VEd

VIA MEDICA

Folia Morphol.

Vol. 83, No. 1, pp. 176-181

DOI: 10.5603/FM.a2023.0004

ORIGINAL ARTICLE Copyright © 2024 Via Medica
ISSN 0015-5659

elSSN 1644-3284

journals.viamedica.pl

Occurrence of the ossification of petrosphenoid
ligament: a retrospective radiologic study from
computed tomographic images

Bhagath Kumar Potu’
Hebah Husain Taher?

, Fatemah Hamad Al-Khamis?®,
, Abdulrahman Abdulreheim?

'Department of Anatomy, College of Medicine and Medical Sciences, Arabian Gulf University, Manama,

Kingdom of Bahrain

2College of Medicine and Medlical Sciences, Arabian Gulf University, Manama, Kingdom of Bahrain
3Medical Imaging Department, Mubarak Al-Kabeer Hospital, Jabriya, Kuwait

[Received: 20 October 2022; Accepted: 21 December 2022; Early publication date: 17 January 2023]

Background: Various ligaments present in the skull base are of clinical and surgi-
cal importance. One among them, is the petrosphenoid ligament (PSL). PSL may
ossify either in a partial or complete form and forms the roof of Dorello’s canal
underneath which the abducens nerve passes. Studies argued both protective
and adverse effects of the ossified PSL. Hence, the incidence of PSL ossification
has become a relevant subject in clinical practice to radiologists, neurologists and
neurosurgeons for understanding its potential role in abducens nerve compression.
Materials and methods: We have undertaken this study to investigate the
incidence of PSL ossification from multidetector computed tomography (MDCT)
images of the patients who had been referred to the Medical Imaging Department
of Mubarak Al-Kabeer Hospital in Kuwait. We retrospectively assessed a total of
200 patients’ head CT scans (400 petroclival regions) between January 2021 and
June 2022 in which 59% were males (n = 118) and 41% were females (n = 82)
aged between 18 and 91 years.

Results: A total of 37 patients (26 male, 11 female) aged between 18-84 years
were presented with ossification of PSL. Among these 37 patients, 28 patients
were presented with unilateral ossified PSL, and 9 patients were presented with
bilateral ossified PSL, amounting to the total of 46 ossified PSL from 400 CT images
of the petroclival regions (11.5%). The genderwise and sidewise occurrence of
the PSL ossification seen in different age groups were not statistically significant
(p > 0.05). Among all the ossified cases, there was no patient presented with
abducens nerve palsy.

Conclusions: We believe our results provide baseline data in the region for un-
derstanding PSL ossification and its impact on the abducens nerve palsy. (Folia
Morphol 2024; 83, 1: 176-181)
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Figure 1. Schematic diagram showing the extent of petrosphenoid
ligament (PSL); PF — pituitary fossa; PCP — posterior clinoid pro-
cess; PA — petrous apex. Arrows showing the abducens nerve.

INTRODUCTION

Various ligaments present in the skull base are of
clinical and surgical importance. One among them is
the petrosphenoid ligament (PSL). As early as in the
year 1859; Gruber [10] first described this ligament
as a sphenopetrosal ligament that extends between
the petrous apex and the accessory clinoid process of
the sphenoid bone. Subsequently, in further studies,
it is often referred to as the ligament of Gruber [18,
27]. Later on, Dorello [7] explored this region and
found that the ligament constitutes the roof of the
sphenopetrosal passageway to the abducens nerve
as well as to the inferior petrosal sinus. This passage
is named after Dorello as, Dorello’s canal [7]. Several
studies followed, reported that the abducens nerve
usually [6, 8], but not in all the cases [21, 30], passes
below the PSL, which is located between the petrous
apex and the posterior clinoid process (Fig. 1) [12].
The available morphometric data on PSL length sug-
gests that the average length may vary from 8-14 mm
and its average width measured at the midsection
ranges from 1-2 mm. The Dorello’s canal, which is
situated below the PSL, near the tip of petrous bone
is as narrow as 5-6 mm in width with 1-2 mm height,
respectively [12, 21, 25].

In some cases, the PSL may ossify either in a partial
or complete form and form a bony bridge connecting
the apex of the petrous bone with the sphenoid bone.
Such bony bridge forms an osseous foramen, which
is a normal feature seen in nonhuman primates, but
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notin human beings. Up to date, the incidence of PSL
ossification has been found to be in a range of 1-25%
from the studies reported from various populations
[12, 14, 16, 20, 28]. Studies argued both protective
and adverse effects of the ossified PSL. A few stud-
ies have proposed that the ossified PSL might pose
an increased risk of injury to the abducens nerve in
the petroclival region causing abducens nerve palsy
[21, 25, 28]. Contrary to these findings, a study also
proposed the protective effects of PSL in guarding
the abducens nerve [20]. Hence, the incidence of PSL
ossification has become a relevant subject in clinical
practice to radiologists, neurologists and neurosur-
geons for understanding its potential role in abducens
nerve compression. Although few anatomical studies
determined the characteristic features of ossified PSL,
radiological studies evaluating the incidence of PSL
ossification are scarce in the available literature. To
the best of our knowledge, no computed tomography
(CT) imaging study has been performed in Kuwait
region to assess the ossification of PSL. Therefore,
we have undertaken this study to investigate the
incidence of PSL ossification from the multidetector
computed tomography (MDCT) images.

MATERIALS AND METHODS

Subjects

In this study, we retrospectively assessed a to-
tal of 200 patients’ head CT scans (400 petroclival
regions), who were referred to the Medical Imag-
ing Department of Mubarak Al-Kabeer Hospital in
Kuwait. Patients’ CT scan data were reviewed using
the “Centricity Universal Viewer” system at Mubar-
ak Al-Kabeer Hospital from January 2021 till June
2022. The age of patients evaluated was in the
range of 18-91 years. The mean age of the patient
was 54.8 + 18.3. CT images presenting artefacts
and images with history of tumour and fractures
of the petroclival region were excluded. This study
was approved by the Ministry of Health, Kuwait (No:
1794/2021) as well as the Institutional Research and
Ethics Committee, College of Medicine and Medical
Sciences, Arabian Gulf University (Project number:
EO1-PI-10-21).

Assessment of PSL ossification from MDCT images

Scans were obtained using 64-row CT Scanner (GE
Healthcare, Chicago, IL, USA). The image parameters
were: rotation time = 1.0 s, slice thickness = 0.65
mm, effective mAs [Milli-Ampere seconds] = 150-300
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Table 1. Genderwise distribution of petrosphenoid ligament
ossification

Gender Extent Total
Partial Complete

Male 24 2 26

Female " 0 1"

Total 35 2 37

Table 2. Sidewise distribution of petrosphenoid ligament ossi-
fication

Side Gender
of ossification Male Female
Partial Left 9 3
Right 8 1
Bilateral 1 1
Complete Left 0 0
Right 1 0
Bilateral 1 0
124
29.7%
_ 10 27% 27%
g 8
z .l 16.2%
2_
0 T T T T
18-37 38-57 58-77 78-97

Age groups

Figure 2. Age distribution of petrosphenoid ligament (PSL).

and 140 kV dose. The images were observed and
assessed carefully on high-resolution monitors at
bone window settings (W: 3077, C: 570). Axial slices
of the skull base above the uppermost portion of the
petroclival region were assessed in a craniocaudal
direction to look for an ossification of the PSL. If
PSL ossification was observed as an uninterrupted
hyperdense extension from the petrous apex to pos-
terior clinoid process, we defined it as a complete
ossification. Any hyperdense, incomplete bony ridge
in the course of PSL was noted, we defined it as
a partial ossification. Age related demographics of the
patients were recorded for detailed evaluation to see
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whether there is any association between the age and
frequency of the ossification. The medical records of
patients with PSL ossification were also assessed to
investigate whether the cases of PSL ossified cases
are associated with abducens nerve palsy.

Statistical analysis

Data were analysed using IBM SPSS v.24 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics were used to
analyze the prevalence of PSL among age groups and
sex. Data were presented as percentages. Chi-square
test was performed to see whether any significant
influence of sex and side on occurrence of the ossifi-
cation of PSL and the significant association between
the age and occurrence of the ossification of PSL. The
level of significance was set at p < 0.05.

RESULTS

In our study of 200 patients, 59% were males
(n = 118) and 41% were females (n = 82). Patients
were divided into groups according to age with each
group spanning 20 years. A total of 400 CT images
of petroclival regions were assessed to analyze the
extent of PSL ossification.

A total of 37 patients (26 male, 11 female) aged
between 18-84 years were presented with ossification
of the PSL. The overall prevalence of PSL ossification
was 18.5% and it was seen in all age groups.

Among these 37 patients, 28 patients were pre-
sented with unilateral ossified PSL, and 9 patients
were presented with bilateral ossified PSL, amounting
to the total of 46 ossified PSL from 400 CT images
of the petroclival regions assessed (11.5%) (Table 1).
The genderwise, sidewise, and partial to complete
occurrence of the PSL ossification were shown in
Table 2. The age distribution of all subjects with occur-
rence of PSL ossification were presented in Figure 2.
With regards to the extent of ossification, we found
completely ossified PSL in 2 male patients (1 on the
right side and 1 bilaterally) (Tables 1, 2; Fig. 3A). Of
35 partially ossified cases (24 male, 11 female), 15
were on the right side, 12 were on the left side and
8 were bilateral (Tables 1, 2; Fig. 3B). Figure 4A, B
show the unilateral ossification of PSL on the right
and left sides. Figure 5A, B are the volume rendered
three-dimensional CT images showing bilateral partial
and unilateral partial ossification of the PSL. There
was no statistically significant association between
gender, side, age groups and occurrence of the PSL
(p > 0.05).
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Figure 3. Bilateral ossification of petrosphenoid ligament (PSL);

A. Axial computed tomography image showing bilateral complete
ossification of PSL (white arrows) in a 52-year-old male; B. Axial
computed tomography image showing partially ossified PSL on the
right side (thin yellow arrow) and completely ossified PSL on the
left side (thick white arrow) in a 68-year-old male.

Figure 4. Unilateral partial ossification of petrosphenoid ligament
(PSL); A. Axial computed tomography image showing unilateral
ossification of PSL on the right side (white arrow) in a 26-year-old
female; B. Axial computed tomography image showing unilateral
ossification of PSL on the left side in a 59-year-old male (white
arrow).

Figure 5. Volume rendered three-dimensional computed tomog-
raphy images of ossified petrosphenoid ligament (PSL); A. Poste-
ro-superior view of the skull base showing bilateral partial ossifica-
tion of PSL (black arrows) in a 68-year-old male. Dotted red arrow
showing the petrous apex; B. Postero-superior view of the skull
base showing partially ossified PSL on the right side (black arrow)
in a 26-year-old female.

Based on the data reviewed, there was no patient
registered with abducens nerve palsy among all the
ossified cases.

DISCUSSION
To the best of our knowledge, this is the first
study to report the prevalence of PSL ossification
from CT scans of the skull bases in Kuwait region.
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Our study found 46 ossified PSL from 400 CT images
of the petroclival regions assessed (11.5%). The inci-
dence of ossified PSL was found to range from 1 to
12% in different radiological and anatomical studies.
However, in one study [14], results are different in
which ossified PSL was found to be 25% (5 out of 20
specimens). A recent radiological study conducted on
240 CT images found 26 ossified PSL (19 unilateral,
7 bilateral) and identified that in bilateral cases,
14.3% were completely ossified and 85.7% were
partially ossified. In unilateral cases, 26.3% were com-
pletely ossified and 73.7% were partially ossified [26].
Asstudy by Tsitsopulos et al. [27] confirmed that PSL was
ossified in 10% of cases. Ozgur and Esen [20] in their
study from 523 CT images (1046 petroclival regions)
found 61 ossified PSL (31 unilateral, 15 bilateral) of
which 6.5% were on the right side and 5.1% were on
the left side. They identified that 38 (3.6%) ligaments
were partially ossified, whereas 23 (2.2%) ligaments
were completely ossified. In addition to these radi-
ological findings, very few gross anatomical studies
are existing in the literature. A gross anatomical study
conducted on 134 skulls observed 7 ossified PSL [1].
Peker et al. [22] in a sample of 80 subjects, reported
these ossifications occurring at the incidence of 7.6%
on the right side and 10.1% on the left side, respec-
tively. A few anatomical studies have also reported
a completely ossified bilateral PSL [1, 13, 19, 22, 29]
and to a lesser extent, partially ossified unilateral
PSL from their sample [24]. In addition to these, few
reports have also discussed the atypical attachments
of PSL to the posterior genu of the cavernous internal
carotid artery in a male cadaver [31], and to the dor-
sum sellae in a fetal skull [5]. Ossification of the skull
base ligaments could be attributed to factors, such
as genetics, metabolic abnormalities and mechanical
stress [26]. It is clear from our study results that the
ossification of PSL is a common finding in all the age
groups and the incidence of ossification is found to
be increasing in all the age groups from 18-77 years.

Apart from ossification, partial to complete calci-
fication of PSL is also described in the literature. Inal
et al. [13] conducted a CT study on 130 skull bases
and reported that the partial calcifications of the PSL
were found to be 9.8% on both right and left sides
and complete calcifications at the incidence of 2.3%
on right and 2.9% on left sides, respectively. There
were no statistically significant differences seen be-
tween PSL calcification in males and females on the
right and left sides, respectively. In addition to these
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radiological findings, a few anatomical studies were
also conducted to assess the calcification of PSL. Icke
et al. [12] have noted a small number of calcified
PSL at the incidence of 5% in 2 of 40 cases studied,
followed by Destrieux et al. [6] examined 16 human
cadaver heads and found only 1 calcified PSL (6.25%).

The anatomical relationship of PSL with Dorello’s
canal has become an important aspect in clinical prac-
tice, particularly in skull base surgeries [8, 9], dealing
with the pathologies of petroclival region [15]. The
association of ossified PSL with hypoplasia of the
Dorello “s canal [3, 4], has explained the mechanism
of abducens nerve palsy in several pathological condi-
tions caused by the infection and inflammation of the
petrous apex [2]. Contrary to these adverse findings,
studies also claimed that the ossified PSL may act
as an important anatomical landmark, shielding the
abducens nerve by limiting the petrous drilling in skull
base surgeries [11] and may protect the structures
passing through Dorello’s canal as commonly seen in
nonhuman primates [17, 23]. A study by Ozgur and
Esen [20] supported this hypothesis and revealed that
the complete or partial ossification of PSL was not
associated with abducens nerve palsy as in our study.

Our results also suggest that the abducens nerve
palsy may be mostly related to the hypoplastic Dorel-
lo’s canal and the position of nerve within Dorello’s
canal, rather than the ossification of PSL alone. Studies
confirmed that the passage of abducens nerve through
Dorello’s canal is not constant. It may travel in the later-
al 1/3¢, middle 1/3" or, rarely, medial 1/3 of the canal
[4, 20, 25]. In any of these cases, the abducens nerve
can be entrapped when the narrow segment of the
canal corresponds to the course of the abducens nerve.

CONCLUSIONS

In conclusion, our study confirms the efficiency of
MDCT in identifying the ossification of PSL. We believe
that these results provide baseline data in the region
for understanding PSL ossification and its impact on
the abducens nerve palsy. Our study has some limita-
tions, are that: this study contained smaller samples
and the complete clinical data on the radiological
imaging and surgical correlation was not available.
Although CT provides information about the ossified
PSL, magnetic resonance imaging may be useful in
future to determine the precise relationship between
the ossified PSL and abducens nerve.

Conflict of interest: None declared
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