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Abstract

Background The parietal foramen (PF) of the skull is a variable anatomic feature with important implications for venous
drainage, infection, and injury. Its topography is clinically relevant for neurosurgeons for intracranial navigation and pre-
operative planning.

Methods PF topography was investigated in a series of 440 head computed-tomography scans of Omani subjects at Sultan
Qaboos University Hospital. The mean age of the patients was 52+ 17 years and there were 160 males and 280 females.
The topography features of the PF, including frequency, diameter, patency, and relative position in relation to the superior
sagittal sinus (SSS), were recorded. Additionally, sex and laterality differences in PF parameters were analyzed using a
Chi-square test.

Results The overall prevalence of PF was 72.3% (318/440). The bilateral presence of PF was identified in 34% of skulls.
Unilateral right-side prevalence was 18.2%, while left prevalence was 13.2% (p =0.62). The prevalence of unilateral acces-
sory PF on the right side was 1.8%, while it was 1.1% on the left (»p =0.69). PF within the sagittal suture/or intra-sutural
PF was observed in 6.8% of skulls, with a frequency of 9.4% in men and 5.4% in women (p =0.29). The diameter of the PF
was 1.45 +0.74 mm on the right side, and 1.54 +0.99 mm on the left side (p =0.96). There were 2% of incomplete PF. The
PF was located over the SSS in 70.3% on the right side and 53.8% on the left side. No significant differences were observed
between the PF topography parameters and sex or laterality.

Conclusion The present study for the first time reports the baseline data of PF topography in a large sample of CT scans in
the Arab population. The geography and race influence the PF topography differences. PF may be used as a reliable landmark
of SSS. The morphological characteristics and distribution of PF reported in this study have clinical implications for imaging
diagnosis, intracranial navigation of vascular disorders, and treatment.
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Introduction

The parietal foramen (PF) topography is important for
intracranial navigation for vascular disease diagnosis and
treatment [2]. Knowledge of the prevalence of the PF and
variability in its topography may have an impact on neu-
rosurgical procedures, as the surgical maneuvers may rup-
ture emissary veins, leading to epidural hemorrhage and
sinus thrombosis [24]. Existing literature demonstrated
that the anatomical features of PF vary in different ethnic
groups with a range of 50-84.3% [15, 20, 23, 34, 38].

The PF is also called parietal emissary foramen. It is a
small opening situated in the posterior aspect of the pari-
etal bone, a few millimeters away from the sagittal suture
(SS). A bony point between two PF over the sagittal suture
is referred as obelion. It is an inconsistent opening, and
when present, may be located unilaterally or bilaterally
[37, 38]. Usually, they are 1-2 mm in size [25] and rarely,
due to defects in parietal bone ossification, may reach
70 mm [24]. The delayed closure of both the parietal notch
and the third fontanelle, or sagittal fontanelle, is responsi-
ble for the occurrence of PF-related anomalies, including
obeliac bones, accessory parietal foramina (APF), parietal
fissure, and enlarged parietal foramen (EPF) [36]. When a
PF is present, it transmits valveless veins called ‘emissary
veins’ (EVs) that connect extra-cranial scalp veins to the
superior sagittal sinus (SSS). They allow the blood to flow
bi-directionally from intracranial to extracranial spaces.
This connection can be a potential route for infection
from the scalp to brain in injuries and surgeries involving
the parietal bone [8, 19]. Emissary veins also communi-
cate with diploic veins in the spongy layer of the cranial
bones [21]. Occasionally, PF transmits anastomotic arter-
ies between the scalp arteries and branches of the middle
meningeal arteries [26, 31]. The PF and its EVs serve as
landmarks to identify the superior sagittal sinus (SSS) in
imaging studies [31]. Thus, a comprehensive understand-
ing of the PF anatomy and variations is important as it has
clinical implications mainly related to venous drainage,
infection, and injury.

The morphology of the PF, including its prevalence,
symmetry, diameter, shape, and distance from the SS, has
been studied using dry skulls or cadavers [15, 20, 23, 34,
38]. Only one imaging study could be found, with limited
sample size of 123 head MRI [8], assessing the PF topog-
raphy, despite its increasing importance in the radiological
diagnosis of various vascular diseases and to avoid iatro-
genic injuries during intracranial navigation. Furthermore,
there are very few studies exploring the anatomical fea-
tures of the PF in the Arab population [23, 28] and none
based on CT/MRI images. This study aimed to evaluate the
variations of the PF (occurrence, size, location, laterality,
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distance to SSS) in the Omani population, using head CT
scans. We also analyzed PF differences based on sex and
laterality.

Methods and study design
Study population

The present study was conducted at Sultan Qaboos Uni-
versity Hospital (SQUH) after receiving ethical approval
from the Medical Research Ethics Committee (SQU-
EC/499/2021). After applying strict inclusion and exclusion
criteria, a total of 440 consecutive contrast-enhanced head
CT scans of Omani patients aged > 18 years who had vis-
ited the Department of Radiology and Molecular Imaging,
SQUH during the period January 2019 to December 2020
were included in the study. The mean age of the patients
was 52+ 17 years (range 18-90 years). Most of the included
contrast-enhanced scans were done as part of a metastatic
workup, or in the context of suspected brain infections and
tumors. Non-enhanced CT scans and patients with patho-
logical changes in the calvaria and with intracranial condi-
tions such as tumors, large acute or subacute infarcts, hemor-
rhage, or other causes of increased intracranial pressure were
excluded. Patients with incomplete details, non-Omanis, and
scans with significant artifacts were also excluded.

Acquisition protocol
Data collection

Thin axial CT images using a bone algorithm with a slice
thickness of 1 mm and 3D reconstructions of the CT scans
were used for the screening of PF in the cranial vault.
Screening of CT scans was performed using the in-house
Picture Archiving and Communication System (PACS)
(Synapse PACS, Fujifilm Worldwide, version 5.7.102). The
topographic features of the PF, including the presence or
absence of the foramen, the side of the foramen, and the
diameter of the foramen on the surface of the skull, were
recorded. The presence of an additional foramen on each
side is considered an APF. Each PF was screened for its
intracranial and extracranial communication and grouped
into incomplete and complete PFs. The distances between
the medial margin of the PF on the right side and left side
and the lateral margin of the SSS were measured in axial
CT images using a brain window. All measurements were
performed using tools available in the PACS. Patient demo-
graphic information such as age, sex, and clinical indications
were recorded from electronic medical records. A senior
radiology resident was involved in the data collection. The
difficult cases were resolved by mutual consensus with a



Surgical and Radiologic Anatomy (2024) 46:263-270

265

consultant radiologist. The observer inputted the data from
each patient into a Microsoft Excel spreadsheet for further
statistical analysis.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
(v24.0., IBM Corp., N.Y., USA) was used for the data analy-
sis. The quantitative data were presented as mean+ SD while
frequency (percentage) was used to express the qualitative
variables. A Chi-square test or Fischer’s exact test, when
applicable, was used to compare PF topography variables
with sex and laterality. Statistically significance was con-
sidered when p < 0.05.

Results
PF prevalence

The overall prevalence of PF was 72.3% (318/440). The
bilateral presence of PF was identified in 34% (150/440) of
skulls. The unilateral right-side PF prevalence was 18.2%
(80/440), while the left side was 13.2% (58/440) with no
statistical significance (p =0.62). The prevalence of unilat-
eral APF on the right side was 1.8% (8/440), while on the
left side it was 1.1% (5/440) with no statistical significance
(»=0.69). The sex differences in PF, APF, and intra-sutural
PF prevalences are presented in Table 1. A bilateral PF was
observed in 35.6% (57/160) and 33.2% (93/279) of male and
female skulls, respectively. The unilateral right PF preva-
lence was observed in 16.3% (26/160) of skulls in men while
19.3% in women (54/280). On the other hand, the unilateral
left PF was observed in 11.9% (19/160) and 13.9% (39/280)
skulls in men and women, respectively. The unilateral right
APF prevalence was observed in 0.6% (1/160) of skulls in
men while 2.5% in women (7/280). The unilateral left APF
was observed in 0.6% (1/160) and 1.4% (4/280) skulls in
men and women, respectively. Intra-sutural PF was observed
in 6.8% (30/440) of skulls with 9.4% (15/160) in men and

5.4% (15/280) in women (p =0.77). There were no bilateral
APFs among the study subjects. No statistically significant
sex differences in PF, APF and intra-sutural PF prevalences
were observed among the study subjects (Table 1). The 3D
constructed CT images showing the variants of PF topogra-
phy are provided in Fig. 1.

PF diameter and intracranial and extracranial
communication

The diameter of the PF was measured at the surface of
the skull, and it was 1.45+0.74 mm on the right side,
while it was 1.54 +0.99 mm on the left side. No statistical
significances between the sides and sex with PF diameter
were observed (Table 2). Two EPF (0.45%) with 6 mm
diameter in size were observed. The presence of intrac-
ranial and extracranial communication or patency of fora-
men was checked in each skull. Incomplete PF without
intracranial communication were identified in 2% (9/440)

Fig.1 3D CT reconstructed images show variants of parietal foram-
ina: A Bilateral small parietal foramina (arrows), B bilateral large
parietal foramina (arrows), C unilateral right sided parietal foramen
(arrow), D bilateral parietal foramina (solid arrows) and a right sided
accessory foramen (dashed arrow), and E intra-sutural parietal fora-
men (arrow)

Table 1 Sex differences in

Males (n=160) Females (n=280) Chi-square

test (P value)

; Prevalence
parietal foramen, accessory
parietal foramen and intra-
sutural parietal foramen Bilateral PF (%)
prevalence Bilateral APF (%)

Unilateral right side PF (%)
Unilateral right side APF (%)
Unilateral left side PF (%)
Unilateral left side APF (%)
Intra-sutural PF (%)

35.63 (57/160) 33.21 (93/280) 0.77
0 0 0

16.25 (26/160) 19.29 (54/280) 0.61
0.625 (1/160) 2.50 (7/280) 0.29

11.88 (19/160) 13.93 (39/280) 0.68
0.63 (1/160) 1.43 (4/280) 0.58
9.38 (15/160) 5.35 (15/280) 0.29

PF parietal foramen, APF accessory parietal foramen

@ Springer



266

Surgical and Radiologic Anatomy (2024) 46:263-270

Table2 The parietal foramen diameter differences with respect to
side and sex

Table 3 Sex and laterality differences in PF distance from the lateral
margin of the SSS

Mean (+SD) Chi-square Mean (+SD) Chi-square
test (P value) test (P value)
Parietal foramen diameter (mm) PF to SSS distance (mm)
Right side (n=230) 1.45 (+0.74) 0.96 Right (n=68) 3.40 (+2.29) 0.07
Left side (n=208) 1.54 (£0.99) Left (n=91) 4.42 (£2.52)
Right parietal foramen diameter RPF to SSS distance (mm)
Males (n=83) 1.51 (£0.72) 0.96 Males (n=30) 3.20 (+1.92) 0.08
Females (n=147) 1.43 (+0.99) Females (n=38) 3.55 (+2.56)
Left parietal foramen diameter LPF to SSS distance (mm)
Males (n=76) 1.61 (£0.98) 0.95 Males (n=52) 4.40 (£2.21) 0.12
Females (n=132) 1.51 (+0.83) Females (n=39) 4.44 (£2.91)

of skulls. Among incomplete foramina, 0.9% PF were on
the right side and 1.1% PF on the left side.

Relative position of PF with SSS

The position of PF in relation to SSS is represented in
Fig. 2. On the right side, 70.3% (162/230) of PFs were
located directly over the SSS, while the remaining 29.6%
(68/230) of PF were located within 11 mm lateral to
the lateral margin of the SSS with a mean distance of
3.40 +£2.29 mm. On the left side, 53.8% (117/208) of
PFs were located on the SSS, while remaining 43.75%
(91/208) of PF were located within 11 mm lateral to
the lateral margin of the SSS with a mean distance of
4.42 +2.52 mm. No statistically significant sex and lat-
erality differences were observed in mean distances of
PF position from the lateral margin of the SSS (Table 3).

PF parietal foramen, SSS superior sagittal sinus, RPF right parietal
foramen, LPF left parietal foramen

Discussion

In Omani subjects, the overall prevalence of PF is 72.3%,
and it is present more frequently unilaterally than bilater-
ally, and less frequently in the midline. Very rarely, it is
incomplete, and there is an additional accessory foramen.
While ethnic differences exist in PF topography [29, 34, 38],
exploring the PF prevalence specific to a geographic region
is essentially important. The knowledge of PF variations is
important to avoid and/or minimise the complications while
performing neurosurgical procedures. Failure to recognize
such variants during invasive procedures involving the PF
may damage the emissary veins, anastomosing arteries, and
neural structures. latrogenic injuries to vessels may lead to
spontaneous hemorrhage and subsequent epidural hematoma
and thrombosis [2, 24, 34]. Hence, a thorough understand-
ing of the PF morphological differences is essential for suc-
cessful surgeries. Despite enormous clinical significance,

Fig.2 Axial CT images using bone algorithm from different patients
show the position of the parietal foramina (arrows) relative to the
superior sagittal sinus (outlined in blue). A The foramen is located
directly over the superior sagittal sinus. B The parietal foramen is just
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lateral to the lateral margin of the superior sagittal sinus on the right
side. C The left parietal foramen is located 5 mm lateral to the supe-
rior sagittal sinus
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to date, limited studies have been conducted in the Mid-
dle East region. This study reports for the first time the PF
topography in CT scans of the head as well as in the Omani
population.

In the existing literature, the reported prevalence of PF is
more than 50% in all populations [8, 11, 15, 17, 19, 20, 22,
23, 34, 38] (Table 4). A high PF prevalence of 84.3% in the
Brazilian population [8], 86% in Thai population [18] and
85.7% in Ukraine population [29] was reported. Relatively,
a low prevalence of PF was observed in Turkish (63%),
African (62%), Polish (60%), Australian (56.2%), European
(56%) and American (50%) populations [15, 20, 23, 34, 37,
38]. However, a recent study from Turkey reported a preva-
lence of 74.6% on the right side and 74.7% on the left side
[14]. In the Omani population, the overall PF prevalence
was 72.3%. This is close to the values reported in two dif-
ferent studies from India, with 77.1% and 71.5% of the total
sample [11, 22]. However, in other Asian countries, such as
Japan [19] and China [17], high prevalence rates of 80.3%
and 82.86% were recorded.

Table 4 The parietal foramen prevalence and size in different populations

In the present study, PF presence was observed unilat-
erally and bilaterally at similar frequencies. Contrary to
these findings, in most of the reported studies, the bilateral
prevalence was higher than the unilateral prevalence [2, 19,
22, 29]. On the other hand, in a few studies, the unilateral
presence of PF was higher than the bilateral presence [4,
15, 18]. In a recent study, PF was observed to be more com-
monly found bilaterally (40.9%) than unilaterally (20.2%)
in the African population, and more commonly unilaterally
(29.5%) than bilaterally (24.2%) in the European population
[34]. Very few studies discussed the sex differences in PF
prevalence. In agreement with previous studies [3, 8], in the
present study there were no statistically significant differ-
ences between sex and unilateral or bilateral PF prevalence.
According to de Souza Ferreira et al. [8], these findings
illustrate that in both sexes, the PF emissary veins involves
equally to control pressure, temperature, and hemodynamics
of the brain.

The PF is less commonly present in the SS. Previously,
a low frequency of PF was reported in SS in European

Author (year) Population ~ Study design Sample size Prevalence (%) BPF (%) UPF (%) IPF (%) Size (mm)
Present study Oman Computed Tomog- 440 72.3 34 31.3 6.8 1.49+0.82
raphy
van der Waltetal. European  Dry skull 95 56 242 29.5 53 1.9+0.9
(2023) [34]
van der Walt et al.  African Dry skull 252 62 40.8 20.2 3.6 1.8+0.8
(2023) [34]
Guzelad et al. Turkey Dry skull 166 74.6 right; 74.7 left 74.65 55.75 33.7 1.7
(2022) [14]
Liu et al. (2022) Chinese Dry skull 280 82.8 48.93 66.07 NA 1.07 +0.67 right;
[17] right; 1.02+0.72 left
63.21
left
Shmarhalov et al. Ukraine Fixed skull 42 85.7 54.8 309 NA 1.7+0.6 mm right;
(2022) [29] 2.7+0.5 left
Mahakkanukrauh ~ Thailand Dry skulls 400 86 38.7 472 8.2 1.23+0.050 right;
et al. (2021) [18] 1.18+0.47
Naidoo et al. Africa Dry skull 100 68 32 35 5 1.55
(2021) [23]
de Souza Ferreira  Brazil Dry skull+ MRI 301 84.3 50.56 33.7 NA NA
et al. (2021) [8]
Murlimanju et al. ~ South India Dry skull 116 71.5 55.2 327 3.40 NA
(2015) [22]
Mann et al. (2009) Japan Dry skull 137 80.3 453 343 0.7 1.8
(191
Wysocki et al. Poland Dry skull 100 60 NA NA NA 20+1.2
(20006) [37]
Yoshioko et al. USA Cadaver 20 50 40 20 5 1.8
(2006) [38]
Keskil et al. (2003) Turkey Dry Skull 200 63 27 31 5 NA

[15]

BPA Bilateral parietal foramen, UPF Unilateral parietal foramen, NA Not Available, MRI Magnetic resonance imaging
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(5.3%), American (5%), Turkish (5%), African (3.6%),
Chinese (2.5%), Indian (3.4%), and Japanese (0.7%) popu-
lations [15, 17, 19, 22, 34, 38]. Contrary to these findings,
in Omani subjects, a relatively high prevalence of 6.8% PF
was observed in the SS. Parietal bone ossification occurs
from a single membranous center in the seventh to eighth
weeks of fetal development. It is completed by the seventh
fetal month. A parietal notch is formed as the ossification
slows distinctly near the midline [6]. The delayed closure
of both the parietal notch and the third fontanelle, or sag-
ittal fontanelle, is responsible for the occurrence of PF-
related anomalies, including obeliac bones, APF, parietal
fissure, and enlarged parietal foramen (EPF). Furthermore,
the lateral part of the primitive parietal notch persists as
a small PF [35]. The differences in PF prevalence, sym-
metry, and midline locations observed among different
studies could be attributed to ethnic and geographical dif-
ferences [22] as well as variations in anterior fonticulus
ossification patterns [10].

Rarely, an additional or accessory PF may be present in
each parietal bone. The frequency of APF observed in the
present study is lower than that reported in other studies
from Brazilian samples (right side-8.5%; left side-11.8%)
and Indian samples (13.8%) [8, 22]. The variability in APF
is reported to be due to ossification pattern differences in
the posterior fontanelle as well as ethnic variations [9, 10].

The diameter of PF is clinically important during intracra-
nial navigation through PF to diagnose vascular diseases and
perform surgical procedures. Generally, the mean diameter
of the PF lies within a range of 1-2 mm [25]. The diameter
of PF reported in different studies is presented in Table 4 [14,
17,19, 23, 29, 34, 37, 38]. In the present study, the diameter
of PF was similar on the right side and left side. The range
of PF diameters was 1 mm to 6 mm. The mean size of PF
observed in the present study is lower than that reported in
European (1.9+0.9 mm), African (1.8 +0.8 mm), Polish
(2.0+ 1.2 mm), American (1.8 mm) and Turkish (1.7 mm)
populations [14, 34, 37]. In a recent study on Ukraine origin
skulls, the reported PF diameters were 1.7 +0.6 mm (right
side) and 2.7 £ 0.5 mm (left side) [29]. However, PF diam-
eter in the Omani subjects is higher than that reported in the
Chinese population (right side: 1.02 +0.72 mm; left side:
1.07+0.67 mm [17] and Thailand population (right side:
1.23 +£0.050 mm and left side: 1.18 +0.47) [18]. Although
sexual dimorphism exists in the size of the skulls, significant
differences between the sex or laterality and PF variability
in terms of size have not been reported [8, 17]. However, in
the Polish population, the diameter of PF in females is found
to be statistically greater than that of males [37] while in
Ukraine origin skulls, greater on the left side than the right
side [29]. Similar to recently published studies [17, 18], in
the present study the diameter of PF was not statistically
significant between the sides or sexes.
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Generally, a PF with a diameter > 5 mm is considered an
enlarged parietal foramen (EPF) [31, 33]. EPF is considered
a congenital defect of parietal bone development, formed
from a large central defect due to parietal bone ossification
failure [16]. Its prevalence is very rare, with a rate of 1 in
15,000 to 1 in 50,000 individuals [31], and it is transmitted
by an autosomal dominant trait [36]. The EPF is seen in indi-
viduals with Saethre-Chotzen syndrome [30] and deletion
of chromosome 11 [1]. It is known to result from mutations
in the human homeobox genes MSX2 and ALX4, located
at 11p11 and 5q34-35, respectively [12, 13]. Usually, they
are asymptomatic and commonly prevalent in men [7]. In
the present study, there were two EPF (0.45%) with a diam-
eter of 6 mm. The observed prevalence of EPF is relatively
high in Omani subjects, and further prospective studies are
needed to explore the clinical symptoms of patients with
EPF. It is noteworthy to mention that, EPF is an important
anatomical variant to recognize as they can mimic some lytic
skull lesions like Langerhans cell histiocytosis, metastasis
and multiple myeloma [13, 25].

In addition to the EVs, nerves and anastomosing arter-
ies enter the cranial cavity through the PF. Knowledge of
the PF topography is clinically important while planning
neurosurgical procedures. As neurosurgeons often utilize
PF to reach intracranial structures, failure to recognize PF
variants might injure emissary veins or arteries, resulting
in spontaneous hemorrhage and sinus thrombosis [24]. PF
variability is also crucial for radiologists when diagnosing
some pathologies [2]. The vascular changes or pathophysi-
ology at PF are known to be associated with various condi-
tions such as the formation of dural arteriovenous fistula,
air embolism, Moya—Moya disease, epidural and subdural
hematomas, as well as defective cranial revascularization
in surgical reconstructive procedures [38]. The transcranial
puncture of the PF is used to treat dural fistula by enlarging
its arterial anastomosis and supplying it to the vessels of the
PF [5]. Additionally, in cases of parasagittal meningiomas,
the exact location of EV in PF on radiological examination
and its obstruction are essential to avoid intraoperative blood
loss and injury to the SSS [5].

In surgeries of the cranial vault, the paramedian midline
approach can potentially injure the SSS. The SSS is not a
strict midline structure. In a cadaveric study by Tubbs et al.
[32], the SSS in 80% of cases deviated either right or left at
the lambda. Another study on cadaveric specimens and MRI
images concluded that SSS can be displaced on either side
of the midline and more towards the midline in the posterior
part of the cranial vault [27]. The same study recommended
any surgical incision with a 6 to 10 mm distance on either
side of the midline for craniotomy procedures [27]. In the
present study, more than 50% of PF both on the right and
left sides are located on the SSS, while the remaining PF are
located 11 mm from the margins of the SSS on both sides.
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These findings imply that the PF is a more reliable landmark
for anticipating the SSS position during its course through
the parietal lobe of the cerebrum and navigating this region
than the SS or the midline of the calvarium, which is particu-
larly beneficial in assisting surgeons in avoiding iatrogenic
injuries during emergency surgeries.

The present study has the following limitations: In this
retrospective study, only one investigator, who was blinded
to the CT scans and trained in identifying the findings
related to the PF topography, was involved. The study only
aimed to explore the importance of PF in identifying the SSS
as a reliable landmark. Future studies with a large sample
are needed to explore the importance of PF in locating other
intracranial vascular and parenchymal structures for neuro-
surgical procedures.

Conclusion

The present study, for the first time, investigated the radio-
logical assessment of PF topography in a large sample of
CT scans in the Arab population. The overall prevalence of
PF was 72.3%. The prevalence of PF located over the SSS
is relatively high. No significant differences were observed
between the PF topography parameters and sex or laterality.
The PF topography and variants reported in the present study
are clinically relevant for neurosurgeons for imaging diagno-
sis and intracranial navigation of vascular diseases as well
as treatment. Further, such knowledge aids neurosurgeons
in the successful planning of surgical procedures involving
the PF and in avoiding iatrogenic injuries to emissary veins
and other important structures emerging from the PF. Prior
knowledge about these variants helps radiologists in the
diagnosis of various pathologies related to PF and differ-
entiating it from other possible mimicking bone lesions and
burr holes. PF may be used as a reliable landmark to identify
the SSS position and surgically treat the dural fistulas.
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