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Imaging anatomy of the vidian canal and its clinical significance
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Background: Vidian neurectomy (VN) is an effective surgical treatment for severe allergic rhinitis (AR). 
However, little research has been conducted on the imaging anatomy of the vidian canal (VC). This study 
aimed to analyze the computed tomography (CT) imaging of the VC and its surrounding structures and 
investigate the morphometric characteristics and clinical significance of VN.
Methods: We analyzed 118 paranasal sinus CT scans (55 male and 63 female patients), with axial, coronal, 
and sagittal slices being used in the study.
Results: Among the 118 patients in this study, the average length of the VC in male and female patients 
was 14.00±3.35 and 12.51±3.42 mm, respectively; the transverse diameter of the posterior segment of the VC 
in females was larger than that in males; and the length of the VC and the distance between VC and foramen 
rotundum (FR) in males were longer than those in females. The angle between the VC and the sagittal plane 
and the angle between the sphenopalatine foramen (SPF) and the VC in females were larger than those in 
males, and the distance between the attachment to the end of the middle turbinate (MT) and the VC was 
greater. Type 2 VC occupied a dominant position. The VC was mostly at the same line as the medial wall 
of the maxillary sinus (MS) and was located on the medial side of the medial pterygoid plate (MPTG). The 
highest point of the VC was mostly superior to that of the palatovaginal canal (PVC). Most of the VC was 
inferior to the internal carotid artery (ICA), and no cases were observed in which the VC was above the ICA. 
Some of the measurements of the VC and its surrounding structures were correlated.
Conclusions: The position and morphometric information of the VC could be reflected in a CT scan, 
which may contribute to the evaluation of VN preoperatively and postoperatively.
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Introduction

The prevalence of allergic rhinitis (AR) has been 
increasing in recent years (1-3). As reported in a clinical 
and pathophysiological overview, more than 400 million 
people in the world experience AR, arousing concern in 
several fields (1-4). AR seriously affects an individuals’ 
quality of life, severely impact a patient’s work, study, social 
interactions, etc. (5). According to the literature, in addition 
to the direct medical expenses, the indirect economic 
loss caused by AR has even exceeded that of asthma in 
recent years, and thus AR poses a considerable social 
challenge (5,6). Vidian neurectomy (VN) to improve nasal 
hypersecretion is the main surgical treatment for moderate 
to severe AR (7,8). This operation can also contribute to the 
treatment of intractable vasomotor rhinitis (VMR) (9) and 
has a significant clinical effect in alleviating the symptoms 
of patients with refractory rhinitis, improving their quality 
of life, and reducing the use of drugs (10-12).

VN was first proposed by Golding-Wood for the 
treatment of VMR (11,13). However, it could not be widely 
promoted owing to its associated surgical trauma, difficult 
exposure to the surgical field, and multiple complications. 
Recently, with the development of technology and the 
exploration of the fine anatomy around the vidian canal 
(VC), the incidence of complications has been reduced. VN 
has been reapplied clinically and become one of the most 
widely used surgical treatments for AR and VMR (7,9,12). 
Precisely locating the anterior opening of the VC plays a 
key role in approaching the vidian nerve through the middle 
nasal meatus in VN, as this can reduce surgical injury, avoid 
complications, and shorten the operation time. Therefore, it 
is crucial to locate the anterior opening of VC through the 
surrounding structures, such as the sphenopalatine foramen 
(SPF), the palatovaginal canal (PVC), the end of the middle 
turbinate (MT), and the medial pterygoid plate (MPTG) 
(Figure 1). As the most common preoperative examination 
method in clinical practice, computed tomography (CT) 
is critical to VN. However, there are few reports on the 
imaging anatomy of the VC and its surrounding structures 
based on the surgical operation in clinical practice.

In this study, we examined whether the use of CT could 
contribute the risk assessment, intraoperative navigation, 
and protection of important adjacent structures during VN. 
Additionally, we characterized the imaging anatomy of the 
VC and its relative position to the surrounding structures 
to explore the value of scan in the preoperative localization 
and risk assessment of VN. This study firstly reported on the 

relative position between the maxillary sinus (MS) and the 
VC and the first to jointly consider the surgical significance 
of the structures surrounding VC. We hope our findings can 
serve as a reference for preoperative assessment in subsequent 
clinical practice. We present this article in accordance with 
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-1033/rc).

Methods

Clinical data

A retrospective analysis was conducted on paranasal 
sinus CT scans from 118 patients (55 males and 63 
females) between January 2018 and January 2019 in 
Renmin Hospital of Wuhan University. These patients 
underwent sinus CT scans for different conditions, such 
as headache, nasal symptoms, maxillofacial discomfort, 
eye discomfort, and preoperative evaluation of endoscopic 
dacryocystorhinostomy. The exclusion criteria were 
as follows: (I) a history of facial trauma, fracture, or 
deformity; (II) a history of previous surgery on the sinus 
or skull base; (III) a history of paranasal sinus tumors or 
other conditions affecting the imaging analysis; and (IV) 
interrupted continuity of the VC or one that could not be 
identified clearly. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013) and 
was approved by the Ethics Committee of Renmin Hospital 

Figure 1 Endoscopic findings in VN. Yellow arrow: the anterior 
opening of the VC; white arrow: MPTG; blue arrow: PVC. VN, 
vidian neurectomy; VC, vidian canal; MPTG, medial pterygoid 
plate; PVC, palatovaginal canal. 

https://qims.amegroups.com/article/view/10.21037/qims-23-1033/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-1033/rc
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of Wuhan University (No. WDRY2022-K237). The 
requirement for informed consent for this study was waived 
due to its retrospective nature.

CT scanning, reconstruction, and observation

CT scanning was performed using the Light Speed GE 
64 slice spiral CT system (GE HealthCare, Chicago, IL, 
USA). The scanning range was from the superior margin 
of the frontal sinus to the inferior margin of the maxillary 
alveolar process, and the scanning layer thickness was 
0.5 mm. CT scans were obtained under the following 
parameters: 0.625-mm section thickness, 0.5-mm intervals, 
120–320 mA, and 120 kV. Centricity Enterprise Web 3.0 
(GE HealthCare) imaging system was used for observation 
and measurement. The intermediate window and level 
settings were 2,000 and 350 Hounsfield units (HU), 
respectively. The images were independently measured and 
analyzed by two doctors, and the average value was taken 
from three data measurements.

Measurements and definitions of each type and relative 
positional relationship

The VC was located in the axial plane, and the following 
values were measured: the length of the VC; the diameter 
of the anterior, central, and posterior segment of the VC; 
and the angle between the VC and the sagittal plane. 
Considering that SPF is adjacent to the VC and is a 
significant anatomical landmark in VN, the transverse 
diameter of the SPF, the distance between the medial 
border of the anterior boundary of the VC to the posterior 
boundary of the SPF, and the angle between the axis of the 
SPF to the axis of the VC were measured. For the same 
reason, we located the PVC in the axial plane and measured 
the angle between the axis of the PVC and the VC  
(Figure 2), the distance from the posterior wall of the MS 
to the VC (Figure 2), and the distance from the attachment 
of the end of the MT to the VC. Due to the close location 
of the foramen rotundum (FR), we measured the shortest 
distance between the VC and the FR in the coronal plane in 
order to protect the maxillary nerve in VN (Figure 2).

The relative positions between the VC and other 
structures were as follows. The position of the VC was 
identified as online, medial, or lateral to the medial wall of 
the MS (Figure 3); the position of the PVC was identified 
as inferior, at, or superior to the VC (Figure 4); the MPTG 
was determined to be at the coronal plane; and the VC was 

identified to be online, medial, or lateral to the MPTG 
(Figure 5). In regard to the petrous internal carotid artery 
(pICA), the position of the VC was identified as inferior, at, 
or superior to the pICA (Figure 6).

According to the research of Açar et al. (14) and 
Vuksanovic-Bozaric et al. (15), the VC was classified into 
three types based on its localization: type 1, the VC was 
located inside the roof of the pterygopalatine fossa (PPF); 
type 2, the VC was partially protruding into the sphenoid 
sinus; and type 3, the was VC completely protruding into 
the sphenoid sinus, with a stalk connecting it to the PPF 
roof (Figure 7).

Based on the evaluation of sphenoid sinus in the report 
of Rahmati et al. (6), the sphenoid sinuses were categorized 
into four types depending on the position of the sinus 
relative to the sella turcica: type I, conchal (completely 
missing or minimal sphenoid sinus); type II, presellar 
(posterior wall of the sphenoid sinus in front of the anterior 
wall of the sella); type III, sellar (posterior wall located 
between the anterior and posterior wall of the sella); and 
type IV, postsellar (posterior wall of the sphenoid sinus 
located behind the posterior wall of the sella) (Figure 8).

According to Zhou et al. (16) and Cao et al. (17), the 
anatomical variation of posterior ethmoidal cells, which may 
be related to the VC, could be classified as ethmomaxillary 
sinus (EMS), retromaxillary air cell (RMC), and Haller cell 
(located below the orbit and above the MS) and without any 
infraorbital cells (Figure 9).

Statistical methods

SPSS 22.0 software (IBM Corp., Armonk, NY, USA) was 
used for statistical analysis. A two-way mixed-effects single 
measures intraclass correlation coefficient (ICC) analysis 
was conducted to assess the interobserver agreement. The 
normal distribution was evaluated using the Kolmogorov-
Smirnov (K-S) s ingle-sample test  combined with 
observation via histogram and scatter plot. When the 
results of the K-S test were inconsistent with those of the 
histogram and scatter plot, the results of the latter prevailed. 
The independent sample t-test, chi-squared test, and Fisher 
exact test were used to analyze the differences between 
groups. Correlation analysis was performed using Pearson 
correlation or Spearman correlation analysis depending 
on whether or not the data were consistent with a normal 
distribution. Logistic regression was used to analyze the 
related factors of classified variables, and multiple linear 
regression was used to analyze the related factors of 
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Figure 2 Definition and measurement of different values. (A) Axial slices (level of the vidian canal): the diameter of the anterior [1], central 
[2], and posterior [3] segment of the VC; the length of the VC [4]; the transverse diameter of the SPF [5]; the distance between the medial 
border of the anterior boundary of the VC to the posterior boundary of the SPF [6]; the angle between the axis of the SPF to the axis of the 
VC [7]; the angle between the axis of the SPF and the VC [8]; the angle between the axis of the PVC and the VC [9]. (B,C) The axial slices 
(level of the vidian canal) with a horizontal line drawn past the posterior wall of the MS to determine the distance from the MS to the VC [10] 
and a horizontal line drawn past the attachment of the end of the middle turbinate to determine the distance from the MT to the VC [11]. 
(D) Coronal slices (level of the vidian canal): shortest distance between the VC and the FR [12]. A, anterior; P, posterior; R, right; L, left (in 
A and D); MS, maxillary sinus; ITF, infratemporal fossa; L, lateral (in B and C); M, medial; S, superior; I, inferior; SS, sphenoid sinus; VC, 
vidian canal; SPF, sphenopalatine foramen; PVC, palatovaginal canal; MT, middle turbinate; FR, foramen rotundum.

A B

D C

continuous variables. Significance was defined as P<0.05.

Results

Table 1 displays the demographic characteristics of patients 
involved in this study, and the measurements of the VC and 
its surrounding structures, which are continuous variables, 
are shown in Table 2. Table 3 shows the results of ICC 
analysis of these measures.

According to the K-S tests, the results that were 
consistent with a normal distribution included the angle 
between the VC and the sagittal plane, the distance between 

the anterior boundary of the VC to the SPF, the angle 
between the axis of the SPF and the VC, the angle between 
the PVC and the VC, and the shortest distance between the 
VC and the FR.

There were significant differences between male and 
female patients in the length of the VC and the diameter of 
the anterior, central, and posterior segment of the VC; the 
angle between the VC and the sagittal plane; the diameter 
of the SPF; the distance between the VC to the SPF; the 
distance between the SPF and the posterior wall of MS; and 
the distance between the VC and the FR (P<0.05) (Table 2).

Among the 118 patients, type 2 VC accounted for the 
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largest proportion of cases at 60.17%, followed by type 
3 at 35.17%, and type 1 at 4.66%. The difference in VC 
type between men and women was statistically significant 
(P<0.001) (Table 4).

Regarding the pneumatization of the sphenoid sinus, 
type 4 SS was predominant, accounting for 49.58% of 
cases, with types 2 and type 3 SS accounting for 13.98% 
and 36.44%, respectively; no type 1 SS was observed in this 

study (Table 5).
Our assessment of the anatomical variation of ethmoidal 

cells showed that RMC dominated (about 77.97%), 
followed by EMS (10.17%). Moreover, there were a few 
patients without relative anatomical variation (5.08%), 
and there was no significant difference between males and 
females (Table 6).

As for the position of VC relative to the medial wall 

Figure 3 Axial slices with a straight line drawn along the medial wall of the MS and the position of the VC being identified as lateral (A), 
online (B), or medial (C) to the medial wall of the MS. P, posterior, MS, maxillary sinus; VC, vidian canal.

Figure 4 The coronal slices (level of the anterior boundary of the vidian canal) with a horizontal line drawn past the highest point of the 
PVC and the position of the VC being identified as inferior, at, or superior to the PVC. The yellow arrows indicate VC, and the green 
arrows indicate PVC. SS, sphenoid sinus; PVC, palatovaginal canal; VC, vidian canal.

A B C



Quantitative Imaging in Medicine and Surgery, Vol 13, No 12 December 2023 8709

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(12):8704-8728 | https://dx.doi.org/10.21037/qims-23-1033

Figure 5 The coronal slices (level of the anterior boundary of the vidian canal) with a straight line drawn along the MPTG and the VC 
identified as medial (A), online (B), or lateral (C) to the MPTG. I, inferior; MPTG, medial pterygoid plate; VC, vidian canal.

A B C

of the MS, the online position for accounted for 19.92% 
in males and 27.97% in females, of cases, followed by the 
lateral position at 18.64% in males and 20.34% in females 
and the medial position at only 8.05% in males and 5.08% 

in females. The difference between males and females was 
not significant (Table 7).

The highest point of the anterior opening of the VC was 
superior to that of the PVC from the coronal plane in about 
65.25% of cases, on the same line in 21.19%, and inferior 
to the PVC in 13.56%. There was no significant difference 
between male and female patients in this regard (Table 7).

No case was observed with the terminal aspect of the VC 
above the pICA. Most of the VCs (63.56%) were inferior to 
the pICA, with the others cases (36.44%) being online. The 
difference between male and female patients was significant 
(P<0.05) (Table 7).

The VC in the coronal plane was located on the medial 
side of the MPTG in 77.12% of patients, while the 
proportion of the online and lateral positions were 21.61% 
and 1.27%, respectively. There was no significant difference 
between males and females in this regard (Table 7).

Correlation analysis was conducted between measurements 
conforming to a normal distribution, and the correlation 
heatmap is shown in Figure 10. The angle between the VC 
and the sagittal plane and the angle between the SPF axis 
and the VC were slightly positively correlated. The angle 
between the VC and the sagittal plane and the angle between 

Figure 6 Coronal slices centered on the terminal aspect of the 
VC (green arrow) and the VC being identified as inferior, at, or 
superior to the pICA (green circle). S, superior; I, inferior; SS, 
sphenoid sinus; VC, vidian canal; pICA, petrous internal carotid 
artery.
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A B C

Figure 7 Coronal slices of the type 1 (A), type 2 (B), and type 3 (C) VC (yellow arrow). SS, sphenoid sinus; VC, vidian canal.

Figure 8 The sagittal slices with a straight line drawn along the posterior wall of the sphenoid sinus showing SS (A) type II (presellar), (B) 
type III (sellar), and (C) type IV (postsellar). SS, sphenoid sinus.

Figure 9 Coronal slices with a straight line drawn along the medial wall of the MS and the variation of the posterior ethmoid cells being 
identified as RMC (A), EMS (B), or Haller cells (C). RMC, retromaxillary air cell; MS, maxillary sinus; EMS, ethmomaxillary sinus; H, 
Haller cell.

A CB

A CB



Quantitative Imaging in Medicine and Surgery, Vol 13, No 12 December 2023 8711

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(12):8704-8728 | https://dx.doi.org/10.21037/qims-23-1033

the VC and the PVC also indicated a slightly positive 
correlation. In addition, a slight positive correlation was 
found between the diameter of the SPF and the distance 
between the attachment of the end of the MT and the VC. 
The correlation of the distance between the SPF and the 
VC with the distance from the posterior wall of the MS 
to the VC were also slightly positive. We subjected the 
measurements with a of P<0.05 in correlation analysis to 
linear correlation analysis, and the regression coefficient 
and regression are shown in Figure 10.

A binary logistic regression analysis was conducted with 
the relative position between the pICA and the VC serving 
as the dependent variable. The results showed that sex, 
age, the angle between the VC and the sagittal plane, and 
the VC type were the related factors that might affect the 

Table 1 Demographic characteristics of patients included in the study

Age, years Gender N (%) Total (%) 

20 and under Male 11 (9.32) 15 (12.71)

Female 4 (3.39)

21–30 Male 12 (10.17) 28 (23.73)

Female 16 (13.56)

31–40 Male 15 (12.71) 25 (21.19)

Female 10 (8.47)

41–50 Male 8 (6.78) 18 (15.25)

Female 10 (8.47)

51–60 Male 5 (4.24) 22 (18.64)

Female 17 (14.41)

61 and above Male 4 (3.39) 10 (8.47)

Female 6 (5.08)

Table 2 Descriptive statistics and the results of the measurements for each gender

Item Gender N Mean SD P value

Anterior diameter of the VC (mm) Male 110 3.127 1.238 0.006

Female 126 3.575 1.250 

Central diameter of the VC (mm) Male 110 0.966 0.327 0.030 

Female 126 1.066 0.368 

Posterior diameter of the VC (mm) Male 110 1.973 0.693 0.007 

Female 126 1.742 0.623 

Length of the VC (mm) Male 110 14.000 3.351 0.001 

Female 126 12.513 3.420 

VC—sagittal angle plane (degree) Male 110 14.139 5.988 0.000 

Female 126 17.449 5.369 

Diameter of the SPF (mm) Male 110 4.916 1.887 0.524 

Female 126 5.069 1.794 

VC—SPF distance (mm) Male 110 5.676 1.529 0.163 

Female 126 5.948 1.458 

VC—SPF angle (degree) Male 110 143.107 8.798 0.044 

Female 126 145.683 10.713 

VC—end of MT distance (mm) Male 110 7.276 4.153 0.000 

Female 126 9.471 4.182 

Posterior wall of MS—end of MT distance (mm) Male 110 0.179 4.121 0.000 

Female 126 −1.767 4.186 

Posterior wall of MS—VC distance (mm) Male 63 3.010 1.260 0.617 

Female 60 3.121 1.206 

PVC—VC angle (degree) Male 110 62.505 16.780 0.182 

Female 126 65.303 15.317 

VC—FR distance (mm) Male 110 6.479 2.580 0.020 

Female 126 5.761 2.135 

SD, standard deviation; VC, vidian canal; SPF, sphenopalatine foramen; MT, middle turbinate; MS, maxillary sinus; PVC, palatovaginal 
canal; FR, foramen rotundum.
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anatomical relationship between the pICA and the VC  
(Table 8).

The results of the multinomial logistic regression analysis 
are shown in Tables 9-14. The dependent variables included 
the relative position between the medial wall of the MS and 
the VC in the axial plane, the position of the VC relative 

to the PVC in the coronal plane, the VC type, the position 
of the VC relative to the MPTG, and the classification of 
sphenoid sinus pneumatization.

Multiple linear regression analysis was conducted with 
the angle between VC and sagittal plane serving as the 
dependent variable, and multiple stepwise linear regression 
was determined. The results showed that the angle between 
the SPF and the VC, the transverse diameter of the 
anterior segment of the VC, and the relative relationship 
between the medial wall of MS and the VC might be the 

Table 3 The ICC analysis of the measurements

Two-way mixed-effects single 
measures

ICC (C, 1) 95% CI

Anterior diameter of the VC 0.963 0.952–0.971

Central diameter of the VC 0.890 0.860–0.914

Posterior diameter of the VC 0.965 0.955–0.973

Length of the VC 0.987 0.983–0.990

VC—sagittal plane angle 0.987 0.984–0.990

Diameter of the SPF 0.981 0.975–0.985

VC—SPF distance 0.974 0.966–0.979

VC—SPF angle 0.943 0.927–0.956

VC—posterior wall of MS distance 0.965 0.954–0.972

VC—end of MT distance 0.994 0.992–0.995

PVC—VC angle 0.975 0.968–0.981

VC—FR distance 0.981 0.976–0.985

ICC, intraclass correlation coefficient; CI, confidence interval; 
VC, vidian canal; SPF, sphenopalatine foramen; MS, maxillary 
sinus; MT, middle turbinate; PVC, palatovaginal canal; FR, 
foramen rotundum.

Table 4 The prevalence of vidian canal types

Type Male, n (%) Female, n (%) P value

Type 1 9 (3.81) 2 (0.85) <0.001

Type 2 76 (32.20) 66 (27.97)

Type 3 25 (10.59) 58 (24.58)

Table 5 The prevalence of SS types 

Type Male, n (%) Female, n (%) P value

Type 1 0 0 0.137

Type 2 11 (4.66) 22 (9.32)

Type 3 38 (16.10) 48 (20.34)

Type 4 61 (25.85) 56 (23.73)

SS, sphenoid sinus.

Table 6 The prevalence of ethmoid cell distribution

Variables Male, n (%) Female, n (%) P value

None 2 (0.85) 10 (4.24) 0.189

RMC 90 (38.14) 94 (39.83)

EMS 11 (4.66) 13 (5.51)

Haller 7 (2.97) 9 (3.81)

RMC, retromaxillary air cell; EMS, ethmomaxillary sinus.

Table 7 The prevalence of VC position according to different 
anatomical landmarks

Variable Male, n (%) Female, n (%) P value

The medial wall of MS 0.144

Lateral 44 (18.64) 48 (20.34)

Online 47 (19.92) 66 (27.97)

Medial 19 (8.05) 12 (5.08)

Palatovaginal canal 0.068

Superior 67 (28.39) 87 (36.86)

Online 22 (9.32) 28 (11.86)

Inferior 21 (8.90) 11 (4.66)

pICA 0.028

Superior 0 0

Online 32 (13.56) 54 (22.88)

Inferior 78 (33.05) 72 (30.51)

MPTG 0.378

Medial 81 (34.32) 101 (42.80)

Online 28 (11.86) 23 (9.75)

Lateral 1 (0.42) 2 (0.85)

VC, vidian canal; MS, maxillary sinus; pICA, petrous internal 
carotid artery; MPTG, medial pterygoid plate.
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Figure 10 Correlation analysis of the measurements conforming to a normal distribution and simple linear regression analysis of the 
measurements with P<0.05 in the correlation analysis. (A) Correlation analysis of the anterior diameter of the VC, the central diameter of 
the VC, the posterior diameter of the VC, the length of the VC, the angle between the VC and the sagittal plane, the transverse diameter 
of the SPF, the distance from the VC to the SPF, the angle between the axis of the SPF and the VC, the distance from the posterior wall 
of the MS to the VC, the distance from the attachment of the end of the MT to the VC, the distance from the attachment of the end of 
the MT to the posterior wall of the MS (the distance from the posterior wall of the MS to the VC subtracted from the distance from the 
attachment of the end of the MT to the VC), the angle between the axis of the PVC and the VC, and the distance between the VC and the 
FR. The Spearman ρ value of each pair of terms is shown in the square grid. The red to blue bar in the right of the figure indicates the ρ 
value from 1.0 to −1.0. Blank boxes indicate that the P value of the correlation analysis between the 2 terms was greater than 0.05 and that 
the ρ value could not thus be obtained. (B) Linear correlation of the angle between the VC and the sagittal plane and the angle between the 
axis of the SPF and the VC. (C) Linear correlation of the angle between the VC and the sagittal plane and the angle between the axis of the 
PVC and the VC. (D) Linear correlation of the angle between the VC and the distance from the posterior wall of the MS to the VC. (E) 
Linear correlation of the distance from the attachment of the end of the MT to the posterior wall of the MS. (F) Linear correlation of the 
distance from the VC to the SPF and the axis of the PVC and the VC. (G) Linear correlation of the distance from the VC to the SPF and 
the distance between the VC and the FR. (H) Linear correlation of the distance from the VC to the SPF and the distance from the posterior 
wall of the MS to the VC. (I) Linear correlation of the distance from the VC to the SPF and the distance from the attachment of the end of 
the MT to the VC. (J) Linear correlation of the angle between the axis of the SPF and the VC and the angle between the axis of the PVC 
and the VC. (K) Linear correlation of the angle between the axis of the SPF and the VC and the distance from the attachment of the end of 
the MT to the VC. (L) Linear correlation of the angle between the axis of the SPF and the VC and the distance from the attachment of the 
end of the MT to the posterior wall of the MS. VC, vidian canal; SPF, sphenopalatine foramen; MS, maxillary sinus; MT, middle turbinate; 
PVC, palatovaginal canal; FR, foramen rotundum.
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Table 8 Binary logic regression of the relative position between the VC and pICA

Variable B Exp(B) 95% CI P value

Male 1.614 5.025 1.156–21.842 0.031 

Age −0.077 0.926 0.884–0.969 0.001 

Lateral, left 0.732 2.079 0.534–8.090 0.291 

Anterior diameter of the VC (mm) 0.293 1.340 0.815–2.203 0.249 

Central diameter of the VC (mm) 0.002 1.002 0.194–5.181 0.998 

Posterior diameter of the VC (mm) 0.649 1.913 0.720–5.082 0.193 

Length of the VC (mm) −0.074 0.929 0.786–1.097 0.384 

VC—sagittal plane angle (degree) −0.130 0.878 0.780–0.989 0.032 

Diameter of the SPF (mm) 0.032 1.033 0.729–1.462 0.857 

Distance VC—SPF (mm) 0.136 1.146 0.794–1.653 0.467 

VC—SPF angle (degree) 0.067 1.069 0.991–1.153 0.082 

Posterior wall of MS—end of MT distance (mm) −0.012 0.988 0.712–1.273 0.942 

VC—end of MT distance (mm) 0.126 1.135 0.968–1.330 0.119 

Relative position of the medial wall of MS to VC −0.969 0.380 0.079–1.816 0.225 

PVC—VC angle (degree) −0.004 0.996 0.960–1.033 0.835 

Relative position the PVC to VC 0.332 

Lateral −1.056 0.348 0.045–2.662 0.309 

Online −0.049 0.952 0.112–8.061 0.964 

VC type 0.017 

Type 1 −3.594 0.027 0.002–0.484 0.014 

Type 2 −1.989 0.137 0.029–0.639 0.011 

VC-FR distance (mm) 0.243 1.275 0.967–1.680 0.085 

SS type 0.481 

Type 2 1.071 2.918 0.452–18.852 0.261 

Type 3 0.432 1.541 0.439–5.412 0.500 

Relative position the pICA to VC 0.167 

Medial 23.133 11,132,360,778.464 0.000 0.999 

Online 21.810 2,965,986,447.712 0.000 0.999 

Type of infraorbital cells 0.352 

RMC 2.640 14.016 0.675–291.190 0.088 

EMS 0.824 2.279 0.268–19.386 0.451 

Haller 1.402 4.061 0.113–146.128 0.443 

(Constant) −29.602 

VC, vidian canal; pICA, petrous internal carotid artery; CI, confidence interval; SPF, sphenopalatine foramen; MS, maxillary sinus; MT, 
middle turbinate; PVC, palatovaginal canal; FR, foramen rotundum; SS, sphenoid sinus; RMC, retromaxillary air cell; EMS, ethmomaxillary 
sinus.
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Table 9 Multiple logic regression of the relative position between the VC and the medial wall of the MS

Location Variable B Exp(B) 95% CI P value

Mediala Intercept 19.705 0.000 

Age −0.015 0.985 0.962–1.009 0.216 

Anterior diameter of the VC (mm) 0.175 1.191 0.919–1.544 0.187 

Central diameter of the VC (mm) −0.147 0.863 0.348–2.139 0.750 

Posterior diameter of the VC (mm) 0.150 1.162 0.716–1.885 0.543 

Length of the VC (mm) −0.018 0.982 0.898–1.074 0.691 

VC—sagittal plane angle (degree) 0.032 1.033 0.967–1.103 0.333 

Diameter of the SPF (mm) 0.126 1.135 0.946–1.361 0.174 

VC—SPF distance (mm) 0.081 1.084 0.856–1.374 0.503 

VC—SPF angle (degree) −0.010 0.990 0.953–1.029 0.608 

Posterior wall of MS—VC distance (mm) −0.206 0.814 0.654–1.014 0.066 

VC—end of MT (mm) distance (mm) −0.036 0.965 0.888–1.048 0.393 

PVC—VC angle (degree) −0.005 0.995 0.974–1.015 0.611 

VC—FR distance (mm) −0.025 0.976 0.838–1.136 0.750 

Male 0.249 1.283 0.663–2.599 0.489 

Female 0b

Lateral, left 0.444 1.560 0.788–3.088 0.202 

Lateral, right 0b

PVC lateral to VC 0.082 1.086 0.409–2.882 0.869 

PVC online with VC −0.085 0.919 0.297–2.842 0.883 

PVC medial to VC 0b

Type 1 VC −0.330 0.719 0.145–3.571 0.687 

Type 2 VC −0.218 0.804 0.375–1.721 0.574 

Type 3 VC 0b

Type 2 SS 0.209 1.233 0.473–3.214 0.669 

Type 3 SS −0.226 0.797 0.404–1.574 0.514 

Type 4 SS 0b

pICA superior to VC −0.432 0.649 0.321–1.312 0.229 

pICA online with VC 0b

No infraorbital cells 0.408 1.505 0.248–9.117 0.657 

RMC infraorbital cells −0.017 0.984 0.288–3.364 0.979 

EMS infraorbital cells −1.006 0.366 0.072–1.867 0.226 

Haller infraorbital cells 0b

Table 9 (continued)
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Table 9 (continued)

Location Variable B Exp(B) 95% CI P value

Laterala Intercept −5.560 0.286 

Age 0.044 1.046 1.007–1.086 0.022 

Anterior diameter of the VC (mm) 0.474 1.606 0.980–2.633 0.060 

Central diameter of the VC (mm) −0.230 0.795 0.158–3.991 0.780 

Posterior diameter of the VC (mm) −0.785 0.456 0.195–1.070 0.071 

Length of the VC (mm) 0.026 1.026 0.880–1.197 0.742 

VC—sagittal plane angle (degree) −0.134 0.875 0.778–0.983 0.024 

Diameter of the SPF (mm) 0.101 1.106 0.831–1.472 0.489 

VC—SPF distance (mm) −0.036 0.964 0.678–1.371 0.840 

VC—SPF angle (degree) 0.035 1.036 0.970–1.106 0.295 

Posterior wall of MS—VC distance (mm) 0.482 1.620 1.115–2.353 0.011 

VC—end of MT distance (mm) −0.103 0.902 0.784–1.038 0.152 

0b

PVC—VC angle (degree) −0.045 0.956 0.921–0.992 0.018 

VC—FR distance (mm) −0.140 0.870 0.663–1.141 0.313 

Male 0.565 1.760 0.537–5.772 0.351 

Female 0b

Lateral, left 2.140 8.499 2.426–29.769 0.001 

Lateral, right 0b

PVC lateral to VC −0.525 0.592 0.121–2.889 0.517 

PVC online with VC −0.985 0.373 0.067–2.084 0.261 

PVC medial to VC 0b

Type 1 VC −0.084 0.919 0.044–19.233 0.957 

Type 2 VC 0.328 1.389 0.382–5.045 0.618 

Type 3 VC 0b

Type 2 SS −0.647 0.524 0.088–3.127 0.478 

Type 3 SS −0.454 0.635 0.212–1.902 0.417 

Type 4 SS 0b

pICA superior to VC −1.335 0.263 0.071–0.974 0.046 

pICA online with VC 0b

No infraorbital cells −1.447 0.235 0.005–11.503 0.466 

RMC infraorbital cells −0.229 0.796 0.068–9.262 0.855 

EMS infraorbital cells −0.787 0.455 0.027–7.568 0.583 

Haller infraorbital cells 0b

a, the online type is used as the reference; b, the constant is set to 0 because it is set as comparison. VC, vidian canal; MS, maxillary 
sinus; CI, confidence interval; SPF, sphenopalatine foramen; MT, middle turbinate; FR, foramen rotundum; PVC, palatovaginal canal; SS, 
sphenoid sinus; pICA, petrous internal carotid artery; RMC, retromaxillary air cell; EMS, ethmomaxillary sinus.
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Table 10 Multiple logic regression of the relative position of the VC and the PVC

Location Variable B Exp(B) 95% CI P value

Superiora Intercept 1.588 0.679 

Age 0.001 1.001 0.973–1.029 0.959 

Anterior diameter of the VC (mm) −0.263 0.768 0.561–1.052 0.100 

Central diameter of the VC (mm) 1.129 3.093 0.846–11.310 0.088 

Posterior diameter of the VC (mm) 1.032 2.807 1.393–5.658 0.004 

Length of the VC (mm) 0.033 1.034 0.927–1.153 0.554 

VC—sagittal plane angle (degree) 0.017 1.017 0.941–1.099 0.665 

Diameter of the SPF (mm) 0.123 1.131 0.904–1.416 0.282 

VC—SPF distance (mm) −0.155 0.857 0.644–1.139 0.288 

VC—SPF angle (degree) −0.045 0.956 0.913–1.000 0.052 

Posterior wall of MS—VC distance (mm) 0.082 1.085 0.854–1.379 0.504 

VC—end of MT distance (mm) 0.038 1.039 0.938–1.151 0.464 

Posterior wall of MS—end of MT distance (mm) 0b

PVC—VC angle (degree) 0.013 1.014 0.988–1.040 0.307 

VC—FR distance (mm) 0.025 1.025 0.850–1.236 0.795 

Male −0.194 0.823 0.353–1.922 0.653 

Female 0b

Lateral, left −0.743 0.476 0.203–1.115 0.087 

Lateral, right 0b

VC lateral to the medial wall of MS −0.017 0.983 0.272–3.551 0.979 

VC online with the medial wall of MS −0.050 0.951 0.284–3.191 0.936 

VC medial to the medial wall of MS 0b

Type 2 SS −0.127 0.880 0.269–2.887 0.834 

Type 3 SS 0.289 1.335 0.564–3.163 0.511 

Type 4 SS 0b

pICA superior to VC 0.365 1.441 0.605–3.433 0.410 

pICA online with VC 0b

VC medial to MPTG 2.712 15.066 0.745–304.859 0.077 

VC online with MPTG 2.937 18.853 0.894–397.481 0.059 

VC lateral to MPTG 0b

No infraorbital cells −0.934 0.393 0.046–3.392 0.396 

RMC infraorbital cells 0.060 1.062 0.205–5.516 0.943 

EMS infraorbital cells −0.333 0.717 0.100–5.143 0.741 

Haller infraorbital cells 0b

Table 10 (continued)
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Table 10 (continued)

Location Variable B Exp(B) 95% CI P value

Inferiorb Intercept −9.359 0.117 

Age 0.023 1.023 0.979–1.069 0.313 

Anterior diameter of the VC (mm) −0.884 0.413 0.233–0.732 0.002 

Central diameter of the VC (mm) −0.764 0.466 0.050–4.337 0.502 

Posterior diameter of the VC (mm) 0.430 1.537 0.571–4.132 0.395 

Length of the VC (mm) 0.083 1.086 0.925–1.276 0.312 

VC—sagittal plane angle (degree) 0.132 1.141 1.017–1.280 0.024 

Diameter of the SPF (mm) 0.081 1.084 0.775–1.516 0.637 

VC—SPF distance (mm) −0.276 0.759 0.518–1.112 0.157 

VC—SPF angle (degree) −0.104 0.901 0.835–0.972 0.007 

Posterior wall of MS—VC distance (mm) 0.311 1.365 0.938–1.987 0.104 

VC—end of MT distance (mm) −0.257 0.773 0.645–0.927 0.005 

Posterior wall of MS—end of MT distance (mm) 0b

PVC—VC angle (degree) 0.025 1.025 0.987–1.064 0.195 

VC—FR distance (mm) 0.188 1.207 0.934–1.559 0.150 

Male −0.019 0.981 0.262–3.670 0.978 

Female 0b

Lateral, left −0.896 0.408 0.115–1.449 0.166 

Lateral, right 0b

VC lateral to the medial wall of MS 0.104 1.110 0.194–6.354 0.907 

VC online with the medial wall of MS −0.133 0.876 0.170–4.499 0.874 

VC medial to the medial wall of MS 0b

Type 2 SS 0.325 1.383 0.208–9.214 0.737 

Type 3 SS 1.293 3.645 1.071–12.401 0.038 

Type 4 SS 0b

pICA superior to VC 0.169 1.185 0.319–4.406 0.800 

pICA online with VC 0b

VC medial to MPTG 18.992 176,995,448.173 37,414,503.680–
837,306,006.819

0.000 

VC online with MPTG 19.018 181,747,877.515 181,747,877.514–
181,747,877.515

VC lateral to MPTG 0b

No infraorbital cells 0.434 1.543 0.055–43.043 0.798 

RMC infraorbital cells 1.114 3.048 0.250–37.134 0.382 

EMS infraorbital cells 1.778 5.917 0.289–121.121 0.248 

Haller infraorbital cells 0b

a, the online type is used as the reference; b, the constant is set to 0 because it is set as comparison. VC, vidian canal; PVC, palatovaginal 
canal; SPF, sphenopalatine foramen; MS, maxillary sinus; MT, middle turbinate; FR, foramen rotundum; SS, sphenoid sinus; MPTG, medial 
pterygoid plate; RMC, retromaxillary air cell; EMS, ethmomaxillary sinus.
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Table 11 Multiple logic regression of the VC type

Type 2a B Exp(B) 95% CI P value

Intercept −17.735 0.009 

Age −0.022 0.978 0.932–1.027 0.378 

Anterior diameter of the VC (mm) 0.422 1.525 0.924–2.518 0.099 

Central diameter of the VC (mm) −1.090 0.336 0.071–1.544 0.161 

Posterior diameter of the VC (mm) 1.071 2.918 1.056–8.060 0.039 

Length of the VC (mm) 0.058 1.059 0.919–1.221 0.427 

VC—sagittal plane angle (mm) −0.071 0.932 0.809–1.072 0.327 

Diameter of the SPF (mm) 0.213 1.237 0.857–1.785 0.256 

VC—SPF distance (mm) 0.215 1.240 0.838–1.836 0.282 

VC—SPF angle (degree) 0.069 1.072 0.987–1.163 0.098 

VC—end of MT distance(mm) −0.034 0.966 0.665–1.404 0.858 

Posterior wall of MS—end of MT distance (mm) 0.001 1.001 0.719–1.393 0.996 

Posterior wall of MS—VC distance (mm) −0.190 0.827 0.489–1.396 0.477 

PVC—VC angle (degree) −0.034 0.967 0.931–1.004 0.077 

VC—FR distance (mm) 0.577 1.781 1.313–2.414 0.000 

Male 1.703 5.490 1.454–20.726 0.012 

Female 0b

Lateral, left 1.090 2.975 0.691–12.804 0.143 

Lateral, right 0b

VC lateral to the medial wall of MS −0.289 0.749 0.171–3.278 0.701 

VC medial to the wall of MS 0b

PVC lateral to VC −0.038 0.963 0.154–6.034 0.968 

PVC online with VC 1.657 5.244 0.641–42.923 0.122 

PVC medial to VC 0b

Type 2 SS 0.265 1.303 0.236–7.207 0.762 

Type 3 SS 0.158 1.172 0.288–4.764 0.825 

Type 4 SS 0b

PICA superior to VC 1.977 7.220 1.556–33.506 0.012 

PICA online with VC 0b

VC medial to MPTG 2.953 19.168 0.444–828.105 0.124 

VC online with MPTG 1.229 3.418 0.082–142.371 0.518 

VC lateral to MPTG 0b

No infraorbital cells 3.795 44.492 1.048–1,888.916 0.047 

No infraorbital cells −0.289 0.749 0.070–7.960 0.811 

RMC infraorbital cells 0.336 1.399 0.064–30.567 0.831 

EMS infraorbital cells 0b

a, type 3 is used as the reference; b, the constant is set to 0 because it is set as comparison. VC, vidian canal; CI, confidence interval; 
SPF, sphenopalatine foramen; MS, maxillary sinus; MT, middle turbinate; PVC, palatovaginal canal; FR, foramen rotundum; pICA, petrous 
internal carotid artery; MPTG, medial pterygoid plate; RMC, retromaxillary air cell; EMS, ethmomaxillary sinus.
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Table 12 Multiple logic regression of the relative position between VC and the MPTG

Mediala B Exp(B) 95% CI P value

Intercept 8.362 0.036 

Age −0.020 0.980 0.952–1.009 0.179 

Anterior diameter of the VC (mm) −0.384 0.681 0.502–0.923 0.013 

Central diameter of the VC (mm) −0.591 0.554 0.196–1.564 0.264 

Posterior diameter of the VC (mm) 0.121 1.129 0.634–2.009 0.681 

Length of the VC (mm) −0.101 0.904 0.792–1.031 0.132 

VC—sagittal plane angle (degree) 0.115 1.122 1.032–1.220 0.007 

Diameter of the SPF (mm) −0.029 0.971 0.773–1.220 0.803 

VC—SPF distance (mm) 0.069 1.071 0.813–1.411 0.624 

VC—SPF angle (degree) −0.011 0.989 0.943–1.038 0.661 

Posterior wall of MS—VC distance −0.234 0.791 0.614–1.019 0.069 

VC—end of MT distance(mm) 0.065 1.067 0.961–1.184 0.227 

PVC—VC angle (degree) −0.028 0.972 0.946–0.999 0.041 

VC—FR distance (mm) 0.120 1.127 0.923–1.377 0.239 

Male −0.589 0.555 0.231–1.334 0.188 

Female 0b

Lateral, left −1.163 0.313 0.126–0.777 0.012 

Lateral, right 0b

VC lateral to the medial wall of MS −1.583 0.205 0.049–0.869 0.032 

VC online with the medial wall of MS −1.267 0.282 0.067–1.175 0.082 

VC medial to the wall of MS 0b

PVC lateral to VC 0.162 1.176 0.341–4.052 0.797 

PVC online with VC 0.442 1.555 0.373–6.481 0.544 

PVC medial to VC 0b

Type 1 VC −0.858 0.424 0.071–2.523 0.346 

Type 2 VC 0.368 1.445 0.590–3.540 0.421 

Type 3 VC 0b

Type 2 SS −0.762 0.467 0.151–1.446 0.187 

Type 3 SS 0.118 1.125 0.480–2.638 0.787 

Type 4 SS 0b

PICA superior to VC −0.536 0.585 0.254–1.348 0.208 

PICA online with VC 0b

No infraorbital cells 1.933 6.911 0.521–91.596 0.143 

No infraorbital cells 0.700 2.014 0.469–8.644 0.346 

RMC infraorbital cells 1.965 7.138 0.838–60.840 0.072 

EMS infraorbital cells 0b

a, the online type is used as the reference; b, the constant is set to 0 because it is set as comparison. VC, vidian canal; MPTG, medial 
pterygoid plate; CI, confidence interval; SPF, sphenopalatine foramen; MS, maxillary sinus; MT, middle turbinate; FR, foramen rotundum; 
PVC, palatovaginal canal; SS, sphenoid sinus; pICA, petrous internal carotid artery; RMC, retromaxillary air cell; EMS, ethmomaxillary sinus.
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Table 13 Multiple logic regression of the SS type

Type Variable B Exp(B) 95% CI P value

Type 2a Intercept 23.115 0.000 

Age −0.007 0.993 0.959–1.027 0.692 

Anterior diameter of the VC (mm) −0.481 0.618 0.401–0.951 0.029 

VC—sagittal plane angle (degree) 0.056 1.058 0.094–1.162 0.235 

VC—SPF distance (mm) 0.056 1.058 0.746–1.499 0.753 

VC—SPF angle (degree) −0.012 0.988 0.937–1.042 0.660 

Posterior wall of MS—VC distance (mm) −0.211 0.810 0.594–1.104 0.182 

VC—end of MT distance(mm) 0.073 1.076 0.961–1.205 0.205 

PVC—VC angle (degree) −0.026 0.974 0.945–1.004 0.092 

VC—FR distance (mm) −0.037 0.964 0.777–1.196 0.739 

Male −0.608 0.545 0.191–1.553 0.256 

Female 0b

Lateral, left 0.256 1.292 0.476–3.351 0.615 

Lateral, right 0b

VC lateral to the medial wall of MS 0.161 1.174 0.240–5.744 0.843 

VC online with the medial wall of MS −0.056 0.945 0.203–4.402 0.943 

VC medial to the wall of MS 0b

PVC lateral to VC 0.075 1.077 0.220–5.272 0.927 

PVC online with VC 0.272 1.313 0.225–7.663 0.762 

PVC medial to VC 0b

Type 1 VC −0.565 0.568 0.070–4.584 0.596 

Type 2 VC −1.142 0.319 0.110–0.928 0.036 

Type 3 VC 0b

VC medial to MPTG −18.477 0.000 0.000–0.000 0.000 

VC online with MPTG −17.694 0.000 0.000–0.000 0.000 

VC lateral to MPTG 0b

No infraorbital cells −0.789 0.454 0.027–7.769 0.586 

No infraorbital cells −0.662 0.516 0.094–2.825 0.445 

RMC infraorbital cells 0.914 2.493 0.301–20.667 0.397 

EMS infraorbital cells 0b

Table 13 (continued)
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Table 13 (continued)

Type Variable B Exp(B) 95% CI P value

Type 3a Intercept 15.104 0.000 

Age 0.017 1.017 0.995–1.040 0.139 

Anterior diameter of the VC (mm) −0.011 0.989 0.763–1.284 0.936 

VC—sagittal plane angle −0.009 0.991 0.928–1.058 0.787 

VC—SPF distance (mm) 0.065 1.067 0.849–1.340 0.577 

VC—SPF angle (degree) 0.015 1.015 0.977–1.054 0.438 

Posterior wall of MS—VC distance (mm) −0.054 0.948 0.771–1.165 0.610 

VC—end of MT distance(mm) 0.077 1.080 0.997–1.170 0.060 

PVC—VC angle (degree) 0.002 1.002 0.982–1.024 0.830 

VC—FR distance (mm) −0.130 0.878 0.754–1.022 0.093 

Male 0.119 1.126 0.568–2.234 0.734 

Female 0b

Lateral, left 0.698 2.009 0.994–4.062 0.052 

Lateral, right 0b

VC lateral to the medial wall of MS 0.279 1.322 0.460–3.799 0.604 

VC online with the medial wall of MS 0.459 1.583 0.583–4.296 0.367 

VC medial to the wall of MS 0b

PVC lateral to VC −1.012 0.364 0.139–0.952 0.039 

PVC online with VC −1.088 0.337 0.110–1.030 0.056 

PVC medial to VC 0b

Type 1 VC −1.584 0.205 0.020–2.054 0.178 

Type 2 VC −0.390 0.677 0.325–1.408 0.296 

Type 3 VC 0b

VC medial to MPTG −16.873 0.000 0.000–0.000 0.000 

VC online with MPTG −16.964 0.000 0.000–0.000

VC lateral to MPTG 0b

No infraorbital cells −0.803 0.448 0.072–2.772 0.388 

No infraorbital cells −0.849 0.428 0.124–1.476 0.179 

RMC infraorbital cells −0.104 0.901 0.185–4.396 0.898 

EMS infraorbital cells 0b

a, type 4 is used as the reference; b, the constant is set to 0 because it is set as comparison. SS, sphenoid sinus; CI, confidence interval; 
VC, vidian canal; SPF, sphenopalatine foramen; MS, maxillary sinus; MT, middle turbinate; PVC, palatovaginal canal; FR, foramen 
rotundum; MPTG, medial pterygoid plate; RMC, retromaxillary air cell; EMS, ethmomaxillary sinus. 
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Table 14 Multiple logic regression of the anatomical variation of infraorbital cells

RMCa B Exp(B) 95% CI P value

Intercept 39.379 0.997 

Age 0.010 1.010 0.909–1.122 0.855 

Anterior diameter of the VC (mm) 1.210 3.355 0.629–17.903 0.157 

central diameter of the VC (mm) 0.678 1.970 0.027–145.951 0.757 

Posterior diameter of the VC (mm) −1.927 0.146 0.009–2.458 0.181 

Length of the VC (mm) −0.429 0.651 0.284–1.495 0.312 

VC—sagittal plane angle −0.130 0.878 0.677–1.139 0.328 

Diameter of the SPF (mm) −0.142 0.868 0.428–1.758 0.694 

VC—SPF distance (mm) 0.085 1.088 0.438–2.705 0.855 

VC—SPF angle (degree) −0.050 0.951 0.759–1.192 0.664 

Posterior wall of MS—VC distance (mm) −0.103 0.902 0.374–2.175 0.819 

VC—end of MT distance (mm) −0.110 0.896 0.384–2.093 0.800 

PVC—VC angle (degree) −0.029 0.972 0.849–1.112 0.676 

VC—FR distance (mm) −0.352 0.703 0.325–1.520 0.371 

Male 2.782 16.155 0.094–2,785.264 0.290 

Female 0b

Lateral, left 1.834 6.256 0.107–364.164 0.377 

Lateral, right 0b

VC lateral to the medial wall of MS −1.563 0.210 0.001–37,729 0.555 

VC medial to the wall of MS 0b

Type 2 SS 3.146 23.246 0.012–45,164.810 0.415 

Type 3 SS −0.863 0.422 0.030–5.895 0.521 

Type 4 SS 0b

PICA superior to VC −2.158 0.116 0.006–2.187 0.150 

PICA online with VC 0b

VC medial to MPTG 3.798 44.595 0.127–15,698.957 0.204 

VC online with MPTG 3.915 50.136 0.057–43,904.416 0.257 

VC lateral to MPTG 0b

a, the Haller cell type is used as the reference; b, the constant is set to 0 because it is set as comparison. RMC, retromaxillary air cell; CI, 
confidence interval; VC, vidian canal; SPF, sphenopalatine foramen; MS, maxillary sinus; MT, middle turbinate; PVC, palatovaginal canal; 
FR, foramen rotundum; MPTG, medial pterygoid plate.
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independent risk factors for the angle between VC and the 
sagittal plane (Table 15).

Discussion

The use of CT may contribute to the preoperative 
evaluat ion of  VN according to  the pos i t ion and 
morphometric information of the VC. We found that 
the transverse diameter and the length of the VC vary 
between the females and males. The VC was inferior to the 
internal carotid artery (ICA) in most cases, and some of the 
measurements of the VC and its surrounding structures 
were correlated. Endoscopic VN (EVN), a surgical therapy 
for AR and VMR, plays a key role in the treatment of severe 

persistent AR (7,9). However, the anterior opening of the 
VC is narrow, and the anatomical structure around it is 
complex. In addition, there are important blood vessels and 
nerves in the PPF. Identifying the fine anatomy of the VC 
and its surrounding structures is an important prerequisite 
for EVN in the treatment of AR. Understanding the 
relationship between the adjacent structures of the VC and 
their anatomical variation is of great value for preoperative 
risk assessment and intraoperative navigation. One of the 
common approaches for the vidian nerve is curving an 
incision along the posterior edge of the MT and finding 
the SPF (12,18), and the other is exposing the VC through 
the sphenoidal sinus (19,20). In this study, based on 
previous research on the VC and considering the surgical 

Table 15 Multiple linear regression analysis of the angle between the VC and the sagittal plane

Variable B Standard error β P value

(Constant) −20.265 8.616 0.021 

Gender 0.654 1.089 0.058 0.550 

Age −0.034 0.038 −0.080 0.381 

Lateral −3.066 1.045 −0.271 0.004 

Anterior diameter of the VC (mm) 1.094 0.383 0.258 0.005 

Central diameter of the VC (mm) −1.780 1.309 −0.117 0.177 

Posterior diameter of the VC (mm) −0.454 0.726 −0.053 0.533 

Length of the VC (mm) 0.086 0.127 0.057 0.498 

Diameter of the SPF (mm) −0.001 0.267 0.000 0.998 

VC—SPF distance (mm) 0.220 0.322 0.060 0.495 

VC—SPF angle (degree) 0.270 0.056 0.448 0.000 

VC—end of MT distance (mm) 0.193 0.288 0.156 0.503 

Posterior wall of MS—end of MT distance (mm) 0.096 0.270 0.078 0.722 

Relative position the medial wall of MS to VC −1.462 0.590 −0.226 0.015 

PVC—VC angle (degree) 0.015 0.030 0.045 0.613 

Relative position the PVC to VC 0.851 0.645 0.110 0.190 

VC type 0.358 0.970 0.035 0.713 

VC—FR distance (mm) −0.177 0.213 −0.074 0.406 

SS type −0.093 0.640 −0.012 0.885 

Relative position of pICA to VC −2.221 1.075 −0.185 0.041 

Relative position of MPTG to VC −1.611 1.008 −0.142 0.113 

Presence of infraorbital cells −0.734 2.135 −0.030 0.732 

VC, vidian canal; SPF, sphenopalatine foramen; MT, middle turbinate; MS, maxillary sinus; PVC, palatovaginal canal; FR, foramen 
rotundum; SS, sphenoid sinus; MPTG, medial pterygoid plate.
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approaching and protecting of blood vessels and nerves in 
VN, we observed and measured a certain series of values.

In this study, the average length of the VC in male and female 
patients was 14.00±3.35 and 12.51±3.42 mm, respectively, 
which was in line with the report by Vuksanovic-Bozaric  
et al. (15) and Wang et al. (21). Among the 118 patients, 
the transverse diameter of the posterior segment of the VC 
in females was larger than that in males, and the length 
of the VC and the distance between VC and FR in males 
were longer than those in females. The angle between the 
VC and the sagittal plane and the angle between the SPF 
and the VC in females were larger than those in males, and 
the distance between the attachment to the end of the MT 
and the VC was greater. This may suggest that the VC of 
females is shorter, thicker, and flatter than that of males.

The relative relationship between the anterior opening 
of the VC and the medial wall of the MS was reported for 
the first time in this study. This may serve as a reference in 
the evaluation of operative risk and difficulty, as the position 
of the medial wall of the MS may affect the degree of 
difficulty of intraoperative operation when the vidian nerve 
is approached through the middle nasal meatus.

The shortest distance between the VC and the FR 
in the coronal plane was 6.48±2.58 mm in males and  
5.76±2.13 mm in females, which was also consistent with 
previous reports (15,22,23). The protection of the maxillary 
nerve is critical, and great care should be taken when EVN 
is being conducted. Unfortunately, the linear regression 
analysis did not identify any related factors, possibly due 
to the multicollinearity of the indicators included or 
the limited sample size. Increasing the sample size and 
conducting stepwise regression can be implemented in 
future research to more definitively verify the reliability of 
our conclusions.

Observed in the coronal plane, the highest point of the 
PVC was higher than the VC, but the opposite situation 
was found in a few patients. The identification of the PVC 
and its relative position with the VC is crucial to locating 
and identifying the VC during VN, as this can facilitate 
intraoperative navigation and rapid location of the anterior 
opening of the VC.

In the correlation analysis, the transverse diameter of 
the SPF and the distance from the attachment of the end of 
the MT to the VC showed a slightly positive correlation, 
indicating that the larger the SPF is, the longer the distance 
between the end of the MT and the VC. An approach to 
the vidian nerve through the middle nasal meatus provides 
more space for a safe operation in those with a small SPF, 

meaning the measurement of SPF may have value as a 
reference for surgical risk assessment.

The distance between the SPF and the VC and 
the distance from the posterior wall of the MS to the 
VC showed a slightly positive correlation. These two 
measurements were related to the distance from the MT to 
the VC through the middle nasal meatus in the operation. 
This may contribute to the surgical risk assessment in the 
preoperative evaluation of patients who opt for this surgical 
approach, but its clinical significance should be researched 
further and confirmed.

The VN operation via the sphenoid sinus can vary 
according to the classification of the VC (24). Among 
the patients included in this study, the most common VC 
type was type 2, which is consistent with other reports  
(6,24-26). The results of logistic regression analysis 
indicated type 2 VC was more likely to occur in males with 
a larger transverse diameter of the posterior segment of 
the VC, those with longer distance from the VC to the FR, 
those with the pICA located in the same line with VC, and 
those without infraorbital cells. Some patients with type 
3 VC need removal of part of the sphenoid process of the 
palatine bone and even part of the ethmoid bone for the 
VC to be identified, and this should be taken into account 
in the selection of the sphenoid sinus approach in VN. We 
suggest that the abovementioned anatomical values should 
be carefully considered in the selection of the surgical 
approach and the evaluation of surgical trauma.

Regarding the type of sphenoid sinus pneumatization, 
type 3 predominated among our patients. Logistic 
regression analysis suggested that patients with a smaller 
transverse diameter of the posterior segment of VC, non-
type 2 VC, and an MPTG located laterally to the VC were 
more likely to be type 2 sphenoid sinus pneumatization. 
Patients with a PVC above the VC and an MPTG located 
on the lateral side of the VC were more likely to be 
type 3. In conducting a VN via the sphenoid sinus, the 
pneumatization of SS may intraoperatively provide a safer 
operative space.

Among the 118 patients included in the study, logistic 
regression analysis indicated that the terminal aspect of 
the VC being inferior to the level of the pICA was more 
likely to occur in females, younger patients, and those with 
a smaller angle between the VC and the sagittal plane. In 
type 1 VC or type 2 VC patients, the terminal aspect of 
VC was more likely to be inferior to the pICA compared 
to those with type 3. Notably, although the VC is often 
regarded as an anatomical site of surgery related to the 
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PPF in clinical practice for protecting the ICA (22,27,28), 
some studies (22,27) have reported that the pICA is located 
superior to the terminal aspect of the VC in a few cases. 
This measurement should be thoroughly considered during 
preoperative evaluation in order to avoid injury to the pICA 
and severe intraoperative bleeding.

Although we confirmed that CT can provide valuable 
anatomical reference information for VN, there are 
some limitations to our study that should be mentioned. 
First, in order to verify the significance of CT assessment 
during VN in surgical practice, a cohort study to assess the 
method in this study among patients who have undergone 
VN should be conducted. In addition, the observational 
study in patients with AR or a study grouped according to 
whether the patients have been diagnosed with AR could be 
conducted to confirm the generalizability of our findings.

In summary, CT may contribute to the preoperative 
evaluat ion of  VN according to  the pos i t ion and 
morphometric information of the VC. Moreover, our 
findings may also serve as a valuable reference for other 
types of paranasal surgery. The anatomical characteristics 
of the surrounding structures of the VC and paranasal 
sinuses could also be clarified in a preoperative CT scan. 
This would help locate structures, such as the PPF and 
FR, which could contribute to successfully implementing 
related extensive surgical techniques, such as centripetal 
sinus surgery (29). In the preoperative evaluation of surgery, 
CT can be used to initially inform the selection of surgical 
preoperative treatment for patients with AR, improve 
risk assessment, and thus enhance patient care. Real-time 
evaluation of patients of AR according to gender can also 
be performed during and after surgery to help evaluate the 
treatment effect.

Conclusions

The anatomical structure of VC under CT varies according 
to gender. VN can be evaluated preoperatively according 
to the location and morphological information of the 
VC. Depending on the variation of the VC’s surrounding 
structure, CT may be beneficial for preoperative planning, 
intraoperative evaluation, and postoperative care. This 
study is the first to report on the differences between the 
location and morphology of VC on CT between genders. 
Despite the innate limitations of retrospective studies, we 
believe our study demonstrates that carefully evaluating 
the anatomical structure of VC provides indispensable 
advantages and has potential for further clinical application 

preoperatively and postoperatively.
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