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Abstract:

Background: This research was designed to assess the nasopalatine canal shape, size as
well as anatomic variations according to age & gender in a sample of the Egyptian
population utilising CBCT .

Material and Methods: This research was conducted on 100 CBCT scans belonging to
31 males & 69 women, with mean age of (35.8 £ 12.3) years. Inclusion and exclusion
criteria as well as ethical issues were designed. CBCT scans were classified according to
gender (male and female) and according to age (18-40 year and 41-61 year). All
nasopalatine canals were evaluated to assess nasopalatine canal shape in coronal view and
sagittal view as well as measurements of the nasopalatine canal in the sagittal & axial
cross-section CBCT. The data were collected, computed, tabulated and statistically
analyzed.

Results: Was observed no statistically substantial association amongst gender & NPC
shape. Also, was noted no statistically substantial association amongst age group and NPC
shape. Males showed statistically significantly higher mean diameter of incisive foramen
and nasopalatine canal length than females. Subjects aged 18 — 40 years old showed
statistically significantly lower mean antero-posterior diameter of nasal foramen, medio-
lateral diameter of incisive foramen as well as canal diameter than those aged 41 — 61
years old.

Conclusions: The most frequent NPC shape in coronal view is variation of the Y -type of
NPC in half of participants followed by single canal and the least was 2 parallel canals.
The most frequent NPC shape in sagittal view is funnel shape (29%) followed by
cylindrical shape (28%). The antero-posterior diameter of the incisive foramen & the
nasopalatine canal length are higher in men than women. The antero-posterior diameter of
the nasal foramen, the medio-lateral diameter of the IF and the NPC increase with aging.
Keywords: Nasopalatine canal , morphology of NPC, variations of NPC, Incisive
foramen, Nasal foramen, CBCT.
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Introduction

NPC , also referred to as the incisive canal , is a long, narrow structure bordered by thick cortical
bone situated in the premaxilla, in the midline of the palate and posterior to the maxillary central
incisors. The nasopalatine canal connects the nasal cavity via the nasopalatine foramina (also
known as the Stenson's foramina) to the oral cavity via the incisive foramen found under the
mucosal incisive papilla® 2.

On the basis of age, gender, and the evaluated population, prior researchers have identified
numerous anatomic variations in the form & size of the NPC®:),

The nasopalatine canal morphology in the coronal plane differs and is classified into three groups.:
1% group is single canal; 2" group is 2 parallel canals; and the 3" group is variations of the Y type
canal®. The NPC's morphology in the sagittal plane varies greatly, with distinct populations
displaying varying variations and forms. Previous studies have employed a variety of
classifications to study the morphology of NPC. Hourglass, funnel, banana, and cylindrical are
examples of the different shapes of sagittal NPC morphologies €.

The radiographic imaging is a significant diagnostic tool for operations and post-operative
evaluation. The description of differences, especially those concerning neurovascular morphology,
IS important to the surgical procedure. The premaxilla has a higher risk of problems because of its
neurovascular component®),

The premaxilla is usually exposed to trauma and loss of teeth more than other areas, the NPC is
considered the most important landmark in the premaxilla. Surgical procedures for the premaxilla,
such as implant surgery and operations for dentoalveolar fractures, may result in complications.
Such as implant osseointegration failure, hemorrhage and NPC perforation during surgery,
postoperative short-term sensory problems, and NPC cyst formation® 19,

Evaluation of the NPC and radiographic examination are deemed vital to avoid these
complications. Two-dimensional  radiographic techniques, as periapical and panoramic
radiography, were used to evaluate the NPC, but The inherent flaws of these methods, such as
overlapping, distortion, and magnification, make it impossible to see the NPC anatomic
abnormalities clearly®V.

CBCT devices have lately been established for dentomaxillofacial imaging. CBCT, a volumetric
imaging modality, improves visibility of the NPC due to its low radiation dose, accessibility, and
ease of use. The dimensions & shape of the NPC can be accurately described with CBCT ©,

Materials and Methods

This study was done on randomly selected 100 CBCT scans (69 female and 31 male extended in
age from 18 - 61 years with mean age of 35.8 = 12.3 years). The CBCT scans were retrieved from
the archives of the CBCT units, Faculties of Dental Medicine, Al-Azhar University (Assiut Branch)
and Assiut University & several private radiology centers between "2021-2022".

Inclusion criteria included images for patients >18 years, the presence of upper incisors with no
previous trauma or surgical treatment in the upper incisors, and images with high geometric
resolution and the availability of precise information about patients' age and gender. The excluding
criteria were predetermined as images with low quality, Images with pathologic abnormalities in
the premaxilla, such as nasopalatine cysts, impacted teeth, tumors, and cleft lips and orthodontic
cases with braces & other metal restorations in the area of the upper incisors.

Radiographic assessment:

Each (CBCT) image was extracted as Digital Imaging and Communications in Medicine files and
imported to Blue Sky Plan program (Version 4.9.4).

All images were evaluated by 3 experienced radiologist observers. The orientation of the scan was
such that the palatal plane [a line amongst the anterior nasal spine & the posterior nasal spine was
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parallel to the ground, and both the sagittal and coronal planes were oriented to be perpendicular
to the axial plane .
The NPC's anatomic variations in the shape and dimensions were evaluated and categorized
according to gender (male and female) and age (less than and equal 40 years and more than 40
years).
All nasopalatine canals were observed to evaluate the following parameters:

1- Shape of the nasopalatine canal in coronal view

According to the description of Bornstein et al*?, The NPC morphology was grouped into

three types in coronal view that included: type I has single canal, type Il has 2 parallel canals, &
type III exhibits variations of the Y-type of canal with one oral opening (incisive foramen) & two
or more nasal openings (foramina of Stenson). Figure (1)

2- Shape of the nasopalatine canal in sagittal view
Considering the description of Milanovic et al Y, The NPC morphology was grouped into four
shapes in sagittal cross-sections funnel like shape, hourglass, cylindrical and banana-shape.
Figure (2)

3- Dimensions of the nasopalatine canal in the sagittal view
For all defined sagittal shapes of the NPC, the antero-posterior diameter (A-P) of the nasal foramen
& incisive foramen, as well as the NPC length, were determined and measured in mm. Figure (3)
4- Dimensions of the nasopalatine canal in the axial cross-section
The medio-lateral diameter (M-L) of the incisive foramen as well as that of the NPC were
determined and measured in mm. The medio-lateral diameter of the nasopalatine canal was
measured at the most inferior, mid, and superior points. The average of the three measurements
was calculated and recorded. Figure (4)

Statistical analysis :

After the data were collected, tabulated, & statistical analysis was carried out on them.

In this presentation, qualitative data were presented in the form of frequencies
& percentages. Mean, standard deviation (SD), 95% confidence interval , &range values were the
formats that were used to show the quantitative data. When investigating the relationships between
qualitative variables, the Chi-square test was used.

Tests of normalcy, such as the Kolmogorov-Smirnov & Shapiro-Wilk tests, were used in
order to investigate the standard deviation of quantitative data. This was accomplished by
examining the distribution of the data. There was a normal distribution (parametric) for all of the
data. In order to make comparisons among men & females, as well as among the two age groups,
the Student's t-test was used. At a significance level of P < 0.05, the level of significance was
established.

IBM SPSS Statistics for Windows, Version 23.0 was used in order to carry out the statistical
analysis. Armonk, NY: IBM Corp.

Figure (1): Coronal CBCT images showing types of NPC
I) single canal, IT) 2 parallel canals & III) variations of the Y-type of canal
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Figure (2): Sagittal CBCT images showing shapes of NPC
a) Cylindrical, b) Banana, ¢) Funnel, d) Hourglass

4.50 mm

Figure (4) Axial CBCT images revealed Medio-lateral diameters (M-L) of NPC

Results

The selected CBCT images were evaluated, and the NPC's shapes were determined and categorized
according to gender and age. (Tablel)
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Tablel: Descriptive statistics & results of Chi-square test for the association of gender & age
with different shapes of NPC in both coronal and sagittal planes.

Type I 16(51.6%)  26(37.7%) 25(39.1%)  17(47.2%)
Tg Type II 2(6.5%) 6(8.7%) 0.426 3(4.7%) 5(13.9%) 0.123
S TypeIll  13(41.9%)  37(53.6%) 36(56.3%)  14(38.9%)
Funnel 8(25.8%)  21(30.4%) 19(29.7%) = 10(27.8%)
- Cylindrical ~ 6(19.4%)  22(31.9%) 21(32.8%)  7(19.4%)
% Hourglass 9(29%)  14(20.3%) 0.426 13(20.3%) = 10(27.8%) 0.430
Banana 8(25.8%)  12(17.4%) 11(17.2%)  9(25%)

*: Significant at P < 0.05

Was observed no statistically significant association presented amongst gender & nasopalatine
canal shape. The percentage of type I is more common in males, while the percentage of type II
and type III is more common in females without a statistically significant difference. The
percentage of banana and hourglass shape is more common in males, while the percentage of funnel
and cylindrical shape is more common in females without a statistically significant difference.
Was observed no statistically substantial association presented amongst the age groups & NPC
shape. The percentage of type III is more common in (18 — 40 years) group, while the percentage
of type I and type II is more common in (41 — 61 years) group without a statistically significant
difference. The percentage of banana and hourglass shape is more common in old age group, while
the percentage of funnel and cylindrical shape is more common in young age group without any
statistically significant difference.

The selected CBCT images were evaluated and the dimensions of the nasopalatine canal
were assessed, measured in mm, and categorized according to gender and age. (Table2)
Table 2: Descriptive statistics & results of Student’s t-test for the association of gender and
age with measurements (mm) of the Nasopalatine canal

A-P diameter of
nasal foramen

3.24+0.9 299+0.85 0.181  2.92+0.79  3.34+0.94 0.018*

A-P diameter of

incisive foramen 5.33+0.86 = 4.87+0.86 | 0.015* 4.91+0.97 5.19+0.68 0.138
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NPC length  1.46+12.02 104157 <0.001* 10.71+1.78 11.26+15 0.120
M-L diameterof = /\ 697  408:0.82 0061  4.01£0.83 4.51+0.88 0.006*
incisive foramen
M-L diameter of |, 51,9 3.88+0.8 = 0.075  3.79+0.72 4.32+1.02 0.003*

NPC
*: Significant at P < 0.05

Was noted statistically substantial association amongst males and females where males showed
higher mean diameter of incisive foramen and nasopalatine canal length than females.

Subjects aged 18 — 40 years old showed statistically significantly lower mean A-P diameter of nasal
foramen, M-L diameter of IF as well as canal diameter than those aged 41 — 61 years old.

Discussion

An anatomical feature identified as the nasopalatine canal is located on the midline of the maxilla
& runs parallel to & amongst the upper central incisors & the palatal cortical plate along the
maxillary jaw. 3,

The NPC is associated to a number of significant clinical issues. Specifically, the IF acts as a
reference point for the incisive nerve block anesthetic technique; a helpful method for restorative
dental interventions that can anaesthetize six maxillary anterior teeth. The oral cavity's most
common non-odontogenic cyst, the nasopalatine cyst, is also connected to this canal. Planning
surgical treatments involving the NPC area, such as insertion of dental implant or apical root
excision are another clinical considerations®?.

The buccolingual thickness, the three-dimensional structure of the bone, and anatomical structures
like the NPC cannot be clearly determined using conventional radiographic techniques, while the
use of computed tomography (CT) requires the use of a high radiation dose®®,

The target of this research was to check out NPC size shape,as well as anatomic variations
according to age and gender in a sample of the Egyptian population utilising CBCT . Many studies
were performed on different populations that evaluating the NPC anatomic variations using CBCT,
none of them carried out on Egyptian population.

Three skilled radiologists reviewed each image in a quite environment with standardized lighting
and image size, the analysis was carried out®®),

Inclusion criteria involve patients >18 years of age as it is the time for complete ossification of
skull base. The maxillary incisors presence with no history of trauma or surgical treatment with
respect to the upper incisors to avoid bone resorption that may result from loss of one of the incisors
causing change in NPC anatomy. The research did not include the following: cone-beam computed
tomography images of patients with nasopalatine canal cysts, which could extremely affect the
alveolar bone & NPC measurements; cases with developmental, metabolic, or inflammatory source
jaw diseases; insufficient, unreliable, or unclear data about any variable; artifact images that could
hinder the identification & evaluation of reference points..

Two age groups (18-40 and 41-61) were used to categorize the age groups in the current study.
The goal was to illustrate the impact of ageing on bone remodeling and dimensional changes in
anatomical structures by including both younger and older age groups™?.

Upon examination of nasopalatine canal shape in coronal view, in the present the most frequent
shape t study regardless gender and age of the cases was type Il (variations of the Y-type of NPC)
in half of participants (50%). This was followed by type | (single canal) (42%) while the least
frequent type was Type |1 (2parallel canals) (8%). These findings were in accordance with previous
results of Turkish researchers stated that; variations of the Y-type of NPC is the most common
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coronal shape of the NPC> 18 The same results were obtained in Iranian, German, and Spanish
populations in multiple previous studies using CBCT (5 18.19),

The obtained results are in contrast to multiple studies carried out using MDCT and CBCT scans
who reported that the most frequent coronal shape of the NPC is type I single canal 2 14 20),
Regarding the nasopalatine canal shape in sagittal view; the most frequent shape in the present
research was funnel shape followed by cylindrical shape then hourglass shape & the least frequent
was banana shape. These outcomes closely match the research findings of Milanovic et al¥) and
Arnaut et al®,

The most prominent shape was the funnel nasopalatine canals, which were followed by banana
canals in another prospective research on Mediterranean Caucasian subjects who underwent CBCT
study before implantology®V.

Furthermore; was noted no statistically substantial association presented amongst gender as well
as age in nasopalatine canal shape in coronal and sagittal views in the present study. The current
study's findings supported previous findings that reported no difference in the distribution of the
coronal and sagittal NPC shape and gender ¢ 822,

Age does not significantly affect NPC morphology in either the coronal or sagittal planes,
according to research done in Saudi Arabia utilizing archived CBCT records®”.

That is the current research the mean diameter of the nasal foramen not affected by gender but it
increases by aging whereas the mean diameter of the IF has higher values in males & not affected
by aging and this result is similar to a study about impact of gender®®. Other studies were
performed on Serbian and Sri Lankan populations demonstrated no substantial gender impact on
A-P dimensions of the incisive & nasal foramina ¢ ©),

Regarding the age, previous studies reported no significant differences in the A-P diameter of IF
& that of the nasal foramen assessed with respect to age * 24 %), However, the present study
provide increase in the mean diameter of nasal foramen by aging. In another study, it was reported
that mean diameter of IF was positively correlated with the patients age which increased by aging
while no effect of aging on mean diameter of nasal foramen?.

In the current research NPC length is 10.9 mm ranges from approximately 7.26 to 14.9 mm. This
finding is consistent with the findings of the earlier research conducted by Milanovic et al (Y, who
made the report that the mean diameter of the nasopalatine canal length was 10.26 mm ranged from
approximately 8 to 16 mm. The same results were obtained in other previous studies © 12 26) |
However, another study findings revealed that the mean NPC length was actually longer than 18
mm and the authors explained that their results might be different due to variations in the
anatomical features of the Indian population®?,

In the present study, males showed statistically significantly longer NPC than females that matches
with other researchers' findings 222249 Thakur et al reported that, the difference in the size of
the nasopalatine canal could be relative to the facial dimensions rather than absolute, and the longer
nasopalatine canal in men could be attributed to the considerably greater cranio-caudal dimension
of the face found in men versus females @9,

In the current research, there was no statistically substantial correlation amongst age & canal length
as the same findings of other studies * 6). But in contrast to the results reported that was observed
a statistically substantial variance amongst age & nasopalatine canal length in the 1000 CBCT
study on the Turkish population®,

The findings of the current study also showed that the mean medio-lateral diameter of (M-L) of IF
as well as mean M-L of NPC are 4.19mm and 3.98mm, respectively. In regard to the M-L diameter
of IF, the findings are close to the mean M-L of IF (3.59 mm) measured by Arnaut et al®.
Within the current research, was noted no statistically substantial association amongst gender &
the M-L diameter of the IF as well as the M-L diameter of the NPC, while both increased with
aging. In regard to the M-L diameter of incisive foramen, the findings mirrored to previous CBCT
study concluded that, was observed no substantial variance amongst males & females while was
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noted a statistically substantial variance between age & M-L diameter of incisive foramen as it
increase with aging®”

Conclusion

The current study concluded that the most frequent NPC shape in coronal view is the Y-type
variations of NPC in half of participants followed by single canal while the least frequent type was
2 parallel canal type. Also, the most frequent NPC shape in sagittal view is funnel shape followed
by cylindrical shape. The antero-posterior diameter of the IF & nasopalatine canal length are higher
in men than women. The antero-posterior diameter of the nasal foramen, the medio-lateral diameter
of the incisive foramen and the NPC increase with aging.
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