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ABSTRACT

The aim of this study was to investigate the gender differences in
anatomical and morphometric characteristics of the nasopalatine
canal-NPC and horizontal dimensions of the anterior maxilla by
CBCT, which could be of interest for clinicians who perform im-
plant surgery in this region. A retrospective quantitative study was
conducted using CBCT images from the radiological database of
the Department of Dentistry (Kragujevac) on a total of 113 par-
ticipants (63 male and 50 female). The results of our study con-
firmed no gender difference in the distribution of NPC type, while
the most frequent NPC type confirmed gender variations (cylin-
drical in females, funnel in males), but the lowest incidence of
NPC type in both males and females was banana-type. The NPC
length was significantly increased in males with no significant
gender impact on medio-lateral (M-L) and antero-posterior
(A-P) dimensions of the incisive foramen, as well as the A-P di-
mension of the nasal foramen. Linear regression analysis re-
vealed the significant correlation between the M-L dimension of
incisive foramen and the anterior maxilla diameter at all bone lev-
els for males, and between the NPC length and the anterior max-
illa diameter only in females at the level D. Also, both NPC type
and gender significantly affected the correlations between the es-
timated parameters (females showed significant correlation only
in funnel NPC type at the level D, while males showed significant
correlation in both funnel NPC type at the level A, but also in
hourglass-type at the level D). Those results imply significant gen-
der impact in planning of various surgical interventions in the an-
terior maxilla region.

Keywords: Nasopalatine canal - NPC, anterior maxilla, cone
beam computed tomography - CBCT, morphometric analysis,
gender differenc.
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INTRODUCTION

Surgical procedures in the anterior maxillary region in-
clude surgical extraction of impacted teeth, implant place-
ment, endodontic treatment, periodontal surgery, the enucle-
ation of cysts, and orthognathic surgery (1). Clinicians, such
as oral, maxillofacial and plastic surgeons, which perform
surgical interventions in the mouth and surrounding struc-
tures, require more detailed insight into anatomy and varia-
tions of the NPC (2). This anatomical structure forms a rela-
tionship between the nasal and oral cavity and contains the
nasopalatine nerve, the descending branch of the nasopala-
tine artery, fibrous connective tissue and salivary glands (3).

In order to prevent NPC damage during implant surgery,
radiological diagnostic is crucial to assist surgeons in the
evaluation of the morphological variations of the NPC (4).
The current literature described several NPC shapes. Mar-
dinger and coworkers have classified NPC into four types
(banana-, hourglass-, cylindrical- and funnel-shaped) using
sagittal cross-section slices at CBCT (5). The same classifi-
cation was described by Guncu and coworkers (6). However,
Liang and collaborators defined the NPC shape as conical
and cylindrical (7), while Etoz and colleagues (8) classified
six NPC types (tree branch, cylindrical, banana-like, funnel-
like, cone-like, and hourglass). Saffi and collaborators (9)
proposed the classification of sagittal NPC shape into four
groups (cylindrical, funnel, hourglass, and spindle). Beside,
the researchers also recommend the evaluation of the NPC
location and extension for the planning procedures in implant

surgery (10).

In addition to the analysis of the NPC (shape, location and
dimensions), the horizontal maxillary bone diameter is the
most important factor for successful implant therapy (11). It
is not surprising that evaluation of the labiopalatal width of
the alveolar ridge is necessary before dental implant place-
ment (12). Accordingly, Al-Amery and coworkers used three
different levels for the assessment of the horizontal anterior
maxilla dimensions (13). On the other hand, Salemi and col-
laborators measured buccal bone thickness at four levels an-
terior to the NPC (14). All of mentioned characteristics of
both the NPC and anterior maxilla have been reported to vary
depending on gender, age, ethnicity and dental status (6, 15,
16).

The numerous complications during implant surgery in
the anterior maxilla were described in a literature. Namely,
osseointegration failure and short-term sensory disorder are
the two most frequent adverse events that have been associ-
ated with the implant placement in this region. Implant con-
tact with the neural tissue had been reported as a prediction
factor for osseointegration failure. Furthermore, NPC perfo-
ration is often accompanied with the neurovascular bundle
injury, bleeding during surgery, and the formation of the
NPC cyst (2, 17, 18, 19). There are many radiological modal-
ities available for analysis of the alveolar bone dimensions
and surrounding anatomical structures that may be helpful in
prevention of these complications (20, 21). However, CBCT

with 3D properties provides much more morphometric data
for the implant placement planning than the two-dimensional
radiographs (22, 23). Also, in recent years, the usage of
CBCT had been widely spread for the estimation of anatom-
ical and morphological NPC characteristics for numerous
purposes (9, 24, 25).

Hence, the aim of this study was to investigate the gender
differences in anatomical and morphometric characteristic of
the NPC and horizontal dimensions of the anterior maxilla by
CBCT, which could be of interest for clinicians who perform
implant surgery in the region of the anterior maxilla.

MATERIALS AND METHODS
Patients’ selection

A retrospective quantitative study was conducted
using CBCT images from the radiological database of the
Department of Dentistry, Faculty of Medical Sciences, Uni-
versity of Kragujevac. Radiographic images were obtained
during six months (April to October 2020). The study proto-
col was approved by the Institutional review board of the
Faculty of Medical Sciences, Unversity of Kragujevac (ap-
proval ID 01-4376).

The inclusion criteria for involvement in this study were:
patients over the age of 18, presence of both lateral and cen-
tral incisors, and formal consent for usage of personal clinical
data in scientific purposes. The exclusion criteria were estab-
lished as: low image quality, patients with systemic diseases
(such as hyperparathyroidism, Paget’s disease, osteoporosis),
maxillary osteonecrosis, as well as the pathological entities
in the NPC surrounding region (nasopalatine duct cyst, tu-
mors, impacted teeth, cleft lips, periodontal diseases of cen-
tral and lateral incisors - radiographic bone level from ce-
mentoenamel junction >3 mm). Patients with orthodontic
braces, metal restoration, dental implants, bone grafting and
spaced dentition were also excluded from this study. There-
fore, a total of 113 participants fulfilled the inclusion criteria,
63 male and 50 female (an average age of 45.20 + 2.14 and
41.06 = 1.96, respectively).

Imaging procedures

The CBCT images were obtained using an Orthophos XG
3D device (Sirona Dental Systems GmbH, Bensheim, Ger-
many). Operating parameters were set - 85 kV/6 mA, expo-
sure time - 14.3 s or 85 kV/10 mA, exposure time - 5.0 s, and
a voxel size of 160 pm or 100 um. The field of view was §x8
cm for all CBCT images, and the Frankfort horizontal plane
was perpendicular to the floor. GALAXIS software v1.9.4
(Sirona Dental Systems GmbH, Bensheim, Germany) was
used to analyze images. The examiners analyzed the CBCT
images using a monitor (23-inch Philips LED) with
1920x1080 screen resolution in a room with dim lightening.
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Morphology and dimensions of nasopalatine canal and
anterior maxilla

According to previously defined criteria (5), we classified
the NPC into four groups (banana-, hourglass-, cylindrical-
and funnel-type). The estimation of predefined NPC morpho-
metric parameters was performed at different sections: an-
teroposterior (A-P) dimension of the nasal foramen, length of
the NPC, A-P dimension of the incisive foramen, and medi-
olateral (M-L) dimension of the incisive foramen. We used
sagittal CBCT slice for all morphometric analyzes of the
NPC, except for the M-L dimension of incisive foramen,
which was evaluated at axial CBCT slice (Figure 1). For the
evaluation of the horizontal diameter of the anterior maxilla,
we used sagittal CBCT slice, and measurement was obtained
at four predefined levels, as shown in Figure 1. The values of
all parameters were expressed in mm. All measurements
were independently performed by two investigators (blind to
the protocol), with high inter-rater reliability (Pearson’s
r=0.95). The mean value for each parameter was used for fur-
ther analysis.

Sagittal cross-section

Axial cross-section

Figure 1. CBCT image analysis strategy.

Sagittal cross-section with the region of interest (top); (a)
A-P dimension of the incisive foramen, (b) level for the M-L
measurement of the incisive foramen, (c) mid-length of the
NPC, (d) A-P dimension of the nasal foramen, NCL (NPC

length), (A) horizontal diameter of the anterior maxilla from
the buccal border of incisive foramen to the facial aspect of
buccal bone plate, (B) horizontal diameter of the anterior
maxilla from the buccal wall of the NPC to the facial aspect
of buccal bone plate using a horizontal line from the palatal
border of the incisive foramen, (C) horizontal diameter of the
anterior maxilla from the buccal border at the midpoint level
of the NCL to the facial aspect of buccal bone plate, (D) hor-
izontal diameter of the anterior maxilla from the buccal bor-
der of nasal foramen to the facial aspect of buccal bone plate;
Axial cross-section with the region of interest (bottom);
(b) M-L diameter of the incisive foramen.

Statistical analysis

The data presented here was expressed as the means +
SEM. The parameters were initially submitted to Levene’s
test for homogeneity of variance and to the Shapiro-Wilk test
of normality. Comparisons between groups were performed
using independent t-test, Pearson’s chi-squared test, and/or
one-way ANOVA, followed by Scheffe’s post hoc test. Pear-
son’s coefficient of correlation was used to analyze relation-
ships between parameters, and simple linear regression anal-
yses were performed. A value of p<0.05 was considered to
be significant. Statistical analysis was performed with the
SPSS version 20.0 statistical package (IBM SPSS Statistics
20).

RESULTS

Results presented in Figure 2 confirmed no significant
difference by means of distribution in the NPC type between
male and female subjects (Pearson Chi-Square F=1.742,
df=3, p=0.628). However, the distribution of the NPC type
for both male and female subjects showed significant differ-
ences (Chi-Square F=11.095 and 9.040, p=0.011 and 0.029,
respectively). The frequency of banana shape was the lowest
for both estimated genders, but the highest incidence in male
subjects was observed for funnel-type of the NPC (36.51%)
while the most frequent NPC type in females was cylindrical
(36%).

As presented in Figure 3, the dimensions at different sec-
tions of the nasopalatine canal and the horizontal diameter of
the anterior maxilla were not significantly gender-dependent
by means of both the mediolateral and anteroposterior dimen-
sion of the incisive foramen (Fig. 3A/1 and A/2, respec-
tively). The similar situation was observed for the anteropos-
terior dimension of the nasal foramen (Fig. 3A/3). In contrast,
the nasopalatine canal length (Fig. 3A/4) was significantly
higher in male subjects (p<0.01). The horizontal diameter of
the anterior maxilla was not significantly affected by means
of gender difference at the levels of A, B, and C (Fig. 3B/1-
3, respectively), but again male subjects showed significant
augmentation in diameter of the anterior maxilla at the D
level (Fig. 3B/4, p<0.05).
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Figure 2. The frequency of the NPC type appearance.
Blue bars represents male subjects (n=63),
pink bars represents female subjects (n=50).
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Figure 3. The dimensions at different sections of the nasopalatine canal
and the horizontal diameter of the anterior maxilla (mm).A - different sections of NPC: A/1 - the mediolateral
dimension of incisive foramen, A/2 - the anteroposterior dimension of the incisive foramen, A/3 -the anteropos-
terior dimension of the nasal foramen, A/4 - the nasopalatine canal length. B - horizontal diameter of anterior
maxilla: B/1 - A level, B/2 - B level, B/3 - C level, B/4 - D level. Values are expressed as the mean + SEM.
* Denotes a significant difference, p<0.05, ** denotes a significant difference, p<0.01.

The results presented in Figure 4 showed that there was
no significant difference between the estimated parameters -
the mediolateral and anteroposterior dimension of the inci-
sive foramen (Fig. 4A and B, df=7, F=1.818 and 1.660, re-
spectively), as well as the anteroposterior dimension of the
nasal foramen (Fig. 4C, F=2.494) and the NPC length (Fig.
4D, F=2.031) depending on NPC type. Also, there was no
statistically significant gender difference in any estimated pa-
rameter for predefined NPC types.

The estimation of correlation between the dimension at
different sections of the NPC and the anterior maxilla diam-
eter at various levels (Table 1) showed that the M-L dimen-
sion of the incisive foramen significantly correlated with the
anterior maxilla horizontal diameter at all levels for male

subjects, but only at level B and C for females, while no sig-
nificant correlation between the A-P dimension of the inci-
sive foramen and the anterior maxilla horizontal diameter
was observed. As shown in Table 1, the A-P dimension of the
nasal foramen significantly correlated with the anterior max-
illa horizontal diameter at all levels for male subjects, but
only at level D for females. In contrary, NPC length analysis
showed no significant correlation with the anterior maxilla
horizontal diameter in male subjects, while females showed
significant correlation at D level.

The horizontal diameter of the anterior maxilla at all esti-
mated levels (A-D, Fig. 5A-D, respectively) was signifi-
cantly affected neither by the NPC type nor gender.
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Figure 4. The dimensions of the NPC up to the NPC type in sagittal cross-section (in mm).
A - M-L dimension of the incisive foramen; B - A-P dimension of the incisive foramen;
C - A-P dimension of the nasal foramen; D - NPC length. Values are expressed as the mean + SEM.
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Figure 5. The horizontal diameter of the anterior maxilla at different levels according to the NPC type in sagittal
cross-section (in mm). A - horizontal diameter of the anterior maxilla - A level; B - horizontal diameter of the
anterior maxilla - B level; C - horizontal diameter of the anterior maxilla - C level; D - horizontal diameter
of the anterior maxilla - D level. Values are expressed as the mean + SEM.

As shown in Table 2, the M-L dimension of the incisive
foramen at level A and B significantly correlated with the
horizontal diameter of the anterior maxilla at level A and B
for banana and funnel NPC types in male subjects, while the

significant correlation in females was observed only in the
hourglass NPC type, with no significant correlation for either
gender in the cylindrical NPC type. Again, female subjects
showed the significant correlation between the M-L
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dimension of incisive foramen and the horizontal diameter of
anterior maxilla at level C in the hourglass type. The signifi-
cant correlation between those parameters in male subjects
was observed in the cylindrical NPC type, but both gender
statistics confirmed significant correlation at the level C of
the anterior maxilla only in funnel NPC type. The analysis
performed at level C of the anterior maxilla showed no sig-
nificant correlation in either gender.

Interestingly, the significant correlation between the A-P
dimension of the incisive foramen and the anterior maxilla
diameter was observed only in female subjects at the level A
and B for the hourglass, and level B for the cylindrical NPC
type (Table 3), while males did not show any significant cor-
relation between those parameters at all levels.

As shown in Table 4, A-P dimension of the nasal foramen
significantly correlated with the anterior maxilla diameter at
levels A, B, and C only for the funnel NPC type in male sub-
jects, whit no significant correlations with the NPC type in
females.

On the other hand, female subjects expressed significant
correlation between the A-P dimension of the nasal foramen
and the anterior maxilla diameter at level C for the hourglass
type, and level D for the cylindrical NPC type.

Results presented in Table 5 showed that there was no
significant correlation between the NPC length at all esti-
mated levels and the anterior maxilla diameter for banana and
cylindrical NPC types in both populations. At the same time,
the significant correlation was confirmed between the NPC
length and the anterior maxilla diameter at the level D for the
hourglass type, and level A for the funnel NPC type in male
subjects. Finally, the significant correlation for female par-
ticipants was confirmed only between the NPC length and the
anterior maxilla diameter at the level D for the funnel NPC

type.

Table 1. The correlation between the dimension at different sections of the NPC and the anterior maxilla
diameter at various levels (significant correlations are bolded, blue fields represent significant correlations
only for male subjects, pink fields represent significant correlations only for female subjects, gray fields

represent significant correlations for both gender).

The levels of anterior maxilla horizontal diameter
The sections of the NPC Gender
A level B level C level D level
Male R2=0.2223 R2=0.309 R2=0.2788 R2=0.0908
The M-L dimension of p=9.61x10" p =2.25x10°° p=8.7x10¢ p=0.016
incisive foramen Female R2=0.027 R2 = 0.0903 R2=0.1872 R = 0.0443
p=0.254 p = 0.034 p = 0.002 p=0.142
Male R2=0.0064 R%2=10.0538 R2=0.0036 R2=10.001
The A-P dimension of p=0.532 p=0.067 p=0.641 p=0.804
incisive foramen 7
Female R2=10.0015 R2=0.0054 R2=1x10 R2=0.0013
p=0.791 p=0.612 p=0.998 p=0.804
Male R2=0.0727 R2=10.1011 R2=0.2882 R2=0.0788
The A-P dimension of nasal 0= IHIEES o= (ALl p=5.7x10° S
f
oramen Female | RZ=00328 R? = 0.0033 R? = 0.0336 R =0.1827
p=0.208 p =0.690 p=0.203 p = 0.002
Male R2=0.0048 R2=0.0005 R2=10.0015 R2=0.0036
p=0.590 p=0.856 p=0.766 p=0.462
The NPC length
Female R2=0.0003 R2=10.002 R2=10.0012 R2=10.100
p=0.901 p=0.760 p=0.814 p = 0.025
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Table 2. The correlation between the M-L dimension of the incisive foramen and anterior maxilla diameter at
various levels depending on the canal type at the sagittal cross-section (significant correlations are bolded, blue fields
represent significant correlations only for male subjects, pink fields represent significant correlations only for

female subjects, gray fields represent significant correlations for both gender).

The correlation be- . .
tween the M-L di- The NPC type at the sagittal cross-section
mension of incisive
. Gender
foramen and anterior
maxilla diameter on Banana Hourglass Cylindrical Funnel
different levels
The M-L dimension Male R2=0.8776 R2=0.135 R2=0.0123 R2=0.3015
of incisive foramen p=0.019 p=0.134 p=0.672 p = 0.007
VSs.
R2=0.519883 R?=0.4546 R?=0.0504 R2=0.0005
A level
eve Female | ™ _ 169 p = 0.032 p=0672 p=00935
. . Mal R?=0.8946 R2=0.0641 R2=0.0273 R2=10.4272
The M-L dimension ¢ p = 0.015 p=0311 p=0.526 p = 0.001
of incisive foramen
VSs.
B level Female R2=0.7471 R2=0.6061 R?=0.0944 R2=10.2092
p =0.059 p = 0.008 p=0.215 p =0.065
The M-L dimension Male R2=0.7564 R2=0.2071 R2=0.2285 R?=0.2049
of incisive foramen p =0.0553 p=0.058 p = 0.030 p = 0.030
C lovel Female | 2= 04326 R2 = 0.6925 R =0.0016 R2=0.4137
p=0.228 p = 0.003 p=0.874 p = 0.005
The M-L dimension Male R?=0.0094 R2=10.1275 R2=0.1387 R?=0.0062
c .. p=0.876 p=0.146 p=0.141 p=0.722
of incisive foramen
D ‘l)s. | Female R?=0.0032 R2=0.0362 R?=10.1404 R2=0.0324
eve p=0928 p=0.598 p=0.125 p =0.489

Table 3. The correlation between the A-P dimension of the incisive foramen and the anterior maxilla diameter at various
levels depending on the canal type at the sagittal cross-section (significant correlations are bolded, blue fields represent
significant correlations only for male subjects, pink fields represent significant correlations only for female subjects, gray
fields represent significant correlations for both gender).

The correlation between . .
the A-P dimension of nasal The NPC type at the sagittal cross-section
foramen and anterior max- | Gender
illa diameter on different L.
levels Banana Hourglass Cylindrical Funnel
The A-P dimension of nasal Male R2=0.5001 R2=0.0042 R?=0.0094 R?=0.2443
foramen p=0.182 p=0.855 p=0.711 p=0.016
A lovel Female | RZ=04523 R2 = 0.0602 R2=0.0116 R? = 6x10°
p=0.214 p=0.494 p=0.670 p=0.075
The A-P ”}LTQ'LSSE" of nasal Male R2 = 0.6757 R2=0.0324 R2 = 0.0528 R2=0.2772
p=0.088 p=0.475 p=0.359 p = 0.009
VSs.
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The correlation between . .
the A-P dimension of nasal The NPC type at the sagittal cross-section
foramen and anterior max- | Gender
illa dlamelt:ie(;: different Banana Hourglass Cylindrical Funnel
B level Fomale | RZ=01552 R2=0.1011 R2 = 0.0004 R2 = 0.009
© p=0.518 p=0.370 p=0.937 p=0.717
. . R2=0.7152 R2=0.2715 R2=10.2028 R2=0.3381
The A-P ”}L‘?Sﬁfe'ﬁn ofnasal | Male p=0.071 p =0.027 p =0.069 p = 0.004
Vs,
R2=10.3094 R2=10.1200 R2=10.0052 R2=0.0883
level
Cleve Female p=0.330 p=0327 p=0.775 p=0247
. . R2=10.0074 R2=10.0575 R2=0.1558 R2=0.1492
The A-P dimension of nasal Male p = 0.890 p=0338 p=0.117 p =0.069
foramen
D ‘l):vel Female R2=10.0782 R2=10.3954 R2=0.3125 R2=10.0799
p =0.649 p=0.051 p =0.016 p=0272

Table 4. The correlation between the A-P dimension of the nasal foramen and the anterior maxilla diameters at various
levels depending on the canal type at the sagittal cross-section (significant correlations are bolded, blue fields represent
significant correlations only for male subjects, pink fields represent significant correlations only for female subjects, gray
fields represent significant correlations for both gender).

The correlation between . .
the A-P dimension of nasal The NPC type at the sagittal cross-section
foramen and anterior max- | Gender
illa diameter on different
levels Banana Hourglass Cylindrical Funnel
The A-P dimension of nasal Male R2=0.5001 R2=0.0042 R2=10.0094 R?2=0.2443
foramen p=0.182 p=0.855 p=0.711 p=0.016
A lovel Fomale | R=0:4523 R2 =0.0602 R2=0.0116 R2 = 6x10%
p=0214 p=0.494 p=0.670 p=0.075
The A-P dimension of nasal Male R? i 0.6757 R? i 0.0324 R? i 0.0528 R? i 0.2772
foramen p=0.088 p=0.475 p=0.359 p = 0.009
VSs.
R2=0.1552 R2=0.1011 R2=10.0004 R2=0.009
B level
v Female p=0518 p=0370 p=0937 p=0717
. . R2=0.7152 R2=0.2715 R2=0.2028 R?=0.3381
The A-P (}1mens10n of nasal Male p=0071 p=0.027 p =0.069 p = 0.004
oramen
VS.
R2=10.3094 R2=0.1200 R?=0.0052 R2=0.0883
level
Cleve Female p=0330 p=0327 p=0.775 p = 0247
. . R2=10.0074 R2=0.0575 R2=0.1558 R2=0.1492
The A-P (}1mens10n of nasal Male p = 0.890 p=0338 p=0.117 p =0.069
oramen
D ‘l):vel Female R2=0.0782 R?=0.3954 R2=0.3125 R2=0.0799
p=0.649 p=0.051 p =0.016 p=0.272
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Table 5. The correlation between the nasopalatine canal length and anterior maxilla diameters at
various levels depending on the canal type at the sagittal cross-section (significant correlations are bolded,
blue fields represent significant correlations only for male subjects, pink fields represent significant
correlations only for female subjects, gray fields represent significant correlations for both gender).

The correlation between The NPC type at the sagittal cross-section
NPC length and anterior Gender
maxilla diameter on differ-
ent levels
Banana Hourglass Cylindrical Funnel
Mal R? = 0.5000 R? = 0.0657 R? = 0.0022 R?=0.2551
NPC length ale p=0.182 p=0.651 p=0.858 p=0.014
vS.
A level Femal R? = 0.4606 R? =0.0268 R? =0.0292 R? = 0.0077
emate p=0208 p=0.651 p=0.498 p=0.738
Mal R? = 0.6587 R?=0.0569 R?=0.0078 R?=0.1649
NPC length ¢ p=0.095 p =0.340 p=0.7736 p =0.054
vS.
B level Femal R? = 0.2089 R? = 0.0001 R?=0.0130 R? = 0.0042
emate p=0.439 p=0.993 p=0.652 p=0.806
Mal R? =0.3954 R?=0.0778 R? = 0.0001 R?=0.1580
NPC length ¢ p=0.256 p=0262 p=0.979 p = 0.060
vs.
C level Femal R?=0.533 RZ=0.0121 R>=0.0110 R? = 0.0083
emate p=0.161 p=0.762 p=0678 p=0.728
Male R>=0.1125 R?=0.3829 R? = 0.0083 R? = 0.0052
NPC length p=0.581 p = 0.006 p=0.727 p=0.743
vs.
D level Femal R? = 0.6497 R? = 0.2256 R? =0.0413 RZ=0.428
emale p=0.099 p=0.165 p=0419 p = 0.004
DISCUSSION frequent NPC type confirmed gender variations (cylindrical

A growing interest for a variety of surgical protocols in
dentistry implies the necessity for upgraded planning of such
interventions. One of the most complex issues that employs
regions in oral and maxillofacial surgery is focused on the
anterior maxilla. Therefore, the development of methodology
for better knowledge of morphometric properties of the NPC
and faster acquisition may be substantially important. In or-
der to establish the methodology that could be helpful by
means of duration in surgical interventions planning, we per-
formed the estimation of the morphometric analysis of the
NPC and the anterior maxilla, based on the NPC type classi-
fication, according to gender.

The results of our study confirmed no gender difference
in the distribution of the NPC type. Our results are in line
with studies by Guncu (6) and Thakur and coworkers (20).
However, as shown in Figure 2, the frequency of appearance
for different NPC types did not follow equal distribution for
both male and female subjects. Interestingly, the most

in females, funnel in males), but the lowest incidence of the
NPC type in both male and female participants was the ba-
nana-type of the NPC. This is also in accordance with Guncu
and collaborators (6).

The analysis of the dimensions at different sections of the
NPC showed no significant gender impact on M-L and A-P
dimensions of the incisive foramen, as well as the A-P di-
mension of the nasal foramen. In contrast,the NPC length
was significantly increased in male participants. The results
for the NPC length and the A-P dimension of the nasal fora-
men are in accordance with previous reporst of Kajan and
collaborators (26), but they found statistical difference in the
A-P dimension of incisive foramen between male and fe-
male. However, the study of Soumya and coworkers showed
that gender did not have an impact on any of the estimated
dimensions of the NPC sections (16). The observed differ-
ences could be attributed to different methodologies applied.
Furthermore, analysis of the horizontal diameter of the ante-
rior maxilla at different levels also showed the gender impact
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manifested as significant augmentation of distance between
the nasal foramen and cortical layer of the anterior maxilla in
male subjects, with no significant difference at the lower
parts of the anterior maxilla. Our results are in line with re-
search groups of Salemi (14) and Gonul (27). However, our
findings are not in accordance with the results presented by
Lopez (1) and Hakbilen and colleagues (28). A potential ex-
planation could be found in obvious differences in population
characteristics, age of participants, total number of subjects,
and/or predefined inclusion/exclusion criteria. Also, there
was a substantial variability in methodology (number and
definition of NPC sections, as well as the classification of
NPC types).

According to the results obtained in this study none of the
parameters (the dimensions of NPC up to NPC type in sagit-
tal cross-section) was significantly different according to
gender (Fig. 4). However, we are not able to compare the re-
sults obtained in this study with other published material due
to lack of literature data.

Linear regression analysis (Table 1) revealed the signifi-
cant correlation between the M-L dimension of the incisive
foramen and the anterior maxilla diameter at all bone levels
for male subjects, while this relation in female participants
was present only in the mid part of the anterior maxilla (level
B and C). A similar finding was observed for the A-P dimen-
sion of the nasal foramen, where again significant correlation
was confirmed in male subjects, but the A-P dimension of the
nasal foramen correlated significantly with the anterior max-
illa diameter only at the highest evaluated level (level D) in
females. The opposite finding was achieved concerning the
relationship between the NPC length and alveolar bone thick-
ness. Namely, the significant correlation between the NPC
length and the anterior maxilla diameter was observed only
in female participants at the level D. Furthermore, the hori-
zontal diameter of the anterior maxilla at different levels ac-
cording the NPC type in sagittal cross-section showed no sig-
nificant difference according to gender (Fig. 5).

The correlation between the M-L dimension of the inci-
sive foramen and the anterior maxilla diameter at various lev-
els depending on the canal type at the sagittal cross-section
was variously affected by gender (Table 2). In male subjects,
significant correlation between the M-L dimension of the in-
cisive foramen and lower parts of the alveolar ridge (level A
and B) was observed in the banana- and funnel-type of NPC,
while with the higher regions of the anterior maxilla (level C)
significant correlation was present in the cylindrical- and fun-
nel-type of NPC. In contrast, females expressed significant
correlation between the M-L dimension of the incisive fora-
men and the anterior maxilla thickness only in the hourglass-
type of NPC at the levels A, B, and C, as well as the funnel
NPC type at the level C.

The linear regression analysis revealed significant corre-
lation between the A-P dimension of the incisive foramen
and the anterior maxilla diameter only for females with the
hourglass-type at levels A and B, and for the cylindrical-type

of NPC at level B, with no significant correlations for male
participants.

Furthermore, the estimation of interconnection between
the A-P dimension of the nasal foramen and anterior maxilla
diameters at different levels depending on the canal type at
the sagittal cross-section confirmed that no significant corre-
lation for either gender in the banana NPC type. At the same
time, male subjects showed significant correlation between
the A-P dimension of the nasal foramen and buccal bone in
the funnel NPC type at all levels except the highest (D level),
and the hourglass-type at the level C. Unlike for males, fe-
male participants confirmed significant correlation between
the A-P dimension of nasal foramen and anterior maxilla
thickness in the cylindrical-type of NPC at the highest level
(level D).

Finally, the linear regression analysis for the relationship
between the NPC length and the anterior maxilla diameters
at various levels depending on the canal type revealed that in
female subjects significant correlation was present only in the
funnel NPC type at the level D. In contrast, male participants
showed significant correlation in both the funnel NPC type at
level A, but also in the hourglass-type at the level D.

Unfortunately, we are not able to compare the mathemat-
ical analysis that gives an insight into the relationship be-
tween the anterior maxilla dimensions and morphometric
characteristics of the NPC according to the NPC type, since
to our knowledge this interconnection was not yet evaluated.
Thus, it is even more not possible to estimate the gender im-
pact on those relationships. However, our principle intention
was to allow the more accurate data for morphometric quan-
tification in order to achieve advanced planning of various
surgical interventions in the anterior maxilla region. Future
investigations on this topic, accompanied with the standard-
ized methodology for evaluation, will allow more reliable in-
formation for clinical practice.
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