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Abstract

The objective of this paper is to present a morphometric study of the middle cranial fossa from the study of 87 patients using
cutting edge multislice computed tomography scans (32 detectors) and Magnetic Resonance Imaging. The study presents a
detailed anatomical-radiological and morphometric analysis of the middle cranial fossa as well as its neurovascular elements in
normal conditions. The implications of this investigation in training and clinical contexts are discussed.
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Introduction

In diagnostic imaging the knowledge of normal anatomy is
of great importance, since this depends on an adequate
comprehension of the pathological findings and clinically
appropriate decision-making. We must emphasize the im-
portance of normal anatomy knowledge for radiologic in-
terpretation. The middle cranial fossa has a complex anat-
omy due to the bones that constitute it, which in turn have a
series of holes through which important neurovascular
structures pass. It is essential to know the radiologic anat-
omy of this skull base area to correctly evaluate and
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differentiate normal findings from pathology that can af-
fect different structures that constitute it [1-3].

The objective of this paper is to present a morphologic and
morphometric analysis of the middle cerebral fossa through
cutting edge neuroimaging techniques; we aim to provide a
comprehensive, complete, recent and updated anatomical-
radiological study of the different structures forming the fossa,
and specially, its multiple holes that can be altered by patho-
logical processes and/or work as dissemination canals for
infectious-inflammatory and tumoral processes [3—6].

Material and method
Sample

A retrospective analysis of 87 patients was performed at the
Salamanca University Hospital, 40 males and 47 females from
emergency, internal medicine, psychiatry, neurology, neuro-
surgery, otolaryngology and maxillofacial surgery services
with a mean age of M = 55 years old and a standard deviation
SD =20,

Instruments and techniques

A multidetector computed tomography, an Aquilion TSX 101*
of 32 detectors was used to produce the images. The magnetic
resonance and MR angiography studies were made using a
General Electric Signa Horizon device of 1,5 Teslas. The
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technique MDCT (Multi-Detector Computarized Tomography)
was the employed for the study of the middle cranial fossa bone
structures while the MR was used to study softer structures and
cranial nerves. Finally, the angiography was employed to study
vascular elements. Both the CT angiography and MR angiog-
raphy measured the vessel diameter and identified adjacent
structures.

CT acquisition protocols

Two CT scans were obtained, one in anteroposterior projec-
tion and the other in lateral position, with a cut interval of
1,5 mm for the skull base and 5 mm for the brain and helical
images with volumetric reconstructions of interest areas. The
patient remained in supine decubitus position, head towards
the gantry, arms alongside the body, with 1 mm slice thick-
ness, collimation of 1 mm, KV of 140 and 1,0 s rotation time
for the detection of anatomical details for study in the range of
milimeters.

The vascular study using CT angiography was based on
two techniques of manual application: on the one hand,
100 ¢cm® of intravenous iodinated contrast was administered,
followed by 40 cm® of physiological solution through a pro-
grammed injection pump of 4 cm® per second, with a waiting
time of 20 s; on the other hand, by placing a ROI (region of
interest) in the aortic arch, with the same dose and flow of
intravenous contrast than the prior technique, the cuts were
initiated when 180 Hounsfield (UH) units were reached in-
stead of where the ROI (aortic arch) was located.

MR acquisition protocol

The standard MR head protocol consisted of a sagittal se-
quence T1 potentiated Spin Eco (SE), T2 axial Fast Spin
Eco (FSE), and coronal FLAIR (Fluid Attenuated Inversion
Recovery) FSE T2 potentiated, which is a T2 sequence with
suppression of the fluid signal, diffusion study with B1000/
DWI and ADC (Apparent Diffusion Coefficient) map.

In the cases of bleeding history a T2 gradient echo was
used; in cases of epilepsy the standard head protocol was used
plus a coronal FSE T2 projection perpendicular to the tempo-
ral lobe; and for the study of the hypophysis the standard
protocol was used plus an intravenous inyection.

Advanced image processing and morphometric analysis

The image analysis through volumetric reconstructions was
done in a Vitrea® (Toshiba Medical Systems) work station,
and Amira™ computer development tools were used accord-
ing to the interest of the structure to be studied, MIP
(Maximum Intensity Projection) for bone reconstruction and
MPR (Multiplanar Reformat) CT angiography for
neurovascular soft structures.
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Results

The final morphometric analysis of the main foramens and
neurovascular elements of the middle cranial fossa are listed
in Table 1.

Middle cranial fossa bone structures

The volumetric generation of the middle cranial fossa allowed
the distinction of the fossa Imits, sphenoid’s greater wing, and
the two petrouses of the temporal bone. Its limits are: in its
anterior portion through the posterior border of the sphenoid’s
lesser wing (laterally) and through the sella turcica tubercle
(medial), in its posterior portion is the back of the sella turcica
(medial) and the superior border of the petrous (lateral mar-
gin); relationships: superior with the temporal lobes, hypoph-
ysis, cavernous sinus, Meckel’s cave; the anterior border of
the pharyngeal mucosal, masticator and parapharyngeal Fossa
(Fig. 1).

The middle cranial fossa contains a number of orificies
radiologically visible, where different vascular and nervious
elements are localized.

The foramen rotundum is located in the base of the sphe-
noid’s greater wing, inferolateral to the sphenoidal fissure. In
the CT axial images, it appears as a canal that borders the
sphenoidal sinus and connects the middle cranial fossa with
the pterygopalatine fossa. It can be seen inferolateral to the
sphenoidal fissure in the coronal reconstruction. The middle

Table 1  Morphometric analysis results of the most representative
elements of the middle cranial fossa: bone, vascular and neural

Elements Diameter (mm)
Carotid Duct M=7,0;SD=33
Vidian Canal M=2,5;SD=0,8

Superior orbital fissure

Meckel’s cave

Foramen rotundum

Foramen ovale

Foramen spinosum

Foramen of Vesalius

Internal carotid (cervical segment)
Internal carotid (petrous segment)
Internal carotid (cavernous segment)
Internal carotid (supraclinoid segment)
III cranial nerve

IV cranial nerve

V cranial nerve (preganglionic segment)
VI cranial nerve

Maxillary nerve

Hypophysis

M=222;SD=4,1
M=5,6;SD=1.2
M=52;SD=1.8
M=73;SD=28
M=22;SD=0,8
M=12;SD=0,5
M=5,1;SD=34
M=4,6;SD=33
M=49;SD=3,1
M=32;SD=2,1
M=0,9;SD=04
M=0,8; SD=0,2
M=42;SD=13
M=1,0;SD=0,3
M=1,1;SD=03
M=6,0;SD=44
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Fig. 1 3D CT reconstruction, using Amira® software, displayed the
middle cranial fossa with its different structures. The image shows the
sella turcica with its hypofisiary fossa (1), foramen ovale (2), carotid canal
(3), greater wing (4), anterior clinoid apophysis (5), and foramen
rotundum (6)

wall of the foramen is usually the lateral wall of the sphenoidal
sinus, but it can also be found within. The results of the mor-
phometric study suggested, in relation to the foramen
rotundum, an average transverse diameter of 5,2 +/ 1,8 mm
(Table 1).

The foramen ovale was studied through axial and coronal
CT projections. It is shown as it traverses the medial portion of
the sphenoid’s lesser wing, connecting the middle cranial fos-
sa with the infratemporal fossa and conducting the third
branch of the V cranial nerve or mandibular nerve (V3). No
variations were found, like the absence of the foramen ovale,
changes in its location, confluence with the foramen
spinosum, or absence of the medial bone wall, which would
involve communication with the foramen lacerum (Fig. 2).
The measurement of the foramen ovale’s transverse diameter
was M =7,3 mm; SD =2,8 mm and its anteroposterior diam-
eter was M =4,6 mm; SD=1,5 mm.

Fig. 2 Endocranial view of the middle cranial fossa in 3D MDCT
reconstruction, the foramen rotundum (1) and foramen ovale (2) are seen

The foramen spinosum was studied from CT axial planes in
a posteromedial position in the greater wing of the sphenoid
and posterolateral to the foramen ovale. Through the foramen
ovale runs the middle meningeal artery, the middle meningeal
vein and the recurrent branch of the mandibular nerve and,
like the foramen ovale, connects the middle cranial fossa with
the infratemporal fossa (Figs. 3 and 4). The average transverse
diameter was M =2,2 mm; SD =0,8 mm (Table 1).

The superior orbital fissure was located in the fore area of
the sphenoid, between the greater and lesser wings, and
inferolateral to the optic canal. It comprehends the oculomotor
nerve (III), trochlear nerve (IV), abducens nerve (VI), ophthal-
mic nerve (first branch of V) and superior ophthalmic vein
(Figs. 3 and 4). The longitudinal and anteroposterior diameter
measurement was M =222 mm; SD=4,1 mm and M=
7,5 mm; SD =2,7 mm respectively (Table 1).

The vidian canal extends through the sphenoid body and
connects the pterygopalatine fossa with the foramen lacerum.
It was located in an inferomedial position to the foramen
rotundum in CT axial planes; in the inferior region of the
sphenoid body, below and interior of the foramen rotundum
in coronal planes; and behind the pterygopalatine fossa in
sagittal cuts (Fig. 5). The measurement obtained for the
craniocaudal diameter was M =2,5 mm; SD=0,8 mm
(Table 1).

The foramen of Vesalius is found in the greater wing of the
sphenoid connecting the middle cranial fossa with the scaph-
oid fossa, near the origin of the tensor veli palatini muscle,
although it can have multiple anatomical variants and conflu-
ence with the foramen ovale. It was identified in an
anteromedial position to the foramen ovale in CT axial planes,
anterolateral to the foramen lacerum and posterolateral to the
vidian canal (Fig. 6). The transverse diameter measurement
was M = 1,2 mm; SD = 0,5 mm, though it was only identified
in 41% of the explorations and the value did not surpass the
2 mm in any of the CT axial sections (Table 1).

o~ . il

Fig. 3 3D MDCT reconstructions that illustrate the superior orbital
fissure (arrow) from a frontal exocranial view and its relationship with
the other bone structures

@ Springer



38 Page 4 of 7

J Med Syst (2018) 42:38

reconstructions and bone protocol, endocranial view, seen from the
posterior part, where the superior orbital fissure is observed (arrow)

Vascular and neural elements related to the middle cranial
fossa

Internal carotid cartery, hypophysis and oculomotor or trigem-
inal cranial nerves were also analyzed as elements
associated with the middle cranial fossa. The internal carotid
artery and the carotid sympathetic plexus go through the ca-
rotid canal, located between the temporal bone vertex and the
sphenoid. It begins in the posteroinferior side of the petrous
part of the temporal bone, ascending vertically first and then,
after a short journey, bending and continuing in an anterior
and medial direction until the vertex of the petrous part. In our
study it was seen in 100% of the cases, with a transverse
diameter of 7 +/— 3,3 mm (Table 1) in the morphometric
analysis.

The internal carotid artery is divided into four segments
closely related with the skull base: cervical extracranial, pe-
trous, cavernous and supraclinoid. The ophthalmic artery orig-
inates from this last segment. Finally, the internal carotid

Fig. 5 Coronal CT with the bone window at the foramen rotundum (R)
level showing its relationship with the vidian canal (short arrow) in the
sphenoid body
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Fig. 6 Axial CT, the foramen of Vesalius (vertical arrow) is seen in the
right middle cranial fossa, medial to the foramen ovale (horizontal arrow)

bifurcates into the medial and anterior artery, which irrigate
most of the cerebral hemispheres. The carotid arteries are part
of the supra-aortic trunks. The common left carotid emerges
directly from the aortic arch, while the common right carotid
does so from the brachiocephalic trunk. The external carotid
artery has several branches that irrigate extracranial segments.
Some of these branches supply the dura mater of the basal and
lateral surface. These same meningeal branches also supply
the dura mater of the posterior fossa together with the occipital
artery. In normal situations, the external carotid is not divided
into branches that traverse the skull base, except the medial
meningeal artery, a branch of the maxillary artery that inter-
sects the foramen spinosum (Figs. 7, 8, and 9).

The common oculomotor nerve (III), trochlear nerve (IV),
oculomotor external nerve (VI) (Fig. 10), ophthalmic nerve
(V1) and the superior ophthalmic vein are located in the su-
perior orbital fissure, between the greater and lesser wing of
the sphenoid, inferolateral to the optic canal. The maxillary
nerve (V2) passes through the foramen rotundum (Fig. 11).

Fig. 7 3D MDCT reconstruction, the carotid canal is seen exocranially
with the internal carotid artery traversing it
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Fig. 8 MDCT carotid artery study with 3D reconstruction in a frontal and
inferior plane, exocranial view and its entrance into the skull base is
through the carotid canal

The superior orbital fissure’s morphometric study showed
measurements of 22,2 +/— 4,1 x 7,5 4+/— 2,7 mm of longitudi-
nal and anteroposterior diameters respectively (Table 1).

Discussion

The great technological developments of recent decades in the
field of medicine and specially in diagnostic imaging, has
revolutionized the different clinical and surgical specialties
by facilitating a better assessment of morphological aspects
present in anatomical structures and whose use, currently, is
one of the main pillars in decision making for clinical activity.

Diagnostic imaging in the areas of neurology, neurosur-
gery, maxillofacial surgery and all the specialties dedicated
to studying neuroradiology, have experimented these vertigi-
nous developments, even getting to a high percentage of med-
ical and surgical decision making based on radiologic
findings.

The study of the skull base, although being a very com-
plex anatomical part of neuroradiology due to the bones
that constitute it, which in turn present a series of holes,

Fig. 9 CT 3D image of the internal carotid artery that illustrates a
vascular overlap in the petrous part. Incidentally, an aneurism is
observed in the anterior cerebral artery

Fig. 10 3D reconstruction using Amira® software, displaying the
cavernous sinus (blue), internal carotid arteries (red) and the cranial
nerves III, IV and VI, which proceed adjacent to the cavernous sinus to
go toward the superior orbital fissure

through which neurovascular structures of great impor-
tance pass, and that separate an aseptic cavity (endocranial
cavity) from the other extracranial cavities (septic) is ade-
quately done using neuroimaging techniques such as the
multidetector computerized tomography, the magnetic res-
onance and the vascular studies through CT angiography,
MR angiography and digital subtraction angiography are
the techniques of choice [7-15].

Nowadays we have high value diagnostic tools to study the
skull base, most of which are non-invasive and have minimal
side effects for the patient’s health, except in very special cases
where neuroimaging techniques imply an invasive condition.

The research so far on the skull base and specifically on the
morphology and morphometry of the middle cranial fossa, are
scarce and the ones that exist focus mainly on pathological
aspects, making it difficult to do an exhaustive comparison
with our study.

Fig. 11 3D reconstructed image using Amira® software, showing the
three branches of the trigeminal nerve (V cranial nerve). V1
(ophthalmic nerve), V2 (superior maxillary nerve) and V3 (mandibular
nerve)
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The anatomy of the middle cranial fossa is adequately stud-
ied through the techniques employed in our research (multi-
detector computerized tomography, magnetic resonance, CT
angiography, MR angiography and digital subtraction
angiography).

The bone component of the middle cranial fossa, with its
different anatomical details, is studied using computerized to-
mography, the technique of choice given that besides being
fast, non-invasive, inexpensive and highly available, has a
high sensibility in the characterization of normal and patho-
logic bone anatomy. It allows helical acquisitions of 0,6 mm
and multiplanar and three-dimensional posterior reconstruc-
tions that improve the visualization of its components.

For the analysis of skull base normal anatomy or its ana-
tomical variants, the intravenous contrast is not necessary and
is reserved for the study of its pathology in some cases, or for
the visualization of the vascular component that goes through
it [16—18]. In the analysis of neurovascular components that
traverse the middle cranial fossa, we consider that the use of
computerized tomography provides non-conclusive data. In
the study of cranial nerves, it barely offers indirect data re-
garding its pathology; nevertheless the use of another diag-
nostic technique will always be necessary. In the vascular
study, without the administration of intravenous contrast, it
is not possible to visualize normal brain vessels. Therefore,
in our study we used the computerized tomography for the
visualization of bone structures, without underestimating its
contribution to pathological processes.

The CT angiography and MR angiography are two highly
valued techniques in the study of vascular structures that tra-
verse the skull base. The CT angiography is used in most
vascular diagnoses in neuroradiology. The key aspects when
doing a quality CT angiography are: adequate arterial en-
hancement during acquisition, complete coverage in the
craniocaudal axis of the area that wants to be studied and
agreement in the maximum vascular enhancement with acqui-
sition time. Thus, the three components that must be consid-
ered are acquisition parameters; dye used and contrast circu-
lation time [7, 19-22].

In summary, the results of this paper offer an anatomo-
radiological and morphometric study of the middle cranial
fossa in the skull base using next generation neuroimaging
techniques. Complementarily, the vascular and nervous ele-
ments that extend through this structure are analyzed. The
radiologic anatomy knowledge of the structures in the skull
base is key for the proper study and diagnosis of possible
alterations. This study also offers an updated and complete
viewpoint with high diagnostic value.
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