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Abstract

Purpose: The study was performed to evaluate variability in nasopalatine ca-
nal using cone beam computed tomography (CBCT) in relation to age and
gender. The study also provides an insight while considering anterior maxil-
lary implants. Materials and Methods: The study included 200 subjects aged
between 19 and 67 years who were divided into the following 3 groups: 1) 19 -
34 years old; 2) 35 - 49 years old; 3) >50 years old. The male and female sub-
jects were 104 and 96 respectively. After obtaining a prior consent, CBCT was
performed using a standard exposure and patient positioning protocol. The
CBCT volume was sliced in three planes (X, Y, and Z) and was sequentially
analyzed for the location, morphology and morphometric dimensions of the
nasopalatine canal. The correlation of age and gender with all the variables
were evaluated. Results: The present study revealed statistically significant
differences in the length of the nasopalatine canal based on the age group. The
slanted and the cylindrical variety of the nasopalatine canal were commonly
observed in the study. However, no statistical differences were noted in the
other variables such as number of openings at the nasal fossa, diameter of the
incisive fossa, angulation of the canal as viewed in the sagittal sections and
antero-posterior dimensions of the canal in the sagittal sections. Conclusion:
The present study demonstrates the variability observed in the anatomy and
morphology of the nasopalatine canal which is an important landmark for
placing dental implants in the anterior maxillary region.
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1. Introduction

The nasopalatine canal (NPC) origins at a point situated towards the anterior
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aspect of the floor of each nasal cavity. Each canal opens into the midline inci-
sive foramen situated on the median plane of the palatine process of the maxilla,
posterior to the central incisor and transmits the terminal branch of the de-
scending nasopalatine artery, nasopalatine nerve, branches of the maxillary divi-
sion of the trigeminal nerve and the maxillary artery [1]. The nasopalatine canal
has been well-known as an important landmark for the implant surgeon [2]. To
avoid disturbing the neurovascular bundles and cause any complications both
during the operatory and post-operatory, the dimensional variability should be
taken into account when dealing with surgical procedures such as implant
placement in the central incisor region [3]. In the present study, cone beam
computed tomography (CBCT) scans were used to assess the dimensions and
morphology of the NPC.

The anterior maxilla is frequently traumatized and oral rehabilitation with
osseointegrated dental implants is often the treatment of choice. The oral open-
ing of the NPC, the incisive foramen, is found in this region which maintains
close proximity to the roots of the upper central incisors [4] [5]. In view of this
anatomical relationship, thorough radiographic analysis is necessary during
dental implant planning [5] [6].

Therefore, knowledge of anatomical variations in the size, shape and number
of the NPC is important, but studies on this topic are sparse [4] [7] [8] [9] [10].

Hence the present study aims to investigate the variability in nasopalatine ca-

nal using cone beam computed tomography in relation to age and gender.

2. Materials and Method

The present study included 200 CBCT images that included the entire NPC in all
three planes. The source of data for the study was patients that reported to the
Department of Oral Medicine and Radiology from January 2017 to September
2017. The CBCT had been advised for evaluation of teeth in the anterior maxilla
for various diagnostic purposes. The patients were informed about the study and
informed consent was obtained. The CBCT scans from the patients with na-
sopalatine canal pathology (e.g. Nasopalatine duct cyst, tumor etc.), impacted
teeth in the anterior maxilla, supernumerary teeth and trauma to the anterior
macxilla were excluded from the study. Among the 200 patients, 104 were males
and 96 were females. The patients were divided into 3 groups based on the age
group I (19 - 34 years), group II (35 - 49 years) and group III (50 years and
above) (Table 1). The CBCT scans were done using Hyperion X9 digital imaging
system (Myray, Italy). The occlusal plane was positioned horizontally and the
mid-sagittal plane was centred. The images were obtained at 70 to 75 kV, 8 to 10
mA, and 11 to 12.3 sec exposure time. The field of view (FOV) size was 11 mm X
8 mm with a 300-pm image resolution. The acquired volumes were reformatted
to images of a thickness of 300 pm. For evaluation of the CBCT scans, a 21-inch
LCD monitor’s (HP L1910, Hewlett-Packard Development Co., Palo Alto, CA,
USA) with 1280 x 1024 pixel. The NNT Imaging Software (v4.6) Windows
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Table 1. Sample distribution based on age group.

Openining at nasal fossa

Percentage
1 2 3 Distribution
Group I 85 36 13 67%
Age group Group II 27 20 7 27%
Group III 7 2 3 6%
Total 119 58 23 100%

Percentage Distribution 59.5% 29% 11.5%

edition (Myray, Italy) was used. The volume of the CBCT scans was sliced in
three dimensions. Planes on the three axes (X, Y, and Z) of the CBCT images
were sequentially analyzed. The sections were reformatted in all the three axis to
avoid discrepancy while measuring the canal dimensions. Two specialists in oral
and maxillofacial radiology independently analyzed all of the images for NPC for
its shape, curvature, opening and canal dimension. In case of disagreement, the
observers had to reach consensus. The medio-lateral diameter of the incisive
fossa and the number of openings at the nasal fossa were evaluated in the axial
sections, while the shape of the canal, curvature of the canal, angle of curvature,
length of the canal, and antero-posterior diameters were assessed in the sagittal
slices (Figures 1-4).

The number of openings at the nasal fosse was assessed in the axial sections
(Figure 5) and 3D reconstructed image as seen in the bony window (Figure 6).
The angulation of the nasopalatine canal was measured as the angle between the
long axis of the NPC and the floor of the nasal cavity in reformatted sagittal sec-
tion. The length of the NPC was measured along the long axis of the canal and
the antero-posterior measurements of the NPC was measured at three different
levels i.e. at the incisive foramen opening, at the middle level of the NPC and at

the level of the nasal fossa (Figure 7).

3. Results
3.1. Number of Openings at the Nasal Fossa

In the present study, 60% of the subjects had one opening at the nasal fossa,
while 29% and 11% had two and three opening at the nasal fossa respectively.
The gender-wise and age-wise distribution of the number of openings at the na-
sal fossa is shown in the Table 2 and Table 3. The mean medio-lateral diameter
at the foramen of Stenson in males and females was 2.56 and 2.54 mm respec-
tively. The greatest diameter was observed at the level of the nasal fossa. No Sta-
tistically significant differences among males and females and the different age
groups with respect to the number of openings or average medio-lateral diame-
ter of the foramen of Stenson were not observed in the present study (Table 4
and Table 5).
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Figure 2. Line diagram to assess the curvature of the NPC.
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Figure 3. Line diagram to assess the shape of the NPC.
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Figure 4. Mesio-distal diameter of the incisive fossa in axial view.
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Figure 7. Linear morphometric measurements of the NPC in sagittal section. The Angu-
lation of NPC; The length of NPC; The antero-posterior measurement of the NPC at

three different levels.

Table 2. Opening of NPC at level of nasal fossa based on age group.

Openining at nasal fossa Percentage
1 2 3 Distribution
Male 60 32 12 52%
Gender
Female 59 26 11 48%
Total 119 58 23 100%
59.5% 29% 11.5%
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Table 3. Openingof the NPC at level of nasal fossa based on gender.

Openining at nasal fossa

Percentage
1 2 3 Distribution
Male 60 32 12 52%
Gender
Female 59 26 11 48%
Total 119 58 23 100%

59.5% 29% 11.5%

Table 4. Pearson’s correlation test for comparison of all parameters according to age dis-
tribution (*Significant difference among age group).

Std.  Std. Error
Based on age group N Mean . F P value
Deviation Mean

Age group I 134.00 2.51 1.09 0.09
Mesio-distal diameter
L. Age group II 54.00 2.57 1.01 0.14 .356 551
of incisive fossa

Age group III  12.00 3.00 1.10 0.32

Agegroupl  134.00 113.02 7.41 0.64
Angulation of the NPC A 1I 54.00 111.32 7.49 1.02 191 662
to the Hard Palate ge group ’ ’ ’ ’ ’ ’
Agegroup III  12.00  112.30 6.87 1.98
Age group I 134.00 10.16 2.20 0.19
Length of NPC AgegroupIl  54.00 10.29 2.49 0.34 38.241 .000*
Agegroup III  12.00 15.82 20.91 6.04
. . Agegroupl  134.00 1.97 0.76 0.07
Anteroposterior width
of the NPC at the Nasal Age groupII ~ 54.00 2.04 0.78 0.11 718 .398
Fossa Level
Agegroup III  12.00 2.10 0.92 0.27
. . Age group I 134.00 1.64 0.87 0.08
Anteroposterior width
of the NPCat Mid  AgegroupII ~ 54.00 1.64 0.80 0.11 .365 .547
Level
Agegroup III ~ 12.00 1.68 1.02 0.30
. . Agegroupl  134.00 1.54 1.28 0.11
Anteroposterior width
of the NPC at Incisive ~Age group II ~ 54.00 1.46 1.05 0.14 1.442 232

Foramen Level
Age group III ~ 12.00 1.88 1.79 0.52

3.2. Classification of the NPC According to Its Shape and Curvature

The shape, direction, and course of the NPC were observed in sagittal sections
and were classified into 4 categories according to their shape [7]: cylindrical,
funnel, spindle, or hourglass. In the present study, cylindrical shape was the
commonest (47%) followed by funnel shape (42%), hourglass shape (7%) and
spindle shape (4%) respectively (Table 6 and Table 7). The NPCs were further
classified according to their direction and course. The nasal floor was regarded
as the “horizontal” plane and a perpendicular was drawn to this plane. The canal

whose course changed by >10° from the vertical were regarded to be “slanted”,
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Table 5. Karl Pearson’s correlation test for comparison of all parameters between males

and females.

Based on Gender Mean Std. Deviation ~ Std. Error Mean  tvalue P value
Mesio-distal Male 2.56 1.03 0.10
diameter of 0.15 0.73
incisive fossa Female 2.54 1.11 0.11
Angulation of the  Male 112.34 7.68 0.75
NPC to the Hard -0.35 0.59
Palate Female 112.71 7.12 0.73
Male 10.33 2.19 0.21
Length of NPC -0.53 0.13
Female 10.75 7.71 0.79
Anteroposterior  Male 1.96 0.77 0.08
width of the NPC
-1.15 0.79
at the Nasal Fossa  pepqle 2.02 0.78 0.08
Level
Anteroposterior  Male 1.58 0.83 0.08
width of the NPC 0.198 0.92
at Mid Level Female 1.72 0.88 0.09
Anteroposterior  pfa)e 1.41 1.19 0.12
width of the NPC
. 0.19 0.29
at Incisive Female 1.67 1.31 0.13
Foramen Level
Table 6. Shape of the NPC based on age group.
Shape of NPC
Total p value
Cylinderical ~ Funnel = Hourglass  Spindle
Group I 62 58 8 6 134
Age
Group II 25 22 4 3 54
group 0.987
Group III 6 5 1 0 12
Total 93 85 13 9 200
Percentage
R 46.5% 42.5% 6.5% 4.5% 100%
distribution
Table 7. Shape of the NPC based on gender.
Shape of NPC
Total p value
Cylinderical ~ Funnel = Hourglass  Spindle
Male 48 45 7 4 104
Gender
Female 45 40 6 5 96 0.96
Total 93 85 13 9 200
Percentage
R 46.5% 42.5% 6.5% 4.5% 100%
distribution

and those whose course changed by <10° from vertical were regarded as “verti-
cal”. Based on this, four types of NPCs curvature were noted: vertical, vertical-
curved, slanted, and slanted curved. The slanted type of NPCs was the common-
est (73%), followed by slanted curved (21%), vertical (4%) and vertical curved
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(2%) respectively (Table 8 and Table 9). Statistically significant differences be-
tween the genders and between the different age groups with respect to the shape
and curvature of the NPC were not observed (Table 4 and Table 5) (Graphs

1-4).

Table 8. Curvature of the NPC based on age group.

Curvature of NPC
Slanted Slanted Vertical Vertical Total p value
n rtical
ante Curved erte Curved
Group I 95 31 7 1 134
Age group  Group II 40 10 1 3 54
0.214
Group III 11 1 0 0 12
Total 146 42 8 4 200
Percentage distribution 73% 21% 4% 2% 100%
Table 9. Curvature of the NPC based on gender.
Curvature of NPC
Slanted Slanted Vertical Vertical Total p value
Curved Curved
Male 74 23 4 3 104
Gender
Female 72 19 4 1 96 0.779
Total 146 42 8 4 200
Percentage distribution 73% 21% 4% 2% 100%
Bar Chart
Shape
M Cylinderical
M Funnel
[ Hourglass
&0 W Spindle
a0
S
o
(& ]
207

2

Age group
Graph 1. Shape of the NPC based on age group.
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Graph 2. Curvature of the NPC based on age group.
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Graph 3. Shape of the NPC based on gender.

3.3. Angulation of the NPC

Angulation of the NPC was measured as the angle between the floor of the nasal
fossa and long axis of the NPC. The mean angulation in males and females were
112.34 and 112.71 respectively. As all the subjects had an obtuse angle which
suggested that the incisive foramen was located anterior to the nasopalatine fo-
ramina. Statistical analysis failed to show the correlation of the slanting angle of
the NPC with age or gender (Table 4 and Table 5).

3.4. Length of the NPC

The length of NPC was measured in the sagittal section between the level of the
nasal fossa and the level of the hard palate along the long axis of the canal. The
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Graph 4. Curvature of the NPC based on gender.

mean length of NPC in males and females were 10.33 and 10.75 mm respec-
tively. Statistical analysis failed to show the correlation of the length of NPC and
the gender distribution. However, statistically significant differences in the
length of the NPC were observed in different age groups (p = 0.0001) (Table 4
and Table 5).

3.5. Antero-Posterior Diameter of the Canal

The antero-posterior diameter of the NPC as viewed in sagittal plane was meas-
ured at three different levels along the long axis of the canal. The diameter of the
canal in males at nasal floor level, mid-level and incisive foramen level were 1.96
mm, 1.58 mm and 1.41 mm respectively. The diameter of the canal in females at
nasal floor level, mid-level and incisive foramen level were 2.02 mm, 1.72 mm
and 1.67 mm respectively. The differences in the values between males and fe-
males and among the different age groups were not found to be statistically sig-
nificant (Table 4 and Table 5).

4. Discussion

In the present study up to three foramen were observed at the level of the nasal
floor. Song et al. [11] and Jacob et al [12] observed only two foramina in their
studies. Mraiwa ef al. [13] and Liang et a/. [1] who also reported observing up to
four foramina at the level of the nasal floor. Sicher [14] reported that there could
be up to six separate foramen. The variability in results could be due to sample
differences, age, ethnicity and the imaging techniques used in different studies.
In the present study, the average diameter of the incisive fossa in males was
2.56 mm and in females were 2.54 mm respectively. Kotaro ef al [15] in their
study found out that the average mesiodistal diameter of the incisive fossa was
3.3 mm and 2.8 mm in males and females respectively. Matsumura et al [16] in

their study measured it as 3.1 mm and 3.3 mm in males and females respectively.
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In the present study, the average diameter of the canal at the level of the nasal
floor was 1.54 mm and 1.50 mm in males and females respectively. Thakur ef al.
[7] in their study measured the average diameter of the canal at the level of the
nasal floor to be 1.74 mm and 1.76 mm in males and females respectively. The
mesiodistal diameter of the incisve foramen was more in males than in females
which is in accordance the previous studies. The difference in the values could
be attributed to the population chosen and the imaging modality used in the
study.

In the present study the average length of the NPC in sagittal plane was 10.33
mm and 10.75 mm in males and females respectively. Naseeh et al [17] in their
study measured the average length of the NPC in sagittal plane to be 12.80 mm
and 10.88 mm in males and females respectively. While Thakur et al. [7] meas-
ured it to be 10.96 mm and 9.20 mm in males and females respectively. In the
present study the angulation of the NPC from the hard palate was 112.34 and
112.71 in males and females respectively. Panjnoush et a/ [18] in their study
measured the angulation of the NPC from the hard palate to be 109.3 and 109.7
in males and females respectively. Gonul et al [19] measured it as 107.74 and
107.33 in males and females respectively.

In accordance to the previous studies, cylindrically shaped NPC was most
commonly observed which was also found in most of our subjects [1] [20]. Song
et al. [11] reported the predominance of the vertical type of NPC in their study,
however in our study, slanted canals were more commonly observed than verti-
cal ones.

In this study, the average length of the NPC was 10.16 mm in age group I,
10.29 mm in age group II and 15.82 mm in Age group III respectively. Statisti-
cally significant difference was observed in the measurement of length of the
NPC. No statistical difference was observed in other parameters among the dif-
ferent age groups. This could be attributed to the dentulous and the edentulous
population chosen in this study. There might be an increase in the size of the
NPC, as observed in other studies [1] [20] could be due to the edentulous status
of the patient rather than a age-related change. Table 10 illustrates the compara-
tive analysis of the morphometric measurements of NPC performed by different
researchers in comparison to that of the present study.

The technique of implant placement directly in the nasopalatine canal was
first described by Scher in 1994 [24] and later by Misch [25] in 1999. Artzi et al.
successfully treated a patient with an implant in the nasopalatine canal by
adapting a corticocancellous bone block graft to the canal causing displacement
of the neurovascular bundle posteriorly [26].

Penarrocha et al. [27] conducted a retrospective study with a long follow up in
patients rehabilitated with implants in NPC in severe atrophic maxilla. A total of
13 implants were placed in the NPC with 84.6% success rate till 70 months fol-
low up.

The difference in parameters from the previously reported studies could be
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Table 10. Gender comparison of morphometric measurements of NPC in previous studies. (* Significant difference among males

and females).

Number of . Mesiodistal diameter Mesiodistal diameter of
. . . Angulation of NPC to .. .
Author patients Imaging Nasopalatine canal length of Incisive nasopalatine foramen at
. hard palate
modality foramen the level of nasal floor
Thakur et al, 100 M: 10.96 + 1.9 M: 115.54 + 9.44 M: 3.47 £ 0.89 M: 1.74 £ 0.62
[7]
(INDIA) CBCT F:9.20 +2.16 F:118.24 £6.10 F:3.76 + 0.97 F: 1.76 + 0.90
Gonul et al, [19] 100 M: 13.68 + 2.73* M: 107.74 £ 13.56 M: 6.68 + 2.64 M: 3.72 + 1.41
(TURKEY) MDCT F: 11.43 + 2.78% F: 107.33 + 11.96 F:5.83 + 2.62 F:3.07 + 1.34
Ferndndez-Alonso 224 M: 13.16 + 2.72* M: 3.791.38
A etal [21]
(SPAIN) CBCT F: 11.58 + 2.64* F: 3.421.06
Friedrich et al, [22] 200 M: 12.02 % 3.01* M: 4.96 + 1.90* M: 3.57 + 1.56
(GERMANY) CBCT F: 10.18 + 2.37* F: 3.96 + 1.29% F:3.27 +1.49
Mohammed ef al, [23] 110 M: 13.83 % 3.1* M: 4.65 + 2.16* M: 2.47 £ 0.52*
(IRAQ) CBCT F: 12.44 £ 2.0* F: 3.57 + 1.21* F: 2.73 £ 0.71*
Ito et al, [15] 122 M:3.3£09 M:34+1.1
(JAPAN) MDCT F:2.8+0.9 F:29+1.1
Panjnoush et al [18] 300 M: 14.4 £ 3.00 M: 109.3 + 5.6 M: 4.92 + 1.25*
(IRAN) CBCT F:13.8 + 3.0 F:109.7 + 5.8 F: 4.49 £ 0.9%
Matsumura ef 2/, [16] 93 M:13.8 + 2.2* M: 105.5 £ 8.6* M:3.1+14
(JAPAN) CBCT F:12.2 +2.3* F: 109.6 + 7.9* F:33+12
Nasech et al. [17] 63 M: 12.80 + 2.45 M: 17.80 + 8.87 M: 5.25 £ 0.96
(LEBANON) CBCT F: 10.88 + 2.53 F:16.74 £7.77 F:4.74 £ 1.18
Present Study 200 M: 10.33 £ 2.19 M: 112.34 + 7.68 M: 2.56 £ 1.03 M: 1.54 £ 0.70
(INDIA) CBCT F:10.75 + 7.71 F: 112.71 £ 7.12 F:2.54 +1.11 F: 1.50 = 0.70

due to population variation, race, ethnicity, imaging modality used and observer
variability. Nevertheless, the anatomic variations in morphological parameters
were significant, emphasizing the role of CBCT in assessment of NPC in treat-
ment planning for implant placement, pathologies in this region or in prevent-
ing not premeditated complications while operating in the anterior maxillary re-
gion. The curvature, shape, angulation of the canal and its dimensions are the
most significant parameters for placement of implants in the maxillary incisor
region. Also, the number of openings, medio-lateral dimensions of the incisive
fossa and length of the canal may prove important when implants within and
around the nasopalatine canal are being planned.

However there were few limitations in the present study, the variability of the
NPC was not assessed in the patients having any trauma to the anterior maxil-
lary region. The patients who had been already treated with fixed prosthesis
(dental implants and porcelain fused to metal crowns) in the anterior maxillary
region were ruled out from the present study because the streaking artefacts

would hinder the measurements of the NPC.
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5. Conclusion

In conclusion, this study highlights the anatomic variability and the radiomor-
phometric measurements of the NPC. These anatomic variations can only be as-
sessed using 3D imaging modalities. The assessment of this anatomical land-
mark in treatment planning of this area for implant placement or assessment of
pathologies in this region is of utmost importance. The shape, curvature and
angulation of the canal are the most significant parameters for placement of im-
plants in the maxillary incisor region. Additionally, the number of openings,
medio-lateral dimensions, length of the canal, and level of its division may prove

important when implants within the nasopalatine canal are being considered.
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