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A giant foramen of Vesalius: case report
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Abstract: Anatomical variations identified at the skull base can result in challenges to the clinician. For example, the anatomy
of the foramen ovale and its neighboring structures is critical knowledge for the surgeon who performs transcutaneous
approaches to the foramen ovale for treating patients with trigeminal neuralgia. One nearby structure that can compound
invasive procedures and potentially result in complications is the foramen of Vesalius. Although usually small, we report a
giant foramen of Vesalius found in an adult female skull. The anatomy and clinical aspects of such a finding are discussed
and related to other reports in the literature.
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Introduction
The foramen of Vesalius (sphenoidal emissary foramen)
is a variable and small bony passage located between the foramen ovale and foramen rotundum in the greater wing of
the sphenoid bone [1-4]. It lies anteromedial to the foramen
ovale and inferolateral to the foramen rotundum unilaterally or bilaterally. Andreas Vesalius was presumably the first
anatomist to describe this structure foramen which gives
transmits emissary veins from the pterygoid venous plexus
to the cavernous sinus. This venous connection represents an
important extra to intracranial anastomosis connecting the
venous systems of the face and brain. Reviews of studies of
dry specimens show between 5% and 80% of skulls contain
at least one foramen of Vesalius [1, 2].
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Endochondral ossification of the skull base takes place
through a series of “primary” ossification centers which arise
in a general caudal to rostral pattern beginning with ossification centers in the occipital bone and at lastly developing ossification centers in the alisphenoid giving rise to the greater
wing of the sphenoid bone. These centers of ossification arise
between 12 and 17 weeks of development [5]. The positions
of pre-existing vessels are progressively fixed by the ossification of the skull base, and reciprocally, the foramina of the
skull base are positioned in accordance with their contained
vessels. Emissary sphenoidal veins occupy this role relative
to when present, the foramen of Vesalius [1, 2]. Some have
also considered that when present, the foramen of Vesalius
transmits the venous component normally found traveling
through the foramen ovale [6].
Here, we describe, to our knowledge, the largest foramen
of Vesalius reported in the English literature and describe
the potential clinical consequences of such a finding.

Case Report
During the routine evaluation of an adult female skull
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Fig. 1. Skull base of the case presented herein. Note the enlarged
foramen of Vesalius (arrow) and its relationship to surrounding skull
base foramina such as the foramen ovale (FO), foramen lacerum
(FL), foramen spinosum (FS), and foramen magnum (FM) seen here
posterolaterally.

housed in the osteological collection of our medical school,
a large foramen of Vesalius was identified (Fig. 1). The specimen was approximately 50-year-old at the time of death and
was derived from a collection of roughly 100 human skulls
from primarily a North American background. This roughly
circular shaped foramen of Vesalius was 4.34 mm in diameter and was located 7.5 mm posteromedial to the foramen
rotundum and 1.49 mm anteromedial to the foramen of
ovale. This foramen was 2.6 mm anterior to the foramen lacerum. The contralateral foramen of Vesalius measured 0.92
mm in diameter. No other gross anatomical variations were
noted at the skull base in this specimen. All measurements
were made using microcalipers (Mitutoyo, Kawasaki, Japan).

Discussion
Morphometric studies of foramen of Vesalus have documented mean widths of 0.67–2.22 mm when measured across
their maximum dimension [1]. The specimen presented here
had a diameter (4.34 mm) that was approximately twice the
maximally reported mean diameter found in the literature.
Most studies do not show a significant difference in size
between left and right foramina Vesalli. A large foramen of
Vesalius, such as the variant described in this study, has the
potential to disorient a clinician passing a needle through
the nearby foramen ovale into the middle cranial fossa as the
foramina are seen in the operating room using fluoroscopy
[6, 7]. Therefore, the quality of visualization of the skull base
foramina is generally moderate at best. Such procedures are
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used for rhizotomy of the trigeminal nerve, temporal lobe
electrode placement, balloon deployment to treat trigeminal neuralgia i.e., compression of the trigeminal ganglion,
or cavernous sinus tumor biopsy [8-11]. In attempt to avoid
surrounding foraminal during transcutaneous needle approaches to the foramen ovale, Tubbs et al. [9], described a
“safe zone” of the foramen ovale extending 6 mm around the
circumference and excluding the entire territory around the
foramen spinosum posterolaterally. If intraoperative imaging fails to resolve a small bony bridge separating a large and
nearby foramen of Vesalius and the foramen ovale, a clinician will be at greater risk of passing their needle too medially, potentially injurying the cavernous sinus or at least, the
emissary vein traveling through the foramen of Vesalius.
This would be compounded by an enlarged foramen of
Vesalius as reported here. The distance between the foramen
ovale and the enlarged foramen of Vesalius in our specimen
was only 1.49 mm. Although there will be a protective effect
from cartilage filling the foramen lacerum, the ICA is also at
risk of damage if the needle passes more than 6 mm medial
to the foramen ovale [9, 11].
Our case helps illustrate the wide variation in morphology
of an inconsistent foramen found near significant clinical
anatomy of the skull base. Clinicians and surgeons should be
mindful of variations such as the enlarged foramen of Vesalius reported here when attempting transcutaneous puncture
of the foramen ovale.

ORCID
Charles Peper: https://orcid.org/0000-0002-3520-4359
Joe Iwanaga: https://orcid.org/0000-0002-8502-7952
Aaron S. Dumont: https://orcid.org/0000-0002-8077-8992
R. Shane Tubbs: https://orcid.org/0000-0003-1317-1047

Author Contributions
Conceptualization: JI, ASD, RST. Data acquisition: RST.
Data analysis or interpretation: CP. Drafting of the manuscript: CP. Critical revision of the manuscript: JI, ASD, RST.
Approval of the final version of the manuscript: all authors.

Conflicts of Interest
No potential conflict of interest relevant to this article was
reported.

www.acbjournal.org

Anat Cell Biol 2022;55:373-375

Giant foramen of Vesalius

Acknowledgements
The authors sincerely thank those who donated their
bodies to science so that anatomical research could be performed. Results from such research can potentially increase
mankind’s overall knowledge that can then improve patient
care. Therefore, these donors and their families deserve our
highest gratitude [12].

6.

References

8.

1. Raval BB, Singh PR, Rajguru J. A morphologic and morphometric study of foramen vesalius in dry adult human skulls of
gujarat region. J Clin Diagn Res 2015;9:AC04-7.
2. Chaisuksunt V, Kwathai L, Namonta K, Rungruang T, Apinhasmit W, Chompoopong S. Occurrence of the foramen of
Vesalius and its morphometry relevant to clinical consideration. ScientificWorldJournal 2012;2012:817454.
3. Freire AR, Rossi AC, de Oliveira VCS, Prado FB, Caria PHF,
Botacin PR. Emissary foramens of the human skull: anatomical
characteristics and its relations with clinical neurosurgery. Int J
Morphol 2013;31:287-92.
4. Keskil S, Gözil R, Calgüner E. Common surgical pitfalls in the
skull. Surg Neurol 2003;59:228-31; discussion 231.
5. Iwanaga J, Patra A, Ravi KS, Dumont AS, Tubbs RS. Anatomical relationship between the foramen ovale and the lateral
plate of the pterygoid process: application to percutaneous

www.acbjournal.org

7.

9.

10.

11.

12.

375

treatments of trigeminal neuralgia. Neurosurg Rev 2022 Jan 15
[Epub]. https://doi.org/10.1007/s10143-021-01715-x.
Iwanaga J, Badaloni F, Laws T, Oskouian RJ, Tubbs RS. Anatomic study of extracranial needle trajectory using hartel
technique for percutaneous treatment of trigeminal neuralgia.
World Neurosurg 2018;110:e245-8.
Nemzek WR, Brodie HA, Hecht ST, Chong BW, Babcook CJ,
Seibert JA. MR, CT, and plain film imaging of the developing skull base in fetal specimens. AJNR Am J Neuroradiol
2000;21:1699-706.
Hauser G, De Stefano GF. Epigenetic variants of the human
skull. Stuttgart: Schweizerbart; 1989.
Tubbs RS, Dixon J, Loukas M, Cohen-Gadol AA. Regional vascular relationships to the foramen ovale: an anatomical study
with application to approaches to the external skull base with
an emphasis on transcutaneous procedures for the treatment of
trigeminal neuralgia. J Neurosurg 2010;113:493-7.
Kaplan M, Erol FS, Ozveren MF, Topsakal C, Sam B, Tekdemir I.
Review of complications due to foramen ovale puncture. J Clin
Neurosci 2007;14:563-8.
Dellaretti M, Almeida JC, Martins WCDS, Faria MP. Percutaneous biopsy of lesions in the cavernous sinus: a systematic
review. World Neurosurg 2017;108:1-5.
Iwanaga J, Singh V, Ohtsuka A, Hwang Y, Kim HJ, Moryś J, Ravi
KS, Ribatti D, Trainor PA, Sañudo JR, Apaydin N, Şengül G,
Albertine KH, Walocha JA, Loukas M, Duparc F, Paulsen F, Del
Sol M, Adds P, Hegazy A, Tubbs RS. Acknowledging the use of
human cadaveric tissues in research papers: recommendations
from anatomical journal editors. Clin Anat 2021;34:2-4.

https://doi.org/10.5115/acb.22.017

