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ABSTRACT 
 
Background: The maxillary permanent canines play a key role in smile design. Any morphological defect or eruption 
anomaly, affecting the maxillary permanent canine has a negative impact on the smile and facial esthetics of the 
person. The purpose of this study was to examine whether a clinically significant association exists between maxillary 
transverse dimension and palatally displaced canines (PDC). Methods: Twenty-four subjects (8 males and 16 females) 
with PDC were matched to twenty-four subjects (8 males and 16 females) without PDC (control) for age, sex and 
posterior occlusion. Prior to any orthodontic treatment, a CBCT scan was taken on all the patients. On axial and coronal 
sections of CBCT images, the maxillary basal bone widths and interdental widths at the maxillary first premolars, 
second premolars and first molars were measured. Results: The maxillary basal bone widths and interdental widths at 
the maxillary first premolars, second premolars and first molars between the subjects with palatally displaced canines 
and the control group showed no statistically significant differences in their means, thus indicating that there was no 
statistically significant difference in maxillary transverse dimensions between the affected subjects and the control 
subjects. Conclusion: Skeletal and dental maxillary transverse width was not related to the occurrence of palatally 
displaced canine. Thus, affected patients exhibit adequacy of maxillary dental arch width. 
 
Keywords: Maxillary canines, maxillary transverse dimension, palatal displacement. 

 
 

INTRODUCTION 
 

Impaction has been defined in many ways by 

various authors. According to Raghoebar, 

impaction can be defined as “cessation of eruption 

of a tooth caused by a physical barrier in the 

eruption path or the abnormal position of the tooth” 

while Richardson defined it as “teeth with a 

delayed eruption time or that are not expected to 

erupt completely based on clinical and radiographic 

assessment”.[1,2] The maxillary permanent canine is 

second most common tooth to be impacted after 

mandibular third molars.[3] Impacted canine in the 

palatal position occurs 3 to 6 times more often than 

buccal position.[4] Impacted canines are twice as 

common in women as in men, and the incidence in 

the maxilla is more than double compared to 

mandible.[5] According to Dewel, “maxillary canine  
 

 

 

 

 

 

 

is the most interesting from development point of 

view than any other tooth”.[6] The canine develops 

deep in maxilla, follows the longest path of 

eruption, and erupts into the occlusal plane only 

after the adjacent teeth do. In a three-dimensional 

study of the eruption pattern of the canine, Coulter 

and Richardson found that the maxillary canine 

travelled 22 mm during its course of eruption. It is 

not surprising, then, that ectopic eruption or 

impaction of the maxillary canine is a frequently 

encountered tooth malposition.[7] 

The etiology of palatally impacted canines, also 

known as palatally displaced canines (PDCs) is not 

well understood. Two theories have been presented 

so far that might explain the PDC phenomenon. 

The first theory is the guidance theory which 

proposes that local factors, such as absent lateral 

incisors, peg-shaped lateral incisors, and 

supernumerary teeth, can interfere with the path of 

eruption of maxillary canines.[8] The second theory 

postulates that genetics is responsible for PDC. 

Peck and Peck reported that PDC often occurs with 

other dental anomalies.[9] PDC also occurs in 

families, suggesting a heredity component. The 

review article by Richardson and Russell, on 

diagnosis and prevention of impacted maxillary 
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canines, points out that inadequate arch space is 

associated more with labial canine impaction rather 

than palatal impaction.[2] 

In addition to these two theories, many 

investigators have been trying to uncover a 

relationship between occurrence of PDC and the 

width of the maxilla, both skeletally and dentally. 

Langberg and Peck examined pretreatment dental 

casts of patients with PDC and found no significant 

difference in the arch width between the PDC and 

control group.[10] Another study by Al-Nimri and 

Gharaibeh on pretreatment dental casts of patients 

with PDC showed that patients with PDC have 

greater maxillary transverse dimensions than the 

control group.[11] More recently, Yan et al. 

examined the pretreatment CBCT of patients with 

PDC and found there was no correlation between 

the maxillary skeletal width and PDC.[12] 

 

The purpose of this study was to determine whether 

there is a difference in maxillary skeletal and dental 

transverse dimensions between subjects with PDC 

and subjects without PDC using cone beam 

computed tomography. 

 

MATERIALS AND METHODS 
 

Subjects 

The study was carried out on the patients visiting 

the out-patient section of the Department of 

Orthodontics and Dentofacial Orthopaedics, 

Government Dental College & Hospital, Srinagar. 

All patients were at least 11 years old. The 

exclusion criteria were history of orthodontic 

treatment, missing or supernumerary maxillary 

incisors, congenital anomalies like cleft lip and 

palate. Pretreatment CBCT images of 24 patients 

with PDC (PDC group) and 24 subjects without 

PDC (control group) were selected from the 

department. The PDC group consisted of 8 males 

and 16 females. The age range in the PDC group 

was from 11 to 35 years, and the mean age was 

21.2 years. Palatal impactions of the canine 

presented both unilaterally and bilaterally. Each 

patient in the PDC group was matched with one 

control by gender, age and posterior occlusion. The 

control group also contained 8 males and 16 

females. The age range in the control group was 

from 11 to 38.4 years, and the mean age was 20.4 

years. The data was obtained using the NewTom 

GiANO NNT Scanner with the patient in upright 

position and head positioned along the Frankfort 

horizontal plane, running parallel to the floor. All 

the scans were taken using the same machine by 

the same operator. The operating parameters were 

set at 3mA and 90kV, dose of 80-100 µSv and the 

scan time of 9 seconds. All CBCT images were 

taken using a limited dentoalveolar field of view 

(FOV: 8cm×8cm and 8cm ×11cm). 

Methods 

All CBCT images were oriented and standardized 

using the software provided by the manufacture. In 

the frontal and right lateral views, each image was 

oriented in three planes of space. In the frontal 

view, the head was positioned with the floor of the 

orbits parallel to the floor. In the right lateral view, 

the Frankfort horizontal line (upper rim of external 

auditory meatus, Porion, to the inferior border of 

the orbital rim, Orbitale) was adjusted so that it was 

parallel to the floor. After these steps were 

completed, the skull’s position was saved and set as 

the default position throughout this study. All data 

were calculated from this new default position of 

the patient’s three-dimensional skull. Evaluation of 

the parameters was based on the identification and 

registration of a series of points. First, points I and 

II were reference points that represented the level 

of basal bone of the maxilla. In the frontal view, 

these two landmarks were plotted on the right and 

left sides of the skull and were defined as the most 

superior aspect of the concavity of the maxillary 

bone as it joined the zygomatic process [Figure 1]. 

 

 
Figure 1: Reference points I and II on the frontal 

view of the skull, defined as the most superior aspect 

of the concavity of the maxillary bone as it joined the 

zygomatic process. A horizontal reference plane was 

drawn parallel to the floor through points I and II. 

 

 
Figure 2: The right lateral view of the skull, 

Illustrates points S4, S5, and S6 on the horizontal 

reference plane. Point B4 was marked directly above 

the midpoint of the maxillary first premolar. Point B5 

was marked directly above the midpoint of the second 

premolar. Point B6 was marked directly above the 

midpoint of the first molar. 
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A horizontal reference plane was drawn parallel to 

the floor from point I to point II. In the right lateral 

view, points B4, B5, and B6 were marked on the 

horizontal reference plane above the centre of the 

clinical crowns of the first premolar, second 

premolar, and maxillary first molar, respectively 

[Figure 2]. 

This same method was used to construct points B4', 

B5', and B6' from the left lateral view. In the axial 

view, the maxillary basal bone width was measured 

at the level of first premolars (the distance between 

points B4 and B4'), the second premolars (the 

distance between points B5 and B5'), and the first 

molars (the distance between points B6 and B6') 

[Figure 3]. 

 

 
Figure 3. An axial section of the horizontal reference 

plane. B4, B4', B5, B5', B6, and B6' were located on 

the horizontal reference plane and on the cortical 

outline of the maxilla. Maxillary skeletal widths were 

measured as B4–B4', B5–B5', and B6–B6'. 

 

 
Figure 4: Coronal section of the skull at the central 

fossae of the maxillary second premolars. The section 

thickness was 3mm to reveal most of the dental 

crown. D5 represents the right second premolar’s 

central fossa. D5' represents the left second 

premolar’s central fossa. This same method was 

utilized for the first premolars (D4, D4') and first 

molars (D6, D6'). 

 

A second set of data measured the maxillary 

transverse dimensions dentally. In the frontal view, 

coronal sections were made through the central 

fossae of the maxillary first premolars, second 

premolars, and first molars. The thickness of each 

coronal section was adjusted to 3 mm in order to 

get most of the dental crown structure. The right 

and left central fossae of the maxillary first 

premolars were marked as D4 and D4', the second 

premolars as D5 and D5', and the first molars as D6 

and D6', respectively. The maxillary dental width 

was measured at the level of the first premolars (the 

distance between points D4 and D4'), the second 

premolars (the distance between points D5 and 

D5'), and first molars (the distance between points 

D6 and D6') [Figure 4]. All measurements were 

expressed in millimeters (mm). 

 

Statistical analysis 

The recorded data was compiled and entered in a 

spreadsheet (Microsoft Excel) and then exported to 

data editor of SPSS Version 20.0 (SPSS Inc., 

Chicago, Illinois, USA). Continuous variables were 

summarized in the form of mean and standard 

deviations and categorical variables were 

summarized as percentages. The paired t-test was 

used to determine whether the differences in the 

measurements between the PDC group and the 

control group were significant. To test 

intraexaminer reproducibility, 12 images were 

randomly selected and remeasured 2 weeks later by 

the same examiner. The paired t-test was used to 

determine whether the initial and repeated 

measurements showed any significant differences. 

A P-value of less than 0.05 was considered 

statistically significant. 

 

RESULTS 
 

Out of 24 patients in the PDC group, 8 (33%) were 

male subjects and 16 (67%) female subjects. Same 

was true for control group. Among 24 patients in 

the PDC group, 15 patients (62.5%) had a unilateral 

PDC and 9 patients (37.5%) presented with 

bilateral PDCs [Table 1]. 

 

Table 1: Description of the Palatally Displaced 

Maxillary Canines (PDC) Group and Control Group 

 PDC group (n = 

24) 

Control group 

(n = 24) 

Male:Female, No. 

(%) 

8 : 16 (33 :67) 8 : 16 (33 : 67) 

Unilateral:Bilateral, 

No. (%) 

15 : 9 (62.5 : 

37.5) 

N/A 

 

[Table 2] shows the maxillary measurements of the 

skeletal and dental transverse widths of both the 

PDC and control groups. No significant 

relationship was found between PDC and the 

maxillary skeletal transverse dimensions at the 

levels of the maxillary first premolars, maxillary 

second premolars, and maxillary first molars. 

Similarly, no significant relationship was found 

between PDC and the maxillary transverse 

dimensions dentally at the level of the maxillary 
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first premolars, maxillary second premolars, and 

maxillary first molars. 

 

Table 2: Skeletal and Dental Width Measurements of 

Palatally Displaced Maxillary Canines (PDC) and 

Control Groups 

Measureme

nts 

(Skeletal & 

Dental) 

PDC group, in 

mm 

Control group, 

in mm 

 

P 

Valu

e 
n Mea

n 

SD n Mea

n 

SD 

B4-B4' 2

4 

37.3

4 

3.7

0 

2

4 

37.2

2 

3.3

6 

0.90 

B5-B5' 2

4 

48.8

2 

3.9

4 

2

4 

49.1

8 

4.1

2 

0.75 

B6-B6' 2

4 

59.1

6 

3.0

4 

2

4 

59.7

6 

2.8

4 

0.48 

D4-D4' 2
4 

35.2
2 

4.6
2 

2
4 

35.6
2 

2.0
8 

0.70 

D5-D5' 2

4 

39.6

4 

2.9

6 

2

4 

39.3

0 

1.9

6 

0.64 

D6-D6' 2
4 

44.5
8 

2.5
4 

2
4 

44.2
4 

1.8
6 

0.59 

B4-B4', B5–B5', and B6–B6', skeletal width at maxillary first premolar, 

second premolar, and first molar, respectively; D4–D4', D5–D5', and D6–

D6', interdental width measured at central fossae of maxillary first 

premolar, second premolar, and first molar, respectively; SD indicates 

standard deviation 

 

DISCUSSION 
 

Radiographic examination before the age of 11 

years does not provide a reliable prognosis of the 

maxillary canine eruption path as the root of the 

maxillary canine starts to migrate buccally and 

occlusally at the age of 10 years.[13,14] So patients 

only over 11 years of age were included in this 

study. 

In this study, the most prevalent gender was 

females, confirming that the impacted upper 

canines are produced twice as common in women 

than in men, with a ratio of 2 or 3 to 1.[15,16]  One 

main reason because the women were more 

prevalent in this sample added to etiological factor 

is probably the mere fact that women are 

esthetically more oriented to get orthodontic 

treatment. 

The present study showed that the skeletal 

transverse widths of the maxilla in the PDC group 

were not different to those in the control group at 

the first premolar, second premolar, and first molar 

levels. Therefore, it is concluded that the maxillary 

transverse width, skeletally, was not an etiologic 

factor contributing to the presence of PDC. This 

finding was in agreement with those of Yan et al 

and Saiar et al.[12,16] The results of the study also 

indicated that there was no significant difference, 

dentally, in the interpremolar and intermolar widths 

between the PDC and control groups. Similar 

results were reported by Langberg and Peck,Yan et 

al and Saiar et al.[10,12,16] In contrast, Al-Nimri and 

Gharaibeh found that PDC occurred more 

frequently in the Class II division 2 malocclusions 

and in those with larger intermolar and 

interpremolar widths.[11] 

McConnell et al did a study in which he compared 

57 subjects with 81 impacted canines to 103 

subjects without impacted canines. Intercanine and 

intermolar widths were done on diagnostic casts. 

These authors concluded that patients with 

impacted maxillary canines have transverse 

deficiencies in the anterior portion of the arch.[17] 

They suggested that expansion therapy might 

decrease the need for extraction and possibly 

prevent PDC. It was also suggested that young 

patients with an intercanine-to-intermolar ratio of 

0.8 or less would be candidates for expansion 

therapy. Baccetti et al. reported that rapid maxillary 

expansion in the early mixed dentition lowered the 

incidence of PDC.[18] Langberg and Peck believed 

that there is strong evidence pointing to genetics as 

the underlying cause of PDC and that maxillary 

arch width is not the primary contributory factor in 

PDC anomaly.[10] However, they agreed that intra-

arch dental measurements might not be a valid 

measurement of maxillary skeletal transverse 

dimensions. To predict impaction of maxillary 

permanent canines, Sambatro et al took PA 

cephalograms of 43 patients at 8 years of age and 

repeated again at 14.3 years of age for the same 

patients. They reported a wider posterior hemi 

maxilla and less distance between the crown of the 

unerupted canine and mid sagittal plane, for 

patients who later developed maxillary canine 

impaction.[19] 

Thus our study does not corroborate the 

conclusions of McConnell et al but supports the 

hypothesis of Langberg and Peck that maxillary 

skeletal width is not a primary contributory factor 

in PDC. Further investigation into the etiology of 

PDC is needed before clinical recommendations 

can be made to prevent PDC.[10,17] 

 

CONCLUSION 
 

Skeletal and dental maxillary transverse width was 

not related to the occurrence of palatally displaced 

canine. 
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