cases, n = 32), and the control 
quadrant (right and left quadrants of 30 control cases, 
n = 60) (Fig. 1).

Measurements on the CBCT images  All images were 
acquired by the same machine (Promax 3D Mid; Plan-
meca Oy, Helsinki, Finland), with identical exposure 
parameters (90 kVp; 12  mA; 0.4  mm voxel size; scan 
time, 13.2 s, field of view of 20⋅17 cm and 20⋅10 cm), in 
accordance to the radiation protection rules. Three-
dimensional images were evaluated using inbuilt software 
(version 2.7.0; Romexis; Planmeca Oy, Helsinki, Finland). 
The images were reconstructed in 3 orthogonal planes 
(sagittal, axial, and coronal views, with 0.4 mm isotropic 
voxel resolution). To standardize the head position in all 
images, Frankfurt horizontal plane and the infraorbital 
plane were parallelized to the floor (Fig. 2). The vertical 
reference line was constructed by drawing a perpendicu-
lar to the horizontal reference passing through the median 
palatal suture. Intra-observer agreement was assessed 
with randomly selected CBCT images of 40 patients, and 
remeasured 15 days after the first measurements. All eval-
uations were made by the same researcher (TS).

Measurements of the buccolingual inclination  The incli-
nation angles were measured for maxillary premolars and 
molars respectively. The long axis of posterior teeth were 
determined from the sagittal views according to Masu-
moto et al. [27], as a line passing from the midpoint of the 
mesiodistal crown widths through the midpoint at one-
third of the root apices (Fig. 3). The long axis determined 
in the sagittal views were superimposed with the coronal 
views respectively for each tooth. The long axis of the pos-
terior teeth at the coronal view was determined in refer-
ence to a previous study [18], through a line connecting 
the midpoint of the buccal and palatal cusp tips and the 
midpoint of the buccolingual width at the cervical base 
close to the furcation of the anatomic crowns (Fig. 4). The 
buccolingual inclination of posterior teeth were achieved 
by measuring the internal angle formed between the long 
axis of the premolars and molars with the horizontal 

Fig. 1  Recategorization of the bilateral, unilateral palatally impacted maxillary canine and control groups regards to quadrants
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Fig. 4  Determination of the long axis of posterior teeth from the coronal views, through a line connecting the midpoint of the buccal and palatal cusp 
tips and the midpoint of the bucco-lingual width at the cervical base close to the furcation of the anatomic crowns

 

Fig. 3  Determination of the long axis of posterior teeth from the sagittal views, as a line passing from the midpoint of the mesio-distal crown widths 
through the midpoint at one-third of the root apices

 

Fig. 2  Frankfurt horizontal plane and infraorbital plane (red lines) were accommodated parallel to the horizontal line (blue line) to standardize the 
measurements
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reference plane parallel to the infraorbital plane (Fig. 5). 
Additionally, the buccolingual inclination angle of the 
erupted and the impacted maxillary canines were mea-
sured on the coronal views. Canine tooth axis was defined 
as a line that passes through the cusp tip and the apex of 
the tooth [28]. The angle between the impacted and the 
erupted canines long axis and horizontal reference plane 
was measured (Fig. 6).

Measurements of the maxillary transverse dimen-
sions  Maxillary transverse widths were measured on the 
coronal view for right and left first and second premolars 
and molars separately based on the method of Podesser 
et al. [29].

The maxillary basal bone width (MBW) was measured 
from the median palatal suture to the outer edges of the 

lateral maxillary base along the nasal floor parallel to the 
horizontal reference plane. The maxillary alveolar width 
(MAW) was measured between the most coronal points 
of the maxillary alveolar process and vertical reference 
plane, parallel to the horizontal reference plane. The 
maxillary dental width (MDW) was measured between 
the buccal cusp tip of the tooth and the vertical reference 
plane, parallel to the horizontal reference plane (Fig. 7).

Measurements of the arch perimeter  Arch perimeter for 
each quadrant was measured on the axial view, from the 
mesial of the maxillary first molar to the mesial edge of 
the central incisor for both sides. The total arch perimeter 
was also measured from the mesial of the right maxillary 
first molar to the mesial of the left maxillary first molar 
(Fig. 8).

Fig. 6  Buccolingual inclination of the impacted and erupted canines. The angle between impacted and erupted canines long axis and horizontal refer-
ence plane on the coronal section

 

Fig. 5  Bucco-lingual inclination of the premolars and molars. Value of the internal angle of the long axis of the premolars and molars of both quadrants 
with respect to the horizontal reference plane which parallel to the infraorbital plane on the coronal section
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Fig. 8  Arch Perimeter: a Quadrant arch perimeter; b Total arch perimeter

 

Fig. 7  Maxillary left first molar basal width measurement (red line), alveolar width measurement (yellow line), dental width measurement (green line)
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Measurements of the curve of Wilson  The curve of Wilson 
was measured on the coronal view at first premolars and 
first molars, according to Golshah et al. [30]. The buccal 
and palatal cusp tips of the right and left maxillary first 
premolars, as well the mesiopalatal and distobuccal cusp 
tips of the right and left maxillary first molars were con-
nected along the buccal groove and the angles were mea-
sured (Fig. 9).

Statistical analysis
The data were analyzed using SPSS (Version 11.5; SPSS 
Inc, Chicago, Ill) and R programming language. Data 
were summarized as the mean ± standard deviation and 
median (minimum-maximum) for continuous variables 
and frequencies (percentiles) for the categorical vari-
ables. The normality of the data was tested by the Shap-
iro-Wilk test. Categorical variables were compared using 
the Chi-Square or Fisher’s Exact Test as appropriate. The 
significance of the difference among groups was evalu-
ated by One-way ANOVA or the Kruskal-Wallis test. 
Pairwise comparisons with the Tukey HSD or Dunn tests 
were used to assess which groups differed. The intraclass 

correlation coefficient (ICC) was used for assessment of 
agreement between test-retest using a two-way mixed 
model. Statistical significance was set at p < 0.05.

Results
The ICC values declared excellent intra-examiner repro-
ducibility (p < 0.001) for all measurements. Twenty-two 
participants were in the bilateral impacted canine group 
(26.2%), 32 were in the unilateral impacted canine group 
(38.1%), and 30 were in the control group (35.7%). The 
distributions of the groups relative to gender and age are 
presented in Table 1. There was no significant difference 
in the distribution of gender, but mean age of the bilateral 
impacted maxillary canine group was higher than the 
unilateral group (p < 0.05).

Comparison of the data regarding the quadrants are 
given in Table  2. No significant differences were noted 
for the buccolingual inclination of premolars and molars 
among the quadrants. Canine inclination angle was sig-
nificantly reduced in the impaction quadrant (50.93°), 
when compared to the unaffected quadrant (95.92°), and 
the control quadrant (95.14°) (p < 0.001) (Table 2).

Table 1  Distributions relative to gender and age, and comparison between groups
Groups Gender, n (%) Age

Female Male P X ± SD Median
(Min-Max)

P

Bilaterally impacted canine group 17 (28.3) 5 (20.8) 0.155* 20.09 ± 3.89 21.00a

(14.00–25.00)
0.026ǂ

Unilaterally impacted canine group 19 (31.7) 13 (54.2) 17.41 ± 3.41 16.00b

(14.00–25.00)
Control group 24 (40.0) 6 (25.0) 18.53 ± 3.28 18.00a, b

(14.00–25.00)
X, mean, SD, standart deviation, Min, minimum, Max, maximum. *Pearson chi-square test, ǂKruskal Wallis test; Different superscripted lower-case letters in the 
same column indicate significant differences between groups (Dunn, p < 0.05). Same superscripted lower-case letters in the same column indicate non-significant 
differences between groups (Dunn, p > 0.05)

Fig. 9  The curve of Wilson: a First premolar curve of Wilson; b First molar curve of Wilson. The buccal and palatal cusp tips of the right and left maxillary 
first premolars as well the mesiobuccal and distopalatal cusp tips of the right and left maxillary first molars were connected along the buccal groove and 
the palatally formed angle was measured
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Maxillary basal bone width and the alveolar width at 
the level of second premolar was significantly wider in 
the unaffected quadrant than the impacted and control 
quadrants (p < 0.05, respectively). The maxillary alveo-
lar width at the level of first premolar was significantly 
narrower in the impacted quadrant than the unaffected 
quadrant. Again, the dental width of the first premo-
lar was significantly narrower in the impacted quad-
rant compared to the unaffected and control quadrants 
(p < 0.05). No significant differences were noted for the 
first and second molar transverse width measurements 
(p > 0.05) (Table 2).

Arch perimeter was reduced in the impacted quadrant 
than the unaffected quadrant at a significance level of 
0.01 (Table  2). Comparison of the curve of Wilson, and 
total arch perimeter between the groups demonstrated 
no significant difference (Table 3).

Discussion
Current results revealed that the presence of palatally 
impacted maxillary canines did not effect the buccolin-
gual inclination of maxillary posterior teeth and curve 
of Wilson, in comparison with control patients. To our 
knowledge, no study has examined the compensation 
of posterior dentition in patients with unilateral and 

Table 2  Comparison of buccolingual inclination, maxillary transverse width and arch perimeter between the quadrant groups
Impacted quadrant (n = 76) Unaffected quadrant (n = 32) Control quadrant (n = 60) P
X ± SD Median

(Min-Max)
X ± SD Median

(Min-Max)
X ± SD Median

(Min-Max)
1st Premolar BLI (°) 90.30 ± 5.66 91.13

(71.20-102.80)
91.54 ± 3.30 91.67

(85.81–98.46)
91.80 ± 4.70 92.19

(78.93-101.69)
0.224ǂ

1st Premolar
MBW (mm)

18.40 ± 2.40 18.30
(14.00–24.00)

19.22 ± 2.23 19.20
(15.60–25.40)

19.14 ± 2.36 18.80
(14.80–24.40)

0.114*

1st Premolar
MAW (mm)

21.69 ± 1.61A 21.60
(18.20–26.00)

22.55 ± 1.41B 22.50
(19.80–25.80)

22.02 ± 1.34A, B 22.00
(18.80–24.80)

0.025*

1st Premolar
MDW (mm)

20.48 ± 1.54a 20.40
(14.40–23.60)

21.26 ± 1.32b 21.20
(19.20–24.40)

21.15 ± 1.49b 20.90
(17.60–24.40)

0.017ǂ

2nd Premolar BLI (°) 91.14 ± 5.27 90.94
(78.34-104.93)

90.58 ± 4.09 90.44
(81.47-100.44)

92.11 ± 4.73 93.04
(79.80-104.42)

0.305*

2nd Premolar
MBW (mm)

25.00 ± 3.68a 24.80
(17.20–33.20)

27.26 ± 3.56b 28.00
(19.20–35.20)

25.63 ± 3.70a 24.80
(17.20–34.00)

0.014ǂ

2nd Premolar
MAW (mm)

24.40 ± 1.59A 24.40
(21.60–28.40)

25.24 ± 1.35B 25.10
(22.60–28.40)

24.43 ± 1.51A 24.40
(21.60–27.60)

0.023*

2nd Premolar
MDW (mm)

23.25 ± 1.59 23.00
(20.00-28.40)

23.83 ± 1.36 24.00
(20.80–27.20)

23.59 ± 1.58 23.50
(20.40–28.00)

0.169*

1st Molar BLI (°) 97.08 ± 4.75 96.78
(84.56-107.24)

98.64 ± 4.61 98.82
(88.36–106.70)

95.99 ± 4.48 96.64
(83.93-103.24)

0.053ǂ

1st Molar
MBW (mm)

31.63 ± 2.43 31.60
(24.40–39.60)

32.37 ± 2.12 32.20
(29.00-37.20)

32.55 ± 2.81 32.20
(26.80–38.80)

0.147ǂ

1st Molar
MAW (mm)

27.64 ± 1.58 27.60
(24.40–32.00)

28.13 ± 1.63 28.00
(25.20–33.20)

27.47 ± 1.95 27.20
(19.20–30.80)

0.270ǂ

1st Molar
MDW (mm)

26.89 ± 1.56 26.80
(23.60–31.60)

27.34 ± 1.65 27.50
(24.80–32.80)

26.71 ± 1.65 26.40
(23.60–30.40)

0.214ǂ

2nd Molar BLI (°) 105.19 ± 6.05 104.26
(92.20-122.47)

107.28 ± 4.94 107.90
(95.53-114.34)

104.35 ± 5.54 103.68
(93.37–121.50)

0.063*

2nd Molar
MBW (mm)

30.59 ± 2.09 30.60
(25.60–36.00)

31.13 ± 1.96 30.60
(28.00-36.80)

30.85 ± 1.92 30.80
(26.40–35.60)

0.488ǂ

2nd Molar
MAW (mm)

29.46 ± 2.03 29.30
(24.00-34.80)

29.81 ± 1.94 29.60
(27.20–37.20)

29.16 ± 1.82 29.00
(26.00-33.20)

0.357ǂ

2nd Molar
MDW (mm)

29.26 ± 1.88 29.10
(23.60–34.40)

29.53 ± 2.05 29.40
(25.80–36.80)

29.24 ± 1.93 28.80
(24.80–34.30)

0.808ǂ

Canine BLI (°) 50.93 ± 20.70a 51.83
(0.00–90.00)

95.92 ± 6.20b 95.67
(85.33-115.39)

95.14 ± 3.92b 95.20
(85.07–105.00)

< 0.001ǂ

Arch Perimeter (mm) 33.69 ± 2.34a 33.63
(27.46–40.12)

35.27 ± 1.78b 35.30
(32.16–39.05)

34.57 ± 2.35a, b 34.17
(30.33–39.91)

0.002ǂ

BLI, buccolingual inclination (°); MBW, maxillary basal width (mm); MAW, maxillary alveolar width (mm); MDW, maxillary dental width; X, mean; SD, standart deviation; 
Min, minimum; Max: maximum *One-way ANOVA, ǂKruskal Wallis; Different superscripted upper-case letters in the same row indicate significant differences 
between groups (Tukey, p < 0.05). Same superscripted upper-case letters in the same row indicate non-significant differences between groups (Tukey, p > 0.05). 
Different superscripted lower-case letters in the same raw indicate significant differences between groups (Dunn, p < 0.05). Same superscripted lower-case letters in 
the same raw indicate non-significant differences between groups (Dunn, p > 0.05)
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bilateral palatally impacted maxillary canines by using 
quadrant analysis. According to the results, maxillary 
basal bone width at the level of second premolar, alveolar 
width at the level of both premolars, and arch perimeter 
were significantly narrower in the impaction quadrant 
than in the unaffected quadrant. Maxillary dental width 
at the level of first premolar was significantly reduced 
in the impaction quadrant compared both with the 
unaffected and the control quadrants. Overall, the first 
hypothesis was rejected, and the second hypothesis was 
accepted.

Our results are compatible with a CBCT study, which 
did not find any difference for the maxillary first premo-
lar torque between the impacted and the non-impacted 
sides in unilateral palatally impacted canine patients [31]. 
A gradual increase in the inclination of molars from first 
to third molars has been reported as a feature of human 
evolution [32, 33]. In agreement with the findings of Yang 
and Chung [18] and Tong et al. [34], the maxillary molars 
presented buccal inclination and the inclination angles 
were increased progressively from the first to the second 
molars, regardless of the presence of impacted canines 
in all quadrants. Growth pattern, skeletal sagittal rela-
tionship are among the factors that affect buccolingual 
inclination [16, 17]. Previously, greater buccolingual incli-
nation of maxillary posterior teeth was found in individu-
als with vertical growth [16], and more lingually inclined 
maxillary premolars and first molars were noted in Class 
II division 1 malocclusion than patients with Class I mal-
occlusion [17]. Since the sample size was limited and the 
study was retrospective, the current data could not be 
classified in terms of malocclusions or vertical growth 
pattern, which can be a subject for future studies. Max-
illary canines showed less inclination in the impaction 
quadrant than the unaffected and the control quadrants, 
in line with the literature [9, 28].

There was no significant difference in the Wilson curve 
between bilateral and unilateral palatally impacted max-
illary canine patients and controls. Golshah et al. [30] 
found that curve of Wilson at the level of second molars 

was higher in class II patients than that in class I patients 
in untreated adults. Mean values for the first molars in 
class I, class II and class III groups were 167,99 ± 5,40º, 
165,81 ± 6,42º, and 165,08 ± 6,08º respectively, with no 
significant difference. The current values of Wilson curve 
at the level of maxillary first molars were 164,12 ± 7,42º 
in bilateral impaction group, 163,54 ± 8,17º in unilateral 
impaction group, and 164,90 ± 7,19º in the control group, 
similar to Golshah et al. [30]. Again, a convex pattern in 
the Wilson curve was found compatible with studies [14, 
18].

Arboleda-Ariza et al. [11]. stated that the maxillary 
first molar basal bone widths were significantly reduced 
in patients with impacted maxillary canines. In a CBCT 
assessment, basal bone and alveolar widths of the maxil-
lary first premolars and molars were reduced in the uni-
lateral and bilateral impacted maxillary canine groups 
than controls [35]. Conversely, Saiar et al. [36], reported 
no association between skeletal maxillary width and 
impaction. Another study showed no significant dif-
ference in skeletal transverse dimensions at maxillary 
premolars and first molars between palatally impacted 
maxillary canines and controls [37]. Similar findings were 
noted between unilateral palatally impacted maxillary 
canine and control groups, and also between impacted 
and non-impacted side subgroups of unilateral palatally 
impacted maxillary canine group [38]. Saade et al. [39], 
detected no difference in inter-jugular width between 
palatally impacted canine group and the control group. 
In consistence, our results illustrated no significant dif-
ference for the basal bone width at the level of premo-
lars and molars between the impacted quadrant and the 
control quadrant. Discrepancies between results may 
be attributable to the inclusion criteria or age differ-
ences, inclusion of both buccally and palatally impacted 
maxillary canines, or to the different methods used in 
the studies. In our study, maxillary basal bone width 
was significantly narrower at the second premolar level 
in the impacted quadrant than the unaffected quadrant. 
One of the reasons for this finding can be explained by 

Table 3  Comparison of curve of Wilson and total arch perimeter between impacted canine, and control groups
Bilaterally impacted canine 
group (n = 22)

Unilaterally impacted canine group (n = 32) Control group (n = 30) p

X ± SD Median
(Min-Max)

X ± SD Median
(Min-Max)

X ± SD Median
(Min-Max)

1st Premolar Wilson (°) 163.19 ± 14.47 168.08
(115.61-
179.98)

165.37 ± 7.73 165.84
(147.10-178.96)

166.30 ± 8.91 167.05
(144.90–180.00)

0.827ǂ

1st Molar Wilson (°) 164.12 ± 7.42 164.10
(150.00-
178.39)

163.54 ± 8.17 162.60
(149.30-177.23)

164.90 ± 7.19 164.25
(144.30–179.00)

0.782*

Total Arch Perimeter (mm) 67.45 ± 5.00 67.40
(55.90–79.50)

69.34 ± 4.01 69.50
(62.40–78.00)

69.17 ± 4.61 68.55
(61.10–78.60)

0.298ǂ

X, mean; SD, standart deviation; Min, minimum; Max, maximum. * One-way ANOVA, ǂKruskal Wallis
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the anatomic characteristics of the infrazygomatic crest, 
which is located between the zygomatic and alveolar 
process between the maxillary second premolars and 
first molars in young individuals, and above the maxil-
lary first molar in adults [40]. Great individual variations 
were observed previously for the infrazygomatic crest 
anatomy by CBCT images [41]. A study concluded that 
the thickness of the infrazygomatic crest ranged from 0.9 
to 7.4 mm, depending on the root lengths, alveolar pro-
cesses height, buccolingual inclination of the maxillary 
first molars, and maxillary sinus pneumatization [42]. 
The current maxillary alveolar width was narrower in 
the impaction quadrant than in the unaffected quadrant 
at the level of both premolars, which might also be due 
to the presence of an asymmetry in unilateral impaction 
cases. In our opinion, the clinical relevance of these find-
ings is the presence of a possible transverse asymmetry 
and dentoalveolar compensation in unilateral impaction 
cases, which requires further analysis, especially consid-
ering assessments in quadrants with larger sample sizes. 
In line, the asymmetry in transverse width in unilateral 
maxillary impacted canine cases has previously been 
explained by the deficiency of transverse development 
and the lack of stimulation of eruption of the canines on 
the impacted side [43]. Arriola-Guillén et al. [20], empha-
sized the association of maxillary canine impaction and 
narrow maxillary arch, particularly at the premolars, 
and stated that the treatment induced greater transverse 
change on the affected side than the unaffected side in 
unilateral impacted cases, thus resolving the transverse 
asymmetry. Studies are compatible with these results, in 
which maxillary alveolar dimensions were significantly 
reduced in the impacted side compared with the non-
impacted side [9, 10, 44]. Yassaei et al. [44], attributed the 
reduced width of the maxillary dental arch in unilateral 
cases to the lack of growth and inadequate lateral expan-
sion of the palate on the impacted side. No significant 
difference was found in this study regarding maxillary 
alveolar widths between the impaction and the control 
quadrants, possibly depending on the presence of decid-
uous canines, and the limited dental crowding. There was 
an apparent association between intercanine dentoal-
veolar width and the existence of erupted canines, either 
deciduous or permanent. When the groups of patients 
with at least one canine absent (deciduous or permanent) 
were compared with the groups that had both canines 
present (deciduous or permanent), the group with the 
absent teeth showed a significantly smaller intercanine 
width [36].

Wider maxillary first premolar and molar widths were 
found in patiens with palatally impacted canines, due to 
the presence of excess palatal width [45]. Similarly, Saade 
et al. [39] informed that, maxillary first and second pre-
molars, and first molar widths were significantly wider in 

unilateral palatally impacted canine cases than controls. 
However, Sharhan et al. [35] found that, unilateral and 
bilateral impacted maxillary canine groups had signifi-
cantly reduced maxillary interpremolar and intermolar 
widths compared to controls. This is in accordance with 
our findings, as we found reduced interdental width at 
first premolar level in the impacted quadrant compared 
with the other quadrants. In contrast, Hong et al. [37], 
Naoumova et al. [46] and Shahin et al. [47] reported no 
difference in maxillary interdental widths in palatally 
impacted maxillary canine patients. Differences in sam-
ple size, ethnicity, age ranges, malocclusions, presence of 
missing teeth/baby teeth may be the source of differences 
in results.

Although deciduous canines were present in this study, 
impacted quadrant revealed reduced arch perimeter, in 
line with Tadinada et al. [8], who reported decreased arch 
perimeter on the impacted side in unilateral palatally 
impacted maxillary canine cases. The authors explained 
this with the early loss of deciduous canines and mesial 
migration of the posterior teeth. Peck et al. [48] reported 
that 16% of palatally impacted canine patients have con-
genitally missing or peg-shaped lateral incisors, and 
decreased arch perimeter. In this regard, further studies 
considering quadrant analysis to evaluate the mesio-dis-
tal widths of incisors together with midline discrepancies 
may be useful in unilateral impacted cases. The total arch 
perimeter demonstrated no significant difference among 
bilateral, unilateral impacted groups and the control 
group, in contrary to studies noting smaller arch perim-
eter in palatally impacted maxillary canine cases [35, 38, 
47]. The discrepancies among studies may be due to the 
inclusion of buccally impacted maxillary canines in the 
same study group, the absence of deciduous canines, and 
the different sample size.

CBCT provided superiority in the ability to visual-
ize the dental structures by avoiding the uncertainties 
resulting from uneven cuspal wears or irregular tooth 
morphologies. One of the important limitations of this 
study is the limited sample size. Again, in unilateral max-
illary impacted cases, it would be useful to include tooth 
dimensions, midline assessments and Angle classifica-
tions to interpret the differences between the impacted 
and the non-impacted sides.

Conclusion
The presence of unilateral and bilateral palatally impacted 
maxillary canines did not effect the buccolingual inclina-
tion of maxillary posterior teeth, and curve of Wilson. 
Skelatal and alveolar maxillary width were narrower in 
the premolar area in the impacted quadrant compared to 
the unaffected quadrant, addressing a possible transverse 
asymmetry in unilateral maxillary palatally impacted 
canine cases. In this regard, quadrant analysis may be 
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useful to assess compensation particularly on the unaf-
fected side in unilateral impacted canine patients.
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