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Knowing as much as 
possible about your enemy 
precedes successful battle 

and learning about the 
disease process precedes 
successful management



  

Temporal Bone
a) Introduction
b) Anatomy of the Temporal Bone
c) Congenital Anomalies
d) Temporal Bone Trauma
e) Temporal Bone Inflammation
f) Temporal Bone Tumors
g) Temporal Bone Sclerosis
h) Petrous Apex Lesions



  

a) Introduction :

The temporal bone is divided into 5 portions:

1-Mastoid (mastoid process : insertion for 
sternocleidomastoid muscle)

2-Petrous portion (inner ear structures, skull base)

3-Squamous portion (lateral inferior skull)

4-Tympanic portion with tympanic cavity

5-Styloid portion



  



  



  

b) Anatomy of the Temporal Bone :

1-External Ear

2-Middle Ear

3-Inner Ear

4-Internal Auditory Canal (IAC)

5-Facial Nerve



  

Drawing shows the normal anatomy of the inner ear: the cochlea (C); 
vestibule (V); superior semicircular canal (Sscc); posterior 
semicircular canal(Pscc); lateral semicircular canal (Lscc); and 
vestibular aqueduct, which consists of an endolymphatic 
duct (ED) and endolymphatic sac (ES). Note the locations of the 
oval window (OW) and round window (RW) 



  

Axial CT image shows: 1, mastoid antrum; 2, aditus ad antrum; 3, 
epitympanum; 4, lateral semicircular canal; 5, vestibule; 6, labyrinthine 
segment of the facial nerve; 7, IAC; 8, posterior semicircular canal 



  

Axial CT image shows: 1, mastoid air cells; 2, incus (short process); 3, 
incudomalleal joint;4, malleus (head); 5, epitympanum (anterior 
epitympanic recess); 6, basal turn of the cochlea; 7, middle turn of 
the cochlea; 8, otic capsule; 9, IAC; 10, modiolus; 11, vestibule 



  

Axial CT image shows: 1, stapes (head); 2, incus (long process); 3, malleus 
(neck); 4, tensor tympani; 5, carotid canal; 6, apical turn of the cochlea; 7, 
middle turn of the cochlea; 8, basal turn of the cochlea; 9, interscalar 
septum; 10, round window niche; 11, vestibular aqueduct; 12, sinus 
tympani; 13, stapedius; 14, pyramidal eminence; 15, mastoid portion of the 
facial nerve; 16, facial recess 



  

Coronal CT image shows: 1, EAC; 2, mastoid air cells; 3, tegmen 
mastoideum; 4, tegmen tympani; 5, tympanic segment of the facial nerve; 6, 
labyrinthine segment of the facial nerve; 7, petrous apex; 8, basal turn of the 
cochlea; 9, interscalar septum; 10, middle turn of the cochlea; 11, carotid 
canal; 12, tendon of the tensor tympani; 13, lateral process of the 
malleus; 14, lateral malleal ligament; 15, malleus (head)



  

Coronal CT image shows: 1, mastoid air cells; 2, tegmen mastoideum; 3, 
tegmen tympani;4, IAC; 5, vestibule; 6, hypotympanum; 7, 
mesotympanum; 8, epitympanum; 9, cochlear promontory;10, tympanic 
membrane; 11, scutum; 12, Prussak space; 13, malleus (head); 14, stapes 
(crus); 15, superior semicircular canal; 16, tympanic segment of the facial 
nerve; 17, oval window; 18, crista falciformis; 19, EAC 



  

1-External Ear :
-The external ear includes the auricle and external auditory 

canal (EAC), which extends medially to the tympanic 
membrane

-The tympanic membrane attaches to the tympanic annulus 
and measures approximately 10 mm in diameter

-The normal tympanic membrane can often be faintly 
discerned on CT images

-The lateral third of the EAC is fibrocartilagenous, while the 
medial two-thirds of the EAC is surrounded by the 
tympanic portion of the temporal bone

-The anterior wall of the EAC also forms the posterior 
aspect of the glenoid fossa

-The posterior wall of the EAC forms the anterior margin of 
the mastoid segment of the temporal bone and is 
resected during canal wall-down mastoidectomy 



  



  

Coronal CT image shows: 1, mastoid air cells; 2, tegmen mastoideum; 3, 
tegmen tympani;4, IAC; 5, vestibule; 6, hypotympanum; 7, 
mesotympanum; 8, epitympanum; 9, cochlear promontory;10, tympanic 
membrane; 11, scutum; 12, Prussak space; 13, malleus (head); 14, stapes 
(crus); 15, superior semicircular canal; 16, tympanic segment of the facial 
nerve; 17, oval window; 18, crista falciformis; 19, EAC 



  

2-Middle Ear :
-Composed of air-filled spaces that contain the 

ossicles and are divided into :
a) Epitympanum (attic), superior to the level of the 

tympanic membrane 
b) Mesotympanum, at the level of tympanic 

membrane
c) Hypotympanum, inferior to the level of tympanic 

membrane
-The eustachian tube (pressure equalization) 

connects the middle ear with the nasopharynx



  

a) The Epitympanum :
-Communicates with the mastoid via the aditus ad antrum
-Normally, the mastoid is an air-filled cavity divided into 

numerous compartments by mastoid septations
-The mastoid air-cell size and configuration are highly 

variable
-The mastoid air cells are traversed by the Koerner septum, 

which is a thin bony structure formed by the 
petrosquamous suture that extends posteriorly from the 
epitympanum, separating the mastoid air cells into 
medial and lateral compartments

-The medial mastoid air cells are separated from the 
adjacent sigmoid sinus by the sigmoid plate 



  

b) The Mesotympanum :
-Three ossicles in the mesotympanum transmit 

sound waves from the tympanic membrane to 
the oval window in the vestibule :

1-Malleus ((head, neck, anterior process, lateral 
process, and manubrium)

2-Incus (body, short process, long process, and 
lenticular process) 

3-Stapes (head/capitellum, anterior crus, posterior 
crus, and footplate )



  

-The manubrium of the malleus is attached to the 
tympanic membrane, and the head of the 
malleus articulates with the body of the incus in 
the epitympanum forming the incudomalleal 
joint, which has a characteristic “ice cream cone” 
configuration on axial sections

-The lenticular process of the incus extends at 
approximately a right angle from the long 
process of the incus to articulate with the head 
of the stapes, forming the incudostapedial joint. 
The footplate of the stapes attaches to the oval 
window of the vestibule 



  

Axial CT image shows: 1, mastoid air cells; 2, incus (short process); 3, 
incudomalleal joint;4, malleus (head); 5, epitympanum (anterior 
epitympanic recess); 6, basal turn of the cochlea; 7, middle turn of 
the cochlea; 8, otic capsule; 9, IAC; 10, modiolus; 11, vestibule 



  

Coronal CT image shows: 1, mastoid air cells; 2, tegmen mastoideum; 3, 
tegmen tympani;4, IAC; 5, vestibule; 6, hypotympanum; 7, 
mesotympanum; 8, epitympanum; 9, cochlear promontory;10, tympanic 
membrane; 11, scutum; 12, Prussak space; 13, malleus (head); 14, stapes 
(crus); 15, superior semicircular canal; 16, tympanic segment of the facial 
nerve; 17, oval window; 18, crista falciformis; 19, EAC 



  

-There are four suspensory ossicular ligaments: superior 
malleal, lateral malleal, posterior malleal, and posterior 
incudal

-These ligaments are sometimes visible on CT images as 
thin linear structures

-The lateral malleal ligament is most commonly identifiable 
among the suspensory ligaments

-The tensor tympani muscle arises from the superior 
surface of the cartilaginous part of the eustachian tube, 
courses posteriorly in the medial portion of the middle 
ear, turns sharply at the terminus of the cochleariform 
process, and attaches to the neck of the malleus 



  

Coronal CT image shows: 1, EAC; 2, mastoid air cells; 3, tegmen 
mastoideum; 4, tegmen tympani; 5, tympanic segment of the facial nerve; 6, 
labyrinthine segment of the facial nerve; 7, petrous apex; 8, basal turn of the 
cochlea; 9, interscalar septum; 10, middle turn of the cochlea; 11, carotid 
canal; 12, tendon of the tensor tympani; 13, lateral process of the 
malleus; 14, lateral malleal ligament; 15, malleus (head)



  

Axial CT image shows: 1, stapes (head); 2, incus (long process); 3, malleus 
(neck); 4, tensor tympani; 5, carotid canal; 6, apical turn of the cochlea; 7, 
middle turn of the cochlea; 8, basal turn of the cochlea; 9, interscalar 
septum; 10, round window niche; 11, vestibular aqueduct; 12, sinus 
tympani; 13, stapedius; 14, pyramidal eminence; 15, mastoid portion of the 
facial nerve; 16, facial recess 



  

c) The Hypotympanum :

-Contains the opening to the eustachian 
tube, with the internal carotid artery seen 
along its medial margin



  

-Boundaries of the middle ear :
are tympanic membrane laterally , the tegmen 

superiorly and the inner ear (promontory) 
medially and the jugular wall (floor) inferiorly

-The scutum is a sharp bony projection to which 
the tympanic membrane is attached superiorly

-The tegmen refers to a thin plate of bone that 
separates the dura of the middle cranial fossa 
from the middle ear and the mastoid cavity

-The tegmen tympani is the roof of the middle 
ear, and the tegmen mastoideum is the roof of 
the mastoid  



  

Coronal CT image shows: 1, EAC; 2, mastoid air cells; 3, tegmen 
mastoideum; 4, tegmen tympani; 5, tympanic segment of the facial nerve; 6, 
labyrinthine segment of the facial nerve; 7, petrous apex; 8, basal turn of the 
cochlea; 9, interscalar septum; 10, middle turn of the cochlea; 11, carotid 
canal; 12, tendon of the tensor tympani; 13, lateral process of the 
malleus; 14, lateral malleal ligament; 15, malleus (head)



  

Coronal CT image shows: 1, mastoid air cells; 2, tegmen mastoideum; 3, 
tegmen tympani;4, IAC; 5, vestibule; 6, hypotympanum; 7, 
mesotympanum; 8, epitympanum; 9, cochlear promontory;10, tympanic 
membrane; 11, scutum; 12, Prussak space; 13, malleus (head); 14, stapes 
(crus); 15, superior semicircular canal; 16, tympanic segment of the facial 
nerve; 17, oval window; 18, crista falciformis; 19, EAC 



  

-The posterior wall of the middle ear cavity is 
irregular and includes the facial recess (also 
referred to as the facial nerve recess), pyramidal 
eminence, sinus tympani, and round window 
niche, from lateral to medial

-The pyramidal eminence overlies the stapedius 
muscle, which inserts onto the head of the 
stapes

-Another important area of the middle ear is the 
Prussak space (superior recess), this space is 
marginated by the pars flaccida and scutum 
laterally, the lateral malleal ligament superiorly, 
and the neck of the malleus medially   

 



  

Axial CT image shows: 1, stapes (head); 2, incus (long process); 3, malleus 
(neck); 4, tensor tympani; 5, carotid canal; 6, apical turn of the cochlea; 7, 
middle turn of the cochlea; 8, basal turn of the cochlea; 9, interscalar 
septum; 10, round window niche; 11, vestibular aqueduct; 12, sinus 
tympani; 13, stapedius; 14, pyramidal eminence; 15, mastoid portion of the 
facial nerve; 16, facial recess 



  

Coronal CT image shows: 1, EAC; 2, mastoid air cells; 3, tegmen 
mastoideum; 4, tegmen tympani; 5, tympanic segment of the facial nerve; 6, 
labyrinthine segment of the facial nerve; 7, petrous apex; 8, basal turn of the 
cochlea; 9, interscalar septum; 10, middle turn of the cochlea; 11, carotid 
canal; 12, tendon of the tensor tympani; 13, lateral process of the 
malleus; 14, lateral malleal ligament; 15, malleus (head)



  

Coronal CT image shows: 1, mastoid air cells; 2, tegmen mastoideum; 3, 
tegmen tympani;4, IAC; 5, vestibule; 6, hypotympanum; 7, 
mesotympanum; 8, epitympanum; 9, cochlear promontory;10, tympanic 
membrane; 11, scutum; 12, Prussak space; 13, malleus (head); 14, stapes 
(crus); 15, superior semicircular canal; 16, tympanic segment of the facial 
nerve; 17, oval window; 18, crista falciformis; 19, EAC 



  

3-Inner Ear :
-The inner ear (labyrinth) consists of :
1-Three semicircular canals which connect to vestibule
2-Vestibula with utricle and saccule
3-Cochlea (sensorineural hearing) which connects to :
Stapes → oval window
Round window (allows for counterpulsation of fluid)
-The cochlea contains the end organ for hearing while the 

vestibule and semicircular canals are responsible for 
balance and equilibrium

-The densest portion of the temporal bone that surrounds 
the osseous labyrinth is termed the otic capsule  
 



  

High-resolution CT appearances of normal inner ear structures, (a) Axial image 
shows the modiolus within the cochlea (white arrowhead), the IAC (white 
arrow), the vestibule (black arrowhead), and the posterior semicircular canal 
(black arrow), (b) Coronal image shows the cochlea (arrow), (c) Coronal 
image obtained in a section slightly posterior to b shows the superior and 
lateral semicircular canals (white arrows). Black arrow = vestibule, 
arrowhead = basal turn of the cochlea 



  

CT images of normal right inner ear anatomy: (a–f) axial superior to 
inferior images. 1, internal auditory canal (IAC); 2, superior 
semicircular canal (SCC); 3, lateral SCC; 4, posterior SCC; 5, 
vestibule; 6, basal turn of cochlea; 7, apical turn of cochlea; 8, 
vestibular aqueduct; 9, facial nerve 



  

Axial CT image shows: 1, mastoid air cells; 2, incus (short process); 3, 
incudomalleal joint;4, malleus (head); 5, epitympanum (anterior 
epitympanic recess); 6, basal turn of the cochlea; 7, middle turn of 
the cochlea; 8, otic capsule; 9, IAC; 10, modiolus; 11, vestibule 



  

-The cochlea is a spiral-shaped structure with 2 ½ to 2 ¾ 
turns, including the basal, middle, and apical turns, 
which are separated by interscalar septae

-The lateral aspect of the basal turn of the cochlea bulges 
into the middle ear cavity, forming the cochlear 
promontory

-The nerve of Jacobson (branch of cranial nerve IX) 
courses over the cochlear promontory. The cochlear 
nerve passes from the internal auditory canal through 
the bony canal for the cochlear nerve (also referred to as 
the cochlear fossette or cochlear aperture) into the 
modiolus which is a crown-shaped structure centered 
within the cochlea that transmits branches of the 
cochlear nerve to the organ of Corti, the organ of Corti is 
the end organ for hearing but is not visible on CT images   
  



  

Axial CT image shows: 1, mastoid air cells; 2, incus (short process); 3, 
incudomalleal joint;4, malleus (head); 5, epitympanum (anterior 
epitympanic recess); 6, basal turn of the cochlea; 7, middle turn of 
the cochlea; 8, otic capsule; 9, IAC; 10, modiolus; 11, vestibule 



  

Axial CT image shows: 1, stapes (head); 2, incus (long process); 3, malleus 
(neck); 4, tensor tympani; 5, carotid canal; 6, apical turn of the cochlea; 7, 
middle turn of the cochlea; 8, basal turn of the cochlea; 9, interscalar 
septum; 10, round window niche; 11, vestibular aqueduct; 12, sinus 
tympani; 13, stapedius; 14, pyramidal eminence; 15, mastoid portion of the 
facial nerve; 16, facial recess 



  

Coronal CT image shows: 1, EAC; 2, mastoid air cells; 3, tegmen 
mastoideum; 4, tegmen tympani; 5, tympanic segment of the facial nerve; 6, 
labyrinthine segment of the facial nerve; 7, petrous apex; 8, basal turn of the 
cochlea; 9, interscalar septum; 10, middle turn of the cochlea; 11, carotid 
canal; 12, tendon of the tensor tympani; 13, lateral process of the 
malleus; 14, lateral malleal ligament; 15, malleus (head)



  

Coronal CT image shows: 1, mastoid air cells; 2, tegmen mastoideum; 3, 
tegmen tympani;4, IAC; 5, vestibule; 6, hypotympanum; 7, 
mesotympanum; 8, epitympanum; 9, cochlear promontory;10, tympanic 
membrane; 11, scutum; 12, Prussak space; 13, malleus (head); 14, stapes 
(crus); 15, superior semicircular canal; 16, tympanic segment of the facial 
nerve; 17, oval window; 18, crista falciformis; 19, EAC 



  

-The bony vestibule is an ovoid space located superior and 
posterior to the cochlea, which connects to the 
semicircular canals

There are three semicircular canals : superior, posterior, 
and lateral (also called horizontal), which are oriented 
orthogonal to one another

-Each semicircular canal has a dilatation termed ampulla at 
one end, the posterior and superior semicircular canals 
share a common crus formed by the fusion of the 
posterior crus of the superior semicircular canal and the 
anterior crus of the posterior semicircular canal, which 
then opens into the superomedial part of the vestibule, 
the lateral semicircular canal, on the other hand, has two 
separate openings into the vestibule  



  

Axial CT image shows: 1, mastoid air cells; 2, incus (short process); 3, 
incudomalleal joint;4, malleus (head); 5, epitympanum (anterior 
epitympanic recess); 6, basal turn of the cochlea; 7, middle turn of 
the cochlea; 8, otic capsule; 9, IAC; 10, modiolus; 11, vestibule 



  

Axial CT image shows: 1, mastoid antrum; 2, aditus ad antrum; 3, 
epitympanum; 4, lateral semicircular canal; 5, vestibule; 6, labyrinthine 
segment of the facial nerve; 7, IAC; 8, posterior semicircular canal 



  

-The endolymphatic duct extends from the posterior aspect 
of the vestibule toward the posterior cranial fossa, and 
ends in a blind pouch, the endolymphatic sac, at the 
posterior margin of the petrous ridge

-The bony vestibular aqueduct surrounds the 
endolymphatic duct and normally measures up to 1 mm 
at the midpoint and 2 mm at the operculum, according to 
the Cincinnati criteria

The cochlear aqueduct is a narrow bony channel that 
surrounds the perilymphatic duct and extends from the 
basal turn of the cochlea, anterior to the round window, 
to the subarachnoid space adjacent to the pars nervosa 
of the jugular foramen, the cochlear aqueduct normally 
measures up to 0.1-0.2 mm in its midportion and is 
widest at the medial orifice



  

Axial CT image shows: 1, stapes (head); 2, incus (long process); 3, malleus 
(neck); 4, tensor tympani; 5, carotid canal; 6, apical turn of the cochlea; 7, 
middle turn of the cochlea; 8, basal turn of the cochlea; 9, interscalar 
septum; 10, round window niche; 11, vestibular aqueduct; 12, sinus 
tympani; 13, stapedius; 14, pyramidal eminence; 15, mastoid portion of the 
facial nerve; 16, facial recess 



  

4-Internal Auditory Canal (IAC) :
-The internal auditory canal (IAC) is a channel in the 

petrous bone, the medial opening of the IAC is termed 
the porus acousticus, the lateral end of the IAC is termed 
the fundus and abuts the labyrinth

-At the fundus, a transverse crest (crista falciformis) divides 
the IAC into superior and inferior compartments 

-Left and right IAC should not differ >2 mm in diameter
-Contents of IAC :
1-Facial nerve (anterior superior) : CN VII (“7 up”)
2-Cochlear part (anterior inferior) : CN VIII (“Coke down”)
3-Superior vestibular nerve (posterior) with superior and 

inferior divisions : CN VIII
4-Inferior vestibular nerve (posterior) : CN VIII



  

Coronal CT image shows: 1, mastoid air cells; 2, tegmen mastoideum; 3, 
tegmen tympani;4, IAC; 5, vestibule; 6, hypotympanum; 7, 
mesotympanum; 8, epitympanum; 9, cochlear promontory;10, tympanic 
membrane; 11, scutum; 12, Prussak space; 13, malleus (head); 14, stapes 
(crus); 15, superior semicircular canal; 16, tympanic segment of the facial 
nerve; 17, oval window; 18, crista falciformis; 19, EAC 



  

5-Facial Nerve :
-Although the facial nerve itself cannot be directly 

visualized on CT images, its bony canal defines its 
course

-The facial nerve exits the lateral pons, traverses the 
cerebellopontine angle (CPA) (cisternal segment), 
passes through the porus acousticus, courses through 
the IAC in the anterosuperior quadrant above the crista 
falciformis (canalicular segment), and through the 
petrous bone anterior to the cochlea (labyrinthine 
segment) to reach the geniculate ganglion from which 
the greater superficial petrosal nerve arises

-From here (anterior or first genu), the facial nerve turns 
posteriorly toward the medial aspect of the middle ear 
cavity (tympanic segment)

-On coronal CT images, the proximal portion of the 
tympanic segment and the distal portion of the 
labyrinthine segment of the facial nerve can be 
visualized superior to the cochlea, resulting in the 
appearance of “snake eyes” or “snail eyes”



  



  

-The tympanic segment of the facial nerve runs 
inferior to the lateral semicircular canal and 
superolateral to the oval window, In the posterior 
wall of the middle ear cavity adjacent to the 
facial recess, the facial nerve turns inferiorly 
forming the posterior or second genu 

-The mastoid segment of the facial nerve courses 
through the medial portion of the mastoid bone 
until it exits the skull through the stylomastoid 
foramen and enters the parotid gland 
(extratemporal segment), the chorda tympani 
branches off of the mastoid segment of the facial 
nerve and returns to the middle ear cavity via the 
canaliculus of the chorda tympani



  



  



  



  

Axial CT image shows: 1, mastoid antrum; 2, aditus ad antrum; 3, 
epitympanum; 4, lateral semicircular canal; 5, vestibule; 6, labyrinthine 
segment of the facial nerve; 7, IAC; 8, posterior semicircular canal 



  

Coronal CT image shows: 1, EAC; 2, mastoid air cells; 3, tegmen 
mastoideum; 4, tegmen tympani; 5, tympanic segment of the facial nerve; 6, 
labyrinthine segment of the facial nerve; 7, petrous apex; 8, basal turn of the 
cochlea; 9, interscalar septum; 10, middle turn of the cochlea; 11, carotid 
canal; 12, tendon of the tensor tympani; 13, lateral process of the 
malleus; 14, lateral malleal ligament; 15, malleus (head)



  

Coronal CT image shows: 1, mastoid air cells; 2, tegmen mastoideum; 3, 
tegmen tympani;4, IAC; 5, vestibule; 6, hypotympanum; 7, 
mesotympanum; 8, epitympanum; 9, cochlear promontory;10, tympanic 
membrane; 11, scutum; 12, Prussak space; 13, malleus (head); 14, stapes 
(crus); 15, superior semicircular canal; 16, tympanic segment of the facial 
nerve; 17, oval window; 18, crista falciformis; 19, EAC 



  



  



  



  

c) Congenital Anomalies :

1-Embryology

2-Classification

3-CHARGE Syndrome



  

1-Embryology :
-At approximately the third week of gestation, otic placodes 

arise from the surface ectoderm on each side of the 
rhombencephalon

-The otic placodes subsequently invaginate and form 
otocysts, which are the otic and auditory vesicles

-At around the fifth week, diverticulum buds from the 
otocysts form the endolymphatic sacs, followed by the 
cochleas and vestibules

-The membranous cochlea achieves 1 to 1.5 turns at the 
end of 6 weeks, and 2.5 turns are formed at the end of 
the 7th week

-The semicircular canals start to develop from the utricle 
segments of the otocysts at 7-8 gestational weeks

-The superior canals form first, followed by the posterior 
and then the lateral canals

-The inner ear structures have an adult configuration by the 
end of 8 weeks



  



  



  

2-Classification :
-Jackler et al., (1987) proposed the most commonly used 

classification of inner ear abnormalities, which is based 
on a linear developmental model towards normal 
anatomy and the most likely time at which 
developmental arrest occurs during embryogenesis :

a) Michel Aplasia
b) Cochlear Aplasia
c) Common Cavity
d) Incomplete Partition I 
e) Cochlea Hypoplasia
f) Incomplete Partition II
g) Semicircular Canal Abnormalities
h) Enlarged Vestibular Aqueduct 

 
  



  



  

a) Michel Aplasia :
-Michel aplasia, also known as complete 

labyrinthine aplasia, is a rare congenital inner 
ear abnormality, accounting for approximately 
1% of cochlear bony malformations

-This condition is defined as complete absence of 
inner ear structures and is caused by 
developmental arrest of otic placode early during 
the third week of gestational age



  

Complete labyrinthine aplasia, (a) Axial high-resolution CT image shows the 
absence of inner ear structures, note the flat medial wall of the middle ear 
cavity (arrow) and the hypoplastic petrous bone (*), (b) Coronal CT image 
shows an atretic IAC (arrow)



  

Michel deformity, (a) Axial image demonstrates total absence of inner 
ear structures in the right ear of an 8-year-old child, (b) coronal 
image of another patient with Michel deformity, developmental arrest 
will have occurred at the third week of gestation, note the narrow 
right internal auditory canal in the axial image (black arrow)



  

b) Cochlear Aplasia :
-Failure of cochlea development late in the 

third week of gestation results in this 
condition

-The vestibule and semicircular canals are 
either normal, dilated or hypoplastic  



  

Cochlear aplasia, (a) Drawing shows absence of the cochlea, dilatation of the 
vestibule (v), and deformity of the lateral semicircular canal (scc), characteristics of 
cochlear aplasia, (b) Axial CT image shows a dilated globose vestibule (arrowhead), 
dense bone where the cochlea should be (curved arrow), and a stunted, dilated 
posterior semicircular canal (straight arrow), (c) Coronal CT image shows a 
malformed, dilated lateral semicircular canal (straight arrow) with a stunted superior 
semicircular canal (curved arrow) 



  



  

1-year-old child with profound left sensorineural hearing loss, (a-c) axial images 
show that the left cochlea is absent, developmental arrest will have occurred 
late in the third week of gestation, there is also no separation of the lateral 
semicircular canal with the vestibule on the left (white arrow), the left 
posterior semicircular canal is also dilated (*), the left internal auditory canal 
is narrowed (black arrow) 



  

5-year-old child with bilateral cochlear aplasia, (a) Axial and (b) coronal 
images show absence of both cochleas, note also the bilateral 
dilated vestibules (white arrows) 



  

c) Common Cavity :
-In common cavity malformation, 

developmental arrest occurs at the fourth 
week of gestation and is defined as a 
single cavity that represents the 
undifferentiated cochlea and vestibule 



  

Common cavity, (a) Drawing shows a common cavity formed by the 
vestibule (v) and the cochlea (c), (b) Axial CT image shows 
confluence of the cochlea and vestibule in a cystic cavity with no 
internal architecture (straight arrow), an effusion (arrowhead) is 
seen in the mastoid air cells 



  



  



  

1-year-old child with common cavity, axial image of the right ear shows 
the cochlea and vestibule cannot be differentiated from each other, 
developmental arrest will have occurred at the fourth week of 
gestation



  

d) Incomplete Partition I :
-Incomplete partition I is also known as 

cystic cochleovestibular malformation, 
where the cochlea has no bony modiolus, 
resulting in an empty cystic cochlea

-This is accompanied by a dilated cystic 
vestibule with developmental arrest at the 
fifth week of gestation  



  

Type I incomplete partition, (a) Axial CT image shows a cystic cochlea without any 
internal architecture, accompanied by a dilated vestibule that forms a figure eight 
(straight arrow), note the coexistent mucosal disease in the mastoid air cells and 
middle ear (curved arrow), (b) Axial CT obtained in another patient show a cystic 
cochlea (white arrowhead) that is separated from a dilated IAC (curved arrow) by a 
partially dehiscent cribriform plate (black arrowhead), straight arrow  = opacification of 
the middle ear and mastoid air cells



  



  

1-year-old male with unilateral incomplete partition Type I (IP I), (a,b) Axial images show 
the cystic left cochlea (black arrow) and the mildly dilated cystic left vestibule (white 
arrow), the vestibular aqueduct is normal in size (arrowhead), (c,d) Coronal images 
show the cystic left cochlea (black arrow) and cystic left vestibule (black arrow), note 
also a shortened lateral semicircular canal (white arrow), developmental arrest will 
have occurred at the fifth week of gestation



  

1-year-old male with bilateral incomplete partition Type I (IP I), (a,b) 
axial images show that the cochleas (black arrows) and vestibules 
(*) are cystic 



  

e) Cochlea Hypoplasia :

-The cochlea and vestibule can be 
differentiated from each other but the size 
of the cochlea is smaller than normal 

-Developmental arrest occurred at the sixth 
week of gestation 



  

Cochlear hypoplasia, (a) Drawing shows a small cochlear bud (c) and an abnormally 
small, deformed vestibule (v), (b) axial CT in a patient with cochlear hypoplasia depict 
a small cochlear bud (curved arrow) and small vestibule (straight arrow), and coronal 
CT image (c) shows a stenotic IAC (arrow), (d, e) Axial CT images obtained in 
another patient show a cochlea with only a basal turn (arrow in d); the rest of the 
cochlea is undeveloped, sclerotic bone (straight arrow in e) is seen in the region of 
the cochlea, with an abnormal, dilated vestibule (curved arrow in e)



  

8-year-old female with bilateral cochlear hypoplasia, (a,b) coronal 
images show small bilateral cochleas, developmental arrest 
occurred at the sixth week of gestation 



  

f) Incomplete Partition II :

-In this group, the cochlea consists of 1.5 
turns; the apical and middle cochlea turns 
are undifferentiated and form a cystic apex

-The vestibule is normal while the vestibular 
aqueduct is always enlarged

-Developmental arrest occurs at the seventh 
week of gestation



  

Type II incomplete partition, (a) Axial CT image shows the absence of the 
modiolus from a cystic cochlear apex (straight arrow) formed by coalescent 
apical and middle turns, dilatation of the vestibular aqueduct (arrowhead) 
and vestibule (curved arrow) and a coexistent middle ear effusion (*) also 
are seen, (b) Axial CT image obtained at a slightly lower level shows a 
normal basal turn of the cochlea (arrow), (c) Coronal CT image shows the 
cystic cochlear apex (arrow) 



  



  



  

2-year-old male with bilateral incomplete partition II (Mondini deformity), (a) 
Coronal image shows both the cochlea only have 1.5 turns, (b) Axial image 
of the same patient shows the vestibules are normal (black arrows) and the 
vestibular aqueducts are enlarged (arrowheads), developmental arrest 
occurred at the seventh week of gestation



  

10-year-old male with unilateral incomplete partition II (Mondini 
deformity), (a,b) Axial image show the cochlea only have 1.5 turns, 
the vestibules are normal (*) and the vestibular aqueduct is enlarged 
(black arrow), developmental arrest occurred at the seventh week of 
gestation



  

g) Semicircular Canal Abnormalities :

-The semicircular canals can either be absent, 
hypoplastic or enlarged 

-The most commonly recognised semicircular 
canal abnormality is a short lateral semicircular 
canal being confluent with the vestibule

-The semicircular canals develop at 6 to 8 weeks 
gestation and are completed between the 19th 
and 22nd weeks  



  

Malformations of the vestibule and semicircular canals, (a) Axial CT image shows a 
stenotic IAC (curved arrow), mildly dilated vestibule with a stunted lateral semicircular 
canal (straight arrow), and middle ear and mastoid air cell effusion (*), the posterior 
semicircular canal (arrowhead) appears normal, (b) Coronal CT image shows the 
malformed vestibule and lateral semicircular canal (straight arrow) with an atretic 
external auditory canal (arrowhead) and normal superior semicircular canal (curved 
arrow), (c) Coronal CT image obtained in a plane anterior to b shows the stenotic IAC 
(curved arrow), middle ear disease (straight arrow), and atretic external auditory canal 
(arrowhead)



  

12-year-old female with bilateral lateral semicircular canal aplasia, (a) 
Axial and (b) coronal images show both lateral semicircular canals 
are undifferentiated from the vestibules, white arrows indicate the 
location of where the lateral semicircular canals are expected to 
arise 



  

4-year-old male with bilateral, lateral semicircular canal hypoplasia, (a) 
Axial shows both lateral semicircular canals are shortened (black 
arrowheads), (b) Normal right inner ear (black arrowheads) of a 
different patient to (a), (c) Coronal image shows the shortened left 
lateral semicircular canal, compared with a normal image of (b) 



  

2-year-old male with bilateral superior and posterior semicircular canals 
hypoplasia, (a) Coronal image shows the hypoplastic superior semicircular 
canals (black arrowheads), (b,c) Axial images of the same patient show 
bilateral posterior semicircular canal hypoplasia (black arrows), note also 
the bilateral lateral semicircular canal aplasia. 



  

h) Enlarged Vestibular Aqueduct :

-Enlarged vestibular aqueduct (EVA) is commonly 
defined as having a width larger than 1.5 mm, 
measured at the midpoint of the common crus 
and external aperture

-EVA has been reported to be the most common 
inner ear abnormality associated with 
sensorineural hearing loss and is also commonly 
associated with other inner ear abnormalities 



  

Enlarged vestibular aqueduct, (a, b) Axial MR images show marked dilatation of 
the endolymphatic duct (straight arrow) and sac (curved arrow) in 
comparison with the normal posterior semicircular canal (white arrowhead 
in b), the modiolus is not seen in the middle and apical turns of the cochlea 
(black arrowhead in b), (c) Three-dimensional image reconstructed from the 
same image dataset as in a and b shows the dilated endolymphatic duct 
and sac 



  



  

10-year-old male with profound sensorineural hearing loss, (a,b) Axial images 
show an isolated, enlarged left vestibular aqueduct (white arrows) without 
other inner ear abnormality, image (a) is taken at the midpoint of the 
common crus and external aperture, which measures 3 mm, image (b) is 
taken at the external aperture, which measures 7 mm



  

3-CHARGE Syndrome :

-Coloboma of the eye

-Heart defects

-Atresia of the choanae

-Retardation of growth and/or development

-Genital and/or urinary abnormalities

-Ear abnormalities and deafness



  



  

d) Temporal Bone Trauma :

1-Incidence

2-Clinical Picture

3-Radiographic Findings

4-Fracture Complications



  

1-Incidence :
-Fractures of the temporal bone are 

common in patients with major head 
trauma, with a reported incidence of 18%-
22% of skull fractures involving the 
temporal bone

-The temporal bone injury is often 
overshadowed or masked by other 
associated clinically important injuries  



  

2-Clinical Picture :
1-Hearing loss
2-Tinnitus
3-Vertigo
4-Bleeding into EAC
5-Cerebrospinal fluid (CSF) leak
6-Facial paresis



  

3-Radiographic Findings :

a) Longitudinal Fracture (Middle Ear 
Fracture) LM

b) Transverse Fractures (Inner Ear Fracture)

c) Mixed Fractures



  

Traditional classification of temporal bone fractures, axial CT show (a) a 
longitudinal fracture and (b) a transverse fracture in two different patients, 
the longitudinal fracture is parallel to the long axis of the petrous pyramid 
(arrow, a) and traverses the mastoid portion of the temporal bone, the 
transverse fracture is oriented perpendicular to the petrous pyramid 
(arrow, b) and traverses the basal turn of the cochlea (arrowhead, b) 



  

Longitudinal Transverse

1-Frequency 80 % 20 %

2-Fracture line Parallel to long 
axis

Perpendicular 

3-Labyrinth Spared Involved , 
vertigo , SNHL

4-Ossicles Involved: 
conductive 
hearing loss 

5-Tympanic 
membrane 

involved Spared

6-Facial 
paralysis 

20 % 50 %



  

c) Mixed Fractures :

-Most temporal bone fractures may not be 
strictly classified as longitudinal or 
transverse

-Mixed fractures include both longitudinal 
and transverse elements 



  



  

4-Fracture Complications :

a) Ossicular Fractures or Dislocations

b) CSF Otorrhea

c) Facial Nerve Injury

d) Labyrinthitis Ossificans

e) Vascular Injury 



  

a) Ossicular Fractures or Dislocations :
-Most common at the incus
-Incudostapedial joint separation is the most 

common injury of the ossicular chain
-Incudomalleal joint separation is easier to 

visualize and manifests as a gap between 
the “ice cream” (head of the malleus) and 
the “ice cream cone” (body and short 
process of the incus) in the epitympanum



  

Incudostapedial separation, (a) Axial CT image shows a gap (black 
arrow) between the lenticular process of the incus (white arrow) and 
the head of the stapes (arrowhead) in the setting of a longitudinal 
fracture, (b) Axial CT image of a normal incudostapedial articulation 
(arrow) 



  

Incudomalleal joint separation, (a) axial CT image demonstrates a gap 
(arrow) between the ice cream (head of malleus) and the cone 
(body and short process of incus), this occurred in the setting of a 
longitudinal fracture, (b) normal incudomalleal joint



  

b) CSF Otorrhea :

-CSF leak is seen in 11%-45% of temporal 
bone fractures, particularly those involving 
the tegmen

-Multidetector CT of the temporal bone 
should be performed for localization of the 
leak site  



  

Posttraumatic CSF leak, axial CT shows a defect in the anterior 
tegmen (arrow) in this patient who presented with CSF otorrhea 
after trauma, also note opacification of the mastoid air cells (*) by 
CSF 



  

c) Facial Nerve Injury :
-If the facial nerve is transected, the patient 

experiences immediate facial paralysis, delayed 
facial nerve injury (1 day to 16 days after injury) 
is related to contusion, edema, or hematoma

-The perigeniculate area is more susceptible to 
injury due to traction from the greater superficial 
petrosal nerve

-On high-spatial-resolution CT images, one should 
search for a fracture line coursing through the 
facial nerve, and for bone fragments, ossicles, or 
hematoma impinging on the facial canal  



  

Facial nerve injury, axial CT shows subtle enlargement of the 
geniculate fossa (arrows), which is the most common site for facial 
nerve injury, there is also a complex right temporal bone fracture 



  

d) Labyrinthitis Ossificans :
-When a temporal bone fracture involves the inner 

ear structures, labyrinthitis ossificans can result, 
in which the fluid-filled lumen of the otic capsule 
is replaced by bone (or fibrous tissue if in the 
early stages)

-Clinically, this is associated with profound 
sensorineural hearing loss and loss of vestibular 
function

-On high-spatial-resolution CT images, osseous 
attenuation is noted within the inner ear



  

Axial CT shows an otic capsule-violating fracture (arrow), there is 
mineralization of the lateral semicircular canal (arrowhead) 



  

e) Vascular Injury :
-Arterial injury can occur in the form of dissection, 

pseudoaneurysm, transection, occlusion, or 
arteriovenous fistulas

-Carotid injury is reported to be present in 30% of patients 
with basilar skull fractures

-The presence of a carotid canal fracture is highly 
suggestive of injury to the internal carotid artery passing 
through that canal

-CT angiography findings indicating arterial injury include 
irregularity of the lumen, intimal flap, out-pouching of the 
lumen, lumen occlusion, or extravasation of contrast 
material, in the setting of a high risk of vascular injury 
and a negative CT angiography study, catheter 
angiogram remains the reference standard for diagnosis

-Venous injury can manifest as transection or thrombosis of 
the venous sinuses, CT venogram should be performed 
in suspected cases where the fracture line traverses the 
venous sinuses, a filling defect in the sinuses from a 
thrombus is highly suggestive of venous sinus 
thrombosis    



  

Venous sinus injury, axial CT+C shows a filling defect (black arrow) in 
the right sigmoid sinus compatible with posttraumatic thrombosis, 
also note some air bubbles (white arrow) at the jugular foramen from 
adjacent temporal bone fracture (not shown)



  

e) Temporal Bone Inflammation :
1-Malignant Otitis Externa
2-Acute Otitis Media
3-Bell’s Palsy
4-Acquired Cholesteatoma
5-Congenital Cholesteatoma
6-Cholesterol Granuloma
7-Labyrinthitis Ossificans
8-Hearing Loss 
9-Pulsatile Tinnitus



  

1-Malignant Otitis Externa :

a) Incidence

b) Radiographic Findings



  

a) Incidence :

-Necrotizing or malignant otitis externa occurs 
most commonly in elderly diabetic patients and 
other patients in immunocompromised states

-The patients present with severe otalgia and 
otorrhea, and there is a high mortality rate

- The infection is usually caused by Pseudomonas 
aeruginosa



  

b) Radiographic Features :
-Soft-tissue thickening in the external canal is noted, often 

with bone destruction and inflammatory changes in the 
mastoid

-Skull base osteomyelitis results from extension of the 
destructive process into the clivus, jugular foramen, and 
prevertebral soft tissues

-Abscesses can develop in the epidural space, brain 
parenchyma, and the prevertebral space as a 
complication

-MR and CT are complementary modalities for evaluation 
of this entity, with the bone windows at CT showing the 
destructive process to greater advantage, and MR 
imaging better demonstrating associated soft tissue 
complications

-The imaging differential diagnosis includes 
nasopharyngeal carcinoma with secondary obstruction of 
the eustachian tube orifice causing a secondary 
otomastoiditis   



  

Axial CT image of an 82-year-old diabetic man shows marked 
thickening of the right pinna (arrowhead) and external auditory canal 
(arrows) without extension to the skull base or evidence of 
mastoiditis 



  

Images of malignant otitis externa in a 93-year-old diabetic woman. (a) Axial CT image 
shows opacification of the right mastoid air cells, there are erosive changes in the 
petroclival region on the right (arrows). (b) Axial T1+C in the same patient better 
demonstrates the prevertebral abscess (large *), there is thrombosis of the inferior 
petrosal sinus with a filling defect within (arrow), notice the abnormal hypointensity in 
the right mastoid air cells, representing inflammatory changes (small *) 



  

2-Acute Otitis Media :
a) Incidence
b) Radiographic Findings



  

a) Incidence :
-Edema fills middle ear cavity
-Children : common
-Adults : less common , exclude nasopharyngeal 

carcinoma which causes serous otitis media
-Acute otitis media is the most common localized infectious 

process occurring in the first 5 years of life due to the 
relatively horizontal orientation of the eustachian tube 
and the presence of hypertrophied nasopharyngeal 
adenoidal tissue

-Streptococcus and Haemophilus influenzae account for 
65%-80% of bacterial cases 



  

b) Radiographic Findings :
-Imaging is usually not necessary in uncomplicated acute 

otitis media
-If imaging is performed, one sees opacities in the middle 

ear and mastoid, with possible fluid levels, there is 
preservation of the mastoid trabeculae and the overlying 
cortex  

-Coalescent mastoiditis represents destruction of the 
mastoid trabeculae which may extend to the inner or 
outer cortex either by means of enzymatic resorption or 
pressure erosion of inflamed mucosa

- If there is destruction of the outer cortex of the mastoid, a 
subperiosteal abscess may develop within the overlying 
soft tissues and the patient may present with a 
postauricular collection

-A Bezold abscess develops when there is bone defect at 
the mastoid tip medial to the insertion of the posterior 
belly of the digastric muscle (digastric notch)



  

Acute incipient mastoiditis in a 3-year-old girl with suspected right acute 
mastoiditis, (a, b) Axial CT scans of the temporal bone (a obtained 
inferior to b) show increased attenuation of the entire right middle 
ear with no osseous defects, note the normal aeration of the 
tympanum and mastoid cells on the left side 



  



  

Axial CT of coalescent mastoiditis in a 7-year-old boy with right otalgia and 
fever demonstrates erosion of the inner and outer cortices of the mastoid 
(arrows), as well as marked demineralization of the bony septations within, 
inflammatory changes are also seen within the middle ear (*) 



  

Acute coalescent mastoiditis with a subperiosteal abscess in a 2-year-old girl with right 
acute otomastoiditis, (a, b) Axial CT scans of the temporal bone (a obtained inferior 
to b) show abnormal soft-tissue attenuation in the right mastoid air cells with erosion 
of the external cortex and sigmoid plate (arrows), abnormal attenuation was also seen 
on the left side, which was probably due to serous otitis, (c) Axial contrast-enhanced 
cranial CT scan shows a subperiosteal abscess (arrow) 



  

Coronal contrast-enhanced CT of Bezold abscess in a 7-year-old child 
with acute ear infection, image shows a rim-enhancing collection 
below the mastoid tip compatible with a Bezold abscess (**), also 
note thrombus in the right sigmoid sinus (arrow) 



  

-When present, petrous apex air cells are connected to the 
mastoid air cells via numerous supra- and 
infralabyrinthine air channels that facilitate spread of 
infection from the mastoid air cells and middle ear to the 
petrous apex, resulting in petrous apicitis

-Streptococcus pneumonia, Haemophilus influenza, 
and Staphylococcus aureus are the most common 
causative organisms

-Petrous apicitis occurs in the setting of a pneumatized 
petrous apex (present in 30% of the population), it is 
characterized by septal and cortical destruction, osteitis, 
and adjacent meningeal inflammation

-Because of the close proximity of the fifth and sixth nerves 
to the petrous apex, patients can develop sixth nerve 
palsy and deep retroorbital pain in the V1 distribution in 
association with otomastoiditis and petrous apicitis, this 
constellation of findings is termed Gradinego syndrome

-Imaging findings include opacification of an aerated 
petrous apex with fluid levels and destruction of the inner 
septations or the cortex



  

CT images of petrous apicitis in a 78-year-old man with right ear infection, 
(a) Axial image demonstrates opacification of the right petrous apex air cells 
with soft-tissue attenuation (arrow), there is also scattered mastoid 
opacification, note normally aerated petrous apex air cells on the 
left. (b) Coronal image better demonstrates destruction of the petrous bone 
(arrows)



  

Petrous apicitis in a 7-year-old girl with fever, right-sided facial pain, and 
diplopia, (a) Axial CT scan of the temporal bone shows increased 
attenuation of the mastoid air cells and erosion of the right petrous apex 
(arrow) with a well-pneumatized left petrous apex, (b) Axial CT+C obtained 
with the soft-tissue algorithm shows a hypoattenuating area (arrow) without 
a significant enhancing soft-tissue mass 



  

3-Bell’s Palsy :

-Acute onset

-Unilateral peripheral facial nerve palsy

-Bell's palsy resolves in 6 weeks to 3 
months

-By MRI there is enhancement along facial 
nerve involving intracanalicular and 
labyrinthine segments that normally don’t 
enhance in normal individuals 



  

Axial T1+C of Bell palsy in a 73-year-old man with slow-onset left facial 
paralysis demonstrates enhancement in the first genu and proximal 
tympanic segment of the left facial nerve (arrow)



  



  



  



  

**N.B. : Ramsay Hunt syndrome
-Ramsay Hunt syndrome is also referred to as herpes 

zoster oticus
-It is thought to represent reactivation of varicella zoster 

virus latent in the geniculate ganglion
-Reactivation may occur in the setting of 

immunocompromised states, systemic diseases, or 
aging

-Clinically, the patient presents initially with burning pain in 
the ear; this is followed 1 day to 4 days later with 
vesicular eruption, facial paralysis, hearing loss, and/or 
vertigo

-On MR images, there is enhancement of cranial nerves VII 
and VIII, the labyrinth, and/or the pontine facial nucleus  



  

4-Acquired Cholesteatoma :

a) Incidence

b) Clinical Picture

c) Location

d) Radiographic Features



  

a) Incidence :

-Mass of keratin debris lined by squamous 
epithelium

-Make up 98% of all middle ear 
cholesteatomas and are almost always 
closely related to the tympanic membrane



  

b) Clinical Picture :
-The vast majority of acquired 

cholesteatomas develop as a result of 
chronic middle ear infection and are 
usually associated with perforation of the 
tympanic membrane

-Clinical presentation usually consists of 
conductive hearing loss, often 
with purulent discharge from the ear 



  

c) Location :
1-Pars Flaccida (Attic Cholesteatoma) : 82%
-Located at the upper one-third portion of the TM (pars 

flaccida = Shrapnell membrane) 
-Superior extension: most common, it expands 

into Prussak's space, eventually eroding the scutum and 
displacing the ossicles medially

-Inferior extension: less common, but more frequently seen 
in children

2-Pars Tensa (Sinus Cholesteatoma) : 18%
-Develop most often through a defect of the lower two-

thirds portion of the TM (pars tensa)
-Posterosuperior (78%): extends medial to the incus and 

displaces the ossicles laterally
-Anterior and inferior (22%)



  

HRCT scan, coronal view, A, Pars flaccida cholesteatoma (arrow) filling the 
Prussak space. Notice the erosion of the scutum (dashed arrow). B, 
Prussak space is bordered by the pars flaccida of the TM (arrow) lateral, 
neck of the malleus (thick white arrow) medial, the short process of the 
malleus (white arrowhead) inferior, and lateral malleal ligament (dashed 
arrow) superior 



  

Coronal CT image of a pars flaccida cholesteatoma in a 56-year-old 
woman, image demonstrates lobulated soft tissue in Prussak space 
(arrowhead) and the attic (*), displacing the ossicles medially and 
eroding the scutum (arrow) 



  

Pars tensa cholesteatoma, HRCT scans demonstrate the normal (air-
filled) (A) and the obliterated (B) sinus tympani (arrow) and facial 
recess (thick arrow) due to a pars tensa (sinus) cholesteatoma, note 
the ossicular erosion (dashed arrow) on B 



  

Coronal CT image of a pars tensa cholesteatoma in a 31-year-old man with left-
sided hearing loss, image demonstrates a lobulated soft-tissue mass medial 
to the ossicles (*), displacing the ossicles laterally, the scutum remains 
sharp (arrow), in contrast to that in the case of the pars flaccida 
cholesteatoma 



  

d) Radiographic Features :
1-CT :
1-Soft tissue mass in middle ear
2-Borders may be well or ill-defined
3-Erosion of incus & scutum common
4-No enhancement
5-Bone resorption is typical & occur most commonly in :
a) Ossicles
b) Lateral semicircular canal (fistula)
c) Tegmen tympani
d) Facial canal
6-Mastoid air cells are typically underpneumatized and 

sclerotic



  



  



  



  



  



  

2-MRI :
*T1 : low
*T2 : high
*T1+C : no enhancement
*DWI : diffusion restriction 
DWI is particularly useful when 

distinguishing a cholesteatoma from other 
middle ear masses , it is the only entity 
that demonstrates restriction 



  

MR images of cholesteatoma in a 15-year-old male patient with a history of 
draining ear, (a) Axial T2 demonstrates a heterogeneously hyperintense 
lesion in the left middle ear/mastoid (*), (b) Axial T1+C demonstrates the 
lesion to be nonenhancing (*), (c) Coronal DW image demonstrates reduced 
diffusivity within the lesion (arrow) 



  

5-Congenital Cholesteatoma :

a) Incidence

b) Location

c) Radiographic Findings



  

a) Incidence :

-Identical to epidermoid cysts, differing only 
in name and location

-Develop from embryonic epithelial rests

-Represent approximately 2% of all middle 
ear cholesteatomas  



  

b) Location :

-Can be located everywhere in the temporal 
bone: in the middle ear, in the mastoid, in 
the petrous apex, in the squama of the 
temporal bone, within the TM, or in the 
EAC 



  

Congenital cholesteatoma. Coronal (A) and axial HRCT (B) scans demonstrate 
a round well-defined lesion (arrow) anterosuperior in the tympanic cavity, 
medial to the ossicular chain, note the missing ossicular erosion, based on 
the position of the lesion and the lack of bone erosion along with the clinical 
aspects, this is probably a congenital type



  

Cholesteatoma of the petrous apex, CT+C a soft-tissue window (A) and a bone 
window (B) show an oval well-delineated, nonenhancing lesion (white 
arrows) with erosion of the posterior wall of the pyramidal segment of the 
internal carotid artery (thin black arrow) and the anterior wall of the jugular 
bulb (thick black arrow), C, DWI demonstrates diffusion restriction in the 
lesion (white arrow), supporting the diagnosis of a cholesteatoma 



  

EAC cholesteatoma (arrow), note the typical localization at the inferior 
wall of the EAC and the small bone fragments along the lesion 



  

c) Radiographic Findings :

-As acquired cholesteatoma



  

6-Cholesterol Granuloma :
-Granulation tissue that may be present anywhere 

in the middle ear including the petrous apex
-Radiographic Features :
1-Bone erosion of petrous apex
2-Expansion of petrous apex
3-CT : isodense relative to brain , no enhancement 

, no calcification
4-MRI : hyperintense relative to brain on T1 

because of cholesterol content



  

Cholesterol granuloma, (a) Axial CT image in a 37-year-old woman with 
diplopia and headache demonstrates an expansile mass in the left petrous 
apex with imperceptible bone margins (arrows), (b) Axial T1 in a different 
patient demonstrates characteristic T1 hyperintensity in an expansile 
petrous apex lesion (*)



  

Cholesterol granuloma, (a) Axial CT image shows a smoothly expansile lesion 
in the left petrous apex that causes bone dehiscence along its 
posteromedial margin. (b) On a corresponding axial T1, the lesion is well 
circumscribed and has homogeneous high signal intensity, a finding 
characteristic of a cholesterol granuloma



  



  



  



  

7-Labyrinthitis Ossificans :
-Inner ear inflammation or labyrinthitis can occur as a result 

of infections (viral or bacterial) or may be autoimmune or 
posttraumatic

-Labyrinthitis ossificans is the late stage of labyrinthitis, in 
which there is pathologic ossification of spaces within the 
lumen of the bony labyrinth (comprised of the cochlea 
and the vestibular system)

-The evolution of labyrinthitis is characterized by three 
stages: acute, fibrous, and ossification (labyrinthitis 
ossificans) 

-HRCT may detect ossification within the cochlea
-MRI (T2W) may be helpful if fibrous obliteration has 

occurred



  

Axial CT image of labyrinthitis ossificans in a patient with a remote 
history of meningitis. Image demonstrates obliteration of the left 
cochlea (black arrow) and vestibule (white arrow) by sclerotic bon 



  

(*) ossified bony labyrinth and cochlea 



  

8-Hearing Loss :

a) Conductive :

1-Otitis Media

2-Cholesteatoma

3-Otosclerosis

4-Trauma



  

b) Sensorineural :
1-Idiopathic
2-Hereditary
3-Acoustic neuroma
4-Enlargement of vestibular aqueduct (most 

common cause in inner ear)
5-Labyrinthitis ossificans
6-Trauma
7-Otosclerosis



  

9-Pulsatile Tinnitus :

1-Anatomical

2-Vascular

3-Tumors

4-Other Causes



  

1-Anatomical :

1-Aberrant Carotid Artery :

-Inferior compartment of the middle ear filled by 
carotid running posterior & lateral to its normal 
course

2-Jugular bulb anomalies (large / dehiscent jugular 
bulb)

3-Persistet Stapedial Artery :

-Failure of resorption of embryonic stapedial artery



  

2-Vascular :
1-Dural AVF :
-Common presentation of fistula in transverse or 

sigmoid sinus
2-Petrous Carotid Artery Aneurysm
3-Venous Sinus Thrombosis
4-Arterial Stenosis (Atherosclerosis)
5-ICA Dissection
6-Fibromuscular Hyperplasia



  

3-Tumors :
-Glomus Tumor

4-Other Causes :
1-Paget's disease
2-Otosclerosis
3-Meniere's disease



  

f) Temporal Bone Tumors :

1-IAC/CPA

2-Middle Ear

3-EAC and Mastoid

4-Petrous Apex

5-Facial Nerve 



  

1-IAC/CPA Tumors :

-See (CPA masses)



  

2-Middle Ear Tumors :

-When a soft-tissue mass is seen in the middle 
ear, a vascular structure must be excluded

-This includes :

1-Persistent stapedial artery

2-Laterally placed or aberrant carotid artery

3-Carotid artery aneurysm

4-Exposed dehiscent jugular bulb



  

1-Persistent stapedial artery :

a) Incidence

b) Pathology

c) Radiographic Features



  

a) Incidence :
-PSA is a rare congenital vascular anomaly of the middle 

ear
-Usually manifests as a pulsatile mass in the middle ear 

cavity , an incidental finding during middle ear surgery or 
pulsatile tinnitus

-Can be associated with an aberrant internal carotid artery 
or other middle ear anomalies

-PSA in postnatal life leads to the middle meningeal artery 
typically arising from it , the foramen spinosum remains 
hypoplastic or aplastic which is an indirect sign of PSA



  

Axial HRCT image showing absence of foramen spinosum 
on the left side compared to the normal right  



  

b) Pathology :
-The PSA arises from the petrous part of the internal 

carotid artery , enters the anteromedial hypotympanum 
and is contained in the Jacobson canal

-After leaving the osseous canal , it crosses the cochlear 
promontory and passes through the obturator foramen of 
the stapes

-It then enters the fallopian canal through a dehiscence just 
behind the cochleariform process and travels anteriorly 
in the anterior facial canal

-This leads to prominence of the tympanic part of the facial 
nerve , another indirect imaging sign of PSA

-Finally , the PSA exits just before the geniculate ganglion 
entering into the extradural space of the middle cranial 
fossa



  



  

c) Radiographic Findings :

-Small canaliculus originating from petrous 
segment of ICA

-Linear soft tissue density crossing over 
cochlear promontory

-Enlarged facial nerve canal or separate 
canal parallel to facial nerve

-Aplastic or hypoplastic foramen spinosum



  

C, Left carotid arteriogram , lateral view shows a PSA arising from the 
aberrant ICA (arrow)

D, Left carotid arteriogram , frontal view shows a PSA arising from the 
aberrant ICA (arrow)



  

Lateral internal carotid angiogram shows the persistent stapedial artery 
arises from the proximal internal carotid artery and ends as the 
middle meningeal artery , the middle meningeal artery anastomoses 
with the ophthalmic artery



  

 

Axial and coronal CT showing the intracranial course of the stapedial 
artery in the bony ridge to the promontary 



  

A, Axial CT scan of skull base shows a normal left foramen spinosum (straight arrow) , 
the right foramen spinosum is absent , the right ICA is laterally displaced into the 
middle ear (curved arrow) , the left ICA is in a normal position

B, Coronal CT scan through right middle ear shows the ICA in the middle ear cavity 
(straight arrow) , the soft tissue at the tympanic segment of the facial nerve is 
prominent because of the presence of a stapedial artery (curved arrow)



  

A, Axial CT scan shows a normal right foramen spinosum (arrow) and 
absence of the left foramen spinosum

B, Coronal CT scan shows the aberrant ICA on the left (straight arrow) 
and the soft-tissue density of a PSA (curved arrow)



  

(a) Transverse CT of the left skull base shows absence of the foramen 
spinosum posterolateral to the foramen ovale (arrow) , 
(b) Transverse CT of the right skull base shows the normal foramen 
spinosum (arrowhead) posterolateral to the foramen ovale (arrow) 



  

A, Axial CT scan shows a normal left foramen spinosum (arrow) and absence of the right 
foramen spinosum

B, Axial CT scan through middle ear shows prominent soft tissue representing facial 
nerve and PSA (arrow)

C, Coronal CT scan through middle ear shows prominent soft tissue representing facial 
nerve and PSA (arrow)



  

A, Axial CT scan shows a normal left foramen spinosum (arrow) and absence of the right 
foramen spinosum

B, Coronal CT scan through right middle ear shows the soft tissue at the tympanic 
segment of the facial nerve is prominent because of the presence of a stapedial 
artery (arrow)

C, Coronal CT scan through left middle ear shows the tympanic facial nerve is normal in 
size (arrow)



  

2-Laterally Placed or Aberrant Carotid 
Artery :

a) Incidence

b) Radiographic Features



  

a) Incidence :
-Collateral pathway that occurs as a result of agenesis of 

the first embryonic segment of the ICA 
-The inferior tympanic branch of the ascending pharyngeal 

artery anastomoses with the caroticotympanic artery 
(hyoid artery remnant) of the ICA

-The aberrant ICA variant may therefore be more 
accurately referred to as (the inferior tympano-
caroticotympanic variant)

-The inferior tympanic artery passes through the inferior 
tympanic canal (Jacobsen canal) at the skull base with a 
resultant characteristic narrowing of the vessel



  

b) Radiographic Findings :
1-Soft tissue mass in the middle ear
2-Defective thin bonny membrane around 

the mass
3-Absent or hypoplastic vertical segment 

of carotid canal
4-Enlarged inferior tympanic canal
5-Reduced diameter and lateralization of the 

ICA



  

CT of the temporal bone showing the aberrant carotid artery entering 
the tympanic cavity through a dehiscent carotid plate 



  



  

Normal carotid canal



  

(A) Bilateral aberrant ICAs , (B) bilateral hypoplastic carotid canals 
(horizontal arrows) and enlarged bilateral inferior tympanic canals 
(vertical arrows) through which the aberrant ICA (inferior tympanic 
artery portion) passes 



  

(A) Left aberrant ICA  (B) Normal right carotid canal (horizontal arrow 
on the patient’s right) , a hypoplastic carotid canal (horizontal arrow 
on the patient’s left) & the inferior tympanic canal (vertical arrow) 
with the aberrant ICA 



  

CT Shows reduced diameter and lateralization of the left 
ICA compared to the right ICA 



  

3-Carotid Artery Aneurysm :

a) Incidence

b) Clinical Picture

c) Radiographic Features



  

a) Incidence :
-Aneurysms of the intrapetrous portion of the ICA 

are rare
-Aneurysms are usually fusiform , though 

pseudoaneurysms and saccular aneurysms of 
the intrapetrous carotid artery have been 
described

-This section of the ICA is rarely affected by 
atherosclerosis and aneurysms commonly in 
young patients

-Males and females are equally likely to be 
affected



  

b) Clinical Picture :
-The majority of patients present with symptoms caused by 

pressure effects of aneurysms on local structures
-The commonest presenting symptoms are headache and 

hearing loss due to dysfunction of the eighth cranial 
nerve (affecting 40-50 % of patients)

-Expansion of the aneurysm causes bone erosion and may 
lead to the sac extending into the nasopharynx , middle 
ear or posterior fossa (erosion into the middle ear cleft 
may simulate a glomus tumor on inspection of the 
tympanic membrane and fatal biopsies have been 
described)



  

c) Radiographic Features :
1-CT :
-Usually appear as destructive lesions of the 

petrous bone oriented along the carotid canal
-There is usually well-corticated expansion of the 

carotid canal
2-MRI :
-The lesion demonstrates complex signal intensity 

owing to the turbulent flow within the aneurysm
-There are regions of flow void and intense 

enhancement compatible with a vascular lesion 



  

Unenhanced axial (A) and coronal (B) CT images demonstrate a large 
slightly hyperattenuated soft-tissue mass with smooth scalloped 
margins, measuring 3 cm in diameter expanding the petrous carotid 
canal with erosion of the medial wall of the middle ear (arrow) 



  

(a) Axial T2 and (b) oblique frontal intra-arterial digital subtraction 
angiography showing a giant aneurysm of the intrapetrous right 
carotid artery , this patient presented complaining of deafness and 
was treated by balloon occlusion of the carotid artery



  

Petrous carotid aneurysm, axial T2 shows a giant aneurysm of the right 
cavernous ICA (arrows), the aneurysm has mixed signal intensity, a 
finding indicative of a combination of turbulent flow and likely mural 
thrombus 



  

DSA, right common carotid artery injection reveals a lobulated 3-cm 
aneurysm of the petrous segment of the ICA 



  

DSA, left common carotid artery injection demonstrates a 1.2-cm 
maximal-diameter wide-necked fusiform aneurysm arising from the 
anterior curve of the petrous segment of the ICA, projecting 
posteromedially 



  

4-Exposed Dehiscent Jugular Bulb :
-Present when the sigmoid plate between a high 

riding jugular bulb and the middle ear is absent , 
allowing the wall of the jugular bulb to bulge into 
the middle ear cavity

-It is one of the causes of pulsatile tinnitus and is a 
common cause of a retrotympanic vascular 
mass , clearly , if it is mistaken for a middle ear 
tumor and biopsied then the consequences can 
be disasterous (as is biopsying an aberrant 
internal carotid artery)



  

Normal 



  

Bony defect between the jugular bulb and middle ear cavity 



  

Jugular bulb protruding in the middle ear 



  

On the left a dehiscent jugular bulb (blue arrow) , note also the bulging sigmoid 
sinus (yellow arrow) 



  

Tumors of the Middle Ear :

a) Glomus Tumor

b) Benign Temporal Bone Tumors

c) Malignant Temporal Bone Tumors

 



  

a) Glomus Tumor :

a) Types

b) Clinical Picture

c) Classification

d) Radiographic Features



  

a) Types :

1-Glomus Jugulare : origin at jugular bulb ,  
more common

2-Glomus Tympanicum : origin within the 
tympanic cavity

N.B. Glomus jugulotympanicum has 
components in both the middle ear and 
the jugular foramen 



  



  

GT=Glomus Tympanicum , GJ=Glomus Jugulare , GV=Glomus Vagale 
, CBP=Carotid Body paraganglioma



  

Axial CT image (bone window) shows a left jugular foramen mass (m) with 
mildly irregular margins 



  

Coronal CT image of glomus tympanicum demonstrates a small, rounded 
nodule in the middle ear abutting the cochlear promontory (arrow), this 50-
year-old woman had a history of chronic otitis media, at otoscopic 
examination, a 2-mm erythematous mass was appreciated and clinically 
suspected to represent a glomus tympanicum



  



  

Glomus Jugulotympanicum 



  

b) Clinical Picture :

1-Pulsatile tinnitus (most common)

2-Hearing loss

3-Arrhythmias

4-Sudden blood pressure (BP) fluctuations



  



  

c) Classification :
-Glasscock Jackson Glomus Tumor Classification :
*Glomus Tympanicum :
Type I : Tumor limited to promontory 
Type II : Tumor completely filling middle ear space
Type III : Tumor filling middle ear extending into 

mastoid 
Type IV : Tumor filling middle ear extending into 

mastoid may extend anterior to internal carotid 
artery 



  

*Glomus Jugulare :

Type I : Tumor involving jugular bulb , 
middle ear and mastoid

Type II : Tumor extending under internal 
auditory canal 

Type III : Tumor extending into petrous apex 

Type IV : Tumor extending beyond petrous 
apex into clivus or infratemporal fossa  



  

d) Radiographic Features :
1-CT :
-Small soft tissue mass
-Large tumors erode bone
-CT is most useful at assessing the bony margins of the 

tumor which are typically irregularly eroded with a moth-
eaten pattern

-Eventually as the tumor enlarges the jugular spine is 
eroded and the mass extends into the middle ear , as 
well as inferiorly into the infratemporal fossa

-Intense contrast enhancement



  

Normal jugular fossa



  

*N.B. : Jugular Spine
-Is a small sharp bony ledge 

which separates the two parts 
of the jugular foramen :

1-Pars nervosa anteriorly , 
contains the glossopharyngeal 
(IX) and Jacobsen's nerve 
together with the inferior 
petrosal sinus

2-Pars vascularis posteriorly , 
contains the IJV , vagus (X) , 
spinal accessory (XI) and 
Arnold's nerve 

-It is an important landmark , as 
masses of the jugular foramen 
(e.g. glomus jugulare) will 
erode this spine,  helping 
distinguish them from 
an asymmetrically large jugular 
bulb



  

Erosion of the jugular spine on the left side , note the 
normal jugular spine on the right side



  

Axial CT image (bone window) shows a left jugular foramen mass (m) with 
mildly irregular margins 



  

(A) Axial CT showing the glomus tumor growing from the medial wall of the 
middle ear , (B) Coronal CT showing the glomus tympanicum tumor growing 
from the medial wall of the middle ear  



  

(A) Coronal CT with no contrast enhancement shows a small oval soft 
tissue mass (arrow) on cochlear promontory , (B)  Axial CT shows 
small glomus tympanicum in typical location (arrow) 



  

Glomus jugulotympanicum, axial CT image demonstrates the moth-eaten, 
permeative bone destruction around the tumor, on this image through the 
right temporal bone, one can appreciate destruction of the margins of the 
jugular foramen (*), the caroticojugular spine (arrowhead), and the carotid 
canal (small arrow), note the tumor extending into the middle ear (large 
arrow) 



  

Soft tissue mass lesion in the jugular fossa with irregular destruction of 
the jugular fossa (white arrow) , jugular spine , adjacent bone and 
extension of the mass into the middle ear cavity (black arrow)  



  

(A) CT+C shows left jugular foramen mass (arrow) with irregular 
margins and lytic changes of surrounding temporal bone , Axial CT 
scans obtained 5 mm (B) and 10 mm (C) cranial to (A) show well-
enhanced tumor mass (arrowhead) extending through jugular 
foramen into posterior cranial fossa



  

(A) Soft tissue CT+C shows a glomus jugular tumor on the right side with small 
intracranial extension , (B) Bone-windowed CT+C shows a large expansile 
mass in the right jugular fossa protruding into the right hypotympanum , note 
the infiltration of the vertical carotid canal , as well as (moth-eaten) borders 
of the adjacent petrous bone and clivus 



  

CT shows bulky tumescent lesion whose epicenter is located in the 
jugular foramen with intense homogeneous enhancement by 
contrast and extensive permeative bone 



  

2-MRI :

*T1 : low

*T2 : high, salt and pepper appearance is seen on 
both T1 and T2 , the salt representing blood 
products from hemorrhage or slow flow and the 
pepper representing flow voids due to high 
vascularity ,  not typically seen in smaller glomus 
tumor 

*T1+C : marked contrast enhancement



  

(A) T1 , (B) T1+C and fat-suppression show invasive slightly hyperintense 
lesion with marked enhancement in postcontrast images , note the typical 
(salt-and-pepper) appearance of the tumor in the postcontrast image



  

T2 



  

T1+C



  

T1+C shows the large enhancing tumor with internal flow voids (arrows), creating the so-
called salt-and-pepper appearance, this patient initially presented at age 56 years 
with right ear fullness, hearing loss, and audible whooshing sound that correlated with 
heart beat, over the next 4 years



  

Paraganglioma, (a) Axial CT image shows a mass lesion that causes 
permeative bone destruction in the left jugular fossa and left petrous 
apex. (b) T1+C obtained in another patient shows a similarly 
destructive mass of the jugular foramen with intense enhancement



  

3-Angiography :
-Intense tumor blush with the most common 

feeding vessel being the ascending pharyngeal
-Early draining veins are also noted due to intra-

tumoral shunting
-Angiography also has a role to play in 

preoperative embolization which is typically 
carried out 1-2 days prior to surgery , however 
care must be taken to fully evaluate feeding 
vessel  



  

Selective external carotid artery angiogram of the same patient (lateral 
view) is shown , the characteristically hypervascular tumor with a 
coarse blush is supplied by the hypertrophic ascending pharyngeal 
artery and the occipital artery (arrows) , note the early draining vein 
during the midarterial phase 



  

b) Benign Temporal Bone Tumors :

1-Meningioma

2-Facial neuroma , may arise anywhere 
along the course of CN VII

3-Osteoma

4-Adenoma , rare

5-Epidermoid (primary cholesteatoma)



  

Coronal CT image of middle ear adenoma in a 48-year-old woman with 
a 6-month history of pressure sensation in the right ear. There is 
soft-tissue attenuation in the middle ear without adjacent bone 
erosion (arrow) 



  

c) Malignant Temporal Bone Tumors :
1-Carcinoma :
-Most common tumor
-SCC , Adenocarcinoma
2-Lymphoma
3-Metastases : breast , lung , melanoma
4-Chondrosarcoma , other primary bone 

tumors
5-Rhabdomyosarcoma in children



  

3-EAC and Mastoid Tumors :
-Tumors in the EAC and mastoid region are often 

malignant, with squamous cell carcinoma being 
by far the most common

-Patients with EAC squamous cell carcinoma 
frequently have a long history of chronic ear 
infections

-There is aggressive bone destruction, and there 
may be invasion of surrounding soft tissues 
including intracranial, inframastoid, middle ear, 
parotid, carotid, and temporomandibular joint 
involvement  



  

Axial CT of squamous cell carcinoma of the EAC with extension to the mastoid, patient 
was a 64-year-old woman with recurrent and persistent left ear infection not improved 
with antibiotics; biopsy revealed the diagnosis, CT image demonstrates extensive 
bone destruction involving the EAC margin and mastoid (black arrowheads), 
extending to the petrous apex (large arrow), the dense otic capsule is relatively 
spared (white arrowhead), abnormal soft tissue fills the EAC, middle ear, and 
mastoid, extending into the posterior cranial fossa (small arrows), the auricle is also 
thickened, with ulcerated margin 



  

-Other malignancies such as basal cell carcinoma, 
melanoma, lymphoma, myeloma, metastases, 
chondrosarcoma, and osteosarcoma occur 
much less frequently

-Aggressive bone destruction may be seen with 
some benign processes and should be 
considered in the differential diagnosis, these 
include granulomatous diseases such as 
Langerhans cell histiocytosis, tuberculosis, and 
Wegener granulomatosis

-Aggressive infections such as malignant otitis 
externa and radiation necrosis are additional 
considerations 



  

T1+C of Langherhans cell histiocytosis shows solid enhancing tissue involving 
the EAC and mastoid (black arrows), there is also involvement of the middle 
ear (white arrow) and sigmoid sinus (arrowhead), patient was a 2-year-old 
boy with otitis media starting at 8 months of age, now with pus and bloody 
discharge and diffuse swelling in the ear region, biopsy revealed 
Langherhans cell histiocytosis 



  

4-Petrous Apex Tumors :

-See later  



  

5-Facial Nerve Tumors :

-The most common benign tumors of the 
facial nerve are schwannomas and 
hemangiomas

-The most important consideration in the 
malignant category is perineural spread of 
tumor along the facial nerve 



  

1-Facial Schwannomas :
-CT :
-The tumor may be seen to cause expansile smooth 

remodeling of the surrounding bony canal
-MRI :
-An expansile, enhancing mass can be appreciated
-It may have a tubular appearance, may span multiple 

segments, or may have a sausage-link appearance, with 
areas that are relatively narrower between “links” that 
are expansile

-In the IAC, they may be indistinguishable from vestibular 
schwannomas

-In the geniculate ganglion region, differential diagnostic 
considerations include hemangioma and meningioma, 
although these lesions tend to demonstrate intratumoral 
bone spicules 



  

T1+C of facial nerve schwannoma in a 35-year-old man who developed acute 
onset left facial paralysis, (a) On axial image, an expansile, enhancing tumor 
involves the distal labyrinthine, geniculate, and tympanic segments (arrow) 
of the facial nerve, (b) Coronal image shows that the posterior genu and 
mastoid segments are also involved (arrow) 



  

2-Facial Hemangiomas :
-CT :
-These lesions characteristically have an expansile 

honeycomb appearance and may demonstrate 
intratumoral bone spicules on CT images 

-These may be difficult to distinguish from 
meningiomas with intraosseous involvement

-MRI :
-There may be heterogeneous signal intensities 

and avid enhancement 



  

Hemangioma in the geniculate region in a 48-year-old woman with new right 
facial fasciculation in the region of the right eye, progressing to the lower 
face, and then global weakness of the right face with synkinesis, (a) Axial 
CT image demonstrates an expansile mass with intratumoral bone spicules 
(arrow) in the region of the geniculate ganglion, (b) T1+C shows avid 
enhancement can be seen (arrow)



  

3-Perineural Spread of Tumor :

-With segmental facial nerve thickening and 
enhancement, an important malignant process 
to consider is perineural spread of tumor

-The source of malignancy is usually the parotid 
gland, for example, adenoid cystic carcinoma or 
mucoepidermoid carcinoma, or a nearby skin 
malignancy that secondarily invades or 
metastasizes to the parotid gland  



  

Perineural spread of tumor along the facial nerve in a 58-year-old woman with transient 
lower lip numbness and weakness, (a) T1+C shows expansile enhancement involving 
the geniculate ganglion and tympanic segment of the facial nerve (arrow), (b) T1 
more caudally reveals an adenoid cystic carcinoma in the right parotid gland that 
extends to the stylomastoid foramen (arrow) as the source; it was subsequently 
resected 



  

g) Temporal Bone Sclerosis :

-Causes :

1-Otosclerosis

2-Paget’s Disease

3-Fibrous Dysplasia

4-Osteopetrosis

5-Meningioma



  

Otosclerosis :

a) Incidence

b) Types

c) CT Grading

d) Radiographic Features



  

a) Incidence :
-The osseous labyrinth (otic capsule) 

normally has a dense capsule
-In otosclerosis, the capsule is replaced by 

vascular, irregular bony trabeculae and 
later by sclerotic bone

-Unknown etiology; inherited
-Bilateral, 90%. Patients (female > male) 

present with hearing loss



  

b) Types :
1-Fenestral (stapedial) : 80%
-Involves oval window
-The most common lesion of this type 

affects the bone just anterior to the oval 
window, and can extend to involve the foot 
plate of the stapes, resulting in thickening 
and fixation

-Hearing loss is often conductive 



  

2-Retro-fenestral (cochlear) : 20%

-Cochlear involvement with demineralization 
of the cochlear capsule

-Sensorineural hearing loss (SNHL), 
although the mechanism by which this 
occurs is uncertain

http://radiopaedia.org/articles/missing?article%5Btitle%5D=new


  

c) CT Grading :
-Grade 1 : Solely fenestral
-Grade 2 : Patchy localised cochlear disease (+/− 

fenestral involvement)
*To basal turn (grade 2A)
*To middle turn (grade 2B)
*Around lateral aspect of basal, middle, apical 

turns (grade 2C)
-Grade 3 : Diffuse confluent cochlear involvement 

(+/− fenestral involvement



  

d) Radiographic Features :
1-Fenestral :
-Typical findings depend on the phase of the 

disease
-During active phases, there is bone loss or 

demineralization just anterior to the oval window 
involving a small cleft known as the fissula ante 
fenestram

-During remission, the region becomes sclerotic
-In severe cases, the oval window is completely 

filled in by a dense bony plate (with complete 
fixation of the stapes)



  

Axial (a) and coronal (b) HRCT images of the right temporal bone in an 
adult patient with right-sided CHL, ahypodense demineralised 
plaque (arrow) is noted in the region of the fissula ante fenestram in 
keeping with fenestral otosclerosis 



  

Axial HRCT images of the right (a) and left (b) temporal bone in an 
adult patient with bilateral CHL, hypodense demineralised plaques 
(arrows) are noted in bilateral fissula ante fenestram regions in 
keeping with bilateral fenestral otosclerosis 



  

Axial (a,b) and coronal (c,d) HRCT images of the right and left 
temporal bone in an adult patient with bilateral severe CHL, heaped-
up bony otosclerotic plaques are noted causing severe bilateral oval 
window narrowing (arrows)



  

Otosclerosis anterior to the oval window (arrow)



  



  



  



  

2-Retrofenestral :

-Foci of lucency can be seen disrupting the 
normal sharply demarcated 
homogeneously dense (although not 
homogeneously thick) border of the 
cochlear otic capsule

-It may be focal or may encircle the 
whole cochlea



  

Axial HRCT images of the right (a) and left (b) temporal bone in an 
adult patient with severe bilateral SNHL, the bilateral pericochlear 
hypodense ‘double ring’ (arrow) is in keeping with bilateral cochlear 
otosclerosis 



  

**N.B. : Superior Semicircular Canal Dehiscence 
Syndrome (Tullio’s Syndrome)

-CT shows a small defect in the bony wall of the superior 
semicircular canal

-Clinically presents with dizziness and vertigo with loud 
sound or pressure, can also be associated with 
conductive hearing loss and upward and torsional 
nystagmus evoked by sound pressure

-Causes :
1-Postsurgical treatment of otosclerosis
2-Cholesteatoma
3-Syphilis
4-Trauma
5-Meniere's disease
6-Perilymphatic fistula
7-Lyme disease



  



  



  

h) Petrous Apex Lesions :

1-Developmental Lesions

2-Inflammatory Lesions

3-Benign Tumors

4-Malignant Tumors

5-Vascular Lesions

6-Osseous Dysplasias



  

Normal petrous apex at CT, axial CT images of the right temporal bone, obtained at the 
level of the IAC (a) and slightly more inferiorly at the level of the horizontal petrous 
carotid canal (b), show the normal petrous apex, which is bounded anteriorly by the 
petrosphenoidal fissure (arrows in b) and middle cranial fossa (MCF in a), posteriorly 
by the posterior cranial fossa (PCF), and medially by the petroclival fissure 
(arrowhead), the IAC divides the petrous apex into an anterior portion that usually 
contains marrow and a denser posterior portion that is derived from the otic 
capsule. C in a = cochlea, ICA in b = ICA canal, V in a = vestibule 



  

Normal petrous apex at MR imaging, axial unenhanced T1 at the level of the 
IACs shows the normal petrous apex, note the high-signal-intensity fatty 
marrow in the anterior petrous apex (*) and the low signal intensity of the 
denser posterior petrous apex (arrowheads), in pneumatized or sclerotic 
apices, the anterior portion may normally demonstrate low signal intensity 
due to the absence of fatty marrow 



  

Normal petrous apex canals. (a) Axial MR image obtained with the constructive 
interference in the steady state (CISS) sequence shows the cisternal segments of the 
abducens nerves entering the skull base through the Dorello canals (arrowheads), 
which are located along the posteromedial walls of the petrous apices. The Meckel 
caves (arrows) can also be seen bilaterally, coursing over the superior margins of the 
petrous apices just anterolateral to the Dorello canals, (b) Axial CT shows the 
subarcuate canal (arrow) coursing laterally in the superior portion of the petrous apex 
between the crura of the superior semicircular canal, the subarcuate canal can 
occasionally be mistaken for a fracture, (c) Axial CT at the level of the IAC shows the 
singular canal (arrow), which extends from the posterior wall of the IAC to the ampulla 
of the posterior semicircular canal, note also the pneumatized anterior portion of the 
petrous apex 



  

1-Developmental Lesions :

a) Cholesterol Granuloma

b) Petrous Apex Cholesteatoma

c) Petrous Apex Mucocele

d) Petrous Apex Cephalocele  



  

a) Cholesterol Granuloma :

-See before

b) Petrous Apex Cholesteatoma :

-See before



  

c) Petrous Apex Mucocele :
-Uncommon
-CT of mucoceles shows a smoothly expansile 

bone lesion that may cause septal erosion and 
can be difficult to distinguish from a cholesterol 
granuloma

-MR imaging is particularly helpful in distinction 
between these two entities, as mucoceles 
typically have low to intermediate signal intensity 
on T1

-Mucoceles are hyperintense on T2 and do not 
enhance after contrast material administration  



  

d) Petrous Apex Cephalocele :
-Petrous apex cephaloceles are rare lesions 

representing protrusions of arachnoid or dura 
mater, usually from the Meckel cave, into the 
petrous apex

-At imaging, petrous apex cephaloceles are 
situated just above the anterior petrous apex 
and are continuous with the Meckel cave, they 
are smoothly marginated and have the same 
signal intensity characteristics as CSF with all 
MR imaging sequences 



  

Petrous apex cephalocele. (a) Axial T2 shows bilateral well-marginated masses 
of CSF signal intensity in the petrous apices. (b) On a coronal gadolinium-
enhanced fat-suppressed T1-weighted MR image, there is no enhancement 
of the lesions, which are centered in the expected locations of the Meckel 
caves (*), also note the partially empty sella (arrow) 



  

2-Inflammatory Lesions :

a) Petrous Apicitis

b) Petrous Apex Osteomyelitis

c) Inflammatory Pseudotumor

d) Wegener Granulomatosis 



  

a) Petrous Apicitis :
-Petrous apicitis is an infectious process caused by medial 

extension of acute otitis media into a pneumatized 
petrous apex

-CT demonstrates opacification of petrous air cells in the 
early stage of the disease and bone destruction in later 
stages

-The MR imaging findings of petrous apicitis are low signal 
intensity on T1, high signal intensity on T2 and contrast 
enhancement in a pneumatized anterior petrous apex

-There may be associated enhancement of the adjacent 
dura mater and cranial nerves due to meningitis

-Abscesses demonstrate ring enhancement and restricted 
diffusion on diffusion-weighted images 



  

Petrous apicitis. (a) T1+C shows opacification of the right mastoid, middle ear, and 
anterior petrous air cells, there is cortical erosion along the posterior margin of the 
petrous apex (arrow), note the pneumatization of the left petrous apex, 
(b) Gadolinium-enhanced fat-suppressed T1-weighted MR image shows diffuse 
enhancement throughout the right mastoid and middle ear, anterior petrous apex, and 
clivus, there is also a focal rim-enhancing fluid collection in the anterior petrous apex 
(arrowhead), a finding consistent with an abscess 



  

b) Petrous Apex Osteomyelitis :
-Skull base osteomyelitis involving the petrous 

apex is distinguished from petrous apicitis in that 
the former can occur in a nonpneumatized 
petrous apex

-It is usually caused by direct medial extension of 
necrotizing otitis externa or by retrograde spread 
of thrombophlebitis along the venous plexus of 
the petrous carotid canal

-Patients frequently have a predisposing condition 
such as diabetes mellitus, and Pseudomonas is 
by far the most common causative organism  



  

-Early in the course of the disease, CT may show 
only soft tissue in the external auditory canal and 
loss of normal fat planes beneath the skull base, 
in the later stages, there is bone erosion and 
fragmentation; bone sclerosis is also possible

-MR imaging demonstrates soft-tissue 
replacement in the marrow spaces of the 
temporal bone and petrous apex and typically 
shows extension of the process into the adjacent 
soft tissues or intracranial involvement 



  

Osteomyelitis of the petrous apex and skull base in a patient with otitis externa. (a) T1 
shows an infiltrative process involving the central skull base and temporomandibular 
joint, note the loss of normal fatty marrow signal intensity in the clivus and left petrous 
apex. There is fluid in the left mastoid, (b) Corresponding gadolinium-enhanced fat-
suppressed T1-weighted MR image shows intense enhancement of the left petrous 
apex and clivus as well as of the soft tissues of the nasopharynx and left masticator 
space, note the enhancement of the left external auditory canal and periauricular soft 
tissues (arrow) 



  

c) Inflammatory Pseudotumor :
-Inflammatory pseudotumor is a rare nonneoplastic 

inflammatory lesion
-At imaging, there is a locally aggressive, enhancing soft-

tissue mass in the temporal bone that causes extensive 
bone erosion

-There are no specific imaging features, and these lesions 
often mimic an aggressive tumor or infection

-Definitive diagnosis requires biopsy, which demonstrates 
fibroblastic proliferation and mixed inflammatory cell 
infiltrates at histologic analysis



  

d) Wegener Granulomatosis :
-Wegener granulomatosis is a rare necrotizing vascular 

disorder characterized by the triad of necrotizing 
granulomas in the respiratory tract, a necrotizing 
vasculitis of small arteries and veins, and 
glomerulonephritis

-The imaging appearance of the lesions of Wegener 
granulomatosis is nonspecific; however, the combination 
of temporal bone lesions and erosive sinonasal disease 
strongly suggests the diagnosis

-At CT, granulomas in Wegener granulomatosis appear as 
destructive soft-tissue masses

-At MR imaging, the lesions are hypointense on T1 and 
hyperintense on T2, with enhancement on gadolinium-
enhanced images 



  

3-Benign Tumors :

a) Meningioma

b) Schwannoma

c) Paraganglioma

d) Chondroma 



  

a) Meningioma :
-Petroclival and cerebellopontine angle 

meningiomas are the most likely to involve the 
petrous apex

-Petroclival meningiomas originate from the medial 
aspect of the petrous apex and course over its 
wall or enter the Dorello canal

-Cerebellopontine angle meningiomas arise from 
the dura mater along the posterior surface of the 
petrous apex and can extend into the IAC 



  

-Meningiomas appear as dural-based masses that 
are typically slightly hyperattenuating to brain 
tissue on CT images, iso- to hypointense on T1, 
and iso- to hyperintense on T2

-They usually enhance avidly after contrast 
material administration

-Meningiomas may cause hyperostosis of the 
petrous apex, a finding that is generally most 
evident at CT; at MR imaging, the hyperostotic 
bone has low signal intensity on T1 and T2



  

Meningioma, (a) T1+C shows an avidly enhancing petroclival meningioma 
involving the clivus, left petrous apex, Meckel cave, cavernous sinus, and 
sella turcica, note the thin dural tail (arrowheads), (b) T1+C obtained in 
another patient shows a meningioma invading the petrous apex and central 
skull base with associated hyperostosis (arrow)



  

b) Schwannoma :
-Petrous apex schwannomas usually originate from the 

fifth, seventh, or eighth cranial nerves
-At CT, schwannomas are usually isoattenuating to brain 

tissue and enhance after contrast medium administration
-At MR imaging, they generally appear as well-

circumscribed, smoothly expansile masses that are iso- 
to hypointense on T1 and hyperintense on T2, with 
enhancement on gadolinium-enhanced images

-Occasionally, intracranial schwannomas may be cystic 
and contain fluid levels, findings suggestive of the 
diagnosis 



  

Trigeminal schwannoma, (a) T1+C shows a homogeneously enhancing, 
dumbbell-shaped mass in the region of the left petrous apex, the mass is 
situated in the Meckel cave and extends posteriorly into the prepontine 
cistern (arrowhead), along the expected course of the trigeminal 
nerve. (b) Axial CISS image obtained in another patient shows a cystic 
schwannoma with multiple fluid levels (arrows) in the Meckel cave 



  

c) Paraganglioma :
-See before

d) Chondroma :
-Rare benign cartilaginous tumors that can 

manifest as solitary or multifocal tumors
-They are associated with Ollier disease and 

Maffucci syndrome
-At CT, chondromas classically appear as lytic 

bone lesions containing arc- and ringlike 
chondroid matrix calcification, but visible matrix 
calcification may be absent

-At MR imaging, chondromas have low signal 
intensity on T1 and high signal intensity on T2, 
with variable enhancement on T1+C, matrix 
calcification is evident as foci of low signal 
intensity on both T1 and T2



  

4-Malignant Tumors :
a) Chondrosarcoma
b) Chordoma
c) Endolymphatic sac tumor
d) Metastases 
e) Plasmacytoma
f) Lymphoma
g) Nasopharyngeal Carcinoma
h) Rhabdomyosarcoma
i) Langerhans Cell Histiocytosis   



  

a) Chondrosarcoma :
-Chondrosarcomas are malignant cartilaginous 

tumors that typically manifest in the 2nd and 3rd 
decades of life

-In the skull base, they are much more common 
than their benign counterpart, the chondroma

-Similar to chondromas, chondrosarcomas are 
associated with a number of syndromes, 
including Ollier disease, Maffucci syndrome, and 
Paget disease  



  

-Chondrosarcomas have an appearance similar to that of 
chondromas, and the two entities are essentially 
indistinguishable at imaging

-CT demonstrates a destructive petrous apex mass 
containing arcs and rings of calcification, which reflect 
the chondroid nature of the tumor

-At MR imaging, the lesions have low to intermediate signal 
intensity on T1 and high signal intensity on T2 relative to 
that of brain tissue, signal heterogeneity can be seen 
and may be due in part to the presence of mineralized 
chondroid matrix, these tumors demonstrate variable 
degrees of enhancement after contrast material 
administration  



  

Chondrosarcoma. (a) Axial T2 shows a mass with heterogeneous but 
predominantly high signal intensity centered in the region of the 
petroclival fissure. (b) Axial CT image shows arc- and ringlike matrix 
calcification in the lesion, a finding suggestive of a chondroid tumor 



  

b) Chordoma :
-Chordomas are rare tumors that originate from 

embryologic remnants of the notochord and can 
occur anywhere from the skull base to the 
sacrum

-Skull base chordomas are typically midline lesions 
arising in the clivus but may extend laterally to 
involve the petrous apex

-Chordomas are most frequently seen in males 
younger than 40 years but can occur at any age 



  

-At CT, skull base chordomas appear as locally destructive 
soft-tissue masses centered in the clivus, calcifications 
are often evident and represent residual bone 
trabeculae; true tumor calcifications may occur in the 
chondroid variant of chordoma, low-attenuation areas 
are occasionally seen and represent portions of the 
tumor containing gelatinous material

-At MR imaging, chordomas are typically hypointense on 
T1 and hyperintense on T2, after contrast material 
administration, they demonstrate variable enhancement 
and may have a characteristic honeycomb enhancement 
pattern 



  

Chordoma. (a) Axial CT image shows a destructive mass involving the clivus, 
nasopharynx, left masticator space, and left petrous apex. Small foci of 
calcification in the lesion may represent residual bone, (b) Gadolinium-
enhanced fat-suppressed T1-weighted MR image shows avid enhancement 
of the mass. Some areas have a honeycomb pattern of enhancement 
(arrow) 



  

c) Endolymphatic Sac Tumor :
-Endolymphatic sac tumors are locally aggressive 

tumors arising from the proximal rugose portion 
of the endolymphatic sac, which is situated 
halfway between the IAC and jugular foramen

-Therefore, these tumors are characteristically 
located along the posterior wall of the temporal 
bone and may extend into the mastoid or the 
anterior portion of the petrous apex

-They are usually sporadic, but bilateral 
endolymphatic sac tumors are associated with 
von Hippel–Lindau syndrome 



  

-At CT, endolymphatic sac tumors appear as soft-
tissue masses with prominent intratumoral 
calcification that cause permeative bone erosion 
along the posterior surface of the petrous bone

-At MR imaging, they have heterogeneous signal 
intensity on both T1 and T2, up to 88% of the 
lesions demonstrate areas of high signal 
intensity on T1 due to deposition of 
methemoglobin, hemosiderin, and cholesterol 
crystals from repeated intratumoral hemorrhage



  

Endolymphatic sac tumor, (a) T1 shows a heterogeneous mass in the temporal 
bone that destroys the posterior wall of the petrous apex, note the high-
signal-intensity areas in the posterior portions of the mass, which likely 
represent hemoglobin breakdown products from intratumoral hemorrhage, 
(b) Axial unenhanced CT image obtained in another patient shows a lesion 
that destroys the posterior wall of the left petrous bone (arrow)



  

d) Metastases :
-Metastases to the petrous apex are most 

commonly seen in patients aged 50-70 years
-The petrous apex is the most common site for 

metastases in the temporal bone (83% of cases) 
and is the sole site of temporal bone 
involvement in 31% of cases

-The most common tumor to metastasize to the 
petrous apex is breast cancer, followed by lung, 
prostate, and renal cell carcinomas  



  

Metastases to the petrous apex in a patient with breast cancer, (a) Axial non-fat-
suppressed T2 shows an expansile lesion of mixed signal intensity (arrow) in the left 
petrous apex, compare the signal intensity of the lesion to that of the high-signal-
intensity fatty marrow in the normal contralateral petrous apex (arrowhead), 
(b) Corresponding T1+C shows that the lesion has intense homogeneous 
enhancement, (c) Axial CT image obtained in a patient with metastatic 
leiomyosarcoma shows a lytic metastasis (arrow) centered in the left petrous apex 



  

e) Plasmacytoma :
-Plasmacytomas of the temporal bone are 

rare
-At CT, they appear as lytic lesions without 

sclerotic rims
-At MR imaging, they have low to 

intermediate signal intensity on T1 and are 
isointense on T2, with intense 
enhancement  



  

f) Lymphoma :
-Lymphoma involving the central skull base is rare 

and has nonspecific imaging features
-It demonstrates strong enhancement, a 

permeative pattern of bone destruction at CT, 
and intermediate or slightly low signal intensity 
on T2-weighted images

-Low apparent diffusion coefficients are typical 
because of the high degree of cellularity in these 
lesions 



  

g) Nasopharyngeal Carcinoma :
-Nasopharyngeal carcinoma occasionally spreads to the 

petrous apex by direct extension and can cause 
symptoms similar to those of the Gradenigo triad

-Nasopharyngeal carcinoma demonstrates low signal 
intensity on T1, intermediate to high signal intensity 
(usually greater than that of muscle) on T2 and moderate 
enhancement on contrast-enhanced image

-Lymphadenopathy is present in up to 90% of patients, with 
the retropharyngeal chain often being the first involved 
nodal site 



  

Nasopharyngeal carcinoma, T1+C shows an enhancing mass that 
extends posteriorly from the nasopharynx into the clivus and left 
petrous apex. 



  

h) Rhabdomyosarcoma :
-Rhabdomyosarcoma is a malignant childhood tumor 

arising from skeletal muscle or undifferentiated 
mesenchymal tissue

-It has a bimodal age distribution, with one peak occurring 
during the 1st decade of life and the second occurring 
during adolescence

-It is the most common soft-tissue malignancy in children 
and the most common primary malignancy of the 
temporal bone

-Rhabdomyosarcomas usually involve the external auditory 
canal, middle ear cavity, and facial nerve but may extend 
medially into the petrous apex, central nervous system 
extension and metastases can occur

-CT demonstrates an aggressive soft-tissue mass in the 
temporal bone that causes osseous destruction

-At MR imaging, these tumors have intermediate signal 
intensity on T1, variable signal intensity on T2 and 
variable enhancement   



  

Rhabdomyosarcoma in a young child, (a) Axial CT image shows a 
permeative lesion of the right middle ear and mastoid that extends 
into the petrous apex (arrow), (b) Corresponding T1+C shows that 
the lesion (arrow) has homogeneous enhancement 



  

i) Langerhans Cell Histiocytosis :
-LCH is an idiopathic neoplastic disorder characterized by 

proliferation of mature eosinophils and Langerhans cells
-Temporal bone involvement is seen in 15%-61% of cases 

of LCH, and the temporal bone is the most common site 
of skull base involvement

-At CT, LCH appears as a well-circumscribed destructive 
lesion of the temporal bone, the margins of the lesion are 
usually nonsclerotic, erosion of the bony labyrinth and 
ossicular chain can occur

-At MR imaging, LCH lesions appear as focal soft-tissue 
masses in the temporal bone surrounded by extensive 
ill-defined bone marrow and soft-tissue edema

-Marked enhancement is seen at both CT and MR imaging   
 



  

LCH in a young child, CT+C shows a destructive enhancing mass 
centered in the left temporal bone that extends into the anterior 
petrous apex (white arrow), there is a second lytic lesion in the roof 
of the left orbit (black arrow)



  

5-Vascular Lesions :

a) Petrous Carotid Aneurysm

b) Intraosseous Dural Arteriovenous Fistula



  

a) Petrous Carotid Aneurysm :
-See before

b) Intraosseous Dural Arteriovenous Fistula :
-Intraosseous dural arteriovenous fistulas are rare variants 

of dural arteriovenous fistulas
-These lesions differ from the classic type of dural 

arteriovenous fistula in that the vascular nidus is situated 
nearly entirely within bone

-They have been reported to occur in the clivus and petrous 
apex and are supplied predominantly by meningeal 
branches of the external carotid artery and ICA  



  

-At CT, intraosseous dural arteriovenous fistulas 
appear as osteolytic lesions

-MR imaging demonstrates multiple intraosseous 
flow voids and contrast-enhanced images show 
serpentine enhancement in the affected diploic 
space, findings suggestive of intradiploic venous 
hypertension

-Time-of-flight MR angiography demonstrates flow-
related enhancement within intraosseous 
vessels and a dilated intraosseous venous 
pouch 



  

Intraosseous dural arteriovenous fistula, axial T1 shows a large 
multicompartmental lesion that consists of multiple hypointense flow 
voids, the lesion replaces the clivus and extends into both petrous 
apices, the masticator space, and the posterior cranial fossa 



  

6-Osseous Dysplasias :

a) Fibrous Dysplasia

b) Paget Disease



  

a) Fibrous Dysplasia :
-CT is usually diagnostic and shows benign expansion of 

involved bones with relative preservation of cortical 
integrity and, frequently, a characteristic ground-glass 
internal matrix, occasionally, fibrous dysplasia can 
manifest as a radiolucent bone lesion that mimics a more 
aggressive process

-At MR imaging, fibrous dysplasia can demonstrate 
alarming imaging features and can be mistaken for a 
malignant process, typically, fibrous dysplasia appears 
as an expansile lesion with variable signal intensity and 
areas of low signal intensity on both T1 and T2, variable 
enhancement is seen after contrast material 
administration   



  

Polyostotic fibrous dysplasia, axial CT image through the temporal 
bones shows diffuse enlargement of the central and left lateral skull 
base, including the petrous apex, with sparing of the otic capsule, 
the involved bone has a characteristic ground-glass appearance, a 
finding indicative of calcified fibrous matrix 



  

b) Paget Disease :
-At CT :
a) The early or osteolytic phase is characterized by bone 

lysis and demineralization, particularly in the petrous 
apex

b) In the intermediate or mixed phase, CT shows multiple 
mixed areas of lysis and sclerosis, which produce a 
mottled appearance

c) In the late sclerotic phase, this appearance progresses 
to the presence of thickened dense bone with an 
irregular cortical surface and poor corticomedullary 
differentiation

-MR imaging shows heterogeneous signal intensity on T1 
and T2 with heterogeneous enhancement in involved 
bone 



  

Paget disease, axial CT image of the left temporal bone shows mixed 
areas of pagetoid demineralization and sclerosis with osseous 
expansion of the petrous apex and skull base, note the areas of 
demineralization in the normally dense bone of the otic capsule 



  


