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ABSTRACT
Objective: Canalis sinuosus (CS) is a bony canal separated from the infraorbital nerve containing the anterior superior alveolar vessel-nerve 
bundle. This study aimed to assess the anatomical variations of the canalis sinuosus from cone-beam computed tomography (CBCT) images.

Methods: CBCT images of 568 patients (328 females and 240 males; aged between 18 and 81 years old) were evaluated retrospectively. Axial, 
sagittal, coronal, and cross-sectional images with 0.5 mm slice thicknesses were used to evaluate the presence of CS and associated accessory 
canal (AC).

Results: Bilateral CS was detected in the entire sample (n=568, 100%). A total of 340 ACs were detected, including at least one AC in 41.9% of 
the patients. The median value of AC diameter was calculated as 0.89 mm both for females and males. ACs were found in 135 females and in 
103 males. One up to five ACs were found per patient. However, the majority of the patients had one AC. ACs were mostly located at tooth 
region 11 (17.9%) and tooth region 12 (16.4%). Only 59.71% of ACs had a radiographically observed foramen.

Conclusion: In conclusion, all patients had CS and ACs were in nearly half of the patients. Knowledge about these structures aid to correct 
radiographic diagnosis of these canals and minimize the risk of complications during surgical procedures.
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Anatomical Variations of the Canalis Sinuosus: A CBCT Study

1. INTRODUCTION

Two-dimensional conventional imaging methods, such as 
periapical and panoramic radiography, may be insufficient in 
the diagnosis for because of superposition, distortion, and 
magnification. Cone-beam computed tomography (CBCT) is 
one of the important advances in imaging the maxillofacial 
region (1). CBCT is one of the preferred imaging methods 
in dentistry because it shows hard tissues well, allows one-
to-one measurements, and achieves images with a lower 
radiation dose compared to medical computed tomography 
(2).

Surgical operations are commonly performed in the 
maxillary anterior region (3). Vascular damage causes a risk 
of bleeding and nerve damage can significantly affect the 
patient’s quality of life due to hyperesthesia, paraesthesia, 
or pain (4,5). Therefore, the major neurovascular structures 
and anatomical variations in this region should be well 
known. One of the anatomical structures that have not been 
sufficiently investigated in this region is canalis sinuosus (CS). 

CS was first described by Frederic Wood Jones in 1939 as a 
bony canal of approximately 2 mm in diameter, separating 
from the infraorbital nerve (ION) and running beside the nasal 
cavity, containing nerve and blood vessels (6). It was named 
CS because of its double-curved course. CS runs forward and 
downward in the inferior wall of the orbita, lateral to the 
infraorbital canal. Afterwards, it passes under the infraorbital 
foramen and curves medially toward the anterior wall of 
the maxillary sinus. It then follows the inferior edge of the 
pyriform aperture and opens lateral to the nasal septum in 
front of the incisive canal (6). This canal, with a course of 
approximately 55 mm in the maxilla, contains the anterior 
superior alveolar nerve (ASAN) and vessels of the same 
name (7). Although CS is a normal anatomical structure, the 
accessory canal (AC) continuing in the anterior maxilla are 
not well known.

CS and AC may not be adequately visualized on conventional 
radiographs. The superposition of AC on tooth roots may 
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mimic periapical lesion (8) and root resorption (9-11), 
resulting in misdiagnosis. Implants may cause pain due to 
their association with CS (12-14) and traumatic neuromas 
may originate from ASAN (15,16). Also, the maxillary bone 
anterior to the CS is thin, therefore in midface fractures, 
the integrity of the CS may be compromised, and the ASAN 
may become more susceptible to injury (17). Therefore, 
being aware of the course and anatomical variations of CS 
is particularly important in terms of diagnosis and treatment 
planning. Thus, we aimed to evaluate the anatomical 
variations of CS from CBCT images.

2. METHODS

The study was conducted by the principles defined in the 
Declaration of Helsinki, including all regulations and revisions. 
Access to the data used was restricted to the principal 
researcher only. The Ethical Committee of the University 
approved this work (date: 07.01.2020 number: 91610558-
604.01.02-). The CBCT images of patients who applied the 
Department of Oral and Maxillofacial Radiology between 
2015 and 2018 for various dental reasons were evaluated 
retrospectively.

CBCT scans of the maxilla, including the bilateral maxillary 
sinuses and the orbital floor up to the lower border of the 
maxillary alveolar process, with erupted incisors, canines, and 
premolars were selected. The total sample size was found to 
be at least 294 according to the power analysis (Critical x2 = 
50.9985, total sample size = 294, actual power = 0.8011).

The exclusion criteria were as follows: underage patients, 
artifacts preventing the evaluation of anatomical structures, 
missing tooth, implant and graft, supernumerary/impacted 
tooth, the presence of lesion in the anterior maxilla, maxillary 
surgery, syndrome or malformation, and poor quality CBCT 
scans. A total of 2327 CBCT images, including the maxilla, 
were examined. 568 CBCT images meeting the inclusion 
criteria were assessed.

The CBCT images were obtained using a Planmeca Promax 
3D Mid (Planmeca, Helsinki, Finland) device with 16.0 × 9.2 
cm FOV, 90 kVp, 12 mA, 13.5 sec, 0.4 mm voxel, or 16.0 × 16.3 
cm FOV, 90 kVp, 12 mA, 13.5 sec, 0.4 mm voxel. The images 
were displayed with the original software Romexis 4.6.2.R 
(Planmeca, Helsinki, Finland) of the CBCT device. All images 
were analyzed on the same 24-inch medical monitor (Philips, 
Luchu Hsiang, Taiwan) with an ideal screen display (resolution: 
1920 × 1080 pixels) provided with an NVIDIA QUADRO FX 380 
graphics card. All examinations in the study were carried out 
by a researcher in the Department of Oral and Maxillofacial 
Radiology, in a quiet environment with reduced light, and 
approximately 50 cm away from the monitor. The brightness 
and contrast of the images were adjusted with the image 
manipulation tool in the computer software for optimum 
visualization. Axial, coronal, and sagittal planes were aligned 
to ensure standardization before the images were evaluated.

CBCT scanning to identify the CS and associated AC was 
performed according to the anatomical descriptions stated 

in the previous literature (3,18,19). Studies on the visibility 
of canals in the anterior maxilla at different slice thicknesses 
have shown that optimal visualization is achieved at 0.5 mm 
and 1 mm slice thickness (20). In this study, axial, sagittal, 
coronal, and cross-sectional images with 0.5 mm slice 
thicknesses were used to evaluate the presence of CS and 
associated ACs. All images were scanned in the inferior 
direction from the border of the orbital floor to the lower 
border of the alveolar process, and in the horizontal direction 
from the midline to the distal of the premolar teeth.

First, the presence of CS was evaluated. The largest diameter 
measured in the axial sections formed from the origin of 
the CS to the termination of its course was accepted as the 
diameter of the CS (19,21). Second, the presence of an AC 
in the anterior maxilla was examined in patients with CS. 
Structures suspected to be ACs but smaller than 0.5 mm in 
diameter were excluded from the evaluation. The AC location 
was increased by modifying the regions given as reference in 
De Oliveira-Santos et al. (18). ACs were localized according 
to adjacent teeth (according to the FDI tooth numbering 
system) and incisive foramen.

It has been reported that the ASAN shows different variations 
in its course and number (22-24) thus, the trunk number of CS 
containing ASAN was evaluated as a single trunk or multiple 
trunks in coronal, sagittal, and axial sections in CBCT images 
with a slice thickness of 0.5 mm.

Chi-square analysis was used to examine the differentiation 
of the two categorical variables. In examining the 
differentiation of a continuous variable at the level of the 
categorical variable, the assumption of normal distribution 
was first evaluated. Unrelated sample t-test was used when 
the normal distribution was achieved, and the categorical 
variable level was two. In cases where the normal distribution 
was not achieved, the Mann-Whitney U test was used when 
the categorical variable level was two, and the Kruskal–Wallis 
H test was used when the categorical variable level was more 
than two. P value was taken as .05.

3. RESULTS

CBCT images belonging to 568 patients (240 males, and 328 
females) were assessed. The ages of the participants ranged from 
18 to 81 years (mean:42.51, standard deviation±14.43). Ages were 
grouped as 18-29, 30-39, 40-49, 50-59 and ≥ 60. The number of 
patients in the age groups was similar in terms of gender (p > .05). 
CS diameter according to age groups is shown in Table 1.

Table 1. Canalis sinuosus diameter (mm) in age groups

Age
18-29
Median
(Min.-Max.)

30-39
Median
(Min.-Max.)

40-49
Median
(Min.-Max.)

50-59
Median
(Min.-Max.)

≥60
Median
(Min.-Max.)

Right
2.00
(1.13-4.33)

2.00
(1.13-4.33)

2.26
(0.89-4.00)

2.15
(1.13-3.96)

2.00
(1.13-4.56)

Left
2.00
(1.13-4.33)

2.15
(1.13-3.42)

2.15
(1.20-4.00)

2.26
(1.13-3.77)

2.02
(0.89-3.69)

*Kruskal Wallis H-Test
Min: Minimum Max: Maximum
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Figure 1. CBCT (cone-beam computed tomography) images of the CS 
(Canalis sinuosus) course; a-c) The axial plane, d) The sagittal plane, and 
e, f) The coronal plane. c, d, and f) CBCT images showing double trunk CS

Bilateral CS was detected in all patients (Figure 1). 91% of 
the CS on the right side had a single trunk, while 9% had a 
double trunk. Similarly, on the left side, 92% of the CS had 
a single trunk, while 8% had a double trunk. There was no 
significant difference between the right and left CS diameters 
of the patients (p > .05). When CS diameters were examined 
in terms of gender, both right and left CS diameters were 
larger in males than in females (p < .001, Table 2).

Table 2. Canalis sinuosus diameter (mm) and gender

Gender
Female

Median (Min.-Max.)
Male

Median (Min.-Max.)
Z* p

Right
2.00

(1.13-3.96)
2.26

(0.89-4.56)
6.199 .000

Female
X̄ ±ss

Male
X̄ ±ss

t** p

Left 2.06±0.49 2.34±0.59 6.033 .000

*Mann Whitney U-Test
**Independent Sample T-Test
Min: Minimum Max: Maximum

In total, ACs were found in 238 (41.9%) patients (135 females, 
103 males). 182 ACs were present in 135 females and 158 
ACs were present in 103 males. A total of 340 ACs were found 
in the entire sample. One up to five ACs were seen in the 
patients. The majority of the females and males had one AC. 
Details are shown in Table 3.

Table 3. Presence of accessory canals according to gender

Total accessory canal 
number

Right (n %) Left (n %) Total (n %)

Female Male Female Male Female Male

1
87

(%26.7)
67

(%27.9)
61

(%18.8)
47

(%19.6)
90

(%27.3)
63

(%26.3)

2
10

(%3)
10

(%4.2)
7

(%2.1)
9

(%3.8)
44

(%13.6)
29

(%12.1)

3
0

(%0)
2

(%0.8)
0

(%0)
8

(%3.3)

4
1

(%0.3)
2

(%0.8)

5
0

(%0)
1

(%0.4)
N: Number
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A total of 340 ACs were detected, including at least one AC in 
41.9% of the patients (Figure 2). AC diameter was between 
0.5-1 mm in 70.9% of the patients and bigger than 1 mm in 
29.1% of the patients. The median values of AC diameter 
in females were calculated as 0.89 mm (range=0.57–1.70 
mm) and 0.89 mm (range=0.57–2.00 mm) on the right and 
left sides, respectively. In males, median values of the AC 
diameter were calculated as 0.89 mm (range=0.57–2.00 
mm) and 0.89 mm (range=0.57–1.27 mm) on the right and 
left sides, respectively. Both the right and left AC diameters 
did not show a statistically significant difference according 
to the gender and age of the patients (p > .05, Table 4).

Figure 2. Cropped CBCT (cone-beam computed tomography) images 
of different patients showing the course of AC (accessory canal)

Table 4. Accessory canal diameter (mm) according to gender and age

Age/Gender

18-29
Median 
(Min.-
Max.)

30-39
Median 
(Min.-
Max.)

40-49
Median 
(Min.-
Max.)

50-59
Median 
(Min.-
Max.)

≥60
Median 
(Min.-
Max.)

x2 *(sd 
= 4)

p

Female

Right
0.89

(0.57-
1.65)

0.89
(0.69-
1.70)

0.80
(0.57-
1.60)

0.87
(0.57-
1.70)

0.89
(0.80-1.20)

4.332 .363

Left
0.89

(0.57-
1.65)

1.06
(0.57-
1.65)

0.89
(0.57-
1.26)

0.89
(0.57-
2.00)

0.85
(0.57-1.26)

2.004 .735

Male

Right
0.89

(0.57-
1.60)

0.89
(0.57-
2.00)

0.89
(0.57-
1.27)

0.89
(0.57-
1.44)

0.89
(0.57-1.34)

.442 .979

Left
0.80

(0.73-
1.26)

0.89
(0.57-
1.20)

0.80
(0.80-
1.26)

0.89
(0.57-
1.27)

0.80
(0.57-1.26)

3.282 .512

*Kruskal Wallis H test
Min: Minimum Max: Maximum

ACs were mostly located at tooth region 11 (17.9%), tooth 
region 12 (16.4%), tooth region 21 (13.8%), tooth region 22 
(10.9%), and the anterior of the incisive foramen (10.6%). Details 
are shown in Table 5. All ACs did not have a radiographically 
observed foramen. 137 AC ended in the alveolar process or 
near the tooth roots and 203 AC ended with a foramen in the 
palatal, buccal or connected to the nasopalatine canal (NPC). 
A foramen was detected only in 59.71% of the ACs. 49.12% of 
the ACs had a palatal foramen, 1.47% had a buccal foramen, 
and 9.12% were associated with NPC (Table 6).
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Table 5. Number of the accessory canals according to location in maxilla

Location* Number of accessory canals

11 61 (%17.9)

Between 11-12 27 (%7.9)

12 56 (%16.4)

Between 12-13 6 (%1.8)

13 18 (%5.3)

Between 13-14 2 (%0.6)

14 0 (%0.0)

21 47 (%13.8)

Between 21-22 19 (%5.6)

22 37 (%10.9)

Between 22-23 6 (%1.8)

23 14 (%4.1)

Between 23-24 3 (%0.9)

24 1 (%0.3)

Anterior of the incisive foramen 36 (%10.6)

Posterior of the incisive foramen 0 (%0.0)

Lateral of the incisive foramen 7 (%2.1)

Total 340 (%100)

*Teeth are numbered according to the FDI system

Table 6. Accessory canals foramen and its location

Location of accessory 
canals foramen*

 Location of foramen
Presence of 

foramen Palatal Buccal Nasopalatine 
canal

11 38
(%11.18)

29
(%8.53)

1
(%0.29)

8
(%2.35)

Between 11-12 15
(%4.41)

15
(%4.41)

0
(%0.0)

0
(%0.0)

12 28
(%8.24)

28
(%8.24)

0
(%0.0)

0
(%0.0)

Between 12-13 4
(%1.18)

4
(%1.18)

0
(%0.0)

0
(%0.0)

13 16
(%4.71)

15
(%4.41)

1
(%0.29)

0
(%0.0)

Between 13-14 2
(%0.59)

2
(%0.59)

0
(%0.0)

0
(%0.0)

14 0
(%0.0)

0
(%0.0)

0
(%0.0)

0
(%0.0)

21 22
(%6.47)

17
(%5.00)

0
(%0.0)

5
(%1.47)

Between 21-22 12
(%3.53)

12
(%3.53)

0
(%0.0)

0
(%0.0)

22 24
(%7.06)

24
(%7.06)

0
(%0.0)

0
(%0.0)

Between 22-23 4
(%1.18)

4
(%1.18)

0
(%0.0)

0
(%0.0)

23 13
(%3.82)

12
(%3.53)

1
(%0.29)

0
(%0.0)

Between 23-24 3
(%0.88)

3
(%0.88)

0
(%0.0)

0
(%0.0)

24 1
(%0.29)

1
(%0.29)

0
(%0.0)

0
(%0.0)

Anterior of the incisive 
foramen

16
(%4.71)

1
(%0.29)

2
(%0.59)

13
(%3.82)

Posterior of the 
incisive foramen

0
(%0.0)

0
(%0.0)

0
(%0.0)

0
(%0.0)

Lateral of the incisive 
foramen

5
(%1.47)

0
(%00)

0
(%0.0)

5
(%1.47)

Total 203
(%59.71)

167
(%49.12)

5
(%1.47)

31
(%9.12)

*Teeth are numbered according to the FDI system

4. DISCUSSION

Periapical and panoramic radiographs, which are frequently 
used in dentistry, often can’t describe, and show structures 
such as CS in detail (8,25). In particular, with the increase 
in the use of CBCT, better visualization of bony canals has 
caused CS to attract attention. There is great variation in the 
prevalence of CS due to the use of different methodologies in 
studies. (17,19,23,25-29).

Manhães júnior et al. (25) detected CS in 36.20% of the 
patients, Aoki et al. (19) detected CS in 66.5% of the 
patients and Wanzeler et al. (27) detected this anatomic 
structure in 88% of the patients in CBCT scans. In our study, 
the entire course of CS after separation from the ION was 
comprehensively evaluated and the presence of bilateral CS 
was detected in the entire sample regardless of age and gender. 
Ghandourah et al. (29), Baena-Caldas et al. (28) and Gurler et 
al. (26) reported similar findings. In contrast, Aoki et al. (19) 
and Manhães junior et al. (25) reported a lower prevalence 
because they evaluated the prevalence of continuing CS only 
in the maxillary anterior region. In previous cadaver studies, 
researchers stated that ASAN could be of dual origin (22,23). 
In a study conducted with panoramic radiographs by Scarfe 
et al. (24) it was mentioned that the anterior superior dental 
plexus can be dual and triple. Some studies mention the 
presence of bifurcation and trifurcation during the course of 
CS (28). Radiological studies investigating the CS trunks are 
limited and usually mention the presence of furcation (28). In 
cadaver studies, the presence of ASAN with multiple trunks 
has been shown (22,23).

In our study, CS was evaluated in terms of the presence of 
single and multiple trunks in CBCT images. According to our 
results, 91% of the right side CS had a single trunk, while 9% 
had a double trunk. Similarly, on the left side, 92% of the 
CS showed a single trunk, while 8% showed a double trunk. 
The fact that the studies by Heasman (22) and Robinson 
and Wormald (23) were cadaver studies may explain the 
difference in the CS trunk pattern compared with our study.

As far as we know, there is no clear data describing the CS 
diameter in the literature. Jones described the CS as a bony 
canal approximately 2 mm in diameter and mentioned that 
the ASAN is at least one-third the size of the main trunk (6). 
Heasman stated that the diameter of the ASAN is between 
one-half, and one-third of the ION and that the ASAN is a 
larger structure than both the posterior superior alveolar 
nerve and the medial superior alveolar nerve (22). Gurler et 
al. (26) found no statistically significant difference in canal 
diameter according to age but, significantly higher mean canal 
diameters in males compared to females. In our study, both 
right and left CS diameters showed a statistically significant 
difference according to gender. A larger CS diameter in males 
may be related to wider anatomical structures in males than 
in females (26).

Radiographically visible ACs can contain neurovascular 
structures (3,18,30,31). Various designations have been 
used in the literature for these canals, including the lateral 
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incisive canal (32), neurovascular anatomical variations in the 
anterior palate (18), AC (3), and terminal extension of the CS.

In studies conducted with CBCT, the prevalence of AC in the 
anterior maxilla was found to be 27.8% by Von Arx et al. (3), 
15.7% by De Oliveira-Santos et al. (18), 51.7% by Machado 
et al. (33), and 32.9% by Temmerman et al. (34). In studies 
conducted in the Turkish population, the prevalence of AC 
was found to be 22.3% by Sekerci et al. (35), 70.8% by Orhan 
et al. (36), 34.66% by Tomrukçu et al. (31), 8.17% by Şalli and 
Öztürkmen (37), and 35.5% by Alkis et al. (38). In our study AC 
were observed in 41.9% of the sample. Von Arx et al. (3) used 
limited CBCT images and evaluated canals with a minimum 
diameter of 1 mm. Temmerman et al. (34) examined only the 
canine region in their study. The fact that the area examined 
in these two studies is more limited than in our study may 
explain the higher prevalence of ACs in our study. De Oliveira-
Santos et al. (18) and Sekerci et al. (35) evaluated patients 
with an additional foramen of the palate at least 1 mm in 
diameter. In our study, ACs associated with CS with diameter 
greater than 0.5 mm were evaluated. This may explain the 
higher prevalence of AC in our study compared with studies 
evaluating canals larger than 1 mm in diameter. In addition, 
the different prevalence seen in the studies may be due to 
the different methods used by the researchers, different 
device and imaging features, the variability of voxel sizes 
and examination areas, and the examination of patient 
populations with different ethnic origins.

Von Arx et al. (3) found the mean diameter of the AC as 1.31 
mm (median=1.23 mm, range=1.01–2.13±0.26 mm) and 
that gender and age did not significantly affect the diameter. 
De Oliveira-Santos et al. (18) measured the palatal foramen 
opening of the canal in the anterior palate and found the 
mean diameter to be 1.4 mm (range=1–1.9 mm). Machado 
et al. (33) found that the mean diameter of the AC was 1.19 
mm (median=1.15 mm, range=1.00–2.58±0.22 mm). In this 
study, the relationship between age and the number of ACs, 
the relationship between age and the diameter of the ACs, 
and the relationship between the number of ACs and gender 
were found to be feeble (33). Sekerci et al. (35) found that 
the mean diameter was 1.12 mm (range=1–1.7±0.26 mm). 
In these studies, only the diameter of canals with a diameter 
greater than 1 mm was measured. Tomrukçu et al. (31) found 
a median diameter of 1.07 mm (range=0.53–2.72±0.35 mm) 
for AC with a diameter greater than 0.5 mm. In Machado et 
al. (33), 20% of the ACs was at least 1 mm in diameter. In our 
study, 70.9% of the ACs had a diameter between 0.5 and 1 
mm, while 29.1% had a diameter of 1 mm or more. In our 
study, there was no statistically significant difference in the 
diameter of both the right and left AC according to gender 
and age.

In the study by De Oliveira-Santos et al. (18), most of the ACs 
were observed in the alveolar process near to the incisor or 
canine teeth. Sekerci et al. (35) found that ACs were most 
commonly located on the palatal of the left and right lateral 
incisors. Tomrukçu et al. (31) found ACs most frequently 
in the right lateral incisor region. The researchers found 

that the regions with the lowest number of ACs were the 
region between teeth 14 and 15 and between teeth 24 and 
25 (31). Machado et al. (33) found that the ends of the AC 
trajectories were most frequently located in the palatal 
region of the anterior maxillary teeth and less frequently in 
the buccal and transversal positions. Of the ACs in our study, 
49.12% had palatal foramen and 1.47% had buccal foramen. 
Previous studies have reported that the presence of ACs was 
associated with NPC (18,35). In our study, 9.12% of the ACs 
were associated with the NPC.

59.71% of the ACs had a foramen, whereas 40.29% of the 
ACs terminated in the apical region or around the tooth 
roots in the alveolar process. In our study, not only canals 
with palatal openings but also all ACs were associated with 
CS in the anterior maxilla. The voxel size in this study was 0.4 
mm. This voxel size is larger than many studies, which may 
have limited the visualization of the terminal portions of the 
ACs. Additionally, most studies have evaluated canals of only 
1 mm or larger (3,18,35). ACs with a diameter of less than 
1 mm were also evaluated in our study. This may also have 
allowed the evaluation of ACs smaller than 1 mm in diameter 
terminating around tooth roots.

Within the CS is the anterior superior alveolar vascular 
nerve bundle. While cadaver studies focused more on ASAN, 
radiological studies focused on the prevalence, course, 
and variations of CS. The limitation of this study was the 
examination of only CBCT images of the patients.

5. CONCLUSION

In conclusion, all patients had CS on both the right and left 
side of the cranium. ACs were in nearly half of the patients. 
Insufficient knowledge about these structures may lead to 
misdiagnosis and complications during surgical procedures. 
For this reason, physicians should know the major anatomical 
structures and the variations.
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