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SUMMARY
The aim of this study was to evaluate the mor-

phology of the pterygoid canal in computed to-
mography (CT) scans of a southeastern Brazilian 
population. One hundred CT scans were evalu-
ated, 58 from male skulls and 42 from female 
skulls. The Mimics 18.0 software (Materialise, 
NV, Belgium) was used for segmentation of the 
images from each CT scan in the region corre-
sponding to the sphenoid bone and the ptery-
gopalatine fossa. After segmentation, volume 
(mm3) and length (mm) were obtained using a 
specific tool. The types of pterygoid canals were 
analyzed according to the following criteria: type 
1 (pterygoid canal completely within the sphe-
noid sinus), type 2 (pterygoid canal on the floor 
of the sphenoid sinus or partially protruding into 
the sphenoid sinus), and type 3 (pterygoid canal 
completely embedded in the sphenoid corpus). 
Descriptive data for continuous variables were 
presented as mean and standard deviation or 
median and interquartile range. Two-way ANO-
VA tests with Tukey’s post hoc test were used 
for analyzing continuous variables comparing 

different types within each sex and between 
sexes (unpaired analyses). A confidence inter-
val of 95% and a significance level of 5% were 
established for all tests. Statistical analysis was 
performed using GraphPAD Prism v.10 software 
(San Diego, CA, USA). The most common config-
uration of the pterygoid canal was type 2 for both 
the right and left sides. For both sides of the eval-
uated skulls, it was observed that type 3 ptery-
goid canal had a larger volume in both males and 
females compared to other types. Although not 
always significant, for all types, the volume and 
length in males was higher than in females, es-
pecially when comparing types 2 and 3. In con-
clusion, the morphology of the pterygoid canal 
may vary among individuals of different sexes, 
particularly in individuals with type 2 and 3 pter-
ygoid canals. The most incident pterygoid canal 
was type 2.
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INTRODUCTION
The sphenoid bone is a singular bone that com-

prises part of the base of the skull and contributes 
to the formation of the floor of the middle cranial 
fossa. It is closely associated with cranial nerves 
and parts of the brain and allows the passage of 
neurovascular structures into and out of the skull 
through its foramina and canals. It has a bat-like 
shape and can be divided into a body, lesser wing, 
greater wing, and pterygoid processes.

The pterygoid processes originate bilateral-
ly from the connection between the body and 
the greater wing and project downward. They 
are composed of the medial and lateral ptery-
goid plates, which are separated by the pterygoid 
notch. At the inferior aspect of the pterygoid pro-
cess, the pterygoid canal is located (Jaworek-Troć 
et al., 2019).

The Vidian canal (pterygoid canal) was de-
scribed by the Italian physician, surgeon, and 
anatomist Guido Guidi (Latin: Vidus Vidius). The 
pterygoid canal transmits the artery, vein, and 
nerve of the pterygoid and can be observed at the 
base of the skull, at the anterior border of the fora-
men lacerum, through the floor of the sphenoidal 
sinus, to end in the pterygopalatine fossa (Bahşi 
et al., 2019).

In studying the pterygoid canal, Santana, et al. 
(2020), observed that the pterygopalatine fossa 
is an interosseous space of great anato-function-
al, pathological, and surgical importance. This is 
due to its location, anatomical relations, and vas-
culonervous content that favor the spread of tu-
morous pathologies. In this interosseous space are 
the maxillary artery and maxillary nerve (foramen 
rotundum), as well as the pterygopalatine para-
sympathetic ganglion, from which branches dis-
tribute to the nasal and oral cavities, paranasal si-
nuses, and parts of the orbital and cranial regions, 
extending to the face. Additionally, they also ob-
served that the posterior wall of the fossa is an im-
portant reference for microsurgery and endoscop-
ic surgery, through different access routes, such as 
transbuccal, transmaxillary, and transnasal.

The pterygoid nerve is formed by preganglion-
ic parasympathetic fibers of the greater petrosal 
nerve originating from the geniculate ganglion 

of the facial nerve, and by sympathetic fibers of 
the deep petrosal nerve, which originate from the 
superior cervical ganglion, via the carotid sym-
pathetic plexus. After leaving the pterygoid canal 
in the pterygopalatine fossa, the pterygoid nerve 
enters the posterior face of the Meckel ganglion. 
Vascular constriction in the nasal cavity is per-
formed by sympathetic fibers, while parasympa-
thetic fibers control secretions from the nasal, 
palatine, pharyngeal, maxillary sinus, and upper 
oral and labial glands. Omami et al. (2011) believe 
that the relative imbalance of parasympathetic to 
sympathetic stimulation of nasal mucosa blood 
vessels and glands may be the cause of vasomotor 
rhinitis, one of the treatments introduced in oto-
laryngological practice being Vidian neurectomy, 
which involves surgical sectioning of the ptery-
goid nerve.

Fortes et al. (2008) stated that for the identifica-
tion and control of the internal carotid artery and 
the middle cranial fossa, knowledge of the ana-
tomical relations of the pterygoid nerve and the 
maxillary nerve is essential. Kassam et al. (2005) 
report that care should be taken during bone re-
moval, as the space between the maxillary nerve 
and the pterygoid canal narrows into a cone shape 
to a relatively narrow space separating the two at 
the depth of the cranial fossa. Mato et al. (2015) 
observed that the distance between the pterygoid 
canal and the foramen rotundum is relevant for 
endonasal approaches to the quadrangular space, 
which is limited by the horizontal portion of the 
petrous part of the internal carotid artery inferi-
orly, the maxillary nerve laterally, the paraclival 
carotid medially, and the abducens nerve supe-
riorly. Therefore, it is important to know the dis-
tances between the pterygoid canal and the fora-
men rotundum.

The evaluation of the morphology of the ptery-
goid canal and its relationship with other struc-
tures of the craniofacial complex, such as the 
sphenoid bone and the foramen rotundum, for 
example, can contribute to the success of surgical 
procedures performed in this region. Thus, the 
aim of this study was to evaluate the morphology 
of the pterygoid canal in computed tomography 
(CT) scans of a southeastern Brazilian population.
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MATERIALS AND METHODS
The present research was analyzed and ap-

proved by the Ethics Committee from FOP/UNI-
CAMP (CAAE protocol: 46463421.9.0000.5418).

Sample

The research used 100 computed tomography 
of cataloged individuals, whose death was dated 
between 2008 and 2010, and who were exhumed 
during the period 2013 and 2014. The computed 
tomographs were from human skulls belonging 
to the “Professor Dr. Eduardo Daruge” Osteolog-
ical and Tomographic Biobank at the Piracicaba 
Dental School of the University of Campinas (UNI-
CAMP).

The tomographic images were obtained using 
an Aisteion Multislice 4 CT System (Toshiba Med-
ical Systems Corporation - Japan), for the skull 
protocol: 100 MA, 120KV, with 1mm slices.

The sample was divided into two groups, one for 
male samples, with 58 computed tomography of 
male skulls, and another for female samples, with 
42 computed tomography of female skulls. The 
age of the samples ranged from 18 to 100 years in 
both groups.

Inclusion and exclusion criteria

The inclusion criteria were: computed tomogra-
phies of intact skulls without macroscopic defor-
mities, fractures, or any other pathological or sur-
gical alteration were used. Bone remnants were 
not excluded due to ancestry or age.

The exclusion criteria were: computed tomog-
raphy of skulls from syndromic individuals or 
with any anatomical abnormalities in the region 
of interest, as well as individuals with implants, 
plates, screws, or any other metallic artifacts near 
the region were excluded.

Fig. 1.- CT slices and three-dimensional reconstruction of the human skull highlighting the volume obtained from type 3 pterygoid 
canal on each side as an example of measurement. A: Coronal CT slice showing the right (cyan) and left (red) canals. B: Sagittal CT slice 
showing the right canal (cyan). C: Inferior view of three-dimensional reconstruction of skull and pterygoid canals (cyan = right canal, 
red = left canal) and an isometric projection of the two canals indicated by the arrows. (Mimics 18.0 software - Materialise, NV, Belgium).
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Pterygoid Canal Volume and Length evaluation

The Mimics 18.0 software (Materialise, NV, Bel-
gium) was used to perform the segmentation of 
the images from each computed tomography. 
Segmentation involved marking each bone struc-
ture of interest in each tomographic slice. Seg-
mentation was defined by assessing a threshold 
to obtain voxels, whose values were established 
within a range according to the anatomical com-
ponents evaluated in the corresponding region of 
the sphenoid bone and pterygopalatine fossa. 3D 
reconstruction was performed to enable visual-
ization of these components (Fig. 1).

After segmentation, the volume (mm3) and the 
length (mm) were obtained using a specific tool 
in the Mimics 18.0 software (Materialise, NV, Bel-
gium). The software calculates the volume from 
the previously performed segmentation.

Classification of the pterygoid canal

All evaluations were performed using the 
three-dimensional reconstruction of the comput-
ed tomography. The types of pterygoid canal were 
defined according to Lee et al. (2011):

•	 Type 1: Pterygoid canal located entirely pro-
truding on the floor of the sphenoid sinus, and 
one process is present. 

•	 Type 2: Pterygoid canal located partially pro-
truding on the floor of the sphenoid sinus.

•	 Type 3: Pterygoid canal located entirely with-
in the body of the sphenoid bone.

Statistical analysis

The data were tabulated using the Microsoft Of-
fice Excel® package. The analysis of the incidence 
of morphological types of pterygoid canals was 
performed using percentages (%). Descriptive 
data of continuous variables were presented as 
mean and standard deviation or median and in-
terquartile range. Normality tests were used to 
assess the distribution of continuous variables. 
Since the data distribution was normal, the Two-
way ANOVA test with Tukey’s post-test (unpaired 
analyses) was used. A confidence interval of 95% 
and a significance level of deviation of 5% were es-
tablished for all tests. For multiple comparisons, 
the initial significance level of 5% was corrected 
by dividing the initial threshold by the number of 
comparisons. Statistical analysis was performed 
using GraphPAD Prism v.10 software (San Diego, 
CA, USA).

RESULTS
For the evaluated sample, the mean age found 

was 62.26 (Standard Deviation: 20.80) years for 
females and 53.86 (Standard Deviation: 17.64) 
years for males.

Incidence of pterygoid canal types by sex

Out of 100 computed tomographs evaluated, on 
the right side of the skull, 10% of individuals had 
type 1 pterygoid canal, 48% had type 2, and 42% 
had type 3. On the left side, 6% had type 1 pter-
ygoid canal, 54% had type 2, and 40% had type 

Table 1. Mean, Standard Deviation, Median, and Interquartile Range of volume (mm3) for comparisons between sexes (male vs. 
female) in each morphological type found on the right side.

VOLUME (mm3) TYPE 1 TYPE 2 TYPE 3 

MALE 

Mean 13.38 15.11 23.16 

Standard deviation 6.325 9.115 7.630 

Median  11.14 12.22 22.91 

Interquartile range 16.70 36.36 30.27 

FEMALE 

Mean 11.72 12.32 23.00 

Standard deviation 5.393 6.863 8.897 

Median 11.12 12.53 21.12 

Interquartile range 13.00 21.89 28.06 
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3. When both sides were summed, overall, it was 
found that 41% of computed tomographs present-
ed type 1 canal, 51% presented type 2, and 8% 
presented type 3 canal.

When both sides were summed and consider-
ing the variable of sex, it was found that for males, 
8.7% were type 1, 55.1% were type 2, and 36.2% 
were type 3. For females, 7.14% were type 1, 
45.24% were type 2, and 47.62% were type 3.

Volume (mm3) of pterygoid canal types by sex 
on each side

Descriptive analysis of Mean, Standard Devia-
tion, Median, and Interquartile Range of volume 
(mm3) for comparisons between sexes (male vs. 
female) in each morphological type found on the 
right side were presented in Table 1.

Assuming normal distribution for both eval-
uated sides, with alpha=0.05, calculated by the 
D’Agostino & Pearson test (right side) and Kolm-
ogorov-Smirnov test (left side), the Two-way ANO-
VA test was performed to assess differences in 
volume between sexes in each type of pterygoid 
canal found, and between sides in each type of 
pterygoid canal found.

The Two-way ANOVA test, for the right side, 
when comparing volumes of morphological types 
1, 2, and 3 between sexes, showed statistically sig-
nificant differences among types (P <0.0001). On 
the right side, it was possible to verify that type 
3 pterygoid canal had a larger volume for both 
males and females compared to other types. Al-
though not always significant, for all types, the 
volume in males was larger than females (P= 
0.4643) (Table 1).

Multiple comparisons by Tukey’s test conduct-
ed between the means of each morphological type 
in each sex showed significant differences on the 
right side when comparing type 2 and type 3 in 
males (P=0.0075), type 2 and type 3 in females 
(P=0.0014), type 2 in males with type 3 in females 
(P=0.0167), and type 3 in males with type 2 in fe-
males (P=0.0005) (Fig. 2). No statistical differenc-
es were found for other comparisons.

The descriptive analysis of Mean, Standard De-
viation, Median, and Interquartile Range of vol-
ume (mm3) for comparisons between sexes (male 
vs. female) in each morphological type found on 
the left side is presented in Table 2.

The Two-way ANOVA test, for the left side, when 
comparing volumes of morphological types 1, 2, 

Fig. 2.- Mean volume on the right side (mm3) by sex in each morphological type of pterygoid canal. *Statistical difference.
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and 3 between sexes, detected statistically sig-
nificant differences among the types (P <0.0001). 
On the left side, it was possible to verify that type 
3 pterygoid canal had a larger volume for both 
males and females compared to other types. Al-
though not always significant, for all types, the 
volume in males was greater than in females (P= 
0.3610) (Table 2).

Multiple comparisons by Tukey’s test conducted 
between the means of each morphological type in 
each sex showed significant differences on the left 
side when comparing type 2 and type 3 in females 

(P=0.0390) and type 3 in males with type 2 in fe-

males (P=0.0034) (Fig. 3). No statistical differenc-

es were found for other comparisons.

Length (mm) of pterygoid canal types by sex on 
each side

Descriptive analysis of Mean, Standard Devia-

tion, Median, and Interquartile Range of length 

(mm) for comparisons between sexes (male vs. 

female) in each morphological type found on the 

right side were presented in Table 3.

Table 2. Mean, Standard Deviation, Median, and Interquartile Range of volume (mm3) for comparisons between sexes (male vs. 
female) in each morphological type found on the left side. 

VOLUME (mm3) TYPE 1 TYPE 2 TYPE 3 

MALE 

Mean 8.945 14.27 24.37 

Standard deviation 2.646 13.44 10.92 

Median  8.942 11.19 22.88 

Interquartile range 5.453 72.48 39.24 

FEMALE

Mean 8.780 9.796 19.67 

Standard deviation 3.120 5.256 8.281 

Median 8.780 8.764 16.05 

Interquartile range 4.413 17.170 24.73 

Fig. 3.- Means of volume on the left side (mm3) by sex in each morphological type of pterygoid canal. *Statistical difference.



Maria Claudia H. Ferreira et al.

319

Assuming normal distribution for both eval-
uated sides, with alpha=0.05, calculated by the 
D’Agostino & Pearson test (right side) and Kolmog-
orov-Smirnov test (left side), the Two-way ANOVA 
test was performed to assess differences in length 
between sexes in each type of pterygoid canal 
found and between sides in each type of pterygoid 
canal found.

The Two-way ANOVA test, for the right side, 
when comparing length of morphological types 1, 
2, and 3 between sexes, showed statistically sig-
nificant differences among types (P=0.0021).

Multiple comparisons by Tukey’s test conduct-
ed between the means of each morphological type 
in each sex showed significant differences on the 
right side when comparing type 3 in males with 
type 2 in females (P=0.0258) (Fig. 4). No statistical 
differences were found for other comparisons.

Descriptive analysis of Mean, Standard Devia-
tion, Median, and Interquartile Range of length 
(mm) for comparisons between sexes (male vs. fe-
male) in each morphological type found on the left 
side were presented in Table 4.

Fig. 4.- Means of length on the right side (mm) by sex in each morphological type of pterygoid canal. *Statistical difference.

Table 3. Mean, Standard Deviation, Median, and Interquartile Range of length (mm) for comparisons between sexes (male vs. 
female) in each morphological type found on the right side. 

LENGTH (mm) TYPE 1 TYPE 2 TYPE 3 

MALE 

Mean 11.41 8.887 10.38 

Standard deviation 0.8911 3.239 2.006 

Median 11.65 9.540 10.36 

Interquartile range 2.600 13.33 7.850 

FEMALE 

Mean 9.478 7.746 10.16 

Standard deviation 1.322 3.457 2.069 

Median 9.940 8.140 10.12 

Interquartile range 2.950 11.65 7.390 
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Assuming normal distribution for both eval-
uated sides, with alpha=0.05, calculated by the 
D’Agostino & Pearson test (right side) and Kolmog-
orov-Smirnov test (left side), the Two-way ANOVA 
test was performed to assess differences in length 
between sexes in each type of pterygoid canal 
found and between sides in each type of pterygoid 
canal found.

The Two-way ANOVA test, for the left side, when 
comparing length of morphological types 1, 2, and 
3 between sexes, showed statistically significant 

differences among types (P=0.0016) and among 

sexes (P=0.0067).

Multiple comparisons by Tukey’s test conducted 

between the means of each morphological type in 

each sex showed significant differences on the left 

side when comparing type 1 in males with type 2 

in females (P=0.0298), type 3 in males with type 

2 in females (P=0.0077) and type 2 in female with 

type 3 in female (P=0.0317) (Fig. 5). No statistical 

differences were found for other comparisons.

Table 4. Mean, Standard Deviation, Median, and Interquartile Range of length (mm) for comparisons between sexes (male vs. 
female) in each morphological type found on the left side. 

LENGTH (mm) TYPE 1 TYPE 2 TYPE 3 

MALE 

Mean 11.76 8.563 10.23 

Standard deviation 2.614 3.594 1.619 

Median 11.22 9.230 10.16 

Interquartile range 6.110 11.74 6.570 

FEMALE 

Mean 6.370 7.043 9.739 

Standard deviation 3.818 2.755 1.752 

Median 6.370 6.410 9.820 

Interquartile range 5.400 9.450 6.910 

Fig. 5.- Means of length on the left side (mm) by sex in each morphological type of pterygoid canal. *Statistical difference.
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DISCUSSION
The pterygoid canal allows the passage of both 

the nerve and artery of the same name; it lies at 
the fusion line of the pterygoid process and the 
greater wing with the body of the sphenoid bone. 
The pterygoid nerve is formed by the greater pe-
trosal nerve, the deep petrosal nerve, and sympa-
thetic fibers along the internal carotid artery. The 
pterygoid artery and corresponding nerves pass 
through the pterygoid canal and are branches of 
the maxillary artery (Daniels et al., 1998). The 
pterygoid artery connects parasympathetic fibers 
to the sphenopalatine ganglion in the pterygopal-
atine fossa (upper part) (Rypens et al., 1991).

The pterygoid canal may project into the sphe-
noid sinus and can be affected by sinus diseases 
and at risk during surgery (Chong et al., 2000). Im-
aging plays a central role in planning and treating 
diseases at the skull base because clinical evalua-
tion of this region is often difficult or incomplete. 
Computed tomography is ideal for delineating bone 
anatomy and is frequently used (Yazar et al., 2007).

The pterygoid canal is closely related to the sphe-
noid sinus. Pandolfo et al. (1988) reported that the 
bone wall between the pterygoid canal and the 
sphenoid sinus was relatively thin, not exceeding 5 
mm, and was incomplete at some points. Therefore, 
special attention has been given to the morphology 
and location of the pterygoid canal in relation to the 
sphenoid sinus during surgery to avoid damage to 
nerves and blood vessels in the pterygoid canal.

In the present study, the most common config-
uration of the pterygoid canal was type 2 (par-
tially protruded pterygoid canal on the floor of 
the sphenoid sinus) for both the right side (48% 
type 2 canal) and the left side (54% type 2 canal). 
This is in accordance with Lee et al. (2011), who 
reported an incidence of 47%. Similarly, Yazar 
et al. (2007) and Mohebbi et al. (2017) identified 
type 2 as the most common configuration, with 
an incidence of 54%. Additionally, they reported 
cases with bony septum within the pterygoid ca-
nal, which likely divides the canal into two parts, 
nerves, and vessels. Contrary to these reports, Liu 
et al. (2002) reported more type 3 canal config-
urations (pterygoid canal entirely located in the 
body of the sphenoid bone).

To the best of our knowledge, the present study 
is the first to use volume as a parameter to eval-
uate the morphology of the pterygoid canal. This 
serves as critical information for the endoscop-
ic skull base surgeon to use when attempting to 
safely locate the region.

For both the right and left sides of the evaluated 
skulls, the Two-way ANOVA test, when comparing 
the volumes of morphological types 1, 2, and 3 
between sexes, showed that the type 3 pterygoid 
canal had a larger volume for both males and fe-
males compared to the other types. Although not 
always significant, for all types, the volume in 
males was greater than females, especially when 
comparing types 2 and 3. Thus, it was observed 
that sex influenced the volume of the pterygoid 
canal, and in the pneumatization process, if the 
sphenoid bone is extensively involved, there is 
a greater probability of the pterygoid canal pro-
jecting into the sinus with a stalk (type 1) or being 
present on the floor of the sphenoid sinus (type 2) 
in the sex with larger volume.

The mean length of the pterygoid canal in this 
present study varies from 6.37 to 11.76 mm. For 
types 2 and 3, it was possible to verify a signifi-
cant difference between males and females. In 
this study, the average length of the pterygoid ca-
nal was higher in males than in females, similar 
to Gong et al. (2023) and Vuksanovic-Bozaric et al. 
(2019). This may suggest that the  pterygoid canal 
of females is shorter, thicker, and flatter than that 
of males.

A limitation of the present research is that it was 
conducted on a specific and regional sample of the 
population from southeastern Brazil. Therefore, 
it is important to expand the evaluation to larg-
er samples covering the entire national territory. 
Nevertheless, this study helps predict the type of 
pterygoid canal in the Brazilian population.

CONCLUSION
Thus, the results of the present study were in 

accordance with the hypothesis that the morphol-
ogy of the pterygoid canal may vary among indi-
viduals of different sexes, especially in those who 
presented pterygoid canals of types 2 and 3. The 
most prevalent pterygoid canal was type 2.
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