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Foreword

From humble beginnings about 20 years ago the disciplines of
endoscopic skull base surgery and endoscopic cranial surgery have
grown considerably and now encompass a large volume of surgical
cases in both specialties. This idea of “minimally invasive surgery”
has grown and blossomed. However, the correct terminology is
“minimal access surgery,” since through a small opening, very
extensive surgery may be performed. Similar to other cranial base
and cranial approaches, this type of surgery can also produce
severe complications occasionally, which in some patients may
be difficult to manage due to the small opening. The endoscopes,
the display systems, and instruments we use for this surgery are
still in their infancy and are still developing. The use of robotic and
artificial intelligence technologies will have a great impact on this
field in future. Like other types of surgery, an excellent under-
standing of the anatomy, especially as seen through the endoscope,
is needed. In many cases, neuronavigation is extremely useful.
Observation and learning with master surgeons who have per-
fected these techniques is essential for young surgeons who wish
to enter this field of surgery.

Professor Aldo Stamm is now an internationally recognized
expert in the area of endonasal and skull base surgery. He has

done significant pioneering work in this field, and also has a track
record of working collaboratively with neurosurgery and other
disciplines to achieve optimal patient outcomes. In this book, he
has masterfully assembled a team of international collaborators
who have presented different aspects to endoscopic cranial base
and cranial surgery. The book is well organized into 14 sections and
is very readable. All aspects of the surgery, including instrumen-
tation, anatomy, operative technique, and potential complications
are well covered. I strongly recommend this book to any junior
surgeon who wishes to pursue this field. I thank Prof. Stamm and
his contributors for this valuable addition to our knowledge.

Laligam N. Sekhar, MD, FACS, FAANS

Professor and Vice Chairman

Director of Cranial Base and Cerebrovascular Surgery
Department of Neurological Surgery

University of Washington

Harborview Medical Center

Seattle, Washington
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Preface

This second edition is an extension of our first, as new technologies
and improvements of the transnasal endoscopic skull base and
brain surgery have undergone a remarkable evolution in recent
years. New topics were incorporated aiming at including a much
larger number of clinical entities. The development of more ergo-
nomic and precise surgical instruments, such as the bipolar coag-
ulation systems, special tweezers and scissors, and new hemostatic
agents has allowed a safer and more effective treatment of lesions
that affect this complex region of the human body.

The main focus of this second edition is the correlation between
the skull base anatomy as seen from the endonasal perspective and
its surgical applications. To achieve this objective, we invited
leading experts on the subject from all over the world, making
this book a multicentric and multidisciplinary one, since many

medical specialties are involved, especially neurosurgery, otorhi-
nolaryngology, head and neck surgery, neuroendocrinology,
intensive care, neuro-anesthesiology, among others. Thus, our
colleagues will be able to appreciate the experience of different
groups in what is best in the field of the transnasal endoscopic
surgery of the skull base and brain.

Each chapter is provided with a summary and chapter high-
lights, which facilitates and illustrates beforehand what is most
significant in the chapter. We also added to this edition a series of
videos from different institutions, therefore contributing to a
better understanding of the described techniques.

I wish you all a great and enjoyable reading!

Aldo C. Stamm, MD, PhD
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Principles of Transnasal Endoscopic Skull Base and Brain Surgery

1 Anatomy and Osteology of the Skull Base

Carolina Martins, Alvaro Campero, Alexandre Yasuda, Luiz Felipe U. de Alencastro, Shigeyuki Osawa, and Albert L. Rhoton Jr.

Summary

This chapter reviews the bony architecture of the anterior, middle,
and posterior skull base. Relying on a series of dry skull images,
this anatomy is explained through a progressive disassembly
of the skull base. This approach allows introduction of concepts on
the corresponding exo- and endocranial divisions of each of the
cranial fossae and relevant surgical notions as the formation of the
center and lateral corridors of the skull base.

Keywords: skull base, skull base anatomy, osteology, endoscopic
skull base surgery

e Each skull base area has a center, or midline portion, and two
lateral parts.

e The center areas are lined up as a corridor, whereas the lateral
parts radiate from the skull base center.

e On the endocranial side, the center surgical corridor comprises,
from anterior to posterior, (1) the cribriform area; (2) planum;
(3) sellae; (4) clivus; and (5) craniovertebral junction.

e On the exocranial side, the center surgical corridor comprises
(1) the nasal cavity; (2) the sphenoid sinus; and (3) the pharynx,
which enable surgical access to the corresponding endocranial
areas.

e In the center surgical corridor, the anterior, middle, and posterior
skull base areas are close together and bridged by the sphenoid
body.

1.1 Introduction

Understanding the osteology of the skull base is a fundamental
step in skull base surgery. It enables accurate topographic loca-
tion and helps tailor surgical routes to specific skull base areas.
This chapter reviews the bony architecture of the anterior,
middle, and posterior skull base.

1.2 General Anatomy

The skull is divided into the cranium and facial skeleton. The cra-
nium in its turn is divided into calvaria, which is the domelike
superior portion of the cranium, formed by the frontal, parietal,
and squamous parts of the occipital and temporal bones and
greater sphenoid wings, and the cranial base. The cranial base is
formed by the occipital, temporal, ethmoid, and frontal bones
arranged around, and connected by, a center element: the
sphenoid bone.

The cranial base has an endocranial surface, which faces the brain
and is naturally divided into anterior, middle, and posterior fossae
(» Fig. 1.1), and an exocranial surface (> Fig. 1.2), which faces the
nasal cavity, sinuses, orbits, pharynx, infratemporal fossae, and
pterygopalatine, parapharyngeal, and infrapetrosal spaces.!2
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Fig. 1.1 Cranial base: endocranial surface. The upper surface of the
anterior cranial base is formed by the frontal bone, which roofs the
orbit; the ethmoid bone, which is interposed between the frontal
bones and is the site of the cribriform plate; and the lesser wing and
the anterior part of the body of the sphenoid, which form the
posterior part of the floor of the anterior fossa. The upper surface of
the middle cranial base is formed by the greater sphenoid wing and
the sphenoid body anteriorly and the upper surface of the temporal
bone posteriorly. The posterior part of the cranial base is formed by
the temporal and occipital bones. Ant.: anterior; Chiasm.: chiasmatic;
Clin.: clinoid; For.: foramen; Front.: frontal; Orb.: orbital; Pet.: petrous;
Post.: posterior; Sphen.: sphenoid, sphenoidale; Surf.: surface; Temp.:
temporal; Tuberc.: tuberculum.

On the endocranial side of the skull base, the border between
the anterior and middle fossa is marked by the sphenoid ridge,
joined medially by the chiasmatic sulcus. The border between the
middle and posterior fossae is formed by the petrous ridges joined
by the dorsum sellae and posterior clinoid processes (> Fig. 1.3).

On the exocranial side, the anterior and middle fossae are divided
by a transverse line, extending through the pterygomaxillary
fissures and pterygopalatine fossae at the upper level, and the pos-
terior edge of the alveolar processes of the maxillae at a lower level.
Medially, this corresponds to the attachment of the vomer to the
sphenoid bone. The middle and posterior cranial fossae are sepa-
rated on each side by a transverse line crossing near the posterior
border of the vomer-sphenoid junction, foramen lacerum, carotid
canal, jugular foramen, styloid process, and mastoid tip (> Fig. 1.4).
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Fig. 1.2 Cranial base: exocranial surface. The exocranial surface is
formed mainly by the maxillae, zygomatic, palatine, sphenoid,
temporal, and occipital bones and vomer. The maxillae, the orbits, and
the nasal cavity are located below the anterior fossa. The anterior part
of the hard palate is formed by the maxillae, and the posterior part is
formed by the palatine bone. The vomer attaches to the lower part of
the body of the sphenoid and forms the posterior part of the nasal
septum. The anterior part of the zygomatic arch is formed by the
zygoma and the posterior part by the squamosal part of the temporal
bones. The mandibular fossa is located below the posterior part of the
middle fossa. The infratemporal fossa is located below the greater
sphenoid wing and is limited anteriorly by the infratemporal crest.
Car.: carotid; Fiss.: fissure; For.: foramen; Horiz.: horizontal; Inf.:
inferior; Infratemp.: infratemporal; Lat.: lateral; Mand.: mandibular;
Mast.: mastoid; Orb.: orbital; Palat.: palatine; Proc.: process; Pteryg.:
pterygoid; Pterygomax.: pterygomaxillary; Stylomast.: stylomastoid.

Each of the three skull base areas has a center and two lateral
parts. The center parts are arranged as a midline corridor and
comprise, on the endocranial side, the cribriform area, planum,
sellae, clivus, and craniovertebral junction. On the exocranial
side, this center corridor encompasses the nasal cavity, sphenoid
sinus, and the pharynx.

In the center corridor, the anterior, middle, and posterior skull
base areas are close together and bridged by the body of the
sphenoid.

1.3 Anatomy of the Anterior Skull
Base

The anterior endocranial surface is formed by the combination
of three bones: frontal, ethmoid, and sphenoid (> Fig. 1.5). The
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Fig. 1.3 On the endocranial side of the skull base, the border between
the anterior and middle fossa is marked by the sphenoid ridge, joined
medially by the chiasmatic sulcus (dotted light blue line), and the border
between the middle and posterior fossae is formed by the petrous
ridges joined by the dorsum sellae and posterior clinoid processes
(dotted dark blue line). Ac.: acoustic; Ant.: anterior; Chiasm.:
chiasmatic; Clin.: clinoid; For.: foramen; Front.: frontal; Int.: internal;
Jug.: jugular; Orb.: orbital; Pet.: petrous; Post.: posterior; Sphen.:
sphenoid; Temp.: temporal; Tuberc.: tuberculum.

orbital plates of the frontal bones form most of the lateral parts of
this fossa, are the roof of the orbital cavities, and give support to
the dura and orbital gyri of the frontal lobe. The medial gap
between the orbital plates is filled by the cerebral surface of the
ethmoid bone, presenting the crista galli and cribriform plates.
The crista galli gives attachment to the falx, whereas the cribri-
form plates give support to the olfactory bulbs and are traversed
by the olfactory fila. Posteriorly, the anterior fossa is closed by
the lesser wings of the sphenoid laterally and the sphenoid body
medially. In this way, the medial portion of the anterior fossa is
formed by three bones, whereas the lateral part, which covers
the orbit and optic canals, is formed only by two, the orbital plate
of frontal bone and the lesser sphenoid wings, on each side.

On the exocranial side, the lateral portion of the anterior skull
base is on the top of the orbit and maxillary sinus. Medially,
it corresponds to the sphenoid sinus of sphenoid body and the
ethmoid sinuses, on top of the nasal cavity (> Fig. 1.6).

The most posterior portion of the medial exocranial anterior
surface is related to the sphenoid, whereas the medial and ante-
rior thirds are related to the ethmoid bone.

The bony nasal septum, which is formed by the vomer and per-
pendicular plate of the ethmoid and attached to the sphenoid
crest and rostrum, divides the nasal cavity along the midline,
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Fig. 1.4 On the exocranial side, the anterior and middle fossae are
divided by a transverse line, extending through the pterygomaxillary
fissures and pterygopalatine fossae at the upper level, and the
posterior edge of the alveolar processes of maxillae at a lower level.
Medially, this corresponds to the attachment of vomer to the sphenoid
bone (dotted light blue line). The middle and posterior cranial fossae are
separated on each side, by a transverse line crossing near the posterior
border of vomer-sphenoid junction, foramen lacerum, carotid canal,
jugular foramen, styloid process, and mastoid tip (dotted dark blue
line). Car.: carotid; Fiss.: fissure; For.: foramen; Inf.: inferior; Infratemp.:
infratemporal; Jug.: jugular; Lat.: lateral; Mand.: mandibular; Mast.:
mastoid; Orb.: orbital; Palat.: palatine; Proc.: process; Pteryg.:
pterygoid; Pterygomax.: pterygomaxillary; Stylomast.: stylomastoid.

whereas the lateral plates of the ethmoid bones separate the
nasal cavity from each orbit (> Fig. 1.7 and » Fig. 1.8).

Some foramina and grooves connect the endocranial and exo-
cranial surfaces and transmit vascular and neural structures in
this area. The foramen cecum in the midline serves as the site of
passage of an emissary vein; the cribriform plate is pierced by the
filaments of the olfactory nerve; the supraorbital grooves, on
the superior orbital limits, are related to the frontal branch of the
first trigeminal division; the anterior and posterior ethmoidal
canals, located along the suture line formed by the frontal and
ethmoid bones, transmit the anterior and posterior ethmoidal
nerves and arteries; the superior orbital fissure, located between
the lesser and greater sphenoidal wings, transmits the superior
ophthalmic vein and the first division of the trigeminal, oculomo-
tor, trochlear, and abducens nerves; and the optic canals between
the anterior and posterior roots of the anterior clinoid processes
transmit the optic nerve and the ophthalmic artery.

1.4 Anatomy of the Middle Skull
Base

The endocranial surface of the middle fossa is formed by the
sphenoid and temporal bones. The division between these bones
usually is not easy to see unless one is focusing on the sphenoid
spine, the most posterior prominence of the sphenoid bone, just
posterolateral to the foramen spinosum. From this point, it is pos-
sible to follow the sphenopetrosal and sphenosquamosal sutures
(» Fig. 1.9).

The middle cranial base has medial and lateral parts. The
medial part is formed by the body of the sphenoid, whereas the
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Fig. 1.5 The frontal, ethmoid, and sphenoid bones combine to form
the anterior fossa, which is divided into medial and lateral portions.
The medial part, covering the upper nasal cavity and sphenoid sinus, is
formed by the crista galli and the cribriform plate of the ethmoid bone
anteriorly and the planum of the sphenoid body posteriorly. The lateral
part, which covers the orbit and the optic canal, is formed by the
frontal bone and the lesser wing of the sphenoid bone, which blends
medially into the anterior clinoid processes and points toward the
middle fossa. Ant.: anterior; Clin.: clinoid; Eth.: ethmoid, ethmoidal;
Fiss.: fissure; For.: foramen; Gr.: greater; Less.: lesser; Orb.: orbital;
Post.: posterior; Sphen.: spheno, sphenoid, sphenoidal; Sup.: superior.

lateral parts result from the combination of lesser and greater
sphenoid wings and squamous and petrous parts of the temporal
bone. The medial portion of the middle cranial base is the sellae,
whereas the most lateral portions are the temporal fossae.
Between these two areas, on each side, are the parasellar regions.
The parasellar regions are probably the smallest areas of the skull
base with the highest concentration of important neural and vas-
cular structures, as they house the cavernous sinuses.

The sphenoid contributes to the middle fossa mainly with its
body, the greater and lesser wings. Laterally, the lesser sphenoid
wings form the sphenoid ridges. Medially, the lesser wings are
connected to the sphenoid body through the anterior root, and
they form the roof of the optic canal and are continuous with the
sphenoid planum. At the center of the planum is the sphenoid
jugum, a faint ridge, which is the remnant of the fusion of the
ossification centers. The posterior root of the anterior clinoid
process, also called the optic strut, separates the optic canals
above from the superior orbital fissure below. The chiasmatic
sulcus is located posterior to the planum. On each side of the
chiasmatic sulcus are the endocranial openings of the optic canals.
Posteriorly, the chiasmatic sulcus is separated from the sellar cav-
ity by the tuberculum sellae. The posterior limit of the sellae is
composed of the dorsum and posterior clinoid processes, which
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Fig. 1.6 On the exocranial side, the anterior cranial base is divided into
a medial part related to the ethmoidal and sphenoidal sinuses and
nasal cavity below, and a lateral part that corresponds to the orbit and
maxilla. The ethmoid bone forms the anterior and middle thirds of the
exocranial surface, and the sphenoid body forms the posterior third of
the medial part. The ethmoid presents the perpendicular plate that
joins the vomer in forming the nasal septum and two lateral plates
located in the medial wall of the orbits. The lateral plates separate the
lateral wall of the nasal cavity and the orbit. The main foramina of the
region are the anterior and posterior ethmoidal foramina located in
the superomedial orbital wall, along the frontoethmoidal suture, which
transmit the ethmoidal nerves and arteries; the supraorbital and
supratrochlear notches or foramina, transmitting the arteries and
nerves of the same name; and the optic canal, which transmits the
optic nerve and ophthalmic artery. The superior orbital fissure is
located between the lesser and greater sphenoidal wings on the lateral
side of the optic canal. It transmits the oculomotor, trochlear,
ophthalmic, and abducens nerves, a recurrent meningeal artery, and
the superior and inferior ophthalmic veins. Eth.: ethmoid, ethmoidal;
Fiss.: fissure; For.: foramen; Gr.: greater; Lat.: lateral; Less.: lesser; Orb.:
orbital; Perp.: perpendicular; Sphen.: spheno, sphenoid, sphenoidal;
Sup.: superior; Supraorb.: supraorbital; Supratr.: supratrochlear.

are the medial boundaries between the middle and posterior
cranial fossae (> Fig. 1.10).

The greater sphenoid wings contribute to the temporal fossae.
Anteriorly, it forms the lateral limit of the superior orbital fissure.
The foramen rotundum, which transmits the maxillary division of
the trigeminal nerve, is separated from the superior orbital fissure
by a bridge of bone, the maxillary strut. The largest opening at the
greater sphenoid wing is the foramen ovale, which transmits the
third trigeminal division and, in most cases, the accessory menin-
geal artery. Lateral to this opening is the foramen spinosum for the
middle meningeal artery. Occasionally, there may be an opening
medial to the foramen ovale—the emissary sphenoid foramen
(foramen of Vesalius), which transmits a vein connecting the pter-
ygoid venous plexus and the cavernous sinus and, in some cases,

-
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Fig. 1.7 The osseous nasal septum is formed by the attachment of the
perpendicular plate of the ethmoid and vomer at the sphenoidal crest.
Eth.: ethmoid, ethmoidal; Perp.: perpendicular; Sphen.: spheno,
sphenoid, sphenoidal.
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Fig. 1.8 Anterior norma. The orbital rim is formed by the frontal bone,
zygoma, and maxilla. The nasal bone is interposed above the anterior
nasal aperture, between the maxillae. The nasal cavity is located
between the ethmoid bone above and the maxillae, palatine bones,
and pterygoid processes of the sphenoid below. It is roofed by the
frontal and ethmoid bones, and the floor is formed by the maxillae and
palatine bones. The nasal septum forms the medial wall of the nasal
cavities. The nasal conchae are located on the lateral walls of the nasal
cavity. The inferior concha (inset) is a separate bone, and the middle
and superior concha are appendages of the ethmoid bone. Eth.:
ethmoid, ethmoidal; Fiss.: fissure; Gr.: greater; Inf.: inferior; Less.:
lesser; Mid.: middle; Orb.: orbital; Perp.: perpendicular; Sphen.:
spheno, sphenoid, sphenoidal; Sup.: superior; Supraorb.: supraorbital.

might transmit the accessory meningeal artery. The lingula is a
protrusion of the sphenoid bone located at the junction of the
body and the greater wing. As soon as the carotid artery leaves its
canal on the petrous portion of the temporal bone, it is embraced
by the lingula, which holds the artery in place and enables it to
run along the carotid sulcus on each side of sellae. Anteriorly, the
carotid artery rests against the optic strut, in close relationship
with the anterior clinoid. The lingula gives attachment to the
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Fig. 1.9 The endocranial surface of the middle cranial base is formed by
the sphenoid and temporal bones and can be divided into three regions: a
medial part, the sellar region (blue shaded area), formed by the sphenoid
body; a lateral part, the temporal fossa (pink shaded area), formed by the
sphenoidal wings and the cerebral surface of the squamosal and petrous
parts of the temporal bone; and an intermediate part, the parasellar area
(yellow shaded area), formed by the transitional part of the sphenoid bone
between the greater wing and body and receiving posteriorly a small
contribution of the petrous apex of the temporal bone. The greater wing
forms the largest part of the endocranial surface of the middle fossa, with
the squamosal and the petrosal parts of the temporal bone completing
this surface. Ant.: anterior; Clin.: clinoid; Em.: emissary; For.: foramen;
Less.: lesser; Pet.: petrosal, petrous; Post.: posterior; Sphen.: spheno,
sphenoid, sphenoidal; Squam.: squamosal, squamous; Surf.: surface;
Sut.: suture; Temp.: temporal.
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Fig. 1.11 Lateral view of the parasellar region. The courses of the
petrous, cavernous, and supraclinoid carotid have been represented.
The cavernous sinus sits on the lateral aspect of the body of the
sphenoid bone. The carotid sulcus is the shallow groove on the lateral
aspect of the body of the sphenoid bone along which the cavernous
carotid courses. The cavernous carotid sits against and is separated
from the carotid sulcus by the dura of the medial sinus wall. The
carotid sulcus starts on a position inferior and lateral to the dorsum
sellae at the intracranial end of the carotid canal, turns forward to
groove the body of the sphenoid immediately below the lateral edge
of the floor of the sella, and turns upward to end on a position medial
to the anterior clinoid process. Ant.: anterior; Car.: carotid;

Clin.: clinoid; Fiss.: fissure; For.: foramen; Impres.: impression;

Orb.: orbital; Pet.: petrous; Sup.: superior; Trig.: trigeminal.
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Fig. 1.10 Enlarged view of the medial part of the middle fossa, formed
by the body of the sphenoid bone. Ant.: anterior; Chiasm.: chiasmatic;
Clin.: clinoid; Em.: emissary; For.: foramen; Less.: lesser;

Post.: posterior; Mid.: middle; Sphen.: spheno, sphenoid, sphenoidal;
Tuberc.: tuberculum.

petrolingual ligament, which separates the petrous carotid from
the vertical cavernous carotid segment (> Fig. 1.11).

The endocranial surfaces of the petrolingual petrous and squa-
mosal parts of the temporal bone also form the middle fossa
(» Fig. 1.12 and » Fig. 1.13). In this area, the greater petrosal
nerve runs into the facial hiatus just medial to the tensor tympani
muscle and lateral to the carotid canal. The trigeminal impres-
sion, which houses the trigeminal ganglion, is lateral to the
petrous apex and posterosuperior to the superior opening of the
carotid canal.

The exocranial surface of the middle cranial base is also div-
ided into medial and lateral parts (> Fig. 1.14 and » Fig. 1.15).
The medial part encompasses the sphenoid body and the upper
portion of the basal part of the occipital bone and corresponds
to the sphenoid sinus and the nasopharynx. The lateral part is
formed by the greater sphenoid wing and the lateral pterygoid
plate; the petrous, tympanic, squamous, and styloid parts of the
temporal bone; and the zygomatic, palatine, and maxillary
bones. Between the lateral and medial parts of the middle cra-
nial base, an intermediate part corresponds to the area between
the pterygoid plates. This area is inferior to each cavernous
sinus and extends from the pterygopalatine fossa anteriorly to
the pterygoid fossa posteriorly. The pterygopalatine fossa is
located between the posterior wall of the maxillary sinus in the
front, the pterygoid process behind, the palatine bone medially,
and the body of the sphenoid bone above. The fossa opens later-
ally through the pterygomaxillary fissure into the infratemporal
fossa and medially through the sphenopalatine foramen to the
nasal cavity. Both the foramen rotundum for the maxillary
nerve and the pterygoid canal for the vidian nerve open through
the posterior wall of the fossae formed by the pterygoid process
of the sphenoid bone. The palatovaginal canal carrying the pha-
ryngeal nerve and artery and the greater and lesser palatine
canals conveying the greater and lesser palatine arteries also
open into the pterygopalatine fossa. The inferior orbital fissure,
across which the orbital muscle stretches, lies in front of the
pterygopalatine fossa.
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Fig. 1.12 The upper surface of the petrous bone is grooved along the
course of the greater and lesser petrosal nerves. The lesser petrosal
nerve, from the tympanic plexus, passes through the tympanic
canaliculus, which is located anterior to the facial hiatus and courses in
an anteromedial direction parallel to the greater petrosal nerve, which
courses along the facial hiatus. The carotid canal extends upward and
medially and provides passage to the internal carotid artery and
carotid sympathetic nerves in their course to the cavernous sinus. The
posterior trigeminal root, the semilunar ganglion, and Meckel’s cave
occupy the middle fossa on the upper surface of the petrous bone at
the site of the trigeminal impression. The arcuate eminence
approximates the position of the semicircular canals. The internal
auditory canal can be identified below the floor of the middle fossa by
drilling along a line approximately 60 degrees medial to the arcuate
eminence, near the middle portion of the angle between the greater
petrosal nerve and arcuate eminence. The petrous apex, medial to the
internal acoustic meatus, is free of important structures. A thin lamina
of bone, the tegmen tympani, extends laterally from the arcuate
eminence and roofs the mastoid antrum, the tympanic cavities, and
the canal for the tensor tympani muscle. Opening the tegmen from
above exposes the heads of the malleus, incus, the tympanic segment
of the facial nerve, and the superior and lateral semicircular canals.
Ant.: anterior; Arc.: arcuate; Car.: carotid; Emin.: eminence; Impres.:
impression; Mast.: mastoid; Pet.: petrous; Post.: posterior; Trig.:
trigeminal; Zyg.: zygomatic.

The lateral part of the middle cranial base that corresponds
endocranially to the temporal fossa includes the infratemporal
fossa, mandibular fossa, and the parapharyngeal space
(» Fig. 1.16). The infratemporal fossa is bounded anteriorly by the
posterolateral surface of the maxilla and the infratemporal crest,
which separates the infratemporal from the superolaterally

Fig. 1.13 The anterior surface of the temporal bone has been drilled
to expose the internal structure of the temporal bone. The carotid
artery is represented in red, the facial nerve in yellow, the cochlear
nerve in black, and the vestibular nerves in green. The arcuate
eminence approximates the position of the superior semicircular
canal; however, the relationship between these two structures is
greater at their anterior end, from which their main axis diverges.
From the brainstem to its peripheral branches, the facial nerve can be
divided into six portions: cisternal, meatal (a), labyrinthine, tympanic,
mastoid (b), and extracranial. The labyrinthine segment, which is
located in the petrous part, extends from the meatal fundus to the
geniculate ganglion and is situated between the cochlea anterome-
dially and the semicircular canals posterolaterally. The labyrinthine
segment ends at the site at which the greater superficial petrosal
nerve arises from the facial nerve at the level of the geniculate
ganglion. From there, the nerve turns laterally and posteriorly along
the medial surface of the tympanic cavity, thus giving the name
tympanic segment to that part of the nerve. The tympanic segment
runs between the lateral semicircular canal above and the oval window
below. As the nerve passes below the midpoint of the lateral
semicircular canal, it turns vertically downward and courses through
the petrous part adjacent to the mastoid part of the temporal bone.
Thus, the third segment, which ends at the stylomastoid foramen, is
called the mastoid or vertical segment. Into the temporal bone, the
facial nerve gives off the greater petrosal (c) and chorda tympani (d)
nerves. The chorda tympani nerve, which arises from the mastoid part,
runs upward, passes along the roof of the tympanic cavity, and exits
the cavity through the anterior canaliculus. The greater petrosal nerve
runs initially along the facial hiatus and beneath the dura of the middle
fossa, reaches the sphenopetrosal groove formed by the junction of
the petrous and sphenoid bones, immediately superior and antero-
lateral to the horizontal segment of the petrous carotid, and joins the
sympathetic carotid nerves to help form the vidian nerve into the
pterygoid canal. The cochlea lies below the floor of the middle fossa in
the angle between the labyrinthine segment of the facial nerve and
the greater petrosal nerve, just medial to the geniculate ganglion,
anterior to the fundus of the internal acoustic meatus, and poster-
osuperior to the lateral genu of the petrous carotid artery.

Ac.: acoustic; Car.: carotid; Cav.: cavity; Int.: internal; Lat.: lateral;
Mast.: mastoid; Post.: posterior; Sem.: semicircular; Sup.: superior;
Tymp.: tympanic; Zyg.: zygomatic.

located temporal fossa. The infratemporal fossa is bounded ante-
romedially by the lateral pterygoid plate, laterally by the mandib-
ular ramus, and posteriorly by the tympanic part of the temporal
bone and styloid process. The pterygomaxillary and inferior orbi-
tal fissures, the alveolar canals, the foramen spinosum, the ovale,
and the emissary sphenoid foramen open into the infratemporal
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