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Objectives

* The reader will review the normal anatomy
of the temporal bones and the structures
and organs that dwell in It.

« Some common pathology will be
presented.

* By the end of the presentation, the viewer
should be able to recognize the normal
anatomy, identify surgically important
variants, and be familiar with common
pathology.



Objectives

"he viewer will finish with a Self-assessment of
the highlights from the presentation.

This presentation is not meant to be all-inclusive

for everything there is to know about temporal

bone anatomy and pathology. However, we

hope It takes a little of the mystery away, and
maybe “wet your appetit
learn more about It.




Technique

eLet’ s get started wit
MR protocols in order to get the best
possible images.

e Good quality images help you navigate the
anatomy better and it makes it easier to

identify pathology.



Temporal Bone CT Protocol
(GE Helical CT Scanner)

1.25 mm slices contiguous helical acquisition
Table Speed: 6.25 mm/rotation

Pitch: 0.625:1

Kv: 140

Auto mA with range from 80 to 300

Axial acquisition with patient supine

Coronal acquisition with patient supine and
tilted gantry.

— This step can be substituted if you are using a
multi-slice CT with Isometric voxels.

— Reformat axials into coronals if the patient has
limited mobility



MRI Protocol Internal Auditory Canals (IAC)
(1.5 Tesla GE Signa with Excite Platform)
(8 Channel System)

- Standard MRI Head Included:

Sagittal T1 SE, Axial T2 FRFSE, Axial T2 FLAIR,
Axial Diffusion, Axial T1 FLAIR, Axial T1 FLAIR

Post Contrast, Coronal T1 SE Post Contrast

- |AC Specific Sequences:

Pre Contrast High Res 3D-FIESTA (fast imaging
employing steady state acquisition)

— 384 X 256 Matrix

— 4 NEC, 0.8mm slice thickness, ZIP 4 and ZIP
1024

— These are reformatted into Sagittal and Coronal
planes




MRI Protocol Internal Auditory Canals (IAC)
(1.5 Tesla GE Signa with Excite Platform)
(8 Channel System)

- |AC Specific Sequences continued:

Pre/Post contrast Coronal T1 SE (conventional spin
echo)

2 mm thick with 0.5 mm Gap, 3 NEC
256 X 224 Matrix, ZIP 512



Anatomy

Okay, off with the boring stuff!
Let’ s get to t he

A good grasp of the basic anatomy Is
essential in order to navigate the temporal
bones. Knowing what should be there will
make It easier to notice the abnormalities.



The Basi cs

External Auditory Canal
Middle Ear
Inner Ear



External Auditory Canal

Derived from the first branchial groove

First and second branchial arches
contribute to cartilaginous EAC and auricle

Tympanic membrane is located where
ectodermal EAC joins the endoderm of the
first branchial pouch

2.5 cm long

Made of fibrocartilage ( 0.9cm) laterally
and bone (1.6cm) medially



The Middle Ear

* In the middle ear you have a number of
Important structures.

— Ossicles

— The eustachian tube
* Pressure equalization
e Pathway for pathology from the nasopharynx

—The chorda tympani ( CN
nerve (CN IX)

— Tensor tympani muscle and stapedius
muscle.



Middle Ear

 The middle ear is divided into superior
attic (epitympanic recess), the
mesotympanum, and the hypotympanum

« Tympanic membrane is lateral border of
the middle ear

— Made up of pars flaccida and pars tensa



Normal Temporal Bone

IAC
Cochlea
Vestibule
Ossicles

Pyramidal
eminence (arrow)

Facial nerve canal




Here’ s a |1 ttl] e
your pal at e, | f
* First branchial arch e Second branchial
— Body of malleus pouch
— Body and short — Long process of incus
process of incus — Capitulum and crura of
* First branchial pouch the stapes
— Eustachian tube — Manubrium of malleus
— Mesotympanum

— Mastoid air cells



The Ossicles

 Malleus
— At the tympanic membrane

* Incus

— Sandwiched in between
e Stapes

— At the oval window



The malleus

Umbo of the malleus attaches to tympanic
membrane

Head articulates with the body of the incus

Neck attaches by ligament to the
mesotympanum and to the tensor tympani

Lateral process and manubrium attaches
to the tympanic membrane



The Incus

e Short process attaches via ligaments to
the posterior tympanic wall

e Long process articulates with the stapes
via the lenticular process



The stapes

o Capitulum articulates with the lenticular
process of the incus

* Footplate covers the oval window

 Head of the stapes attaches to the
pyramidal eminence via the stapedius
muscle



Middle Ear

 The scutum Is the bony excrescence that
forms the superomedial margin of the EAC

* The petrosquamous suture connects the
lateral tegmen to squamous temporal
bone and houses veins to the intracranial
space (may be a source of infection)

e Arcuate eminence is the bony ridge of
superior semicircular canal



Middle Ear

Inferoposterior middle ear

— Round window niche

— Sinus tympani

Pyramidal eminence - separates the sinus

tympani from the facial nerve recess,
contains the stapedius muscle and tendon

Facial nerve recess IS here.

Eustachian tube connects middle ear to
the nasopharynx at the torus tubarius



The Facial Nerve CN VI

The facial nerve course can be very
iIntimidating at first.

But if you know the right clues, you
will be an expert at it by the time
you finish this presentation.



Cranial Nerves VIl and VII|I

e VI

Ant

— Horizontal
e Cisternal
o Canalicular
« Labyrinthine
e Tympanic

— Vertical
 Mastoid

« Parotid/Infratemporal

Post

Ant Crista falciformis

SupVest
(VIII)

Post

Cochlear
(V1)

Inf Vest
(V1)



Cranial Nerves VIl and VI




The Facial Nerve

Enters the internal auditory
canal

Separated into four quadrants
by transverse crista falciformis
and vertically

CN VII In anterosuperior
portion
— Travels anterosuperiorly and Ant | Crista falciformis

SupVest
(VIII)

Post

laterally to the geniculate
ganglion

Geniculate ganglion is
superior to the cochlea

Gives off the greater
superficial petrosal nerve

Cochlear
(VIII)

Inf Vest
(V1)




From the geniculate ganglion CN VII forms the
genu and travels under the lateral semicircular
canal and above the oval window.

Second turn inferiorly in the mastoid bone before
exiting the stylomastoid foramen

Gives off nerve to the stapedius muscle and
chorda tympani

The chorda tympani turns back on itself to
reenter the mesotympanum and then exits
anteriorly via the petrotympanic fissure to join
the lingual nerve



If you are ever going to
remember anything about the
course of the facial nerve In the
temporal bone, just remember
this phrase:



“Over t he
Under the Lateral
Semi cil rcul



Tap on the image and move the mouse up and down to
cine through the images

* As you cine thru
the images, you
will notice how
CN VIl goes
under the lateral
semicircular
canal and over
the cochlea. Pay
close attention
and cine the
Images as long
as you need to.

 Watch out for the
“snake e
(facial nerve
genu)




Tap on the image and move the mouse up and down to cine through
the images

 Asyou cine
thru the
images, you
will notice how
CN VIl goes
under the
lateral
semicircular
canal and over
the cochlea.
Pay close
attention and
cine the images
as long as you

need to.
 Waitch out for

t he “ sn

eyes’” (

nerve genu)

IM 121 SE; B087




We are not done yet with the
anatomy secti ¢

e We will discuss a little bit of the inner ear.

« Remember the major players here are
going to be:
— The cochlea
— The utricle, saccule and semicircular canals
— The facial nerve




Cochlea

Makes 2 Y2 turns

Filled with perilymph and endolymph (fluid signal
on MR)

Base and apex (cupula) divided by bony central
canal (modiolus)

Round window at basal turn

Perilymph from the vestibule communicates with
the cochlea via the scala vestibuli

The cochlear aqueduct extends from the scala
tympani to drain perilymph into the subarachnoid
space in the posterior fossa



Normal Temporal Bone

e Cochlea

e Rounds window
(arrow)

 Middle ear ossicles
e |IAC




The osseous labyrinth

Vestibule
e Chamber to which the semicircular canals join

Stapes articulates via the oval window
Contains the utricle and saccule

he vestibular agueduct travels from the
vestibule and dilates into a blind ending
sac containing endolymph




e Semicircular canals

e Superior and posterior semicircular canals
join at the crus communis



Normal Temporal Bone

e IAC

e Vestibular
aqueduct (arrow)

e \Vestibule

e Semicircular
canals




The membranous labyrinth

* Perilymph is in the cochlea scala vestubuli
and tympani

 Endolymph is in the cochlear duct,
semicircular canals, and vestibular
agueduct



Normal Temporal Bone

* Vestibular
agueduct




Coronal MRI Inner Ear




Coronal MRI Inner Ear

Anterior Semicircular Canal

Lateral
Semicircular
Canal

Posterior
Semicircular
Canal

Cochlea



Axial MRI Inner Ear




Axial MRI Inner Ear

Cochlea Facial Nerve (VII)

Lateral
Semicircular
Canal

Posterior Semicircular Vestibulocochlear Nerve
Canal (VIII)



Axial MRI Inner Ear




Axial MRI Inner Ear

VIl Nerve

-5

STV viinene

Cochlea
Posterior Semicircular Canal




Surgical Pearls

« Evaluation of facial nerve position, vascular
anomalies, middle ear and mastoid air cells
pneumatization, ossicular deformities,
meningoencephaloceles, sigmoid sinus location
and other features is important for preoperative
planning to prevent accidental surgical injury.

 EAC surgery for congenital anomalies is usually
delayed until after adolescence when growth
has slowed down.



Middle Ear Cavity

e Caution during surgery must be made if an
acquired cholesteatoma results in erosion of the
| ater al or 1 nferior wall
tympanic portion. If dehiscence or skeletization
of the facial nerve canal or sinus tympani occurs
the surgeon must be notified so that care is
taken when removing the cholesteatoma without
Injuring the underlying structures.

* When resecting a glomus tumor the surgeon
needs to be ensured that what he Is to resect is
not actually an aberrant carotid artery.




Precochlear Implant CT Evaluation

Bilateral acoustic schwannomas

Bilateral obliterative labyrinthine ossification
Cochlear patency

Concurrent middle ear infection

Congenital cochlear anomalies and coexistent vestibular
disease

Determine location of facial nerve, carotid artery, sigmoid
sinus

Fractures, unsuspected trauma
Hypoplasia of IAC
Size of middle ear cavity



Okay, take a &b

 \We reviewed the inner, middle and outer
ear and we talked about the facial nerve.

eLet 0s take a | ook at
eXxtra somet hinge
eFol l owing these case:¢

some common pathologic processes.



e |s the facial
nerve supposed
to enhance In
the internal
auditory canal
(IAC)?







Facial nerve schwannomas

 These tumors may present as a Facial
nerve paralysis

 They enhance after contrast
administration.

 Expand the canal where the facial nerve
courses









Vignhette

« 32 year-old male with progressive left CN
VII dysfunction






Do you have

a diagnosis? HemangiOma



Facial Nerve Hemangioma

e Occurs around the geniculate ganglion,
and at the posterior genu of the facial
nerve canal.

 May appear as a bone erosion with a soft-
tissue mass on CT

-May have a “honeycomb”
pattern

 They are as common as facial nerve
schwannomas.



Facial Nerve Hemangioma

 The borders of a hemangioma are
Indistinct compared with the well-
demarcated schwannomas. This Is a very
Important distinction because it may
change the management.
— Schwannomas are rarely resected without

sacrificing the nerve, whereas a hemangioma
can sometimes be separated from the nerve.




CN VIl Schwannomas

Demonstrate marked enhancement on MR
Positioned close to the round window

Arise from the cochlear branch of cranial nerve
VI

Intralabyrinthine Schwannomas are rare

Can be associated with neurofibromatosis type 2
— Bilateral vestibular neuromas






/5 y.o0. Male with Asymmetric
Sensoryneural Hearing Loss




Rare Intralabyrinthine schwannoma




Diminished Left Facial
Sensation




Note how the tumor expands the internal auditory canal



Bilateral acoustic neuromas

e 'y‘
AMRI With |
contrast
AAvid
enhancement ,




Middle Ear Canal
Acquired Cholesteatomas

 Primary, from tympanic membrane retraction

— Trapped squamous epithelium

— Erosive collections of keratinous debris from ingrowth
of stratified squamous epithelium through a
perforated tympanic membrane

e Secondary, from trauma
 May cause destruction of ossicles, scutum,

lateral semicircular canal, tegmen mastoideum

— Pars tensa Cholesteatomas can erode into the sinus
tympani, pyramidal eminence, and facial recess, long
process of the incus or stapes (leaves scutum intact)



Middle Ear Canal
Acquired Cholesteatomas

* Proceeds through the pars flaccida into
Prussak’s space 1 n t1h

e Can proceed into the aditus ad antrum into
the mastoid air cells

* Present with granulation tissue, hearing
loss and painless otorrhea, unresponsive
to antibiotic treatment.



Middle Ear Canal
Acquired Cholesteatomas

e Complications
—fistulization into semicircular canals

» Vertigo implies erosion of lateral semicircular canal

—erode the tegmen tympani and invade
Intracranial space

—erode into lateral of inferior wall of facial
nerve canal
e you must tell the surgeon if this occurs so

they can plan accordingly as to not injure
the underlying nerve






~“—Destruction and
erosions caused

by cholesteatcma:|....- .




Middle Ear Canal
Congenital Anomalies

* Epidermoids (Congenital Cholesteatomas)
« Arise from aberrant epithelial rests

— Temporal bone most common skull base site

epetrous apex, Korner s se
opening, geniculate ganglion region, middle ear
epitympanum

— Have no history of ear infections of surgery

— Present with deafness, vertigo, or facial nerve
palsy

— Scutum Intact
— May be solid or cystic
— Treatment Is surgical excision




Epidermoid




Glomus Tympanicum

Nonchromaffin paraganglioma arising adjacent
to the cochlear promontory

Arise on the tympanic branch of the
glossopharyngeal nerve (Jacobson's nerve)

Blue or purple vascular mass behind TM

Pulsatile tinnitus, conductive hearing loss,
discharge

May be masked by mastoiditis from obstruction
of aditus ad antrum



Glomus Tympanicum

Usually found in lateral aspect of the cochlea

Most common tumor in the inferior part of the
middle ear

Middle aged women
Does not erode the ossicles, but engulfs them

DDx would include aberrant internal carotid
artery which is deviated near the cochlea, -
surgeons need to know this!



Glomus Tympanicum




Temporal Bone Fractures

 Longitudinal Fracture (80%)

« occur along the plane of the temporal bone extending from EAC
toward the sphenoid

— Conductive Hearing Loss
— Ruptured TM

— Hemotympanum >90%

— Ossicular Dislocation!!!
— Facial Nerve Paralysis

— CSF Otorrhea

 Transverse Fracture (20%)

« Can occur laterally through the cochlea or vestibule or medially
through the IAC and petrous pyramid

— Sesorineural Hearing Loss

— Facial Nerve Paralysis More Common (injured in 40%)
— Vertigo

— CSF Otorrhea Less Common, Hemotympanum ~50%



74 y.0. Male with CN 7 Palsy 2 Days Post Trauma







Longitudinal Temporal Bone Fracture







Longitudinal Temporal Bone
Fracture with Ossicular Fracture




Ossicular Dislocation

=
i

=

Dislocated Incus



Jugular Fossa

Jugular Spine

e Pars Nervoss
— CN IX

— Inferior petrosal
sSinus

 Pars Vascularis
— CN X, Xl
—jugular bulb



CN 9, 10, 11




Hoarseness, Skewed Tongue




CN X (Vagus) schwannoma




Middle Ear Canal
Glomus Jugulare

Extends from the skull base into the middle ear canal

Arises from the adventitia of the jugular vein in the
jugular foramen

May erode the jugular foramen of the temporal bone,
may grow into the jugular vein or from the bulb into the
sigmoid and transverse sinuses

There is a hereditary form which is associated with
tumors of the vagale, carotid body, jugulare, and
tympanicum
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Glomus Jugulare




Miscellaneous Morsels

* The following slides will show
miscellaneous facts and pathology which
you should try to have in the back of your
mind whenever reading Temporal bone
studies.



Middle Ear Canal
Otitis Media

e Thickening of tympanic membrane and
opacification of epitympanic recess
— CT will show soft tissue or fluid in the middle ear
cavity. Thi s area shoul d al ways
e Rare complications include erosion of ossicles,
usually the long process of the incus, with
fibrosis may get gap between incus and stapes,
pneumolabyrinthine, ossicular fixation (either
fibrous or calcified)

« Effusions- may be infectious or non-infectious



Middle Ear Canal
Mastoiditis

May occur as complication of middle ear infection or
Cholesteatomas
— Via aditus ad antrum

NG tube is predisposing factor

Complications include sigmoid sinus thrombosis,
thrombophlebitis, epidural abscess, meningitis,
subperiosteal abscess, fistulas, and osteomyelitis

Bezol d’ s-oechrsiesiad ® mastoid as spreads
form bone to soft tissue down the plane of the SCM



Middle Ear Canal
Malignancies

THESE ARE UNCOMMON

Usually derived from external ear canal structures that
Invade

Squamous cell carcinoma
Rhabdomyosarcoma

Rarely, ectopic salivary gland tissue may give rise to
adenocarcinoma or adenoid cystic carcinoma

Metastases include lung and breast cancer



Labyrinth
Sensoryneural hearing loss

e Large vestibular agueduct
— Definition: large endolymphatic duct

— Cause: unknown, may be marker of other
iInner ear pathology

— Presentation: type of HL varies; SNHL often
orogressive, average age — 3.1 yrs

— Imaging hallmark: vestibule aqueduct>1.5mm,
may see dysplastic vestibule, SCC or cochlea

— Most common CT anomaly in kids with SNHL




Inner Ear Congenital Anomalies
Vestibular Aqueductal Abnormality

« CHARGE syndrome, Pendred syndrome,
and congenital CMV may predispose to
enlarged agueducts

 Narrowed (<0.5mm) may be seen in
Meniere disease

e Atresia or stenosis of the IAC Is seen with
absent CN VIII and less commonly CN VII

-need to find nerve in cochlear implant
candidates



Large vestibular agueduct




Inner Ear Congenital Anomalies
Cochlear Abnormalities

e Mondi ni '-sncomh@eteaevélopment of
two and a half turns of the cochlea, basal turn ok
but middle and apical form a cyst

«Cock’s deformity -(@aMi chel
common cavity comprises the vestibule and
cochlea, no modiolus of the cochlea is seen

e Cochlear aplasia and hypoplasia — may see no
or just one turn of the cochlea, may also have
perilymph fistulas




Labyrinth

eMi chel s apl asi a
— Most severe cochlear malformation
— Insult occurs at 4% in utero week

— Imaging hallmark: aplastic cochlea, small IAC,
petrous bone may be malformed

— DDx: labyrinthitis obliterans — distinguished by
normal medial wall prominence




Small IAC




Labyrinth

 Mondini dysplasia
— Insult occurs in 7t in utero week
— Presentation: variable

— Imaging hallmark: 1 to 1 & Y2 cochlear turns
with large vestibule

— Some consider all cochlear anomalies
Mondinis

— Associations: Klippel Feil, Wildervank,
Allagile, Pendred, DiGeorge, Waarburg
syndrome, Trisomies




Labyrinth

o Labyrinthitis
— Definition: inflammation of labyrinth
— Causes: viral, bacterial, syphilis, autoimmune

— Presentation: sudden hearing loss, vertigo,
tinnitus

— Imaging hallmark: labyrinth enhancement on
post Gd MR imaging

— CT usually normal



Labyrinthitis

Pre contrast Post contrast



Labyrinthitis

]




SNHL: Labyrinth

 Calclific (sclerosing or ossifying)
labyrinthitis
— Cause: previous infection or hemorrhage
— Clinical: SNHL

— Imaging hallmark: CT1 endoluminal
calcification hard to see on CT In chronic
phase; MR T2-replaced signal of labyrinth fluid
by low or absent signal.

— Contraindication to cochlear implant



Calcific Labyrinthitis

« Labyrinthitis
obliteransina 4 yo
girl hx of meningitis 3

YIS ago




Inner Ear
Labyrinthine Ossification

Fibrosis induced by inflammatory state differentiate into
osteoblasts to form ossific deposits in the cochlea

Inflammatory states include recurrent ear infections,
trauma, cholesteatomas, meningitis, mumps, etc.

Causes a deaf ear and often vertigo
Bony replacement of labyrinthine portion of inner ear



Langerhans Cell Histiocytosis

 May involve the mastoid portion of temporal
bone

e Children and young adults most commonly
affected

e Lytic process in the temporal bone that spares
the middle ear



Langerhans
Cell

Histiocytosis




Inner Ear
Malignant Lesions

 Usually secondary to direct invasion or perineural
spread along the facial nerve

e Sguamous cell carcinoma most common and can invade
via the EAC, middle ear, through the eustachian tube, a
cholesteatomas, or by way of the parotid gland

* Rare primary neoplasms may include
neurofibrosarcomas, rhabdomyosarcoma, lymphomas,
or malignant hemagiopericytomas



Inner Ear
Endolymphatic Sac Tumors

 May be endolymphatic sac origin or from the top of the
jugular bulb, mucosa of the aerated cells around the
jugular bulb, or the mastoid air cells

« Orientation of the tumor parallel to the posterior aspect

of the petrous temporal bone may simulate the vestibular
aqueduct

» Associated with von Hippel-Lindau disease



Endolymphatic sac tumor

* Von-Hipple
Lindau
syndrome




Endolymphatic sac tumor

T2 weighted Post Gd T1



CPA and brainstem

CPA neoplasms

e Brainstem

— Epldermmd _Infarct

— Glioma of — Brainstem glioma
brainstem or _ _
cerebellum — Multiple sclerosis

— Dermoid —AVM

— Metastasis — Acute Disseminated

_ AVM Encephalomalacia



Cerebellopontine mass

T2 weighted Post Gd T1



Final Stretch

eWell, you’' ve made 1t

e Just a little quiz to see If you were paying
attention.

READY



Quiz time!

« What is the part of the middle ear which
IS almost invariably eroded first with
acquired cholesteatomas?

The stapedius

The scutum

The round window

The aticus ad antrum

> bR




 Enhancement of the labyrinthine portion of
the facial nerve is a normal finding.

True or False




Typically, a vestibular schwannoma will
have what appearance on MR?

High T1 signal, with enhancement after Gd

High T1 signhal, no enhancement after Gd

_ow T1 signal, with enhancement after Gd

> w e

_ow T1 signhal, no enhancement after Gd




 Which fractures are more commonly
assoclated with ossicular dislocation?

1. Lonagitudinal fractures
2. Transverse fractures




 What are the arrows pointing at?
1. Normal enhancement of the CN VIII.
2. Bell s pal sy
3. Bilateral acoustic schwannomas




Thank you

 Thank you for your time spent viewing this
presentation.

* We hope It was to your benefit.

 Any comments can be sent to
vidalla@umkc.edu



mailto:vidalja@umkc.edu
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