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Abstract

Background: The canalis sinuosus (CS) is an intraosseous canal transmitting the anterior superior alveolar neurovascular

bundle. Despite its clinical significance, it is often overlooked.

Objectives: This study aimed to evaluate the diameter, location, and distances of the CS relative to adjacent structures using

cone-beam computed tomography (CBCT).

Patients and Methods: This retrospective cross-sectional study analyzed 580 CBCT scans. Multiplanar reconstructions were

used to measure canal diameter (CS-D), distance to the anterior nasal spine-posterior nasal spine axis (CS-ANS/PNS), buccal

cortical plate (CS-BCP), alveolar crest (CS-AC), and adjacent tooth apices (CS-ATA). CBCT records were evaluated using OnDemand

3D software version 10.0.1. Statistical analyses included chi-square tests, independent t-tests, and generalized estimating

equations (GEE). Analyses were adjusted for key confounders.

Results: CSs were observed in 219 patients (37.8%), totaling 337 canals. The lateral incisor region was the most common location

(44.6%), and the first premolar region the least common (3.6%). Mean CS-D was 0.89 ± 0.38 mm, mean CS-ANS/PNS 14.92 ± 3.35

mm, mean CS-BCP 7.44 ± 1.16 mm, mean CS-AC 8.24 ± 2.34 mm, and mean CS-ATA 3.83 ± 1.38 mm. Canal position significantly

influenced all measured distances (P < 0.001). In contrast, laterality (right vs. left) showed a statistically significant difference

only for CS-BCP (P = 0.005), with slightly greater values on the right.

Conclusion: The CS showed significant anatomical variability. Preoperative CBCT evaluation is essential to minimize injury

and ensure predictable surgical outcomes. Radiologists must identify and localize CS and locate it meticulously in presurgical

radiological reports of the anterior maxilla.
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1. Background

The anterior superior alveolar nerve is an important
sensory branch that innervates the maxillary anterior

teeth and adjacent soft tissues. The canalis sinuosus (CS)
is a frequently overlooked anatomical canal that

transmits the anterior superior alveolar neurovascular

bundle (1). The term “canalis sinuosus” was first
proposed by Frederic Wood Jones in 1939, who described

it as a double-curved bony channel branching from the
lateral wall of the infraorbital canal (2). Subsequent

studies have confirmed Jones’ observations, noting that

the CS typically originates from the infraorbital canal

and is most frequently situated posterior to its

midpoint (2-5). As the exclusive intraosseous canal for
the anterior superior alveolar nerve and vessels, the CS

plays a crucial role in anterior maxillary anatomy.
Accessory canals, which represent anatomic variations

of the CS, are occasionally present in the anterior

maxilla; however, they are difficult to identify on

conventional two-dimensional (2D) radiographs and are

often overlooked by clinicians.

On 2D radiographs, extensions of the CS toward the

anterior maxillary teeth may present as well-defined
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circular radiolucency. In such cases, their proximity to

the root apices can lead to misinterpretation as

periapical pathology, including inflammatory lesions,
cystic changes, or external root resorption (6, 7).

Similarly, on panoramic radiographs, the course of the
canal may be misinterpreted as a developmental cleft or

a fracture (8). Cone-beam computed tomography (CBCT)

overcomes the limitations of 2D imaging by providing
high-resolution, three-dimensional information

without superimposition of surrounding structures (9-
12). It is a cost-effective and accessible method for

evaluating hard tissues and obtaining precise

quantitative measurements (10, 11). CBCT is regarded as

the gold standard for both angular and linear

assessments in dentistry (9), as it provides accurate
visualization of the CS, determining both its location

and its relationship with adjacent structures.

The CS represents an anatomical variation of the

anterior superior alveolar nerve, and its precise

identification is clinically important (2). A variety of

surgical procedures are performed in the anterior

maxilla, including maxillary sinus surgery, removal of

impacted canines, placement of implants for

orthodontic anchorage, and, most critically, dental

implant placement in the esthetic zone, where

functional and biomechanical demands are high (5, 13,

14). The CS is considered a potential risk factor in

orthognathic surgery, particularly during the LeFort I

osteotomy, due to the possibility of injury to CS and

surrounding neurovascular structures such as the

posterior superior alveolar artery, nasopalatine artery,

descending palatine artery, and internal maxillary

artery (2). Additionally, certain otorhinolaryngologic

(ENT) interventions involving the nasal cavity or

anterior maxilla may also place the CS at risk (1, 15).

Iatrogenic injury to the CS during surgeries can lead to

unpredictable complications such as postoperative

pain, paresthesia, or even epistaxis, in some cases

necessitating implant removal for resolution (14, 16).

Therefore, a thorough understanding of the exact

anatomy and variations of the CS is essential to

minimize complications and ensure safe surgical

outcomes.

2. Objectives

The CS is an anatomical variation that has not been

adequately described (2, 5, 14). Moreover, many

clinicians have limited awareness of this canal and the

potential complications it may cause during dental and

surgical procedures. Therefore, the aim of this study was

to evaluate the anatomical properties of the CS,

including the diameter, location, and multiplanar

distances of the CS relative to adjacent structures,

including the anterior nasal spine-posterior nasal spine

(ANS/PNS) axis, buccal cortical plate, alveolar crest (AC),
and adjacent tooth apices, using CBCT.

3. Patients and Methods

3.1. Study Design and Settings

This retrospective cross-sectional anatomical

observational study, with both descriptive and

comparative aims, was conducted on patients referred

to the Department of Oral and Maxillofacial Radiology,

School of Dentistry, Shahid Beheshti University of

Medical Sciences, Tehran, Iran, between August 2023 and

August 2025.

The study was conducted in accordance with the

principles of the Declaration of Helsinki and was

approved by the institutional ethics committee

(IR.SBMU.DRC.REC.1401.097). All CBCT images had been

acquired for diagnostic purposes unrelated to this

research, and no additional radiation dose was imposed

on the patients. All patients’ data were anonymized, and

medical records were used solely for research purposes.

3.2. Eligibility Criteria and Selection Methods

In line with previous studies (3, 6, 13), and

considering an estimated prevalence of P = 0.4, a 95%

confidence level, and a 4% maximum accepted error, the

required sample size was calculated to be 580 using the

following formula:

Strict eligibility criteria were applied to minimize

potential confounding factors. To minimize the effect of

selection bias, 1200 CBCT scans were assessed for
eligibility, and 580 were selected according to the

eligibility criteria. Figure 1 shows the study selection

process. Patients were consecutively selected based on

the availability of complete medical records and the

following criteria:

The inclusion criteria: (1) Patients aged 18 to 80 years
(to exclude cases with mixed dentition and advanced

age-related bone changes), (2) high-quality CBCT images

with a field of view (FOV) covering the entire maxilla,

extending from the superior border above the

infraorbital rim to the inferior alveolar ridge, and
including the complete dental arch, (3) images with

adequate resolution and diagnostic quality, with

n =

Z2

1−
   × P × (1 − P)α

2

d2
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Figure 1. Flow chart of patient enrolment (Abbreviations: CS, canalis sinuosus)

minimal artifacts or distortions that could compromise

evaluation (3, 13).

The exclusion criteria: (1) History of surgery/bone

graft in the anterior maxilla, (2) presence of implants in

the anterior maxilla, (3) foreign body in the area of
interest, (4) pathological lesions with bone resorption,

congenital malformations such as cleft palate and lip,

(5) trauma/fractures in the anterior maxilla, (5) fixation

devices (plates, screws), (6) ongoing orthodontic

treatment, (7) edentulous anterior maxilla, (8)
supernumerary or impacted anterior teeth, (9) retained

roots, (10) presence of a metabolic, infectious, or tumor

lesion affecting the maxillary region, (11) motion

artifacts or poor image quality compromising

diagnostic evaluation (3, 13).

3.3. Cone-Beam Computed Tomography Acquisition

All patients underwent CBCT scan by the same

operator, using the same CBCT [NewTom VGi CBCT

system (Verona, Italy)] with consistent exposure

settings, including a 300-μm voxel size, 8 × 12 FOV,

variable tube current (mA), and 110 kVp; high resolution.

https://brieflands.com/journals/ijradiology/articles/166836
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Figure 2. Measurements of the canalis sinuosus (CS) location. The nasopalatine canal is indicated by the red marker, the CS is indicated by the yellow marker, and the apex of the
adjacent tooth is indicated by the green marker. A, Canal diameter (CS-D): In the axial view, at the level of the adjacent tooth apex, the internal diameter of the CS canal was
measured by considering the inner borders of the canal; B, Distance from the CS canal to the ANS-PNS axis (CS-ANS/PNS): In the sagittal view, a reference line was drawn between
point 1 (anterior nasal spine, ANS) and point 2 (posterior nasal spine, PNS). The perpendicular distance from the ANS-PNS line to the CS canal was then measured (12.15 mm). The
90° angle shown in the figure confirms that the measurement was taken perpendicular to the ANS–PNS line; C, Measurements in cross-sectional views: C1. Distance to the buccal
cortical plate (CS-BCP): A line tangential to the buccal cortical plate was drawn (blue line), and the perpendicular distance from this line to the most anterior point of the CS was
measured as CS-BCP (8.13 mm). The 90.1° angle confirms that the measurement was taken vertically. C2. Distance to the alveolar crest (CS-AC): From the same most anterior point
of the CS, the linear distance to the highest point of the alveolar bone (alveolar crest) was measured as CS-AC (8.37 mm); D, Distance to the apex of the adjacent tooth (CS-ATA): In
the axial view, at the level of the adjacent tooth apex, the linear distance from the tooth apex to the center of the CS canal was measured; E, Distinction between the nasopalatine
canal and the canalis sinuosus: The nasopalatine canal and the CS were distinguished based on their anatomical course, location, relative size, and relationship to adjacent
structures, as demonstrated in the figure.

Images were saved in DICOM format and analyzed

blindly by two experienced oral and maxillofacial

radiologists, and any disagreements were resolved by

consensus.

3.4. Image Analysis

For interpretation, real-time reconstruction was

performed using On Demand 3D Application; Version

10.0.1 (Cybermed, Seoul, Korea). On the multiplanar

reconstruction (MPR) screen, the anatomical axial,

coronal, and sagittal planes were properly aligned. For

axial images, the plates of the pterygoid processes of the

sphenoid bone were aligned with the coronal plane,

thereby positioning the ANS along the sagittal plane. In

sagittal images, the maxillary plane served as a

reference to ensure that the plane connecting the

anterior and posterior nasal spines (PNS) was parallel to

the horizontal (axial) plane. In coronal sections, the

floor of the nasal cavity was oriented parallel to the

horizontal plane. Cross-sectional views were

constructed perpendicular to the alveolar ridge.

The presence of the CS was assessed in axial slices by
scrolling (0 mm thickness). A canal meeting the

following criteria was considered CS: (1) Corticated,
partially corticated, or non-corticated; (2) distinct from

the nasopalatine canal; (3) identified in all three planes

(axial, sagittal, and coronal); and (4) originating from
the infraorbital canal and coursing toward the anterior

wall of the nasal cavity and the alveolar process. The
canal was identified in the axial and subsequently

confirmed in the sagittal and coronal views.

https://brieflands.com/journals/ijradiology/articles/166836
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When the CS was present, its emergence was

classified into seven possible locations relative to the

teeth or incisive foramen: (A) central incisor region, (B)

region between the central and lateral incisors, (C)

lateral incisor region, (D) canine region, (E) first

premolar region, (F) lateral to the incisive foramen, and

(G) posterior to the incisive foramen, as described by de

Oliveira-Santos et al. (3). Canals were further classified as

unilateral or bilateral.

Measurements of the CS location relative to the

alveolar ridge were performed (Figure 2). The

parameters evaluated included: Canal diameter at the
level of the adjacent tooth apex (CS-D), Canal opening

relative to the ANS–PNS axis in sagittal (CS-ANS/PNS),

Distance to the buccal cortical plate in cross-sectional

(CS-BCP), Distance to the AC in cross-sectional (CS-AC),

Distance to the apex of the adjacent tooth in sagittal (CS-
ATA) (17).

Cone-beam computed tomography images were

displayed on a 21.3-inch flat panel, color active matrix

and thin-film transistor medical monitor with 2048 ×

2560 resolution, 11.9 bits, and 75 Hz (NEC MultiSync,

Munich, Germany). The examiners could change the

contrast and brightness of the images to ensure optimal

visualization. To minimize examiner fatigue, the

evaluations were conducted in multiple sessions

throughout the day, and the images were presented in a

randomized order. To assess intra-observer

reproducibility, 25% of the cases were randomly re-

evaluated after a 15-day interval using the same

methodology. In the case of any disagreements,

consensus was reached through discussion.

3.5. Statistical Analysis

Data were analyzed using the chi-square and

independent t-tests. The Shapiro-Wilk test was used to

assess the normality of data distribution within the

study groups. Since some patients contributed more

than one canal, the statistical analysis was conducted at

two levels: Patient and canal. Both patient-level and

canal-level analyses were performed for prevalence,

laterality, and sex distribution. Canal-level analyses were

specifically applied to morphometric measurements. At

the canal level, marginal models with generalized

estimating equations (GEE) accounted for clustered

data, and pairwise comparisons were performed with

the Games-Howell test using IBM SPSS Statistics for

Windows, version 28.0 (IBM Corp. Released 2021. IBM

SPSS Statistics for Windows, version 28.0. Armonk, NY:

IBM Corp). For continuous outcomes, a Gaussian

distribution with an identity link was specified

(Appendix 1 in Supplementary File). For binary

outcomes, a binomial distribution with a logit link was

applied (Appendix 1 in Supplementary File). To account

for multiple comparisons, P-values from pairwise tests

were adjusted using the Benjamini-Hochberg method. A

P-value < 0.05 was considered statistically significant.

Effect sizes were interpreted in relation to the CBCT

voxel size (0.3 mm) to distinguish statistically

significant findings from those with potential clinical

relevance.

4. Results

4.1. Intra- and Inter-Observer Reliability

Measurement reproducibility was assessed. Intra-

observer reliability for continuous variables was

excellent (Intraclass Correlation Coefficient [ICC] = 0.868

- 0.966; two-way mixed-effects model, single measures,

consistency). Inter-observer reliability was substantial

to excellent (ICCs = 0.84 - 0.92; two-way random with

absolute agreement). For categorical variables, intra-

and inter-observer agreement were substantial (κ = 0.72

and κ = 0.70, respectively).

4.2. Epidemiologic Result by Sex, Side, and Location

A total of 580 CBCT scans (epidemiologic unit) were

analyzed, comprising 311 females (53.6%) and 269 males

(46.4%). The CS was observed in 219 patients, with a total

of 337 CSs (anatomical unit). In patient-level outcomes,

higher prevalence was observed in males (44.6%)

compared to females (31.8%). 145 patients (66.2%) had a

unilateral canal and 74 (33.8%) a bilateral canal. In males

with CS, 66% were unilateral and 34% bilateral, while in

females, 67% were unilateral and 33% bilateral, with no

significant differences.

The most common location of the CS was in the

lateral incisor (44.6%), whereas the least common was in

the first premolar (3.6%) (Figure 3A).

In canal-level outcomes, the mean number of CSs

among subjects with at least one canal was 1.58 ± 0.86 in

males and 1.52 ± 0.86 in females. No significant sex-

related difference was observed in the mean number of

CS (P = 0.608). Further information is illustrated in Table

1.

In canal-level analysis, 173 CSs (51.6%) were located in

the right and 163 (48.4%) in the left. Moreover, the mean

CS-D was 0.89 ± 0.38 mm on the right and 0.90 ± 0.39

mm on the left. Overall, the mean CS-D was 0.89 ± 0.38

mm (Table 2). A statistically significant difference

between CS-D and classification was observed (P <

0.001), indicating variation of diameters across different

anatomical locations. However, no significant difference

https://brieflands.com/journals/ijradiology/articles/166836
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Figure 3. A, Prevalence of classifications of the CS canal according to percentage (%), based on the canal-level analysis; B, Comparison of the mean CS diameter by classification
groups; C, Comparison of the mean CS-ANS/PNS distance by classification groups (abbreviations: CS, canalis sinuosus; CS (N), number of CS; CS-ANS/PNS, canal opening to the
ANS–PNS axis in sagittal).

was observed between the right and left (P = 0.998).

Since only one CS was located at position G, it was
excluded from further analysis, resulting in a total of

336 CSs presented in Tables 2. and 3.

4.3. Morphological Results

Pairwise comparisons of mean diameter across

positions (A-E) were conducted using the Games-Howell

test. The mean CS-D in A was significantly smaller than

in D (P < 0.001), and in C significantly smaller than in D

(P = 0.029). D had a significantly larger mean CS-D

compared to E (P = 0.049). All other comparisons among
A-E were not statistically significant (Figure 3B).

The mean CS-ANS/PNS was 15.05 ± 3.38 mm in the

right and 14.77 ± 3.32 mm in the left. Overall, the mean

distance was 14.92 ± 3.35 (Table 2). GEE analysis showed

that position had a statistically significant effect on the

CS-ANS/PNS (P < 0.001), indicating that the mean
distance differed across positions. In contrast, no

statistically significant difference in mean CS-ANS/PNS

was observed between the right and left (P = 0.616).

Pairwise comparisons of the CS-ANS/PNS across

positions (A-F) were performed using the Games-Howell

test. Significant differences were observed between A

and D (P < 0.001) and A and E (P = 0.001), with mean

distance higher in A. B had a significantly higher mean

than D (P = 0.001) and E (P = 0.001). C showed a

significantly higher mean than D (P = 0.014) and E (P =

0.002). D had a significantly lower mean compared to F

(P < 0.001), and E had a significantly lower mean than F

(P < 0.001). No other comparisons among positions

were statistically significant (Figure 3C).

https://brieflands.com/journals/ijradiology/articles/166836
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Table 1. Distribution of Numbers of Canalis Sinuosus by Sex in Patient-Level a

CS number Female Male Total

1 64 (61.4) 73 (60.0) 137 (62.6)

2 24 (24.2) 32 (26.7) 56 (25.6)

3 8 (8.1) 8 (6.7) 16 (7.3)

4 2 (2.0) 7 (5.8) 9 (4.1)

6 1 (1.0) 0 (0.0) 1 (0.5)

Total patients 99 120 219

Abbreviation: CS, canalis sinuosus.

a Values are expressed as No. (%).

Table 2. Comparison of Canalis Sinuosus Diameter and CS-ANS/PNS Distance by Side (CS-Level Analysis)

Measurements/sides CS (N) Mean ± SD (mm) Min-Max (mm) 95% CI for mean (lower-upper)

CS diameter

R 173 0.885 ± 0.375 0.37 - 2.17 0.829 - 0.942

L 163 0.895 ± 0.393 0.32 - 2.54 0.835 - 0.956

Total 336 0.890 ± 0.383 0.32 - 2.54 0.849 - 0.931

CS-ANS/PNS distance

R 173 15.052 ± 3.382 2.47 - 22.90 14.544 - 15.560

L 163 14.771 ± 3.324 4.98 - 21.84 14.257 - 15.285

Total 336 14.916 ± 3.352 2.47 - 22.90 14.556 - 15.275

Abbreviations: CS, canalis sinuosus; CS (N), number of CS; SD, standard deviation; mean ± SD, or median; Min, minimum; Max, maximum; mm, millimeter; CI, confidence
interval; R, right; L, left; CS diameter, canal diameter at the level of the adjacent tooth apex; CS-ANS/PNS distance, canal opening to the ANS-PNS axis in sagittal.

Table 3. Comparison of Canalis Sinuosus Distances by Side (CS-Level Analysis)

Measurement/sides CS (N) Mean ± SD (mm) Min (mm) Max (mm) 95% CI for mean (lower-upper)

CS-BCP distance

R 173 7.515 ± 1.119 4.36 11.86 7.347 - 7.683

L 163 7.370 ± 1.204 4.67 11.75 7.184 - 7.556

Total 336 7.444 ± 1.161 4.36 11.86 7.320 - 7.569

CS-AC distance

R 173 8.247 ± 2.204 3.20 17.45 7.916 - 8.578

L 163 8.248 ± 2.490 4.10 16.31 7.862 - 8.633

Total 336 8.247 ± 2.344 3.20 17.45 7.996 - 8.500

CS-ATA distance

R 173 3.750 ± 1.338 1.26 9.05 3.544 - 3.951

L 163 3.929 ± 1.421 0.58 9.19 3.709 - 4.149

Total 336 3.837 ± 1.380 0.58 9.19 3.689 - 3.985

Abbreviations: CS, canalis sinuosus; CS (N), number of CS; SD, standard deviation; mean ± SD, or median; Min, minimum; Max, maximum; mm, millimeter; R, right; L, left; CI,
confidence interval; CS-BCP, canalis sinuosus distance to buccal cortical plate in cross-sectional; CS-AC, canalis sinuosus distance to the alveolar crest in cross-sectional; CS-ATA,
canalis sinuosus distance to the apex of the adjacent tooth in sagittal.

The CS-BCP in the right was 7.51 ± 1.12 mm, compared

to 7.37 ± 1.20 mm in the left, with an overall mean of 7.44

± 1.16 mm (Table 3). GEE analysis showed both position

and side had a statistically significant effect on the CS-

BCP: The mean distance differed significantly among

positions (P < 0.001), and the distance on the right was

significantly greater than on the left (P = 0.005).

Pairwise comparisons using the Games-Howell test

revealed significant differences among regions A-E: The

mean distance was higher in A than B and C (P = 0.022, P

https://brieflands.com/journals/ijradiology/articles/166836
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Figure 4. Comparison of the mean A, CS-BCP; B, CS-AC distance; C, CS-ATA distance by classification groups (Abbreviations: CS, canalis sinuosus; CS (N), number of CS; CS-BCP,
canalis sinuosus distance to buccal cortical plate in cross-sectional; CS-AC, canalis sinuosus distance to the alveolar crest in cross-sectional; CS-ATA, canalis sinuosus distance to
the apex of the adjacent tooth in sagittal).

< 0.001, respectively), lower in A than D (P < 0.001),

lower in B than D (P < 0.001), and lower in C than D (P <

0.001). All other comparisons were not statistically

significant (Figure 4A).

In the right, the CS-AC was 8.25 ± 2.20 mm, and in the

left, it was 8.25 ± 2.49 mm. Across the 336 canals, the

overall mean CS-AC was 8.24 ± 2.34 mm (Table 3). GEE

analysis indicated that position had a statistically

significant effect on the CS-AC (P < 0.001), showing that

the mean distance differed among positions. In

contrast, there was no significant difference between

the right and left (P = 0.979).

Pairwise comparisons of the CS-AC across positions
(A-F), performed using the Games-Howell test, revealed

statistically significant differences between A and D (P <

0.001), A and E (P = 0.009), A and F (P = 0.027), B and E (P

= 0.034), C and D (P = 0.002), and C and E (P = 0.020).

Specifically, the mean distance was smaller in A than in

D, E, and F, smaller in B than in E, and smaller in C than

in D and E. All other comparisons among positions were

not statistically significant (Figure 4B).

In the right, the CS-ATA was 3.75 ± 1.34 mm, while in

the left, it was 3.93 ± 1.42 mm. Overall, the mean CS-ATA

was 3.83 ± 1.38 mm (Table 3). GEE analysis indicated that

position had a statistically significant effect on the CS-

ATA (P < 0.001), showing that the mean distance differed

among positions. In contrast, there was no significant

difference between the right and left (P = 0.708).

Pairwise comparisons of the CS-ATA across positions

(A-F) were performed using the Games-Howell test.
Significant differences were observed between A and C

(P < 0.001) and A and E (P = 0.028), with the mean

distance higher in A than C but lower than E. B showed a

significantly higher mean than C (P < 0.001), while C was

https://brieflands.com/journals/ijradiology/articles/166836


Valizadeh S et al. Brieflands

I J Radiol. 2025; 22(4): e166836 9

significantly lower than D (P = 0.002) and E (P = 0.001). D

had a significantly lower mean than E (P = 0.044), and E

was significantly lower than F (P = 0.024). All other

comparisons among positions were not statistically

significant (Figure 4C).

A sensitivity analysis was conducted by introducing a

realistic measurement error of ±0.3 mm, corresponding

to the CBCT voxel size. The resulting estimates changed

by less than 2% across all distances, and the statistical

significance of all findings remained unchanged,

indicating that the results are robust to measurement

variability.

5. Discussion

5.1. Summary of Key Findings

Anatomical variations play a key role in both

treatment planning and post-treatment outcomes, as

they help prevent complications during surgeries and

support a more predictable prognosis. The CS has been

described in early anatomical literature, with Macalister

first reporting its terminal portion (1, 2), and it is also

noted in modern anatomy textbooks (18, 19).

Nevertheless, many clinicians remain unfamiliar with

this structure (2, 5, 13). Therefore, we aimed to provide a

comprehensive evaluation of the anatomical

characteristics and spatial relationships of the CS using

CBCT.

5.2. Comparison with Existing Literature

Our findings revealed that the CS was present in 37.8%

of patients, highlighting that CS is more common than

often recognized in clinical practice. 51.6% of canals were

located in the right and 48.4% in the left. By contrast, von

Arx et al. (20) reported 27 canals (40.3%) on the right and

40 (59.7%) on the left. This difference may reflect the

smaller sample size in their study, population

variations, and differences in inclusion and exclusion

criteria.

In this study, the CS was most frequently observed in

region C at 44.6%, and least frequently in region E at 3.6%

(3). In approximately 12% of cases where the middle

alveolar nerve is absent, the anterior superior alveolar

nerve may provide secondary innervation to the

premolar region, which may explain the lower

prevalence of the CS in this area. The current findings

are in agreement with previous studies (13, 21, 22), which

reported the lateral incisor region as the most common

site. In contrast, Shan et al. reported the highest

prevalence of the CS between the central and lateral

incisors, noting that canal openings in this region and

the central incisor were closer to the AC (14). Similarly,

Aoki et al. identified the central incisor as the most

prevalent site (6). These differences may be attributed to

the smaller sample size (200 patients), population

differences (Brazilian cohort), and the exclusion of

certain patients in the current study, such as anterior

maxillary implants, cleft palate, edentulous areas,

supernumerary, impacted teeth, or mixed dentition in

the anterior maxilla.

In this study, the mean CS-D was 0.89 ± 0.38 mm. This

is consistent with Rao et al. (22), who reported a CS-D of

0.88 mm. Although the CS is smaller than structures

such as the incisive foramen, it should not be

overlooked during surgery. Even minute canals,

including alveolar or accessory lingual foramina (< 1

mm), can contribute to significant bleeding during

implant placement or other maxillary procedures (23,

24). For comparison, the descending palatine artery, a

common source of hemorrhage in posterior maxillary

surgery, has a diameter of 1.1 - 2 mm (mean 1.7 mm) (2, 5).

Given the tortuous course of the CS, especially near

tooth apices, reporting both minimum and maximum

diameters provides valuable insight for surgical

planning.

In our study, the mean CS-ANS/PNS was 14.92 ± 3.35

mm, ranging from 2.47 mm adjacent to the right central
incisor to 22.9 mm near the right incisive canal. The

distance varied significantly by canal position (P <
0.001). Additionally, the spatial location of the CS,

namely, CS-BCP, CS-AC, and CS-ATA, was overall 7.44 ± 1.16

mm, 8.24 ± 2.34 mm, and 3.83 ± 1.38 mm, respectively.
Canal position significantly influenced these measured

distances (P < 0.001), indicating variability across
positions A-F. In contrast, laterality (right vs. left) had no

significant effect on CS-AC (P = 0.979), CS-ATA (P = 0.708),

or CS-ANS/PNS distance (P = 0.616), while CS-BCP showed

a small but statistically significant difference between

sides (P = 0.005), with slightly greater values on the
right. These findings are consistent with previous

reports. Manhaes Junior et al. (13) observed slightly

different distances to the cortical plate (right: 6.83 mm,

left: 7.94 mm) and AC (right: 7.71 mm, left: 9.28 mm),

likely due to smaller sample size, population
differences, and differing inclusion/exclusion criteria.

Yeap et al. (17) reported a mean CS-ATA of 1.25 ± 2.16 mm

in an Australian cohort. The short distances between the

CS and adjacent tooth apices highlight the critical

importance of precise localization of this structure
before performing any surgical procedure in the

anterior maxilla. Accidental injury to the neurovascular

bundle of the CS may compromise osseointegration and

lead to complications such as bleeding, pain, or

https://brieflands.com/journals/ijradiology/articles/166836
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temporary or permanent paresthesia (16, 21, 24).

Therefore, preoperative CBCT evaluation is essential to

accurately identify the CS course and maintain an

adequate safety margin, preferably at least 2 mm, when

determining implant position, angulation, and depth.

Awareness of this anatomical variability is equally

important in LeFort I orthognathic surgery, ENT

interventions, bone grafting, and cyst enucleation in the

anterior maxilla (6, 14, 16). Cone-beam computed

tomography is the most reliable method for visualizing

the CS, enabling clinicians to minimize neurovascular

risks and achieve predictable surgical outcomes (10, 12,

25).

5.3. Implications for Radiology Practice

From a clinical perspective, it is essential to

distinguish statistical significance from clinical

relevance. Given the CBCT voxel size of 0.3 mm used in

this study, differences smaller than this threshold may

fall within measurement uncertainty and should be

interpreted with caution. In our study, although the

side-related difference in CS-BCP was statistically

significant, its magnitude is unlikely to influence

clinical decision-making in isolation. In contrast,

position-dependent differences including CS-ANS/PNS,

CS-AC, and CS-ATA exceeded 1 mm. These differences may

be clinically meaningful during implant planning in the

anterior maxilla, where safety margins are limited and

proximity to neurovascular structures is critical. Even

modest absolute differences can become relevant when

multiple anatomical constraints coexist in esthetic and

high-risk regions. Therefore, reporting effect sizes

alongside their confidence intervals provides a more

clinically informative framework than P-values alone.

5.4. Study Limitations and Directions for Future Research

This study has some limitations. First, the age group

from childhood to early adulthood was not categorized

into smaller subgroups. Second, the retrospective

nature of the study posed some limitations on data

analysis and interpretation. A larger sample size is

needed to improve the generalizability of the results.

Future longitudinal studies are recommended to

evaluate the biological and developmental factors

associated with the formation and variation of the CS.

5.5. Conclusions

In conclusion, these findings highlight the

anatomical variability of the CS and its clinical

relevance, particularly for implant placement, anterior

maxillary surgery, orthognathic procedures, and ENT

procedures involving the nasal cavity or anterior

maxilla. Careful preoperative evaluation of the CS using

CBCT is essential to minimize the risk of neurovascular

injury and ensure predictable surgical outcomes.

Radiologists should carefully assess and identify this

anatomical variation and locate it meticulously in

presurgical radiological reports to avoid injury.
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