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ABSTRACT
Objective: Canalis sinuosus (CS) is a common anatomical variation in the anterior maxilla that originates from the infraorbital canal and 
carries the anterior superior alveolar nerve and vessels. This study aimed to examine the presence, frequency, and features of CS and its 
accessory canals (ACs) using cone beam computed tomography (CBCT) images.

Methods: A total of 495 CBCT images were retrospectively analyzed in axial, sagittal, and coronal sections. Patient age and sex, presence 
or absence of CS, location as right, left, or bilateral if CS was present, and number of ACs were recorded. In addition, the end regions of the 
ACs were recorded as central incisor, central-lateral incisor, lateral incisor, lateral incisor-canine, and canine regions. All recorded data were 
statistically analyzed.

Results: At least one CS was found in 54 (10.9%) of 495 CBCT images. CS(s) were bilateral in 26 (48.2%) cases and unilateral in 28 (51.8%; 25 
on the left and 3 on the right side). The ACs of the CS predominantly terminated in the lateral incisor region (p =.025). The frequency of CS 
was not statistically different between males and females (p =.313).

Conclusion: Accessory canals in the anterior maxilla are mostly associated with branches of the CS. In the current study, the prevalence 
of CS was 10.9%, and most of the CSs were opening in the lateral incisor region. Detection of accessory canals in the anterior maxilla and 
examination of this region with CBCT will prevent misdiagnoses and postoperative complications arising from damage to these structures.
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1. INTRODUCTION

Dental procedures, such as dental implant placement, 
orthognathic surgery, extraction of supernumerary and/
or impacted teeth, cyst and tumor surgery, and endodontic 
and periodontal surgery, are frequently performed on the 
anterior maxilla (1,2). Before performing these procedures, 
any variations in the anatomy of this region should be 
identified to avoid damage to neurovascular structures.

The maxillary nerve, one of the branches of the trigeminal 
nerve, divides into the posterior superior alveolar nerve, 
the nasopalatine nerve, the greater palatine nerve, and the 
infraorbital nerve. The infraorbital nerve passes through 
the infraorbital foramen, which divides into a lateral branch 
called the canalis sinuosus (CS), through which the anterior 
superior alveolar (ASA) nerve passes (3). The ASA nerve is a 
branch of the infraorbital nerve that passes through the CS 
after exiting the infraorbital foramen.

The CS reaches the anterior edge of the nasal cavity from the 
anterior end of the inferior nasal concha and opens at the 
side of the nasal septum in front of the incisive canal (4). Its 
opening is typically anterior to the incisive canal, although it 
shows anatomical variations in the anterior palatine called 
accessory canals (3-6). The ASA nerve innervates the incisors 
and canines (6,7). The CS contains the ASA nerve and its 
associated arteries and veins (4,8). Clinicians do not devote 
attention to this anatomical formation unless it causes 
complications, such as bleeding or paresthesia. Dentists 
sometimes misdiagnose CS as a periapical lesion, and it is 
difficult to identify on conventional radiographs (3).

Although two-dimensional imaging methods such as periapical and 
panoramic radiography are widely used in dentistry, they do not 
provide sufficient information for in-depth analysis of anatomical 
structures due to limitations such as distortion, superposition, 
and magnification. Three-dimensional imaging with cone beam 
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computed tomography (CBCT), on the other hand, provides 
high-resolution cross-sectional images and detailed examination 
at low radiation doses compared with helical computed 
tomography (CT). CBCT also significantly reduces the overlap of 
images, permits linear and angular measurements, and allows 
for multiplanar reconstruction of images (9-12). A detailed three-
dimensional evaluation using CBCT thus provides information 
regarding anatomical variations that can help clinicians avoid 
damaging anatomical and neurovascular structures.

The aim of this study was to confirm the presence and reveal 
the frequency and characteristics of CS accessory canals 
using CBCT examination.

2. METHODS

The study protocol, including all changes and revisions, 
was carried out according to the principles described in the 
Declaration of Helsinki. The local ethics committee of Bolu 
Abant İzzet Baysal University approved the study (Protocol 
No:173/2020).

Images of 495 patients between 16-81 years of age who 
underwent CBCT between 2015 and 2020 at the Department 
of Oral and Maxillofacial Radiology for reasons such as 
impacted teeth, cysts, and tumors, and implant evaluation 
were selected and retrospectively evaluated.

The CBCT images were acquired using an i-CAT imaging 
system (Imaging Sciences International, Hatfield, PA, USA) 
with the following parameters: 120 kVp and 15 mA, 0.3 mm 
voxel size, and 4.8 sec. exposure time. Images were analyzed 
using the i-CAT Vision Q imaging software (Imaging Sciences 
International, Hatfield, PA, USA). The maxillary sinuses, dental 
arches in the upper alveolar process from the lower edge of 
the orbit, and posterior region of the maxilla were included in 
the field of view (FOV) of all individuals’ CBCT images. The FOV 
sizes of the images were 16x6 cm, 16x8 cm, and 16x10 cm.

Images were excluded if any artifact prevented the 
examination of the anterior maxilla. Patients with pathological 
disorders such as trauma, congenital malformations, 
implanted plates and screws, bone graft material, cysts, 
tumors, supernumerary and/or impacted teeth, foreign 
bodies, and fractures in the anterior maxilla were excluded 
from the study population.

Tomographic examinations were evaluated by an oral and 
maxillofacial radiologist with 3 years of experience. Multiplanar 
images with 0.3 mm slice thickness were examined in detail in 
the radiographs studied. The CS was first defined in the coronal 
section, and then the sections were continued to be scanned 
by scrolling. CS was recorded as present in the presence of 
corticated, partially corticated or uncorticated bone canal, any 
bone canal other than the NPC in the anterior maxilla, and any 
bone canal detected in all three (coronal sagittal, and axial) 
sections of the CBCT (Figure 1a, 1b, and Figure 2). The presence 
or absence of the CS, the location of the CS (right or left) if 
present, and the total number of accessory canals were noted 
for each patient. The location of the end of the CS trajectory 

was characterized as central incisor, central–lateral incisor, 
lateral incisor, lateral incisor–canine, and canine regions. 
Patient age and sex were recorded. In order to calculate the 
intra-observer reliability, the images of 55 patients were re-
evaluated 1 month later by the same observer.

Figure 1. (a) Right unilateral CS on coronal section (white arrows), 
(b) CS on sagittal section (white arrows).

Figure 2. Unilateral CS on axial section (white arrow)

Statistical Analysis

Descriptive statistics were performed on the collected 
data and presented as numbers, percentages, means, and 
standard deviations. The Shapiro–Wilk test was used to 
test the assumption of normality. The relationship between 
categorical variables was examined using the chi-square test.

All analyses were performed using the Statistical Package 
for the Social Sciences software (SPSS version 24.0, Inc., 
Chicago, IL, USA). A level of p < .05 was accepted as the level 
of significance.

3. RESULTS

The intra-observer agreement was found to be high (Intra-
observer correlation coefficient was 0.889). In this study, a total 
of 495 images of 246 males (mean age 45.89 ± 15.81 years) and 
249 females (mean age 42.74 ± 14.77 years) were evaluated. 
The mean age of the patients was 44.30 ± 15.36 years.
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Table 1 shows the distribution of CS and age according to 
sex. At least one CS accessory canal was found in 54 (10.9%) 
images. The incidence of accessory canals was higher in 
women than in men, although the difference was not 
statistically significant (p =.313).

Table 1. Presence of the Canalis sinuosus according to gender
Female (n=249) Male (n=246) Total

CS absent (%) 218 (87.6) 223 (90.7) 441 (89.1)
CS present (%) 31 (12.4) 23 (9.3) 54 (10.9)
Total 249 (100) 246 (100) 495 (100)

n: number of cases

Table 2 presents the data on the presence of CS according 
to age. No difference was found between age groups in 
the presence of CS (p =.956). CS was bilateral in 26 (48.2%) 
and unilateral in 28 (25 on the left, 3 on the right) of the 54 
patients. The prevalence of CS was significantly higher on the 
left than on the right (p =.014) (Table 3).

Table 2. CS presence according to age groups Presence of the CS 
according to age groups

Age Groups (Years) Absent
n (%)

Present
n (%) Total

16-19 26 (%89,7) 3 (%10,3) 29
20-29 69 (%87,3) 8 (%12,7) 77
30-39 72 (%90) 8 (%10) 80
40-49 94 (%90,4) 10 (%9,6) 104
50-59 97 (%87,4) 14(%12,6) 111
60-69 64 (%88,9) 8 (%11,1) 72
70-79 19 (%95) 1 (%5) 20
Total 441 54 495

n, number of cases; CS, Canalis sinuosus

Table 3. CS presence according to sides
CS Right Left p value
Absent 466a 444b

*.014
Present 29a 51b

CS, Canalis sinuosus

The CS accessory canals predominantly terminated in the 
lateral incisor region (p =.025) (Figure 3).

Figure 3. The end of the CS trajectory. Orange bar shows left side 
and gray bar shows right side.

4. DISCUSSION

Mandibular and maxillary nerve structures and their courses 
have been described in numerous articles and anatomy 
textbooks (13-15). Considering the previous data in the 
literature, it is clear that these nerve structures have several 
anatomical variations, some of which require careful clinical 
examination (16). The infraorbital canal gives a small branch, 
called the CS, near the midpoint of the lateral aspect of 
the face, through which the ASA nerve passes. The CS, 
a neurovascular canal containing the ASA nerve, artery, 
and vein, is an anatomical structure that is not sufficiently 
understood by clinicians (17). The ASA nerve reaches the 
anterior maxillary region and innervates the incisors, canines, 
and soft tissues in this region (6).

The integrity of the CS may be compromised in craniofacial 
trauma, after Le Fort 1 osteotomy, and during dental surgery. 
Sensory complications, such as localized hypoesthesia, 
paresthesia, and neuropathic pain, may occur due to damage 
to the ASA nerve.

If surgeons do not consider the presence of accessory 
canals, patients may be at increased risk of experiencing 
neurosensory changes, excessive bleeding, or other 
complications during surgical procedures (5). Due to the 
proximity of the CS accessory canals to the apex of the teeth, 
inappropriate treatment may be performed without proper 
knowledge of the patient’s anatomy (8).

Except for a few case reports in which symptoms of pain 
and paresthesia have been reported (18-21), no evidence 
is available regarding the effects and clinical significance of 
surgical injury to the accessory canals of the canalis sinuosus 
or anterior maxilla. More clinical studies are needed to 
support the clinical significance of CS.

This study investigated the prevalence of CS and the 
termination of its trajectory on CBCT images. CS was found in 
the anterior maxilla in 10.9% of the 495 patients in the present 
study. The prevalence of CS was reported by Ghandourach et 
al. (22) as 67.6%, by Von Arx et al. (2) as 55.1%, by Aoki et al. 
(3) as 66.5%, by Machado et al. (1) as 51.7%, by de Oliveira 
Santos et al. (6) as 15.7%, by Anatoly et al. (23) as 67%, by 
Fernandes et al. (24) as 18%, and by Shan et al. (25) as 36.9%.

In the studies on Turkish population, the prevalence of CS was 
determined by Tomrukçu et al. (17) as 34.6%, by Orhan et al. (26) 
as 70.8%, while Beyzade et al. (27) and Gürler et al. (5) found the 
prevalence of CS as 100%. In our study, the prevalence of CS was 
found to be lower than in previous studies.

Significant difference between the prevalence may be derived 
from variety of reasons like methodological differences (voxel 
size, using of different CBCT scanners, different exposure 
parameters, inclusion/exclusion criterias etc), racial differences, 
study groups’ distribution or may be just coincidental.

In another study on Turkish population, Sekerci et al. (28) 
analyzed the presence of the accessory foramina and canals 
having a diameter of at least 1 mm within the premaxilla in 368 
pediatric patients using CBCT. Eighty-two patients had additional 
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canals; in 6 of them, the canals presented as a direct extension 
of the CS. There are not many studies on this subject in the 
pediatric group. In addition, since our study population did not 
include pediatric patients, a comparison could not be made.

Similar to the studies by Ghandourach et al. (22) and Manhaes 
Junior et al. (29), the frequency of CS in this study did not differ 
significantly between genders. While some previous studies 
found a higher prevalence of CS in males (1,3,24), Şekerci et al. 
(28) and Anatoly et al. (23) found more CS accessory canals in 
females. The results of the studies are variable regarding the 
difference in the frequency of CS between the genders. These 
discrepancies may be due to differences in the male-to-female 
ratio in the populations studied or racial differences.

In this study, we detected 48.2% bilateral and 51.8% unilateral 
accessory canals arising from the CS. In comparison, Aoki 
et al. (3) reported 54.14% bilateral and 45.86% unilateral 
CS, de Oliveira Santos et al. (6); 21.4% bilateral and 78.6% 
unilateral CS, Wanzeler et al. (16); 87% bilateral and 1% 
unilateral CS, Beyzade et al. (27); %94.5 bilateral and %5.5 
unilateral CS, Anatoly et al. (23); %45.7 bilateral and %54.3 
unilateral CS and Gürler et al. (5) and Ghandourach et al. 
(22) both reported 100% bilateral CS. The prevalence rates 
of CS in this study and previous studies differ according to 
the sides. Previous studies used different voxel size and slice 
thicknesses and considered a diameter of less than 1 mm 
to identify CS. The differences in the results may be due to 
these methodological inconsistencies.

In the present study, we did not observe a significant 
difference in the presence of CS between age groups. 
Similarly, previous studies have reported no association 
between the presence of CS and patient age (3,6,16,23). 
However, in the study by Von Arx et al. (2), no one under the 
age of 20 had an accessory canal, whereas more than one 
accessory canal was observed in older people. In the study 
of Gürler et al. (5), five out of six patients under 20 years of 
age had an accessory canal. In this study, the prevalence of 
CS in under the age of 20 was found to be similar to other 
age groups. The prevalence of CS differed between studies 
according to age groups. Differences in age distribution, 
observer subjectivity, and image-related dissimilarities in the 
studies may account for the differing results.

In our study, the endpoint of the CS occurred predominantly in 
the lateral incisor region by 46.25%. Similarly, Manhaes Junior 
et al. (29) evaluated 500 CBCT images and reported that the 
location of this anatomical variation was the palatine of the 
lateral incisor. Similarly, Neves et al. (4) and Gürler et al. (5) 
reported that the CS opened to the foramina on the palatal 
portion of the lateral incisor. Fernandes et al. (24), Anatoly 
et al. (23) (33.5%), and Beyzade et al. (27) (46.8%) reported 
that the CS was most frequently opened to the lateral incisor 
region. Ghandourach et al. (22) observed that the lateral 
canine region (27.8%) on the left side was the most common 
location, followed by the central incisor region (22.2%). Aoki 
et al. (3) showed that 44.39% of CSs terminated in the central 
incisor region, 21.95% terminated in the lateral incisor region, 
and 14.15% terminated in the canine region. Shan et al. (25) 

stated that CSs were most frequently opened to the central and 
lateral incisor regions (61.9%). In several additional previous 
studies, (1,2,6) the most common termination location was 
the central incisor region. When the bucco-palatal localization 
of the ACs is evaluated, Machado et al. (1) reported that only 
5.1% of ACs had a terminal ending at the buccal cortical plate, 
and Tomrukçu et al. (17) reported that 3 out of 214 ACs had 
a terminal ending at the buccal cortical plate. Beyzade et al. 
(27) showed that the terminal ends of all ACs are located in 
the palatal cortical plate. Similar to Beyzade et al. (27), in our 
study, in all cases ACs had a terminal ending at the palatal 
cortical plate.

Most of the studies in the literature were performed with 
CBCT, but the lack of standardization in the methodology of 
the studies led to different results. In addition, it is not clearly 
stated that the structure evaluated in the studies is the main 
CS canal or an accessory branch. In this study, the CS terminate 
in the alveolar process of the anterior maxilla was evaluated. 
Therefore, no comment on its origin has been made.

The main limitation of the present study is that the voxel 
size of the images is 0.3 mm. Smaller accessory canals can 
be seen, and more accurate results can be obtained in 
images with higher resolution obtained with a smaller voxel. 
The other limitation of the present study is that only one 
observer’s results are included in the study.

5. CONCLUSION

The prevalence of CS in this study was 10.9%, and the most 
common endpoint of the CS was the lateral incisor region 
at 46.25%. There was no difference in the prevalence of CS 
between genders or age groups. Identification of the CS by 
CBCT is crucial to preventing complications and optimizing 
patient prognosis.
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