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The central skull base (CSB), the ultimate frontier
between the intracranial compartment and the
extracranial head and neck, can be affected by
intrinsic lesions originating from the bony-cartilag-
inous structures of the skull base proper or by
lesions originating from the neighboring structures
from the intracranial compartment above or from
the extracranial head and neck below. Because
clinical assessment of the CSB is limited, cross-
sectional imaging has become the mainstay for
the diagnosis, treatment planning, and follow-up
of patients with skull base lesions.1–3 Develop-
ments in cross-sectional imaging and in surgical
and targeted radiation therapy techniques have
largely contributed to improve the prognosis of
patients with skull base tumors and to decrease
the surgical-related morbidity and mortality.2–6

Multidisciplinary skull base teams, including ear,
nose, and throat (ENT) surgeons; neurosurgeons;
radiation therapists; radiologists; and oncologists,
have been created to provide a comprehensive
approach to patients with skull base lesions with
the aim of maximizing the chances for long-term
survival with the minimum amount of dysfunction
and disfigurement possible.3,6,7

Cross-sectional imaging can narrow down the
differential diagnoses according to the site of
origin, pattern of growth, and imaging features of
a given lesion; can accurately delineate tumor
margins; and can determine the precise relations
between the lesion and important surrounding
structures.3,8,9

This reviewfocuseson the contribution of imaging
to patient management, providing a systematic
approach to CSB lesions based on an anatomic
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division of the CSB and on the tissue constituents
present in each division. Detailed knowledge of skull
base anatomy is required for correct imaging diag-
nosis and for accurate delineation of lesions.
ANATOMY

Viewed from above, the skull base shows three
naturally contoured regions that grossly corre-
spond to the anterior skull base, CSB, and poste-
rior skull base. The CSB makes up the floor of the
middle cranial fossa and is mainly composed of
the sphenoid and temporal bone anterior to the
petrous ridge (Fig. 1). It is separated from the ante-
rior skull base by a line that follows the tuberculum
sella, the anterior clinoid processes, the posterior
margin of the lesser sphenoid wings, and the ante-
rior and superior rim of the greater sphenoid wings
and is separated from the posterior skull base by
a line following the spheno-occipital synchondro-
sis medially and the petroclival synchondrosis
and superior ridge of the petrous and mastoid
bones posteriorly and laterally.3,4,8–10
IMAGING APPROACH TO PATHOLOGIC FINDINGS

For diagnostic imaging purposes, it is useful to
subdivide the CSB further into midline sagittal,
off-midline parasagittal, and lateral compartments
by drawing vertical lines passing medially to the
petroclival fissure and just lateral to the foramen
ovale, respectively (Fig. 2).3,8,9 The midline sagittal
compartment includes the body of the sphenoid
and the portion of the clivus anterior to the
spheno-occipital synchondrosis (basisphenoid),
ders corrected images for Figures 4E-F, 6A-B, 15C-D,
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Fig.1. Three-dimensional CT reconstruction represents
the skull base division into anterior (green), central
(light orange), and posterior (blue) compartments.

Fig. 3. Schematic representation of the central sagittal
skull base with the body of the sphenoid and sphenoid
sinus medially, the sella turcica and pituitary gland
above, and the nasopharyngeal mucosal space below.
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contains the sphenoid sinus, and is bordered
superiorly by the sella turcica and inferiorly by
the roof and posterior wall of the nasopharynx
(Fig. 3). It is pierced by the intracranial opening
of the orbital apex, giving passage to the optic
nerves (Fig. 4A). The parasagittal compartment
includes the petroclival synchondrosis, foramen
Fig. 2. Axial T1-weighted MR imaging with a schematic
representation of the CSB subdivision into sagittal, para-
sagittal, and lateral compartments. The medial red lines
pass inthemedialaspect of thepetroclival synchondrosis
(long white arrows). The lateral red lines pass immedi-
ately lateral to the foramen ovale (short white arrow).
lacerum, and medial aspect of the greater sphe-
noid wing. It is bordered superiorly and medially
by the parasellar region containing the cavernous
sinus, superiorly and laterally by the basal
temporal lobes, and inferiorly by the parapharyng-
eal and masticator spaces of the suprahyoid neck.
Most of the neurovascular foramina of the CSB lay
in this compartment, including the intracranial
opening of the superior orbital fissure traversed
by cranial nerves III, IV, V1, and VI and the superior
ophthalmic vein on their way from the cavernous
sinus to the orbit; the foramen rotundum giving
passage to V2 on its way from the cavernous sinus
to the pterygopalatine fossa; the vidian canal con-
taining the vidian nerve and artery extending from
the foramen lacerum to the high pterygopalatine
fossa; the foramen ovale traversed by V3 on its
way to the masticator space; and the foramen spi-
nosum crossed by the middle meningeal artery.
The cavernous sinus, the most important compo-
nent of the parasagittal CSB, contains, from supe-
rior to inferior, cranial nerves III, IV, V1, and V2
enclosed within a dural leaflet of its lateral wall
and the cavernous carotid artery and cranial nerve
VI within the sinus itself. Finally, the lateral division
of the CSB comprises the lateral aspect of the
greater sphenoid wing, including the sphenoid
triangle, temporal squamosa, and the glenoid
cavity of the temporomandibular joint (TMJ).3,8,9

In addition to location, knowing the major tissue
constituents of the CSB can help in establishing
further possible differential diagnoses for a skull
base lesion. Although some tissues are common to
all subdivisions of the CSB, including bone and the
pachymeninges investing the intracranial aspect of
the skull base,others aresite specific.8,9 The surgical
approach to CSB lesions also varies according to
lesion location in each of these compartments
(transsphenoidal, transmastoid, temporopteryonal,
and frontotemporal approaches).7,8



Fig. 4. Axial CT sections in a bone algorithm from superior to inferior show (A) the optic canal (black arrows); (B)
the superior orbital fissure (black arrows); (C) the inferior orbital fissure (long black arrow), foramen rotundum
(short black arrow), foramen lacerum (white arrow), the pettroclival (dashed black arrows) and spheno-occipital
(black line) synchondroses; (D) the high pterygopalatine fossa (white star), the sphenopalatine foramen (long
white arrow); the vidian canal (long black arrow) and foramen ovale (short black arrow). Axial sensitivity encod-
ing (SENSE) T1W MR images shows (E) V2 within foramen rotundum (white arrow), the inferior orbital branch
within the inferior orbital fissure (black arrow) and (F) V3 within foramen ovale (white arrow), the vidian nerve
(short black arrow) and the sphenopalatine ganglion in the high pterygopalatine fossa (long black arrow).
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IMAGINGMODALITIESAND IMAGINGTECHNIQUE

In assessing the CSB, CT and MR imaging have
a complementary role and are often used together
to establish the presumptive diagnosis and to
depict the full extent of a lesion.8 MR imaging is
preferred to assess the soft tissue component
and to determine its relations with adjacent struc-
tures. It is the modality with the highest accuracy
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to depict intracranial extent (dural, leptomeningeal,
and brain parenchyma invasion), perineural and
perivascular spread, and bone marrow involve-
ment.8,11,12 CT remains the technique of choice to
define the bony anatomy of the skull base and to
depict the thin cortical margins of skull base neuro-
vascular foramina.3,8,12,13 It is quite specific in the
diagnosis of primary bone lesions (neoplastic and
non-neoplastic), is more sensitive than MR imaging
in the depiction of calcifications, and can provide
information regarding the rate of growth and
aggressiveness of a lesion by showing its effect
on adjacent bone.8,13 Whereas permeative and
erosive patterns of bone involvement are associ-
ated with aggressive rapidly growing lesions,
malignant neoplasms, or infectious processes,
bone expansion and remodeling with smooth
cortical thinning are usually associated with more
benign slow-growing processes.8,9,13

Therefore, in most institutions with multidisci-
plinary skull base teams, imaging evaluation of
skull base lesions includes a full MR imaging study
with gadolinium and a high-resolution CT scan
using a bone algorithm during the same visit.7

The magnetic resonance protocol should include
images in the three orthogonal planes using T1 and
T2 weighting, short-tau inversion recovery (STIR),
and gadolinium-enhanced T1-weighted images
with or without fat supression.8,11–13 Gradient
echo T2* images may be useful to demonstrate
the presence of susceptibility artifacts related to
the presence of paramagnetic substances, such
as calcifications, blood degradation products, or
melanin within a lesion.11,14,15 High-resolution
highly T2-weighted sequences (constructive inter-
ference in the steady state or driven equilibrium ra-
diofrequency reset pulse) can nicely depict the
relation between a lesion and the cisternal course
of cranial nerves by showing the nerves as dark
structures traveling through the high signal inten-
sity of the cerebrospinal fluid (CSF)–filled
cisterns.12,13 A conventional spin echo or fast spin
echo T1-weighted sequence is the single best
sequence to depict bone marrow invasion, shown
as replacement of the hyperintense fatty marrow
by hypointense material.11–16 Intravenous adminis-
tration of gadolinium is mandatory to depict menin-
geal invasion and perineural spread and usually
maximizes tumor contrast against adjacent struc-
tures that do not enhance to the same degree.11–15

The use of fat suppression, particularly employing
techniques based on frequency-selective fat-
suppression pulses, is not consensual. Although it
can potentially increase the conspicuity of an
enhancing lesion against a fat-containing back-
ground, failure of fat suppression attributable to
the numerous interfaces seen at the CSB (where
bone, air-containing sphenoid sinus, soft tissues,
and fat lay close together) is often a problem and
may lead to false-positive results.8,13,17 The use of
STIR, which is not based on frequency-selective
pulses, or contrast-enhanced T1-weighted images
with appropriate windowing is preferred by
some.8,17 High-resolution sensitivity encoding
(SENSE) parallel imaging and high-field 3-T MR
imaging are being increasingly used to depict fine
anatomic detail, particularly to study cranial nerves
and the walls of the cavernous sinus.13,18

CT studies of the skull base must include
images in at least two orthogonal planes with
a slice thickness less than 3 mm. Whenever
possible, patients should be imaged using a multi-
detector helical or volumetric scanner, with a single
acquisition in the axial plane further reconstructed
in different planes as needed without additional
radiation to the patient.8,11 When CT is obtained
as an adjunct to a prior contrast-enhanced MR
imaging study, orthogonal images in a high-resolu-
tion bone algorithm should suffice.4,7,8 When CT is
used as a single examination, a full contrast-
enhanced study should be obtained in soft tissue
and bone algorithms.8,16

CT and open-field MR imaging scanners can be
used for image guidance of fine-needle aspiration
cytology or core biopsy to obtain a tissue sample
for pathologic diagnosis. Magnetic resonance
angiography and CT angiography can be powerful
adjuncts in the depiction of vascular malformations
and in assessing hypervascular lesions.3,4,8,12

18F-fluorodeoxyglucose positron emission
tomography is essentially used in the follow-up
of skull base tumors to differentiate post-treatment
changes from persistent or recurrent neoplasm.
No routine role has been found in the primary eval-
uation of patients presenting with CSB lesions,
however.8

Conventional angiography is mainly used for in-
terventional procedures and to assess the circle
of Willis when a carotid artery needs to be sacri-
ficed. Preoperative embolization of hypervascular
lesions, such as juvenile nasopharyngeal angiofi-
bromas (JNAs), paragangliomas, a few meningi-
omas, hemangiopericytomas, and hypervascular
metastasis, has greatly reduced surgical mortality
and morbidity related to bleeding.3,4,8–13
MAJOR IMAGING ISSUES AND DIAGNOSTIC
DILEMMAS: HOW TO REPORTA CENTRAL
SKULL BASE IMAGING STUDY

To issue a useful imaging report, the radiologist
should be aware of the main factors that influence
treatment options and may have an impact on the
surgical approach.8 To plan treatment, the
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surgeon needs to know the exact location and
extent of a skull base lesion to decide whether it
can be excised with acceptable morbidity and to
choose the best surgical approach and the best
route to obtain a biopsy specimen.3,4,7,8

Specific contraindications for surgical resection
of skull base lesions vary from one institution to
another and often among different surgeons.3,4,7

Usually, they comprise invasion of the lateral or
superior walls of the sphenoid sinus, invasion of
the cavernous sinus, bilateral optic nerve or optic
chiasm involvement, and invasion of the naso-
pharynx or prevertebral fascia.3–8

On every imaging study of the skull base, the
radiologist should always report on the amount
of bony skull base involvement; on the presence
and extent of intracranial and orbital invasion;
and on the relation of the lesion to the cavernous
sinus, cranial nerves, and vessels, all of which
have important implications on treatment planning
and prognosis.3,4,8,12

Dural invasion is the single most important prog-
nostic factor in skull base tumors.19–21 Whereas an
extradural lesion can be resected by means of an
inferior ENT approach, a lesion that has trans-
gressed the dura requires a combined craniofacial
approach and is associated with a significant
decrease in the 5-year survival rate and the
specific disease-free interval.8,19–21 Contrast-
enhanced MR imaging is the best imaging
modality to depict dural invasion.8,12,13 Imaging
signs of dural invasion in decreasing order of posi-
tive predictive value include contrast enha-
ncement or edema of the brain parenchyma
adjacent to tumor, leptomeningeal enhancement,
nodular dural enhancement, and linear dural
enhancement thicker than 5 mm.8,19–21 Dural
enhancement less than 5 mm is the most sensitive
but least specific of all imaging signs because it
can result from fibrovascular changes and does
not necessarily indicate dural invasion.8,13

Orbital involvement is another important issue in
surgical planning. The most common site of orbital
invasion by CSB lesions is by way of the orbital
fissures or orbital apex (Fig. 5D). Loss of fat and
abnormal enhancement within these neural
foramina indicate invasion.8,11,12,22 Because of the
close relation between the periorbita and the dural
sheath of the optic nerve, involvement of the orbital
apex by a skull base lesion usually requires orbital
exenteration with sacrifice of the optic nerve.8,9

Invasion of the cavernous sinus usually
precludes complete resection of a lesion. Imaging
signs of cavernous sinus invasion include
compression, encasement, stenosis, or irregularity
of the cavernous carotid artery; loss of contrast
enhancement of the cavernous sinus, which is
best depicted on a dynamic coronal MR imaging
study; and bulging of the lateral sinus wall, which
is concave under normal conditions (see Fig. 5E,
F).8,9,11–13,18 When subtle, cavernous sinus inva-
sion may be hard to depict, even using optimal
technique. Because the dural leaflets are not
clearly visible, it is often difficult to differentiate
a bulge of the sinus walls because of compression
by an extrinsic lesion from actual dural transgres-
sion. The use of 3-T MR imaging scanners seems
promising in solving this issue. It should also be
kept in mind that the cavernous sinus may be
affected by interdural lesions laying within the du-
ral leaflets of the lateral wall or by true intracaver-
nous lesions. Whereas the former tend to
displace the cavernous carotid artery without
encasement or stenosis, the latter tend to encase
and narrow its lumen.3,4,12,18

PATHOLOGIC FINDINGS

Most patients with CSB problems present with
headache, cranial nerve deficits, proptosis, Eusta-
chian tube dysfunction, or other symptoms related
to the nasopharyngeal airway.8,11–15 Because clin-
ical examination of the CSB is limited, surgeons
often have to rely on imaging studies to reach
a diagnosis and plan subsequent treatment.

The following description of CSB lesions is
based on a radiologist’s friendly approach and
on the frequency and propensity for certain
disease processes to occur at specific sites.
Lesions that are not site specific, originating from
the bony skull base, such as fibro-osseous condi-
tions and primary and secondary bone tumors, are
discussed at the end of this article.

Midline Sagittal Central Skull Base Lesions

Midline sagittal CSB lesions comprise lesions
arising from the sphenoid body, sphenoid sinus,
and clivus; from the sella turcica immediately
above; and from the nasopharynx immediately
below (see Fig. 3). Whereas lesions arising within
the sella turcica tend to displace the sellar floor
inferiorly, intrinsic lesions of the clivus and those
arising from the nasopharynx tend to push the sellar
floor and pituitary gland superiorly.2,4,9,12

Lesions of the sphenoid sinus can be inflamma-
tory and neoplastic. Chronic obliteration of sinus
drainage may lead tomucocele formation. Sphenoid
mucoceles, as is the case with those seen else-
where, present as expansile lesions thinning and re-
modeling the sinus walls and eventually leading to
cortical bone dehiscence.9,10 This tumor, made of
retained secretions, may show variable density
and signal intensity on imaging studies depending
on the degree of hydration, protein concentration,



Fig. 5. (A) Gadolinium-enhanced sagittal T1-weighted MR imaging shows a large enhancing sinonasal neoplasm
transgressing the skull base at the level of the planum sphenoidale. Note the discontinuity of the thin enhancing
line corresponding to the dura (black arrows) with small areas of tumoral enhancement effacing the adjacent
subarachnoid space (white arrows), reflecting transdural growth (pathologically proved). No brain edema or
enhancement is seen to suggest invasion of the parenchyma. Images of a combined craniofacial resection: para-
nasal ear, nose, and throat approach (B) and bifrontal neurosurgical approach (C). (D) Gadolinium-enhanced
sagittal T1-weighted image shows another sinonasal mass with orbital invasion and posterior extension into
the orbital apex (long black arrow). Also note the smooth linear dural enhancement along the floor of the ante-
rior cranial fossa (short black arrow), suggesting reactive fibrovascular changes. (E) Gadolinium-enhanced coronal
T1-weighted image demonstrates a nasopharyngeal mass with infiltrative borders transgressing the CSB. Note
the partial obliteration of the left cavernous sinus enhancement (long black arrow) and outward bulging
of its lateral wall (long white arrow). Also, note tumor growth along V3, back to the foramen ovale (dashed
white arrow), with complete obliteration of Meckel’s cave (note the Meckel’s cave on the normal side; short white
arrow). (F) Axial T1-weighted image shows irregularity and stenosis of the right cavernous carotid artery (white
arrow) attributable to a mass lesion invading the cavernous sinus and orbital apex.
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and presence of calcification or fungal colonization
(mycetoma) and does not enhance after intravenous
administration of contrast material, except for a thin
peripheral rim corresponding to the sinus mucosa
(Fig. 6). The imaging appearance is that of a benign
slow-growing lesion, and the diagnosis is
usually straightforward in the absence of
complications.9,10,14,15

Primary neoplasms of the sphenoid sinus are
quite rare, because the sphenoid is most often
secondarily invaded by tumors originating else-
where.3,4,10 Tumor histologic findings are similar
to those seen in other paranasal sinuses, with squa-
mous cell carcinoma being the most common.3,10

Clivus lesions include hematogenous bone
metastasis, plasmacytoma or multiple myeloma,
primary bone tumors, chordoma, and
chondrosarcoma.
Fig. 6. Axial CT scan in soft tissue (A) and a bone algorithm
hyperdense mass filling in and expanding the right spheno
and remodeling of the bony walls of the sphenoid sinus
a slow-growing process. Corresponding MR imaging, coro
coronal T1-weighted image (D), show that the material fi
inantly of low signal intensity on T2-weighted images, w
enhancement is noted after gadolinium administration
hypha-mycetoma).
Clival chordoma is a benign locally invasive
neoplasm originating from embryonic remnants
of notochord that become entrapped within the
basisphenoid, accounting for its typical midline
sagittal location.14,15,23,24 Seldom can it be
seen in the nasopharynx or in the intracranial
compartment.23,24 Chordomas present as expan-
sile lytic lesions, often with an aggressive pattern
of bone destruction. MR imaging can nicely depict
the replacement of the fatty marrow of the clivus
by a hypointense tissue mass on plain sagittal
T1-weighted images. Density and signal intensity
are variable because of the presence of hemor-
rhage, cystic or myxoid components, calcification,
and fragments of trabecular bone that become en-
gulfed within the tumor mass.9,23,24 After contrast,
a lobulated pattern of enhancement is usually
described (Fig. 7).9,14,15,23,24
(B) shows a heterogeneous but mostly spontaneous
id sinus and posterior ethmoid cells. Note the thinning
without elements of frank destruction, suggestive of
nal T2-weighted image (C) and gadolinium-enhanced
lling in the sinus is markedly heterogeneous, predom-
ith serpiginous areas of signal void. Only peripheral
(sphenoid sinus mucocele superinfected by fungal
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Sellar lesions that may invade the CSB include
mainly macroadenomas and, in a far distant
second place, craniopharyngiomas.3,4,9 Pituitary
macroadenomas tend to fill and expand the sella;
may remodel the sellar floor and dorsum sella;
extend superiorly into the suprasellar cistern
through the diaphragm sella; and expand laterally
into the cavernous sinus, wherein they can
displace or encase the cavernous carotid artery
without narrowing its lumen.3,4,8 Invasive macroa-
denomas can breach the sellar floor and clivus and
may extend into the sphenoid sinus.3,4,9 Occa-
sionally, pituitary macroadenomas are completely
intraosseous and may cause a diagnostic
dilemma. Sagittal and coronal MR imaging is
particularly helpful in making the diagnosis. Diag-
nostic clues include the presence of an empty
Fig. 7. Axial T1-weighted (A), T2-weighted (B), and gadoli
a mass lesion expanding and replacing the fatty marrow
cortical margin. The lesion extends into the posterior cran
the basilar artery to the right (long black arrow in B), an
A). Anteriorly, it bulges into the sphenoid sinus (small wh
floor (long white arrow in C). The lesion is of intermediat
intense on T2-weighted imaging, with a faint trabecul
enhancement (clival chordoma).
sella; off-midline deviation of the pituitary stalk;
and the presence of an intact sellar floor, often dis-
placed inferiorly, differentiating pituitary macroa-
denomas from lesions arising primarily from the
clivus or from the sphenoid sinus (Fig. 8).9,12

Craniopharyngiomas are histologically benign
lesions originating from embryonic remnants of
the pharyngohypophyseal canal or Rathke’s
pouch.3,4,9 They can be seen anywhere from the
nasopharynx to the hypothalamus, with the most
common location being suprasellar.3,4,11,12 When
completely intraosseous within the sphenoid,
they may be hard to diagnose. Typically, cranio-
pharyngiomas are largely cystic or mixed tumors,
often showing calcifications.3,4,11,12 The solid
component enhances after intravenous contrast
administration (Fig. 9).
nium-enhanced sagittal T1-weighted (C) images show
of the clivus, with frank destruction of the superior
ial fossa, obliterates the prepontine cistern, displaces
d compresses the ventral pons (short black arrows in
ite arrows in A), and, superiorly, it stops at the sellar
e signal intensity on T1-weighted imaging and hyper-
ar pattern, and shows lobulated honeycombed-like



Fig. 8. Axial CT scan in a bone algorithm shows a large destructive lesion almost entirely replacing the sphenoid
bone (A), retaining its original shape and with small bony fragments engulfed within the lesion (white arrow-
heads in B). Coronal T1-weighted (B) and contrast-enhanced sagittal T1-weighted (D) MR images show to advan-
tage the soft tissue mass delineating the sphenoid (white arrowheads). Note the presence of an empty sella (black
arrowheads), the inferior displacement of the sellar floor, and the rightward deviation of the pituitary stalk. The
high signal intensity of the neurohypophysis can be seen in a normal anatomic location (long white arrow in D).
(C) On T2-weighted imaging, the lesion is heterogeneous in signal intensity but predominantly hyperintense
(intra-osseous pituitary adenoma).

Imaging of the Central Skull Base 677
Meningiomas of the sellar and parasellar regions
account for 20% to 25% of all meningiomas.3,4,7

The most common sites of origin include the
planum sphenoidale, tuberculum sella, clinoid
processes, and sellar diaphragm.3,4,7 They
present as broad dural-based masses and are iso-
intense to gray matter, enhancing vividly and
homogeneously after contrast administration,
often showing a dural tail.3,4,10–12 Sellar meningi-
omas tend to push and compress the pituitary
gland against the sellar floor (Fig. 10). Associated
hyperostosis with upward blistering of the planum
sphenoidale and tuberculum sella and pneumosi-
nus dilatans are typical features that can be nicely
depicted on CT and MR imaging scans.3,4,9–12

Nasopharyngeal lesions, infectious and
neoplastic, may affect the CSB from below.
Because of the tough buccopharyngeal and phar-
yngobasilar fascias, tumor spread is usually
directed superiorly against the clivus and foramen
lacerum (Fig. 11).22,25 It should be kept in mind
that nasopharyngeal cancers can occasionally be
completely submucosal, presenting with extensive
CSB destruction and only a slight bulge in the naso-
pharyngeal mucosal space with normal overlying
mucosa.9,22,25 In this case, deep transnasal biop-
sies are required to make the diagnosis.
Parasagittal Central Skull Base Lesions

Parasagittal CSB lesions originate from the greater
sphenoid wing, cavernous sinus, cranial nerves
traversing the neurovascular foramina, and petro-
clival synchondrosis. Developmental lesions,
such as basal transsphenoidal cephaloceles,
may also be seen.

Cavernous sinus lesions include primary and
secondary cranial nerve tumors; vascular malfor-
mations; meningiomas; and inflammatory condi-
tions, such as neuritis and Tolosa-Hunt syndrome.



Fig. 9. Coronal T1-weighted (A), axial T2-weighted (B) and gadolinium-enhanced sagittal T1-weighted (C) images
show a rounded well-marginated mass lesion, expanding the sella and growing into the suprasellar cistern. Note
the inferior displacement of the sellar floor, almost collapsing the sphenoid sinus (small white arrows in A and C).
The lesion is of intermediate signal intensity on T1-weighted and T2-weighted images with small T2-weighted
hyperintense and nonenhancing cystic areas. Also, note a thin spontaneously hyper-intense rim on the coronal
T1-weighted image suggesting marginal calcification (long white arrow in A) (craniopharyngioma).
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Peripheral nerve sheath tumors (PNSTs) tend to
follow the axis of the nerve of origin, and the diag-
nosis is straightforward once the anatomic course
of the nerve is recognized.

Schwannomas and neurofibromas are the most
common lesions and can affect virtually any
cranial nerve. Schwannomas present as well-
defined soft tissue masses of low signal intensity
on T1-weighted MR imaging and have interme-
diate to high signal on T2-weighted MR imaging,
moderately enhancing after gadolinium adminis-
tration.9,12,14,15,26,27 Large tumors tend to show
cystic or necrotic areas, and peripheral CSF cysts
can also be seen.14,15,26,27 Fatty degeneration can
Fig.10. Sagittal T1-weighted image (A) and gadolinium-enh
show a dural-based lesion along the posterior aspect of th
into the sella, compressing the pituitary gland against the
glass shape of the lesion, which is best appreciated on the
(black arrows in C). The lesion is isointense with gray matte
tail along the planum (small black arrow in B). Bone sclero
arrow in A) and pneumosinus dilatans, can also be seen (
occur in long-standing neurofibromas, accounting
for low density on CT and T1-weighted hyperinten-
sity on MR imaging.14,15,26,27 These benign slow-
growing neoplasms tend to remodel rather then
erode adjacent bone, and when extending periph-
erally, they produce smooth enlargement of the ex-
iting skull base neural foramina (Fig. 12).14,15,25–27

Neurofibromas can occur as isolated lesions or
as part of neurofibromatosis type I.14,15,26,27 Malig-
nant PNSTs, however, are most commonly associ-
ated with neurofibromatosis type 1.9,15,27 These
are more aggressive infiltrative lesions that spread
diffusely along peripheral branches and show ill-
defined borders.26,27
anced sagittal (B) and coronal (C) T1-weighted images
e planum, transgressing the diaphragm and growing
sellar floor (small white arrows in A). Note the hour-

coronal plane, with a stricture at the sellar diaphragm
r and enhances homogeneously, showing a thin dural

sis, with blistering of the sphenoid roof (dashed white
sphenosellar meningioma).



Fig.11. Plain axial CT scan (A) and axial T1-weighted MR image (B) show a mass lesion in the posterolateral wall of
the nasopharynx obliterating the fossa of Rosenmüller, effacing the parapharyngeal fat, and growing posteriorly
into the jugular foramen. Note the sclerosis and slight irregularity of the cortical margin of the right lateral
aspect of the clivus on the CT image (black arrows) corresponding to replacement of the fatty marrow, which
is best appreciated on MR imaging (white arrows).

Fig. 12. Axial T2-weighted (A) and gadolinium-enhanced T1-weighted (B) images show a sausage-shaped lesion
extending from the foramen lacerum posteriorly into the high pterygopalatine fossa anteriorly, following the
course of the vidian nerve. (C) Coronal CT image in the bone algorithm shows the smooth enlargement of
the vidian canal (long black arrow) and superior displacement of the foramen rotundum (white arrow). Note
the vidian nerve on contralateral side (short black arrows on B and C).
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The most commonly affected cranial nerve in the
CSB is the trigeminal nerve. 26–28 The cranial
nerves can also be affected by anterograde or
retrograde spread of head and neck malignancies,
a phenomenon known as perineural spread.22,26,29

It manifests as focal or segmental enlargement
and abnormal enhancement along the course of
a cranial nerve, often with skip areas.14,15,26,29

This type of spread is most often seen with squa-
mous cell carcinoma, the most frequent neoplasm
of the head and neck, but can also be seen with
salivary gland malignancies (mainly adenoid cystic
and mucoepidermoid carcinomas), hematologic
malignancies, and melanoma.26,29 On CT, peri-
neural spread can be depicted by enlargement of
the skull base neural foramina of the affected
nerve, by effacement of the foraminal fat, or indi-
rectly through denervation atrophy of the muscles
supplied by a particular nerve.14,15,26,29 MR
Fig.13. (A) AxialT1-weighted imageshows a soft tissuemass
the posterior nasal cavity through the sphenopalatine
infratemporal fossa and retroantral fat through the pteryg
axial (B) and coronal (C) T1-weighted images demonstra
rotundum back to the cavernous sinus (short white arrows in
sinus (short black arrow in C), tumor growth into the poste
(long white arrow) and laterally, into the infratemporal fos
imaging is more sensitive, allowing earlier
detection of this type of spread.9,12,26,29 Plain
T1-weighted images and fat-suppressed
contrast-enhanced T1-weighted images are
particularly well suited to detect perineural spread
through effacement of neuroforaminal fat and
areas of focal or segmental enhancement
(Fig. 13).26,28,29 Cranial nerve neuritis can have
the exact same appearance on imaging; therefore,
the clinical setting is crucial to achieve a correct
diagnosis (Fig. 14). In most cases, neuritis results
from viral infection secondary to herpes simplex,
herpes zoster, cytomegalovirus, or HIV, to mention
the most common infections.14,15,26,29

Pyogenic and fungal infections originating from
the orbit, nasopharynx, and paranasal sinuses
may access the cavernous sinus, spreading along
neurovascular structures. Skull base osteomye-
litis, abscess formation and cavernous sinus, and
in the rightpterygopalatine fossagrowing medially into
foramen (long white arrow) and laterally into the
omaxillary fissure (long black arrow). Postgadolinium

te abnormal enhancement of V2 along the foramen
B). Also, note the enlargement of the inferior cavernous
rior nasal cavity through the sphenopalatine foramen
sa via the pterygomaxillary fissure (long black arrow).
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superior ophthalmic vein thrombosis are potential
complications best demonstrated by magnetic
resonance imaging.3,4,9,12

Inflammatory pseudotumor of the cavernous
sinus and orbital apex, Tolosa-Hunt syndrome, is
a diagnosis of exclusion after all infectious and
specific inflammatory conditions, particularly
sarcoidosis, have been ruled out.26,28 It is charac-
terized by painful ophthalmoplegia with deficits of
cranial nerves III, IV, V1, and VI and a prompt
response to steroid therapy.3,15,26 MR imaging is
the modality of choice, showing abnormal
enhancing soft tissue within the cavernous sinus
and orbital apex, often extending along the floor
of the middle cranial fossa, and, occasionally, irreg-
ular narrowing of the cavernous carotid artery.15,26

This tissue tends to be isointense to muscle on T1-
weighted images and of low to intermediate signal
intensity on T2-weighted images (Fig. 15).12,15,26
Fig. 14. Axial T1-weighted image (A) and postgadolinium
a small focus of enhancement and slight enlargement of th
white arrows), which does not extend into Meckel’s cave (
the right trigeminal nerve (dashed white arrow in C). (Thi
and a presumptive diagnosis of neuronitis was made).
Cavernous sinus vascular malformations,
including aneurysms, carotid-cavernous fistulas,
and hemangiomas, are all associated with focal or
diffuse enlargement of the cavernous sinus with
outward bulging of its lateral wall; when long
standing, they can also lead to remodeling of the
inner wall of the sphenoid sinus.3,4,9,26 These are
imaging diagnoses that should be ruled out before
any attempts to obtain tissue diagnosis are made.

Giant cavernous carotid aneurysms present as
expansile lesions of the cavernous sinus with vari-
able signal characteristics.3,4,9,12 When the aneu-
rysm lumen is completely patent, a fusiform or
saccular flow void on MR imaging is the rule.
When a varying amount of thrombosis is present,
signal intensity is heterogeneous, reflecting the
presence of blood products in different stages of
degradation, calcifications, and flowing blood
(Fig. 16).9,11,12 The presence of flow-related
axial (B) and coronal (C) T1-weighted images show
e cisternal segment of the left trigeminal nerve (short
long white arrow in B). Note the cisternal segment of
s focal enhancement disappeared on follow-up scans,



Fig.15. Post-gadolinium (A and B) and coronal (B and C) T1W MR images demonstrate soft tissue thickening and
abnormal enhancement in the lateral wall of the right cavernous sinus, superior orbital fissure and optic canal
(long white arrows in A–C). In (C) note cranial nerves III (thick black arrow), IV (thin black arrow), and V1 (dashed
black arrow) in the lateral wall of the cavernous sinus on the left side, from superior to inferior. (D) On the
affected side the nerves are enhancing and can hardly be recognized within the enhancing sinus (enhancing
oculomotor nerve- short white arrow) (Tolosa-Hunt syndrome).
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artifacts on the phase-encoding axis may be a clue
to the diagnosis. Whereas recent thrombus con-
taining deoxihemoglobin and intracellular methe-
moglobin layers close to the patent lumen, old
thrombus containing extracellular metahemoglobin
and hemosiderin tends to layer at the
periphery.9,11,12 On CT, a potential pitfall is to
mistake a largely patent aneurysm for a cavernous
sinus meningioma when a CT angiogram is not per-
formed. Angio-CT or angio-MR imaging should be
used to confirm the diagnosis and clearly delineate
the aneurysm.9,12

Sphenocavernous and petroclival meningiomas
are the most common neoplasms affecting the para-
sagittal CSB, originating from the intracranial
compartment (Fig. 17). Cavernous meningiomas
lead to bulging of the lateral wall of the cavernous
sinus and can grow laterally along the floor of the
middle cranial fossa, anteriorly into the superior
orbital fissure and orbital apex, medially into the
sphenoid sinus and sella, posteriorly into Meckel’s
cave and posterior cranial fossa, and inferolaterally
into the masticator space along the foramen ovale
(mimicking a trigeminalnerve schwannoma).9,12,14,15

Intradiploic growth into the bodyof the sphenoid and
clivus is not infrequent. These lesions tend to follow
the signal intensity of gray matter in all imaging
sequences and to enhance vividly and homoge-
neously after administration of gadolinium.

Cephaloceles of the parasagittal CSB are of rare
occurrence and consist of herniation of the intracra-
nial contents (meninges or brain parenchyma)
through a skull base defect in the greater sphenoid
wing into the masticator space immediately below
(Fig. 18).3,4,9,12 Coronal and sagittal imaging is help-
ful in establishing this imaging diagnosis. An
unaware biopsy may lead to a CSF fistula and
meningitis.

Chondroid tumors, chondromyxoid fibroma,
and low- and high-grade chondrosarcomas origi-
nate from cartilaginous remnants of the skull
base synchondroses, most commonly from the
petroclival synchondrosis, accounting for the
off-midline parasagittal location of these



Fig. 16. Coronal CT reconstruction from a CT angiogram (A) demonstrates a giant cavernous carotid aneurysm
shown as a complex lesion in the right cavernous sinus and supraclinoid region, with an area of early enhance-
ment which corresponds to the patent lumen (black arrows) and a non-enhancing hypodense area suggesting
thrombus (white arrows). Also noted are extensive, layered atheromatous calcifications (white dashed arrows).
Coronal pre-gadolinium (B) and post-gadolinium (C) T1W MR images (on another patient) show a complex lesion
in the right cavernous sinus at the expected location of the cavernous carotid artery. The lesion has an eccentric
flow void enhancing after gadolinium, corresponding to the patent arterial lumen (long white arrows in C–D),
hypointense material consistent with early clot (short white arrows) and, at the periphery, spontaneous T1 hyper-
intensity, suggesting the presence of metahemoglobin (white dashed arrows). (Cavernous carotid artery
aneurysm).
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neoplasms.9,14,15,30–32 Chondroid type calcifica-
tions are typical for these tumors and are best
appreciated on CT.9,30–32 On MR imaging, high
signal intensity on T2-weighted images, often
higher than that of CSF, is also a distinctive
feature.9,15,30–32 The signal intensity of calcifica-
tions is variable depending on the size and
composition of calcium crystals.15,30–32 Cranial
nerve VI palsy is a common clinical presentation
because of involvement of Dorello’s canal
(Fig. 19).9,15,30–32 Nasopharyngeal cancer can
also affect the parasagittal skull base through the
foramen lacerum and by means of V3 perineural
extension along the foramen ovale.22

JNA is a vascular neoplasm occurring exclusively
inadolescent boys. It originates in the posterior nasal
fossa in the region of the sphenopalatine foramen,
extending into the pterygopalatine fossa and, from



Fig.17. Axial pregadolinium (A) and postgadolinium (B) T1-weighted images show a large sphenocavernous lesion
on the right extending anteriorly into the orbital apex and sphenoethmoid sinuses, laterally into the middle
cranial fossa and lateral wall of the orbit, and posteriorly along the right tentorial leaflet. The lesion encases
the right cavernous carotid without narrowing its lumen (white arrow in A) and replaces the body of the sphe-
noid, clivus, and greater sphenoid wing. Postcontrast enhancement is slightly heterogeneous, and a dural tail is
noted along the tentorium (white arrow in B). Note the encasement and compression of the optic nerve at the
optic canal (black arrow in B) and secondary proptosis (intradiploic sphenocavernous meningioma).

Fig. 18. Axial T1W (A and B) show a mixed lesion with solid (white arrow in A) and cystic (white arrow in B)
components on the right parasagittal central skull base centred on foramen ovale and extending into the masti-
cator space in between the medial and lateral pterygoid muscles (dashed white arrows in B and D). Coronal T2W
images (C and D) clearly demonstrate a bony defect at the greater sphenoid wing involving the region of
foramen ovale (white arrows) with herniation of the intracranial contents, both meninges and the inferior
temporal gyrus (black arrow), into the masticator space (basal transphenoidal meningoencephalocele).
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there, into the parasagittal skull base by way of the
foramen rotundum or the vidian canal.3,4,9,11,12

These highly vascular tumors demonstrate intense
contrast enhancement in an early arterial phase
and may show a ‘‘salt and pepper’’ pattern on MR
imaging, with the salt corresponding to the tumor
stroma or hemorrhage and the pepper correspond-
ing to vascular flow voids (Fig. 20).9,11,12 Recurrent
epistaxis is the rule. Clinical setting, location, and
imaging features are pathognomonic.
Lateral Central Skull Base Lesions

The lateral CSB includes the far lateral aspect of the
greater sphenoid wings, the lateral aspect of the
Fig. 19. (A) Axial CT scan in a high-resolution bone algorith
region (white arrows). (B) Axial T2-weighted and (C) postg
lesion in the left petroclival region. The lesion is of high s
and shows only slight to moderate enhancement after adm
(white arrow in C) at Dorello’s canal and obliterates Mecke
black arrow in B). No gross calcifications are noted within
temporal bone, and the TMJ. On axial imaging,
the anterior-lateral aspect of the greater sphenoid
wing has a grossly triangular shape, usually
referred to as the sphenoid triangle (Fig. 21A white
arrows). This anatomic region constitutes a cross-
road between the orbit, the middle cranial fossa,
and the temporal fossa (suprazygomatic masti-
cator space) and can be affected by any lesion orig-
inating from these compartments.3,4,8

Globular, and particularly intradiploic (en pla-
que), meningiomas are of common occurrence in
this region, seen on CT as extensive bone scle-
rosis, often with an irregular contour mimicking
osteoblastic metastases or osteosarcoma.9,11–15

On MR imaging, they show low signal intensity
m shows a lytic destructive lesion on the left petroclival
adolinium axial T1-weighted images show an expansile
ignal intensity on T2-weighted images, similar to CSF,

inistration of gadolinium. It involves cranial nerve IV
l’s cave (note the normal cave on the contralateral side;

the lesion (petroclival chondrosarcoma).



Fig. 20. Axial (A) and coronal (B) T1-weighted MR images show a large lesion centered in the right pterygopala-
tine fossa, extending laterally into the masticator space through the pterygomaxillary fissure, medially into the
posterior nasal cavity through the sphenopalatine foramen, and posteriorly and superiorly along the vidian canal
and foramen rotundum. The lesion is slightly lobulated in contour but is well marginated. Also, note the presence
of serpentine flow voids (white arrows) reflecting its hypervascular nature (JNA).

Fig. 21. (A, B) Axial and coronal CT images in a bone algorithm demonstrate an expansile sclerotic lesion in the
lateral CSB involving the sphenoid triangle and lateral orbital wall, bulging medially into the middle cranial fossa
and laterally into the suprazygomatic masticator space (note the sphenoid triangle on the normal side- white
arrow). On the axial T2-weighted image (C), the lesion follows the signal intensity of compact bone (signal
void), and on the postgadolinium axial T1-weighted image (D), it shows only peripheral enhancement (white
arrows) (intradiploic meningioma).
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on T1- and T2-weighted images and on gadoli-
nium enhancement, with a dural tail along the
middle cranial fossa (see Fig. 21).9,15

Lesions arising from the TMJ are site specific and
include a variety of tumors and tumor-like condi-
tions and infectious-inflammatory processes that
may spread into the middle cranial fossa. Synovial
chondromatosis and benign and malignant syno-
vial tumors can all arise in this synovial joint.9,33,34

Pigmented villonodular synovitis can occasion-
ally extend into the middle cranial fossa along
the greater sphenoid wing. The hallmark of this
lesion is the presence of frond-like hyperplastic
synovium; blood degradation products attribut-
able to repeated hemorrhage; and giant foam cells
containing hemosiderin, which are responsible
for the heterogeneous signal intensity on MR
imaging and relative hyperdensity on plain CT
studies.9,33,34 Frond-like enhancement is the
rule.9,33,34 Pressure erosion on the articular
Fig. 22. Axial CT images in soft tissue (A) and a bone wind
aspect of the greater sphenoid wing, temporal bone, and
bone remodeling and thinning, with some areas of bo
Note the bony dehiscence on the lateral margin of the f
and postgadolinium T1-weighted (D) images show to adva
ence of multiple cysts, and joint effusion (white arrow in C
cranial structures (chondroblastoma).
surfaces leads to expansion of the joint space
and remodeling of adjacent bone.9,33,34

Chondroblastoma or chondromatous giant cell
tumor is an exclusively epiphyseal neoplasm that is
exceedingly rare in the skull base. It may occasion-
ally originate in the mandibular condyle, affect the
TMJ, and grow into the lateral CSB.35,36 Around
90% of cases are diagnosed before the age of 30
years. On CT, it presents as an expansile, eccentric,
lytic lesion with geographic margins and a lobulated
contour. Calcifications, punctate or irregularly
shaped, are seen in approximately half of the cases,
and joint involvement, often with effusion, may
occur.35,36 MR imaging tends to overestimate tumor
aggressiveness. The tumor matrix is of intermediate
to low signal intensity on T1- and T2-weighted
images, except when associated with an
aneurysmal bone cyst (highly hyperintense on T2-
weighted images, often with fluid-fluid levels).35,36

Peripheral enhancement is the rule (Fig. 22).
ow (B) show a large lytic lesion expanding the lateral
glenoid cavity and involving the left TMJ. Extensive

ny dehiscence and fine bony septa, are also shown.
oramen ovale (black arrow). Coronal T2-weighted (C)
ntage the craniocaudad extent of the lesion, the pres-
). Also, note the dramatic mass effect upon the intra-



Fig. 24. Axial T1-weighted image (A), T2-weighted image (B), and contrast-enhanced axial (C) and coronal (D) T1-
weighted images show multiple predominantly sclerotic lesions (hypointense on T1-weighted and T2-weighted
images) in the lateral aspect of the greater sphenoid wing, sphenoid triangle, and lateral orbital wall, which
enhance vividly on the postgadolinium images. Except for the enhancement, the imaging features are similar
to those shown in Fig. 21 (bone metastases from prostate cancer).

Fig. 23. Contrast-enhanced axial (A) and sagittal (B) CT reconstruction on a soft tissue window show a destructive
lytic lesion centered on the clivus and eroding its cortical margins, with an associated soft tissue mass enhancing
heterogeneously in a man with a prior history of colonic adenocarcinoma (clival metastasis).
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Fig. 25. Axial CT images on soft tissue (A) and in a bone window (B) show an expansile sclerotic lesion in the left
sphenoid triangle and lateral orbital wall with an aggressive sunburst pattern of periosteal reaction leading to
proptosis (osteogenic osteosarcoma). (C) Axial CT image in a bone window in another patient shows a permeative
lesion involving the clivus that is predominantly sclerotic but has small ill-defined lytic areas. Axial T2-weighted
image (D) and coronal precontrast (E) and postcontrast (F) T1-weighted images in the same patient show that the
lesion is markedly hypointense on T2-weighted imaging, is of intermediate signal intensity on T1-weighted
imaging, and enhances vividly after gadolinium administration. The lesion bulges inferiorly in the left nasopha-
ryngeal roof (osteosarcoma secondary to prior irradiation of a posterior fossa medulloblastoma).

Imaging of the Central Skull Base 689
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Intrinsic Non–Site-Specific Central Skull
Base Lesions

Primary and secondary bone neoplasms, fibro-
osseous conditions, a variety of systemic bone
diseases, and infection can occur in any of the
subdivisions of the CSB.

Metastasis is the most common neoplasm
affecting the skull base in an adult patient; there-
fore, it should be included in the differential diag-
nosis of any intrinsic skull base lesion.3,4,9,11–15

Because bone metastases are mostly attributable
to hematogenous spread, they tend to occur in
bones with higher marrow content, such as the
clivus, petrous apex, sphenoid triangle, and
diploe of the calvarium.9,11–15 Lesions are
primarily centered in the bony structures of the
Fig. 26. Contrast-enhanced coronal CT image on soft tiss
coronal postgadolinium MR imaging (C) demonstrate a w
sphenoid wing, bulging medially into the sphenoid sinus
B and C), bulging superiorly into the middle cranial fossa (w
ygoid plates (black arrow in A). Note the bone remodeling
a slow-growing benign process. Also note the vivid enha
through the lower neck shows a rounded mass lesion on th
the inferior pole of the right thyroid lobe (black ar
hyperparathyroidism).
skull base and can be lytic, sclerotic, or mixed
(Figs. 23 and 24). The lung, breast, prostate, and
kidney are the most common primaries to metasta-
size to the skull base.4,9,12 Occasionally, a skull
base metastasis can be the presenting feature of
a neoplasm elsewhere, although malignant disease
is already known in most cases. Osteoblastic
metastasis can mimic an intradiploic meningioma
or an osteosarcoma.9,14,15 When diffuse, bone
metastases can be mistaken for Paget’s disease
or other fibro-osseous conditions (Fig. 24).
Hypervascular metastases, such as those from
the kidney, thyroid, melanoma, carcinoid, or
choriocarcinoma, can potentially be confused
with other hypervascular lesions, such as paragan-
gliomas, JNAs, hemangiopericytomas, and
meningiomas.9,11,12
ue (A), axial CT image on a bone algorithm (B), and
ell-defined expansile lesion centered in the greater
(partially obliterated by the lesion) (white arrows in
hite arrow in A), and bulging inferiorly into the pter-
and thinning without frank bone erosion, suggesting
ncement of the lesion. (D) Axial T1-weighted image
e right tracheoesophageal groove immediately below
row in D) (brown tumor attributable to primary
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Plasmacytoma and multiple myeloma can occur
in the skull base, presenting as an expansile
destructive lytic lesion with a soft tissue compo-
nent spontaneously hyperdense on CT scans
and showing intermediate signal intensity on T1-
and T2-weighted MR imaging.9,14,15 These
imaging features are typical for hypercellular,
small, round-cell tumors with a high nucleo-cyto-
plasmic ratio, which is also a hallmark of
lymphoma and leukemic infiltrates (chloromas/
granulocytic sarcomas).

In the skull base the most common primary
malignant bone tumor is osteosarcoma. This are
of rare occurrence in the skull base, often
secondary to prior radiation therapy or Paget’s
disease. Osteosarcomas are characterized by
new bone formation and by an aggressive pattern
of periosteal reaction, with a spiculated hair-on-
end or sunburst appearance, which is best de-
picted on CT scans (Fig. 25).9,12,14,15
Fig. 27. Axial CT images on soft tissue (A and B) and bone w
the sphenoid body, which obliterates the sphenoid sinus e
iorly into the posterior nasal septum and nasal turbinates
by a thick rim of sclerotic bone with a ground-glass patter
(ossifying fibroma).
Any benign bone tumor can potentially occur
in the skull base and share the same imaging
features as elsewhere. Giant cell tumors, such
as osteoclastoma, aneurysmal bone cyst, and
brown tumor, are remarkable for the presence
of multinucleated giant cells and hemosiderin-
laden macrophages secondary to intratumoral
hemorrhage and may not be differentiated from
each other on the basis of pathologic findings
alone.9,37 The presence of iron, in the form of
hemosiderin and ferritin, accounts for tumor hy-
perdensity on plain CT scans and low signal
intensity on T2-weighted MR imaging, with
a blooming effect on T2* sequences attributable
to susceptibility artifact.37 These are usually
benign-appearing, slow-growing, expansile lytic
lesions that remodel and thin cortical bone
(Fig. 26).9,37 The diagnosis of brown tumors is
supported by laboratory findings of hyperpara-
thyroidism.9,37 These are highly vascularized
indow (C and D), show an expansile lesion centered in
xtends inferiorly into the pterygoid plates and anter-

. The lesion is homogeneously hypodense, surrounded
n excluding sphenoid mucocele as a possible diagnosis
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lesions demonstrating vivid enhancement after
contrast administration.9,37

Osteoblastoma can seldom be seen in the skull
base. It is a benign bone-forming neoplasm of
children and young adults, usually presenting
before the age of 30 years.3,4,9 Imaging shows
a sharply circumscribed, expansile, predomi-
nantly lytic or mixed lytic-sclerotic lesion depend-
ing on the degree of mineralization of the tumor
matrix, often in the form of bony septa.9,15

A peripheral sclerotic rim resembling an eggshell
is the rule.

Fibro-osseous conditions, such as fibrous
dysplasia, ossifying fibroma, and Paget’s disease,
can affect the skull base. Overall, CT is more
specific in the diagnosis, although MR imaging
can provide additional information regarding
disease activity.

Fibrous dysplasia is primarily a disease of the
medullary cavity, sparing cortical bone, which is
Fig. 28. (A, B) Axial CT images on a bone algorithm show d
normal trabecular pattern by dense, amorphous, and stru
bone including the otic capsule. Axial T1-weighted (C) and
the entire skull base reflecting the replacement of the bon
expansion leading to stenosis of the neurovascular forami
dum compressing V2 (black arrows in A and C) and the vi
an important distinctive feature from Paget’s
disease.3,4,9,38,39 Woven bone is replaced by myx-
ofibrous tissue with different degrees of minerali-
zation depending on the phase of disease
activity. Initially, cystic spaces, more or less coa-
lescent, predominate; a mixed-sclerotic pattern
with a ground-glass appearance then ensues;
and, finally, intense mineralization results in a scle-
rotic pattern.9,38,39 Bone expansion is the rule,
which may lead to stenosis of skull base neurovas-
cular foramina and to secondary neurologic defi-
cits.9,38,39 Affected bones tend to merge
imperceptibly with normal-appearing bones.38,39

A periosteal reaction, when present, indicates
pathologic fracture or malignant degeneration,
most often into osteosarcoma.9,14,15,38,39

Contrast-enhanced MR imaging can be used to
determine whether the disease is active (showing
moderate to intense enhancement) or quiescent
(non-enhancing).15,38,39
iffuse skull base osteosclerosis with obliteration of the
ctureless bone. Note the involvement of the temporal
T2-weighted (D) images show extensive signal void of

e marrow by dense compact bone. There is slight bone
na of the skull base. Note the stenotic foramen rotun-
dian canal (white arrow in B).
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Ossifying fibroma is a monostotic form of
fibrous dysplasia with a more aggressive
behavior. It often leads to marked bone expansion
and compressive signs and symptoms
(Fig. 27).9,38,39

Whereas fibrous dysplasia is a disease of chil-
dren and young adults, Paget’s disease tends to
occur beyond the fifth decade of life. It thickens
cortical bone, and although lytic, mixed, and
sclerotic stages are also recognized, the hallmark
of the disease is bone expansion and sclerosis
with coarse bony trabecula. As opposed to
fibrous dysplasia, it may affect the otic
capsule.3,4,9,38,39

Osteopetrosis is a rare hereditary disorder,
leading to defective osteoclast function and loss
of normal bone resorption and remodelling.4

Bones become thick and sclerotic with an
increased propensity to fracture. Bone expansion
in the skull base may lead to compressive neuro-
vascular symptoms and signs (Fig. 28).4,9,11,12
Fig. 29. Contrast-enhanced axial (A) and coronal (B) CT im
mass lesion on the left sphenoid triangle bulging mediall
suprazygomatic masticator space (short white arrows) and
Axial images on a bone algorithm (C and D) show a lytic e
a 9 month old child (Langerhans cell histyocitosis).
Eosinophilic granuloma is part of the spectrum of
Langerhans’ cell histiocytosis, a pathologic condi-
tion characterized by the presence of a histio-
cytic-like cell. It is seen in the pediatric age group
and manifests as a punched-out lytic lesion without
marginal sclerosis and with bevelled edges.9,11,12

Spontaneous hyperdensity on CT and intermediate
to low signal intensity on T2-weighted MR imaging
are the rule, imposing the differential diagnosis with
other small round-cell tumors (Fig. 29).9,11

Skull base osteomyelitis can result from the
spread of infection, usually from the sinonasal
region or middle ear cavity, often caused by
aggressive bacterial or invasive fungal infections
in immunocompromised hosts.9,12 Invasive forms
of Aspergillus and Mucor species and Pseudo-
monas aeruginosa infections in the form of malig-
nant or necrotizing otitis externa are most
commonly seen. Invasive funguses are remarkable
for their angiocentric growth, leading to vessel
irregularity, stenosis, and occlusion.9,12,14,15 On
ages in soft tissue window show a vividly enhancing
y into the orbit (long white arrows), laterally into the
posteriorly into the middle cranial fossa (black arrows).
xpansile lesion with bevelled edges (white arrows) in



Fig. 30. Axial T1-weighted (A), T2-weighted (B), and postgadolinium T1-weighted (C) images show extensive
replacement of the central bony skull base by a soft tissue mass that extends from the nasal cavity and paranasal
sinuses into the pterygopalatine fossa and inferior orbital fissure and, posteriorly, into the left cavernous sinus
encasing the left internal carotid artery (white arrows in A–C). This soft tissue mass is of low signal intensity
on the T2-weighted images and enhances intensely after administration of gadolinium. Magnetic resonance
angiography, (D) demonstrates to advantage the stenosis and irregularity of the lumen of the left internal carotid
artery along the petrous and cavernous segments (white arrows).

Borges694
imaging, the presence of extensive bone and carti-
laginous destruction in excess of the amount of
associated soft tissue in an adequate clinical
setting suggests the diagnosis (Fig. 30).9,12 Brain
infarcts are a possible complication when the
intracranial vessels is involved.11,12,15

Necrotizing otitis externa begins as an infection
of the external auditory canal and may second-
arily spread to the parotid space inferiorly, medi-
ally into the tympanic cavity, and, from there,
anteriorly into the petrous apex and clivus and
posteriorly into the jugular foramen. Internal
jugular vein and dural sinus thromboses are
common complications of this aggressive
infection.9,22
SUMMARY

Cross-sectional imaging has a pivotal role in the
evaluation of the CSB, which has limited clinical
access. Lesions affecting this anatomic area may
arise primarily from the skull base proper or from
neurovascular structures traveling through the skull
base or may arise secondarily from lesions origi-
nating from the intracranial compartment or from
the extracranial head and neck. Subdivision of the
CSB into middle, off-midline, and lateral compart-
ments and knowledge of the anatomic structures
contained in each of these compartments are
useful in limiting differential diagnoses. Putting
together the clinical setting, location, and cross-
sectional imaging features and playing with the
statistics can provide a good approximation of
the final diagnosis. Additionally, and most impor-
tantly, imaging is used to provide the exact
mapping of the CSB and to plan surgical or focused
radiation therapy with increasing accuracy.
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