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Location and classification of Canalis 
sinuosus for cone beam computed 
tomography: avoiding misdiagnosis

Abstract: The aim of this study was to assess the presence, location 
and, multiplanar distance of the canalis sinuosus (CS) between the 
incisive foramen and the anterior maxillary alveolar ridge using 
cone beam computed tomography (CBCT). Therefore, 500 CBCT 
maxillary images obtained from male and female patients aged 20 to 
80 years were selected to assist in the dental treatment. Low-quality 
tomographic images were discarded. All images were captured with 
the i-CATTM Classic tomograph and assessed using the XoranCatTM 
software. The axial sections were analyzed at the incisive foramen 
in order to verify the CS presence in laterality and location. 
Furthermore, linear measurements of the nasal cavity floor, buccal 
cortical bone, and alveolar ridge crest were made. All the collected 
data were statistically analyzed. Results show a variation of the CS 
in relation to the classification and distance of anatomical structures, 
but no significant difference between the right and left sides. It should 
be highlighted that CBCT is necessary before invasive procedures 
in order to preserve important anatomical structures. In conclusion, 
the location of the CS varies in relation to the alveolar ridge crest and 
buccal cortical bone, assuming that it is going to be located by the 
upper lateral incisor palatine.

Keywords: Cone Beam Computed Tomography; Diagnosis; 
Pathological Conditions, Anatomical.

Introduction
The canalis sinuosus (CS) is a neurovascular canal, where the anterior 

superior alveolar nerve and its blood vessels are located, that is not well 
understood by oral surgeons. It was first suggested by Jones,1 who described 
this anatomical structure as the nerve and blood vessels that leave the 
infraorbital nerve through the back part of the infraorbital foramen and 
run laterally through a bone canal of about 2 mm in diameter beside the 
nasal cavity.2

The infraorbital nerve is a direct extension of the maxillary nerve and 
the second division of the trigeminal nerve (fifth cranial nerve – CN V), 
which is related to the sensitivity of the skin and mucosa of the middle 
third of the face.3 A small branch is issued by the infraorbital canal 
on its side, close to the midpoint, to allow the passage of the anterior 
superior alveolar nerve. This canal, sometimes called the CS, runs to the 
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anterior and inferior wall of the orbital cavity, beside 
the infraorbital canal and medially bent toward the 
anterior wall of the maxillary sinus, passing below 
the infraorbital foramen; it is a rare anatomical 
variation of the anterior superior alveolar nerve, 
which is a major concern in any surgical procedure 
such as surgery in the maxillary sinus, orthognathic 
surgery, and mostly in the placement of implants.4,5

According to CBCT guidelines,6 it is clear that CBCT 
has been widely used in implant dentistry. As such, 
we propose that CBCT should be indicated for cross-
sectional imaging prior to implant placement as an 
alternative to existing cross-sectional techniques in 
which the radiation dose of CBCT is shown to be 
lower. In the case of cross-sectional imaging prior 
to implant placement, CBCT offers the advantage of 
adjustable fields of view.

The identification of these anatomical variations 
has become more evident with the use of CBCT 
in dentistry because of the quality and accuracy 
of this type of examination. In the past, these 
morphological changes were hardly identified as a 
result of poor-quality imaging scans, which could 
cause intraoperative complications of unknown 
etiology during a surgical procedure in the anterior 
maxillary region, as indicated by Faria et al.,7 who 
emphasized that examination, diagnosis, and 
proper treatment planning can prevent iatrogenic 
incidents such as inadvertent infraorbital nerve 
incision, which would cause permanent facial 
paresthesia. Barnett et al.8 also pointed out that 
infraorbital nerve damage is one of the most 
frequent complications of Caldwell-Luc surgery, 
leading to facial paresthesia.

However, with technological advancements, 
especially regarding the use of CBCT, the amount of 
information obtained through images has increased 
and the diagnosis of these variations has become 
more evident.9,10

Although the opening in the anterior palate is a 
normal anatomical aspect, it is a variation that has 
not been properly described, thus requiring special 
attention in surgical procedures.11 CBCT is then 
indicated because it provides precise details of the 
studied region and eliminates overlapping images, 
in addition to collecting reliable linear and angular 

measurements and allowing reconstruction of the 
image in several planes and in 3D.12

Thus, the aim of this study was to assess the 
presence, location, and multiplanar distance of the 
CS between the incisive foramen and the anterior 
maxillary alveolar ridge using CBCT.

Methodology

Sample
This non-experimental research, which made 

use of convenience sampling, was approved by 
the Research Ethics Committee of the Instituto de 
Ciência e Tecnologia de São José dos Campos – ICT-Unesp 
(protocol XFSR/2013). This was a retrospective 
study and no patients were exposed solely for 
research purposes.

Based on Oliveira-Santos  et  al.11 and on 
Temmerman et al.,13 500 CBCT images were used, 
which belong to the archives of the Department of 
Radiology of Unesp, São José dos Campos, and to 
Tomoface, a private clinic in São José dos Campos, 
SP, Brazil. Therefore, according to the seven emergence 
possibilities described by Oliveira-Santos et al.,11 the 
foramina and additional canals in the anterior palate 
region  were classified, and the distance in which 
they emerge in relation to the nasal cavity floor, the 
ridge’s buccal cortical bone and the alveolar ridge 
crest was measured through the use of CBCT.

The following inclusion criteria apply to this 
study: images from the archives of the Department 
of Radiology of UNESP and of Tomoface; male and 
female subjects aged 20 to 80 years; and patients who 
had their maxillae assessed by CBCT. Patients who 
fell into the following criteria were excluded: those 
who had undergone surgical procedures or bone 
grafting in the anterior maxilla; those presenting 
pathological lesions or trauma (plate and screws) 
in the anterior maxilla; and those whose CT scans 
failed to present satisfactory quality.

Equipment
All CBCT images were obtained with I-CatTM 

Classic (Imaging Sciences International, Hatfield, 
USA), with a standardized voxel of 0.25 mm, 
field of view (FOV) of 8 cm, and acquisition time 
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of 40 s (Hi-Resolution). The radiation time was 
shorter because the images were acquired by pulse 
sequences. The default settings of the equipment 
were used, with the tube voltage kept constant at 
120 kV and a variation of 5 to 7 mA, depending on 
the selected resolution. All images were processed 
and edited by the XoranCatTM software (Xoran 
Technologies, Ann Arbor, USA), with minor 
brightness and contrast corrections to make their 
visualization easier. The “Angio-Sharpen-Low 
3 x 3” image filter was applied for the sake of 
standardization and so that the tomographic sections 
could show sufficient anatomical details for the 
identification of the CS. In order to standardize 
the measurements and the classification of the CS, 
0.25 mm axial sections and cross-sections with 
thickness and length of 1.00 mm were used.

Image editing
As soon as the CBCT images were produced 

by the XoranCatTM software, it was possible to 
retrospectively evaluate the patients’ anterior 
maxillae. On the multiplanar reconstruction screen 
(MPR), the anatomical axial, coronal, and sagittal 
planes were aligned. For the axial images, the plates 
of the pterygoid processes of the sphenoid bone 
were aligned with the coronal plane, thus aligning 
the anterior nasal spine with the sagittal plane. 
As for the sagittal images, the maxillary plane 
was used as reference so that the plane between 
the anterior nasal spine and the posterior nasal 
spine was parallel to the horizontal or axial plane. 
Finally, in the coronal sections, the hard palate 
and the nasal cavity floor were aligned with 
the horizontal or axial plane. For evaluations 
and measurements, the images generated by the 
multiplanar reconstruction in the axial, sagittal, 
coronal, and transverse planes were analyzed by 
the specific tools of the CBCT software.

CS classification
Once the edited axial sections were positioned 

correctly, the upper-lower direction of the incisive 
foramen region was scanned from near the midline 
to the upper canine. This analysis was carried out 
to verify the presence of the CS.

When the presence of the CS was observed, 
the seven emergence possibilities, according to 
their location relative to the teeth/incisive foramen 
(central incisor region, region between the central 
and lateral incisors, lateral incisor region, canine 
region, first premolar region, lateral to incisive 
foramen, posterior to incisive foramen) described by 
Oliveira-Santos et al.,11 were classified accordingly, 
in addition to the right and left emergence sides. For 
the sake of standardization, the axial sections were 
0.25 mm thick (Figure 1).

CS measurement
The measurements of the CS location by the 

alveolar ridge were made using 1-mm-thick and 
1-mm-long cross-sections, which were generated from 
the panoramic reconstruction created individually 
for each case (Figure 2). Once in possession of 
these cross-sections, after locating the CS, three 
measurements were carried out (Figure 3) as follows:
a.	NC (nasal cavity) – distance between the CS 

and the nasal cavity floor (red arrow);
b.	BC (buccal cortical) – distance from the 

emergence of the CS to the buccal cortical bone 
edge, straight line (green arrow); and

c.	 RC (ridge crest) – distance from the emergence 
of the CS to the most prominent point of the 
crest of the alveolar ridge (blue arrow).
All classifications and measurements were 

performed by a dental surgeon who had a PhD 
in oral and maxillofacial radiology with extensive 
experience (those working for at least 4 years in the 
field) in handling CBCT images.

Statistical analysis
For the statistical analysis, three sample groups 

were used: FG – female group; MG – male group; 
and MXG – mixed group (both genders). Initially, 
a descriptive statistical analysis was carried out 
and absolute and relative numbers were reported. 
In addition to this first analysis, ANOVA (analysis 
of variance) was conducted in order to compare 
the right and left sides of the three measurements 
(RC; BC; NC) with a significance level of 95% 
(p ≥ 0.05) to check whether there were any differences 
between the sides.
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Results

Female group
The FG comprised a total of 284 patients, with 

the CS detected in 99 cases (34.86%). Of the 99 cases, 
the CS was present only on the right side in 37 cases 
(37.37%), only on the left side in 41 cases (41.41%), 
and on both sides in 21 cases (21.21%). The mean age 
(standard deviation) was 54.90 (11.87) when the CS 
was present and 53.98 (14.39) when it was absent.

In this group, according to Table 1, there was no 
significant difference (p = 0.151) between the sides 
on which the CS was present as to the classification 
according to Oliveira-Santos et al.,11 that is, a similar 
position was found between the right and left sides. 
The most common classification, both on the right and 
left sides, was location 5 – emergence of the CS behind 

the upper lateral incisor – which was present in 15 cases 
on the right side (15.15%) and 14 on the left side (14.14%). 
According to Table 2, the following results were obtained 
for the RC, BC, and NC measurements, respectively: 
p = 0.104; p = 0.047; p = 0.606. Therefore, there was a 
significant difference only in the BC measurement (i.e., 
from the CS to the ridge’s buccal cortical bone).

Male group
The MG comprised a total of 216 patients, and the 

CS was present in 82 (37.97%). The CS was present 

Figure 3. Measurements obtained between the CS and 
the reference structures in the cross-section of the anterior 
maxillary region: NC – red arrow, BC – green arrow, and 
RC – blue arrow.

 

 
 

Table 1. Absolute and relative numbers of location classification 
in accordance with Oliveira-Santos et al.11 for female subjects.

Classification
Right Left

n % n %

Absent 41 41.41 37 37.37

1 2 2.02 2 2.02

2 15 15.15 10 10.10

3 7 7.07 8 8.08

4 11 11.11 10 10.10

5 15 15.15 14 14.14

6 5 5.05 11 11.11

7 3 3.03 7 7.07

Total 99 100 99 100

p = 0.1517.

Figure 1. Axial CBCT showing the location of the CS behind 
the right canine (classification 6).

Figure 2. Example of CS presence in CBCT cross-sections in 
the 13th tooth region.
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on both sides in 23 cases (28.05%), on the right side 
in 27 cases (32.93%), and on the left side in 32 cases 
(39.02%). The mean age (standard deviation) was 56.16 
(13.01) to 57.42 (11.96) when the CS was present and 
55.38 (13.60) when it was absent.

There was no significant difference (p = 0.215) in 
the classification of location between the sides when 
the CS was present, as noted in Table 3. The most 
frequent classification for both sides in this group 
was location 2 – beside the incisive foramen – with 
12 cases on the right side (14.63%) and 14 on the left 
side (17.07%). The following results were obtained 
for the RC, BC, and NC measurements (Table 4): 
p = 0.253; p = 0.139; p = 0.516. This demonstrates that 
there were no differences between the sides for any 
of the measurements.

Mixed group
There were a total of 500 patients in this group, 

and the CS was present in 181 (36.20%). The CS was 
seen on both sides in 44 cases (24.31%), on the right 
side in 64 (35.36%), and on the left side in 73 (40.33%). 
The mean age (standard deviation) was 55.11 (13.34) 
to 56.05 (11.95) when the CS was present and 54.57 
(14.05) when it was absent.

In the classification of CS location, there was no 
significant difference (p = 0.055) between the sides, 
as shown in Table 5. The most common location 
for both sides in this group was location 2 – beside 
the incisive foramen – with 27 cases on the right 
side (14.92%) and 24 on the left side (13.26%). It 
should be highlighted that, on the left side, location 
5 – behind the upper lateral incisor – presented the 
same incidence as classification 2. The following 
results were obtained for the RC, BC, and NC 
measurements, respectively: p = 0.046; p = 0.014; 

p = 0.583, as shown in Table 6. Therefore, there 
was a difference in the distances from the CS to 
the alveolar ridge crest and to the buccal cortical 
bone in this group.

Discussion
Knowledge about anatomical variations is of extreme 

importance for treatment planning and post-treatment, 
as it can prevent complications during surgical 
procedures, ensuring a more favorable prognosis.1,2,3,5,14 
Thus, it is necessary to know the anatomy of the area 
to be manipulated. This study had the CS, a branch of 
the infraorbital nerve, as its main focus. According to 
Rodella et al.,3 the infraorbital nerve is an extension of 
the maxillary division of the trigeminal nerve.

The importance of this anatomical variation is 
highlighted  when, in the rehabilitation of the anterior 
maxillary region for the placement of implants, the 
canine pillar is used as a definitive landmark for 
the support of implants, in which contact with the 
neurovascular bundle of the CS can compromise 

Table 3. Absolute and relative numbers of location classification 
in accordance with Oliveira-Santos et al.11 for male subjects. 

Classification
Right Left

n % n %

Absent 32 39.02 27 32.93

1 3 3.66 1 1.22

2 12 14.63 14 17.07

3 7 8.54 6 7.32

4 8 9.76 9 10.98

5 11 13.41 10 12.20

6 8 9.76 11 13.41

7 1 1.22 4 4.88

Total 82 100 82 100

p = 0.215.

Table 2. Statistical data of the comparisons between the sides of measures RC, BC and NC for female subjects.

Side Measure n Mean (SD) Minimum Maximum

Right

RC

58

7.06 (5.31) 1.20 24.22

BC  6.29 (3.31) 1.00 16.50

NC  9.67 (5.55) 1.25 18.90

Left

RC

62

8.80 (6.28) 1.12 23.27

BC 7.54 (3.58) 1.51 18.20

NC 9.17 (4.94) 1.85 18.60

SD: standard deviation; RC: ridge crest; BC: buccal cortical; NC: nasal cavity.
Right X Left: RC (p = 0.104); CV (p = 0.047); NC (p  = 0.606).
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osteointegration and cause temporary or permanent 
paresthesia with bleeding in situ.7,8,14

The CS can be detected by preoperative imaging 
exams, especially computed tomography, which 
allow its visualization in thin sections without 
overlaps and also provide more reliable images of 
the maxillomandibular complex, given their 3D 
nature. This way, the use of CBCT enables the dentist 
to obtain the details needed for the diagnosis and 
treatment planning or surgery.12,13,15,16,17

The search for studies on the CS in the PubMed 
database detected only seven articles, four of 
which11,15,16,17 used CBCT for better evaluation of 
anatomical variation. The present study assessed 
500 CBCT scans with the intention of locating the 
CS. Among the articles found in PubMed, the largest 
sample was that of Oliveira-Santos et al.,11 who assessed 
CBCT scans of 178 subjects and found that 28 (15.7%) 
had an additional foramen on the palate, with a total 
of 34 additional foramina being recorded. There were 

no statistical differences between the patients either 
with or without an additional foramen on the palate 
when compared by gender or age, which is not in 
agreement with the findings of the present study 
because when all the patients (mixed group) were 
assessed, there was a variation between the right 
and left sides regarding the distances between the 
CS and the alveolar bone crest and between the CS 
and the buccal cortical bone. This can be explained 
by the fact that the alveolar bone plate is subjected 
to morphological changes over time. In addition, this 
group showed a greater number of patients (n = 500), 
which resulted in greater variations. In the FG, there 
was a difference between the right and left sides only 
in the distance between the CS and the cortical bone, 
which is justified by the same reason described for 
the MG. It should be underscored that neither the 
traumas to which the bone plate was submitted nor 
the patient’s dental condition indicating toothlessness, 
surgeries, or trauma in the region were considered 
in this study. The reason for evaluating the MXG is 
that there is sexual dimorphism for some anatomical 
variations; however, our results show that gender 
does not interfere with variations of the CS, although 
variations have been found between the right and 
left sides in the distances between the CS and the 
alveolar bone crest and between the CS and the buccal 
cortical bone, as pointed out earlier.

Wanzeler et al.16 assessed 100 CBCT images obtained 
from a dental clinic in the city of Belém, Pará, Brazil, in 
order to identify the location of bifurcation, CS diameter, 
and the direction of its course and distance to the alveolar 
bone crest. The CS was present in 88% of the sample. 
There were no statistically significant changes in the 
presence of the CS related to gender, age, and course 

Table 4. Statistical data of the comparisons between the sides for measures RC, BC and NC for male subjects.

Side Measure n Mean (SD) Minimum Maximum

Right

RC

50

8.46 (5.48) 1.46 18.75

BC 7.46 (3.28) 1.50 13.69

NC 12.64 (5.30) 2.25 23.29

Left

RC

55

9.81 (6.52) 1.50 13.69

BC 8.98 (3.15) 2.25 17.76

NC 11.88 (5.66) 3.25 24.40

SD: standard deviation; RC: ridge crest; BC: buccal cortical; NC: nasal cavity.
Right X Left: RC (p = 0.104); CV (p = 0.047); NC (p  = 0.606).

Table 5. Absolute and relative numbers of location classification 
in accordance with  Oliveira-Santos  et al.11 for  the 
gathered grouped.

Classification
Right Left

n % n %

Absent 73 40.33 64 35.36

1 5 2.76 3 1.66

2 27 14.92 24 13.26

3 14 7.73 14 7.73

4 19 10.50 19 10.50

5 26 14.36 24 13.26

6 13 7.18 22 12.15

7 4 2.22 11 6.08

Total 181 100 181 100

p = 0.055.
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direction. The authors concluded that the CS was frequent 
and similar in both genders, with a distant course to the 
alveolar bone crest ending in different locations, which 
is consistent with the present study, suggesting that the 
CS should be analyzed using CBCT before performing 
surgical procedures. von Arx et al.17 evaluated 176 CBCT 
images and found the CS in 49 patients (27.8%). The 
greatest canal frequency was observed more often in 
male (33.0%) than in female (22.7%; p = 0.130) subjects, 
though gender and age did not significantly influence 
CS diameter. The authors concluded that, from a clinical 
perspective, further studies are needed to determine 
the content of these canals.

The results of this paper are in agreement with 
those of previous studies11,13,15,16,17,18 that pointed out 
the need of CBCT scans for identifying anatomical 
variations, allowing three-dimensional imaging, 
detailed assessments, and proper treatment 

Table 6. Statistical data of the comparisons between the sides for measures RC, BC and NC for the gathered grouped.

Side Measure n Mean (SD) Minimum Maximum

Right

RC

108

7.71 (5.41) 1.20 24.22

BC 6.83 (3.34) 1.00 16.50

NC 11.05 (5.61) 1.25 23.29

Left

RC

117

9.28 (6.38) 1.12 23.27

BC 7.94 (3.39) 1.51 18.20

NC 10.44 (5.44) 1.85 24.40

SD: standard deviation; RC: ridge crest; BC: buccal cortical; NC: nasal cavity; CS: canalis sinuosus.
Right X Left: CS – Crest (p = 0.046); CS – Plate (p = 0.014); CS – Floor (p = 0.583).

planning. Oliveira-Santos et al.11 also highlighted 
that the foramen and canals in the anterior superior 
maxillary region are relatively frequent and that 
dental surgeons must be aware and well trained 
to identify these variations.

This study reaffirms the need for CBCT before 
carrying out invasive procedures, seeking to preserve 
noble anatomical structures in the anterior maxillary 
region, as it is in the canine pillar region, which is a 
frequent location of rehabilitating implant procedures 
where there is a higher incidence of CS emergence.

Conclusion
According to the results obtained here, it may be 

concluded that there is a variation in the location of 
the CS if compared to the crest and buccal cortical 
bone of the ridge, assuming that it is going to be 
located by the upper lateral incisor palatine.
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