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ABSTRACT

Introduction: The Foramen Spinosum (FS), located
posterolateral to the foramen ovale in the middle cranial fossa,
provides passage to the middle meningeal vessels and the
nervous spinosus. It is a critical landmark both surgically and
radiologically. Abnormal morphology and a lack of proper
anatomical knowledge of this foramen may interfere with various
surgeries performed in cases of middle cranial fossa fractures,
tumours and epidural haematomas.

Aim: To study the various morphological variations and
morphometric measurements of FS in dry human skulls from
the South Bengal, India population.

Materials and Methods: The present Institution-based cross-
sectional morphometric study was conducted on 100 dry
human skulls of unknown age, collected from the Department
of Anatomy, IPGMER, Kolkata, West Bengal, India, from June
2024 to September 2024. The various shapes of the FS,
along with its length, width and distance from the spine of the
sphenoid, were measured using vernier callipers. The mean,
standard deviation, and relevant p-values of these parameters

INTRODUCTION

The sphenoid bone is one of the major bones of the cranial cavity
and contributes to the formation of the middle cranial fossa. Among
the multiple foramina present in the greater wing of the sphenoid,
the FS, located at the base of the skull posterolateral to the foramen
ovale, is very important both surgically and anatomically, as it can
be identified from both the exterior and the interior [1,2]. The history
dates back to the 18" century when Jacob Benignus Winslow
studied and named this foramen because of its proximity to the spine
of the sphenoid [1]. Various important neurovascular structures,
such as the middle meningeal artery, the meningeal branch of the
mandibular nerve (also known as the ‘nervous spinosus’), and the
middle meningeal vein, which connects the cavernous sinus with the
pterygoid venous plexus, pass through this foramen. The passage
of these structures facilitates communication between the middle
cranial fossa and the infratemporal fossa [1-4].

The middle meningeal artery usually arises from the maxillary artery
and divides into an anterior frontal branch and a posterior parietal
branch. An early division of the middle meningeal artery can result
in duplication, and if the artery arises from an ophthalmic artery or
stapedial artery, both of which are very rare congenital anomalies,
which may lead to a small or absent FS [5-7]. These abnormal
morphologies of FS due to anatomical variations can interfere with
surgeries in the middle cranial fossa [5-10]. Various neurosurgeries,
such as those for base of skull fractures, epidural haematomas,
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were calculated using Statistical Package for Social Sciences
(SPSS) software version 16.0.

Results: Out of 100 dry skulls, 49 were of males and 51 were of
females. The round-shaped FS was the most prevalent variety,
foundin 79 (79%) of the right-sides and 82 (82 %) of the left-sides in
both sexes bilaterally. Other shapes included almond (3% in both
right and left), pear (4% on the right and 2% on the left), pinhole
(2% on the right only), and oval (12% on the right and 11% on the
left). Accessory FS was found in 2% of cases among females. The
meanz+Standard Deviation (SD) length was 2.84+0.87 mm for the
right-side and 2.64+0.80 mm for the left-side; for width, they were
2.22+0.59 mm for the right-side and 2.25+0.62 mm for the left-
side; and for the mean+SD distance between FS and the spine of
the sphenoid, they were 4.38+2.11 mm on the right and 4.20+2.01
mm on the left. A significant statistical difference was observed in
the male and female parameters on the right-side.

Conclusion: A thorough understanding of the morphology and
morphometry of the FS will be beneficial for neurovascular
surgeries, ensuring maximum safety with minimal morbidity and
mortality.

pterygoid canal nerve surgeries, interventional surgeries, tension
release in the maxillary artery, infratemporal fossa tumours,
and bypass creation between the middle meningeal artery and
the internal carotid artery, require a thorough knowledge of the
topography of the middle meningeal artery and FS, along with its
anatomical variations [11,12]. The size and shape of the foramen are
of immense importance in various diagnostic procedures, including
Computed Tomography (CT) scans and Magnetic Resonance
Imaging (MRI).

The anatomical variations of FS can be explained embryologically. FS
develops as a ring-shaped bone derived from both intramembranous
and intracartilaginous ossification centers (eight in total). The first
center appears in the eighth week, and the last one forms seven
years after birth. Postnatal changes in this regard have been
explained by Lang J et al., [13].

The FS shows wide variations in its morphology and morphometry
concerning sex, age, ethnicity and geographical location [14].
In the present study, apart from morphology and morphometric
measurements of FS, the authors have also measured the distance
of FS from the spine of the sphenoid in dry human skulls from the
South Bengal, India population. The spine of the sphenoid is a
very important landmark for surgeons, and this distance serves as
a guiding point for accessing the structures entering through FS.
This distance has not been measured in any previous papers from
Eastern India.
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MATERIALS AND METHODS

The present study was an Institution-based cross-sectional
morphometric study conducted in the Department of Anatomy at
IPGMER, Kolkata, West Bengal, India, from June 2024 to September
2024. With the necessary permissions from the Institutional Ethics
Committee (IEC) (IPGMER/IEC/2024/0602) and the Director of the
Institution, and under the guidance of the Head of the Department
(HOD), dry human skulls of unknown age were collected from the
museum of the Department of Anatomy, IPGMER, Kolkata, India. It
was presumed that the bones were disarticulated from the skeletons
of donated cadavers belonging to the South Bengal population.
HODs of Anatomy from other medical teaching institutes in Kolkata
were also approached for their kind permission to access the dry
adult human skull bones.

Inclusion criteria: Adult skulls of both sexes were included in the
study.

Exclusion criteria: Skulls with malformations, fractures, or those
that had undergone craniotomy were excluded from the study.

Study Procedure

Total 200 specimens of dry FS from 100 skulls were collected. Out
of a total of 200 specimens, 100 belonged to the right-side and 100
to the left-side, respectively.

Measurements of the length of the FS and the distance between
the tip of the spine and the center of the FS were recorded [Table/
Fig-1a,b]. Measurements were taken in millimeters using Vernier
calipers with a precision of up to 0.02 mm. Each measurement was
taken three times by two observers, and the mean value of each
measurement was considered to avoid observer bias. The shape of
the FS was noted, as well as, the location of the foramen in relation
to the spine of the sphenoid and its distance from the spine.

[Table/Fig-1]: Showing technique of taking measurements. a) Measurement of
length of the FS; b) Distance between tip of the spine and center of the FS.

STATISTICAL ANALYSIS

The mean and standard deviation for each parameter were calculated
using SPSS software version 16.0. A comparison of both sides in
both sexes was conducted with the help of the Student’s t-test.

RESULTS

The total number of specimens is 200, with 100 belonging to each
side. Out of the 100 dry human skulls, 49 were males and 51 were
females.

The round-shaped FS was the most prevalent variety in both sexes
bilaterally, with 79 (79%) specimens on the right-side and 82 (82%)
specimens on the left-side. Other shapes included almond, with 3
(8%) specimens found on both the right and left-sides, and pear,
with 4 (4%) specimens on the right-side and 2 (2%) specimens on
the left-side [Table/Fig-2-4]. Accessory FS was found on the left-
side in only 2 female skulls. Septate FS was found in two males,
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but only on the left-side. The authors did not find any specimens
in either sex on either side with absent FS. The most common
location of the FS is medial to the spine of the sphenoid in both
sexes [Table/Fig-5].

Shape Male (n=49) Female (n=51) Total (n=100)
Round 36 43 79
Oval 10 02 12
Pinhead 00 02 02
Almond 01 02 03
Pear 02 02 04
Heart 00 00 00

[Table/Fig-2]: Prevalence of different shapes of Foramen Spinosum (FS) on Right-

side (n=100).
Values presented as n

Shape Male (n=49) Female (n=51) Total (n=100)
Round 36 46 82
Oval 09 02 1Al
Pinhead 00 00 00
Almond 02 01 03
Pear 02 00 02
Heart 00 02 02

[Table/Fig-3]: Prevalence of different shapes of Foramen Spinosum (FS) of left-
side (n=100).
Values presented as n

[Table/Fig-4]: Showing various shapes of Foramen Spinosum (FS) observed. a)
The heart-shaped Foramen Spinosum (FS) with accessory FS in left-side; b) The
septate FS on the left-side; c) The Foramen Ovale (FO) and FS merged with each
other on right-side and is differentiated by a bony spicule on the left-side; d) The
pear-shaped FS on the right-side; €) Aimond-shaped FS on the left-side; f) Bilateral
FS lateral to spine of sphenoid; g) The round-shaped FS bilaterally present.

Position of Foramen Spinosum (FS) in relation
to spine of sphenoid Male (n=49) | Female (n=51)
Lateral to the spine of sphenoid bilaterally 19 13
Medial to the spine of sphenoid bilaterally 24 30
Within the spine bilaterally 0 03
Left-side within the spine of sphenoid and

: ) . 03 05
right-side lateral to it

Left-side medial to the spine of sphenoid and

: ) A 03 0
right-side within it

[Table/Fig-5]: Position of Foramen Spinosum (FS) in relation to spine of sphenoid

in both genders (n=100).

There is no statistically significant difference bilaterally between
the parameters of the right and left-sides [Table/Fig-6]. There is
a significant statistical difference between the male and female
parameters on the right-side [Table/Fig-7].
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Right (n=100) Left (n=100)
Parameters (Mean+SD) (Mean+SD) p-value
Length (mm) 2.84+0.87 2.64+0.80 0.09
Width (mm) 2.22+0.59 2.25+0.62 0.81
Distance between the spine of
sphenoid to Centre of FS (mm) 4.38£2.11 4.202.01 053

[Table/Fig-6]: Comparison of different parameters between right and left.

Right-side Left-side p-
Parameters Gender (n=100) p-value (n=100) value
Male 3.19+0.88 2.78+0.72
Length (Mean+SD) 0.0001* 0.06
Female | 2.49+0.73 2.50+0.80
Male 2.35+0.55 2.30+0.64
Width (Mean+SD) 0.0396* 0.51
Female | 2.10+0.62 2.22+0.59
Distance of centre of FS | Male 4.83+1.88 3.91+2.37
from spine of sphenoid 0.0338* 0.15
(Mean+SD) Female | 3.94+2.24 4.49+1.54

[Table/Fig-7]: Mean and standard deviations bilaterally in both the gender along

with p-values between males and females.
“The p-value <0.05 was considered statistically significant

DISCUSSION

The FS shows wide variations in its morphology and morphometric
measurements. Various studies conducted previously also highlight
this fact. Regarding the morphology of FS, Chandan CB et al.,
found that the shapes included round (26%), oval (15%), pinhole
(6%) and irregular (4%) in right-sided FS, while the left-sided FS
showed round (23%), oval (17%), pinhole (6%) and irregular (4%).
When considered bilaterally, round (49%), oval (32%), pinhole (11%)
and irregular (8%) shapes were found [15].

A study conducted by Desai SD et al., found that the shapes of the
foramina sphenoidale (FS) were bilaterally round (52%), oval (42%)
and irregular (6%) [16]. A similar study from Karnataka by Saheb
SH et al., found bilaterally prevalent FS shapes to be round (58%),
oval (38%) and irregular (4%) [17]. In 2015, Somesh MS et al., from
South India found the right-sided FS shapes to be round (56%),
oval (34.1%), pinhole (6%) and irregular (3.6%), while the left-sided
FS shapes were round (51.2%), oval (36.5%), pinhole (7.3%) and
irregular (4.8%). When considered bilaterally, they reported round
shapes at 53.65%, oval at 35.36%, pinhole at 6.70% and irregular
at 4.26% [18].

Sophia MM and Kalpana R, from Chennai found that the right-
sided FS shapes consisted of round (26.2%), oval (12.5%), pinhole
(1.25%) and irregular (5%), while the left-sided FS shapes were
round (26.2%), oval (12.5%), pinhole (1.25%) and irregular (7.5%).
When considered bilaterally, they reported round shapes at 52.5%,
oval at 30%, pinhole at 2.5% and irregular at 12.5% [19].

Chanda C et al., from Ranchi in 2019 found bilaterally prevalent
FS shapes to be round (53.3%), oval (40%) and irregular (6.66%)
[20]. In 2014, Srimani P et al., conducted a study in West Bengal
and found bilaterally prevalent round shapes at 51.25% and oval
shapes at 30% [21]. In 2024, Vasanthi A et al., reported bilaterally
round shapes at 62.5%, oval shapes at 32.3%, and irregular shapes
at 5.2% [22].

When considering studies outside India, Sugano GT et al., found
round shapes at 42.1%, oval shapes at 32.8%, drop-shaped
at 12.5%, and irregular shapes at 12.5% [23]. Worku GM and
Clarke E in their study found right-sided FS shapes to be round
(63.12%), oval (31.25%), pinhole (9.37%) and irregular (6.25%),
while left-sided FS shapes were round (46.87%), oval (34.37%),
pinhole (12.5%) and irregular (6.25%). When considered bilaterally,
they reported round shapes at 50%, oval at 32.81%, pinhole at
10.94% and irregular at 6.25% [24]. Consistent with the findings
of the aforementioned studies, the present study also found that
the majority of FS shapes were round (80.5%), and any irregularly
shaped FS was not observed.
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Regarding the position of the FS in relation to the spine of the
sphenoid, Sophia MM and Kalpana R, recorded the position of the
FS as lateral to the spine in 16.25% of cases on the right-side and
10% on the left-side, while it was medial to the spine in 2.5% and
1.25% on the right and left-sides, respectively; the remainder were
anteromedial to the spine [19].

In the present study, the authors found the FS to be lateral to
the spine in 32%, medial to the spine in 54%, bilaterally within
the spine in three cases (only in males), and unilaterally within the
spine in 11%.

Septations were found by Sophia MM and Kalpana R, [19]. They
also identified duplications in FS in three cases. Additionally, 13.3%
of cases with duplicate FS were recorded by Sugano GT et al,,
[23]. The mean and standard deviation of length, width and distance
of FS from the spine of the sphenoid on both sides with that of
previous studies conducted was compared [Table/Fig-8].

Length (mm) Width (mm)
Place of (Mean=SD) (Mean=SD)
study (sample
Study (year) size, N) Right Left Right Left
Chandan CB et )
al., [15] (2024) Bihar (100) 3.91+1.54 | 3.30+1.39 | 3.18+1.20 | 2.91+1.41
Vasanthi Aetal., | Andhra
[22] (2024) Pradesh (96) 2.72+0.42 | 2.56+0.56 | 2.16+0.29 | 2.08+0.22
Worku GM and
Clarke E [24] Ethiopia (64) 3.72+1.33 | 3.37+1.26 | 3.30+1.19 | 2.97+1.15
(2020)
Chanda C et al.,
[20] (2019) Jharkhand (30) | 2.05+1.09 | 2.05+0.60 | 1.33+0.90 | 1.67+0.53
Somesh MS et
al, [18] (2015) Karnataka (82) | 3.42+0.64 | 3.34+0.66 | 2.69+0.49 | 2.68+0.47
Sophia MM and Tamil Nadu
Kalpana R, [19] 2.37+0.60 | 2.32+0.67 | 2.32+0.28 | 1.73+0.34
(40)
(2015)
Srimani P et al., West Bengal
[21] (2014) (40) 2.01+0.31 | 2.03+0.29 | 1.65+0.25 | 1.70+0.19
Present study West Bengal
(2024) (100) 2.89+0.87 | 2.64+0.80 | 2.22+0.60 | 2.25+0.62

[Table/Fig-8]: Comparison of the mean and standard deviation of length, width

and distance of FS from the spine of the sphenoid on both sides with that of previ-
ous studies conducted.

In 2024, Vasanthi A et al., found the mean+SD of length to be
2.82+0.61 mm and 2.24+0.53 mm, and for width, it was 2.06+0.36
mm and 1.96+0.28 mm in males and females, respectively [22].

In 2022, Sugano GT et al., found the mean length and width on the
right-side for males to be 8.48 mm and 2.69 mm, and for females,
it was 7.72 mm and 2.45 mm [23]. For the left-side, the length and
width for males were recorded as 8.26 mm and 2.62 mm, while for
females, they were 9.09 mm and 2.89 mm. No standard deviation
was measured by them. They did not find any significant difference
between males and females on either side of FS. However, in our
present study, we found a significant statistical difference in the width
of the right-side between males and females (p-value=0.0396) and
an extremely statistically significant difference in the length of the
right-side (p-value=0.0001).

The distance between the spine of the sphenoid and FS was not
measured in any previous study. In the present study, the authors
found this distance to be statistically significant (p-value=0.0338) on
the right-side for both males and females.

The variations in the morphology and morphometry of FS may be
due to alterations in the course of the structures passing through it.
Considering the tremendous clinical importance that this foramen
carries, thorough knowledge of it is necessary for successful middle
cranial fossa surgeries.

The study could be strengthened by increasing the sample size
and including more samples to study racial and ethnic variations.
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Additionally, correlating the findings of the study with radiological
findings and with other foramina of the middle cranial fossa would
further enrich the study.

Limitation(s)

The major limitation of the present study was the scarcity of
specimens. Additionally, the skulls under study were of unknown
age, which was a significant drawback of the research.

CONCLUSION(S)

The variations in size and shape of the FS may be part of an
ongoing evolutionary process. The present study was aimed to
provide a clear understanding of FS anatomy and its morphometry
in the South Bengal population. Knowledge of this is very helpful
for surgeons dealing with various middle cranial fossa pathologies.
Good preoperative imaging of the foramen is recommended to
avoid injury to its contents. Understanding these variations holds
special importance for surgeons and neurosurgeons to prevent
mortality and morbidity.
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