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Abstract

The identification of the incisive canal, canalis sinuosus, and posterior
superior alveolar canal minimizes the occurrence of surgical
complications associated with neurovascular injuries. The aim of this
study was to assess the prevalence of anatomical variations in the
anterior and posterior maxillary regions using cone-beam computed
tomography (CBCT). A total of 291 CBCT scans were evaluated for the
presence and description of anatomical variations of the incisive canal
(IC), alveolar extension of the canalis sinuosus (CS), and posterior
superior alveolar canal (PSA). Regarding the IC, 74.23% of CBCT scans
exhibited a single-channel pattern and normal diameter. Alveolar
extension of the CS was detected in 17.15% of cases and was more
frequent on the right side. The variation pattern of the PSA canal was
detected in 15.46% of cases, with higher prevalence on the left side in
females and on the right side in males. The molar region was the most
common location of this extension bilaterally. Cone-beam computed
tomography is a reliable and effective strategy for evaluating anatomical
variations in the maxilla, including neurovascular structures such as the
incisive canal, alveolar extension of the canalis sinuosus, and posterior
superior alveolar canal.

Resumo

A identificagdo do canal incisivo, canalis sinuosus e canal alveolar
superior posterior minimiza a ocorréncia de complica¢des cirurgicas
associadas a lesdes neurovasculares. O objetivo deste estudo foi avaliar a
prevaléncia de variagdes anatdmicas na regido maxilar anterior e
posterior por meio da tomografia computadorizada de feixe cdnico
(TCFC). 291 exames de TCFC foram avaliados quanto a presenga e
descricdo da variacdo anatdmica do canal incisivo (CI), extensdo alveolar
do canalis sinuosus (CS) e canal alveolar superior posterior (PSA). Em
relacdo ao CI, 74,23% dos exames de TCFC apresentaram padrao
anatémico com canal Unico e didmetro normal. A extensdo do CS para
alveolar foi detectada em 17,15% dos casos e foi mais frequente apenas
no lado direito. O padrdo de variacdo do canal PSA foi detectado em
15,46% dos casos e foi mais frequente apenas no lado esquerdo do grupo
feminino e apenas no lado direito do grupo masculino. A regido molar foi
alocalizagdo mais comum dessa extensao, tanto no lado direito quanto no
esquerdo. A tomografia computadorizada de feixe cénico pode ser
considerada uma estratégia confidvel e eficaz para avaliar variacdes
anatdmicas na maxila, incluindo a detec¢io de variagdes neurovasculares,
como canal incisivo, extensido alveolar do canal sinuoso e canal alveolar
pOstero-superior.
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Introducion
Surgical interventions in the maxilla have
increased concomitantly with postoperative

complaints. Most complications are related to accidental
injury to neurovascular structures during surgical
procedures!?, In the maxilla, the incisive canal (IC),
alveolar extension of the canalis sinuosus (CS), and
posterior superior alveolar canal (PSA) are clinically
relevant due to their intraosseous paths in the alveolar
ridge. The incisive canal, located in the anterior maxilla,
has a"Y" shape and connects the floor of the nasal cavity
to the palatal region posterior to the upper central
incisors via the incisive foramen3-5. The canalis
sinuosus, also in the anterior maxilla, originates from
the infraorbital canal, follows a tortuous path near the
nasal cavity, and may branch into the alveolar ridge®¢’.
In the posterior region, the PSA canal may present an
intraosseous path in the alveolar ridge, increasing its
clinical relevance for dental proceduress?.

Preoperative detection of these structures is
essential. Intraoral and extraoral radiographs may be
insufficient due to structural superimposition inherent
in two-dimensional techniques. Volumetric imaging,
such as cone-beam computed tomography (CBCT), is
recommended to minimize complications associated
with image overlap011,

Implant-based rehabilitation planning typically
includes CBCT to evaluate alveolar ridge characteristics
(e.g., bone volume and density). However, identifying
anatomical variations and lesions during preoperative
assessment is critical'’. CBCT enables detailed
evaluation of these structures, reducing complications
such as numbness, hypoesthesia, hyperesthesia,
paresthesia, pain, neuroma development, and
hemorrhage. Hemorrhage, frequently reported, can
prolong intraoperative time and exacerbate pain and
inflammation, potentially leading to orofacial
neuropathic pain or permanent neural damage2-14,

The aim of this study was to assess the prevalence
of incisor canal, canalis sinuosus and posterior superior
alveolar canal as well as evaluate the putative variations
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in these anatomic structures using cone beam
computed tomography (CBCT).

Matherial and methods
Inclusion criteria:

This retrospective study, approved by the
Research Ethics Committee of the State University of
Ponta Grossa (protocol 42040814.2.0000.0105),
followed the Declaration of Helsinki and was
conducted from January to December 2014. Sample
size was determined using G*Power 3.1.9.7, which
recommended 141 participants per group (real
power: 0.8015397 to detect the evaluated effect).

Initially, 300 CBCT scans were obtained from
the archive of ILAPEO College (Curitiba, Brazil). Only
full maxillary scans were included. Patient ages
ranged from 5 to 93 years. Exclusion criteria involved
artifacts or metallic elements in the maxilla (n=9).

Image acquisition and evaluation:

Images were acquired using CBCT (Galileos,
Sirona Dental, Germany) with a 15 cm FOV, 0.3 mm
voxel size, and exposure parameters (85 kVp, 7 mA,
14 s). Reconstructions were generated using Galaxis
software (Sirona Dental). Axial, coronal, sagittal,
panoramic, and cross-sectional reconstructions were
evaluated by a calibrated radiologist.

Anatomical variations:

1. Incisive canal:

Foraminal diameter was measured from cross-
sectional sections and classified as narrowed (<1
mm), normal (1-6 mm), or widened (>6 mm)1415,
Septations were classified as single-channel, two-
channel, or three-channel* (Table 1).
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Table 1. Distribution of IC regarding to age, gender, septations, and diameter

Female patients (n=176) Male patients (n=115)
SC 2C 3C NoD WD NaD SC 2C 3C NoD WD NaD

SC: Single-channel, 2C: 2-channel, 3C: 3-channel.
NoD: Normal diameter, WD: Widened diameter, NaD: Narrowed diameter

2. Canalis sinuosus:
Presence/absence, palatal emergence, and continuity with the sinuous canal were assessed (Table2).

Table 2. Distribution of CS and PSA regarding to age, gender, and localization.

Female patients Male patients Female patients Male patients
(n=176) (n=115) (n=176) (n=115)

Right Left Both Right Left Both Right Left Both Right Left Both
side side sides side side sides side side sides side side sides
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3. Posterior superior alveolar canal (PSA):
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Presence/absence, location (unilateral /bilateral), and alveolar ridge extension were recorded (Table 3).

Table 3. Distribution of presence of dental and macxillary sinus alterations

Lesions Dental alterations Maxillary sinus alterations

Description N (%) Description N (%) Description N (%)

Hyperdense n=3 (1,03%) Dental n=7 (2,41%) Obliterated n=9 (3,10%)
supernumerary
Extensive osteolytic | n=1 (0,34%) Microdontia n=1 (0,34%) Oroantral n=5 (1,72%)
communication
Periapicopathies n=28 (9,65%) Impactation n=4 (1,36%) Atrophy or n=2 (0,68%)
and hypoplasia
periodontopathies
Alveolar Extension| n=2 (0,68%)
Widened nutrient | n=2 (0,68%)
channels
Total n=32 Total n=12 (4,08%) Total n=20 (6,80%)
(30,02%)

Other findings and conditions:

Evaluated conditions included:

- Grafting sites;

- Periapical and periodontal pathologies;
-Maxillary sinus alterations (obliteration, oroantral
communication, atrophy/hypoplasia, widened
nutrient canals);

- Lesions (hyperdense, extensive osteolytic);

- Dental organ alterations;

- Nasal cavity extension.

Statistical analysis:

Data were analyzed using descriptive statistics.
Relationships between anatomical variations, age
groups, and gender were expressed as percentages.
All analyses were performed by one examiner (OS];
kappa = 0.868).

Results

The sample comprised 291 CBCT scans. Mean age
was 55.21 + 14.24 years (range: 5-93 years), with
60.48% females (n = 176) and 39.52% males (n = 115).

Incisive canal:

In females, widened, narrowed, and normal
diameter patterns occurred in 17.61% (n = 31), 5.68%
(n=10),and 76.70% (n = 135) of cases, respectively. In
males, these patterns occurred in 18.26% (n= 21),
3.48% (n=4),and 78.26% (n = 90) of cases. The single-
channel pattern predominated in females (96.02%, n =
169), followed by two-channel (2.84%, n = 5) and three-
channel (1.14%,n= 2). In males, single-channel
prevalence was 95.65% (n= 110), followed by two-
channel (3.48%, n = 4) and three-channel (0.87%, n=1)
(Table 1).

Canalis Sinuosus:

Alveolar extension of the CS was detected in
11.93% of females (n= 21/176), with right-side, left-
side, and bilateral prevalence of 38.10% (n =8), 33.33%
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(n=7),and 28.57% (n = 6), respectively. In males,
prevalence was 5.22% (n= 6/115), with 66.67%
(n= 4) right-side and 33.33% (n= 2) left-side
involvement. The most frequent emergence site
was palatal to the lateral incisor (Table 2).

Posterior superior alveolar canal:

The PSA canal was detected in 16.48% (n=29)
of female patients (n=176). Considering these 29
cases, the PSA pattern was observed only on the
right side in 11 cases (37.93%), only on the left side
in 17 cases (58,62%), and on both sides in 1 case
(3,45%). Considering both sides, molar region was
the most common location of this extension (Table
2).

The male group comprised a total of 115
patients, with the PSA canal pattern detected in 16
cases (13.91%). Of the 16 cases, the PSA pattern
was 47 observed only on the right side in 7 cases
(43.75%), only on the left side in 4 cases (25.00%),
and on both sides in 5 cases (31.25%). The most
common location of the extension, both on the right
and left sides, was in the molar region and the
predilect side was the right one (Table 2).

Other findings and conditions:

Overall, 43.10% (n = 125) exhibited at least
one condition. Bone grafts occurred in 7.24% (n =
21), and nasal cavity extension into the maxillary
sinus in 0.34% (n = 1). Lesions, dental alterations,
and maxillary sinus alterations are detailed in
Table 3.

Discussion

Three-dimensional imaging through CBCT is a
relevant differential for the diagnosis and
treatment of dental disorders!¢17 These images are
especially important when surgical procedures are
required, since several studies have revealed that
CBCT is an effective technique for evaluating
neurovascular  structures!® In fact, the
identification of these structures minimizes the
occurrence of complications associated with
neurovascular injuries. Therefore, the aim of this
study was to evaluate the applicability of CBCT to
identify incisive canal, canalis sinuosus and
posterior superior alveolar canal.

Regarding to incisive canal, our results
demonstrated that single channel pattern (95.65%
and 96.02% in males and females, respectively)
was the most prevalent, followed by 2 and 3-
channel pattern. Previous studies reported that the
most common morphology of the IC was of the
single channel type, with 52.45% and 63.3%
respectively317  Probably these differences are
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associated with methodological differences between
the evaluated studies. In fact, the methodology used in
this study did not evaluate nasal openings, since the
study emphasized the anatomy of alveolar reword and
its clinical implications317. These differences may be
related to differences in the experimental design of each
study. In fact, the methodology used in our evaluations
did not evaluate nasal opening, since our objectives
emphasized the alveolar ridge region and its clinical
implications.

Moreover, our results also demonstrated higher
prevalence of IC with normal pattern regarding to size.
However, an increased diameter of this canal was
detected in older patients (50-69 years old). In
accordance, Soumya and collaborators (2019)°
reported that the diameter of the incisor foramen and
the length of the IC increased in older patients.
Moreover, the increase is more frequent after tooth loss
and aging814

The presence of alveolar extension of canalis
sinuosus was detected in 11.93% and 5.22% of cases in
females and males, respectively. In a retrospective
study of 1.007 chinese patients, there was a prevalence
of 36.9% of the accessory CS channel, 35% and 39.4%
in female and male, respectively? In addition, other
authors have been demonstrated the highest
prevalence of CS alveolar extension in females?!,
However, the higher prevalence of the CS accessory
channel in males have been reported?223 In fact, these
differences may be related to the size of sample.

Our results demonstrated that the most common
emergency site of CS channel was in the palatal region
of lateral incisors, as described by Anatoly and
collaborators?!, In this context, it is important to
consider that CS is not an anatomical variation, but a
structure that can extend to the alveolar region?*

In the posterior region of the maxilla, the
anatomical variation of the posterior superior alveolar
nerve is commonly observed in the molar region. The
average distance between the posterior superior
alveolar artery and the alveolar crest was the smallest
in the 2nd molar region* Therefore, surgical procedures
in this region may result in complications. Padovani et
al. observed a higher prevalence of visualization of the
posterior superior alveolar artery in males (76.7%). In
the present study, the PSA variation pattern was more
frequent in females on the left side. In addition, the
assessment of the association between the presence of
the PSA canal and the sinus disease revealed that
greater prevalence of sinus diseases in women (40.8%),
also in the left side?5,

The tomographic assessment of the PSA artery in
the maxillary sinus region is relevant due to the
possibility of hemorrhage caused by injuries in these
structures during surgical procedures* Moreover,
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tomographical images also allow the assessment of
the course of the PSA artery as intraosseous,
superficial and intrasinusal’.26, The presence of PSA
with an intrasinusal course may not be identified
radiographically and require assessment using
CBCT9,26,27.

Thus, the use of cone beam computed
tomography is strongly recommended to identify
anatomical variations and, consequently, minimize
the incidence of nervous and vascular
complications. In addition, detailed tomographic
evaluation provides support for the adequate
positioning of implants. The identification of
anatomical variations such as incisive canal, canalis
sinuosus and posterior superior alveolar canal may
result in changes in treatment planning such as
modifications in implant positioning and location
of the surgical approach!z13

Taken together, these data demonstrate the
applicability of CBCT for the evaluation of
anatomical  structuresl®l?  However, some
parameters must be evaluated rigorously. The size
of the FOV and the size of the reconstructed voxels
are parameters that can vary in different imaging
protocols of the same CBCT unit. Therefore,
different equipment may present variations in the
visualization of anatomical structures. A large FOV
with a small voxel reconstruction can generate
images with a relevant noise level?8 In this context,
image quality has been widely discussed, since high
quality is fundamental for the visualization of the
structures and can increase the risk of diagnostic
errors caused by image noise. The performance of
CBCT units depends on the configuration of the
parameters and their physical aspects. Thus,
tomographic sections obtained with different
technical parameters certainly make it difficult to
compare the data. In this context, another
important aspect refers to the profile of the
statistical analysis carried out. Descriptive
statistical analysis, such as that carried out in this
study, can be considered a limitation for
comparison with previous studies.

Conclusion

CBCT reliably identifies the incisive canal,
canalis sinuosus, and posterior superior alveolar
canal and their variations. Key findings include:

- IC septations (4.12%) and diameter changes
(22.68%).

- CS alveolar
predominantly right-sided.

- PSA alveolar extension (15.46%), with left-
side preference in females and right-side in males.

extension  (17.15%),
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