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Abstract: The purpose of our study was to accurately visualize and measure the normal anatomy and size of the
pterygoid canal with thin-section (0.5 mm), high-resolution computed tomography (HRCT) as well as multiplanar
reconstruction (MPR) and curved planar reconstruction (CPR) technologies to obtain credible and comprehensive
information for clinical management. Both axial HRCT and MPR images of the pterygopalatine fossa were obtained
in 167 normal adult subjects, who exhibited variable positions of pterygoid canal relative to the sphenoid sinus floor
and cavity. The morphology and size of the pterygoid canal was observed and measured, respectively. All pterygoid
canals (100%, 334/334) were well delineated on HRCT images. Statistical analyses showed no significant differ-
ence between the mean length of the left (12.6 £ 2.3 mm) and right pterygoid canals (12.5 + 2.9 mm) (P = 0.405).
The mean diameter of anterior, median and posterior opening of the left and right pterygoid canals exhibited no
significant differences (all P > 0.05); the bilateral median opening possessed the smallest diameter (P < 0.001).
Submillimeter, thin-section HRCT scan and appropriate postprocessing reconstruction technologies could clearly
visualize the morphologic features of the pterygoid canal and adjacent structures, which may be helpful for making
diagnostic and therapeutic decisions.

Keywords: Pterygoid canal, anatomy, HRCT

Introduction [6-11]. With the wide application of high-resolu-
tion CT (HRCT) technology, the visualization of

The pterygoid canal connects pterygopalatine pterygoid canal structure has improved signifi-

fossa and foramen lacerum with arteries, veins cantly. On basis of this perspective, we applied

and nerves running through it [1]. Vidian neu- submillimeter (0.5 mm), thin-section HRCT and

rectomy is widely considered to be highly effec- multidetector CT (MDCT) post-reconstruction

tive in treating allergic rhinitis, vasomotor rhini- technology to provide a more comprehensive

tis, Sluder’s neuralgia, crocodile tears syn- description of pterygoid canal morphology and

drome, nasal polyps and other diseases. In diameter measurement in the Chinese popula-

addition, the pterygoid canal and its contents tion, thereby providing additional decision-mak-

are often subject to iatrogenic injury when sur- ing criteria for basic research and clinical

gery is performed near the sphenoid and its practice.

surrounding structures. Therefore, an accurate

understanding of the pterygoid canal and its Materials and methods

adjacent structures is helpful for developing

surgical plans and reducing risk [2-5]. However, Study subjects

the pterygoid canal is a small structure in a rel-

atively deep anatomical location. Due to the HRCT spiral scans were performed on 420 sub-

poor resolution of conventional computed jects who were seen in our hospital for head

tomography (CT), anatomical imaging studies and neck exams. All subjects recruited for this

of the pterygoid canal are rarely reported. study met the research requirements. The

Specifically, data regarding the length of ptery- inclusion criteria were the following: 1) normal

goid canal obtained from in vivo anatomical healthy subjects older than 18 years old; and 2)

imaging are extremely rare in the literature no disease or surgical history of pterygopala-
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tine fossa, connection structure or nasal sinus.
The exclusion criteria were the following: 1) par-
ticipants who could not cooperate with the
medical exam; 2) imaging with artifacts; 3) poor
image quality that did not meet the observation
requirements. A total of 167 subjects met the
above study requirements; their age ranged
from 18 to 78 years with a mean age of 41.9 +
14.5 years. There were 83 men (mean age, 41
years + 10 (standard deviation); median age,
41 years; age range, 18-74 years) and 84
women (mean age, 42 years + 8; median age,
42 years; age range, 19-68 years). There was
no significant difference in age between men
and women (P = 0.76, independent samples
t-test). This study was approved by an institu-
tional review board, and written informed con-
sent was obtained from each subject.

CT imaging assessment

A Sensation 16 spiral CT scanner (Sensation
16; Siemens Medical Solutions, Erlangen,
Germany) was utilized for volume scanning. The
scan parameters were as follows: 120 Kv; 100
mAs; pixels, 512 x 512; and thickness, 0.5
mm. For the scan range, the plane of the hard
palate was set as baseline, and continuous par-
allel scanning was performed from the lower
edge of the hard palate plane upward to the
level of the posterior clinoid plane. Post-
processing of the raw scan data was carried
out on a Leonardo workstation. The reconstruc-
tion slice thickness was also 0.5 mm. First,
standard axial, coronal and sagittal MPR recon-
structions were performed followed by oblique
sagittal MPR reconstruction along the long axis
of pterygoid canal and curved planar recon-
struction (CPR) at axial plane tracking along the
pterygoid canal. The window width was 4000
HU, and the window level was 700 HU.

Observation and measurement

(1) Pterygopalatine fossa: pterygoid canal mor-
phology was observed in cross-section, coronal
and sagittal planes, and the opening of ptery-
goid canal was measured. (2) Pterygoid canal:
the morphology and the track of the pterygoid
canal were observed in cross-section, coronal
and oblique sagittal planes. The average diam-
eter of the anterior opening was measured in
the coronal plane. The measurement of the
anterior opening was taken when we observed
a complete circular shape at the wall of the
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pterygoid canal that was successively observed
in coronal planes. The length of the pterygoid
canal and the diameters of the median and
posterior openings were measured in the
obliqgue sagittal plane using CPR along the
track of the pterygoid canal. The posterior
opening was determined as the presence of the
posterior end of the pterygoid canal. The diam-
eter of the median opening was measured at
the median section between the anterior and
posterior openings. All measurements were
performed in triplicate, and the average of the
three measurements was taken as the final
result. (3) The relationship between the ptery-
goid canal and sphenoid sinus was based on
the anatomical positions of both structures, the
relationship was divided into the following
types: Type A, pterygoid canal lies completely
within the floor of the sphenoid sinus or is
embedded in the body of adjacent sphenoid
bones; Type B, the pterygoid canal partially pro-
trudes into the sphenoid sinus floor, and less
than two-thirds of the canal wall is surrounded
by sphenoid sinus air cells; Type C, at least two-
thirds of the pterygoid canal is embedded
inside the sphenoid sinus and surrounded by
air cells of sphenoid sinus.

Statistical analysis

All numeric variables are presented as the
mean * standard deviation (X £ SD) and 95%
confidence interval (Cl) and were assessed for
normal distribution. Statistical analysis was
performed in accordance with the left and right
sides, gender and the diameters of the ipsilat-
eral anterior, median and posterior openings.
Differences between left and right sides were
assessed with paired two-sample t-tests. The
gender difference for the ipsilateral pterygoid
canal was tested with an independent t-test.
One-way analysis of variance (ANOVA) and the
Bonferroni method were applied to compare
the ipsilateral anterior, median and posterior
opening diameters among groups. SPSS statis-
tical software (version 13.0, Chicago, IL, USA)
was used for all statistical analyses, with P <
0.05 considered as statistical significance.

Results
The morphology of pterygoid canal

The detection rate of 334 pterygoid canals on
HRCT was 100% among 167 participants. We
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Figure 1. On high resolution CT, axial-section (A) and oblique sagittal reconstruction (B) images show symmetric
bilateral pterygoid canals (white arrows) with a narrow middle and relatively wider anterior and posterior openings
connecting the pterygopalatine fossa and foramen lacerum shows; coronal section images detect oval-shaped an-
terior (C) and median openings (D) of pterygoid canals (white arrows).

found that pterygoid canals were bilaterally
symmetric in 76.6% of participants (128/167)
(Figure 1A), with the pterygoid canal observed
as a slightly curved, thin tube in cross-section
and the oblique sagittal plane and connecting
the foramen lacerum from anterior to posterior
(Figure 1B). In the coronal plane, 114 pterygoid
canals were round (34.1%) (Figure 1C) and 220
were oval (65.9%) (Figure 1D). Among the 334
pterygoid canals, 318 (95.2%) showed a slight-
ly curved track from the internal-anterior to
external-posterior axis with an arc shape; 14
(4.2%) showed a horizontal track from the ante-
rior to posterior axis; and the other 2 (0.6%)
showed a slightly curved track from the exter-
nal-anterior to internal-posterior axis.

Pterygoid canal diameter

No significant difference was found between
the length of the left (12.6 + 2.3 mm; 95% Cl:
10.2-14 .6) and right pterygoid canals (12.5 +
2.9 mm; 95% CI: 10.4-14.4) among all subjects
(t=0.835, P =0.405). The mean diameters of
the anterior, median and posterior openings of
the left pterygoid canal were 2.7 + 0.7 mm
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(95% Cl: 2.5-2.8), 1.9 £ 0.5 mm (95% CI: 1.8-
2.0) and 1.4 + 0.6 mm (95% Cl: 1.2-1.5),
respectively. The mean diameters of the ante-
rior, median and posterior openings of the right
pterygoid canal were 2.7 + 0.6 mm (95% CI:
2.6-2.8), 1.9 + 0.6 mm (95% Cl: 1.8-1.9) and
1.3 £ 0.5 mm (95% ClI: 1.2-1.4), respectively.
The bilateral pterygoid canals gradually wid-
ened from the middle portion to both ends to
exhibit a funnel shape. The anterior and medi-
an openings had the widest and the smallest
diameters, respectively. The difference was
statistically significant (left side: F = 217.603, P
< 0.001; right side: F = 247.336, P < 0.001).
However, there was no gender difference or
diameter difference in anterior, median and
posterior openings between the left and right
pterygoid canals (all P > 0.05) (Table 1).

The relationship between pterygoid canal and
sphenoid sinus

We divided the participants into different types
depending on the relationship between the
pterygoid canal and sphenoid sinus. Type A, the
majority of subjects had pterygoid canals within
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Figure 2. Thin-section CT reconstruction images show bilateral pterygoid canals within the sphenoid sinus floor
(white arrows) (A), inside the sphenoid sinus (arrowheads) (B), the right pterygoid canal inside the sphenoid sinus
and the left pterygoid canal partially inside the sphenoid sinus (arrowheads) (C), and the superior wall of the ptery-
goid canal is missing (white arrow) (D).

Table 1. The measurement of pterygoid canals in
167 normal adults (mm)

Anterior Median Posterior

Length . . .
opening opening opening

Left Male 129+25 26+08 1.4+05 1.9+0.5
Female 12.3+2.0 2.7+0.6 1.4+05 1.9+0.5
Right Male 13.0+26 26+0.7 1.3+05 1.8+0.5
Female 11.9+3.1 2.8+0.6 1.4+05 1.9+0.5

the sphenoid sinus floor, including 130 left
(77.8%) and 126 right pterygoid canals (75.4%)
(Figure 2A); Type B, a smaller percentage was
completely inside the sphenoid sinus, including
19 left (11.4%) and 24 right pterygoid canals
(14.4%) (Figure 2B); and Type C, a similar num-
ber of canals were partially inside the sphenoid
sinus, including 18 left (10.8%) and 17 right
pterygoid canals (10.2%) (Figure 2C). Ad-
ditionally, approximately 0.6% of the cases
exhibited incomplete pterygoid canal bone
structure (Figure 2D).

Discussion

This study demonstrates that submillimeter,
thin-section HRCT scanning and post-process-
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ing reconstruction techniques can success-
fully visualize pterygoid canal morphologi-
cal features and connection status. For the
first time, we applied HRCT to measure
canal length and the diameters of the ante-
rior, median and posterior openings, and
we described the relationship between the
pterygoid canal and sphenoid sinus floor.

The pterygoid canal is one of the important

passageways of the pterygopalatine fossa.
It lies between the pterygoid and sphenoid
sinuses, passing through the foramen lacerum
posteriorly [1]. HRCT can clearly visualize the
entire pterygoid canal and its adjacent struc-
tures. Pandolfo et al. [8], Rumboldt et al. [9]
and Kim et al. [10] reported 95%, 98% and
100% pterygoid canal detection rates, respec-
tively. Because we applied submillimeter, thin-
section HRCT scan, all subjects’ pterygoid
canals were clearly visualized (100%) in consid-
erable detail. Cross-section HRCT revealed that
most pterygoid canals were aligned along an
interior-anterior to external-posterior axis. The
pterygoid canal was a slightly curved bony
structure that narrowed in the middle and wid-
ened at the anterior and posterior openings.
Kim et al. [10] reported that just 19.5% of ptery-
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goid canals were aligned in external-anterior to
internal-posterior axis. The anterior opening of
pterygoid canal was on the posterior wall of
pterygopalatine fossa and was usually round or
oval in shape. The posterior opening was slight-
ly superior to the anterior wall of the foramen
lacerum and was also round or oval shaped [6,
7]. Coronal HRCT revealed that the round- or
oval-shaped pterygoid canal sat on the floor of
the sphenoid sinus. Overall, we observed that
the morphological features of the pterygoid
canal were superiorly visualized with MPR
reconstruction along the structure’s track.

Pterygoid canal diameters have always exhibit-
ed relatively large variability due to different
study subjects and measurement standards.
Autopsy results revealed that pterygoid canal
length was 14.74 + 1.64 mm, and the diame-
ters of the anterior and posterior openings were
3.53+£0.64 and 1.72 + 0.50 mm, respectively.
Pandolfo et al. [8] reported that the average
anterior and posterior opening diameters were
2.5and 1.0 mm, respectively. The HRCT results
in this study showed that the mean pterygoid
canal length was 12.5 + 3.0 mm, and the diam-
eters of the anterior and posterior openings
were 2.7 £ 0.7 and 1.8 + 0.5 mm, respectively.
Studies that collected data from around the
world reported that the pterygoid canal was
funnel-shaped with a relatively narrow middle
section [1, 6-8, 11-13]. However, there were
previously no specific measurement values for
the median opening, which we measured as
1.3 £ 0.5 mm, confirming that it was significant-
ly smaller than the anterior and posterior
openings.

The pterygoid canal is closely related to sphe-
noid sinus. Pandolfo and colleagues [8] report-
ed that the bony wall between the pterygoid
canal and sphenoid sinus was relatively thin,
not exceeding 5 mm, and was incomplete in
places. Therefore, special attention should be
paid to the location of pterygoid canal relative
to sphenoid sinus during surgery to avoid dam-
aging nerves and blood vessels in the pterygoid
canal [4, 14, 15]. According to previous studies
[8, 10], the majority of pterygoid canals (approx-
imately 55%) lie under the sphenoid sinus floor
with intact bony walls separating them from the
sphenoid sinus. Some pterygoid canals (approx-
imately 31%) partially protrude into the sphe-
noid sinus but have intact walls separating the
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two structures. Approximately 6% of pterygoid
canals protrude into the sphenoid sinus and
lack entire superior walls. This study indicated
that coronal CT scans or coronal MPR can
clearly reveal the relationship between the
pterygoid canal and sphenoid sinus. Therefore,
sphenoid sinus diseases or surgery can easily
damage the nerves and blood vessels inside
the pterygoid canal, especially when the struc-
ture is completely or partially inside the sphe-
noid sinus.

The vidian artery and corresponding nerves
pass through the pterygoid canal and is a
branch of maxillary artery [1]. The vidian artery
joints parasympathetic fibers to the sphenopal-
atine ganglion in the upper pterygopalatine
fossa [16]. The vidian nerve is formed by the
great petrosal nerve, the deep petrosal nerve
and the sympathetic fibers along the internal
carotid artery. HRCT revealed that the ptery-
goid canal is a straight or slightly curved thin
bony tube in alignment with the external-poste-
rior to internal-anterior axis. The diameter grad-
ually widens in the anterior direction. Previously
published studies [6-10] reported that the
diameters of the anterior and posterior open-
ings were 2.5 and 1.0 mm, respectively. The
results measured by HRCT in this study showed
that the average diameters of the anterior and
posterior openings were 2.3 and 1.0 mm,
respectively. The pterygoid canal is closely
related to the sphenoid sinus. Pandolfo et al.
[8] reported that the distance between the
pterygoid canal and the sphenoid floor ranged
from O to 5 mm. We found that 55% of ptery-
goid canals were located under the sphenoid
sinus floor with intact bony wall separating
them from the sphenoid sinus; 31% of ptery-
goid canals were completely inside the sphe-
noid sinus; 8% of pterygoid canals showed
asymmetric separation or no bone separating
from sphenoid sinus; and 6% of pterygoid
canals showed no superior wall and thereby
passed directly through the sphenoid sinus.
Therefore, special attention should be paid to
the location of the pterygoid canal relative to
the sphenoid sinus during surgery to avoid
damaging the nerves and blood vessels in the
pterygoid canal. HRCT of the pterygoid canal
should include both cross-sectional and coro-
nal plane images. The former reveal the entire
morphology of the pterygoid canal, as well as
its relationship to the pterygopalatine fossa
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and foramen lacerum, while coronal images
demonstrate the relationship between the pter-
ygoid canal and sphenoid sinus. The combina-
tion of both scan angles can accurately reveal
the relationship between the pterygoid canal
and surrounding structures.

The anterior opening is the optimal position for
vidian nerve occlusion or nerve resection pro-
cedure. Approximately 81% of surgical proce-
dures can successfully enter the pterygoid
canal through the sphenopalatine foramen [4,
10, 15]. HRCT scan can accurately reveal the
anterior opening of the pterygoid canal, as well
as possible pathological changes, which is
helpful for preoperative evaluation. Some cra-
niofacial tumors (e.g., nasopharyngealcarcino-
ma) can have perineural invasion along the
pterygoid canal, resulting in canal expansion
and bony wall destruction [17-19]. HRCT scan-
ning has a relatively higher sensitivity for reveal-
ing pterygoid canal injuries due to these dis-
eases. Knowledge of the normal opening diam-
eter of the pterygoid canal is helpful in develop-
ing clinical treatment plans and evaluating
prognosis.

In summary, the application of submillimeter,
thin-section HRCT scanning and MDC recon-
struction can clearly reveal the morphology,
size and adjacent structures of the pterygoid
canal. In addition, it can provide comprehen-
sive and accurate imaging information for the
diagnosis of related diseases and guide the
development of surgical plans for skull base
surgery and endoscopic surgery.
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