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Abstract
Purpose: Surgical procedures revolving around the anterior maxilla are of great interest due to their debilitating facial
aesthetics and nerve injury effects if complications arise. Hence, su�cient knowledge concerning the morphology and
morphometry of the nasopalatine canal (NPC) and incisive foramen (IF) is necessary to prevent such complications from
arising.

Materials and Methods: Measurements of the NPC and the IF were carried out on 150 CBCT scans. The maxillary bone
thickness anterior to the NPC was measured at 3 levels. Independent t-test and chi-square test were performed to determine
the presence of sexual dimorphism.

Results: The presence of one Stenson’s foramen was most prevalent. The mean length of NPC was 13.21 ± 3.25 mm with
signi�cantly longer canals in males. The most prevalent shape of NPC was cylindrical in sagittal view and a single canal in
coronal view. The mean angulation of NPC was 118.42° to the horizontal plane. The average dimensions of the IF were
3.53 mm and 3.07 mm in the anteroposterior and mediolateral diameter respectively while the most common shape was
round. The anterior maxillary bone was thicker in males and generally reduced in thickness from the anterior nasal spine
superiorly towards the alveolar crest inferiorly.

Conclusion: This study highlights the anatomical characteristics of the NPC and IF, with signi�cant sexual dimorphism
observed regarding the number of Stenson’s foramina, length of NPC, shapes of the NPC and IF as well as alveolar bone
thickness anterior to NPC.

Introduction
The human skull is perforated by multiple canals and foramina, with many western works of literature reporting their
various morphologic and morphometric measurements. However, literature concerning Africans is scarce despite the huge
and diverse population. Among those available are studies on the infraorbital foramen, zygomatic foramen, and mental
foramen which report signi�cant racial differences [15, 24, 29, 30]. Zhang et al. reported that the infraorbital foramen was
smaller and exited more laterally, with a lower proportion of accessory foramina in an African American population
compared with a Caucasian population. The former was also reported to exhibit a distinct type of infraorbital foramen
besides having more zygomatic foramina [29, 30]. On the other hand, the South Africans and Tanzanians have been
reported to have a mental foramen located at the second premolar, while Zambian’s most common position was between
the second premolar and �rst molar [15, 24]. These morphologic differences should be considered during surgical planning
and anesthetic procedures to avoid neurovascular complications.

Currently, only one study has been dedicated to assessing the Incisive Foramen (IF) in a Kenyan population however, the
information reported was restricted to its shape and diameter [11]. None have been dedicated to the Nasopalatine Canal
(NPC) itself, a bony tunnel located posteromedial to the maxillary central incisors in the palatal midline which establishes a
connection between the �oor of the nasal cavity and the roof of the oral cavity. It commences superiorly from the foramina
of Stenson (usually two in number) leading into the respective canals that fuse inferiorly to form a single canal – the NPC,
which terminates inferiorly at the IF. The canal transmits the nasopalatine nerve and sphenopalatine artery accompanied
by adipose tissue and some minor salivary glands [16].

The anatomy of the NPC and IF described above has been shown to exhibit considerable anatomical variation of both
morphology and morphometry [13]. Some variations described by various authors include aberrant numbers of Stenson’s
foramina, deviations in mean length and width of the NPC, dimensions of the IF, the morphology of the NPC in both sagittal
and coronal sections as well as variant shapes of the IF [2]. Furthermore, the maxillary bone located anterior to the NPC has
previously been described as �at, concave, or convex in shape and is of vital consideration during implant �xture selection
and placement. Understanding these characteristics is crucial while trying to distinguish between normal variations and
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pathological conditions as well as making preventive measures before carrying out surgical procedures in this region.
Potential for several negative outcomes exists as a result of encroachment into the NPC including hemorrhage from the
sphenopalatine artery, sensory de�cit, failure of osseointegration, and implant rejection thus emphasizing the importance
of having a thorough knowledge of possible anatomical variations within this region [20].

Due to the scarcity of relevant information in Africans, this study aims to describe the morphology and morphometry of the
NPC and IF using 3 dimensional Cone Beam Computed Tomography (CBCT) scans obtained from a Kenyan adult
population. Additionally, sexual dimorphism regarding the shape and size of the NPC, IF and the anterior maxillary bone
were explored.

Materials And Methods
This radiological study was approved by the Kenyatta National Hospital – University of Nairobi Ethics and Research
Committee (KNH-UON ERC), protocol number UP166/03/2021. In this retrospective study, 150 archived CBCT radiographs
of Kenyan adult patients comprising of 80 males and 70 females between ages 21-35 were obtained from the Dental And
Maxillofacial Imaging Center (DAMIC), Nairobi, Kenya using a CS 9300 3D digital imaging system (Carestream Dental LLC,
Atlanta, GA, USA). The images were obtained at 90 kV, 10 mA with a voxel size of 76.5 µm3 and a 200 µm image resolution.
All images were viewed with a 19 inch LCD monitor (HP L1910, Hewlett-Packard Development Co., Palo Alto, CA, USA) with
1280 × 1024 pixel resolution. The CS Imaging software was used during the analysis of the radiographs (Carestream
Health Inc., St. Rochester, NY, USA). The CBCT scans were taken for various diagnostic purposes such as dental implants,
implanted teeth, oral pathology, or craniofacial trauma. Inclusion criteria in this study sample were: good quality CBCT
maxillary images, absence of atrophy of the maxilla, and absence of any pathologic lesions in the anterior maxilla.
Exclusion criteria included the presence of residual roots/impacted teeth, cleft palate, ongoing orthodontic treatment, or
having undergone surgery in this region. To assess intra-observer consistency, 20% of the measurements were re-evaluated
and recorded as blinds to the �rst measurements after 2 weeks. This study was performed following the STROBE initiative.

A detailed description of all landmarks used for morphometric measurements in this study has been provided and
summarized in Table 1 and is diagrammatically represented in Figure 1. As of the morphological observations, the shape
of the canal was examined in the sagittal section and classi�ed into six groups according to the Etoz and Sisman
classi�cation (2014), which included: Tree branch, conical, hourglass, funnel, banana, and cylindrical shapes. In the coronal
section, the shape was classi�ed as either single, double, or Y-shaped [8]. The shape of the IF was classi�ed by adding two
shapes, the teardrop, and the diamond shape to the original classi�cation by Bahşi et al. (2019) who found the IF to be
either round, oval, heart, or triangular in shape [3]. Additionally, the anterior maxillary bone was classi�ed as either concave,
convex, or �at.
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Table 1
Description of morphometric measurements and morphological observations performed in the present study

Structure Parameter Description

Nasopalatine
Canal

Morphometric measurements

Number of
Stenson’s
foramina

Number of foramina found at the level of the nasal fossa (1,2 or 3)

Length of
the NPC

Measured in sagittal section from the �oor of the nasal fossa to the level of the incisive
foramen along the long axis of the canal

Antero-
posterior
dimension
of NPC

The inner diameter measured in sagittal sections at 3 levels: (a) Level of the Stenson’s
foramen (b) Mid-point level (c) Level of incisive foramen

Medio-
lateral
dimension
of NPC

The inner diameter measured in coronal sections at 3 levels: (a) Level of the Stenson’s
foramen (b) Mid-point level (c) Level of incisive foramen

Angulation
of NPC

Angulation of canal measured from the horizontal plane to the long axis of the canal
viewed in a sagittal section

Morphologic observations

Sagittal
shape of
NPC

Observations made in the sagittal plane and classi�ed as tree branch, conical,
hourglass, funnel, banana or cylindrical

Coronal
shape of
NPC

Observations made in the coronal plane classi�ed as either a single, double or Y-
shaped

Morphometric measurements

Incisive
foramen

Antero-
posterior
diameter

Measurements made on axial sections along its widest point in the antero-posterior
direction

Medio-
lateral
diameter

Measurements made on axial sections along its widest point in the medio-lateral
direction

Morphologic observations

Shape of
the IF

Observations made in axial section and classi�ed as round, oval, heart, triangle, tear
drop or diamond

Maxillary
bone

Morphometric measurements

Dimensions
of the
maxillary
bone

Thickness of maxillary bone in sagittal section measured from the buccal wall of NPC
to the outer buccal cortex: (a) at the level of the nasal spine (b) at a level half-way
between the nasal spine and alveolar crest (c) at the level of the alveolar crest

Angulation
of maxillary
bone

Angulation of maxillary bone in sagittal section measured from the horizontal plane
alone the long axis of the bone

Morphologic observations
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Structure Parameter Description

Shape of
the
maxillary
bone

Observations made on sagittal section regarding shape of the buccal cortex of
maxillary bone classi�ed as either concave, convex or �at

All qualitative data were assigned numerical values for analysis, consequently, an average value for each measurement
was calculated using IBM SPSS Statistics version 27 (IBM Corp, New York, USA) and tabulated. Morphometric data
obtained was subjected to an independent t-test while morphologic data were subjected to a chi-square test to assess for
any sexual dimorphism between the various parameters. A p-value of <0.05 was considered signi�cant at a 95%
con�dence interval. Data were summarized in tables and �gures for ease of reference.

Results
A total of 150 CBCT scans were included in the present study of which 80 were males (53.3%) and 70 were females
(46.7%) with an average age of 28.4 ± 5.5 years. To eliminate intra-observer and inter-observer bias, initial measurements
were performed and compared with measurements taken two weeks later. No signi�cant differences between the results
collected by different examiners were found (Independent t-test, p-value >0.05).

I. Nasopalatine Canal
A detailed analysis of the NPC revealed that it often commenced from one Stenson’s foramen in 87.9% of males and 69.2%
of females, while from two foramina in 9.1% and 30.8% of males and females respectively. Three foramina were found in
3.0% of males but none were observed in females (�gure 2). There was a statistically signi�cant difference in the number
of foramina with respect to gender (Chi-square test, p-value <0.05).

The mean length of the NPC in males was found to be 14.43 ± 3.27 mm which was signi�cantly greater than that of the
females at 11.98 ± 3.23 mm (Independent t-test, p <0.05). The anteroposterior diameter of the NPC in females was greater
at all three levels as compared to the males; conversely, the mediolateral diameter of the NPC in males was greater than
that of females. These results, however, did not exhibit any sexual dimorphism (Independent t-test, p >0.05). As pertains to
the angulation of the NPC, the results show a similar inclination in both genders at 118° to the horizontal plane (Table 2).
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Table 2
Morphometric measurements of the NPC with standard deviations (SD) and p-values for both males and females

(*Independent t-test, P <0.05)
Parameter Measurements P-

value
Level Male (SD) Female (SD) Combined

(SD)

Length of NPC (mm) - 14.43 (3.27) 11.98 (3.23) 13.21 (3.25) *0.002

Antero-posterior diameter of NPC
(mm)

Stenson's
foramen

3.39 (2.01) 3.65 (2.77) 3.52 (2.39) 0.743

Mid-point of
canal

2.36 (1.12) 2.62 (1.76) 2.49 (1.44) 0.467

Incisive Foramen 3.03 (1.30) 3.38 (1.61) 3.21 (2.91) 0.322

Medio-lateral diameter of NPC (mm) Stenson's
foramen

4.12 (1.09) 3.68 (1.24) 3.90 (1.17) 0.104

Mid-point of
canal

3.03 (1.16) 2.74 (1.37) 2.89 (1.27) 0.343

Incisive Foramen 2.96 (1.09) 2.65 (1.17) 2.81 (1.13) 0.256

Angulation of NPC (°) - 118.85
(9.08)

118.00
(10.05)

118.42 (9.53) 0.686

 
Two views were used in the examination of the morphology of the NPC: a sagittal view and a coronal view. In the sagittal
view (Figure 3), the most common shape of the NPC for males was cylindrical followed by an hourglass, conical, banana,
funnel and tree branch patterns. On the other hand, the most common shape in females was cylindrical as well, followed
by funnel, conical, banana, hourglass, and tree branch patterns. In the coronal view (Figure 4), a single canal was the most
prevalent for both genders followed by the double canal for males and Y–the shaped canal for the females. The results
reveal a statistically signi�cant difference pertaining to the shape of the NPC in both sagittal and coronal views with
respect to gender (Chi-square test, p <0.05).

II. Incisive foramen
The morphometry of the IF revealed that the average anteroposterior diameter of the IF on the axial section was found to
be 3.46 ± 1.35 mm in males and 3.60 ± 1.15 mm in females. Additionally, the mediolateral diameter was 2.97 ± 1.09 mm
and 3.16 ± 1.08 mm in males and females respectively, these results did not exhibit any signi�cant sexual dimorphism
(Independent t-test p-value >0.05).

As pertains morphology of the IF, a wide range of shapes was observed (Figure 5). The most frequently encountered shape
in males was the round IF followed by the oval, teardrop, heart, and diamond shapes. No triangular IF was encountered. As
for the females, the most common shape was the round IF followed by the oval, heart, teardrop, diamond, and lastly
triangular. The shape of the IF exhibited signi�cant sexual dimorphism (Chi-square test - p <0.05).

III. Maxillary bone
The thickness of the maxillary bone anterior to the NPC was measured at three levels; at the nasal spine, at the mid-point,
and the alveolar crest (Figure 1). In general, the results reveal that on average males had a thicker maxillary bone at all
levels in comparison to females (Table 3).
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Table 3
Dimensions of the maxillary bone at three different levels for both male and female Kenyans (*Independent t-test,

p <0.05).
Parameter Gender   P-value

Level Male (SD) Female (SD) Combined (SD)

Dimension of the maxillary bone Nasal spine 11.54 (3.16) 10.19 (3.61) 10.87 (3.39) 0.10

Mid-level 7.57 (1.98) 6.62 (2.03) 7.10 (2.01) *0.04

Alveolar crest 6.70 (1.60) 5.89 (2.12) 6.30 (1.86) 0.08

 
However, only the mid-point thickness was found to be signi�cantly higher in males (Independent t-test, p <0.05). Lastly, the
general trend observed was a reduction in the thickness of bone from the level of the nasal spine to the alveolar crest.

As pertain the shape of the maxillary bone, it was classi�ed as either concave, convex, or �at (Figure 6). The results reveal
that the �at shape was most prevalent among males while the concave shape was most prevalent among females. No
convex shape was encountered in this study. These results exhibited sexual dimorphism (Chi-square test, p <0.05).
Furthermore, the angulation of the maxillary bone was found to be similar at an average of 116.00° to the horizontal plane
in both males and females.

Discussion
With the rise of dental awareness and the demand for aesthetically pleasing facial appearances, procedures associated
with the anterior maxilla such as the administration of local anesthesia, implantology, palatoplasty, cystectomy of
radicular, and nasopalatine duct cysts, and extraction of supernumerary mesiodens have become frequently performed
procedures [28]. The NPC and IF are major structures of the pre-maxilla region that must be taken into consideration during
planning and when performing any of these procedures. The introduction of CBCT has enabled their detailed 3-dimensional
evaluation with a far wider range of possible measurements that can be carried out to better characterize these structures
for diagnostic purposes [10].

The current study aims to provide detailed information on the morphology and morphometry of the NPC and IF. It also aims
to highlight the sexual dimorphism that may be seen in an African (Kenyan) population, as previously it has been
suggested that females are usually more petite, have more gracile cranial and postcranial features, and smaller teeth [17].
This is important because levels of sexual dimorphism have been signi�cantly reduced throughout human evolution.

Morphology and morphometry of the nasopalatine canal

The �ndings from the present study reveal that the majority of the canals commenced from a single Stenson’s foramen
which is in concordance with existing literature from the Sinhalese and Swiss populations. However, this is in contrast to
Indian and American population groups where the most prevalent number of Stenson’s foramina was reported to be two [4,
12, 27]. Furthermore, sexual dimorphism concerning the number of openings was observed in the present study, contrary to
the �ndings of Thakur et al. (2013). Racial differences have been suggested to in�uence the prevalence of the variations
and it is believed that the current �ndings are unique to the Kenyan population [2, 27].

With regards to the length of the NPC in Kenyans, males were found to have signi�cantly longer NPC compared to females
which is consistent with �ndings from existing literature [1, 12, 27]. The mean length of the canal as noted in our setting
(13.21 mm) is higher than that reported in Sinhalese, Americans, and Iranians [2, 12, 27]. Our values were, however, lower
than the Indians’ [23] (Table 4).
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Table 4
The NPC dimensions of the Kenyan in comparison with the different populations

Author Population Length
of
NPC
(mm)

Antero-posterior diameter of
NPC (mm)

Medio-lateral diameter of NPC
(mm)

Angulation
(°)

Stenson’s
foramen

Mid-
point
of
canal

Incisive
foramen

Stenson’s
foramen

Mid-
point
of
canal

Incisive
foramen

Al-Amery et
al., 2015 [1]

Mongoloids 16.33 6.06 - 2.80 6.08 - 3.49 -

Fernández-
Alonso et
al., 2014 [9]

Spanish 12.34 - - - - - - 73.33

Jayasinghe
et al., 2020
[12]

Sinhalese 12.14 2.85 2.37 3.03 - - 3.69 115.69

Kajan et al.,
2015 [13]

Iranian 12.84 3.70 2.35 3.53 - - - -

Sekerci et
al., 2014
[22]

Turkish 10.83 2.53 - 4.13 - - - -

Soumya et
al., 2019
[23]

Indians 18.63 - - 3.12 - - 3.23 -

Present
study

Kenyans 13.21 3.52 2.49 3.21 3.90 2.89 2.81 118.42

 

The anteroposterior diameter of the NPC at the level of Stenson’s foramen (3.52 mm), mid-point of the canal (2.49 mm),
and at the level of the IF (3.21 mm) were similar to �ndings in the Turkish and Iranian populations but differed greatly from
the Mongoloids and Indian groups [1, 22, 23]. In addition, the mediolateral diameter of the canal was found to be smaller in
comparison to all population groups studied, portraying a more slender canal in a mediolateral dimension compared to the
anteroposterior dimension in Kenyans. This dimension is favorable for the placement of an implant into the NPC if the
need arises [4]. Furthermore, the angulation of the canal (118.42°) in the present study is relatively similar to that reported
in Sinhalese and Americans but is greater than the Indians [2, 12, 27] (Table 4).

The results pertaining to the shape of the NPC in the sagittal view reveal that the majority of Kenyans had a cylindrical
canal (38.89%) which is a greater prevalence than that observed in Sinhalese and Turkish populations. However, it is less
than that reported in the Iranians [12, 13, 22]. The second most common shape in this study was found to be the conical
shape (16.67%) which is similar to that in the Turkish population and signi�cantly higher than that found in the Iranian
group [13, 22]. Both these shapes are favorable for the placement of implants into the anterior maxillary bone. The
prevalence of the banana, funnel, hourglass, and tree branch shapes was within the range reported in various population
groups (Table 5).
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Table 5
The shape of the NPC (in the sagittal view) of the Kenyan compared with other populations

Author Population Shape of the NPC (Sagittal) (%)

Cylindrical Banana Funnel Hourglass Tree
Branch

Conical

Fernández-Alonso et al., 2014
[9]

Spanish 48.20 0.40 20.50 30.80 - -

Jayasinghe et al., 2020 [12] Sinhalese 18 - 38 26 - -

Kajan et al., 2015 [13] Iranian 57.60 1.50 15.20 2.00 - 4.50

Sekerci et al., 2014 [22] Turkish 15.20 19.60 26.90 15.80 6.20 16.3

Present study Kenyans 38.89 11.11 15.28 15.28 2.78 16.67

 

Examination in a coronal view revealed that a signi�cant proportion was found to be of the single canal shape (75.0%)
which is greater than �ndings in Iranian, Spanish, Turkish, and Swiss populations [9, 13, 22, 25] (Table 6). The prevalence
of double canal (11.11%), however, is greater than most population groups. On the other hand, the Y-shaped canal was
found to have the least prevalence in comparison to any of the population groups. These double canals may result in
insu�cient anesthesia following the in�ltration of local anaesthesic agents as the separating bone between them may
hinder the diffusion of the solution to the adjacent canal.

Table 6
The shape of the NPC (in the coronal view) of the Kenyan compared with other

populations
Author Population Shape of the NPC (Coronal) (%)

Single Double Y-shaped

Fernández-Alonso et al., 2014 [9] Spanish 41.10 10.30 42.40

Kajan et al., 2015 [13] Iranian 43.52 9.97 46.51

Sekerci et al., 2014 [22] Turkish 61.41 9.78 28.80

Suter et al., 2016 [25] Swiss 39.30 2.60 58.20

Present study Kenyans 75.00 11.11 13.89

 
Morphology and morphometry of the incisive foramen

The IF and its overlying incisive papilla are important landmarks in clinical practice. The relationship between the incisive
papilla and the maxillary anterior teeth is used for the construction of the maxillary complete denture, and this exact
relationship has been reported among Kenyans of African descent [19]. In addition, the IF serves as an important point at
which the descending palatine artery may be compressed and consequently embolized to control severe epistaxis [5].
Moreover, the NPC and IF form an integral part of the Kernahan ‘Y’ classi�cation system used in grading the severity of
submucosal cleft lip and palate, further highlighting the signi�cance of its anatomy [14].

The average dimensions of the IF in the present study were 3.53 mm and 3.07 mm in the anteroposterior and mediolateral
diameter respectively. This is comparable to dimensions found in Indians and Belgians and is similar to that reported by
Hassanali & Mwaniki (1984) [11, 27]. However, Hassanali & Mwaniki also reported that the diameter tends to be > 0.4 cm in
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20% of cases with round foramen while the remaining 80% of IF were cone-shaped [11]. Their �ndings are in contrast to
that observed in the current study, where a majority of the IF was noted to be round (33.30%). This �nding is in keeping with
the Turkish and Iranian population groups. However, a study by Nikkerdar et al. (2018) revealed that the majority of IF’s
were heart-shaped [3, 18, 22, 26, 27]. Our study also reveals high numbers of diamond, teardrop, and triangle shapes in
comparison to other groups. A pathological condition such as the nasopalatine duct cyst should be suspected if the
diameter of the IF exceeds 6.0 mm. In the present study, the diameter of the IF was found to range between 1.50 mm to
5.95 mm which is in accordance with previously accepted norms (Table 7).

Table 7
The shape of the IF of the Kenyan compared with other populations

Author Population Shape of the IF (%)

Diamond Heart Oval Round Tear drop Triangle

Bahşi et al., 2018 [3] Turkish - 20.7 16.0 62.7 - 0.7

Nikkerdar et al., 2018 [18] Iran - 46.3 10.7 33.0 - -

Sekerci et al., 2014 [22] Turkish - 30.16 26.19 43.65 - -

Telebian et al., 2018 [26] Iran - 8.33 25 58.34 - -

Present study Kenyan 8.33 18.06 23.61 33.33 15.28 1.39

 
Morphology and morphometry of the maxillary bone

The location, shape, and orientation of the NPC need to be evaluated before anterior implant placement, of which the above
results are valuable as they provide a baseline for the African Kenyan. This is important especially in cases where a screw-
retained implant is indicated as its insertion is usually more palatally placed. Equally important is the assessment of the
adjacent anterior maxillary bone thickness. One study reported a signi�cant difference in alveolar ridge thickness between
the African Americans and Caucasians, with the former exhibiting thinner ridges at the apex for both the central and lateral
incisors [21]. Similar to that reported by numerous authors, the bony dimensions demonstrated increment from the region
of the alveolar crest to the level of the nasal spine. Males generally had a thicker bone in comparison to females hence,
females may require more precautions during implant insertion to avoid perforation of the NPC or buccal cortex, especially
in the mid canal region. Alkanderi et al. have shown in their virtual implant placement study that the most perforations
occurred in the middle third of the implant [2]. Chan et al. reported that buccal bone fenestrations would occur in
approximately 20% of cases, most commonly in the apical third of the implant if an implant is placed following the axis of
its restoration [6]. Because of this, the size of the implant �xtures chosen may be reduced because it is impossible to graft
a perforation to the NPC unless the whole NPC is obliterated. The choice of treatment is to immediately insert the implant
into the NPC following removal of soft tissue contents and placement of bone graft [20].

Recently, it has been reported that cylindrical (round) canals with a large incisive canal diameter have a smaller alveolar
ridge dimension at the apical part. Fortunately, this is not the case for the African Kenyans as they showed su�cient bone
due to their average-sized canals (Table 4). In addition, they have a more slender canal in a mediolateral dimension
compared to the anteroposterior dimension. In fact, at the mid-point between the nasal spine and alveolar crest (i.e.
approximately at the same level as the apical part of the implant), the bone was thicker (7.10 mm) than that of the
mongoloids and Indians [1, 23]. However, at the region of the alveolar crest, the maxillary bone was thinner in comparison
to all population groups except for the Turkish [22] (Table 8). So, dehiscence instead of fenestration may be an issue for
the African Kenyan. This fact, coupled with the proximity to the NPC described above warrants consideration for the use of
non-regular size conical-type (tapered) implant �xtures.
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Table 8
The maxillary bone thicknesses of Kenyan compared with different populations

Author Population Maxillary bone thickness (mm)

Nasal spine Mid-level Alveolar crest

Al-Amery et al., 2015 [1] Mongoloids 10.75 6.31 7.63

Soumya et al., 2019 [23] Indians - 6.32 -

Kajan et al., 2015 [13] Iranians 8.49 - 7.05

Sekerci et al., 2014 [22] Turkish 6.37 - 6.01

Present study Kenyans 10.87 7.10 6.30

 
Lastly, the results show that at the nasal spine, the maxillary bone was thicker (10.87 mm) than other population groups
such as the mongoloids, Iranians, and the Turkish groups; it thus may be useful as a bone graft donor site [1, 7, 13, 20, 22].

With regards to the shape of the maxillary bone, the majority of cases were found to be �at in males and concave in
females. This data is scarce in literature therefore little comparison can be made. This �nding concurs with the alveolar
bone measurements observed at 3 levels of NPC. Therefore, clinicians should be vigilant during implant placement in
women due to the concave shape of the bone, which has an increased risk of fenestration. The clinician may need to raise
a �ap when performing this surgery and shall be ready to graft this perforation when the need arises. Lastly, the
angulations of the NPC and the maxillary bone were found to be 118.42° and 116.00° revealing that they are relatively
parallel to one another, thus an implant can be inserted along the long axis of the bone.

In summary, this study provides a detailed and comprehensive analysis of the NPC and associated structures in the
Kenyan population. The information obtained may be used for benchmarking, as clinically it has been reported that the
increase in NPC dimensions or the presence of the bulging signs may be indicative of the presence of a nasopalatine duct
cyst or the results of dentoalveolar injury to the anterior maxilla [25]. Any deviation from the norm thus necessitates further
investigations.

Conclusion
The results of the present study highlight the prevalence of the anatomic variability concerning multiple aspects of the NPC
and IF in a selected Kenyan population. This study highlights their anatomical characteristics, with signi�cant sexual
dimorphism seen on the number of Stenson’s foramen, length of NPC, and shapes of NPC, IF and alveolar bone anterior to
NPC. Kenyan males are more likely to present with one Stenson’s foramen and longer NPC, while their female counterparts
may have narrower mid-level alveolar bone anterior to the NPC. Kenyan females appear to have more Stenson’s foramina
with a variety of shapes, and similar variation is observed for the shape of their IF. A signi�cant percentage of them also
presented with funnel shape and Y-shaped NPC.

Limitations And Recommendations
One of the limitations of this study was the reduced sample size due to the strict inclusion and exclusion criteria that were
employed. Further studies incorporating a larger sample size should be performed that could also investigate variations of
the NPC and IF concerning particular races within the Kenyan population. In addition, additional morphologic and
morphometric parameters can be used to better characterize the anterior maxillary region.
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Figure 1

Diagrams showing the various measurements of both the NPC and IF carried out in the present study. 1a: Sagittal view of
the NPC, Line 1 – Diameter of the NPC at the level of Stenson’s foramen, Line 2 – Diameter at mid-point of NPC, Line 3 –
Diameter at the level of IF, Line 4 – Length of NPC, Line 5 – Thickness of maxillary bone at the alveolar crest, Line 6 –
Thickness of maxillary bone at mid-point, Line 7 – Thickness of maxillary bone at nasal spine. 1b: Sagittal view of the
NPC, Angle 1 – Angulation of maxillary bone from the horizontal plane, Angle 2 – Angulation of NPC from the horizontal
plane. 1c: Coronal view of the NPC, Line A – Diameter of NPC at Stenson’s foramen, Line B – Diameter at mid-point of NPC,
Line C – Diameter at the level of IF. 1d: Axial view at the level of IF, Line I – Medio-lateral diameter of IF, Line II – Antero-
posterior diameter of IF

Figure 2

Axial CBCT sections showing the number of Stenson’s foramina. 2a: Single foramen 2b: Two foramina 2c: Three foramina
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Figure 3

Representative sagittal CBCT sections of the NPC showing the various shapes encountered in the study with, a clustered
column bar chart showing the shape prevalence of the NPC in a sagittal view for both male and female Kenyans. A
combined percentage value for both genders is also depicted. 3a: Cylindrical 3b: Hourglass 3c: Conical 3d: Banana 3e:
Funnel 3f: Tree-branch
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Figure 4

Representative coronal CBCT sections of the NPC showing the various shapes encountered in the study with a clustered
column bar chart showing the shape prevalence of the NPC in a coronal view for both male and female Kenyans. A
combined percentage value for both genders is also depicted. 4a: Single 4b: Double 4c: Y–shaped
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Figure 5

Representative axial CBCT sections of the IF showing the various shapes encountered in the study, with a clustered column
bar chart showing the shape prevalence of the IF for both male and female Kenyans. A combined percentage value for both
genders is also depicted. 5a: Round 5b: Oval 5c: Teardrop 5d: Heart 5e: Diamond 5f: Triangle
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Figure 6

Sagittal CBCT sections of the maxillary bone both the �at (6a) and concave (6b) shapes encountered in the present study


