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Abstract 
The aims of this study were to map the main locations of Canalis sinuosus (CS), to (i) identify accessory 

foramina in the hard palate region, (ii) indicate the prevalence, and (iii) view them when using CBCT 

images. A sample of 230 cone-beam computed tomography (CBCT) examinations was obtained. The 

CBCT images that were generated by a multiplanar reconstruction of the axial and/or coronal planes 

were evaluated by On Demand 3D™ Dental software. The prevalence of Canalis sinuosus was 224 

(97.4%). The examinations had at least one accessory foramen in the maxilla, with corticalization present 

in 189 (82.1%) for all of those evaluated. The presence of the one accessory foramen was in the anterior 

palate in 174 (75.65%), on both sides. The highest number was present in 149 examinations (64.8%) on 

the right side. The bilateral presence of this structure occurred in almost half of the examinations. The 

most common CS was Classification 3, near to the upper lateral incisor region, for both sides. It was clear 

that when planning for surgical interventions in the anterior maxilla, the study, and the identification of 

CS, as well as its ramifications and morphological variations, should be carefully studied and evaluated 

individually for each patient. 
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1. Introduction 

The anterior maxillary region is an area where many surgical procedures are performed in 

dentistry, such as implant placement, bone grafting, lesion removal, and trauma treatments, 

requiring the dental surgeon to need a thorough knowledge of the anatomical structures present 

[1-3].  

In the anterior region of the hard palate, besides the incisive foramen, other foramina such as 

Canalis sinuosus (CS) can also be found. This canal is responsible for the passage of the 

anterior superior alveolar nerve bundle (ASA) which is the branch from the Infraorbital canal 

(IOC) and is laterally directed to the nasal cavity to the region of the anterior teeth [4] may have 

ramifications [1, 5, 6]. These foraminas may present unilateral or bilateral presentations, 

originating from branches of the Canalis sinuosus (CS) and are associated with accessory 

foraminas (AFs) [1, 3, 7-9]. More than half of these AFs communicate with the CS on the same 

side, causing direct direct extension of the neurovascular content of the CS in the anterior 

portion of the maxilla.[8] These ramifications can interfere with surgical processes and even 

cause misdiagnostic [10], mimicking apical lesions [2, 6, 9].  

The Canalis sinuosus (CS) is a structure that is difficult to visualize in radiographic images5 

and can be disregarded by the dentist [3, 11]. Thus, the use of computed tomography is necessary 

to analyze these anatomical structures, which may be affected, since they may be present in the 

anterior region of the maxilla [1, 3, 7-9, 11, 12].  

Several studies emphasize the importance and necessity of using CBCT for the planning of 

invasive procedures with the preservation of noble anatomical structures located in the anterior 

maxilla, as well as in the canine pilar region, since it is the common site for oral rehabilitation 

using implants, where there is a higher incidence of CS emergency [1,3, 7-13]. 

This study had a triple aim: to map the main locations of the CS (i), the acessory foraminas in 

the hard palate region (ii), to indicate the prevalence (iii) using CBCT images. 
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2. Material and Methods 

This observational study was designed as a retrospective 

analysis of CBCT images obtained from database of the 

Radiology Service of the Dentistry Course of the School of 

Health and Life Sciences of the Pontifical Catholic University 

of Rio Grande do Sul (PUCRS), Brazil. This study was 

approved by the Committee of Ethics in Research of the 

PUCRS. 

Maxillary CBCT images of patients of all sexes and ages were 

selected. The following exclusion critteria apply to this 

research: patients with implant pins in the anterior region, 

surgical metal plates and screws in the region of interest, 

presence of included dental elements, midline lesions and 

facial defects. 

For the location of CS and CAs was used the method 

suggested by Oliveira-Santos et al. [1] When the presence of 

the CS was observed, thus classified according to the 

following parameters: unilateral or bilateral location and 

disposition. Coronal, axial, and sagittal sections were 

evaluated for the complete location of the anatomical 

structures. To assess the classification of palate location, a 

figure suggested by Oliveira-Santos et al. [1] was used, 

considered a numbering from one to eight, being the number 

eight for cases where the CS is not located in any of the 

previous seven situations (Figure 1). The eight situations 

according to their location relative to the teeth/incisive 

foramen can be: 

1. central incisor region 

2. region between the central and lateral incisors 

3. lateral incisor region 

4. canine region 

5. first premolar region 

6. lateral to incisive foramen 

7. posterior to incisive foramen 

8. anywhere previous location 

 

 
 

Fig 1: Schematic representation of distribution of CS observed in the 

palate described by Oliveira-Santos et al. [1] 

 

Using the tomography, I-Cat™ device, (Imaging Sciences 

International, Hatfield, USA), a sample of 230 cone beam 

computed tomography (CBCT) examinations was obtained, 

with number of serie ICU082130. Operating parameters were 

set at 125kVp and 3-7mA and 10mm aluminum filter 

protection. For all CBCT images, a standardized voxel of 0.2-

0.4mm was selected, with different fields of view (FOVs). All 

CBTC images were evaluated in the On Demand 3D™ Dental 

software (Cybermed, Seoul, South Korea). For evaluations, 

the specific tools of the CBCT software analyzed all CBCT 

images generated by the multiplanar reconstruction in the 

axial and/or coronal planes.  

The tomographic sections were evaluated by an experienced 

graduate student and analyzed by an intra-examiner error 

examiner, the error test was performed from the random 

selection of 10 previously observed exams. The data collected 

were tabulated to perform the statistical analysis. The 

statistical analyses used were Kappa and Qhi-Square tests. 

 

3. Results 

In this study 230 CBCT exams were evaluated, 165 (71.7%) 

female subjects and 65 (28.3%) male subjects (Table 1). 

Patients' ages ranged from seven to 81 years, with a mean 

value of 48 years, standard deviation of 15 years. The intra-

examiner error test obtained a strong and significant kappa 

value of 0.74 (P <0.05). 

 
Table 1: CBCT exams into two groups classified by gender. 

 

Gender n % 

Female subjects 165 71.7 

Male subjects 65 28.3 

Total 230 100 

 

The Canalis sinuosus was present in 224 (97.4%) of the 

exams analyzed and only 06 exams (2.6%) it was not possible 

to analyze this anatomical structure. Regarding the presence 

of accessory foramen (AF), at least one accessory foramen 

was localization externally by the anterior palate in 174 of the 

evaluated exams (75.65%), both on the right and left sides 

(Table 2).  

 
Table 2: Presence of CS in CBTC exams. 

 

Absent/Presence n % Cumulative (%) 

Absent 6 2.6 3.0 

Doubt 2 0.9 3.5 

Presence 221 96.1 99.6 

Doubt 1 0.4 100.0 

Total 230 100.0  

 

The right side presented the highest number of exams with the 

presence of AF from the CS, 149 exams (64.8%) when 

compared to the left side the presence of 133 exams (56.8%) 

for all exams evaluated. Regarding the bilateral presence of 

AF, 105 exams (45.65%) with bilateral AF were found. Thus, 

the bilateral presence of this structure occurred in almost half 

of the exams (Table 3). 

 
Table 3: Evaluating of the presence of AF from the CS on both the 

right and left sides of the maxilla. 
 

AF 
Right 

n 
% 

Left 

n % 

Absent 79 34.3 97 42.2 

Doubt visible 2 0.8 - - 

Presence 149 64.8 133 57.8 

Total 230  230  

 

Based on the classification proposed by Oliveira-Santos et al. 
[1] regarding the presence of a total of 312 AFs used by CS. It 

was found 167 (53.52%) on the right side and 145 (46.47%) 

on the left side. Among the discount cases, 28 there were two 

or more AFs registered on the same side of the maxilla (Table 

3).  
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The location of the most common CS was the classification 3, 

near to the upper lateral incisor region for both sides obtaining 

values to frequency 4 (Figure 2). In all cases in which AF was 

present, this anatomical structure branched from the CS just 

below the floor of the nasal fossa and was directed to the 

palate region near the alveolar cortical. In all cases, that AF 

was present, this anatomical structure branched from the CS 

just below the floor of the nasal fossa and was directing to the 

palate region near the alveolar cortical. There were 312 AFs 

observed, however 12 were not classified into the seven 

categories used for this research, and then they received 

numbering eight (Table 4). 

 

 
 

Fig 2: Prevalence and location classification according with Oliveira-Santos et al. [1] 

 
Table 4: Classification as location of the AF from the CS. 

 

Classification Right n % 
Left 

n % 

1 21 13.9 14 6.1 

2 15 9.9 25 10.9 

3 39 25.8 32 13.9 

4 21 13.9 12 5.2 

5 31 20.5 33 14.3 

6 1 0.7 - - 

7 14 9.3 14 6.1 

8 9 6.0 3 1.2 

Doubt 79 34.3 97 42.2 

Total 230  230  

 

According to exams that had at least one AF in the maxilla, 

the corticalization of the AF was present in 189 (82.1%) 

CBCT scans and 37 (16.1%) were not viewed (Table 5). 

 
Table 5: Prevalence of the corticalization of the CS. 

 

Corticalization n % 

Presence 189 82.1 

Doubt 4 1.7 

Absent 37 16.1 

Total 230  

 

4. Discussion 

Among the main anatomical structures considered during 

surgical planning in the anterior region of the maxilla are the 

incisor canal and the incisive foramen, which contain the 

nasopalatine vascular-nerve bundle inside [14]. However, the 

existence of another anatomical structure should also be taken 

into account during a surgical stage in this region, the CS, 

responsible for the ASA vascular bundle, [4, 15] which presents 

itself as a bilateral structure, rarely unilateral. [7] Carelessness 

in identification this structure can determine the surgical 

failure of the procedure, since damage to vascular and 

nervous structures may pose risks of hemorrhage, 

hyperesthesia, paraesthesia and pain, causing a decrease in the 

quality of life of the patient [5, 8, 15]. Due to the relatively high 

prevalence of CS, the identification of this structure has 

clinical relevance, mainly to avoid iatrogenesis in the anterior 

maxilla [3]. 

The CS has the insertion point anterior to the incisive canal 

and at this location, this structure commonly presents 

anatomic variations in the anterior to the palate, called AFs. [1, 

3, 7, 8] According to Von Arx et al. [8] more than half of these 

AFs communicate with the CS on the same side, and this 

probably represents a direct extension of the neurovascular 

content of the CS in the anterior region of the anterior 

maxilla. 

In the present study of 230 CBTC scans evaluated, most of 

the exams were female, totaling 165 CBCT imaging (71.7%) 

and only 65 males (28.3%). This variation can be considered 

mainly by cultural factors, since in the southern region of the 

country the male gender may have less care and concern for 

their own health when compared with the opposite gender. 

According to Ghandourah et al. [16] there was no significant 

difference between gender for occurrence of CS. For Von Arx 

et al. [8] there was a tendency of seeing more AFs in older 

than in younger subjects, but the presence of AFs was 

correlated neither with age nor with gender. Also, for Oliveira 

Santos et al. [1] not statistically significant difference 

regarding the frequency of AFs and the gender or age was 

similarly reported.  

Considering the AFs located in this research, 12 could not be 

classified according to the Oliveira Santos et al. [1] 
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classification; however, it is important to note that this 

structure has a great anatomical variation what its 

classification difficult. Differences in the definition of the 

exact position of the AF for a specific classification may 

occur, since the method used has dental and anatomical 

structures as reference, varying greatly among patients. Many 

variations can be expected from the origin, course, and 

distribution of the maxillary nerves and vessels to teeth [1].  

According to the data obtained in this research, the region 

with the largest number of AF on the palate was near to the 

lateral incisors and upper premolars being considered a large 

risk area where on-site procedures may cause damage to 

anatomical structures. 

Among the AFs analyzed approximately, 80% of them have 

corticalization, which classifies the CS and its branches as a 

noble structure in the anterior region of the maxilla. And that 

its presence should not be underestimated but considered 

during procedures in the region, since the presence of bone 

corticalization in a vascular-nerve bundle indicates that such a 

structure is not only a nutritive channel. 

It was possible to observe great differences from the results 

obtained in this study. According to research conducted by 

Oliveira-Santos et al. and Von Arx et al. [8], a prevalence of 

15.7% (n = 178) and 27.8% (n = 176) of AF was observed in 

the anterior palate region, respectively. Ghandourah et al. [16] 

obtained a prevalence value of 67.6% (n = 219) for this 

structure which it was the approximate value that was found 

in the present study, 75.6% (n=230). A total of 312 AFs from 

the CS was obtained and distributed in 174 exams (75.6%). 

The sample used was similar to several previously cited 

studies, thus the prevalence difference found can be suggested 

as anatomical variations present among diverse groups and 

populations, considering ethnicity, descent, and other genetic 

factors. A research showed that frequency of anatomical 

variations may be related to the ethno-geographic context [17]. 

Although for other authors it was not possible to infer 

additional comparisons related to ethnicity, they suggested 

that the need for further studies in different geographic 

regions to obtain different results to confirm these variations 
[1]. 

 

5. Conclusions 

Thus, the visualization and analysis of the anatomy of the CS 

in most of the CBCT scans contained in the sample of this 

study showed the prevalence of 97.4%, in addition to the 

presence of corticalized AFs in 58.3% of cases. Based on 

these findings, it was clear that when planning for surgical 

interventions in the anterior maxilla, the study and 

identification of CS, as well as its ramifications and 

morphological variations should be carefully studied and 

evaluated individually to avoid possible complications during 

and after surgery. 
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