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ABSTRACT 
Background and Objectives: The nasopalatine canal (NPC) is one of the crucial anatomical components of the 
maxillary arch. The prognosis of dental and surgical operations is determined by the nasopalatine canal loca-
tion and anatomical variances. This research aimed to investigate the size, shape, and impact of sex and age on 
the nasopalatine canal in a sample of the Kurdish people employing cone-beam computed tomography (CBCT). 
Materials and Methods: 380 CBCT scans from people aged 20 to 59, of both sexes, were examined retrospec-
tively. The radiographic images were thoroughly examined regarding the nasopalatine canal shape in sagittal, 
coronal, and axial slices, and anatomical dimensions were assessed in the sagittal plane. All variables were ex-
amined in regard to sex and age. Statistical analyses assumed significance at p < 0.05.  
Results: The funnel shape was most prevalent (27.9%) in the sagittal slice, while the Y canal was most prevalent 
in the coronal plane (54.5%). The most common direction of the canal was vertically straight in (43.4%). The 
NPC was 11.4 mm long, whereas the incisive foramen diameter was 4.63 mm. Males displayed larger dimen-
sions in every parameter that was assessed, apart from angle, which was greater in females. The morphology 
of NPC did not significantly correlate with either sex or age.  
Conclusion: This study found significant variation of NPC in different planes; gender and age significantly affect 
most of the dimensional parameters. Based on these findings, we recommend the CBCT evaluation of the ante-
rior maxilla prior to surgical procedures.                                                                                                                                               
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INTRODUCTION  
The nasopalatine canal (NPC), additionally 
known as the incisive canal,1,2,3  is a long, narrow 
passage situated behind the central incisors in the 
midline of the maxilla; it acts as the connection 
between the palate and the nasal cavity 
floor.4,5,6,7,8 In the nasal cavity, the canal contin-
ues as the Stenson foramina (FS) or nasal forami-
na (NF), which are often two in number, and 
opens as one incisive foramen in oral cavi-
ty.5,6,8,9,10,11,12  Minor salivary glands, fat, and con-
nective tissue are also found in the canal, along 
with the nasopalatine nerve and the terminal 
branch of the descending nasopalatine ar-
tery.5,6,9,10,11,12,13,14,15  In dental rehabilitation, the 
maxillary anterior region is the most crucial area 
due to the demands on phonetics, functionality, 
and aesthetics.6 Furthermore, it is a common area 
that is vulnerable to tooth loss and trauma.6,7,14 
Therefore, it is critical to have a thorough under-
standing of the morphology and proportions of 
the anatomical landmarks in this area, including 
NPC and its relationships, to optimize surgical 
planning and avoid any difficulties.2,7,11,15   
For many oral and maxillofacial surgeons, dental 
implants in the anterior maxilla are one of the 
most challenging surgical procedures.2,16 Bone 
loss following incisor extraction and the location 
of the NPC are two important limitations for 
placement of implants.17,18  For dental implant 
therapy to be successful and stable, the implants 
must be placed safely away from important ana-
tomical features.19 Any contact between the im-
plant and NPC could compromise the osseointe-
gration of the implant or result in sensory impair-
ment; the three-dimensional (3D) radiographs of 
the NPC and its position with respect to the near-
by structures must be carefully considered in or-
der to prevent or minimize difficulties following 
insertion of implants in the area of the upper inci-
sors.4,6,7,11,15,17 Additionally, this information is 
clinically relevant for orthognathic surgery, pros-
thetic dentistry, extraction of an impacted tooth, 
nasopalatine duct cyst enucleation, and local an-
esthesia.3,5,8,11,14,15 Root resorption may occur 
when the cortical walls of the NPC and the roots 
of the upper central incisors come into contact 
during maximal retraction. Therefore, it is neces-
sary to assess morphological variations of the 
NPC during orthodontic movement of the maxil-
lary incisor.3,8,15,20                                                                                                                                                                                                                                                             

Although 2D radiography can be used to visual-
ize the NPC, these methods resulted in images 
that were distorted, superimposed, and magni-
fied.6,20 The creation of CBCT transformed the 
radiological imaging sector by overcoming these 
restrictions; in contrast to standard CT scans, 
CBCT exposes the patient to substantially less 
radiation while providing reliable, high-
resolution 3D details regarding the size, form, 
position, and anatomical variants of the 
NPC.2,10,12,21,22 Additionally, it allows for com-
fortable positioning of the patient, and it has 
beam limitation and a quick scan time, make it 
the preferred radiographic technique for the max-
illofacial region because 2,12,21                                                                                                                      

Previous research has shown that sex, age, and 
ethnicity can affect the NPC's form and dimen-
sions.23,24,25,26 Despite these international investi-
gations and the clinical importance of NPC, the 
morphological variations of NPC in Kurdish peo-
ple have not been specifically assessed in any 
prior research. Therefore, the aims of this re-
search were to analyze CBCT images in order to 
assess the morphologic features and dimensions 
of the NPC in a sample of Kurdish patients, in 
addition to examining how gender and age affect 
NPC.  
 
METHODS   
Study Design  
The scientific research ethics committee at the 
Hawler Medical University College of Dentistry 
approved the project (date and number of approv-
al: 22/12/2024; HMUD, 2425039).                                                     
This retrospective, cross-sectional research was 
done on 380 archived CBCT radiographs of 
Kurdish adult patients referred to private dental 
and maxillofacial radiography facilities in Erbil 
during the period from August 2020 to December 
2024. The CBCT scans were previously taken for 
different diagnostic reasons. The inclusion crite-
ria were Kurdish patients between the ages of 20 
and 59, both male and female, the presence of all 
maxillary incisors, and high-quality maxillary 
scans. Exclusion criteria were the presence of 
impacted teeth, nasopalatine duct cysts, root rem-
nants, bone grafts, dental implants, and other me-
tallic restorations in the anterior maxilla; a histo-
ry of surgery; injuries and fractures in the affect-
ed area; and the existence of congenital or devel-
opmental defects, including cleft lip and cleft pal-
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ate. Based on these criteria, a total of 380 CBCT 
scans were included (190 males and 190 females). 
The date on which the CBCT scan was performed 
was used to calculate the age of the sample group 
members. The subjects were categorized based on 
their age: Group A: aged 20 to 29, Group B: aged 
30 to 39,  Group C: aged 40 to 49 and Group D: 
aged 50 to 59.                                                                                                                                                                                                                                               
Imaging Procedures  
All CBCT scans were acquired using the same 
system, a NewTom Giano unit (Quantitative Ra-
diology, Imola, Italy), following the standard pro-
tocol for patient placement and exposure. The 
system operated at 5 mA, 90 kVp, exposure time 
9.0 seconds, voxel size 0.3 mm, and field of view 
11 × 8 cm. 
Image Evaluation  
Version 16.3.1 of the New Net Technologies 

(NNT) viewer software (NewTom Giano Quanti-
tative Radiology, Imola, Italy) was employed to 
view and analyze the images from the axial, coro-
nal, and sagittal planes at intervals of 0.2 mm. All 
images were analyzed by a senior oral and maxil-
lofacial radiologist. Repeated measurements were 
taken on 20 randomly chosen scans over the 
course of four weeks to assess intra-examiner er-
rors. This was done by an experienced maxillofa-
cial radiologist to guarantee dependability and 
rule out learning bias.  
All NPCs were examined in axial, sagittal, and 
coronal slices to assess the following parameters: 
In the coronal plane, each NPC was categorized 
into single, double, and Y-shaped canals based on 
its morphology using the Bornstein et al. classifi-
cation system,9 (Figure 1).       
                                                                                                                             

Figure 1. Anatomic variation of the NPC in coronal slice; (A) single, (B) double, (C) Y type 

NPCs in the sagittal plane were categorized into 
six groups based on the classification of Etoz and 
Sisman: banana, hourglass, cylindrical, cone, fun-
nel, and tree branch ,12 (Figure 2).  
The shape of the incisive foramen was classified 
into four groups in the axial plane based on the 
classification of Bahşi and associates: round, oval, 
heart, and triangle shapes,13 (Figure 3). 
The NPCs in the sagittal slice were further divid-
ed into four categories according to their direc-
tion, as defined by Song et al.: slanted straight, 
slanted curved, vertical straight, and vertical 
curved,8 (Figure 4).   

Following the guidelines established by Thakur et 
al. and Bornstein et al., the NPC dimensions were 
measured in millimeters and evaluated across the 
sagittal section; the NPC diameters were meas-
ured at the nasal foramen level, at the mid-level, 
and at the incisive foramen level, while the dis-
tance between the midpoints of the nasal and inci-
sive foramina was used to calculate the NPC's 
length,5,9 (Figure 5A). The angle of the NPC was 
determined by measuring the distance between its 
long axis and the floor of the nasal fossa,5 (Figure 
5B).                                                                                                                         



  

 

Vol: 8     Issue: 2    Date: Dec 2025      

DOI: doi.org/10.15218/edj.2025.30  260  

Figure 2. Anatomic variation of the NPC shape in sagittal slice; (A) cylindrical, (B) cone, 
(C) hourglass, (D) funnel, (E) banana, (F) tree branch 

Figure 3. anatomic variation of the NPC shape in axial section; (A) oval, (B) heart, (C) round, (D) 
triangle. 

Figure 4. NPC direction in the sagittal section; (A) slanted straight, (B) slanted curved, 
(C) vertical straight, (D) vertical curved.  
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Figure 5.  Measurements of anatomical structure in the sagittal plane: (A); 1. IF diameter; 
2. Mid-level diameter; 3. NF diameter; 4. NPC length. (B); NPC angle  

Statistical Analysis  
Version 28 of the Statistical Package for Social 
Sciences (IBM SPSS) was used to analyze the da-
ta. The one-sample Kolmogorov-Smirnov test was 
employed to ascertain if the distribution of the age 
variable was normal. Mann-Whitney U tests were 
utilized to compare quantitative factors between 
genders, while the Pearson chi-squared test was 
utilized to determine the relationship between gen-
ders and categorical variables. The association be-
tween age groups and quantitative variables was 
assessed using the Kruskal-Wallis test. The data 
was deemed significant in terms of statistics when 
p < 0.05.  
 
RESULTS  
In this study, 380 CBCT images in total were as-
sessed. There were 190 males (50.0%) and 190 
females (50.0%), and their mean age was 37.40 ± 
10.94 years.  
Regarding the sagittal plane, the most prevalent 
canal types were funnel types (27.1%), followed 

by cylindrical (27.1%), hourglass (15.3%), cone 
(12.6%), tree branch (9.2%), and the least com-
mon shape was banana (7.9%). The most prevalent 
coronal form was the Y-type (54.5%), which was 
followed by the single canal (39.2%) and double 
canal (6.3%). The most typical form of IF in the 
axial section was round (50%), followed by heart 
(23.4%), oval (14.5%), and triangle (12.1%). Nei-
ther the sexes nor the different age groups dis-
played statistically significant variations in the 
NPC forms in the sagittal (p = 0.514) (p = 0.837), 
coronal (p = 0.181) (p = 0.257), or axial planes (p 
= 0.080) (p = 0.550), respectively. 
Vertical-straight (43.4%) was the most common 
direction-course for NPCs, followed by slanted 
straight (23.2%), vertical curved (22.1%), and 
slanted curved (11.6%). According to the chi-
square test results, there were statistically signifi-
cant differences in the direction of the canal be-
tween the age and gender groups (P ≤ = 0.027 and 
P < 0.01, respectively) (Table 1). 

Variable 
Vertical-
straight 

Vertical-
curved 

Slanted-
straight 

Slanted-
curved 

Gender 
Male 91 (23.9%) 47 (12.4%) 30 (7.9%) 22 (5.8%) 

Female 74 (19.5%) 37 (9.7%) 57 (15.0%) 29 (7.6%) 

Chi-Square 11.321 

p-value 0.010 * 

Age 
groups 

20-29 47 (12.4%) 25 (6.6%) 24 (6.3%) 9 (2.4%) 

30-39 54 (14.2%) 15 (3.9%) 24 (6.3%) 7 (1.8%) 

40-49 41 (10.8%) 22 (5.8%) 22 (5.8%) 17 (4.5%) 

50-59 23 (6.1%) 24 (6.3%) 22 (5.8%) 11 (2.9%) 

Chi-Square 18.833 

p-value 0.027* 

    * Significant at level (p<0.05) 

Table 1. Association of NPC Direction with Gender and Age Groups   
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Variables Male (Mean ± SD) Female (Mean ± SD) p-values 

Canal Length 12.08 ± 2.54 10.73 ± 2.29 <0.001** 

Incisive foramen diame-
ter 

4.88 ± 1.10 4.39 ± 1.08 <0.001** 

Nasal foramen diameter 2.96 ± 1.68 2.40 ± 1.55 <0.001** 

Mid-level Diameter 2.32 ± 1.10 1.94 ± 1.04 <0.001** 

Angle 104.17 ± 9.65 108.18 ± 7.80 <0.001** 

Mann-Whitney Test is used, * Significant at (p < 0.05), ** Significant at (p < 0.01) 

Table 2. Gender-specific comparison of NPC dimensions  

Variables 
Age 

Group 
Mean ± SD Kruskal Wallis H p-value 

Canal Length 

20-29 11.15 ± 2.69 

6.843 0.077 
30-39 11.48 ± 2.16 

40-49 11.49 ± 2.61 

50-59 11.97 ± 2.50 

Incisive foramen diameter 

20-29 4.55± 1.22 

4.865 0.002** 
30-39 4.37± 1.06 

40-49 4.71± 0.98 

50-59 4.98± 1.12 

  
Nasal foramen diameter 

20-29 2.37± 1.49 

2.536 0.057 
30-39 2.6± 1.6 

40-49 2.82± 1.6 

50-59 2.99± 1.85 

Mid-level diameter 

20-29 2.16 ± 1.17 

15.285 0.002** 
30-39 1.80 ± 0.96 

40-49 2.27 ± 1.00 

50-59 2.34 ± 1.12 

Angle 

20-29 105.02 ± 9.71 

7.733 0.052 
30-39 105.71 ± 9.17 

40-49 108.27 ± 7.96 

50-59 105.57 ± 8.30 

 * Significant at (p<0.05), ** Significant at (p<0.01)                                                                                                                             

Table 3. Comparative Analysis of NPC dimensions with Age Groups Using Kruskal-Wallis Test 
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The average canal length was 11.4 mm, ranging 
between 5.4 mm and 17.9 mm. The length of the 
canal was 12.08 ± 2.54 mm in males and 10.73 ± 
2.29 mm in females. According to the Mann-
Whitney test, the differences between the sexes 
were highly statistically significant (P = < 0.001). 
Compared to females, males have longer canals. 
The average anteroposterior diameter of NF was 
2.68 mm. The mean NF diameter was 2.96 ± 1.68 
mm in males and 2.40 ± 1.55 mm in females. 
Males have significantly wider NF (P < 0.001). 
The mean IF diameter was 4.63 mm, with males 
having an average of 4.88 ± 1.10 mm and fe-
males having an average of 4.39 ± 1.08 mm; their 
difference was significant (P < 0.001). The mean 
mid-level diameter was 2.12 mm. The mean mid-
level diameter was 2.32 ± 1.10 mm in males and 
1.94 ± 1.04 mm in females; their difference was 
significant (P < 0.001).  
The average inclination of the NPC with the floor 
of the nasal fossa was 106.17 degrees. The mean 
angle was 104.17 ± 9.65 degrees in males and 
108.18 ± 7.80 degrees in females. The angle in 
females was found to be 108.18 ± 7.80 degrees, 
which was significantly greater than that of males 
(104.17 ± 9.65 degrees) (P < 0.001). Gender-
specific comparison of NPC dimensions summa-
rized in Table 2.                                                                                                                                                                   
The Kruskal-Wallis test was applied to evaluate 
the effects of age on the NPC dimensions. Signif-
icant age-related variations in mid-level diameter 
(p = 0.002) and IF diameter (p = 0.002) were ob-
served; they tend to increase with age. Converse-
ly, canal length, NF diameter, and angle exhibit-
ed no statistically significant differences (p > 
0.05), suggesting these parameters remain rela-
tively consistent across different age groups. Age
-specific comparison of NPC dimensions sum-
marized in Table 3.  
 
DISCUSSION  
Based on the findings of the present investiga-
tion, funnel-shaped NPCs were most prevalent in 
the sagittal plane (27.9%), while the banana was 
the least common type (7.9%). These findings 
align with the research done on people in Sri 
Lanka and Yemen.23,26 In contrast, some research 
conducted in Brazil, Iran, Cyprus, Turkey, and 
India revealed that cylinder-shaped NPCs were 
more common.3,7,25,27,28  Meanwhile, Etoz and 
Sisman in Turkey, and Soman in Saudi Arabia 

discovered that the most prevalent NPC form was 
the hourglass.12,24 In their investigation, Hakbilen 
and colleagues stated that the cone canal had the 
highest proportion.1 We found that Y-types were 
the most prevalent canal type in the coronal sec-
tion, accounting for 54.5%, followed by the sin-
gle (39.2%) and double canal (6.3%). Our results 
are similar to those of prior studies.7,26,27  Never-
theless, some research has discovered more sin-
gle canals.6,9  The round (50%) shape of the inci-
sive foramen was the most frequent in the axial, 
followed by the heart (23.4%) and oval (14.5%). 
However, only 12.1% of subjects exhibited a tri-
angle form. This is consistent with earlier re-
search findings.13,26,29 In contrast, the study con-
ducted by Nikkerdar and colleagues found that 
heart shape was prevalent.2 The results of com-
paring the NPC form in all three planes with gen-
der and age groups were statistically insignifi-
cant, which supports the results of earlier re-
search.1,7,26   
Based on their course and direction, we further 
categorized the canal in the sagittal slice and ver-
ified that the vertical-straight canals were the 
most prevalent, followed by slanted straight, ver-
tical curved, and slanted curved, respectively. 
Our results are similar to those of Song and asso-
ciates.8 Contrary to research by Firincioglulari et 
al. and Rai et al., which found that the slanted 
straight form of NPC was more common in their 
investigations.25,29 Our findings revealed a signif-
icant statistical relationship between direction-
course and gender. Additionally, the relationship 
between age and the direction of the course was 
statistically significant. Younger people (20–29 
years old) had a higher prevalence of vertical-
straight, with 12.4% displaying this type, com-
pared to 6.1% in older people (50–59 years). 
However, slanted-curved canals were more com-
mon in the elder population (ages 50–59), with 
2.9% of participants having slanted-curved ca-
nals compared to 2.4% in the younger group (20–
29 years). Rai and coworkers, on the other hand, 
showed no significant association between the 
direction of NPC with both age and gender.9  
 The mean angle of NPC in the current study was 
106.17°, with females showing a greater mean 
value (108.18 ± 7.80) than males (104.17 ± 
9.65); the differences were highly significant. 
The results were consistent with those of Özeren 
Keşkek et al. and Yadav et al.27,28 On the contra-
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ry, many earlier authors have not found any dis-
cernible gender differences in canal angula-
tion.2,5,13,23  Although there was not any associa-
tion between mean NPC angle and age in our in-
vestigation, Rai and collaborators discovered that 
the angle increased with age.29 
In this study, the mean canal length was 11.4 
mm, ranging from 5.4 mm to 17.9 mm. which is 
close to the findings of researches previously car-
ried out on participants in Germany, Spain, Ser-
bia, Yemen, and Lebanon (11.15 mm, 11.2 mm, 
10.26 mm, 11.79 mm, and 11.52 mm, respective-
ly).10,21,22,26,30  On the other hand, studies in 
Northern Cyprus and Saudi Arabia subpopula-
tions found longer NPCs, which were 12.49 mm 
and 13.86 mm, respectively.25,31  while Özeren 
Keşkek and collaborators in Turkey identified a 
shorter canal (9.49 mm).27 According to our 
findings, males had a longer canal (12.08 ± 2.54 
mm) than females (10.73 ± 2.29 mm), indicating 
highly statistically significant gender differences. 
Similar differences were noted in the Indian 
study conducted by Rai and associates, where it 
was found that the average length of the NPC 
was 13.60±2.62 mm for men and 11.69±2.41 mm 
for women.29 This finding was corroborated by 
further previous studies.26,30  Conversely, Alasma-
ri, who studied a subpopulation in Saudi Arabia's 
Qassim region, found no statistically significant 
differences between males (14.00 ± 2.63 mm) 
and females (13.71 ± 2.73 mm).31 In the current 
research, no association was found between the 
mean length of the NPC and age, which was 
comparable to the previous research.5,24,29  
The results of the present investigation indicate 
that the average anteroposterior diameter was 
4.63 mm at IF, 2.12 mm at the mid-level of the 
canal, and 2.68 mm at the NF. These outcomes 
were in line with earlier outcomes documented 
by Thakur et al.5 Moreover, this result was con-
sistent with the mean anteroposterior of IF, mid-
level, and NF diameters measured by Özeren 
Keşkek et al., which are 3.54 mm, 2.25 mm, and 
2.53 mm, respectively.27 However, Chatzipetros 
et al. recorded greater anteroposterior IF and NF 
diameters, measuring 6 mm and 3.10 mm, re-
spectively.6 The relationship between sex and 
NPC diameters was statistically significant; in all 
three levels, men had greater diameters than fe-
males. Additionally, we discovered that IF and 
mid-level diameter significantly correlated with 

age. This is the only study in the literature that 
examines how age affects the mid-level diameter, 
and we discovered that it increases with age. 
Even though NF diameter increases with age, 
there is no discernible difference between the age 
categories. 
The different methodological approaches, in ad-
dition to differences in sexes, age, ethnic groups, 
and race, could address the obvious inconsisten-
cies in literature data regarding the morphology 
and morphometric traits of NPC.  
 
LIMITATIONS AND RECOMMENDA-
TIONS  
Some of the limiting aspects in our study include 
that our sample is limited to adults; therefore, the 
results are not suitable for younger generations. 
Furthermore, we did not analyze the edentulous 
patients' scans in our study, which might be a 
topic of future research.  
                                                                                                                             
CONCLUSION  
The Kurdish population exhibits notable anatomi-
cal variations in the NPC, both in dimensions and 
forms. The most prevalent shapes in various slic-
es were funnel, Y-shaped, and round. The canal 
length, IF, mid-level, and NF diameter were sig-
nificantly greater in males. Females had greater 
angulation. IF and mid-level diameters signifi-
cantly increase with age.         
 
ACKNOWLEDGMENT 
The authors would like to acknowledge the oral 
and maxillofacial radiologist for conducting the 
inter-observer evaluation.  
 
CONFLICTS OF INTEREST 
The authors report no conflict of interests.     
 
FUNDING 
This research did not receive any specific grant 
from funding agencies in the public, commercial, 
or not-for-profit sectors.                                                                                                      
                                                                                             
REFERENCES  
1. Hakbilen S, Magat G. Evaluation of anatomical and morpho-

logical characteristics of the nasopalatine canal in a Turkish 
population by cone beam computed tomography. Folia Mor-
phol. 2018;77(3):527-35. 

2. Nikkerdar N, Golshah A. Anatomical variations of the na-
sopalatine canal using cone beam computed tomography in 
a subpopulation residing in the West of Iran. Ann Dent Spec. 



  

 

Vol: 8     Issue: 2    Date: Dec 2025     

DOI: doi.org/10.15218/edj.2025.30  265  

2018; 6(3): 311–316. 
3.  Da Costa ED, Nejaim Y, Martins LA, et al. Morphological 

evaluation of the nasopalatine canal in patients with differ-
ent facial profiles and ages. J Oral Maxillofac Surg. 2019; 77
(4): 721–729, Doi: 10.1016/j.joms.2018.11.025. 

4. Mraiwa N, Jacobs R, Van Cleynenbreugel J, et al. The na-
sopalatine canal was revisited using 2D and 3D CT imaging. 
Dentomaxillofac Radiol 2004;33(6):396-402.   

5. Thakur AR, Burde K, Guttal K, Naikmasur VG. Anatomy and 
morphology of the nasopalatine canal using cone-beam 
computed tomography. Imaging Sci Dent 2013;43(4):273-81. 

6. Chatzipetros E, Tsiklakis K, Donta C, et al. Morphological 
assessment of nasopalatine canal using cone beam comput-
ed tomography: A retrospective study of 124 consecutive 
patients. Diagnostics (Basel) 2023;13(10):1787. 

7. Safi Y, Moshfeghi M, Rahimian S, et al. Assessment of na-
sopalatine canal anatomic variations using cone beam com-
puted tomography in a group of Iranian population. Iran J 
Radiol. 2017;14(1): e37028.  

8. Song WC, Jo DI, Lee JY, et al. Microanatomy of the incisive 
canal using three-dimensional reconstruction of micro-CT 
images: An ex vivo study. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod. 2009;108(4):583-90. 

9. Bornstein MM, Balsiger R, Sendi P, von Arx T. Morphology of 
the nasopalatine canal and dental implant surgery: a radio-
graphic analysis of 100 consecutive patients using limited 
cone-beam computed tomography. Clin. Oral Impl. Res. 22, 
2011; 295–301. Doi: 10.1111/j.1600-0501.2010. 02010.x.   

10. Friedrich RE, Laumann F, Zrnc T, Assaf AT. The nasopalatine 
canal in adults on cone beam computed tomograms – a 
clinical study and review of the literature. In Vivo 2015;29
(4):467-86. 

11. Gil-Marques B, Sanchis-Gimeno JA, Brizuela-Velasco A, 
Differences in the shape and direction-course of the na-
sopalatine canal among dentate, partially edentulous and 
completely edentulous subjects: Anat Sci Int, 2020; 95(1); 76
-84. 

12. Etoz M, Sisman Y. Evaluation of the nasopalatine canal and 
variations with cone-beam computed tomography. Surg 
Radiol Anat. 2014;36(8):805-12. 

13. Bahşi I, Orhan M, Kervancıoğlu P, et al. Anatomical evalua-
tion of nasopalatine canal on cone beam computed tomog-
raphy images. Folia Morphol. 2019;78(1):153-62. 

14. Liang X, Jacobs R, Martens W, Hu Y, Adriaensens P, Quirynen 
M, et al. Macro- and microanatomical, histological, and com-
puted tomography scan characterization of the nasopalatine 
canal. J Clin Periodontol. 2009; 36(7): 598-603. Doi: 10.1111/
j.1600-051X.2009. 01429.x. 

15. Alhumaidi, A. M. et al. Nasopalatine canal morphology: CBCT 
review & nomenclature proposal. Folia Morphol (Warsz) 
2025 https:// doi.org/10.5603/fm.104491. 

16. Francescato O, Lages FS, Guimarães DM. Dental Implants in 
Aesthetic Areas: Surgical Approaches and Prosthetic Consid-
erations for Optimizing Results, A Review. Adv Dent & Oral 
Health 2023; 16 (1): 1–9. 

17. Al-Amery SM, Nambiar P, Jamaludin M, et al. Cone beam 
computed tomography assessment of the maxillary incisive 
canal and foramen: considerations of anatomical variations 
when placing immediate implants. PLoS One. 2015; 10(2): 

e0117251, Doi: 10.1371/journal.pone.0117251. 
18.  Bermúdez-Pérez M, Martínez-Sandoval G, Chapa-Arizpe 

MG, Rodríguez-Pulido JI, Martínez-Gonzalez GI. Evaluation of 
the incisive canal using cone beam computed tomography. 
Int. J. Inter. Dent 2023; 16(1), 20-25. https://
doi.org/10.4067/S2452-55882023000100020. 

19. Khojastepour L, Haghnegahdar A, Keshtkar M. Morphology 
and dimensions of nasopalatine canal: A radiographic analy-
sis using cone beam computed tomography. J Dent (Shiraz). 
2017;18(4):244-50.  

20. Cho EA, Kim SJ, Choi YJ, et al. Morphologic evaluation of the 
incisive canal and its proximity to the maxillary central inci-
sors using computed tomography images. Angel Orthod. 
2016; 86(4): 571–576, Doi: 10.2319/063015-433.1. 

21. López Jornet P, Boix P, Sanchez Perez A, Boracchia A. Mor-
phological characterization of the anterior palatine region 
using cone beam computed tomography. Clin Implant Dent 
Relat Res. 2015;17(Suppl.2): e459-64. 

22. Milanovic P, Selakovic D, Vasiljevic M, et al. Morphological 
characteristics of the nasopalatine canal and the relationship 
with the anterior maxillary bone. A cone beam computed 
tomography study. Diagnostics (Basel). 2021;11(5):915. 

23. Jayasinghe RM, Hettiarachchi PVKS, Fonseka MCN, et al. 
Morphometric analysis of nasopalatine foramen in Sri 
Lankan population using CBCT. J Oral Biol Craniofac Res. 
2020;10(2):238-40.  

24. Soman, C. Assessment of the nasopalatine canal length and 
shape using cone-beam computed tomography: A retrospec-
tive morphometric study. Diagnostics 2024;14(10): 973. 

25. Firincioglulari M, Orhan K. Morphological variations of the 
nasopalatine canal in the North Cyprus population: a cone 
beam computed tomography study. Med Sci Monit. 2024; 
30: e944868. 

26. Alhumaidi AM, Aseri AA, Alahmari MM, et al. Morphological 
and dimensional analysis of the nasopalatine canal: insights 
from cone-beam computed tomography imaging in a large 
cohort. Med Sci Monit. 2024; 30: e944424, Doi: 10.12659/
MSM.944424.   

27. Özeren Keşkek C, Aytuğar E, Çene E. Retrospective assess-
ment of the anatomy and dimensions of nasopalatine canal 
with cone-beam computed tomography. J Oral Maxillofac 
Res. 2022;13(2): e4. 

28. Yadav U, Shenoy N, Ahmed J, Sujir N, Archana M, and Gupta 
A. Assessment of Variations in the Nasopalatine Canal on 
CBCT: Considerations from an Anatomical Point of View. J 
Periodontal Implant Sci. 2024; 54 (4): e20. https://
doi.org/10.5051/jpis.2401300065. 

29. Rai S, Misra D, Misra A, et al. Significance of morphometric 
and anatomic variations of nasopalatine canal on cone-beam 
computed tomography in anterior functional zone- a retro-
spective study. Ann Maxillofac Surg. 2021; 11(1): 108–114, 
Doi: 10.4103/ams.ams_283_20.  

30. Nasseh I, Aoun G, Sokhn S. Assessment of the nasopalatine 
canal: An anatomical study. Acta Inform Med. 2017;25(1):34
-38. 

31. Alasmari D. Morphometric evaluation of morphological vari-
ations of the nasopalatine canal: a retrospective study using 
cone-beam computed tomography. J Contemp Dent Pract. 
2023; 24(9): 660–667, Doi: 10.5005/jp-journals-10024-3561.                                                                                            


