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Background: Description of the nasopalatine canal (NPC) is important for planning 
surgical treatment and comprehension of the morphology and pathogenesis of 
lesions that occur in the anterior maxilla. The goal of this study was to analyse 
the dimensions and anatomic characteristics of the NPC on cone-beam computed 
tomography (CBCT) scans, to determine the incidence of anatomical variation; and 
to assess the correlations of these variables with age, gender, and dental status.
Materials and methods: A total of 320 individual CBCT images were included. 
Reformatted sagittal, coronal and axial slices were evaluated. Sagittal images were 
used for measurements of the NPC and to classified shape and direction-course 
of the NPC. Coronal images were used to analyse the NPC division levels and axial 
images were used to detect the number of palatal and nasal opening.
Results: The mean NPC length was 11.45 ± 2.50 mm; statistically significant 
differences were detected between males and females (p < 0.05). Mean naso-
palatine angle was 76.26 ± 8.12°; significant differences were detected in sagittal 
and coronal classifications. The most common canal was: funnel-shaped (29%), 
slanted-curved direction-course (53.1%), middle third division level (43.1%), and 
one incisive foramen with two Stenson’s foramina (1–2) (77.2%).
Conclusions: The current study ensures new findings on the literature concerning 
the description of the anatomical structure of the canal. Also, the study highlights 
a significant variability in the anatomy and morphology of the NPC. Therefore, 
three-dimensional analysis of this structure is important for facilitating surgical 
management and preventing possible complications in this area. (Folia Morphol 
2021; 80, 4: 923–934)

Key words: anatomy, cone-beam computed tomography, maxilla, 
nasopalatine canal, radiology 

INTRODUCTION
The nasopalatine canal (NPC) is an important 

pathway between the nasal fossa and the palate, 
hence its name. It is also called the incisive canal 
since the NPC is located palatal to the central inci-

sors [29]. In 1683, Stenson [24] made a complete 
description of the NPC for the first time. The NPC 
usually courses in the midline of the palate and 
behind the roots of central incisors. The opening 
of the NPC in the mouth is underneath the incisive 
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papilla as incisive foramen (IF) and this canal ends 
in the nasal cavity through the nasal foramen as the 
Stensen’s foramina (SF) [12, 19]. The NPC contains 
the nasopalatine nerve and vessels, branches of 
the maxillary nerve, the maxillary artery [17] along 
with connective tissue, fat and minor salivary glands 
[13, 14].

Evaluation of morphological features and the 
morphometry of the NPC is especially important for 
preventing possible complications and planning many 
surgical treatments in the maxilla like apical surgery 
of central teeth, removal of the incisive duct cyst, 
dental implants, surgically-assisted rapid palatal ex-
pansion, dentoalveolar fractures, LeFort I osteotomy 
operations [9]. 

In recent years, some studies were published 
about the radiological morphology of the NPC on 
cone-beam computed tomography (CBCT) images, 
which are revealing considerable variation in the mor-
phological characteristics of the canal [1, 5–7, 10, 21, 
26]. The present study aimed to a comprehensive 
evaluation of the radiological features of the canal 
in all three planes for relation to age, gender and 
dental status using CBCT imaging and to create our 
relevant data on morphological characteristics of 
NPC which have received less attention or have not 
been defined still.

MATERIALS AND METHODS
The study sample consisted of CBCT images of 

1,651 patients who referred to the Dentistry Fac-
ulty’s Department of Dentomaxillofacial Radiology, 
between November 2016 and December 2017. CBCT 
examination of cases with several dentomaxillofacial 
problems such as impacted teeth, oral pathologies, 
orthognathic surgery, dental implants were retro-
spectively evaluated. Three hundred-twenty CBCT 
images were selected randomly. The protocol of the 
study was approved by local the Ethics Board of the 
Institution (Decision Number: 02/03. Clinical Trials 
Identifier: 36290600/08).

The inclusion criteria were: age ≥ 15 years individ-
uals; CBCT images with sufficient diagnostic quality 
and imaging area. Patients with evidence of bone 
disease, dental trauma history, congenital abnormal-
ity, presence of impacted teeth, radiolucent or radio-
paque pathologies, residual roots or dental implants, 
suspected NPC pathology (cyst), bone grafts and fixed 
orthodontic expansion devices were excluded from 
the final sample.

CBCT imaging

All CBCT scans were made in compliance with 
a standardised scanning protocol. CBCT images were 
obtained with Planmeca ProMax 3D Max (Helsinki, 
Finland with following parameters; 96 kVp, 5.6–8 mA, 
9–12 s scan time, field of view (50 × 55 mm, 100 ×  
× 55 mm, 100 × 90 mm, 130 × 55 mm, 130 ×  
× 90 mm, 230 × 160 mm) and with two different 
voxel sizes (200 μm, 400 μm). All data were recon-
structed at 0.5 mm slice interval and thickness.

CBCT evaluations 

All the measurements and analysis were carried 
out by same oral radiologist on CBCT images, using 
Romexis 3.7 software programmes (Planmeca Oy, 
Helsinki, Finland) on a 21.3-inch flat-panel monitor 
(NEC MultiSync, Munchen, Germany) with 2048 ×  
× 2560 pixel resolution, in a darkroom. The examiner 
could adjust the brightness and contrast of the imag-
es with the image-processing tool in the software to 
ensure ideal visual conditions for an accurate diagno-
sis. Before the evaluation, the three dimensions were 
calibrated and the three planes (sagittal, horizontal, 
and coronal) defined in each image.

Measurements to detecting the dimensions  
of the NPC

The following morphometric parameters, the 
width of the SF, IF and the length of the NPC were 
performed considering the protocol of Bornstein et 
al. [5]. The dimensions of the NPC (in mm) and the 
canal angulation (in degrees) were estimated in the 
reformatted sagittal CBCT scans (Fig. 1): (1) The width 
(mm) of the SF. If the canal had two or more nasal 
foramina, all visible SFs were added together; (2) The 
width (mm) of the IF. If the canal had two or more 
palatal foramina, all visible IFs were added together; 
(3) The length (mm) of the NPC. The length of the 
NPC was defined as the distance from mid-point of 
IF to the mid-point of SF; (4) The nasopalatine angle 
was defined as the intersection of the long axis of 
the canal and the palatal plane.

Classifications of the variants in three planes

In sagittal plane, the shapes of the canal were 
evaluated and classified into nine groups by adding 
two different types to the classification of Sekerci 
et al. [21]. In the literature, the type 4 canal shape 
which was only described in the study of Friedrich 
et al. [8] was added to the classification as “kink 
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shape”. In this group, this kinking was observed 
in the nasal or palatal third of the canal. The in-
verted cone shape is included in the cone group 
and the inverted funnel shape is included in the 
funnel group. The canal shapes that could not be 
included in these eight groups were classified under 
the title of “other”. A total of nine groups were 

Figure 1. Measurements of anatomical structures in sagittal sections from cone-beam computed tomography image: the length of the naso-
palatine canal (a); the diameter of the Stensen’s foramina (b); the diameter of the incisive foramen (c); nasopalatine angle (d).

created: (1) hourglass, (2) spindle, (3) cone, (4) fun-
nel, (5) banana, (6) cylindrical, (7) tree branch like,  
(8) kink, (9) other (Fig. 2). The NPC was also assessed 
concerning the classification of Song et al. [23] for 
its sagittal direction-course: (1) vertical-straight, 
(2) vertical-curved, (3) slanted-straight, (4) slanted- 
-curved (Fig. 3).

Figure 2. The nasopalatine canal shape classification in sagittal sections of cone-beam computed tomography images; A. Hourglass; B. Spindle; 
C. Cone; D. Funnel; E. Cylindrical; F. Banana; G. Tree branch; H. Kink; I. Other.

A B C

D E F

G H I
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In coronal plane, the NPC division levels were 
examined in the coronal slices based on the coro-
nal ratio, that is the ratio of the canal length above 
the division to the entire length of the canal in the 
coronal plane (Fig. 4). The anatomic variants of the 
canal were classified into four groups [27]: (1) no 
division; (2) a division of the NPC in the upper-third 
level (coronal ratio < 0.33); (3) a division of the NPC 
in the middle-third level (coronal ratio of 0.66-0.33);  
(4) a division of the NPC in the lower-third level (cor-
onal ratio of 1–0.65) (Fig. 5).

In axial plane, the variants of the canal were 
classified concerning the number of IFs (Fig. 6) and 
SF (Fig. 7). The axial groups were: 1–1, 1–2, 1–3, 1–4, 
2–2, 3–2.

In addition, four groups were established accord-
ing to dental status: group A — both central incisors 
present; group B — total edentulous individuals; 
group C — no central incisors present; group D — one 
central incisor present.

Figure 3. Direction-course of nasopalatine canal in sagittal slice; A. Vertical-straight canal; B. Vertical-curved canal; C. Slanted-straight canal; 
D. Slanted-curved canal.

Figure 4. Cone-beam computed tomography frontal reconstruction 
showing the level of division of the nasopalatine canal (NPC), which 
is the ratio between the NPC coronal division length (B) and NPC 
coronal length (A); a — NPC nasal level; b — division plane level; 
c — NPC palate level.

Finally, after an interval of 4 weeks, 20% of the 
320 cases were selected randomly and measurements 
repeated by the same researcher to assess intra-ob-
server variability.

Statistical analysis

Data analysis was performed using the IBM SPSS 
Statistics 21.0 (Statistical Package for Social Sciences) 
programme. The Shapiro-Wilk test was applied for 
evaluating compliance with the normal distribution 
of the data. The Student t-test and Kruskal–Wallis 
H test were performed for the comparison of two 
independent groups and three or more than groups, 
respectively. In addition, categorical variables were 
analysed using the χ2 test. The association between 
morphometric parameters and age was evaluated 
using the Spearman correlation coefficient. The  
p value of less than 0.05 was considered significant.

RESULTS
The descriptive retrospective study subject com-

prised of 189 (59%) females and 131 (41%) males 
with an average age of 42.4 ± 16.2 (standard devi-
ation [SD]) years (range 15–85 years). 

The analysis of the sizes of the canal found out 
a mean width of the SF of 2.51 ± 1.28 mm and 
a wider IF with a diameter of 5.29 ± 1.37 mm. The 
mean length of the canal was 11.45 ± 2.50 mm 
and mean nasopalatine angle was 76.26 ± 8.12°. 
The gender of the evaluated groups had a statis-
tically significant effect on the length of the NPC 
and the width of IF, with the mean values tending 
to be greater for male subjects (p < 0.001). Males 
presented a wider SF diameter (mean 2.60 mm) 
and nasopalatine angle (mean 77.11º) than fe-
males (mean 2.45 mm, mean 75.68º, respective-
ly) although no significant differences were found  
(p > 0.05) (Table 1).

A B C D
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In sagittal plane, the most prevalent canal shape 
was found to be 93 (29.1%) funnel-shaped, followed 
by hourglass-shaped in 52 (16.3%) cases. Since the 
NPC shape (3.1%) of 10 cases could not be included 
in this classification, they were examined under the 
title of “other”. With respect to the sagittal shapes of 
canals, there was no significant difference between 
female and male (p > 0.05). The prevalences of NPC 
shapes according to sex are shown in Table 2.

In terms of the sagittal direction-course of NPC, the 
most common type was slanted-curved in 170 (53.1%) 
cases, followed by vertical-curved in 67 (20.9%) cases, 
slanted-straight in 48 (15%) cases, and vertical-straight 

in 35 (10.9%) cases (Table 2). The slanted type was de-
tected more frequently (218, 68.12%) than the vertical 
type (102, 31.88%). The sagittal direction and course 
of the canal revealed no significant difference between 
genders (p = 0.685) (Table 2).

The NPC length results for kink-shaped and cone-
shaped groups were significantly lower than other 
groups (p < 0.05). The width of the SF in the fun-
nel-shaped was significantly narrow than the other 
groups (p < 0.05). No statistically significant corre-
lations were detected with respect to the sagittal 
shape of the canal and the diameter of the IF and 
nasopalatine angle (Table 3).

Figure 6. Axial images from cone-beam computed tomography scanner showing number of incisive foramina (IF); A. One IF; B. Two IFs;  
C. Three IFs (arrows).

Figure 7. Axial images from cone-beam computed tomography scanner showing number of Stensen’s foramina (SFs); A. One SF; B. Two SFs; 
C. Three SFs; D. Four SFs (arrows).

Figure 5. Division of the nasopalatine canal in coronal slice; A. No division; B. Upper-third level; C. Middle-third level; D. Lower-third level.

A B C D

A B C

A B C D
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The NPC length was significantly higher in the 
slanted-curved canal groups than other groups  
(p = 0.005). The SF diameter values were significantly 
higher in the vertical-straight canal group than other 
groups (p = 0.015). The IF diameters were significant-
ly lower in the vertical-curved canal groups compared 
to the slanted-curved and the vertical-straight canal 
groups (p = 0.042). The nasopalatine angle was sig-
nificantly wider in the vertical type than the slanted 
type (p < 0.05) (Table 4).

In coronal plane, the division of the canal was 
assessed. The middle-third level was the most frequent 
with 138 (43.1%) cases, followed by the upper-third 
level in 90 (28.1%) cases, and the lower-third level 
in 54 (16.9%) cases. In 38 cases, no divisions were 
observed during the course of the NPC. No significant 
difference was found between the presence of division 
in the NPC and gender (p > 0.05) but, there was a sta-
tistically significant relationship between division level 
of the canal and gender (p = 0.006). The NPC division in 

the middle-third level was the most common in males, 
while in females the most prevalent division levels of 
NPC were detected as upper-third and lower-third lev-
el. However, the same could not be detected for age 
groups. Also, the effect of the division in the canal on 
the measurements in the NPC was presented in Table 5.

In axial plane, the prevalences of incisive foram-
ina were the following: 98.4% of the individuals had 
single IF, while 1.3% had double IFs and only 1 case 
had triple IFs. Results for the number of foramina of 
Stenson: the most common opening was double SFs 
with 252 (78.8%) individuals, single SF was observed 
in 41 (12.8%) individuals, triple SFs in 23 (7.2%) 
individuals, and quadruple SFs in 4 (1.3%) individu-
als. Also, the most prevalent axial group was “1–2” 
in 247 (77.2%) cases, meanwhile “3–2” axial group 
was observed in only 1 (0.3%) case (Table 6). 

The findings regarding total distribution of dental 
status are shown in Table 7. With respect to the existence 
of central incisors, there was no significant difference 

Table 1. Analysis effect of gender on the dimensions (in mm) of the nasopalatine canal, using reformatted sagittal slices from cone
-beam computed tomography images

Male Female Total P

Min Max Mean SD Min Max Mean SD Min Max Mean SD

a 6.28 19.22 12.46 2.46 5.20 18.22 10.74 2.27 5.20 19.92 11.45 2.5 0,0001*

b 0.40 7.11 2.6 1.39 0.4 8 2.45 1.19 0.40 8 2.51 1.28 0,306

c 1.72 9.4 5.63 1.35 1.56 10.47 5.06 1.34 1.56 10.47 5.29 1.37 0,0001*

d 60.26 104.58 77.11 8.03 58.52 99.92 75.68 8.16 58.52 104.58 76.26 8.12 0,121

*Statistically significant differences (p < 0.05), min — minimum; max — maximum; SD — standard deviation. Measurements a–d correspond to distances shown in Figure 1

Table 2. Nasopalatine canal shape distributions by gender

Nasopalatine canal 
classifications

Male Female Total P

N % N % N %

Sagittal variation/sagittal shape Hourglass 24 18.3 28 14.8 52 16.3 0.704

Spindle 3 2.3 9 4.8 12 3.8

Cone 13 9.9 23 12.2 36 11.6

Funnel 38 29. 55 29.1 93 29.1

Banana 10 7.6 17 9 27 8.4

Cylindrical 19 14.5 30 15.9 49 15.3

Tree branch like 10 7.6 7 3.7 17 5.3

Kinking shape 11 8.4 13 6.9 24 6

Other 3 2.3 7 3.7 10 3.1

Sagittal direction-course Vertical-straight 21 11.1 14 10.7 35 10.9 0.685

Vertical-curved 39 20.6 28 21.4 67 20.9

Slanted-straight 32 16.9 16 12.2 48 15

Slanted-curved 97 51.3 73 55.7 170 53.1

*Statistically significant differences (p < 0.05), N — number of subjects
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between genders. However, statistically, a significant 
correlation was found among age and presence of 
central incisors. The age of Group B was older than the 
other groups (p = 0.001). Also, dental status had no 
statistically important influence on the variations and 
morphometric measurements of the NPC (p > 0.05).

Statistically, no significant correlation was de-
tected among age and length of the NPC, SF width, 
and the nasopalatine angle (p = 0.23, p = 0.114, 
p = 0.098, respectively) (Table 8). However, there is 
a weak, positive and statistically significant relation-
ship between age and the width of IF was detected.

Table 3. Effect of sagittal shape of the canal on nasopalatine canal dimensions

Parameters Sagittal shape N Mean SD H P

Nasopalatine canal length [mm] Hourglass 52 11.38 2.35 25.4 0.001*

Spindle 12 11.20 2.56

Cone 36 10.69 2.05

Funnel 93 12.22 2.53

Banana 27 11.20 2.54

Cylindrical 49 10.83 2.35

Tree branch like 17 11.75 2.37

Kinking shape 24 10.47 2.88

Other 10 13.19 1.91

Foramina of Stenson diameter [mm] Hourglass 52 3.03 1.14 65.6 0.0001*

Spindle 12 2.30 1

Cone 36 2.23 1.02

Funnel 93 1.81 1.06

Banana 27 2.95 1.51

Cylindrical 49 3.08 1.21

Tree branch like 17 2.36 1.49

Kinking shape 24 3.15 1.18

Other 10 2.19 1.14

Incisive foramina diameter [mm] Hourglass 52 5.56 1.29 8.1 0.424

Spindle 12 5.52 1.42

Cone 36 5.54 1.11

Funnel 93 5.25 1.44

Banana 27 4.99 1.43

Cylindrical 49 5.13 1.38

Tree branch like 17 5.07 1.44

Kinking shape 24 5.09 1.29

Other 10 5.54 1.94

Nasopalatine angle [º] Hourglass 52 76.03 7.78 6.6 0.576

Spindle 12 78.03 10.58

Cone 36 77.11 7.26

Funnel 93 75.65 7.72

Banana 27 78.90 9.25

Cylindrical 49 76.47 9.19

Tree branch like 17 77.15 8.59

Kinking shape 24 74.40 6.95

Other 10 72.79 6.11

*Statistically significant differences (p < 0.05), SD — standard deviation; N — number of subjects
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Intraobserver consistency

The Cohen’s kappa, weighted kappa statistic, and 
intra-class correlation (ICC) were performed to evalu-
ate the observer’s agreement. An excellent agreement 
was indicated between the first and second measure-

ments and figural analysis: ICC = 0.790 (p < 0.001) 
for diameter SF; ICC = 0.877 (p < 0.001) for diameter 
IF, and ICC = 0.944 (p < 0.001) for length of NPC;  
кw = 0.963 (p < 0.001) for shape of the NPC.

Table 4. Effect of sagittal direction-course of the nasopalatine canal dimensions, nasopalatine angle and nasopalatine canal length

Parameters Sagittal direction-course N Mean SD H P

Nasopalatine canal length [mm] Vertical-straight 35 11.12 2.50 12.6 0.005*

Vertica-curved 67 10.89 2.35

Slanted-straight 48 10.74 2.22

Slanted-curved 170 11.93 2.54

Foramina of Stenson diameter [mm] Vertical-straight 35 3.14 1.38 10.4 0.015*

Vertical-curved 67 2.39 1.42

Slanted-straight 48 2.50 1.14

Slanted-curved 170 2.43 1.20

Incisive foramina diameter [mm] Vertical-straight 35 5.38 1.09 8.2 0.042*

Vertical-curved 67 4.97 1.61

Slanted-straight 48 5.11 1.49

Slanted-curved 170 5.45 1.27

Nasopalatine angle [º] Vertical-straight 35 85.58 4.92 203.1 0.0001*

Vertical-curved 67 85.10 3.80

Slanted-straight 48 72.44 4.84

Slanted-curved 170 71.94 5.98

*Statistically significant differences (p < 0.05), SD — standard deviation; N — number of subjects

Table 5. Effect of the division of the canal on nasopalatine canal dimensions

Parameters Division N Mean SD H P

Nasopalatine canal length [mm] No division 38 11.70 2.55 20.4 0.0001*

Upper third level 90 11.71 2.62

Middle third level 138 11.73 2.29

Lower third level 54 10.11 2.39

Foramina of Stenson diameter [mm] No division 38 2.07 1.31 10.2 0.016*

Upper third level 90 2.33 1.18

Middle third level 138 2.62 1.28

Lower third level 54 2.81 1.31

Incisive foramina diameter [mm] No division 38 5.44 1.23 7.8 0.049*

Upper third level 90 5.19 1.44

Middle third level 138 5.47 1.24

Lower third level 54 4.90 1.60

Nasopalatine angle [º] No division 38 73.69 8.44 3.9 0.272

Upper third level 90 76.67 8.11

Middle third level 138 76.43 7.61

Lower third level 54 76.98 9.05

*Statistically significant differences (p < 0.05), SD — standard deviation; N — number of subjects
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DISCUSSION
Radiologic imaging is an important diagnostic 

instrument for surgical procedures and post-operative 
assessment in today’s surgical approach. Description 
of the variations, particularly involving neurovascu-
lar anatomy, plays a significant role in surgical pro-
cess. The neurovascular content in the premaxilla 
increases the risk of complications in this region [21].

Conventional imaging methods do not have ade-
quate confidence in the assessment of neurovascular 
structures in bone [3, 25]. Various imaging techniques 
were used in other presented studies about the NPC. 

CT images [14, 16, 17], micro-CT scans [23] or mag-
netic resonance imaging [12] have been used in the 
previously to evaluate the macro and micro-anatomy 
of the premaxilla and also the neurovascular bundle of 
the NPC. In the current study, the NPC was analysed 
with CBCT for three-dimensional evaluation. More 
recently, CBCT has been accepted as an alternative 
imaging modality for assessment of the neurovascu-
lar content and bone in the anterior maxillary region 
compared using by CT due to higher spatial resolu-
tion, substantially lower radiation dose, low cost, easy 
access and increased use [15]. 

Table 8. Correlation between nasopalatine canal measurements and patient age

Correlation coefficients Nasopalatine canal length Foramina of Stenson diameter Incisive foramen diameter Nasopalatine angle 

Age

     r 0.067 –0.089 0.158** –0.093

     p 0.23 0.114 0.005 0.098

r < 0.01 is statistically significant, p < 0.05 is statistically significant

Table 7. Results of dimensional comparison of nasopalatine canal measurements according to edentulous status

Edentulous 
status

N Mean length of nasopalatine 
canal ± SD [mm]

Mean diameter of Stenson’s 
foramina ± SD [mm]

Mean diameter of  incisive 
foramen ± SD [mm]

Mean nasopalatine 
angle ± SD [º]

P

Group A 251 11.47 ± 2.46 2.55 ± 1.29 5.24 ± 1.33 76.12 ± 8.38 0.666

Group B 25 11.63 ± 2.40 2.13 ± 1.00 5.76 ± 1.53 78.03 ± 7.85 0.701

Group C 26 10.95 ± 2.65 2.53 ± 1.51 5.63 ± 1.30 75.58 ± 6.41 0.055

Group D 18 11.59 ± 3.05 2.41 ± 0.98 4.91 ± 1.76 76.79 ± 7.30 0.602

*Statistically significant differences (p < 0.05), SD — standard deviation; N — number of subjects

Table 6. The distribution of the nasopalatine canal morphology

Male Female Total P

N % N % N %

Number of Stensen’s foramina 1 13 9.9 28 14.8 41 12.8 0.457

2 104 79.4 148 78.3 252 78.8

3 12 9.2 11 5.8 23 7.2

4 2 1.5 2 1.1 4 1.3

Number of incisive foramen 1 130 99.2 185 97.9 315 98.4 0.792

2 1 0.8 3 1.6 4 1.3

3 0 0.0 1 0.5 1 0.3

Axial group 1–1 13 9.9 28 14.8 41 12.8 0.604

1–2 103 78.6 144 76.2 247 77.2

1–3 12 9.2 11 5.8 23 7.2

1–4 2 1.5 2 1.1 4 1.3

2–2 1 0.8 3 1.6 4 1.3

3–2 0 0.0 1 0.5 1 0.3

*Statistically significant differences (p < 0.05), N — number of subjects



932

Folia Morphol., 2021, Vol. 80, No. 4

Measurements

In some studies, the IF was estimated by a line 
parallel to the transverse plane [17]. The authors 
suggest that using this technique would have re-
sulted in a shorter NPC length than its exact size 
and the narrower width for IF. So, in the current 
research in which dimensional assessments of the 
canal were performed using the Bornstein et al. 
[5] method, the average length of the NPC was 
found to be 11.45 mm. In the literature, the mean 
length of NPC has been reported to be between 
8.1 mm and 16.33 mm [16, 28]. Bornstein et al. [5], 
Ozcakir-Tomruk et al. [18], Tözüm et al. [28], and 
Sekerci et al. [21] indicated similar mean values at 
10.99 mm, 10.87 mm, 10.86 mm, and 10.8 mm, 
respectively, but Mraiwa et al. [17] and Liang et al. 
[14] reported a lower canal lengths.

No significant correlation was observed between 
patient ages and length of the canal. Therefore it can 
be speculated that NPC length differences among 
studies are not owing to the mean age of the sam-
ples, but may result from the method used, scanning 
techniques, ethnic differences or variations in gender 
distribution of the samples [18]. Furthermore, Bajoria 
et al. [4], although they found statistically signifi-
cant results (p = 0.0001) in different age groups 
with length of NPC, they stated that this difference 
might be due to dental status rather than age-related 
changes. Mardinger et al. [16] have concluded that 
the canal was not a static formation that tended to 
expanded in all dimensions after tooth extractions 
and aging. Thus, the edentulous group might be 
older than the dentate group, so the morphological 
differences according to the dental status related to 
not only teeth existence but also age-related changes 
in bone quantity and quality.

In terms of dental status, our findings were un-
like other researches that noted significantly longer 
canal length in the dentulous group [6, 14, 18]. In 
the current study, NPC length was shortest in group B  
(total edentulous individuals) which was not statis-
tically significant. In addition, statistically significant 
differences were not observed between the width of 
the IF and SF according to the dental status. These 
results are consistent with the conclusions of Liang 
et al. [14] and Tözüm et al. [28].

It is generally believed that the diameter of the 
IF is less than 6 mm and when it exceeds 10 mm 
pathological risks should be considered [17]. In this 
study, the IF stayed under this cut-off value (mean 

5.29 mm), but the width between 1.56 to 10.47 mm, 
even no presence of NPC pathology.

Although there was the difference between one 
of the reference points used by these researchers 
[14] and our study (while our reference plane was 
the nasal floor, some of them used the horizontal 
plane of the palate), both planes are parallel and 
comparisons can be made. In the present study, no 
correlation was found between the length of NPC 
and the nasopalatine angle.

The variations of the NPC

In this study, all three planes were taken into 
consideration to make a detailed anatomical analysis.

In sagittal plane. In the literature, studies about 
the variations of the shape of the canal have been 
reported, but standard classification was not found. 
Fernandez-Alonso et al. [7] and Gönül et al. [9] clas-
sified the shape of the canal in four groups (hour-
glass, cylindrical, funnel, banana) in sagittal planes, 
but Liang et al. [14] divided into only two groups: 
conical and cylindrical. Sekerci et al. [21], Etoz and 
Şişman [6] and Hakbilen and Magat [11] evaluated 
the shape of the canal in six groups (hourglass, cone, 
funnel, cylinder, banana and tree branches) in their 
studies. However, these classifications were inad-
equate to fully evaluate the shape of the NPC. All 
canal shapes defined in the literature were analysed 
and a new classification was made. It was detected 
that, while the funnel shapes (29.1%) and hourglass 
shapes (16.3%) were found at the highest rate, the 
rate of the spindle shapes and “other” groups were 
seen at the lowest rated, respectively 3.8%, 3.1%. 
These results are consistent with most studies in the 
literature [4, 6, 11, 20, 21, 26]. However, the results 
are different from studies presented by Tözüm et al. 
[28], Hakbilen and Magat [11] and Gönül et al. [9]. 
We suggest that these variations may come out from 
racial characteristics, the number of samples and 
distinctions between classifications.

Our results for sagittal direction-course are contra-
ry to Song et al. [23] who found the majority of the 
vertical type of the canal, but in this study, slanted 
ones were more frequent than vertical types. Also, 
the present results for the straight canal versus curved 
canal types were different from these researchers. It 
can be owing to the less sample number in their 
study [23].

Which was analysed in only one study previously, 
we presented differences in the NPC angle with re-
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spect to the direction and course [7]. In the present 
study, it is shown that the angle results of the ver-
tical types were greater than those of the slanted 
types. This finding is consistent with the results of 
Fernandez-Alonso et al. [7]. 

The shape, direction and course of the canal with 
the NPC angle should be considered for the location 
and angulation of dental implants [7]. Liang et al. 
[14] point out that the contact of dental implants 
with neural tissue may affect the osseointegration 
of the implant.

In coronal plane. Since the shape of the canal 
may change due to the divisions within the canal 
between the coronal sections, only the presence and 
level of the division were evaluated in this plane, 
unlike previous studies [5–9, 18, 21]. 

In the literature, only 3 studies are examining 
the division classification of the NPC [20, 26, 27]. 
Thakur et al. [26] and Safi et al. [20] mentioned the 
division at the middle third as the most frequent 
form, respectively 51%, 51.5% were found in the 
upper third. These findings were compatible with 
the present study.

While not analysed by previous studies, divisions 
within the canal affect the diameters and length of 
the canal. Regarding coronal slice, the NPC length and 
width of IF were significantly lower in the lower-third 
level group than other groups (p < 0.05). However, 
the width of SF was greater in the lower-third level 
group. In addition, no significant difference was found 
between division groups and the NPC angle (p > 0.05).

In axial plane. In the literature, NPC was classified 
according to the numbers in the axial plane on CBCT 
images. Most variations of the NPC reported at the 
level of the nasal floor. Some of the studies classified 
nasopalatine foramina in four groups [6, 8, 14, 26, 27] 
while some of them evaluated in three groups [4, 21] 
on the axial section. However, they did not give any 
information about the number of incisive foramina. 
Also, Sicher [22] found that nasal opening might be 
present from a single foramen and up to six separate 
foramina. Besides, in contrast to common belief,  
Al-Amery et al. [1] and Song et al. [23] evaluated the 
NPC at the middle portion to the level of the nasal 
opening. In this study, the number of openings of 
the canal in the nasal and palatal level detected and 
these levels were evaluated together for established 
the axial classification.

In terms of axial classification, the most often axial 
group in the current study was “1–2” (in 77.2% of 

individuals). The result was consistent with the liter-
ature [8, 9]. However, Liang et al. [14] reported that 
“1–1” to be the most frequent group (44%), followed 
by “1–2” (39%).

In this study, no significant difference was found 
in the morphology of the canal between the dental 
groups. It may result from the interindividual var-
iations and non-homogenous distribution of den-
tal groups. Also, the rate of resorption can change 
inter-individual and even in the same individual at 
different times [2]. The time span since tooth loss 
and factors (anatomic, metabolic, functional, and 
prosthetic factors) which affect the rate of resorption 
should be taken into consideration in future studies.

CONCLUSIONS 
Rehabilitation of the anterior maxilla is with high 

clinical relevance in relation to function and aesthetic. 
New findings are reported in this study, about the 
classification of the canal shape and differences in 
morphometric measurements with respect to the 
level of the division. The present results emphasized 
the variability of the NPC in terms of several parame-
ters; therefore, the authors recommend an improved 
understanding of this anatomic structure and using 
cross-sectional imaging for better surgical results and 
to reduce surgical complications. 
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