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Abstract. Introduction: A thorough understanding of skull base anatomy is imperative to perform safely and
effectively any skull base approach. In this article, we examine the microsurgical anatomy of the skull base
by proposing a modular topographic organization in the median, paramedian, and lateral surgical corridors
in relation to transcranial and endoscopic approaches. Mezhods: Five dry skulls were studied focusing on the
intracranial and exocranial skull base. Two lines were drawn parallel to the lateral border of the cribriform
plate of the ethmoid bone and foramen lacerum, respectively. Lines 1 and 2 delimited the median, paramedian
and lateral corridors of the skull base. The bony structures that formed each corridor were carefully reviewed
in relation to the planning and execution of the skull base transcranial and endoscopic approaches. Resu/ts:
The midline corridor involves the crista galli, cribriform plate, planum and jugum sphenoidale, chiasmatic
sulcus, tuberculum sellae, sellar region, dorsum sellae, clivus, and foramen magnum. The paramedian corridor
includes the fovea ethmoidalis, the root of the lesser and greater sphenoid wing, anterior clinoid process,
foramen lacerum, the upper half of the petro-occipital suture, and jugular tubercle. The lateral corridors in-
clude the orbital plates, sphenoid wings, squamosal and petrous parts of the temporal bone, caudal aspect of
the petro-occipital suture, internal auditory canal, jugular foramen, the sulcus of the sigmoid sinus. Conclusion:
In-depth three-dimensional knowledge of skull base anatomy based on the modular concept of the surgical
corridors is critical for the planning and execution of the transcranial and endoscopic approaches.

Key words: Anterior Skull Base; Endoscopic Skull base Approaches, Foramen Magnum, Jugular Foramen,
Jugular Tubercle, Middle Skull Base, Posterior Skull Base.

The calvaria is formed by the frontal, parietal,
temporal, and occipital bones and part of the greater

The skull is composed of the splanchnocranium,
or the facial skeleton, and the neurocranium, which
surrounds the cerebral structures. The neurocranium is
divided further into the calvaria and the cranial base
by a plane passing through the glabella to the external
occipital protuberance.

sphenoid wings. The cranial base is composed of the
frontal, ethmoid, temporal, and occipital bones, all of
which join with the sphenoid bone in the center of
the skull base. The cranial base has an exocranial and
endocranial surface, which are connected by channels
and foramina traversed by nerves, arteries, and veins.



Acta Biomed 2021; Vol. 92, Supplement 4: ¢2021411

The endocranial surface is classically divided into the
anterior, middle, and posterior fossae. The exocranial
surface borders the orbit, nasal cavity, nasopharynx,
and infratemporal, pterygopalatine, and mandibular
fossae (1-14).

An overview of the anatomy of the skull base and
modular topographic organization in the median, par-
amedian, and lateral surgical corridors as they relate
to transcranial end endoscopic approaches are herein
reported.

Methods

Five dry skulls of unknown age and gender were
used for the study. The calvaria was removed to exam-
ine the endocranial surface of the anterior, middle, and
posterior fossa. The corresponding exocranial surface
of each fossa was also studied in detail.

On the endocranial surface, a line was traced at
the level of the lateral border of the horizontal plate of
the ethmoid bone and continued down to the foramen
magnum. This line was called line 1. At the exocranial
side, line 1 was drawn at the roof of the nasal cavity at
the lateral limit of the cribriform plate of the ethmoid
and extended inferiorly to meet the ipsilateral sphe-
nopetrosal suture. On the endocranial surface, line 2
was traced parallel to the lateral edge of the foramen
lacerum and directed toward the anterior and pos-
terior fossa. On the exocranial side, line 2 intercepts
the lateral border of the lateral pterygoid plate of the
sphenoid bone. The area in between the two lines 1
is the median skull base corridor, whereas the area
ranging from line 1 and line 2 forms the paramedian
corridor. The region of the skull base lateral to line 2
corresponds to the lateral corridor. The bony structures
forming each corridor were carefully reviewed in rela-
tion to the planning and execution of the transcranial
and endoscopic skull base approaches.

Results
Owerview of the Anterior, Middle, and Posterior Skull Base

The anterior skull base is composed of the fron-
tal, ethmoid, and sphenoid bones which articulate at

the frontoethmoidal, sphenoethmoidal, and spheno-
frontal sutures. The frontal bone forms the roof of the
orbit and is immediately beneath the rectus gyri and
orbital cortex. The ethmoid bone articulates in the
midline with the frontal bone. The posterior portion
of the endocranial surface of the anterior skull base is
completed posteriorly by the lesser sphenoid wings,
anterior clinoid processes, and the planum and jugum
sphenoidale.

The middle skull base is composed of the sphe-
noid and temporal bones, which articulate at the sphe-
nopetrosal and sphenosquamosal sutures.

The posterior skull base is formed by the sphe-
noid, temporal, and occipital bones, which articulate at
the spheno-occipital, temporomastoid, occipitomas-
toid, and petro-occipital (petroclival) sutures.

On the endocranial surface, the anterior and mid-
dle skull base are separated by the sphenoid ridges lat-
erally, the anterior clinoid processes in the paramedian
region, and the jugum sphenoidale in the midline. The
border between the middle and posterior skull base
is given by a line traced along the posterior-superior
edge of the petrous part of the temporal bone laterally,
and the posterior clinoid processes and dorsum sellae.

The conventional division between the anterior
and middle skull base on the exocranial surface corre-
sponds to a line drawn at the level of the pterygomaxil-
lary fissures going down to the posterior edges of the
alveolar processes of the maxillae; in the paramedian
corridor, the line follows the inferior border of the
choanae to end at the level of the posterior nasal spine.
The border between the middle and posterior skull
base is traced by a line drawn oblique medially and
forward passing through the mastoid tip, stylomas-
toid foramen, external orifice of the carotid canal, and
foramen lacerum. In the midline, the border is deline-
ated by a line passing along the posterior border of the
vomer—sphenoid junction (Figure 1).

Median Skull Base Corridor

From the transcranial perspective, the median
anterior skull base corridor is formed by the frontal
crest of the frontal bone, crista galli, and cribriform
plate of the ethmoid bone, and planum and jugum
sphenoidale. The crista galli serves as a point of attach-
ment for the falx cerebri and the superior and inferior



Acta Biomed 2021; Vol. 92, Supplement 4: ¢2021411

Figure 1. (A) Endocranial surface of the skull base. The border between the anterior and middle skull base is marked, from lateral
to medial, by the sphenoid ridges, the anterior clinoid processes, and the jugum sphenoidale in the midline (dotted line). The middle

and posterior skull base are separated by a line along the posterosuperior edge of the petrous ridges laterally and the posterior clinoid
processes and dorsum sellae in the medially (pointed line). (B) Exocranial surface of the skull base. The anterior and middle skull base
are separated by a transverse line extending through the pterygomaxillary fissures and the posterior edges of the alveolar processes
of the maxillae laterally, the inferior border of the choanae in the paramedian corridor, and the posterior nasal spine in the midline
(dotted line). The border between the middle and posterior skull base is marked by the mastoid tip, stylomastoid foramen, external
orifice of the carotid canal, foramen lacerum, and the vomer—sphenoid junction in the midline (pointed line).

sagittal sinuses. The cribriform plate transmits the
olfactory fila. Between the crista galli and the cribri-
form plate, the foramen cecum may rarely transmit the
persistent anterior nasal emissary vein, when present.
The planum and jugum sphenoidale form the roof of
the sphenoid sinus (Figure 2A).

The median middle skull base corridor is formed,
from anterior to posterior, by the chiasmatic sulcus on
the superior aspect of the body of the sphenoid bone,
tuberculum sellae, sella, and dorsum sellae. At the lateral
ends of the chiasmatic sulcus, the optic canals transmit
the optic nerves and the ophthalmic arteries from the
intracranial space to the orbits. The anterior and pos-
terior limbs of the chiasmatic sulcus are also referred
to as the jugum sphenoidale and tuberculum sellae,
respectively. The sellar region consists of a deep rounded
depression in the sphenoid body containing the pitui-
tary gland. The sella is delineated posteriorly by the dor-
sum sellae, the lateral and uppermost parts of which are
known as the posterior clinoid processes (Figure 3A).

The median posterior skull base corridor involves
the clivus and the foramen magnum. The anatomical
boundaries of the clivus are the dorsum sellae of the
sphenoid bone superiorly, the petroclival sutures later-
ally, and the anterior border of the foramen magnum
inferiorly. The most caudal point of the clivus, which
corresponds to the most anterior part of the foramen
magnum in the midline, is referred to as the basion.
The basilar part of the occipital bone forms the lower
two-thirds of the clivus; the posterior surface of the
sphenoid body (dorsum sellae) forms the upper third.
The basilar part of the occipital bone and the sphe-
noid body articulate at the spheno-occipital synchon-
drosis. In adults, the division between the two bones
is not appreciable because physiological closure of the
spheno-occipital synchondrosis is well underway by
the age of 15 years, and complete by 17 years (15). On
a sagittal view, the basilar (or clival) part of the occipi-
tal bone is oriented anteriorly and superiorly at a 45°
angle. When viewed from behind, the clivus is concave
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Figure 2. (A) The endocranial surface of the anterior skull base is divided into medial, paramedian, and lateral corridors. The cen-
tral corridor (light blue) is composed of the frontal crest of the frontal bone, crista galli and cribriform plate of the ethmoid bone,
and planum and jugum sphenoidale. The paramedian corridor (yellow) involves the fovea ethmoidalis. The lateral corridor (black)
is composed of the orbital plates of the frontal bone anteriorly and the lesser sphenoid wings laterally. The boundary between the
anterior and middle skull base is delineated by the dotted line. (B) The exocranial surface of the anterior skull base is composed in the
midline (light blue) by the frontal, ethmoid and sphenoid bones. The perpendicular plate of the ethmoid bone joined to the vomer,
forms the upper part of the nasal septum. The lateral plates of the ethmoid bone are in the paramedian region (yellow) and divide the
nasal cavity from the orbits. The lateral corridor (black) is composed of the orbital plates of the frontal bone and the lesser sphenoid
wings. CG: crista galli, CP: cribriform plate, EB: ethmoid bone, FB: frontal bone, FC: frontal crest, Fc: Foramen cecum, FE: fovea
ethmoidalis, JS: jugum sphenoidale, Lp: lateral plates, LSW: lesser sphenoid wings, OP: orbital plates, P: planum, Pp: perpendicular

plate, SB: sphenoid bone

from side to side; the central concavity is known as
the central clival depression. This region is very difficult
to reach surgically at the midclivus level (16, 17). The
conventional border between the upper and middle
clivus coincides with a horizontal line traced at the
level of the petrous apex; a line passing through the
glossopharyngeal notch of the jugular foramen deline-
ates the middle and lower clivus (18). Intradurally, the
same limits are given by the exit point of the abdu-
cens nerve through the dura, located 3.4 millimeters
below the posterior-superior border of the petrous
part of the temporal bone, and the entry point of the
glossopharyngeal nerve in the jugular foramen, respec-
tively (18).

The foramen magnum is bounded by the basi-
lar, lateral, and squamosal parts of the occipital bone.
The anterior border is formed by the inferior third of

the clivus; the lateral limits are formed by the jugu-
lar tubercles, which are thought to be the result of the
fusion between the basilar and lateral (condylar) parts
of the occipital bone. The posterior border is formed
by the most caudal aspect of the squamosal part of
the occipital bone. The opisthion is the most poste-
rior point of the foramen magnum in the midline. The
structures passing through the foramen magnum are
the upper cervical spinal cord, spinal accessory nerves,
vertebral arteries, and anterior and posterior spinal
arteries (Figure 4A).

From the endoscopic endonasal perspective, the
median anterior skull base is composed mainly of the
frontal, ethmoid, and sphenoid bones. The frontal and
the ethmoid bones constitute the anterior two-thirds
of the roof of the nasal cavity; the sphenoethmoidal
recess comprises the posterior third (Figure 2B).
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Figure 3. Endocranial surface of the middle skull base. (A) The median corridor (light blue) involves, from anterior to posterior, the
chiasmatic sulcus, tuberculum sellae, sellar region, and dorsum sellae; the posterior clinoid processes comprise the superolateral parts
of the dorsum sellae. The openings of the optic canals are located at the lateral ends of the chiasmatic sulcus. The paramedian region
(yellow) is composed of the root of the lesser and greater sphenoid wings and the anterior clinoid processes anteriorly, and the fora-
men lacerum posteriorly. This region contains the carotid sulcus, which contains the cavernous segment of the internal carotid artery
above the petrolingual ligament. The petrolingual ligament marks the border between the lacerum and cavernous segments of the
internal carotid artery and attaches to the lingula of the sphenoid bone. Boundaries between anterior and middle (dotted line), and
middle and posterior skull base (pointed line). (B) The lateral region (black) is composed of the lesser and greater sphenoid wings
and the superior orbital fissure in between. In the lateral corridor, the squamous and petrous parts of the temporal bone form the
temporal fossa, which contains the foramen rotundum, foramen ovale, foramen spinosum, and occasionally the foramen of Vesalius,
when present. The most lateral portion is composed of the superior surface of the petrous part of the temporal bone. At the petrous
apex, the trigeminal impression houses Meckel’s cave, which contains the Gasserian ganglion. Laterally, the arcuate eminence overlies
the superior semicircular canal; the tegmen tympani separates the middle skull base from the middle ear. (C) The optic strut is the
root of the lesser sphenoid wing and is located on the lateral surface of the body of the sphenoid bone; it separates the optic canal
from the superior orbital fissure. (D) The maxillary strut separates the foramen rotundum from the superior orbital fissure. (E) The
median or sellar (light blue), paramedian or parasellar (yellow), and lateral (black) corridors of the middle skull base. The lateral region
is formed by the sphenoid bone and squamous and petrous part of the temporal bone, which articulate at the sphenopetrosal and
sphenosquamosal sutures. (F) The exocranial surface of the middle skull base. The median corridor (light blue) involves the inferior
side of the body of the sphenoid bone. The paramedian corridor (yellow) is composed of the pterygoid process of the sphenoid bone,
which branches into medial and lateral pterygoid plates; the pterygoid fossa is located between the plates. The lateral corridor (black)
is comprised of the infratemporal fossa anteriorly and the mandibular fossa posteriorly. The exocranial surface of the middle skull
base also borders the parapharyngeal space. The boundaries between the anterior and middle skull base and the middle and posterior
skull base are delineated by dotted and pointed lines, respectively. AC: anterior clinoid, AE: arcuate eminence, CS: carotid sulcus, Cs:
chiasmatic sulcus, DS: dorsum sellae, FL: foramen lacerum, FO: foramen ovale, FR: foramen rotundum, FS: foramen spinosum, FV:
foramen of Vesalius, GSW: greater sphenoid wing, ITF: infratemporal fossa, JS: jugum sphenoidale, LWS: less sphenoid wing, MF:
mandibular fossa, OC: optic canal, Os: optic strut, P: planum, PC: posterior clinoid, Pf: pterygoid fossa, PL: petrolingual ligament,
PP: pterygoid process, PPS: parapharyngeal space, pT: petrous part of the temporal bone, S: sella, SB: sphenoid body, SOF: superior
orbital fissure, Sps: sphenopetrosal suture, Sss: sphenosquamosal suture, sT: squamous and petrous part of the temporal bone, TF:
temporal fossa, T1: trigeminal impression, T'S: tuberculum sellae, Tt tegmen tympani.

The median middle skull base is mainly composed skull base borders with the pterygopalatine, infratem-
of the inferior aspect of the body of the sphenoid bone, poral, and mandibular fossae and the parapharyngeal
sphenoid sinus, and sellar floor. The exocranial middle  space (Figure 3F). At the level of the median posterior
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Figure 4. (A) Endocranial surface of the posterior skull base. The central corridor (light blue) includes the clivus and the foramen
magnum. In the midline, the most anterior point of the foramen magnum on the clival part of the occipital bone is the basion; the
most posterior point is the opisthion, located at the most caudal aspect of the squamosal part of the occipital bone. In the paramedian
region (yellow) lie the jugular tubercle and the hypoglossal canal. The lateral corridor (black) contains the jugular foramen, bordered
by the notch of the jugular process of the occipital bone and the jugular fossa of the petrous part of the temporal bone. On the pos-
terior surface of the petrous bone, the internal auditory canal is located above the jugular foramen. The sulcus of the transverse and
sigmoid sinuses courses lateral to medial toward the jugular foramen along the surface of the squamous part of the temporal bone. The
boundary between the middle and posterior skull base is delineated by a pointed line. (B) The exocranial surface of the posterior skull
base. The midline corridor (light blue) is occupied by the clivus and foramen magnum. The paramedian corridor (yellow) involves
the occipital condyles. The condyles are oval-shaped, articulate with the superior articular facet of the atlas, and oriented anteriorly
and medially from three to one and nine to eleven o’clock. The exocranial posterolateral skull base (black) is formed by the styloid,
mastoid, and petrous parts of the temporal bone, and the squamosal part of the occipital bone. Anteromedially, it contains the external
orifice of the carotid canal; posterior to this lie the jugular foramen and hypoglossal canal, which open into the parapharyngeal space.
Posterior to the styloid process is the opening of the stylomastoid foramen. The mastoid process constitutes the posterior border of
the external acoustic meatus. The boundary between the middle and posterior skull base is delineated by a pointed line. B: basion,
C: clivus, CC: carotid canal, EAM: external acoustic meatus, FM: foramen magnum, HC: hypoglossal canal, IAC: internal auditory
canal, JF: jugular foramen, JT: jugular tuberculum, MP: mastoid process, O: opisthion, OC: occipital condyle, SMF: stylomastoid

foramen, SP: styloid process, sSS sulcus of the sigmoid sinus, sTS: sulcus of the transverse sinus.

skull base, the outer surface of the clivus is convex-
shaped. Its transnasal frontal view is widely limited
by the pterygoid processes of the sphenoid bone. The
lower clivus is wider than the upper and mainly con-
sists of the exocranial surface of the basioccipital bone.
In the midline, at an average distance of 1 cm from the
basion, the superior constrictor muscle of the pharynx
attaches to the pharyngeal tubercle (Figure 4B).

Paramedian Skull Base Corridor

At the endocranial side, the paramedian anterior
skull base corridor is formed by the fovea ethmoidalis
of the frontal bone, which is the roof of the ethmoid
air cells. Here, the anterior and posterior ethmoidal
foramina give passage to the anterior and posterior
ethmoidal arteries and nerves, respectively. The per-
pendicular plate attaches to the vomer and contrib-
utes to the formation of the upper portion of the nasal

septum, which divides the nasal cavity in the midline
(Figure 2).

Anteriorly, the paramedian middle skull base
corridor involves the lateral aspect of the body of the
sphenoid bone, which is the root of the lesser and
greater sphenoid wings; posteriorly, it is comprised of
the foramen lacerum. The carotid sulcus of the sphe-
noid bone is also within the paramedian corridor and
extends from the petrolingual ligament forward to the
paraclinoid region. The foramen lacerum is formed by
the union between the petrous apex, the uppermost
part of the petroclival fissure, and the lateral aspects
of the dorsum sellae. The greater superficial petrosal
nerve joins the deep petrosal nerve from the sympa-
thetic plexus around the petrous internal carotid artery
to form the vidian nerve at the level of the foramen
lacerum. Meningeal branches from the ascending
pharyngeal artery pass through the foramen lacerum,
along with emissary veins connecting the cavernous
sinus, inferior petrosal sinus, and basilar plexus to the
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pterygoid plexus. In the parasellar region, the roof of
the cavernous sinus is formed by the anterior clinoid
process anteriorly and the oculomotor triangle posteri-
orly. The lingula of the sphenoid bone provides a site of
attachment for the petrolingual ligament, which marks
the border between the lacerum and cavernous seg-
ments of the internal carotid artery (Figure 3A, B, D).
The paramedian posterior skull base corridor involves
the superior half of the petro-occipital suture and the
jugular tubercle. Inferior to the jugular tubercle lies the
inner orifice of the hypoglossal canal. The petro-occip-
ital sutures are oriented posteriorly and laterally and
course from the foramen lacerum to the jugular fora-
men. The jugular tubercle is a bony prominence con-
necting the basal and lateral parts of the occipital bone.
It is located 5 mm above and anterior to the hypoglos-
sal canal and 8 mm medial to the medial edge of the
jugular foramen (19-23). Its average length, width, and
thickness (amount of medial bulging measured at the
level of the hypoglossal canal) measure 16.5, 11.5, and
0.61 mm on average, respectively (22, 24). The hypo-
glossal canal is located in the jugular process of the
lateral part of the occipital bone. It is oriented anteri-
orly, laterally, and superiorly, forming an angle with the
sagittal plane ranging between 45° and 49° (21, 25-30).
It opens laterally into the interval between the jugu-
lar foramen and carotid canal. The hypoglossal canal
is also referred to as the anterior condylar canal and
transmits the hypoglossal nerve (Figure 4A).

From the exocranial standpoint, the paramedian
anterior skull base corridor is formed by the lateral
plates of the ethmoid bone, which separate the nasal
cavity from the orbits (Figure 2B). The paramedian
middle skull base corridor is constituted by the ptery-
goid process of the sphenoid bone, which branches
into medial and lateral pterygoid plates. Between
the medial and lateral pterygoid plates, the pterygoid
(scaphoid) fossa is beneath the floor of the paramed-
ian middle skull base. In the sagittal plane, the length
of the pterygoid process marks the anterior-posterior
limits of the cavernous sinus (Figure 3F). The parame-
dian posterior skull base corridor involves the exocra-
nial part of the petroclival fissure and the occipital
condyle. When viewed from outside the cranium, the
petroclival fissure appears as a deep cleft filled with
a fibrocartilaginous tissue remnant of the primitive

chondrocranium along which the inferior petroclival
vein passes. The condyle is exocranial, generally oval,
convex downward and outward, and articulates with
the superior articular facet of the atlas, which con-
versely, is concave upward and inward. The condyles
are located along the anterior half of the edge of the
foramen magnum and extend forward and medi-
ally from three to one and nine to eleven o’clock (25,
31-33). The supracondylar fossa is a small depression
lying posterior to the condyle that corresponds to the
location of the jugular tubercle on the endocranial side
(34). The posterior condylar vein runs within the pos-
terior condylar canal of the supracondylar fossa (35,
36) (Figure 4B).

Lateral Skull Base Corridor

Regarding the transcranial approaches, the lateral
anterior skull base corridor is composed of the orbital
plates of the frontal bone anteriorly and the lesser
sphenoid wings posteriorly; the medial portion of the
lesser sphenoid wing forms the anterior clinoid pro-
cesses (Figure 2A).

The lateral middle skull base corridor is com-
posed of the lesser and greater sphenoid wings and
the squamous and petrous parts of the temporal
bone, forming the temporal fossae on both sides. The
optic strut separates the optic canal from the superior
orbital fissure and is the root of the lesser sphenoid
wing on the lateral surface of the body of the sphe-
noid bone. The stout root of the greater sphenoid wing
originates from the inferior part of the lateral sphe-
noid body and forms a large part of the temporal fossa
floor. The superior orbital fissure lies between the
lesser and greater sphenoid wings and is located lat-
eral to the optic canal at the orbital apex. The superior
orbital fissure transmits the first trigeminal division,
the oculomotor, trochlear, and abducens nerves, and
the inferior ophthalmic veins (Figure 3E). The lateral
corridor involves the foramen rotundum, foramen
ovale, foramen spinosum, and occasionally the fora-
men of Vesalius, when present. The foramen rotun-
dum is separated from the superior orbital fissure by
the maxillary strut and transmits the second trigemi-
nal division. The foramen ovale transmits the third
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trigeminal division, the motor trigeminal branch, the
lesser superficial petrosal nerve, and in most cases, the
accessory meningeal artery. The foramen spinosum is
the most lateral of the three foramina and gives pas-
sage to the middle meningeal artery and spinosum
nerve (branch of V3). The foramen spinosum is an
important landmark for orientation during the mid-
dle fossa surgical approach. The foramen of Vesalius
is medial to the foramen ovale when present; it trans-
mits a vein connecting the pterygoid venous plexus
and the cavernous sinus and may contain the accessory
meningeal artery in some cases. On the petrous apex,
the trigeminal impression forms the floor of Meckel’s
cave, which contains the Gasserian ganglion. Poste-
rolaterally, the arcuate eminence overlies the superior
semicircular canal. Lateral to the arcuate eminence,
the tegmen tympani separates the middle fossa from
the middle ear (Figure 3C-E). The lateral posterior
skull base corridor involves the caudal half of the
petro-occipital suture, the jugular foramen, the poste-
rior aspect of the petrous bone including the internal
auditory canal, and the sulcus of the sigmoid sinus.

At the inferior limit of the petro-occipital suture,
the lateral part of the occipital bone, and the petrous
part of the temporal bone form the jugular foramen.
The notch on the jugular process of the occipital bone
forms the posterior border of the jugular foramen;
the anterior border is formed by the jugular fossa of
the petrous part of the temporal bone (20, 37). The
jugular foramen transmits the inferior petrosal sinus,
sigmoid sinus, and glossopharyngeal, vagus, and acces-
sory nerves.

The posterior surface of the petrous bone and the
squamosal part of the occipital bone form the poste-
rolateral skull base. On the posterior surface of the
petrous bone, the internal auditory canal is located 5
mm above the jugular foramen and transmits the facial
and vestibulocochlear nerves and the labyrinthine
artery which arises from the anterior inferior cerebel-
lar artery (19, 21).

The sulcus of the sigmoid sinus runs lateral to the
medial from the astérion to the jugular foramen. The
astérion is a craniometric point corresponding to the
site where the lambdoid (parieto-occipital), parieto-
mastoid, and occipitomastoid sutures meet. It gener-
ally overlies the point where the transverse sinus turns

sharply inferiorly into the sigmoid sinus, but some
variations are known (38-47) (Figure 4A).

On the exocranial surface, the orbital region is
the site through which are directed several endoscopic
approaches to the anterior and middle skull base (48-
52) (Figure 2B). Laterally to the pterygoid fossa, the
infratemporal fossa and the mandibular fossa form the
remaining anterior and posterior part, respectively, of
the lateral corridor of the middle skull base. The ptery-
gopalatine fossa lies between the pterygoid process of
the sphenoid bone posteriorly and the posterior wall of
the maxillary sinus anteriorly (53). The medial bound-
ary is the lateral pterygoid plate. Laterally, it opens into
the infratemporal fossa through the pterygomaxillary
fissure. The vidian canal, which transmits the vidian
nerve and artery opens into the pterygopalatine fossa
(54, 55).

The infratemporal fossa is bounded superiorly by
the infratemporal crest of the sphenoid bone, anteri-
orly by the pterygomaxillary fissure, and posteriorly by
the tympanic part of the temporal bone and the styloid
process. Superiorly, the infratemporal fossa communi-
cates with the temporal fossa; inferiorly, it blends into
the parapharyngeal space (56, 57).

The mandibular fossa includes the mandibular
condyle and is roofed by the tympanic and squamosal
parts of the temporal bone. The squamotympanic fis-
sure, along which the chorda tympani nerve passes,
divides the mandibular fossa into an anterior and pos-
terior part.

The parapharyngeal space is shaped like an
inverted pyramid with the base formed by the greater
wing of the sphenoid bone and the apex formed by the
hyoid bone. The medial wall is formed by the superior
pharyngeal constrictor muscle, the medial pterygoid
muscle, ramus of the mandible, deep lobe of the parotid
gland, and posterior belly of the digastric forms the lat-
eral wall. Posteriorly, space is bounded by an extension
of the prevertebral fascia. The parapharyngeal space
is divided by the styloid diaphragm into prestyloid
and retrostyloid compartments; the parapharyngeal
internal carotid artery courses within the retrostyloid
space (58-68). The foramen rotundum opens into the
pterygopalatine fossa; the foramen ovale and foramen
spinosum into the infratemporal fossa; and the jugular

foramen into the parapharyngeal space (Figure 3F).
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The exocranial posterolateral skull base is formed
by the styloid, mastoid, and petrous parts of the tem-
poral bone and the squamosal part of the occipital
bone. The styloid process is the cranial point of attach-
ment for the muscles of the styloid diaphragm. Poste-
rior to the styloid process, the stylomastoid foramen
transmits the facial nerve at its exit from the Fallopian
canal. On the inferior exocranial surface of the petrous
part of the temporal bone, the external orifice of the
carotid canal is located anterior and medial to the
jugular foramen. The jugular foramen and hypoglossal
canal open into the parapharyngeal space. The mastoid
part of the temporal bone forms the posterior border
of the external acoustic meatus. The mastoid process is
lateral to the styloid process, grooved by the occipital
artery, and contains the mastoid emissary foramen for
the mastoid emissary vein. The mastoid notch is the
cranial point of attachment for the sternocleidomas-
toid and digastric muscles (Figure 4B).

Discussion

Thorough knowledge of the anatomy of the cra-
nial base is the starting point for the execution of skull
base approaches for the treatment of tumors and neu-
rovascular pathologies as aneurysms, arteriovenous
malformations, arteriovenous fistulas, and cavern-
ous hemangiomas (69-73). The implementation of
the modular concept has proved to be effective in the
planning, execution, and tailoring of the skull base
approaches (74-76). It is applicable to transcranial
and endoscopic surgical routes and, in both cases, the
mastery of the anatomical basis of the median, para-
median and lateral corridors is essential. The spatial
topographic definition of each corridor should involve
the sagittal, coronal, and axial plane, and any surgical
target ought to be exactly localized at the level of one
or more of these corridors. In the preoperative plan-
ning of surgery, computed tomography and magnetic
resonance imaging should be complementary in allow-
ing for precise localization of the lesion. Anterolateral
transcranial approaches to the supratentorial region,
including the pterional, supraorbital, orbitopterional,
and cranio-orbitozygomatic, are executed through the
lateral anterior and middle skull base corridors but

allows to reach the midline neurovascular structures.
The extensions of the frontotemporal approach, namely
the drilling of the lesser sphenoid wing which charac-
terizes the pterional approach, is aimed at exposing the
sphenoidal compartment of the Sylvian fissure, thus
widening the subfrontal perspectives until the midline
(77). Orbitotomy and zygomatic osteotomy related to
the orbitozygomatic approach, as well as anterior cli-
noidectomy, have the same objective. Similarly, intra-
dural transcavernous posterior clinoidectomy, targeted
at effectively expose basilar tip aneurysms, marks the
transition between the paramedian and median corri-
dor at the level of the upper clival region (78-80). The
same transition occurs with the transcondylar exten-
sion of the far lateral approach, which is generally nec-
essary to widening the working corridor to the ventral
foramen magnum area (19, 23, 81). Further examples
are the subtemporal transtentorial approach, Kawase
approach, and presigmoid posterior petrosal or com-
bined petrosal approach (82-85). In the extended
endoscopic skull base approaches, the extension may
involve the sagittal plane, coronal plane, or both. Some
examples of the transition from the median to the
paramedian corridor on the coronal plane are the tran-
sethmoidal approach to the optic canal and orbit, the
transethmoidal transcribriform transfovea ethmoidalis
approach to the anterior cranial fossa, the transmax-
illary transpterygoid approach to the pterygopala-
tine fossa, infratemporal fossa, petrous apex, and the
Meckel’s cave, the “far-medial” transcondylar transjug-
ular tubercle approach to the inferior third of the cli-
vus, and the front door approach to the Meckel’s cave
(86-90). Recently, endoscopic approaches have been
implemented also for those lesions mainly involv-
ing the paramedian corridor, as the orbital tumors or
spheno-orbital meningiomas, or even the suprasellarar
area (91-94).

In the last few years, neurosurgery has been char-
acterized by tremendous advancements in all its fields,
including the further improvement of endoscopic
techniques, molecular biology of brain tumors, robot-
ics, and virtual and augmented reality (95-107). Nev-
ertheless, it must be stressed that perfect knowledge of
the anatomy of the cranial base remains essential for
the optimal planning and safe execution of any kind
of approach.
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Conclusion

Exhaustive knowledge of the three-dimensional
anatomy of the cranial base and mastery of the modu-
lar concept are vital for the planning and execution of
the transcranial and endoscopic approaches to skull
base lesions.
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