Surgical and Radiologic Anatomy (2019) 41:161-168
https://doi.org/10.1007/s00276-018-2136-8

ORIGINAL ARTICLE

@ CrossMark

The pterygopalatine fossa: morphometric CT study with clinical
implications

Aleksandra Vuksanovic-Bozaric' - Batric Vukcevic' - Marija Abramovic' - Nemanja Vukcevic' - Natasa Popovic' -
Miroslav Radunovic'

Received: 29 June 2018 / Accepted: 16 November 2018 / Published online: 23 November 2018
© Springer-Verlag France SAS, part of Springer Nature 2018

Abstract

Purpose The pterygopalatine fossa is a deep viscerocranial space containing the maxillary artery and nerve, the pterygopala-
tine ganglion, and the nerve of the pterygoid canal (vidian nerve). The endoscopic approach to this area relies on adequate
preoperative imaging, such as computed tomography (CT). The aim was to determine the morphometric characteristics of
the pterygopalatine fossa and its communications, including several previously unpublished measurements.

Methods 100 CT scans (56 male and 44 female patients) were analyzed. The axial, coronal, and sagittal slices, together with
the three-dimensional reconstructions, were used in the study.

Results The central diameter and the length of the foramen rotundum, the vertical diameter and the length of the pterygoid
(vidian) canal, and the diameter of the sphenopalatine foramen were significantly larger in men. The central diameters of the
foramen rotundum and the vidian canal were significantly smaller than their anterior and posterior transverse diameters. The
vidian canal length of 12.1 mm indicates the presence of the type 3 VC with a sensitivity of 83% and a specificity of 85%.
Conclusion Several new descriptions of the pterygopalatine fossa are presented here (such as the angle between the spheno-
palatine foramen and the vidian canal, a new aspect in the understanding of the FR, and the distance between the posterior
wall of the maxillary sinus to the vidian canal and the foramen rotundum), which might prove useful in the comprehension

of the anatomy of the pterygopalatine fossa.
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Introduction

The pterygopalatine fossa (PPF) is a deep space of the vis-
cerocranium, located in front of the pterygoid process of
the sphenoid bone, lateral to the perpendicular plate of the
palatine bone, and posterior to the maxilla. Laterally, the
PPF communicates with the infratemporal fossa through
the pterygomaxillary fissure (PMF) [12]. The nasal cavity
and the PPF communicate through the sphenopalatine fora-
men (SPF), located between the orbital and the sphenoidal
process of the palatine bone. The inferior orbital fissure
connects the PPF to the orbit. Posteriorly, the PPF commu-
nicates with the middle cranial fossa through the foramen
rotundum (FR), and with the foramen lacerum through the
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pterygoid—vidian canal (VC) [27, 32, 33]. Acar et al. sug-
gested a new VC classification based on its localization: type
1 (the VC is located inside the roof of the PPF), type 2 (the
VC partially protrudes into the sphenoid sinus), and type
3 (the VC totally protrudes into the sphenoid sinus, with a
stalk connecting it to the PPF roof) [1]. The palatovaginal
canal represents a communication between the PPF and the
nasopharynx [26], and the palatine foramina (the greater
and the lesser) represents a communication between the PPF
and the oral cavity [10]. The greater palatine foramen leads
into the greater palatine canal (GPC), an inferior extension
of the PPF [34].

Chen et al. [6] proposed a topographical division of the
PPF into five parts: the GPC (from the hard palate to the
PPF), the infrapterygopalatine segment of the PPF (from
the PMF to the pterygopalatine ganglion), the pterygopala-
tine—ganglionic segment (in the level of the ganglion), and
the suprapterygopalatine segment (from the pterygopalatine
ganglion to the superior border of the FR, containing the
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SPF, the FR, the VC, and the palatovaginal canal) and the
roof of the PPF.

The clinical significance of the PPF lies in its numerous
communications with the surrounding spaces, as well as the
structures located in it: the maxillary artery and nerve, the
pterygopalatine ganglion, and the nerve of the pterygoid
canal (vidian nerve) [15, 29, 31]. The normal anatomy of
the PPF may be changed due to various expansive or inflam-
matory lesions. The bony structures of the PPF and the
infratemporal fossa are used as landmarks in the diagnosis
and treatment of different pathological processes affecting
the soft tissues of the face [30]. Therefore, the preoperative
approach in the surgical management of viscerocranial dis-
ease includes modern imaging techniques such as computed
tomography (CT), to provide adequate comprehension of the
patient’s facial skeleton.

The aim of the study was to determine the morphometric
characteristics of the PPF and its communications, with sev-
eral measurements that were not published previously. The
results of the study may influence the surgery of the PPF,
especially the endoscopic approach.

Materials and methods

A retrospective study on 100 patients’ (56 male and 44
female; age range 33—-62) CT scans was performed. Cases
of facial fractures or skeletal disruptions, previous max-
illofacial surgery, sinonasal tumors, or inflammatory

conditions were excluded from the study to evaluate
normal anatomy. In addition, cases with pneumatized
pterygoid processes or pneumatized posterior wall of the
maxillary sinus (MS) were not analyzed. SOMATOM Sen-
sation 64 multi-slice scanner (Siemens Healthcare, Erlan-
gen, Germany) was used to scan all the patients, with the
following scanning protocol: exposure 120 kV, mAs 380,
rotation time 1 s, pitch 0.85, slice thickness 1 mm, and
interval 1 mm. The images were analyzed as native scans,
as well as multiplanar and volume rendering technique
reconstructions in sharp algorithm, using syngo fastView
software on a dedicated workstation. Two observers (M.A.
and B.V.) measured all the structures independently. Every
measurement was taken three times, with the mean value
used for the further analysis. The intraclass correlation
ranged from 0.8 to 0.9 for all the measurements.

The axial slices (Fig. 1) were used to analyze the suprap-
terygopalatine segment of the PPF according to Chen et al.
[6]. The slices displaying the maximum diameter and the
total length of the FR, the VC, and the SPF were used to take
the following measurements:

1. the transverse diameter of the FR and the VC at three
levels: their anterior opening, central segment, and the
posterior opening (Fig. 1a: 1, 2, and 3; Fig. 1b: 6, 7, and
8, for the FR and the VC, respectively)

2. the length of the FR (Fig. 1a: 4) and the VC (Fig. 1b: 9)

3. the transverse diameter of the SPF and the PMF (at the
level of the VC) (Fig. 1b: 10 and 11, respectively)

Fig. 1 Axial slices of the right pterygopalatine fossa used in measur-
ing the vidian canal, the foramen rotundum, and the sphenopalatine
foramen (the left pterygopalatine fossa). A anterior, P posterior, M
medial, L lateral, MS maxillary sinus, ITF infratemporal fossa, SS
sphenoid sinus, NC nasal cavity. a Level of the foramen rotundum;
with 1, 2, and 3 representing its anterior, central, and posterior diam-
eter, respectively. 4 The length of the foramen rotundum. 5 The dis-
tance from the posterior wall of the maxillary sinus to the foramen
rotundum. b The level of the vidian canal. 6, 7, 8 The diameter of its
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anterior, central, and posterior segment, respectively. 9 The length of
the vidian canal. 10, 11 The transverse diameter of the sphenopala-
tine foramen and the pterygomaxillary fissure, respectively. 12 The
distance between the medial border of the anterior opening of the vid-
ian canal to the posterior boundary of the sphenopalatine foramen. 13
The distance from the posterior wall of the maxillary sinus to the vid-
ian canal. 14 The angle between the axis of the sphenopalatine fora-
men to the vidian canal
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4. the direct distance between the medial boundary of the
anterior opening of the VC to the posterior margin of the
SPF (Fig. 1b: 12)

5. the direct distance between the posterior wall of the MS
to the anterior opening of the FR (Fig. 1a: 5) and the VC
(Fig. 1b: 13)

6. the angle between the SPF axis (a line perpendicular to
the SPF) and the VC axis (Fig. 1b: 14).

The coronal slice depicting the maximum diameter of the
VC and the FR was used to measure the direct distance from
the FR and the VC to the midline (located at the level of the
sphenoidal rostrum) (Fig. 2a: 1 and 2, respectively), as well
as direct distance between the FR and the VC. Furthermore,
the coronal slices were used to evaluate the VC type accord-
ing to Acar et al. [1] (Fig. 2a). The sagittal slice showing the
complete “inverted pyramid” shape of the PPF was used to
measure its vertical diameter [the distance from the roof of
the PPF to the superior opening of the GPC (Fig. 2b: 3)].
The 3D reconstruction of the posterior wall of the PPF was
used to confirm the direct distance between the VC and the
FR (Fig. 3: 3), as well as to measure the vertical diameters
of their anterior openings (Fig. 3: 1 and 2, respectively).
There was no significant difference between the values of
the direct FR-VC distance measurement from the coronal
slices and the 3D reconstructions. Owing to the fact that
the anterior openings of the FR and the VC are not always
exactly circular, a decision was made to measure the distance
between their uppermost and lowermost points as their verti-
cal diameters. Unfortunately, the palatovaginal canal was not
measured because of frequent artifacts in its region, most
likely due to technical issues.

Fig.3 The three-dimensional image used in the study (depicting the
left pterygoid process), with 1 and 2 representing the vertical diam-
eter of the anterior openings of the vidian canal (VC) and the fora-
men rotundum (FR), respectively; 3 as the direct distance between the
aforementioned openings. S superior, / inferior, M medial, L lateral,
SS sphenoid sinus

The standard statistical protocol for descriptive statistics
was used, including the Shapiro—Wilk and the Kolmogo-
rov—Smirnov tests for normality of distribution; the Levene
test for homogeneity of variance; Student’s ¢ test for inde-
pendent samples, ANOVA, and the Chi-squared test. The
receiver-operating characteristic curve (ROC) was used to
determine the cut-off value of the VC length useful in the
prediction of the type 3 VC. A p value <0.05 was considered
statistically significant.

Fig.2 The coronal (a) and the sagittal (b) slices of the sphenoid sinus
(SS) utilized in the study, with 1 and 2 representing the distance from
the midline to the foramen rotundum (FR) and the vidian canal (VC),

respectively; 3 representing the vertical diameter of the pterygopala-
tine fossa (PPF). S superior, / inferior, A anterior; P posterior, GPC
greater palatine canal
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Results

All the results were distributed normally (according to
the Shapiro—Wilk and the Kolmogorov—Smirnov test) and
were homogeneous (as proven by the Levene test). The
measures of the right and the left side failed to show a
significant difference. This conclusion was reached both
in male and in female patients.

Table 1 contains the measurements of the communi-
cations of the PPF. The central diameter of the FR was
significantly larger in male compared to female patients
(p <0.01 on the right and p=0.012 on the left side). A
similar conclusion was reached in the comparison of the
male and female FR length (p =0.039 and p=0.015 for
the right side and the left side, respectively). Furthermore,
there was a significant difference in the vertical diameter

and the length of the VC, as well as the diameter of the
SPF. These measurements were bilaterally larger in men
(p <0.01). The other measurements given in Table 1 did
not show any significant difference between sexes.

ANOVA showed a significant difference among the trans-
verse diameters of the anterior, central, and posterior seg-
ments of the FR bilaterally in both sexes (p <0.01). The
posterior diameter was the largest, followed by the anterior
and the central diameter. In addition, the central diameter of
the VC was significantly smaller than its anterior and poste-
rior transverse diameters (p <0.01). The difference between
the anterior and the posterior diameter of the VC was not
statistically significant (p =0.98 on the right and p=0.64
on the left side).

The measurements of various distances in the PPF are
given in Table 2. The male patients showed a significantly
larger angle between the SPF and the VC (p=0.014 and

Table 1 The results of the diameters’ measurements in the pterygopalatine fossa

Male

Female

Right Left

Right Left

Transverse diameter of FR

Anterior 3.8-6.7 (4.5+0.6)

Central 1.3-2.5 (1.6 £0.3)

Posterior 4.0-6.9 (5.3+0.6)
Vertical diameter of FR 1.6-2.8 (2.1+0.3)
FR length 9-17.5(12.2+2.2)
Transverse diameter of VC

Anterior 2.4-49 (3.6+0.5)

Central 1.1-3.1 (2+04)

Posterior 2.1-5.6 (3.6+0.7)
Vertical diameter of VC 2.1-3.3 (2.6+0.3)
VC length 9-13 (11.9+0.9)

Transverse diameter of SPF

Transverse diameter of PMF

3.5-7.8(5§+0.9)
4.3-7.1 (5.1+0.5)

3.6-6.6 (4.3+0.6)
1.2-2.5 (1.6+0.3)
42-7(53+0.6)
1.5-2.7 (2.1+0.3)
75-1.6 (11.2+2.1)

2-3.9 (3.6+0.6)
1.1-3 2+0.4)
2.1-5.5 (3.6+0.7)
22-33(2.7+0.3)

9.2-13.6 (12+1)

3.4-74(5.1+0.9)
4-7 (5.1+£0.6)

3.7-6.3 (4.6+0.6)
1-2.2 (1.4+0.3)
4-6.8 (52+0.6)

1.6-2.8 (2+0.3)

8-17.5 (12.1+2.3)

1.9-4.8 (3.6+0.5)
1.3-3 (2+0.5)
2.0-5.4 (3.6+0.6)
1.8-3 (2.5+0.3)
87-125(11.1+1)
3.2-5.6 (4.4+0.6)
3.8-6.9 (4.9+0.6)

3.3-6.6 (4.5+0.7)
1.1-2 (1.5+0.2)
4.1-63 (5.1£0.5)
1.5-2.5 (2+0.2)
7.5-17 (11 +2.1)

1.9-4.7 3.5+0.5)
2.3-2.9 (2+0.4)
2-54 (3.6+0.7)
1.8-3.2 (2.5+0.4)
8.9-12.4 (10.7+0.8)
3.2-5.5 (4.3+0.6)
4-6.9 (4.8+0.6)

The range of values is given, with the mean value + standard deviation in parentheses. All measurements are given in millimeters

Table 2 The results of various distances’ measurements in the pterygopalatine fossa

Male

Female

Right

Left

Right

Left

FR-to-VC distance (mm)

SPF-to-VC distance (mm)
MS-to-VC distance (mm)
MS-to-FR distance (mm)

3.6-7.9 (5.1+0.8)
5.9-8.3 (6.9+0.4)
6.1-9.2 (8.3+0.6)
4.4-8.3(63+0.8)

3.5-7.9 (5.1+0.9)
5.8-8.3 (6.8+0.4)

6-9 (8.3+0.6)
44-8.5(63+0.7)

34-7.8 (5+0.9)
5.6-7.8 (6.7+0.5)

6.2-9 (8.3+0.7)
4.5-8.3 (6.4+0.8)

35-77(52+1.1)
5.-7.9 (6.8+0.4)
6.2-9 (8.2+0.6)
4.8-8 (6.3+0.6)

SPF-to-VC angle (degrees)
FR-to-midline distance (mm)

125.3-163.3 (148.4+6.7)
18.9-28.7 (23.5+1.9)
9.9-17.1 (13.8+1.4)
14.5-22.5 (18.5+1.8)

VC-to-midline distance (mm)
Vertical diameter of PPF

122-162 (147.1+7.3)
17.9-29 (22.6+2.8)

10.1-17.2 (13.7+1.6)

14.8-21.5 (18.4+1.7)

120-162 (144.2+10.1)
18.5-26 (22.8+2.2)
9.7-16 (13.4+ 1.4)
14.1-21.8 (17.8 +2)

119-162 (143+9.8)
18.3-26 (21.9+2.6)
9.6-16.5 (13.1+1.7)
13.9-20 (18.1+£1.5)

The range of values is given, with the mean value + standard deviation in parentheses. All measurements are given in millimeters
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p=0.02 for the right side and the left side, respectively), as
well as the distance from the VC to the midline on the left
side (p=0.032). The distance from the MS to the VC was
significantly greater than the distance from the MS to the FR
in both sexes bilaterally (»p <0.01).

Table 3 contains the occurrence of different VC types in
the analyzed material. The Chi-squared test failed to show
a significant difference in the comparison of the two sides,
as well as the two sexes. The VC types are shown in Fig. 4.

An ROC curve was computed to determine the value of
VC length as the cut-off value for the type 3 VC. The VC
length of 12.1 mm indicates the presence of the type 3 VC
with a sensitivity of 83% and a specificity of 85%, with an
area under the curve (AUC) of 0.74.

Discussion

Several previously unpublished measurements are reported
here (such as the angle between the SPF and the VC, as well
as the distance from the MS to the VC and the FR), with the
intent to further illustrate the relations of different structures
in the PPF. The distance between the SPF and the VC (aver-
age value of 6.8 mm) and the angle between the SPF and
the VC (average value of 145.7°) may illustrate a possible

Table 3 The types of the vidian canal (VC) according to Acar et al.
[1] by percentage

Male Female
Right Left Right Left
VC type (%)
Type 1 61 60 59 60
Type 2 32 34 35 33
Type 3 7 6 6 7
Total (%) 100 100 100 100

Type 1 the VC is located inside the roof of the PPF. Type 2 the VC
partially protrudes into the sphenoid sinus. Type 3 the VC totally pro-
trudes into the sphenoid sinus

endoscopic access to the PPF and the VC through the SPF.
The difference in the distance from the MS to the VC and the
FR shows the medial widening of the PPF. Hypothetically,
the transmaxillary approach would show that it is easier to
access the FR than the VC. In addition, to prevent iatrogenic
injury to the maxillary nerve, the proximity of the FR to the
MS must be appreciated.

The average VC length of 11.4 mm is similar to the value
reported by Acar et al. [1]: 12.9 +1.9 mm. The cut-off value
of 12.1 mm strongly predicts the existence of type 3 VC
(total protrusion of the canal into the sphenoid sinus). This
result may prove useful in the transsphenoidal approach to
the VC, with a conclusion that the canals protruding into the
sinus are usually longer than 12.1 mm. It is understandable
that, in the era of modern radiologic techniques, the VC
length does not have to be predicted—since a coronal CT
scan is necessary in all patients undergoing endoscopic sinus
surgery. However, the observation presented here may spark
interest in future research—whether the vidian nerve is also
significantly longer in VC type 3 and what are the neuro-
logical and surgical implications of that anatomical feature.

Acar et al. [1] performed a CT study on 250 patients,
reporting the type 1 VC in 55.6% patients, the type 2 in
34.8%, and the type 3 in 9.6%, in accordance with the results
presented herein. On the other hand, Mohebbi et al. [24]
reported the VC to be located inside the sphenoid sinus in
28% of cases, with 48% of cases showing partial protrusion
of the canal, and 24% having the VC completely inside the
roof of the PPF. Of all the cases analyzed by Mohebbi et al.,
54% showed pneumatized pterygoid processes, which possi-
bly increased the occurrence of VC protrusion into the sphe-
noid sinus, by extending the sinus inferiorly into the root of
the pterygoid process. The subsequent research should take
into account various types of sphenoid sinus pneumatization
(as described by Rusu et al. [30]) to analyze their potential
influence on the anatomy of PPF communications.

Daniels et al. [9] proved a description of the FR as a
“sagitally oriented channel”, which appreciates the FR as a
canal with a certain length. The approach to the FR measure-
ment employed here sheds a new light on the understanding

Fig.4 The three types of the vidian canal as observed in the study. a represents type (1); b represents type (2); ¢ represents type (3). The arrows
indicate the vidian canals. S superior, / inferior, SS sphenoid sinus, FR foramen rotundum

@ Springer



166

Surgical and Radiologic Anatomy (2019) 41:161-168

of the FR. The FR is here viewed as a canal measuring
11.6 mm in average length, and with a narrow central seg-
ment. Decompression of the maxillary nerve inside the FR
requires the narrowing of the FR to be comprehended. In
2011, Rusu described a previously unreported doubled fora-
men rotundum (associated with maxillary nerve fenestration)
[28], a variation which was not observed in this research.
The results of the PPF measurement published in the
relevant literature are given in Table 4. Despite its level
of detail, the study conducted by Chen et al. [6] has to be
addressed with the possibility of individual morphometric
variation due to the small sample size. It is noted that Chen
et al. [4], Kim et al. [6], and Berlis et al. [22] did not inform
of the level of the FR’s transverse diameter measurement,
and therefore, their results cannot be directly compared to
the results published herein. The direct distance between the
FR and the VC reported by Mohebbi et al. might have been
influenced by the occurrence of pterygoid process pneumati-
zation in their study sample, as already described [24]. Acar
et al. also analyzed a significant number of cases with ptery-
goid process pneumatization (39.2% of the total sample),
which might have influenced the aforementioned distance
to be larger [1]. In the study presented herein, pterygoid
process pneumatization was taken an exclusion criteria to
prevent extreme values of the direct distance between the
FR and the VC. The 3D CT study by Hwang et al. lacks the

details regarding the level of the VC and the FR measure-
ment. The authors analyzed the anterior aspect of the ptery-
goid process, meaning that the measurements presented in
their paper probably reflect the sizes of the anterior openings
of the VC and the FR. Such anterior view of the 3D recon-
structions resulted in the distance between the VC and the
SPF to be 3.8+ 1.0 mm in their study [19], different from
the results of the study reported here—which was based on
axial slices appreciating the fact that the VC and the SPF are
not located in the same frontal plane.

Multiple patterns of posterior MS wall pneumatiza-
tion are described, such as the presence of Sieur (spheno-
ethmoido-maxillary) cells, Haller (infraorbital ethmoido-
maxillary) cells, Onodi (spheno-ethmoidal) cells reaching
the optic canal, the maxillary recess of the sphenoid sinus,
the sphenoid recess of the maxillary sinus, etc [7]. Due to
the complexity of the analysis, cases with posterior MS wall
pneumatization were not analyzed in this study. Future mor-
phometric studies should include these anatomical varia-
tions to evaluate their influence on the PPF volume and the
distance from the posterior wall of the PPF to the maxilla.

The communications of the PPF enable the inflammatory
and neoplastic processes to spread into other viscerocranial
spaces and the skull base [5], such as the cavernous sinus
(through the FR), the masticator space (through the PMF),
the foramen lacerum (through the VC), and the nasal and

Table 4 Pterygopalatine fossa measurements as obtained by different authors

Berlis et al. [4] Kim et al. [22] Chen et al. [6]

Hwang et al. [11] Bryantetal. [S] Mohebbi et al. [24] Acaretal. [1]

60
CT*

90 1

CT CT + thin
transverse
sections

Sample size
Study method

Transverse diameter of VC (mm)

1.8 3.25
Central - - 2.25
1.2 -
3.0 2.5

Anterior -

Posterior -

Transverse diameter  3.11+0.78
of FR® (mm)—
level unknown

Transverse diameter — - 3.9
of SPF¢ (mm)

Direct FR-VC dis- - 1% 6.3 -
tance (mm) left': 5.5

Direct FR—midline - - -
distance (mm)

250
CT

98 11
3DCT 3D CT

100
CT

2.4+0.7 - - 1.9+0.6
1.0+0.4
1.6+0.5

2.8+0.5 - - -

39+0.8
- 5.09+1.84 rt: 8.16+2.27
left: 9.20+2.15
rt: 19.00+2.07 -
left: 19.34+2.17

8.1+2.3

#Computed tomography
Vidian canal

“Foramen rotundum
dSphenopalatine foramen
“Right

Left
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oral cavities (through the SPF and the GPC) [9]. The mor-
phology of the PPF depends on the degree of pneumatization
of the surrounding bones [24, 30]. Surgical interventions in
the PPF are carried out to treat various benign and malignant
tumors [10], inflammatory pseudotumors [33], trigeminal
neuralgia [18], and autonomic head and neck disorders [21].
Endonasal endoscopic approach represents a reliable alterna-
tive to the open surgical approach (craniotomy or maxillary
osteotomy) with a reduced morbidity [2, 20, 35, 37] and
a superior cosmetic result [13]. Application of a vasocon-
strictive agent and a local anesthetic in the PPF facilitates
paranasal sinus surgery, improving the visualization of the
operative field by reducing intraoperative bleeding [3, 36].
The PPF is accessed endoscopically through the SPF [17,
23] and the posterior wall of the MS [11], with an optional
inferior turbinectomy [2]. The key landmarks in the transp-
terygoid approach to the skull base are the SPF, the VC, and
the FR [14, 16, 25]. The study presented herein showed a
specific approach to the measurement of the FR and the VC
transverse diameter: measuring the diameters in a plane par-
allel to the posterior PPF wall, and not perpendicular to the
axes of those communications. This approach is an attempt
to respect the angle of the FR and the VC to the posterior
wall of the PPF. These results illustrating the area of the PPF
posterior wall engaged by the FR and the VC may improve
the orientation of the endoscopic surgeons approaching the
posterior wall of the PPF.

Modern high-resolution CT enables adequate morpho-
metric measurement of the cranial canals and foramina,
presuming that they are perpendicular to the scan axis [4].
3D skeletal analysis is a relatively expensive and technically
demanding procedure that takes a substantial amount of time
to complete, with a certain degree of signal noise interfering
with the image analysis. These factors limit its use in com-
mon clinical practice [34]. Nevertheless, CT imaging and 3D
CT evaluation are necessary for the management of diseases
affecting the PPF, due to the possibility of individual vari-
ations in the dimensions of the osteological elements. This
paper contains several new descriptions of the PPF (such
as the angle between the SPF and the VC, a new aspect
in the understanding of the FR, and the distance between
the posterior wall of the MS to the VC and the FR), which
might prove useful in the comprehension of the anatomy
of the PPF. In addition, the predictive value of VC length
in the analysis of VC types can be of use in the endoscopic
approach to the sphenoid sinus and the VC. A conclusion
is reached that the VCs protruding into the sphenoid sinus
are usually longer than the VCs embedded in the pterygoid
process—emphasizing the feasibility of the transsphenoidal
approach to the type 3 VC.
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