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Abstract

Objectives: The structures passing through the foramen spinosum and its neurovascular relationships are of great impor-
tance for surgical approches directed to middle cranial fossa. The aim of the present study was to examine the number and
location of the foramen spinosum (FS) in 3D-CT images.

Methods: The study was retrospectively conducted on 3D-CT images of 177 adults. Firstly, the transverse section passing
through the upper edge of the orbit, extending parallel to the Frankfurt plane was chosen. Then, the x and y-axes were deter-
mined on that transverse section. The coordinates, number, and location of the FS with respect to the foramen ovale (FO) were
identified accordingly on x and y-axes.

Results: While 1 FS was present in 90.96% of a total of 354 sides of 177 heads, there were 2 FS and 3 FSin 8.76% and 0.28%
of the sides, respectively. The FS was located posterolaterally in 97.68%, posteriorly in 2.06%, and laterally in 0.26% with
respect to the FO. In terms of FS coordinates, there was no statistically significant difference between gender and sides in the
distance of the FS to the x-axis, but there was a statistically significant difference between gender and sides in the distance of
the FS to the y-axis.

Conclusion: Evaluation of the number of the FS and its location would help identifying and preserving neighbouring neu-

rovascular structures during surgical interventions directed to the middle cranial fossa.
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Introduction

The skull base is divided into three cranial fossae: anterior,
middle, and posterior. The region located between the
small wing of the sphenoid bone and the petrous part of
the temporal bone is known as the middle cranial fossa."
"The middle cranial fossa is clinically very significant due to
the foramina it contains and the structures passing through
these foramina. The complex anatomy of this region, the
diversity and aggressiveness of its tumors, and the complex
reconstruction process make operations on the region
requiring a multidisciplinary approach difficult. Important
surgical landmarks allow surgeons to have a good under-
standing of the anatomy, which makes it easier to plan and
perform the surgical procedure.”

The foramen spinosum (FS) is one of the foramina
located in the infratemporal surface of the great wing of

the sphenoid bone and is usually located posterolateral to
the foramen ovale (FO)."" The FS is one of the struc-
tures providing the connection between the infratempo-
ral fossa and the middle cranial fossa. The middle
meningeal artery, middle meningeal vein, and the
meningeal branch of the mandibular nerve pass through
it.”? The FS derives from the first pharyngeal arch, also
known as the mandibular arch. It starts to ossify eight
months after birth, and it may take up to seven years for
it to develop into a bony ring-shaped formation.””

Due to its proximity to other cranial foramina, the FS
is an important landmark, especially in skull base trau-
mas involving the middle cranial fossa and infratemporal
fossa. The clinical significance of this foramen is better
understood in bypass surgeries involving the petrous
segment of the internal carotid artery and the posterior
cerebral artery, in which the middle meningeal artery is
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used as a graft.” The FS is important for various diag-
nostic and treatment techniques such as electroen-
cephalographic analysis, percutaneous trigeminal rhizo-
tomy, and percutaneous biopsy of cavernous sinus
tumors. During such procedures, the middle meningeal
artery can be iatrogenically injured since the FS is very
close to the FO." Therefore, knowledge about the loca-
tion and variations of this foramen is important for neu-
rosurgeons, radiologists, and anatomists due to the tech-
niques available nowadays.

Different bony landmarks on 2D and 3D radiological
images and dry bones used to determine the location of
the foramina in previous studies.”" The developments
in 3D imaging have largely improved the visualization of
craniofacial structures. This imaging method allows the
3D coordinates of the foramina to be known."”

Considering the clinical significance of the FS, we
aimed to examine the morphometric properties of the FS
upon 3D reconstruction CT images since it helps to
understand the 3D location of the FS in interventions to
be performed in this region.

Materials and Methods

Our study was retrospectively conducted on head and neck
computed tomography (CT) images. The morphometric
and morphological characteristics of the FS belonging to
177 individuals (94 females, 83 males) aged between 20
and 92 years (mean age 55.06+18.83) were examined.

Head and neck CT images were obtained from the
hospital’s “Picture Archiving and Communication
System” (PACS) in the Radiology Department. Patients
with any tumors or fractures on head-neck CT were not
included in the study. Metabolic bone conditions that
might affect bone tissue in patients, such as osteoporosis,
were not questioned. CT images were obtained by a
multidetector 128 slice SOMATOM Definition AS
Siemens (Siemens Healthcare, Erlangen, Germany) CT
device using the following parameters: 120 kV, slice
thickness=1 mm, matrix=512x512, collimation=128x0.6
slice increment=0.7 pitch =0.8 FOV (Field of View)
(250-300). A 3D reconstruction was created from the
scanned axial images using the RadiAnt DICOM Viewer
(Version 2020.2; Swansea, UK) program. After the 3D-
CT image of the cranium was obtained, the calvaria was
removed by taking a transverse section passing through
the upper edge of the orbit, extending parallel to the
Frankfurt plane. Then, the following axes were deter-
mined by looking at the cranium from the top.

y-axis: the sagittal axis passing through the middle of
the dorsum sellae and connecting the frontmost and
backmost points of the cranium (Figure 1).
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Figure 1. Distances of the foramen spinosum to the x- and y-axes.

x-axis: the axis extending from the middle of the y-
axis in the transverse direction on the transverse plane
(Figure 1).

The following FS morphometry-related parameters
were measured:

* Coordinates of the FS (distance to x and y-axes)

(Figure 1)

*  Number of the FS
* Location of the FS with respect to the FO

Statistical analysis was performed using SPSS for
Windows 20.0 program (SPSS Inc., Armonk, NY, USA).
The arithmetic means and standard deviations of all
parameters were calculated according to the sides and sex.
In pairwise comparisons, the independent samples t-test
was used for the normally distributed parameters, and the
Mann-Whitney U test was used for the non-normally dis-
tributed parameters.

Results

While 1 FS was present in 90.96% (n=322) of 354 sides
of 177 heads, 2 FS and 3 FS were present in 8.76%
(n=31) and 0.28% (n=1) of them, respectively. When the
location of the FS with respect to the FO was examined,
it was observed that the FS was located posterolaterally
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Table 1
Averages and p values of foramen spinosum according to sex and sides.

Parameters Sex n Mean+SD p Side n MeanSD p
Distance of the FS to the x-axis (cm) F 94 0.95+0.39 R 177 0.92+0.40
M 83 0.93+0.41 B L 177 0.96+0.40 B
Distance of the FS to the y-axis (cm) F 94 3.08+0.20 R 177 3.19+0.25
* *
M 83 3.24+0.26 < L 177 3.12+0.22 g2y

*p<0.05. F: female; FS: foramen spinosum; L: left; M: male; R: right; SD: standard deviation.

in 97.68% (n=379), posteriorly in 2.06% (n=8), and lat-
erally in 0.26% (n=1) with respect to the FO.

The distance of the FS to the x and y-axes was com-
pared by giving averages according to sex and sides
(Table 1). Accordingly, there was no statistically signifi-
cant difference between gender (p=0.670) and sides
(p=0.310) in the distance of the FS to the x-axis parame-
ter. In the distance of the FS to the y-axis parameter, a
statistically significant difference was found between
gender (p<0.001) and sides (p=0.020) (Figure 2).

Discussion

Due to the advantages of 3D imaging, it is recommended
for clinicians to learn to use 3D reconstruction imaging
sources effectively and move away from conventional 2D
imaging methods."” In light of this information, the FS
coordinates in our study were obtained using the 3D
imaging method and different landmark points (coordi-
nate system) from previous studies. There are many stud-
ies based on measuring the distance between the FS and
other anatomical structures.””"”’ However, the variations
of other anatomical structures with the measured dis-
tances were ignored in these studies. Therefore, the coor-
dinate system, which was considered least affected by the
varjations, was used in our study.

Some authors indicated that the differences in the skull
base foramina could be considered a variation for some
populations due to the evolutionary process.""” Tewari et
al” indicated that the FS-related anatomical variations
were associated with ethnic differences, incomplete osteo-
genesis, or abnormal development of the middle
meningeal artery. Some authors reported that the diversi-
ty in the knowledge of the FS might be the result of fac-
tors such as age, sex, or population and differences in ref-
erence points taken as criteria in measurements."”

Many studies have been conducted on the number of
the foramen spinosum.”*”"*"*'** The comparison of the
results of those studies with the results of our study is pre-
sented in Table 2. Duplication of FS varies between

0-8.76%. We suggest that this variation may be due to the
difference in the population on which the study was con-
ducted, the difference in the method used in the study, the
number of materials used, and the subjective interpreta-
tion of the researchers who conducted the study. The
absence rate of FS is 0-2.85%. We had no cases in which
FS was absent, as in the studies carried out by Tewari et
al.” and Osunwoke et al."" On the other hand, we
observed 3 FS in one sample, similar to the findings
obtained by Lazarus et al.""

The variations in the presence, absence, and the num-
ber of the FS are very important for the supply of the dura
mater since they may accompany variations such as; the
early branching of the middle meningeal artery, a
meningeal artery passing through the foramen ovale, a
meningeal artery emerging from the ophthalmic artery, or
passing through the superior orbital fissure as a branch of
the maxillary artery.””*"

The FS is usually known as it is located posterolateral
to the FO." However, as can be seen in our study, the FS
location with respect to the FO varies. According to our
results, the FS was located posterolateral to the FO by
97.68%, posterior to it by 2.06%, and lateral to it by

8.0
05 0 05

X-AXIS

b S

@ Foramen Spinosum

Figure 2. The distribution chart of the localizations of the foramen spin-
osum according to the x and y-axes (R: right, L: left).
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Table 2
Comparison of studies on the number of foramen spinosum.

Number of foramen spinosum (%)

Authors Number of sides Absent 1 2 3
Our study 354 - 90.96 8.76 0.28
Khaimar and Bhusari® 186 0.54 96.23 3.23
Tewari et al.” 126 - 100 -
Sophia and Kalpana™ 80 2.5 93.75 3.75
Osunwoke et al.n® 174 - 100 -
Lazarus et al.™ 200 2 95 2.5 0.5
Javed et al.l'? 70 1.43 90 8.57
Farooq et al.l"” 40 2.5 95 2.5
Kulkarni and Nikade"™ 200 2.5 97.5 -
Rai et al.n®! 70 2.85 2.85
Khan et al.? 50 2 96 2
0.26%. Lazarus et al." reported that the FS was located Conclusion

posterolateral to the FO by 97.53%, posterior to it by
1.97%, and posteromedial to it by 0.5%. The results of
both studies are considerably similar. Differently, while no
FS located posteromedial to the FO in our cases, no FS
located lateral to the FO as revealed Lazarus et al."”
Although the location of the FS lateral or posteromedial
to the FO is rare, these possible locations should also be
taken into account. Particularly, considering the struc-
tures passing through the FS and neurovascular structures
to which it is adjacent, it is very important to have full
knowledge of the FS location in any intervention to be
performed to this region.

Bodug and Oztiirk”" revealed that the FS was symmet-
rical in 14 of 133 skulls and asymmetrical in the remaining
part. Likewise, in our study, a difference was found
between the right and left sides in the FS distance to the
y-axis. In our samples, the FS was further away from the
y-axis on the right side than on the left side. Unlike our
study, Somesh et al.”” reported that the FS on the left side
was far from the midline. We think that the difference in
the results of both studies may be due to the difference in
the studied population, the different number of samples
studied, the difference of the method used, and the lack of
knowledge about factors such as age and sex in the study
performed by Somesh et al.””’ Since the difference
between the right and left sides of the FS affects the loca-
tion of the middle meningeal artery, it should be consid-
ered, especially in surgical interventions to be performed
in this region.
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We suggest that our study may contribute to future stud-
ies on the FS and the middle meningeal artery passing
through it. The knowledge of the normal and variational
anatomy of the FS may prevent misinterpretation during
imaging procedures such as CT and magnetic resonance
imaging. Furthermore, the evaluation of the FS number,
its relationship with the FO, and its location will be an
important guide for surgeons to identify and protect neu-
rovascular structures, especially during surgical interven-
tions to the middle cranial fossa.
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