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10.1

Introduction

Nose and paranasal sinuses can be involved by a va-
riety of different neoplasms arising from adjacent
spaces/structures and secondarily invading the bony
framework composing the peripheral border of the
sinonasal tract.

Upwards, the skull base separates the frontal sinus,
the ethmoid and the sphenoid sinus from the ante-
rior and middle cranial fossae. In exceedingly rare
cases, meningioma or meningosarcoma can breach
the cribriform plate, the fovea ethmoidalis and/or the
planum sphenoidale (RUBINSTEIN and ARBIT 1985).
Moving posteriorly, the list of lesions encompasses
neoplasms arising from embryonic remnants (chor-
doma, craniopharyngioma), from bone and cartilage
(chondroma, chondrosarcoma, osteosarcoma), and
from the pituitary gland (adenoma) (CHAKRABARTY
et al. 1998; DEMONTE et al. 2000; BRowN et al. 1994;
JOHNSEN et al. 1991).

No real anatomic boundary separates nasal cavi-
ties from the nasopharynx. Thereby, nasopharyngeal
tumors may have an unimpeded access to the nasal
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fossae through the choanae. Invasion of the parana-
sal sinuses is less common, probably because naso-
pharyngeal cancer typically takes origin from the
vault or the lateral recess. As these areas are closer to
the skull base, the preferential pathway of spread is
towards the anterior foramen lacerum and the clivus
(NG et al. 1997).

The posterolateral wall of the maxillary sinus is
the boundary between the sinonasal tract and the
masticator space. Neoplasms originating within this
space are basically sarcomas or lymphomas, less fre-
quently neurogenic tumors (YU et al. 1998).

The inferior boundary of the sinonasal tract (i.e.,
nasal cavity floor, alveolar recess of the maxillary
sinus) may be involved by expansile lesions arising
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from the mucosa or submucosa lining the oral cavity.
These lesions include epithelial neoplasms (basically
squamous cell carcinoma) and tumors arising from
minor salivary glands (GINSBERG and DEMONTE
1998). Several benign and malignant lesions arise
from the alveolar process of maxillary bone and
extend toward the sinonasal tract, mostly into the
maxillary sinus and hard palate. Peculiar imaging
findings may be observed in cysts and tumors aris-
ing from cells and tissues involved in odontogenesis.
Finally, basal or squamous cell carcinoma of the face
can invade adjacent sinonasal tract structures and
further extend submucosally into bones or access
the skull base via perineural spread (WiLL1AMS et al.
2001) (Fig. 10.1-2).

Fig. 10.1a-c. Basal cell carcinoma of the face. a Enhanced T1-
weighted axial plane. Tumor spreads from the nasal skin into
the muscles of the lip (1), and grows mainly along the bony
framework of sinonasal structures into the inferior turbinate
(2) (replacing the hyperintense signal of the vascularized tis-
sue), anterior (arrows) and postero-lateral maxillary wall from
which the hypointense tumor tissue penetrates the masticator
space (3) and pterygopalatine fossa. Bone marrow invasion
and cortical erosion of the zygomatic bone (4) is also pres-
ent. At this level, the medial maxillary sinus wall is partially
spared from the subperiosteal invasion (arrowheads). b The
coronal plane (T2-weighted image) shows the hypointense
tumor invading the hard palate (long white arrows), inferior
and middle (opposite white arrows) turbinate. Spread through
the cribriform plate appears with effacement of CSF signal on
right side (black arrow). ¢ A T2-weighted axial image dem-
onstrates intracranial invasion through the superior orbital
fissure (white arrows) with involvement of the foramen ro-
tundum structures (arrows). Tumor (T)
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Fig. 10.2. Keratoacanthoma of the nasal skin with invasion of
nasal bones, orbit, and anterior ethmoid

10.2
Skull Base Tumors Extending into the
Sinonasal Tract

10.2.1
Chordoma

10.2.1.1
Definition, Epidemiology, Pattern of Growth

Chordoma, a tumor taking origin from embryonic
remnants of the primitive notochord (BATsAKis
1979) accounts for less than 1% of central nervous
system tumors (WEBER et al. 1995). The most com-
mon locations are the sacrococcygeal region (45%-
49%), the base of the skull (36%-39%), and the spi-
nal axis (8%-15%) (HARRISON and LUuND 1993). In
the cranio-cervical region, seven points of origin
have been identified: dorsum sellae, Blumenbach’s
clivus, retropharyngeal notochord vestiges, rem-
nants in the apical ligament of the dens, nuclei pulp-
osi of the cervical vertebrae, vestiges in the squama
occipitalis, and ectopic localizations (BINKHORST
et al. 1957). Primitive chordomas of the sinonasal
tract, which have been rarely reported (LOUGHRAN
et al. 2000), are interpreted not as real ectopic local-
izations but more properly as lesions arising from
embryonic remnants of the notochord (SHUGAR et
al. 1980).

Male-to-female ratio is generally reported to
be 2:1 (PERZIN and PusHPARAJ 1986; WEBER et al.
1995). The lesion can be observed at any age, with
a predominance for the third and fourth decades in
intracranial localizations, while spinal chordomas
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are generally diagnosed at an older age because of a
late occurrence of signs and symptoms (PERZIN and
PusHPARAJ 1986; WEBER et al. 1995). No association
with irradiation or any other environmental fac-
tors has been observed. A small percentage of cases
have a familial pattern of inheritance (DALPRA et
al. 1999).

Chordomas develop from the bone, so they ini-
tially grow extradurally with bone destruction and
secondary extension into the adjacent soft tissues
(Fig.10.3a) (O1xawaA et al. 2001). They present some
of the typical features of a malignant tumor, such as
local invasiveness, tendency to recur, and a potential
for developing distant metastases, which have been
reported in up to 43% of patients (HIGINBOTHAM et
al. 1967). This event is typical for sacrococcygeal lo-
calizations. The low rate of systemic spread of skull
base chordomas, ranging from 0 to 10%, is considered
related to the fact that patients die for local progres-
sion before developing metastases (GAY et al. 1995;
Hua et al. 1999).

Chordoma generally presents as a whitish, soft,
multilobulated mass with a fibrous pseudocapsule,
sometimes filled by a mucoid substance (secondary
to previous hemorrhage), sometimes with hemor-
rhages, necrosis and/or calcifications and fragments
of bone (BaTsakis 1979). Microscopically, it is char-
acterized by vacuolated physaliphorous cells, which
are translucent cells of different sizes, rich in mucin
and glycogen (BaTsaki1s 1979).

At histology, the differential diagnosis includes
primary bone tumors, cartilaginous neoplasms such
as chondromas or chondrosarcomas, epithelial neo-
plasms such as mucinous-forming adenocarcinoma
or salivary neoplasms, metastases, schwannoma,
neurofibroma, meningioma, neuroblastoma, heman-
gioma and lymphoma. Cytokeratin antibodies and
epithelial membrane antigen positivity differenti-
ates chordoma from cartilaginous neoplasms, while
S-100 positivity, not a constant feature, may help the
differentiation from epithelial neoplasms (BOTTLES
and BECKSTEAD 1984; WALKER et al. 1991). Some
chordomas stain positive for vimentin, which reflects
a mesenchymal differentiation (BourorPoULOU et al.
1989).

10.2.1.2
Clinical Findings

Headache and diplopia, more frequently due to ab-
ducens nerve involvement, are the most common
presenting symptoms (VOLPE et al. 1993). The fifth
cranial nerve is also frequently involved, due to the
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progressive neoplastic lateral growth with invasion
of adjacent structures such as the cavernous sinus.
Signs and symptoms also include visual loss and
limitation of the visual field, and extraocular com-
plaints such as dysphagia, dyspnea, dysphonia, facial
pain, facial paresis, hearing loss, tinnitus, dizziness
and ataxia, due to brain stem compression. Anterior
extension of the lesion into the nasopharynx can ex-
plain pharyngolaryngeal and otological symptoms,
whereas extension toward the sinonasal tract can
cause nasal obstruction, hypo-anosmia, hyponasal
speech, mucopurulent discharge, and, rarely, epi-
staxis (PERZIN and PUSHPARAJ 1986; HARRISON and
Lunp 1993).

10.2.1.3
Treatment Guidelines and Prognosis

The treatment of choice for chordoma is surgery
and a wide spectrum of approaches (transoral, ante-
rior transfacial, subfrontal transcranial, frontotem-
poral transcavernous, lateral transpetrosal, subtem-
poral transpetrous-transcavernous, subtemporal
infratemporal, and extreme lateral retrocondylar-
transcondylar) (STRUGAR and SEKHAR 2000) have
been described. Selection of surgical access mainly
depends on tumor location, which is grouped in
upper-, mid-, and lower-clival. Postoperative ra-
diotherapy, both by linear accelerator, or proton
beam, can provide a better control of the disease
(ROSENBERG et al. 1999; HuG et al. 1999; CROCKARD
et al. 2001).

Prognosis of chordoma is related to the extent
of surgical removal: 5-year survival of 35% is re-
ported after incomplete resection combined with
conventional radiation therapy (ZorLu et al. 2000).
Better results are obtained with aggressive surgi-
cal treatment and proton-beam postoperative ra-
diotherapy, with 5-year and 10-year disease-free
survival rates ranging from 50% (CoLLI and AL-
MEFTY 2001) to 77% (CROCKARD et al. 2001) and
from 45% to 69%, respectively (ROSENBERG et al.
1999; CROCKARD et al. 2001). No effective chemo-
therapeutic agents are available for the treatment
of this disease.

The prognosis of chordoma is affected by a variety
of clinical and pathologic characteristics. Important
features include tumor location, size and resectability,
as well as the age and the gender of the patient. Larger
tumors, female gender, and age greater than 40 years
are associated with a poorer outcome (FORSITH et al.
1993; O’CoNNELL et al. 1994; GAy et al. 1995; HuG et
al. 1999).
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10.2.1.4
Key Information to Be Provided by Imaging

Involvement of the sella turcica, clivus, sphenoid
sinus, pyramid apex.

Displacement or encasement of internal carotid
artery, involvement of the cavernous sinus, dis-
placement of the basilar artery.

Compression of central nervous system struc-
tures, involvement of cranial nerves.

Involvement of the ventricular system, presence of
hydrocephalus.

Extent toward other skull base areas (foramen
lacerum, pterygopalatine fossa) or into the naso-
pharynx, the atlanto-occipital joint and proximal
cervical spine.

Presence of imaging features highly suggestive for
this specific lesion.

10.2.1.5
Imaging Findings

The site of origin of most skull base chordomas is the
basiocciput-basisphenoid where the terminal por-
tion of the notochord ends reaching the sphenoid
bone just inferior to the sella turcica and dorsum
sellae. Nasopharyngeal and intracranial locations
are rarely observed, their origin being explained by
the extra-osseous path of the notochord, which may
have short segments running outside the bone, either

Fig.10.3. Chordoma. On sagittal enhanced T1 sequence the le-
sion has a cervical location with invasion of the lower aspect of
the atlanto-occipital joint; posteriorly the foramen magnum is
invaded (short arrows). Anteriorly, the neoplasm extends into
the nasopharynx (long arrows)
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within nasopharyngeal soft tissues or within the pos-
terior cranial fossa (Fig. 10.3).

On CT, chordoma appears as a midline clival soft
tissue mass with bone destruction (OoT et al. 1988).
Invasion of the body of the sphenoid usually occurs,
accounting for the presence of coarse high densities
within the mass, assumed to be remaining fragments
of the eroded bone, rather than calcifications or new
matrix formation (Fig. 10.4). No sclerotic changes are
detected at the boundary with the invaded bone. Cystic
components are frequently observed. Enhancement is
present in at least some parts of the soft tissue compo-
nent. When chordoma arises in nasopharynx or poste-
rior fossa, the bone may or may not be eroded.

Intracranial extent frequently leads to posterior
displacement of the basilar artery and mass effect on
the brain stem. Lateral clival chordoma may present
as a cerebello-pontine angle mass.

The MR appearance varies in relation to the com-
posite histologic pattern of the tumor. In up to 80%
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of lesions, MR shows heterogeneous hyperintensity
on T2 - moderate to extreme (MEYERS et al. 1992)
with possible dark areas, reflecting the presence of
mucoid or old hemorrhagic areas, respectively. Soft
tissue components show iso to hypointensity on T1,
and variable degrees of contrast enhancement (SzE et
al. 1988) (Fig. 10.5). Cystic areas may present bright
signal on unenhanced T1.

Sagittal plain T1 sequences are particularly
useful, as the hypointense chordoma replacing
the hyperintensity of the clival bone marrow can
be clearly seen (SzE et al. 1988). On all sequences,
hypointense areas standing for large intratumoral
calcifications can be identified. On T2, low inten-
sity strands - composed of fibroconnective tissue
- form hypointense septations enclosing lobulated
hyperintense areas.

Though imaging findings of chordoma are rather
nonspecific, the site of origin and patient’s age may
help in the differential diagnosis.

Fig. 10.4a-c. Chordoma. CT (a) and T2-weighted
MR (b) show the tumor extending into the sphe-
noid sinuses (white arrow). Brain stem is com-
pressed. Intratumoral coarse high densities are
clearly shown by CT. Vessels displacement is
demonstrated by both techniques. Basilar artery
(black arrow), left internal carotid artery (white
arrowhead). ¢ The sagittal enhanced T1 image
shows posterior cranial fossa invasion and brain
stem compression (black arrow). Submucosal
invasion of the nasopharynx/sphenoid (arrow-
heads) and extent into the posterior ethmoid
(white arrow) is also detected
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Fig.10.5 a,b. Chordoma. a Unenhanced T1-weighted sequence in
the sagittal plane. A large extradural chordoma with invasion of the
sphenoid sinus and ethmoid is shown. Replacement of bone mar-
row signal within the sphenoid bone (double arrows) with erosion
of the posterior bony rim is detected. Intranasal extent reaches the
planum sphenoidale from below (arrowheads). The mass projects
into the nasopharynx (white arrow). b The chordoma shows rel-
evant and heterogeneous enhancement. Extradural intracranial
extent with basilar artery displacement (white arrows). Initial ex-
tent through the medial maxillary wall is present

10.2.2
Cartilaginous Tumors (Chondroma,
Chondrosarcoma)

10.2.2.1
Chondroma (or Osteochondroma)

This benign neoplasm is composed of mature hya-
line cartilage. It occurs as either solitary or multiple
lesions. When the tumor arises within the medul-
lary osseous cavity, it is termed enchondroma. As the
tumor grows outward from the cortex, it develops
on the external bone surface (osteochondroma) as a
painless, slow-growing lesion producing symptoms
and signs depending on the location. Surgical treat-
ment has to be considered only for symptomatic tu-
mors.

10.2.2.2
Chondrosarcoma

10.2.2.2.1
Definition, Epidemiology, Pattern of Growth

Chondrosarcoma of the skull base is a rare pri-
mary intraosseous neoplasm, which is frequently

L. O. Redaelli de Zinis et al.

included in the differential diagnosis of chordoma.
It can be isolated or multiple, being part of one of
the enchondromatosis syndromes (Ollier disease,
Maffucci syndrome, metachondromatosis) (WEBER
et al. 1995).

Prevalence of chondrosarcoma is less than 0.2%
among intracranial tumors and 6% among skull
base tumors (CIANFRIGLIA et al. 1978; KVETON et al.
1986). The peak incidence is in the second and third
decades (HAsSOUNAH et al. 1985), and the male-to-
femaleratiois 1:1 (GAY et al. 1995). Chondrosarcoma
may arise from primitive mesenchymal cells or from
embryonal rests of the cranium’s cartilaginous ma-
trix (GAY et al. 1995). Conventional chondrosarco-
mas are grouped in 3 grades, according to the degree
of their cellularity, cytologic atypia, and mitotic ac-
tivity. Grade 1 is the least aggressive neoplasm with
features of a benign tumor, while grade 3 is the most
aggressive type. Other histological types are clear
cell, myxoid, mesenchymal, and dedifferentiated
chondrosarcoma (DoRFMAN and CZERNIAK 1998).
Conventional chondrosarcoma is composed of hya-
line, myxoid, or an mixture of hyaline and myxoid
cartilage. Typically it grows with an infiltrative pat-
tern, replacing the normal marrow elements, encas-
ing preexisting cancellous bone, and permeating
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haversian channels. It is by this mechanism that the
tumor frequently transgresses the cortex and forms
a soft tissue mass.

The clivus, the sphenoid bone - particularly in
the parasellar area and the petrous apex (KORTEN
et al. 1998; ROSENBERG et al. 1999) - are the most
frequent sites of localization of skull base chon-
drosarcomas, which are considered to arise from
residual endochondral cartilage (NEFF et al. 2002).
Chondrosarcomas have more commonly a parame-
dian location and they involve the sphenoethmoidal
area in 33% of cases (SEKHAR and OLIVEIRA 1999).

10.2.2.2.2
Clinical Findings

Since chondrosarcoma is a slow growing tumor, signs
and symptoms occur late and depend on the site of
origin and pattern of growth. Usually, the clinical
findings are undistinguishable from those of chor-
doma, the latter being more frequently asymptom-
atic, while chondrosarcoma is more commonly asso-
ciated with visual loss, facial numbness, and multiple
cranial nerves impairment (VOLPE et al. 1993).

10.2.2.2.3
Treatment Guidelines and Prognosis

Surgical treatment is the first line therapy, generally
followed by proton-beam postoperative radiotherapy.
In a group of 200 patients who received proton beam
irradiation after biopsy or surgical treatment, the 5-
and 10-year local control rates were 99% and 98%,
respectively, and 5- and 10-year disease-specific sur-
vival rates were both 99% (ROSENBERG et al. 1999).
As the outcome is significantly better than that of
chordoma, this finding emphasizes the importance of
an accurate distinction between the two neoplasms.

10.2.2.2.4
Key Information to Be Provided by Imaging (see Section
10.2.1.4)

10.2.2.2.5
Imaging Findings

Most frequent sites of origin of skull base chondro-
sarcoma include the spheno-occipital, spheno-petro-
sal and petro-occipital synchondroses, and a large
part of the petrous bone where the tumor is hypoth-
esized to develop from residual enchondral cartilage
(LEe and VAN TASSEL 1989; WATTERS and BROOKES
1995; NEFF et al. 2002)
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The quantity of chondroid matrix within the le-
sion influences the appearance on CT. The soft tis-
sue component appears hypodense on CT and shows
variable degrees of enhancement.

Calcifications largely vary, ranging from small and
scattered, often arranged as a peripheral rim, to large,
dense, and diffuse. They tend to have an interrupted
ring-like shape (Fig. 10.6). Nonetheless, intratumoral
calcifications may be absent (BROwWN et al. 1994).
Bone destruction is a rather constant finding (LEE
and VAN TASSEL 1989).

MR shows moderately high to very high hyperin-
tense T2 signal within the nonmineralized portion
of the lesion (Fig.10.7). The signal is non-homoge-
neous in about 60% of cases, due to intratumoral ar-
eas of hypointensity corresponding to coarse chon-
droid mineralization or fibrocartilaginous areas
on CT. Otherwise to CT, small calcifications may be
undetected on MR. Chondrosarcoma appears iso to
hypointense on T1, and may show marked non-ho-
mogeneous contrast enhancement (immediately af-
ter contrast agent administration), partly related to
the presence of calcifications and chondroid matrix
(MEYERS et al. 1992) (Fig. 10.8).

Based on pathologic findings, it is often difficult to
discriminate low-grade chondrosarcoma from its be-
nign counterpart. Imaging may play a role providing
information about cortical bone destruction.

The imaging based differential diagnosis in the
skull base includes a variety of lesions, the most chal-
lenging of which is represented by chordoma. Some

Fig.10.6. Chondrosarcoma of the right petro-clival suture.
Unenhanced CT in the coronal plane shows small, thin cal-
cifications 1s lining the boundary of the mass that extends
submucosal through the foramen lacerum into the nasophar-
ynx (arrows)

I
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Fig. 10.7. Chondrosarcoma of the left petro-clival suture, highly
hyperintense on the coronal T2-weighted image. Left cavern-
ous sinus and internal carotid artery are involved. Downward
extent toward the nasopharynx is shown (arrows)

Fig.10.8. Chondrosarcoma of the right petrous apex with
internal carotid artery encasement (black arrow), cavernous
sinus and Meckel cave involvement. Part of the lesion extends
into left pre-pontine cistern

clues are offered by calcifications, which are larger
(probably representing residual bone) in chordoma,
whereas they appear smaller (denoting organic ma-
trix production) in chondrosarcoma. Nonetheless,
the site of origin (midline for chordoma, paramedian
for chondrosarcoma) is probably the most reliable
criterion (BOURGOUIN et al. 1992).
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10.2.3
Pituitary Tumors

10.2.3.1
Definition, Epidemiology, Pattern of Growth

Pituitary tumors are frequent neoplasms repre-
senting about 8%-10% of all intracranial tumors
(KAYE 1997). They are incidentally found in 10% of
autopsies (NAMMOUR et al. 1997; FAJER et al. 2002).
Most pituitary tumors occur in young adults, with a
predilection for females, and the highest incidence
in the third and the sixth decades. The pathogen-
esis of pituitary tumors can be sometimes related
to oncogenes anomalies (G-protein, ras gene, p53)
and to the syndrome of multiple endocrine neo-
plasia (CORBETTA et al. 1997; SpapA et al. 1998;
SUHARDJA et al. 1999). Most pituitary tumors are
benign, but some of them may show a high growth
rate and aggressiveness. Central nervous system
and distant metastases are exceptionally described
(P1cHARD et al.2002). Hardy’s radiological classifi-
cation distinguishes tumors on the basis of the size
and gross features (bone changes, extent) (HARDY
1969). According to the size, tumors are divided
in microadenomas (less than 10 mm) and mac-
roadenomas (greater than 10 mm). On the basis
of imaging features, 5 classes of tumors are iden-
tified. Microadenomas are designated as being ei-
ther grade 0 or grade I, depending on whether the
sella appears normal, or minor focal sellar changes
are present. Macroadenomas causing diffuse sel-
lar enlargement, focal sellar erosion or extensive
sellar and skull base destruction are classified
as grade II, grade III, and grade IV, respectively.
Macroadenomas are further subclassified by the
degree of suprasellar extension (HARDY 1969).
Pituitary adenomas have also been classified by
their staining in chromophobic and chromophilic,
but this classification is disused because of the
overwhelming importance of immunohistochem-
istry and electron microscopy, that sometimes
show the hormone production and also multiple
hormonal production in the same tumor.
Differential diagnosis includes many other in-
tracranial neoplasms such as craniopharyngioma,
meningioma, germinoma, and secondary tumors.
Granulomatous and infectious disorders involving
the intrasellar region should also be considered. In
case of sphenoid invasion by a pituitary adenoma
or ectopic sphenoid localization, the differential
diagnosis includes mucocele and fungus ball.
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10.2.3.2
Clinical Findings

Clinical findings depend on the local extent of the tu-
mor and on the possible endocrine disorders due to
hormonal overproduction and/or hypopituitarism. In
about 70% of cases, the clinical picture is dominated by
features of anterior pituitary hypersecretion resulting in
a characteristic hypersecretory syndrome. (ZERvAs and
MARTIN 1980). Acromegaly, Cushing’s disease, amenor-
rhea-galactorrhea syndrome and, rarely, secondary hy-
perthyroidism represent the classical paradigms of GH,
ACTH, PRL and TSH hypersecretion, respectively. It is
important to recognize that hyperprolactinemia is not
always a feature specific for PRL-producing adenomas.
Moderate hyperprolactinemia (<120 ng/ml) can occur
in a variety of lesions involving the sellar region. This
phenomenon, frequently referred to as the “stalk section
effect”, is the result of compressive or destructive le-
sions involving the hypothalamus or the pituitary stalk.
Pituitary tumors can also present with symptoms sug-
gesting partial or total hypopituitarism (fatigue, weak-
ness, hypogonadism, regression of sexual secondary
characteristics, hypothyroidism). This often occurs in-
sidiously in association with pituitary macroadenomas
which compress and impair the secretory capability of
the adjacent nontumorous pituitary gland. Pituitary in-
sufficiency can also acutely occur in the context of pitu-
itary apoplexy. A progressively enlarging pituitary mass
can also generate a constellation of neurologic signs and
symptoms, depending on its growth path.

Headache, due to stretching of the enveloping dura
or of the diaphragma sellae, may be an early finding.
However, the single most common neurologic sign is
visual loss, which is related to suprasellar extension of
the tumor, with compression of the optic nerves and
chiasm. The classic and most common pattern of visual
loss is that of a bitemporal hemianopic field deficit, of-
ten in association with decreased visual acuity. Large
pituitary adenomas can encroach upon the hypothala-
mus, causing alteration of sleep, alertness, behavior,
eating and emotion. These tumors can extend into the
region of the third ventricle, where obstruction to ef-
fluent CSF flow can result in obstructive hydrocepha-
lus. Quite commonly, the tumor extends laterally in
the region of the cavernous sinus. With progressive
cavernous sinus invasion, cranial nerves (oculomotor,
trochlear, trigeminal, abducens) can occasionally be
affected. Finally, some pituitary adenomas can reach a
giant size, extending into the anterior, middle and pos-
terior cranial fossae. Neuro-ophthalmologic examina-
tion together with hormones testing are indicated prior
to imaging (L1SSETT and SHALET 2000).
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10.2.3.3
Treatment Guidelines and Prognosis

Therapy for pituitary tumors should be directed at
the following goals: reversal of endocrinopathy and
restoration of the normal pituitary function; removal
of tumor mass and restoration of normal neurologic
function. Nowadays, these goals can be more fre-
quently achieved due to the evolution of microsurgi-
cal techniques, the development of receptors-mediate
pharmacotherapy, and refinements in the delivery of
radiation therapy. Each of these treatment modali-
ties has specific advantages and limitations, therefore
treatment selection should be thoughtfully individu-
alized to each patient (WiLsoN 1984).

Medical management can sometimes control en-
docrine manifestations, particularly in case of prolac-
tinomas and growth hormone secreting adenomas.
Two classes of pharmacologic agents have emerged
as primary or adjuvant therapies for pituitary tumors:
dopamine agonists and somatostatin analogues.
Surgical treatment is advised to control local expan-
sion signs and symptoms and to release the patient
from chronic drug treatment. Transsphenoidal access
(microscopic or endoscopic) is the approach of choice
(CAPPABIANCA et al.2002; CHo and Liau 2002; ZADA
et al. 2003). A transcranial approach can be added
in larger lesions (LANDoOLT 2001). Transsphenoidal
surgery is associated with low morbidity (CIric et al.
1983). Currently, more than 95% of pituitary tumors
are approached transsphenoidally, with conventional
transcranial approaches reserved for the remaining
few cases in which anatomic features of the sella or
unusual intracranial tumor extension (dumb-bell
shape) limit the transsphenoidal accessibility (Mac
CARTY et al. 1973; MoRTINI and GIOVANELLI 2002).
Prognosis of pituitary tumors is generally good
(REES et al. 2002). Whenever residual neoplasm is
left, medical treatment adequately controls the dis-
ease. Radiosurgery has also been proposed for small
residual lesions or for the cavernous sinus invasion
(SHEEHAN et al. 2002; LosA et al. 2004).

10.2.3.4
Key Information to Be Provided by Imaging
(see Section 10.2.1.4)

10.2.3.5
Imaging Findings

Pituitary adenoma may have an extrasellar extension,
laterally into the cavernous sinus, inferiorly into the
sphenoid sinus. The latter may occasionally occur in



230

the absence of a suprasellar growth. In this case, the
floor may be the only bony boundary of the sella to
be disrupted. Such a pattern of growth may hinder
the discrimination between pituitary adenoma, chor-
doma, chondrosarcoma, and superior extension of a
nasopharyngeal carcinoma.

More than CT and MR appearance, correlation of
site of the lesion with laboratory tests and clinical
history may help to properly address the diagnosis
(CoTTIER et al. 2000).

MR is the technique of choice in the diagnosis of
pituitary adenomas, as its high contrast resolution al-
lows to detect even small microadenomas, which are
not identified on CT (THuoMAs 1999). In addition,
in the preoperative work-up of macroadenomas, MR
allows to demonstrate lateral extension toward the
cavernous sinus, internal carotid artery, middle and
anterior cerebral arteries as well as vertical extension
towards the suprasellar cistern, optic chiasm and
nerves (upwards) and sphenoid sinus (downwards)
(Fig.10.9) (Davis et al. 1987).

Pituitary adenomas share some common MR fea-
tures regardless of their size (micro- or macroade-
nomas). T1 sequence is the most appropriate tool to
identify these lesions - generally hypointense - and
to discriminate them from the adjacent normal pa-
renchyma - more hypointense - unless totally com-
pressed. In this sequence, spontaneous hyperinten-

Fig.10.9. Large pituitary non-functioning adenoma in a 48
years old male who experienced decreased visual acuity on
both eyes with bitemporal hemianopsia. The tumor inferiorly
extends through the sphenoid sinus into the nasopharynx
and posterior nasal cavity (black arrows). Anteriorly, the pitu-
itary adenoma extends into the anterior cranial fossa (white
arrows)

L. O. Redaelli de Zinis et al.

sity is the hallmark of the presence of blood (OsTrROV
et al. 1989). On T2 sequence, hyperintensity is more
commonly observed in macroadenomas; according
to IucHI et al. (1998) high T2 signal indicates a softer
tumor and, therefore, better predicts resectability.

Cystic degeneration of pituitary adenomas is her-
alded by the presence of T1 hypo-and T2 hyperin-
tense areas, which are infrequently associated with
fluid on fluid levels.

Sphenoid sinus invasion can be demonstrated
when the iso- to hypointense signal of the adenoma
protrudes into the air-containing sinus. Expectedly,
subtle abnormalities of cortical bone of the sella may
be complex to identify on MR. As a result, the inter-
pretation of MR findings may be sometimes difficult,
particularly when the sphenoid sinus shows inflam-
matory changes (mucosal thickening, retained secre-
tions with variable degrees of dehydration, fungal
superinfection). Narrow display windows are rec-
ommended to identify subtle sinus septa, as these
may represent valuable landmarks during transs-
phenoidal surgery. The intra-sphenoidal portion of
the pituitary adenoma has been reported to result
less intense on both T1 and T2 images and on con-
trast-enhanced images when compared with the sel-
lar/suprasellar solid portion of the adenoma, which
show marked contrast enhancement. Histological ex-
amination of adenoma specimens demonstrate some
degree of fibrosis within the portion extending into
the sphenoid sinus (IsH1I et al. 1996). Rarely, isolated
ectopic pituitary adenomas arising within sphenoid
sinus have been reported, showing nonspecific MR
findings such as soft tissue mass, isointense with gray
matter on T1-weighted images with heterogeneous
enhancement (SLoNIM et al. 1993).

10.2.4
Craniopharyngioma

10.2.4.1
Definition, Epidemiology, Pattern of Growth

ERDHEIM in 1904 contributed the first adequate
histological description of the lesion (ERDHEIM
1904). However, the term craniopharyngioma was
introduced by CusHING in 1932 (CUusHING 1932).
Craniopharyngioma is thought to arise from small
ectodermal cellular clusters, which are usually found
in the transition area of the pituitary stalk with the
pars distalis of the adenohypophysis, but may also be
detected in the pars tuberalis along the upper part of
the stalk. Two main hypotheses about the origin of
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the tumor exist in the literature. According to the first
one, craniopharyngioma develops from the ectoder-
mal clusters of primitive craniopharyngeal duct and
adenohypophysis (embryologic theory). The second
one hypothesizes an origin from metaplasia of the
residual squamous epithelium found in the adeno-
hypophysis and anterior infundibulum (metaplastic
theory). Although the origin of craniopharyngioma
is still controversial, some authors believe that it may
have a dual origin (GIANGASPERO et al. 1984). They
attribute the so-called childhood (adamantinous)
craniopharyngioma to embryonic remnants, and the
adulthood (squamous papillary) craniopharyngioma
to metaplastic foci of adenohypophysis cells.

Craniopharyngioma accounts for 1%-4% of intra-
cranial tumors (5-10% in children) and has a bimodal
age distribution with a peak in childhood (5-10 years)
and in the middle-aged patients (50-60 years). There
is no difference in distribution between males and fe-
males or among races (EINHAUS and SANFORD 2000).
Primitive or secondary sinonasal involvement has
been exceptionally observed (AKIMURA et al. 1989;
BRET and BEzIAT 1993; CHAKRABARTY et al. 1998;
JIANG et al. 1998; FALAVIGNA and KRAEMER 2001).

Craniopharyngioma typically arises in the infun-
dibulo-hypophyseal axis in the sella and suprasellar
area, frequently occupying the suprasellar cisterns,
but it may grow in any direction. A better topographic
classification of craniopharyngioma was established
by MR, recognizing four major types: intrasellar, in-
fundibulum-tuberian, intraventricular, and dumb-
bell-shaped craniopharyngioma (RAYBAUD et al.
1991). Important surgical classifications have been
proposed by Samir and Bin, (1991) and YASARGIL et
al. (1990). They are based on the vertical extension
of the tumor and its relationship with the third ven-
tricle.

Craniopharyngioma is an epithelial neoplasm
with solid and cystic components with frequent cal-
cifications, which has a tendency to infiltrate and to
produce a glial reaction causing strong adherences
(EiNnHAUS and SANFORD 2000). Child and adult types
have a different growth pattern, with a higher ten-
dency for brain infiltration in the adamantinous type.
Differential diagnosis encompasses other tumors,
infectious or inflammatory processes and other con-
genital anomalies (SHIN et al. 1999).

10.2.4.2
Clinical Findings

Since craniopharyngioma is a slow-growing tumor, it
may reach even a large size before causing symptoms.
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In the majority of cases, the time interval between the
onset of symptoms and the diagnosis ranges from 1
to 2 years.

Most frequently, craniopharyngiomas have an in-
trasellar and suprasellar localization. Their growth
usually is associated with involvement of surround-
ing structures in all directions, eventually resulting
in intracranial hypertension, endocrine dysfunc-
tion and neurologic signs and symptoms (ROHRER
et al. 2002). Increased intracranial pressure results
from an enlarging intracranial mass or obstructive
hydrocephalus. Visual deficits may be related to di-
rect compression of the optic pathways or may be
secondary to intracranial hypertension. Endocrine
abnormalities, which appear in men as decreased
sexual drive (88%) and in women as amenorrhea
(82%) (CARMEL 1990), are caused by compression
of the hypothalamic-hypophyseal axis. In case of
large tumors of the adult, psychiatric, cognitive,
and complex neurologic symptoms have been de-
scribed (DONNET et al. 1999; FITZGERALD and
MORGENSTERN 2000).

Children frequently present with symptoms of in-
creased intracranial pressure (65-75%),such as head-
ache and vomiting. About 20% of them have papilloe-
dema. Obstructive hydrocephalus is present in about
one third of the cases. Visual deficits are commonly
well tolerated by children. PaNG (1993) described
the typical child with a craniopharyngioma as being
short, obese, dull, half-blind, and with a poor school
record.

10.2.4.3
Treatment Guidelines and Prognosis

There is general agreement that surgery plays a ma-
jor role in the treatment of craniopharyngioma. A
transsphenoidal approach is elected when the lesion
is mostly intrasellar, while a pterional or a subfrontal
approach is appropriate for suprasellar lesions, and
a transcallosal approach is used for third ventricle
floor lesions (infundibulum and tuber cinereum)
(Norris et al. 1998; FAHLBUSCH et al. 1999; CHEN
2002; vaN ErFreNTERRE and BocH 2002; WANG et
al. 2002). Radiotherapy is added when an incom-
plete tumor excision is obtained (KALAPURAKAL et
al. 2003). Limited surgery with postoperative radio-
therapy have been proposed with the aim of limiting
the sequelae of a more extended surgery (IsAAc et
al. 2001; MERCHANT et al. 2002). In addition, stereo-
tactic radiosurgery has been used as exclusive treat-
ment (SCHULZ-ERTNER et al. 2002; ULFARSSON et al.
2002).
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Perioperative morbidity is mainly related to in-
tracranial complications (KALAPURAKAL et al
2003). Endocrine deficits are frequently expected
(HONEGGER et al. 1999).

Five-year survival rates ranging from 92% to
100% have been reported (FAHLBUSCH et al. 1999;
VAN EFFENTERRE and BocH 2002; KALAPURAKAL et
al. 2003). Owing to the young age at diagnosis and
the potential clinical impact of treatment sequelae,
a longer survival estimation shows the 10-year and
15-year survival rates to decrease down to 68% and
59%, respectively (BuLow et al. 1998). Tumor recur-
rence, which accounts for about 28% (CHoUX et al.
1991), often occurs along the operative track. Factors
associated with an increased risk of recurrence are
preoperative visual symptoms, tumor adhesiveness
at surgery, and subtotal resection (DUFF et al. 2000).

10.2.4.4
Key Information to Be Provided by Imaging
(see Section 10.2.1.4)

10.2.4.5
Imaging Findings

Because it arises from the pituitary stalk axis, cranio-
pharyngioma is usually located on the midline, most
frequently within an area extending from the third
ventricle to the sphenoid body. Moreover, due to its
origin from remnants of the craniopharyngeal duct,
it shares a common embryologic origin from oral
ectoderm. This feature accounts for the histological
and imaging similarity with ameloblastoma and with
keratinizing and calcifying odontogenic cyst, which
is characterized by proliferating ameloblastic epithe-
lium, ghost keratin, calcification, and cyst formation.
The term itself adamantinous craniopharyngioma
derives from this histological similarity (BERNSTEIN
and BucHINO 1983).

Adamantinous craniopharyngioma, which is the
most common form, typically presents as a mass
with both cystic and solid components. On CT, a cyst
with nodular or rim calcifications (90% of cases) and
some solid enhancing components is the most typi-
cal feature (GupTA et al. 1999). Though variable, the
density of the cystic part is generally superior to ce-
rebrospinal fluid. Site of the lesion is both suprasel-
lar and sellar in 60% of cases, entirely intrasellar or
suprasellar in 10% and 20% of cases, respectively.

The most typical MR finding is a heterogeneous
suprasellar-sellar signal mass containing a cystic
component, well defined, with internal uniform
signal, hyperintense on both T1 and T2 sequences
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Fig. 10.10. Sellar and suprasellar craniopharyngioma showing
a double cystic component which has a bright signal on the
T1-weighted sagittal plane (arrows)

(Fig. 10.10). Nonetheless, a variety of different MR
patterns may be present, including solid, calcified,
CSEF-like, hematin-like, and protein-like signals. A
solid component is also invariably present, often
partially calcified. In up to 92% of cases, more than
one pattern coexists in the same lesion, reflect-
ing the histopathologic complexity of the lesion
(MoLLA et al. 2002; WARAKAULLE et al. 2003). It is
important to note that the adamantinous cranio-
pharyngioma often elicits a relevant inflammatory
reaction from adjacent tissues. At the interface with
brain, this results in a dense gliosis that may be very
difficult to separate from the neoplasm. Infrasellar
extension is rare (HILLMAN et al. 1988; BRET and
BEZIAT 1993; CHAKRABARTY et al. 1998; FujiMmoTO
et al. 2002; CHEDDADI et al. 1996). The solid com-
ponent of the infrasellar lesion may extend into the
sinonasal tract or into the nasopharynx. Cystic sig-
nals are present both within and at the boundaries
of the mass. Sclerotic changes within the sphenoid
bone are also observed (BRET and BEZIAT 1993).
Papillary craniopharyngioma, typically found in
adulthood, is more frequently located within the floor
of third ventricle, in up to 41% of cases. It appears
more solid, calcifications are usually absent, cystic
components are less relevant than in the adaman-
tinous type, and do not show hyperintensity on T1.
Post contrast studies show a partially cystic mass that
enhances peripherally, mural nodules are detected in
about 70% of lesions (CROTTY et al. 1995). The mass
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is usually encapsulated and readily separable from
adjacent structures.

Imaging features useful for differentiating the two
tumor types are the encasement of vessels, the lobu-
lated shape, and the presence of hyperintense cysts
in adamantinous type, and the more round shape,
the presence of hypointense cysts, and the predomi-
nantly solid appearance in squamous-papillary tu-
mors (SARTORETTI-SCHEFER et al. 1997).

Differential diagnosis includes the Rathke’s pouch
or cleft cyst which shares the same common embryo-
logic origin of craniopharyngioma, but is lined by a
single layer of epithelial cells (cuboidal or columnar),
filled by mucoid or - less commonly serous - fluid,
or cellular debris. Mucoid contents accounts for the
hyperintensity on both T1 and T2 sequences, mak-
ing the distinction with craniopharyngioma difficult.
Serous content results in CSF-like findings on CT and
MR. Those cysts containing cellular debris are more
dense on CT and show heterogeneous signal on MR:
focal components with low signal on T2 that become
iso- to slightly hyperintense on T1 (KUCHARCZYK et
al. 1987). Unlike craniopharyngioma, Rathke’s cleft
cyst does not enhance except for a thin, peripheral
enhancement of its wall. Only large lesions are symp-
tomatic. Most are intrasellar, though they can be con-
fined to the sphenoid bone, making the differential
diagnosis with mucocele very difficult.

10.2.5
Meningioma

10.2.5.1
Definition, Epidemiology, Pattern of Growth

Meningioma is thought to take origin from arachnoi-
dal cap cells (GREENBERG 2001). It accounts for more
than 20% of all intracranial neoplasms (LONGSTRETH
et al. 1993; D’ ALESSANDRO et al. 1995; SURAWICZ et
al. 1999), with an annual incidence rate ranging from
2 to 13 new cases per 100,000 inhabitants (BoNDY
and LicoN 1996; HELSETH 1997; CORDERA et al.
2002). There is a female predominance of about 2:1
(HELSETH 1997; SURAwICZ et al. 1999; CORDERA et
al. 2002), with a predominance in African people
(BonDY and L1GON 1996). Every age can be involved,
with a peak incidence in the seventh and eighth de-
cades (BoNDY and LiGON 1996).

There are many hypotheses for the etiology of me-
ningioma. Previous radiation therapy - latency pe-
riod inversely proportional to the dose of radiations

233

(SADETZKI et al. 2002) —, viruses (SV-40, adenovirus,
and papovavirus) (BonDy and LicoN 1996), chro-
mosomal abnormalities (long arm chromosome 22,
but also other chromosomes have been considered)
(BonDpY and LiGoN 1996; ARSLANTAS et al. 2003),
hormonal alterations (estrogen, progesterone, an-
drogens, epidermal growth factor, platelet derived
growth factor, fibroblast growth factor) (DETTA et al.
1993; BLACK et al. 1994; FIGARELLA-BRANGER et al.
1994; LAMBE et al. 1997), and various occupational
exposures (LONGSTRETH et al. 1993; Hu et al. 1999)
have been suggested to play a role in the pathogenesis
of meningioma. Also head traumas have been consid-
ered (PHILLIPS et al. 2002), but many controversies
exist about this hypothesis (LONGSTRETH et al. 1993;
BoNDY and L1GON 1996).

Meningioma can arise from many different intra-
cranial sites. Among these, tuberculum sellae (12.8%
of intracranial locations) (GREENBERG 2001), olfac-
tory groove (9.8% of intracranial meningiomas)
(GREENBERG 2001), and petroclival meningiomas
(2% of intracranial meningiomas) (PIEPER and AL-
MEFTY 1999) can potentially extend toward the sino-
nasal tract and the nasopharynx (MoRrRiIs et al. 1990;
MAIURI et al. 1998), an event observed in 3% of cases
(FARR et al. 1973).

Primary sinonasal meningioma has also been ob-
served (PERZIN and PusHPARAJ 1984; THOMPSON and
GYURE 2000; HATFIELD et al. 2001; SWAIN et al. 2001),
accounting in a large series for 0.17% of sinonasal and
nasopharyngeal neoplasms (THOMPsON and GYURE
2000).

The World Health Organization histological clas-
sification includes three types of meningiomas: be-
nign, atypical and malignant (KLEIHUES et al. 1993).
The vast majority of cases belong to the benign type.
Histologic subtypes of meningiomas are the menin-
gothelial (syncytial), fibroblastic and transitional
(GREENBERG 2001). The latter type, which encom-
passes features of the other types, is frequently char-
acterized by the typical psammoma bodies. Papillary
growth pattern is one of the features of malignancy,
which is associated with brain infiltration and dis-
tant metastases (lung, liver, lymph nodes, heart)
(GREENBERG 2001). Hyperostosis can be due to bony
reaction to the tumor or more frequently to direct in-
vasion (PIEPER et al. 1999). However, one should keep
in mind that even primary intraosseous meningioma
may be associated with either hyperostotic or osteo-
lytic changes (ARANA et al. 1996; DEVI et al. 2001).
In the “en-plaque meningioma”, which is more com-
monly found in the sphenoid wings, the amount of
hyperostotic bone is disproportionate to the volume
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of the intradural tumor, thereby appearing as a thin
layer of tissue investing the inner table of the skull
(DEROME 1991).

10.2.5.2
Clinical Findings

Primary intracranial meningioma can silently, but
relentlessly grow and eventually results in a variety
of signs and symptoms. Apart from general com-
plaints induced by cortical irritation (i.e. seizures)
or hydrocephalus (i.e., headache), specific signs (cra-
nial nerves paralysis, hormonal deficiency, specific
brain stem compression syndromes, head and face
deformity secondary to hyperostosis, exophthalmos)
related to tumor location may be the clinical hall-
marks.

Clinical findings of sinonasal tract meningioma,
either primary or secondary, are similar to those
of other benign and malignant neoplasms (PERZIN
and PusHPARAJ 1984; THoMPsON and GYURE 2000).
Specific locations may be associated with a typi-
cal clinical presentation. Meningioma of the olfac-
tory groove may present with anosmia and Foster-
Kennedy syndrome (optic atrophy, scotoma in the
ipsilateral eye, papilloedema in the contralateral);
tuberculum sellae meningioma with early visual loss;
cavernous sinus meningioma with proptosis and dip-
lopia; foramen magnum meningioma with nuchal
and suboccipital pain, stepwise appendicular sensory
and motor deficits.

10.2.5.3
Treatment Guidelines and Prognosis

The mainstay of treatment for meningioma is still sur-
gical resection. Critical parameters affecting resect-
ability include tumor location, size, consistency, vascu-
lar and neural involvement, and, in recurrent lesions,
prior surgery and/or radiotherapy. New and innova-
tive approaches have been devised to reach and widely
expose meningiomas in any location. Furthermore, a
better knowledge of risk factors for tumor recurrence
changed the philosophy of surgical management. In
order to decrease the incidence of recurrences, resec-
tion of a meningioma should include not only the
gross lesion, but also the involved dura, soft tissue,
and bone. Postoperative radiotherapy is advisable for
atypical and malignant meningiomas and in selected
cases of incomplete resection. Instead of a standard
fractionated radiation therapy, stereotactic radiosur-
gery is indicated for residual tumor (KoNDZIOLKA et
al. 1991), particularly when cavernous sinus invasion is
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present (N1coLaToO et al.2002). However, the size of the
lesion should not exceed 35-40 mm. The morbidity of
meningioma treatment is strongly related to its loca-
tion and extension. Overall, 5-year survival for benign
and malignant meningiomas is about 70%; and 55%,
respectively (McCARTHY et al. 1998). A more favorable
prognosis with a 5-year and 10-year disease-free sur-
vival of 82% and 79% has been reported for sinonasal
meningiomas (THoMPsoN and GYURE 2000).

10.2.5.4
Key Information to Be Provided by Imaging
(see Section 10.2.1.4)

10.2.5.5
Imaging Findings

Approximately 33% of benign intracranial meningio-
mas arise from the skull base, mostly at the level of
sphenoid wings. Extracranial spread more frequently
occurs along skull base foramina or through direct
destruction of middle cranial fossa floor.

CT findings consist of a plaque-like enhancing
mass along with hyperostosis of the adjacent bone,
particularly at the level of sphenoid wings, being due
more frequently to neoplastic invasion rather than
reactive sclerosis (GINSBERG 1992).

Relative to cerebral white matter, meningioma is
generally hyperintense on T2 and hypointense on
T1 images. In comparison with the cortex, it is isoin-
tense to hyperintense on T2, more often isointense
than hypointense on T1 (SPAGNOLI et al. 1986). T2
signal is the least predictable, as 50% of lesions are
described to be isointense to brain, 40% hyperintense
and the remaining 10% hypointense. A certain degree
of signal heterogeneity is reported, basically related
to tumor vascularity, calcifications, or the presence
of cystic areas. Since on unenhanced MR images me-
ningioma may have a signal intensity similar to the
brain, its detection is improved by indirect signs such
as mass effect, white matter edema, dural thickening,
bone hyperostosis (BRADAC et al. 1987; YEAKLEY et al.
1988; CASTILLO et al. 1989).

Relevant enhancement is invariably obtained after
contrast agent administration, even when the lesion
is densely calcified. The enhancement is related to the
absence of blood barrier in meningioma capillaries.
Frequently, thickening and enhancement of the ad-
jacent dura may be observed (dural tail sign), a find-
ing that can be due either to direct dural infiltration
with accompanying dural congestion or to nonspe-
cific inflammatory changes (ToKUMARU et al. 1990;
KAwWAHARA et al. 2001).
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Meningioma may involve the paranasal sinuses
either through skull base encroachment or as ecto-
pic lesions. When the lesion arises from the planum
sphenoidale or from the sphenoid sinus roof the bone
may be sclerotic or show a characteristic blistering
consisting of upward expansion; an associated pneu-
mosinus dilatans has been described (Fig.10.11)
(MILLER etal. 1996). Primary intranasal meningioma
has been reported to have slow growth and to exhibit
high degree of enhancement (SPINDLER et al. 1989;
WOLTERS and KLEINSASSER 1985).

Fig.10.11a,b. Meningioma of the planum sphenoidale in a 60
years old male who complained anosmia, visual acuity loss
and mental changes. a Coronal CT shows a large olfactory
groove meningioma with blistering of the bone toward the
inner cranium (white arrow on a, black arrow on b) and inva-
sion of the ethmoid. b On postcontrast coronal T1-weighted
image, both the intracranial (white arrows) and extra-cranial
(black arrowheads) components remarkably enhance. Bone
blistering at the olfactory groove is hypointense than the sur-
rounding soft component
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10.3
Masticator Space Tumors Extending into the
Sinonasal Tract

10.3.1
Definition, Epidemiology, Pattern of Growth

From an anatomical and surgical perspective,an ideal
line drawn from the medial pterygoid plate to the
glenoid fossa subdivides the extracranial surface of
the middle cranial fossa into two compartments, in-
fratemporal and petrotemporal (KUMAR et al. 1986).
The infratemporal compartment is anterior-lateral
located and corresponds to the roof of masticator
space, whereas petrotemporal compartment is pos-
terior-medial located and corresponds to the roof of
parapharyngeal space.

The masticator space is an irregularly shaped py-
ramidal space including the temporal and the infra-
temporal fossae. Two leaflets originating from the su-
perficial layer — which invests the mandible - of the
deep cervical fascia and extending upwards to enve-
lope masticatory muscles are considered to limit the
masticator space. The roof of the masticator space is
made up of the extracranial surface of sphenoid wing
and a part of the temporal bone. The anterior-medial
limit is the posterior wall of the maxillary sinus. The
posterior-medial limit is the medial pterygoid fascia,
which separates the masticator space from the pre-
styloid compartment of the parapharyngeal space.
The superficial layer of the temporalis muscle, the
zygomatic arch and the superficial layer of the mas-
seter muscle can be considered the lateral limit of the
masticator space.

Masticator space tumors have been classified by
CoNLEY (1964) according to their site of origin in
primary, secondarily extending into the space from
adjacent site, and metastases.

Primary tumors account for about 30%, lesions
spreading from adjacent sites for about 70%, while
metastases are exceedingly rare (JoHNsoN and
MARAN 1982; SHAHEEN 1982; KAPLAN and DUCKERT
1984; CoHEN and ROSENHECK 1998; Hsu et al. 2002).

Each anatomic structure contained within the
masticator space may give origin to a tumor so that
a great variety of different pathological entities have
been observed in this area. Most of them are soft
tissue tumors (LORIGAN et al. 1989; Tor1uMI et al.
1989; ABDEL-FATTAH et al. 1990; Knox et al. 1990;
CoLMENEROetal.1991;DoHARetal.1991; GRUNDFAST
et al. 1991; OGREN et al. 1991; PAPAGEORGE et al.
1992; RuBIN and SADOFF 1992; UMMAT and NASSER
1992; SHINOHARA et al. 1993; WOOLFORD et al. 1994;
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KorRNFEHL et al. 1996; SIMSIR et al. 1996; GorTo et al.
1998; KRISHNAMURTHY et al. 1998; LEE et al. 1998;
HERMAN et al. 1999; LoPEs et al. 1999; VAJRAMANI
et al. 1999; SARAC et al. 2000; KANAazAwA et al. 2001;
RANGHEARD et al. 2001; BraNncHI et al. 2002; Hicks
and Frarrz 2002); but bone, cartilaginous, epithe-
lial, neuroendocrine, neurogenic, odontogenic, and
lymphoreticular neoplasms have also been described
(MENDELSOHN et al. 1983; CANTRELL et al. 1984;
TASHIRO et al. 1988; AKIMURA et al. 1989; SCHREIBER
et al. 1991; EAVEY et al. 1992; Koo et al. 1992; CURRIE
et al. 1993; WEISSMAN et al. 1993; ZHAO et al. 1993;
HocHBERG et al. 1994; SALEH et al. 1994; SICHEL et al.
1994; GORMLEY et al. 1995; MCCLUGGAGE et al. 1995;
HirRABAYASHI et al. 1997; GALANT et al. 1998; Kawal
et al. 1998; JuNG et al. 1999; P1EPER and AL-MEFTY
1999; MiNoDA et al. 2001; VogL et al. 2001). About
20% of primitive tumors are benign (SHAHEEN 1982).
Differential diagnosis should also include non-neo-
plastic expansile lesions, which have been rarely ob-
served in the masticator space (O’RyaN et al. 1987;
WEISMAN and OSGUTHORPE 1988; PATEL et al. 1998;
FLACKE et al. 1999; REITER et al. 2000; ACARTURK and
STOFMAN 2001; UPPAL et al. 2002).

Maxillary sinus, orbit, oral cavity, pharynx and
parapharyngeal space, parotid gland, middle ear and
middle cranial fossa are the sites of origin of other
tumors secondarily involving the masticator space
(CoNLEY 1964; SHAHEEN 1982), which are mostly
epithelial in origin (Bouaziz et al. 1991).

10.3.2
Clinical Findings

During the early phase of growth, masticator space
tumors are asymptomatic or they may be associated
with subtle, nonspecific signs and symptoms such
as headache, paresthesia or facial pain, unnoticeable
paresis of masticator muscles or taste modifications
(SHAPSHAY et al. 1976). Trigeminal sensory dysfunc-
tion can be determined by testing corneal sensation
with blink reflex, but it is easily underestimated.
Eustachian tube dysfunction due to compression can
be present for a long time before the lesion is identi-
fied. Only when the neoplasm considerably increases
in size,a cheek swelling can develop. Lateral deviation
of the jaw upon opening may be due to paralysis or
tumor invasion of the pterygoid muscles or to dys-
function of the temporomandibular joint. Similarly,
trismus may be due to several causes: mechanical
effect of the tumor, muscle adhesions due to scar-

L. O. Redaelli de Zinis et al.

ring, neoplastic ankylosis of the temporomandibular
joint, or pain.

As a general rule, benign tumors tend to respect
anatomic boundaries and they expand along soft-
tissue planes, or preexisting pathways (i.e., foramen
ovale, foramen spinosum, pterygomaxillary fissure,
inferior orbital fissure) (SoM et al. 1997). Conversely,
malignant tumors tend to infiltrate surrounding
structures. Symptoms clearly reflect the dominant
pattern of spread (Som et al. 1997).

10.3.3
Treatment Guidelines and Prognosis

Due to the heterogeneity of tumors involving the
masticator space, therapeutic planning greatly de-
pends on the histology of the lesion. Instead of an
open biopsy, which may be indicated only when there
is skin involvement, fine needle aspiration cytology
or needle biopsy have to be preferred.

Surgery is indicated for most masticator space tu-
mors. Contraindications include patients with lym-
phoreticular tumors, which are best treated by ra-
diation and/or chemotherapy, patients who are poor
surgical candidates due to pulmonary, cardiac, renal,
or other significant comorbidities, and patients with
disseminated disease.

A major surgical procedure is usually required
even for small tumors, in order to obtain a wide
exposure, which is essential to perform an en bloc
resection of the lesion and to preserve at the same
time uninvolved vascular and neural structures, thus
optimizing functional and aesthetic results. As a con-
sequence of the location and complexity of the mas-
ticator space, several surgical approaches have been
developed. They can be summarized as follows: ante-
rior transfacial, lateral preauricular, lateral postauric-
ular, and combined antero-lateral approach (Fiscu
1978; CoNLEY and PRrRICE 1979; FRIEDMAN et al.
1981; KrEspI and SissoN 1984; WETMORE et al. 1986;
GATES 1988; KRESPI 1989; LAWSON et al. 1990; SMITH
et al. 1990; HowaARD and LunDp 1992; CATALANO and
BILLER 1993; BiIGELOW et al. 1999; SHAHINIAN et al.
1999). Each technique can be associated to a frontal
or temporal craniotomy and to a transorbital ap-
proach (SEKHAR et al. 1987; SEIFERT and DIETZ 1992;
LEONETTI et al. 1993) to have a better control of criti-
cal extensions of the tumor into the cranial fossa/e
and into the orbit, respectively.

Anterior transfacial approaches are indicated for
sinonasal tumors invading the masticator space,
while indications for lateral preauricular approaches
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include tumors taking origin from the masticator
space and involving the anterior aspect of the tem-
poral bone or the greater wing of the sphenoid bone.
Postauricular approaches are designed for lesions ex-
tended to the posterior aspect of the temporal bone.

The reconstructing part of the surgical procedure is
meant to correct functional and cosmetic deficits and
to minimize complications. A water-tight dural closure
is required when resection of the dura has been per-
formed. The surgical defect is usually filled by rotating
the temporalis muscle or, less frequently, by using a
free flap (SEKHAR et al. 1987; BIGELOW et al. 1999).

The most important sequelae of these procedures
can be facial paralysis, face and corneal anesthesia,
loss of motor and sensitive functions of the mandib-
ular nerve with asymmetry of jaw opening; further
impairment of mastication may derive from resec-
tion of the temporo-mandibular join or mandibular
ramus (GUINTO et al. 1999; LEONETTI et al. 2001).
Infections and wound necrosis of the reconstruc-
tive flap, neurovascular endocranial complications or
CSF leak are uncommon events (SEKHAR et al. 1987;
BiGELOW et al. 1999; GUINTO et al. 1999).

Only a few data regarding the prognosis of patients
with tumors of the masticator space, mostly coming
from single case reports or from very small series,
are available in the literature (SEKHAR et al. 1987;
BiceELow etal.1999; GUINTO et al. 1999; SHAHINIAN et
al. 1999). Generally, benign tumors have an excellent
prognosis with a low recurrence rate (LEONETTI et
al. 2001). Conversely, prognosis of malignant tumors
is poor and strongly influenced by histology and by
the radicality of the resection (SEKHAR et al. 1987;
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BiGeELOW et al. 1999; GUINTO et al. 1999; SHAHINIAN
et al. 1999). Nevertheless, even aggressive malignant
neoplasms with a low chance of cure may be candi-
date to surgery with the intent to palliate symptoms
such as pain or trismus (ROSENBLUM et al. 1990).

10.3.4
Key Information to Be Provided by Imaging

Differentiation between primary masticator space
masses/metastases and neoplasms from adjacent
sites secondarily invading the space
Identification of imaging features suggesting the
nature (benign or malignant) or content (solid,
cystic, adipose, vascular) of the lesion.
Assessment of tumor extent and relationship with
adjacent critical anatomical structures (ptery-
gopalatine fossa, skull base foramina and fis-
sures, orbit, middle cranial fossa, internal carotid
artery)

Guidance for a needle biopsy

Identification of regional and distant metastases
in aggressive malignant tumors.

10.3.5
Imaging Findings

Some important hallmarks on CT and MR studies
help to indicate the masticator space as the site of
origin of a lesion. The center of the mass is expected
to be within masticator muscles or in the mandible,

Fig.10.12a,b. Masticator space
hemangioma appears hyper-
intense on fat-saturated axial
T2-weighted sequences, extend-
ing around masticator muscles.
a A double posterior sinus wall
with a sharp boundary (arrows)
is apparently subdividing the
maxillary sinus into an anterior
hyperintense and posterior hy-
pointense compartments. b The
double posterior sinusal wall
sign is related to upward dis-
placement of the sinusal floor by
a radicular cyst
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anterior to the prestyloid compartment of parapha-
ryngeal space (Fig. 10.12) (ASPESTRAND and BOYSEN
1992). As a consequence, the latter is generally poste-
riorly displaced (CHONG and FAN 1996). Secondary
invasion by lesions arising from adjacent structures
is suggested by the identification of the most prob-
able epicenter of the mass (Fig. 10.13).

As the medial pterygoid muscle fascia attaches to
the skull base medial to foramen ovale, the mandibu-
lar nerve and its inferior alveolar branch run within
the masticator space. This accounts for the need to
thoroughly scrutinize this nerve, as it may represent
the route for perineural spread into the middle cra-
nial fossa, towards the cavernous sinus (LAINE et al.
1990). Perineural spread may also occur when the le-
sion extends medially into the pterygopalatine fossa,
a crossroads between intra and extracranial course of
multiple nerve structures.

Destruction of posterolateral maxillary sinus wall
is the most common pathway of tumor invasion into
the sinonasal tract.

Fig.10.13a,b. Maxillary sinus squamous cell carcinoma invad-
ing the left masticator space and pterygopalatine fossa
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104
Hard Palate Expansile Lesions

10.4.1
Definition, Epidemiology, Pattern of Growth

The palate is an anatomical region which is included
into the oral cavity (hard palate) and the oropharynx
(soft palate). The hard palate represents the inferior
boundary of the nasal cavities and the maxillary si-
nuses. Malignant neoplasms of the hard palate have
been included in this chapter because they can ex-
tend into the nose and paranasal sinuses. Malignant
neoplasms of the hard palate are rare, accounting
for about 2%-5% of oral cavity cancers, they repre-
sent about 50% of hard palate neoplasms (KRoLLS
and HOFFMAN 1976; POGREL 1994; INAGI et al. 2002).
Most tumors have an epithelial origin with squamous
cell carcinoma accounting for about half to two thirds
of cases (CHUNG et al. 1980; PETRUZZELLI and MYERS
1994; TRUITT et al. 1999; YorozU et al. 2001). Salivary
gland tumors are also frequently observed, being the
hard palate the most common localization of minor
salivary gland neoplasms (CHUNG et al. 1980; TRAN et
al. 1987; LopEs et al. 1998; TRUITT et al. 1999; Hyam et
al. 2004). Among minor salivary gland tumors of the
hard palate, adenoid cystic carcinoma and mucoepi-
dermoid carcinoma are the most common histotypes
(TrRAN et al. 1987; LopEs et al. 1998; TRUITT et al.
1999; Yorozu et al. 2001; JANSISYANONT et al. 2002;
HyawMm et al. 2004). Non-epithelial or secondary neo-
plasms have been rarely reported in the hard palate
(CHUNG et al. 1980; FLor10 and HURD 1995; HEFER
et al. 1998; LaAHOZ ZAMARRO et al. 2001; MORIYA et
al. 2001; PrITCHYK et al. 2002; CHANG et al. 2003).
The peak incidence is in the second half of the sixth
decade for squamous cell carcinoma and in the first
half of the same decade for salivary tumors. There is
a male predominance in squamous cell carcinoma
of about 2:1, whereas salivary tumors are equally
distributed in males and females or there is a slight
female predominance (LoPEs et al. 1998; TRUITT et
al. 1999; INAGI et al. 2002).

Extension beyond the hard palate is a frequent
finding, in particular for squamous cell carcinoma,
which is more rapidly growing than salivary tumors,
which have a more subtle long-standing clinical his-
tory (KoRNBLUT 1987; POGREL 1994; BECKHARDT et
al. 1995). Posterior mucosal extension to the soft pal-
ateand the nasopharynx is more typical for squamous
cell carcinoma, whereas posterosuperior submucosal
perineural spread to the sphenopalatine foramen,
then to the pterygopalatine fossa, the infratemporal
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fossa and through the foramen rotundum, foramen
ovale, or inferior orbital fissure to the skull base is a
feature of adenoid cystic carcinoma (BECKHARDT et
al. 1995). Invasion of the floor of the nasal cavity or
of the maxillary sinus by direct bone infiltration or
through dental sockets is another frequent route of
spread for squamous cell cancer (KORNBLUT 1987).
Lymph node metastases are infrequent (TRUITT et
al. 1999; Yorozu et al. 2001) and the first echelon
of nodal drainage are the submandibular and up-
per deep jugular nodes (I and II levels) (ROUVIERE
1932).

10.4.2
Clinical Findings

Squamous cell carcinoma usually presents as an
infiltrative ulcerated lesion, while salivary tumors
are mostly submucosal with a smooth, normal mu-
cosal swelling, sometimes with a bluish appearance
(POGREL 1994; MANGANARO et al. 1997). In both
cases, the patient can be asymptomatic in the early
stage. Squamous cell carcinoma is typically associ-
ated with poor oral hygiene in heavy smokers and
drinkers. Bleeding, foul odor, dental numbness, ill-
fitting dentures, malocclusion, or loose teeth are
other manifestation of neoplastic growth. Signs and
symptoms of local advanced growth are velopha-
ryngeal insufficiency and hypernasal speech, pala-
tal hypoesthesia, middle ear effusion, hypoesthesia
along the mandible or wasting of the temporalis or
masseter muscles, trismus, and absence of corneal
reflex.

10.4.3
Treatment Guidelines and Prognosis

Surgery is the mainstay for treatment of hard pal-
ate neoplasms. Even though radiotherapy can be
considered effective for squamous cell carcinoma,
the high risk of osteoradionecrosis justifies why it
is rarely recommended as a primary treatment. Its
use as a complementary post-operative treatment is
indicated in advanced diseases.

The extent of the resection is dictated by the local
spread of tumor, particularly by perineural extent,
which can be suggested by imaging findings but has
to be looked for and checked especially in adenoid
cystic carcinoma. To this purpose, multiple frozen
sections are strongly recommended. Tumors of lim-
ited extent not invading the bone may be removed
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by a simple transoral excision; on the other site, ma-
jor procedures with a skull base and/or a cervical
access and temporary tracheotomy may be required
to manage advanced tumors (FUTRAN and HALLER
1999; TRUITT et al. 1999). When a maxillectomy (in-
ferior, subtotal or total) is required, the oroantral
defect can be occluded by a prosthetic obturator,
or it can be definitively closed by a temporalis flap
or by more sophisticated reconstructive techniques
using free flaps (see Chapter 5) (BERNHART et al.
2003). Owing to the low rate of neck metastases, a
neck dissection is performed only when there is
clinical evidence of lymph node involvement (SHAH
and LYDIATT 1999).

Conventional postoperative radiation therapy is
performed for involved or uncertain surgical mar-
gins, perineural invasion, for multiple lymph node
metastases or extracapsular spread of at least one
metastatic lymph node (BECKHARDT et al. 1995;
TRUITT et al. 1999). A controversy still exists about
the efficacy of radiotherapy for adenoid cystic carci-
noma: promising results have been obtained with fast
neutrons radiotherapy, which is expected to be more
effective in this specific tumor than the conventional
treatment (DouGLAs et al. 1996; PrRoTT et al. 2000;
HUBER et al. 2001).

Survival of patients with malignant tumors
of the hard palate is strictly dependent on the lo-
cal extent and the presence of nodal metastases
(CHUNG et al. 1980; TRAN et al. 1987; TRUITT et al.
1999; Yorozvu et al. 2001). Usually, 5-year survival
is higher for adenoid cystic carcinoma and minor
salivary gland malignancies. However, when a lon-
ger follow-up is considered, a progressive decrease
of disease-specific survival for adenoid cystic carci-
noma is observed: 5-year survival generally ranges
from 87% to 93% and 10-year survival from 75%
to 80% (TRAN et al. 1987; BECKHARDT et al. 1995;
TRUITT et al. 1999). In squamous cell carcinoma, a
better survival is reported when surgery is used as a
primary modality treatment, with a 5-year survival
up to 76% (TRUITT et al. 1999) compared to 48% for
radiotherapy (Yorozu et al. 2001).

10.4.4
Key Information to Be Provided by Imaging

Identification and assessment of bony invasion as
well as of submucosal, subperiosteal and perineu-
ral spread in malignant tumors
Identification of regional and distant metastases
in aggressive malignant tumors.
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10.4.5
Imaging Findings

Salivary gland carcinomas and squamous cell carci-
noma which arise from the palate can spread along
the greater and lesser palatine nerves to reach the
skull base and eventually extend intracranially. MR
imaging is superior to CT either in primary tumor
detection and in the assessment of perineural ex-
tent (GINSBERG and DEMONTE 1998; CALDEMEYER
et al. 1998; MAROLDI et al. 1999; ToMURA et al. 1999;
BLANDINO et al. 2000). Proper selection of the imag-
ing technique and of the MR parameters is essential
for detecting both small hard or soft palate tumors
and, particularly, for the identification of the subtle
changesassociated with perineural spread (GINSBERG
1999). Unenhanced T1 coronal images increase the
detectability of even small palatal lesions because
the hypointense tumor stands upon the high signal
intensity of the hard palate, its fat tissue component
acting as a natural contrast (Fig. 10.14). Similarly, on
contrast-enhanced MR sequences fat saturation im-
proves the identification of both the primary tumor
and of the involved nerves. Thin slices are necessary
in all cases. Sagittal MR planes are useful in case of
soft palate carcinoma.

Particular attention has to be paid to the inferior
opening of the greater and lesser palatine canals,
where tumor can gain access to the palatine nerves.
Axial and coronal unenhanced T1 and fat-saturated
post-contrast images should be carefully scruti-
nized to detect the effacement of fat surrounding
the opening of the canal by the hypointense tumor,
or the enhancing nerve or the neoplastic tissue
replacing the fat within the pterygopalatine fossa
(Fig.10.15). Sub-millimetric VIBE sequences are
well suited at identifying subtle nerve abnormali-
ties at this level.

While MR findings are based on direct signs of
nerve involvement, CT has to rely on indirect find-
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ings, such as effacement of fat tissue within fissures,
canals and foramina or the occurrence of bone ero-
sion, which is usually late (CURTIN 1998). Once
the palatine nerves have been involved, perineural
spread can progress toward the sphenopalatine
ganglion, and from this step can further extend ei-
ther toward the skull base foramina or canals (cen-
tripetal direction), or perineural tumor can grow
along the opposite direction (centrifugal). Detailed
description of the patterns of growth, intracranial
extent and imaging findings is reported in Chapter
9, section 9.2.5.1.

10.5
Odontogenic and Nonodontogenic Cysts and
Tumors

10.5.1
Introduction and Definition

A wide range of cystic lesions and tumors of odonto-
genic origin involving the mandible and the maxilla
have been described in the literature.

This chapter will not provide a detailed descrip-
tion of any of them, but instead an overview of the
common clinical aspects together with some pecu-
liarities of those lesions which more often involve the
adjacent structures of the sinonasal tract.

According to pathogenesis, epithelial cysts of
the jaws are classified in developmental and in-
flammatory. Developmental cysts are subdivided
in odontogenic and non odontogenic (KRAMER et
al. 1992). Since their epithelial lining is composed
by squamous cells, the developmental odontogenic
cysts are further divided by their topographic re-
lation to specific structures, rather than by histo-
logic features.

Fig. 10.14a-f. Adenoid cystic carcinoma with perineural spread in a 32 years old female who complained hypoesthesia of right
cheek for 8 months. Unenhanced coronal T1-weighted images show a small hypointense neoplasm of the hard palate (a) (double
arrows) associated with fat signal effacement at the opening of the greater palatine canal (arrow) and hypointense signal in the
adjacent alveolar process (arrowheads).b At the level of the upper pterygopalatine fossa, a soft tissue mass (arrowheads) replaces
the fat content, effacing the pterygopalatine artery, clearly demonstrated on the contralateral side (black arrow). c Thickening of
right maxillary and vidian nerves is present (arrows). d Postcontrast images show enhancement of tumor tissue, which becomes
less detectable in the hard palate (when compared to unenhanced image), stands out at the greater palatine canal opening (ar-
row) and give rise to mild bone marrow enhancement in the adjacent alveolar process. Enhancement of pterygopalatine neo-
plastic component (arrowheads in e) and both maxillary and vidian nerve (arrows in f) is clearly demonstrated. Contralateral
vidian nerve (arrowhead). Note that the pterygopalatine mass is larger than the primitive tumor in the hard palate

\J
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Fig. 10.15a-d. Adenoid cystic carcinoma with perineural spread Contrast enhanced T1-weighted coronal (a-b) and axial (c-d)
planes. a The neoplasm (asterisk) arise from the right hard palate, abutting the alveolar recess of maxillary sinus (arrow). b
Perineural spread is detected along palatine nerves (arrowheads) and more centrifugally along both the maxillary nerve (1) and
vidian nerve (2). ¢ Submucosal tumor growth is shown along both surfaces of medial antral wall (arrows) reaching posteriorly
the pterygopalatine fossa. d Solid and enhancing tissue fills the widened pterygopalatine fossa (arrows)

Odontogenic tumors are very rare lesions aris-
ing from the tissues of developing teeth. They are
believed to result from an interruption of odonto-
genesis or from the reactivation of special tissues
participating into odontogenesis. Many histologic
variants with different presentation and behavior
have been recognized. Their classification is based
on histogenetic, organogenetic, and embryologic
aspects of tooth development.

10.5.2
Epidemiology, Clinical Findings and Treatment
Guidelines

The most frequent jaw cyst is the apical radicular
cyst, followed by dentigerous cyst and odontogenic
keratocyst (MosQUEDA-TAYLOR et al. 1997).
Radicular cyst results from pulp necrosis due to in-
flammation. The Malassez epithelial rests in the peri-
odontal ligament are stimulated to produce a periapi-
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cal granuloma, which subsequently evolves in a cyst
(apical radicular cyst). Rarely, are these cysts found
laterally to the root (lateral radicular cyst). Radicular
cysts are most frequently seen between 10 and 40
years, with a 60% male preponderance. Most of them
develop in the anterior maxillary region (37%-82%
are found in the maxilla) (McDANIEL 1999). They
are often asymptomatic, while pain and swelling are
present if the cyst becomes inflamed. Radicular cysts
are lined by stratified nonkeratinizing squamous
epithelium, with a dense infiltrate of chronic inflam-
matory cells. Most lesions are treated by endodontic
therapy of the involved tooth. Surgical removal can
be added in cases of failure.

Dentigerous (follicular) cyst is the most common
developmentalodontogeniccyst(MoSQUEDA-TAYLOR
et al. 1997). Its location surrounding the crown of an
impacted or partially unerupted tooth is quite typi-
cal. The cyst is commonly observed in the second,
third and fourth decades with a male predominance.
The most frequent sites are the region of impacted
teeth (mandibular and maxillary third molars, maxil-
lary canines, and mandibular premolars, in decreas-
ing order of frequency). Most of them are small and
asymptomatic although they can grow to reach even
remarkable size. Owing to their origin from the fol-
licular epithelium, which has a great potential for
degeneration, dentigerous cysts are sometimes asso-
ciated with benign or malignant neoplasms. In view
of this peculiarity, removal of impacted teeth with a
large pericoronal radiolucency is recommended.

Odontogenic keratocyst is an aggressive lesion
characterized by the production of keratin, with-
out a specific topographic location. It is the sec-
ond most common developmental odontogenic
cyst (MosQUEDA-TAYLOR et al. 1997; REGEzI 2002).
Multiple odontogenic keratocysts can be part of the
basal cell nevus syndrome, also known as Gorlin syn-
drome (5% of cases of parakeratinized type) (ODA et
al. 2000; REGEZzI 2002). There is an age predominance
from the second to the fourth decade, and males are
most frequently affected than women (McDANIEL
1999). The posterior region of the mandible is the
preferred site of origin, followed by the posterior re-
gion of the maxilla (McDANIEL 1999). Swelling and
drainage are the most frequent findings (50% of pa-
tients are symptomatic) followed by pain, paresthesia
and trismus (BRANNON 1976). Cysts producing or-
thokeratin have a lower tendency to recur compared
to those producing parakeratin (2.2% versus 42.6%)
(CROWLEY et al. 1992). Surgical excision with free
margins is the treatment of choice (BATAINEH and
AL QUDAH 1998; ZHAO et al. 2002).
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Nasopalatine duct cyst (incisive canal cyst) taking
origin from embryonic epithelial remnants of the
nasopalatine duct or incisive canal, is the most fre-
quent developmental non-odontogenic cyst (DALEY
et al. 1994). It is generally observed in the middle
age (fourth to sixth decade) with a slight predilec-
tion for males (VAsCcONCELOS et al. 1999a). Palatal
swelling is the most common complaint, rarely as-
sociated with root resorption of incisor teeth; most
cases are asymptomatic (VASCONCELOS et al. 1999a).
The cyst is lined by stratified squamous epithelium
and/or respiratory epithelium. Differential diagnosis
includes odontogenic keratocyst and periapical cyst,
when located in the midline (NEVILLE et al. 1997).
Enucleation is generally sufficient to avoid recur-
rences, which are reported in less than 10% of cases
(SPINELLI et al. 1994).

Nasolabial (nasoalveolar) cyst is a developmental
non-odontogenic cyst originating from the epithelial
remnants of the nasolacrimal duct and developing in
soft tissues (VASCONCELOS et al. 1999b). Most cases are
observed in the middle-aged females (VASCONCELOS
et al. 1999b). The most common clinical finding is an
asymptomatic soft tissue swelling involving the canine
fossa/nasal alar base region. Microscopically, this cys-
tic structure is composed of a fibrous capsule with an
unremarkable layer of pseudostratified columnar epi-
thelium (VASCONCELOS et al. 1999b). The treatment of
choice is surgical excision by sublabial approach rarely
followed by recurrence (VASCONCELOS et al. 1999b;
CHol et al. 2002). Also transnasal endoscopic marsu-
pialization has been described (Su et al. 1999).

Benign odontogenic tumors are rare. The most fre-
quent is odontoma, which accounts for about 50% of
all odontogenic tumors. It is considered quite similar
to a malformative lesion, since all dental tissues can
be observed within it. Odontomas are subdivided in
compound and complex in relation to the distribution
of dental tissues (more or less ordered). The second
most common benign odontogenic tumor is amelo-
blastoma, which is the most aggressive. Adenomatoid
odontogenic tumor, which preferably arises in the
maxilla, is the third most frequent lesion.

Most benign odontogenic tumors are observed in
the middle age, and there is a various distribution
among males and females. Compound odontoma
is more frequently observed in the anterior part of
the maxilla. A painless swelling is the only complaint
in almost all type of tumors with the exception of
odontoma and cementoblastoma. If tumors reach a
relevant size, pain, loss of teeth, malocclusion, ulcer-
ation,rhinorrhea and nasal obstruction (in upper jaw
locations), can be observed.
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Fig. 10.16a-d. Calcifying odontogenic cyst (Pindborg tumor). a Axial CT scans show the irregular destruction of the alveolar
process with spread into the buccal fat pad (arrow). b The lesion extends into the masticator space (arrows), irregular intratu-
moral densities are shown (black arrows in b and c). Mottled enhancing appearance of the lesion on post-contrast T1 coronal

plane (d).

Enucleation or limited surgical excision is a proper
treatment for most benign odontogenic tumors. On
the other site, ameloblastoma, ameloblastic fibroma,
odontoameloblastoma, calcifying epithelial odonto-
genic tumor (F1G.10.16) and myxoma require wide
free margins to avoid recurrences.

Malignant odontogenic tumors are divided in
carcinomas and sarcomas (KRAMER et al. 1992). The
most frequent odontogenic malignant neoplasm
is the primary intraosseous carcinoma (MCDANIEL
1999). The diagnosis requires that metastatic disease
had been excluded (EVERSOLE 1999). It is observed
in elderly patients, with a predilection for the man-
dibular body (Suk1 et al. 1994). Pain and paresthesia
can derive from compression of the alveolar nerve.
Regional and distant metastases are frequent and
a 30% to 40% 5-year survival is reported (To et al.
1991).

Malignant ameloblastic tumors include malignant
ameloblastoma, which shows the same histologic fea-

tures of benign ameloblastoma, but it is usually as-
sociated with late distant metastases to the lung (less
frequently to the brain, viscera, skin,and bone),and am-
eloblastic carcinoma, in which clear histologic signs of
malignancy are evident (EVERSOLE 1999). The latter has
no gender predilection, is more common in the mandi-
ble, and generally displays a local aggressiveness rather
than a tendency to metastasize (EVERSOLE 1999).

Odontogenic sarcoma is the malignant counterpart
of the ameloblastic fibroma (ameloblastic fibrosar-
coma), being characterized by benign epithelium with
amalignant fibrous stroma. When it exhibits dysplastic
dentin, it is called ameloblastic fibrodentinosarcoma,
and when focal deposits of dysplastic enamel proteins
are present, it is called ameloblastic fibro-odontosar-
coma (BREGNI et al. 2001). Finally, when a jaw tumor
with an ameloblastic fibroma-like pattern displays
both a carcinomatous and a malignant spindle cell
component it is defined as odontogenic carcinosar-
coma (SLATER 1999; SLAMA et al. 2002).
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10.5.3
Key Information to be Provided by Imaging

Differentiation between cystic and solid lesions
Presence of imaging features highly suggestive for
a specific lesion

Relationship with adjacent anatomical structures
(hard palate, masticator space structures, pterygo-
palatine fossa)

Assessment of distant metastases for malignant
tumors

10.5.4
Imaging Findings

Maxillary sinus and hard palate can be encroached
by a variety of lesions of odontogenic origin; the
most commonly observed are radicular cyst, dentig-
erous cyst, odontogenic keratocyst, ameloblastoma,
and non-odontogenic (developmental cysts), such as
nasopalatine and nasolabial cyst .

All the odontogenic lesions share some common
imaging features, such as radiolucency on plain films
and hypodensity on CT. Ameloblastoma and, less fre-
quently, odontogenic keratocyst may have a multiloc-
ular appearance being crossed by coarse and curved
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internal septa. Dystrophic calcifications may be de-
tected, especially in radicular cysts. At their periph-
ery, all these lesions are usually bordered by a thin
corticated rim. Nonetheless, this outer boundary may
be effaced or may appear sclerotic (particularly after
secondary infections in cystic lesions), thus making
identification of the site of origin of the lesion - in-
side or outside the maxillary sinus - extremely diffi-
cult. On coronal native or reconstructed MPR coronal
images, the identification of such a thin bony plate
between the lesion and maxillary sinus cavity is the
hallmark to distinguishing extra-antral odontogenic
lesions from antral lesions (HAN et al. 1995).

Evaluation of the site of origin of the lesion and
assessment of its relationship with adjacent teeth is
useful in distinguishing among some of the more
frequent odontogenic lesions involving the adjacent
sinonasal tract structures.

Radicular cyst arises from epithelial cells rests after
inflammatory stimulation. It is located close to the
apex of a non-vital tooth. In the maxilla, it is more
frequently located around incisors and canines roots.
CT findings and signal intensities on MR are non-
specific, they mainly consist of a unilocular, purely
cystic pattern, with homogeneous fluid (Fig. 10.17)
(MiNaAMI et al. 1996).

Fig. 10.17a-d. Large radicular cyst. a The orthopanoramic
film shows a periapical radiolucency with thin and regu-
lar lobulated rim occupying the right maxilla (arrows). b
Fluid-fluid (black arrow) level is demonstrated in the axial
T2 weighted image. Displacement and thinning of the cor-
tical rim of the maxillary bone is shown either by the post-
contrast T1 (double arrow in c) and by the bone-window
axial CT (d).
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Otherwise than radicular cyst, dentigerous cyst de-
velops around - eventually “containing” - the crown
of an unerupted tooth, which is more frequently a
canine in the maxilla, or supernumerary tooth (Som
et al. 1992). It has to be distinguished from a normal
dental follicle. If more than 20 mm in size, a dental
follicle is probably developing a dentigerous cyst.
When the dentigerous cyst grows upwards, the max-
illary sinus floor is remodeled; its bone content can
be reabsorbed. Typically, the floor is posteriorly and
superiorly displaced, accounting for a double poste-
rior sinus wall on axial CT images, where the poste-
rior one is the true sinusal wall and the anterior one
is actually the displaced floor. Sagittal or coronal sec-
tions improve this distinction. The displaced tooth
is clearly demonstrated within the cyst (OxITA et al.
1991). Except for the tooth, which appears hypoin-
tense, or totally signal void, on MR sequences, the
cyst has a homogeneous signal content, hyperintense
on T2 and hypo to intermediate on T1 (HisaToMmI et
al. 2003).

Odontogenic keratocyst is far most common in the
posterior body or ramus of the mandible than in
the maxilla. This lesion, which arises from dental
lamina, may have a pericoronal position, thus being
difficult to distinguish from dentigerous cyst on ra-
diographic films. On CT a unilocular or multilocular
cystic lesion is seen, invading the adjacent “scalloped”
bone and presenting thin, reactive and smooth bony
walls (Fig. 10.18). MR images of odontogenic kera-
tocyst show a unilocular or multilocular lesion, the

L. O. Redaelli de Zinis et al.

appearance of cyst walls can greatly vary: they can
be absent or thin or even thick. The cystic contents
usually is heterogeneous, the signal can be predomi-
nantly intermediate to low on T2, and intermedi-
ate to high on T1 (HisaTomi et al. 2003; MINAMI
et al. 1996). Contrast enhanced MR is superior to
CT in detecting features that enable to distinguish
the odontogenic keratocyst from other cysts, such
as focal rim enhancement and iso-intense intralu-
minal soft-tissue components which correlate with
the histological findings of focal inflammatory ulcer-
ation of the cyst lining, orthokeratosis and cell debris
(JANSE VAN RENSBURG et al. 1997). MR findings are
particularly useful in the diagnosis of nevoid basal
cell carcinoma syndrome, characterized by multiple
odontogenic keratocysts, by the early development of
multiple basal cell carcinomas and skeletal develop-
ment abnormalities (PALAcCIOS et al. 2004).

Nasopalatine and nasolabial are the most frequent
non-odontogenic developmental cysts of the maxilla
(HoLTMANN et al. 1985). The nasopalatine cyst de-
velops from the nasopalatine-incisive canal area to
present as a well-defined radiolucency above or be-
tween the root apices of the central incisors, exceed-
ing 0.6 mm in size (VERBIN and BARNEs 2001). On
CT the cyst has a midline location, shows smooth
expansion with sclerotic margins and displacement
of teeth apices. Radicular cysts differ in that the teeth
apices are within the cyst rather than being displaced
(PEVSNER et al. 2000). On MR, its keratin and viscous
fluid contents account for high signal intensity on T1
(Hisatomi et al. 2001).

d.

Fig. 10.18a,b. a A large odontogenic keratocyst arises from right maxilla and grows towards the contralateral side. b The cyst
fills the right maxillary sinus. Extensive remodeling and thinning of bone is observed. Focal bony dehiscences are demonstrated

(arrows in a and b)
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Nasolabial cyst, thought to origin fro the nasolac-
rimal duct apparatus, is generally located in the nasal
vestibule or ala or in the upper lip (Som and NorTON
1991).1t is an extra-osseous soft tissue mass that may
remodel the adjacent bone (CURE et al. 1996).

Ameloblastoma is a locally invasive but almost in-
variably slow growing benign tumor arising from
remnants of odontogenic epithelium (dental lamina,
dental organ). In the maxilla, ameloblastoma more
frequently develops in the third molar region, it
behaves more aggressively than in its mandibular
counterpart (JACKsON et al. 1996). Radiographically,
the most typical finding includes a multiloculated
lytic lesion, in which the number and arrangement
of internal “septa” may give the lesion a honeycomb-
like appearance. On CT, maxillary ameloblastoma
appears as a multilocular solid and cystic lesion,
non-enhancing, with well-defined thin cystic bor-
ders (HERTZANU et al. 1984) MR findings encom-
pass: mixed solid and cystic pattern, irregularly thick
walls, papillary projections, and strong enhancement
of solid components including papillary projections,
walls, and septa (MiNaMI et al. 1996). Unilocular le-
sions are more frequent in the mandible (PHILIPSEN
and REICHART 1998).
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