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ANATOMICAL AND VOLUMETRIC CHARACTERISTICS OF THE INASOPALATINE CANAL

DEMIRALP ET AL
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Evaluation of Anatomical and Volumetric
Characteristics of the Nasopalatine Canal
In Anterior Dentate and Edentulous
Individuals: A CBCT Study

Kemal Ozgir Demiralp, DDS, PhD,* Emine Sebnem Kursun-Cakmak, DDS, PhD,T Seval Bayrak, DDS, PhD,t
Onur Sahin, DDS, PhD,§ Cemal Atakan, DDS, PhD,q and Kaan Orhan, DDS, PhD||

he nasopalatine canal (NPC) is
I a long, narrow, varyingly shaped
duct, present at the palatal mid-
line, that links a bony connection
between the nasal and oral cavities
and involves the nasopalatine nerve
and the terminal ramification of the na-
sopalatine artery, as well as connective
tissue, fat, and small salivary glands.'-?
At the inferior end of the NPC, located
under the incisive papilla posterior to
the central incisors, is a circular open-
ing called the incisive foramen.?

It is important that morphological
characteristics, dimensions, and the vol-
ume of the NPC, which is the most
significant anatomical structure in the
anterior maxilla region, should be well
known for the purpose of differentiating
between normal NPC and NPC pathology
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Objective: To examine the naso-
palatine canal (NPC) anatomical
and volumetric measurements in
anterior edentulous (AE) and ante-
rior dentate (AD) individuals and to
compare these findings according to
sex, age, shape, and severity of
resorption in the premaxilla.

Methods: Two hundred cone
beam computed tomography images
were divided into 2 groups: AE and
AD. The diameter, the length of the
NPC and the width, the length of the
buccal bone anterior to the NPC
were measured and recorded. Linear
and volumetric measurement results
were evaluated in terms of age, sex,
dental status, shape, and severity of
resorption.

Results: No significant differen-
ces were observed between the AE
and AD groups in terms of the NPC
volume (P = 0.289). In the AE

group, the spindle shape had the
highest volume, and in the same
group, with aging, the volume signif-
icantly increased (P = 0.00). The
mean NPC volume was found to be
statistically significantly larger in
males than females (P = 0.02). A
statistically significant relation was
observed between NPC volume and
resorption status.

Conclusion: Severe  bone
resorption due to sustained edenta-
tion complicated implant surgery
because of the increase in incisive
and nasal foramen diameters and
decrease in buccal residual bone
dimensions. The NPC volume was
found fewer in edentulous patients,
and by the resorption, the volume
was decreased. (Implant Dent
2018;27:474-479)

Key Words: dental implant surgery,
bone resorption, incisive foramen

and of taking protective measures before
surgery. Despite there being numerous
publications related to the pathology of
the NPC region, there are only a limited
number of studies dealing with its ana-
tomical variations, size, and morphol-
ogy.* At present, to the best of our
knowledge, there is only 1 study that has
been published on the volume of NPC.>
NPC dimensions were found to
be highly variable and influenced by

age, sex, and the presence or absence of
maxillary anterior teeth. Given the tooth
extraction results in bone resorption and
remodeling of surrounding anatomical
structures, it is not surprising that max-
illary anterior dental status was found to
have an effect on measurements.’
Atrophic edentulous anterior max-
illa rehabilitation has always been a dif-
ficult task for the clinician because of
the insufficient quality and quantity of

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 1. Four shapes of the NPC observed in
cone beam computed tomography images.
A, Cylindrical shape (parallel labial and palatal
walls). B, Funnel shape (from the hard palate
to the nasal fossa increasing anteroposterior
dimension). C, Hourglass shape (the nar-
rowest anteroposterior dimension at the
midlevel compared with the nasal fossa and
hard palate). D, Spindle shape (the widest
anteroposterior dimension at the midlevel
compared with the nasal fossa and hard
palate).

|

residual bone and the substantial aes-
thetic and functional demands.® One of
the more complex issues related to
implant planning involves the shorten-
ing of the NPC length and the widening
of the diameter, which are required as
aresult of the high resorption rates after
tooth extraction in the anterior region.”

Before placement of an implant in
the anterior maxilla region, it is neces-
sary that a detailed radiographic pre-
operative examination be conducted to

obtain a precise measure of the amount
of bone present, to preserve the anatom-
ical structures, and to avoid intraoper-
ative complications, such as perforation
of the NPC and buccal bone plate.?

Although periapical and panoramic
radiographs are regularly used for pre-
implant treatment planning in clinical
practice, the projection geometry of the
x-ray beam can lead to magnification
and distortion of these 2D images.’ In-
novations in imaging systems and the
increased use of cone beam computed
tomography (CBCT) in dentistry have
afforded a more accurate and closer
look at anatomical structures, such as
the NPC, mandibular canal, and mental
foramen.* In recent years, the use of
CBCT in providing three-dimensional
imaging has been accepted as an invalu-
able imaging technique by many dento-
maxillofacial researchers because of its
lower radiation doses and lower costs
compared with computed tomography
(CT).10

The aim of this retrospective study
was to examine the NPC anatomical
and volumetric measurements in ante-
rior edentulous (AE) and anterior den-
tate (AD) individuals and to compare
these findings according to sex, age,
NPC shape, and severity of resorption
in the premaxilla.

MATERIALS AND METHODS

The study protocol was carried out
according to the principles described in
the Declaration of Helsinki, including
all amendments and revisions. The

ethical approval was granted by the
Abant Izzet Baysal University Ethical
Committee (institutional review board
number: 2017/54).

In the present retrospective study,
200 subjects who presented to the
Dentomaxillofacial Radiology Depart-
ment of Abant Izzet Baysal University
Faculty of Dentistry to undergo
a required CBCT examination as part
of their routine examination and implant
treatment planning were enrolled in the
study. Patients who had the NPC with
evidence of pathology, jaw diseases
caused by metabolic, developmental,
or inflammatory factors or jaw fractures;
had undergone orthognathic surgery;
and had poor-quality CBCT images or
technical problems related to CBCT
were excluded from the study. Images
were divided into 2 groups by dental
status before conducting evaluations
and measurements—group 1: AE pa-
tients (between canine regions) and
group 2: AD patients (as a control
group). Both of the AE (45 men and
55 women) and AD (51 men and 49
women) groups consisted of 100 pa-
tients. The CBCT images were obtained
with the I-CAT 3D Imaging System
(Imaging Sciences International, Hat-
field, PA) using the following parame-
ters: 5 mA, 120 kVp, 16 X 7to 13 cm
field of view, voxel size 0.3 mm.

The volume and shape of each
canal were identified in both groups.
The volume estimates were obtained by
stereological analysis according to the

|@ Abie Software 30-00CTOR - &
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Fig. 2. Representative images from 3D-DOCTOR analysis software.
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Fig. 3. Measurements of anatomical struc-
tures in sagittal sections from the cone beam
computed tomography image. Ridge width
anterior to the canal; (D1) apical, (D2) middle,
(DY) crestal, (D4) the length of buccal residual
bone, (D5) the diameter of the nasopalatine
foramen, (D6) the length of the nasopalatine
canal, and (D7) the diameter of the incisive
foramen.

|

Cavalieri principle. Each canal was
separated into consecutive axial section
thicknesses of 0.1 mm using 3D-DOC-
TOR software (3D-DOCTOR Able
Software Corp., Lexington, KY). There
were no intervals between sections. The
NPC images were outlined manually
with the mouse by using a tool called
“Free” to mark the region of interest.

The planimetry method was used to cal-
culate the surface area of these sectional
images, and the software automatically
gave the total volume by multiplying
the total surface area and the section
thickness. This procedure was followed
for all NPCs in every section thickness
of 0.1 mm. (Fig. 1). The canal shapes
were classified under 4 categories ac-
cording to their shape on the sagittal
sections: cylindrical, funnel, spindle,
or hourglass (Fig. 2).

The following  standardized
measurements were recorded in milli-
meters on sagittal images for the AD
and AE groups: D1, apical ridge width
anterior to the canal; D2, middle ridge
width anterior to the canal; D3, crestal
ridge width anterior to the canal; D4,
the length of buccal residual bone; D5,
the diameter of the nasopalatine fora-
men; D6, the canal length from its
nasal base to the palatal opening (a
horizontal line parallel to the nasal
base from the palatal crest); and D7,
the diameter of the incisive foramen
(Fig. 3).

In the AE group, the NPC was
examined in terms of the severity of
resorption, and the available residual
edentulous ridge was classified under
the following 5-point classification
system proposed by Lekholm and
Zarb: (A) intact ridge form, (B) minor
resorption at the alveolar ridge, (C)
advanced resorption of the alveolar

Table 1. Number and Mean Volume of the NPC According to Sex in the AD and AE

Groups

Sex AE (n) Mean Volume (mm?3) AD (n) Mean Volume (mm?3)
Male 45 104.50 51 140.04
Female &5 102.30 49 86.25
Total 100 103.29 100 113.68

Looking at the groups separately, the volume of the canal was larger in the males of the AD group than in the females of the same
group (P = 0.001), whereas in the AE group, the canal volume was not statistically correlated with sex (P = 0.774).

Table 2. Number and Mean Volume of the NPC According to the Canal Shape in the

AD and AE Groups

Canal Shape  AE (n) Mean Volume (mm3)  AD (n)  Mean Volume (mm?3)
Cylindrical 51 99.16 43 116.92
Funnel 16 69.96 24 105.9
Hourglass 21 108.55 27 118.22
Spindle 12 156.11 6 101.16

Total 100 103.29 100 113.68

In the AE group, statistically significant results were obtained in reference to the relationship between canal volume and canal shape
types. Specifically, in this group, a cylindrical-shaped canal was the most common (P > 0.05), whereas the spindle-shaped canal had
the largest volume (P = 0.009). In the AD group, there was no relation detected between the canal volume and shape.

Table 3. Number and Mean Volume of

the NPC According to the Resorption
Group in the AE Group

Resorption Mean Volume
Groups n (mm?3)
A 30 123.62
B 22 93.87
C 23 111.65
D 8 76.04
E 17 81.13
Total 100 108.29

The highest volume (123.62 mm?3) was determined to be in the
intact ridge form (A), whereas the lowest volume (76.04 mmg)
was determined in the base of the dental arch initial resorption
group (D) with statistical significance (P < 0.05).

Table 4. Statistical Relations of
Resorption Groups

Resorption Groups P

0.006*
0.209
0.038*
0.004*
0.229
0.696
0.566
0.275
0.087
0.887

o0 mWwwW > > > >
mMMmMOmOoOmoOWw

Although group C, advanced resorption group, showed no
statistically significant difference with the other groups, group A,
intact ridge form, exhibited statistically significant difference with
the other resorption groups.

*Statistical differences between groups.

ridge to the base of dental arch, (D)
initial resorption of the base of the
dental arch, and (E) extreme resorption
of the base of the dental arch. For both
groups, NPC was compared according
to age, sex, canal shape, and dental
status.

Data analysis was performed using
the Statistical Package for the Social
Sciences (SPSS), version 20.0, for
Windows. Independent samples ¢ test
and one-way ANOVA were performed
to compare the groups. The post hoc test
was used to determine differences
between variables. The significance
level was set at P > 0.05.

RESULTS

The mean age of the AE and AD
groups was 58.3 = 8.3 and 51.7 = 9.2
years, respectively. There was no

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Table 5. Mean Values With SD of Linear Measurements According to Sex, Anterior Dental Status, Resorption Groups, and Shape

of the Canal
D1 (mm) D2 (mm) D3 (mm) D4 (mm) D5 (mm) D6 (mm) D7 (mm)
Sex
Female 511 198 395 +206 1557 =321 1119+ 233 337 = 1.43 10.09 + 2.32 3.32 = 1.17
Male 53+ 199 3.87 £216 1596 + 465 11.77 +254 356 +1.6 10.77 + 318 3.9 = 1.08
Total 52 +198 391 21 1147 +24 1147 =24 346 =151 1042 =278 3.6 = 1.71
Anterior dental status
AD 6.09 = 1.2 54 +142 182 + 24 11.89 =221 292 + 128 1129 = 2.64 3.36 = 1.17
AE 43212 23 *+147 1332 £ 372 11.04 £251 40+ 1.54 95+ 265 3.84 = 1.12
Total 511198 391 £21 1576 =396 1147 +24 346 =151 1042 +278 3.6 = 1.71
Resorption groups
A 404 =201 253+ 1566 377 156 1458 +21 321172 1018 21 4.06 * 1.14
B 487 =313 254 179 432+ 192 1082 210 3.77 =1.47 9.86 + 271 4.77 = 1.38
C 438 +181 233 +139 203*+170 1126+ 212 39+ 153 888 +271 463 =* 1.114
D 505 =211 210+ 1.0 3.32 = 1.37 10.7 £ 3.83 3.36 = 1.57 9.3 + 3.61 4.58 = 0.78
E 363+ 148 214 =123 299 + 1.76 8.61 =217 3.98 + 1.26 95+ 26 4.96 * 0.83
Total 431 +212 2388 +1.47 328+ 172 11.046 =251 36 * 154 954 +265 4.60 = 1.12
Shape of the NPC
Cylindrical 535 =221 3.87 £214 1548 = 45 1154 + 241 373 + 152 10.39 + 2.78 3.51 + 1.34
Funnel 514 = 1.62 421 +1.92 16 = 11 11561 £ 269 2.73 £ 1.16 10.54 + 2.95 3.54 + 0.7
Hourglass 522 =184 398 +224 1610 = 442 1124 + 233 359 = 1.56 1045 + 276 3.72 = 1.12
Spindle 454 =185 3.32 £ 1.96 1552 = 52 1159 + 194 334 +1.61 102 +2.66 3.9 +1.17
Total 52 +198 391 21 1576 +3.96 1147 +24 346 *+ 151 1042 +278 3.6 = 1.71

Although the mean of D1, D2, D3, D4, and D6 was statistically significantly higher in the AD group; the mean of D5 and D7 was found lower in the AD group compared with the AE group (P = 0.05).
The incisive foramen mean diameter was statistically higher in the male group (P = 0.05) as the resorption increased (from groups A-E) in the AE group, NPC nasal and incisive diameters increased, and all
the other linear measurements decreased. No statistically significant difference was observed between canal shapes according to measurements (P = 0.05).

statistically ~ significant  difference
between the AE and AD groups with
regard to the canal volume (P =
0.289). Age was determined to be unre-
lated to the canal volume for the AD
group (P = 0.149), whereas for the
AE group, the mean volume signifi-
cantly increased with age (P = 0.009).
Among the participants constituting both
groups, the mean canal volume was sta-
tistically significantly larger in males
(12338 mm?) than in females
(94.74 mm?) (P = 0.004) (Table 1).

The observed canal shapes and the
mean volumes in the sagittal plane are
given for both groups in Table 2. In the
AE group, statistically significant re-
sults were obtained in reference to the
relationship between canal volume and
canal shape types (P = 0.05). In the AE
group, there was a statistically signifi-
cant relation between NPC volume and
resorption status (P < 0.05). As the
resorption increased, NPC volume
was gradually decreased in AE patient
group (Tables 3 and 4).

Mean linear measurements of the
NPC and buccal residual bone were
statistically different between the AE
and AD groups (P = 0.05), and there

was a statistically significant difference
between sex groups only in the mean
diameter of the incisive foramen (D7)
(P =0.05). NPC volume measurements
did not vary statistically by buccal
residual bone measurements, but signif-
icant correlations were found between
volume and nasal and incisive foramen
diameters (P = 0.00). The buccal resid-
ual bone lost 40.9% of its mean length;
it decreased from 15.58 (Class A) to
8.61 mm (Class E) with the resorption
increased (P = 0.01). As the resorption
increased from Class A to E, the
decrease in the width of apical, middle,
and crestal regions of buccal residual
bone was found as 10.1%, 15.1%, and
20.6%, respectively.

The mean NPC length decreased
from 10.18 (Class A) to 9.5 mm (Class
E) without statistical significance (P =
0.05). Contrary to these findings, the
NPC diameter increased with the
degree of ridge resorption both in naso-
palatine and incisive foramen regions.
The mean diameter enlargement (Clas-
ses A-E) was 0.9 mm (22.1%) in the
incisive foramen area and 0.77 mm
(23.9%) in the nasal foramen part of
the canal (Table 5).

Discussion

In the maxillary anterior region, it
is necessary that a detailed radio-
graphic assessment be conducted to
confirm the precise location and di-
mensions of the anatomical structures
before dental implant surgery and
other surgical procedures. The litera-
ture features many studies on the use of
various imaging methods for the mor-
phological evaluation of NPC. To cite
some examples, TOzUm et al'' and
Mardinger et al'? investigated NPC
with CT; Mraiwa et al® and Liang
et al'3 used spiral CT; Song et al® used
micro-CT; and Jacobs et al'* per-
formed endoscopic evaluations of the
NPC in their cadaver study. In these
studies, because morphological meas-
urements were usually made on asingle
plane and between 2 points, the distan-
ces in the other planes were ignored. In
the present study, however, this prob-
lem was avoided for the channel vol-
ume because it does not change
according to the plane on which the
structure is made. Sagittal CBCT im-
ages were also used to evaluate mor-
phologic measurements.
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Numerous studies have also been
conducted on the topic of volume
estimation on CBCT images under
a wide range of subjects, such as
extraction sockets,' pulp-to-tooth vol-
ume, ' oropharynx volume,!” and max-
illary sinus volume!8 to name several. A
high correlation has been reported
between physical and volume measure-
ments performed with 3D-DOCTOR
software, which is capable of measuring
vector-based segmentation.!” In the
present study, we applied the Cavalieri
principle, a stereological method, in the
quantitative assessment of NPC vol-
umes using 3D-DOCTOR software.
Kayipmaz et al? indicated that the Cav-
alieri principle used on CBCT images
was a valid method for the volumetric
analysis of sheep mandible defects, sup-
porting this validity on the basis of its
effective use in performing a volumetric
analysis of the artificial defects that they
had created in their study.

Acar and Kamburoglu® reported
that the NPC volume was higher when
one central incisor was present
(73.10 mm?) than when both central in-
cisors were absent (61.28 mm?). In line
with these results reported by Acar and
Kamburoglu, we calculated there to be
a higher volume (113.6 mm?3) in the
dentate group than in the edentulous
group (103.2 mm?).

The absence or presence of anterior
incisors also influenced some dimen-
sions. Bornstein et al* reported an
increase in the buccal bone width in
dentate patients compared with edentu-
lous patients, and anterior maxillary
bone resorption was shown to result in
a reduction of canal length. Similarly,
Giincii et al?! stated that the dimensions
of the buccal bone plate and NPC length
were decreased in the absence of max-
illary anterior teeth. In the current study,
although edentulous patients exhibited
higher measurements in the incisive and
nasal foramen diameter, they showed
lower results in the buccal bone and
NPC length. In line with Bornstein
et al,* we observed that there was
a decrease in the length of the buccal
bone, NPC, and ridge width anterior to
the canal by an increase in the resorption.

In the literature, NPC shape or
morphology is classified according to
several criteria, including number of

canals, direction, course, or appearance
of the image on CT. These criteria are
specified on either cross-sectional or
axial slices or determined on 3D im-
ages. For instance, Mardinger et al'?
and Giincii et al®! classified the forms
of the NPC under 4 groups (banana,
funnel, hourglass, and cylindrical) in
sagittal sections, whereas Liang et al'3
categorized only 2 groups (cylindrical
and conical). In the present study, the
canal shape was classified under 4
groups according to sagittal images:
hourglass, funnel, spindle, and cylindri-
cal. Acar and Kamburoglu® determined
there to be no relation between the canal
shape and volume. On their evaluation
of axial views, the largest volume was
seen in the heart shape (without separa-
tion) and the lowest in the oval shape
(without separation). In the dentate
patient group, we found no relation
between the canal shape and volume,
whereas in the edentulous group, the
highest volume was observed in the
spindle-shaped canals. The most and
the least common canal shapes were
observed to be cylindrical and spindle,
respectively. These results are consis-
tent with those obtained from previ-
ously published studies.!?2!

In the research conducted by Liang
et al,!3 the NPC length and diameter
were found to be larger in males com-
pared with females. Similar results were
obtained in the study by Bornstein
et al,* which compared sex and dental
status on buccal bone dimensions and
the length and width of the NPC. Their
results showed there to be statistically
higher buccal bone dimensions and lon-
ger canal lengths in the male group.
Acar and Kamburoglu® reported that
NPC volume was statistically smaller
in females than in males. In the present
study, in line with Acar and Kambur-
oglu, the NPC volumetric measure-
ments were found to be higher in the
males than in the females of the dentate
group. But among the anatomical meas-
urements, statistically higher dimen-
sion was observed only in the incisive
foramen region of the male group, and
the remaining measurements showed
similar results.

Age is another parameter that has
been analyzed in several studies in
terms of its impact on the NPC

dimensions and morphology. A review
of the literature showed different results
with regard to age and NPC. TOzUm
et al'! found no significant correlations
between age and canal length and diam-
eter. Likewise, Mraiwa et al’ reported
an independent association between
age and canal characteristics in their
study. Acar and Kamburoglu® found
that volume measurements did not vary
statistically by age. Contrary to the
above findings, Bornstein et al* re-
ported that the age of the patients had
an important effect on the length of the
NPC, with the mean values generally
decreasing as age increased. According
to our results, volume was found to
increase with age in edentulous pa-
tients, whereas in the dentate group,
no relation was observed.

Mardinger et al'?> examined the
radiological changes of the NPC in dif-
ferent resorption phases of the premax-
illa alveolus according to the Lekholm
and Zarb classification and stated that
the mean canal length decreased from
10.7 (Class A) to 9 mm (Class E). They
also reported that the canal diameter was
wider along the degree of ridge resorp-
tion from Classes A to E in all dimen-
sions, with the most pronounced widths
seen in the palatal opening, middle area,
and nasal area. According to the results
of our study, as the bone resorption
increased, the volume and length of
the canal decreased, whereas nasal and
incisive diameters increased, similar to
the study by Mardinger et al.'?

The NPC is not a static structure but
rather tends to enlarge with age and
especially after tooth extraction. The
present study showed NPC volumes to
be highly variable and to be influenced
by age and sex; dental status, on the
other hand, did not have a definitive
effect on volume. To the best of our
knowledge, only 1 study, outside of
ours, has investigated the NPC volume
and its possible affecting factors, such
as bone resorption in the premaxilla.

CONCLUSION

Although conventional morpho-
metric techniques have been used in
most of the studies that have evaluated
NPC morphometry, in the present study,
also the volume of the NPC was

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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measured, as opposed to more typical
linear measurements, as this was con-
sidered to be the most rigorous and
accurate,  although  most time-
consuming, way of quantifying the
NPC size. The results of this study have
shown that the NPC volume was
affected by the age and sex of patients,
shape of the NPC, and severity of
resorption. Severe bone resorption due
to sustained edentation complicates
implant surgery because of the increase
in the incisive and nasopalatine foramen
diameters and decrease in the ridge
width anterior to the canal dimensions.
To verify the study results and further
specify the effect found in this setting,
additional studies with larger sample
sizes should be conducted.
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