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Axial CT scan, bone window. Deformed ossicular chain is visible within hypoplastic 

tympanic cavity. Proper malleus and incus together with malleo-incudal joint can 

not be identified, instead, there is a V-shaped bony structure, representing the fused 

malleo-incudal complex. Among frequently observed middle ear developmental 

anomalies are: hypoplastic middle ear cavity, deformed ossicles, oval window atresia, 

aberrant course of the facial nerve, absent or hypoplastic tympanic bone.

Congenital external ear malformation

Section 1: Congenital Malformations

External ear

The external ear is accessible to direct evaluation and
indications for imaging are limited. Among the most
important ones are:

External auditory canal (EAC) atresia

Definition Absence of external ear canal being a birth
defect, and accompanied by auricle malformation.

Symptoms Conductive hearing loss. On clinical examina-
tion, usually the auricle is malformed (microtia) and the
EAC is not patent or significantly narrowed. In such ears
the sound cannot reach the tympanic membrane; this is why
conductive hearing loss results.

Preferable imaging method High-resolution CT (HRCT) of
the temporal bone is the method of choice. Since atretic
external auditory canal does not allow visualization of
tympanic membrane and middle ear structures, imaging
studies are mandatory [7].

Clinically relevant imaging findings Radiological findings
are critical for accurate classification of the severity of
disease and surgical decision-making. For selection of best
surgical candidates, images should be evaluated according
to the grading system proposed by Jahrsdorfer et al. [9],
who evaluated eight critical areas of temporal bone
anatomy, each area receiving 1 rating scale point, with the
exception of the presence of a stapes, which received 2
points (Table 1). Patients with a pre-surgical rating of ≤5
points should not be considered surgical candidates. A pre-
surgical rating of 8 points translates into an 80% chance of
resorting hearing to normal or near-normal levels.

Often the malformation involves ossicles and middle ear
space to varying degrees. The inner ear is most often
normal [8]. Among frequently observed middle ear devel-

opmental anomalies are: hypoplastic middle ear cavity
(Fig. 1), deformed ossicles (Fig. 2), oval window atresia,
aberrant course of the facial nerve, absent or hypoplastic
tympanic bone (Fig. 3).

Differential diagnosis Acquired EAC stenosis (surfer’s
ear), EAC osteoma, EAC cholesteatoma.

Treatment options if the other ear is functioning well,
unilateral atresia is not treated. Bilateral atresia is treated
surgically at the age of 5–6 years. Usually middle ear
surgery is preceded by auricle reconstruction. It is unnec-
essary to perform CT examination in early childhood,
before the middle ear grows to almost-adult size. Unilateral
atresia is also effectively managed with a Baha—a
surgically implantable system which works through direct
bone conduction.

Table 1 The preoperative evaluation of congenital aural atresia based
on high-resolution CT findings, as proposed by Jahrsdorfer et al. [9]

Structure Points

Stapes present 2

Oval window open 1

Middle ear space 1

Facial nerve 1

Malleus/incus complex 1

Mastoid pneumatised 1

Incus-stapes connection 1

Round window 1

Appearance external ear 1

Fig. 1 Congenital external ear malformation. Axial CT scan shows
significantly narrowed EAC with soft tissue and bone obliteration

Fig. 2 Congenital external ear malformation. Axial CT scan, bone
window. Deformed ossicular chain is visible within hypoplastic
tympanic cavity. Proper malleus and incus together with malleo-
incudal joint can not be identified, instead, there is a V-shaped bony
structure, representing the fused malleo-incudal complex

34 Insights Imaging (2012) 3:33–48
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Severe external and middle ear deformity accompanying Goldenhar syndrome

The image is of a patient with severe external and middle ear deformity accompanying 

Goldenhar syndrome (oculoauricular dysplasia). Coronal CT scan shows, that tympanic 

bone, forming the floor of external auditory canal (EAC) is absent. It also results in 

temporomandibular joint incomplete formation. 

Necrotizing external otitis

Definition Infection involving primarily bony and cartilag-
inous external auditory canal and adjacent structures, being
a relatively rare complication of external otitis. It occurs
usually in immunocompromised persons, especially elderly
patients with diabetes mellitus, and is often initiated by self-
inflicted or iatrogenic trauma to the external auditory canal
[10].

Symptoms Clinically, patients complain of severe otalgia
that worsens at night, and otorrhea. Otoscopic findings
include granulation tissue in the external auditory canal,
particularly at the bony-cartilaginous junction. On audiol-
ogy there is conductive hearing loss [11].

Preferable imaging methods Imaging modalities include
CT and MRI. While CT scanning allows to determine the
location and extent of disease, MRI is the method of choice
in determining intracranial extension. Since malignant
external otitis has potentially life-threatening complications,
imaging studies are strongly advised [11].

Clinically relevant imaging findings Thickened mucosa of
the external auditory canal and auricle, enhancing after contrast

medium administration (Fig. 4), together with destructive,
osteomyelitis appearance of the tympanic and mastoid bone
(Fig. 5), strongly suggest malignant external otitis. Subtle
cortical erosions visible on CT are usually an early sign of
evolving osteomyelitis, as well as infiltration of the tempo-
romandibular fat pad [12]. Meningeal enhancement, visible
on MRI informs about intracranial extension. Focal areas of
rim-enhancing fluid visible in adjacent soft tissues are
consistent with abscesses. Absolutely critical is posteromedial
extension to the jugular foramen or carotid space.

Differential diagnosis Includes EAC cholesteatoma, post-
inflammatory medial canal fibrosis, keratosis obturans and
EAC squamous cell cancer.

Note: it may be very difficult to differentiate between
EAC cholesteatoma and malignant external otitis, because

Fig. 3 Severe external and middle ear deformity accompanying
Goldenhar syndrome (oculoauricular dysplasia). Coronal CT scan
shows, that tympanic bone, forming the floor of EAC is absent. It also
results in temporomandibular joint incomplete formation

Fig. 4 Malignant external otitis. a Axial contrast enhanced CT scan
shows thickening and heterogenous contrast enhancement of the soft
tissue around auricle and in masticator space (arrow). b In the bone

window, subtle bone erosion is visible (arrow) and mastoid air cells
are filled with fluid

Fig. 5 Malignant external otitis. Axial CT scan in bone window
demonstrates destruction of mastoid segment of petrous bone. There
were also subtle cortical destructions visible in tympanic bone

Insights Imaging (2012) 3:33–48 35
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A 9-year-old child showing microtia on left side

a, b Coronal CT-images. The right external auditory canal 

appears normal, while on the left side it is narrowed and 

has a steeper slope (asterisks). c, d Axial images. Normally 

developed middle ear cavity on right side. On the left side, 

the epitympanum is very small, only containing the head of 

the malleus (arrow). The incus and stapedial superstructure 

are absent on the left side, while the left footplate 

(arrowhead) is well developed, although somewhat turned 

towards the coronal plane compared to the right side. 

The left mastoid is not pneumatized. The inner ear structures 

appeared normal on both sides.

The inner ear has a different origin, and therefore it is
usually normal in these patients.

A congenitally narrowed external auditory meatus is
associated with dysplasia of the tympanic bone. Such a
canal often runs in an abnormal direction, sloping more
upwards than usual (Fig. 1). Apart from narrowing of the
bony portion of the external canal, associated fibrosis may
further narrow or completely obstruct the external ear canal.
The tympanic membrane may be present or absent.

When no external auditory canal is formed, the tympanic
bone is aplastic. The lateral wall of the middle ear consists
of soft tissue (Fig. 2), or a bony plate which is situated at
the expected level of the tympanic membrane (Fig. 3). Such
a bony plate is called an atresia plate, and this may corre-
spond to a ‘frust’ tympanic bone or to downward extension
of the squamous part of the temporal bone, meeting the
floor of the middle ear.

The size of the tympanic cavity is often diminished,
making surgery more difficult. The tegmen may have a low
position, which may also complicate the surgical approach.
The air content of the mastoid is often reduced, correlating
with the degree of abnormality of the external ear.

The size of the bony Eustachian tube may be reduced, but
sometimes this structure appears enlarged (Mayer et al. 1998).

Ossicular chain abnormalities are very frequently asso-
ciated with aural dysplasia. Aplasia of the tympanic bone is
associated with fusion of the neck of the malleus to the

lateral epitympanic wall or atresia plate (Figs. 2 and 3).
In addition, other ossicular anomalies may be present:
fusion of the malleus and incus, with absence of the normal
malleoincudal joint, is common, and the long process of the
incus may have an abnormal orientation or be hypoplastic
or absent. The most important ossicular structure to look for
on CT is the stapes; absence of the stapes makes surgical
reconstruction more complex. Furthermore, the presence
and width of the oval window should be checked; on
coronal images, it should have a diameter of about 2 mm
(Yeakley and Jahrsdoerfer 1996).

The tympanic segment of the facial nerve canal is often
displaced caudally, sometimes reaching as low as the round
window (Mayer et al. 1998). The second genu and mastoid
portion of the facial nerve typically are more anteriorly
positioned than normal, which is important for the surgeon
to know, as this may severely hinder surgical reconstruc-
tion. The mastoid portion of the facial nerve may curve
anteriorly toward the area of the temporomandibular joint,
or leave the temporal bone in a more lateral direction.
Determining the exact course of the facial nerve is of utmost
importance to avoid postoperative facial paralysis (Fig. 4).

When the tympanic bone is aplastic, the position of the
temporomandibular joint is frequently more posterior than
normal, because of lack of a posterior bony support.
Confluence of the temporomandibular joint soft tissue with
the middle ear is regarded unfavourable for surgery, as

Fig. 1 9-year-old child showing
microtia on left side. a, b Coronal
CT-images. The right external
auditory canal appears normal,
while on the left side it is
narrowed and has a steeper slope
(asterisks). c, d Axial images.
Normally developed middle ear
cavity on right side. On the left
side, the epitympanon is very
small, only containing the head
of the malleus (arrow). The incus
and stapedial superstructure are
absent on the left side, while the
left footplate (arrowhead) is well
developed, although somewhat
turned towards the coronal plane
compared to the right side. The
left mastoid is not pneumatized.
The inner ear structures appeared
normal on both sides
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Axial and coronal CT-image of left temporal bone in a neonate

Abnormal auricle (arrow, a) The external ear canal is absent: only soft tissue is seen (asterisks). 

The lateral wall of the middle ear consists of soft tissue (arrowhead, b) no tympanic 

membrane is identified. The malleus and incus appear deformed and fused (arrow, b).

maintaining support for the surgically created hearing
apparatus is more difficult (Yeakley and Jahrsdoerfer 1996).

A 10-point scale has been devised based on the
CT-findings, predicting the risk of complications and post-
operative hearing results (Yeakley and Jahrsdoerfer 1996).

The CT study should also exclude the presence of a
congenital or acquired cholesteatoma: atresia or stenosis
of the external ear canal may hinder the normal migration of
epithelium, leading to the accumulation of keratinized
debris and hence formation of a cholesteatoma.

Although rare, abnormalities of the inner ear should
be looked for. Usually, when associated with aural dys-
plasia, these inner ear malformations are minor; the laby-
rinthine function is not necessarily abnormal. The internal
auditory canal may appear widened and more angled than
normal.

2.2 Branchiogenic Anomalies

Although aural dysplasia can be regarded as a branchio-
genic anomaly (see above), other anomalies arising from the
branchiogenic apparatus may occur around the external ear.

Defects of the branchial apparatus manifest as a cyst, a
sinus, or a fistula. Anomalies of the branchial complex are
vestigial remnants, resulting from incomplete obliteration of
the branchial apparatus or buried epithelial cell rests.

As indicated above, the first branchial apparatus is
involved in the development of the external and middle ear,
but also the Eustachian tube, maxilla, and mandible.

First branchial cleft anomalies lie close to, or have a
connection with the external ear canal. Various classifica-
tions have been proposed, such as that described by Work
(Work 1972). A Work type I anomaly corresponds to a
lesion in the preauricular region, running more or less
parallel to the external ear canal, embedded within the
parotid gland, and lateral to the facial nerve (Fig. 5).

A Work type II anomaly extends downward to the angle
of the mandible; it may be lying medial or lateral to the
facial nerve branches, or between these nerve branches
(Fig. 6). At the level of the mandibular angle an inflam-
matory mass lesion may be produced (Fig. 7). Demonstra-
tion of a connection to the external ear canal, typically at
the junction of the cartilaginous and bony part, allows
confirming the diagnosis.

2.3 Preaurical Sinus

The auricle develops from six mesenchymal proliferations
surrounding the first pharyngeal cleft. These swellings fuse

Fig. 3 Coronal CT image through right temporal bone in an adult
patient. Atresia of the external auditory canal. The neck of the malleus
is fused with the atresia plate (arrowhead)

Fig. 2 Axial and coronal CT-image of left temporal bone in a
neonatus. Abnormal auricle (arrow, a) The external ear canal is
absent: only soft tissue is seen (asterisks). The lateral wall of the
middle ear consists of soft tissue (arrowhead, b) no tympanic
membrane is identified. The malleus and incus appear deformed and
fused (arrow, b)
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Coronal CT image through right temporal bone in an adult patient

Atresia of the external auditory canal. The neck of the malleus is fused with the atresia plate 

(arrowhead). When no external auditory canal is formed, the tympanic bone is aplastic. The 

lateral wall of the middle ear consists of soft tissue, or a bony plate which is situated at the 

expected level of the tympanic membrane. Such a bony plate is called an atresia plate, and 

this may correspond to a ‘frust’ tympanic bone or to downward extension of the squamous 

part of the temporal bone, meeting the floor of the middle ear.

maintaining support for the surgically created hearing
apparatus is more difficult (Yeakley and Jahrsdoerfer 1996).

A 10-point scale has been devised based on the
CT-findings, predicting the risk of complications and post-
operative hearing results (Yeakley and Jahrsdoerfer 1996).

The CT study should also exclude the presence of a
congenital or acquired cholesteatoma: atresia or stenosis
of the external ear canal may hinder the normal migration of
epithelium, leading to the accumulation of keratinized
debris and hence formation of a cholesteatoma.

Although rare, abnormalities of the inner ear should
be looked for. Usually, when associated with aural dys-
plasia, these inner ear malformations are minor; the laby-
rinthine function is not necessarily abnormal. The internal
auditory canal may appear widened and more angled than
normal.

2.2 Branchiogenic Anomalies

Although aural dysplasia can be regarded as a branchio-
genic anomaly (see above), other anomalies arising from the
branchiogenic apparatus may occur around the external ear.

Defects of the branchial apparatus manifest as a cyst, a
sinus, or a fistula. Anomalies of the branchial complex are
vestigial remnants, resulting from incomplete obliteration of
the branchial apparatus or buried epithelial cell rests.

As indicated above, the first branchial apparatus is
involved in the development of the external and middle ear,
but also the Eustachian tube, maxilla, and mandible.

First branchial cleft anomalies lie close to, or have a
connection with the external ear canal. Various classifica-
tions have been proposed, such as that described by Work
(Work 1972). A Work type I anomaly corresponds to a
lesion in the preauricular region, running more or less
parallel to the external ear canal, embedded within the
parotid gland, and lateral to the facial nerve (Fig. 5).

A Work type II anomaly extends downward to the angle
of the mandible; it may be lying medial or lateral to the
facial nerve branches, or between these nerve branches
(Fig. 6). At the level of the mandibular angle an inflam-
matory mass lesion may be produced (Fig. 7). Demonstra-
tion of a connection to the external ear canal, typically at
the junction of the cartilaginous and bony part, allows
confirming the diagnosis.

2.3 Preaurical Sinus

The auricle develops from six mesenchymal proliferations
surrounding the first pharyngeal cleft. These swellings fuse

Fig. 3 Coronal CT image through right temporal bone in an adult
patient. Atresia of the external auditory canal. The neck of the malleus
is fused with the atresia plate (arrowhead)

Fig. 2 Axial and coronal CT-image of left temporal bone in a
neonatus. Abnormal auricle (arrow, a) The external ear canal is
absent: only soft tissue is seen (asterisks). The lateral wall of the
middle ear consists of soft tissue (arrowhead, b) no tympanic
membrane is identified. The malleus and incus appear deformed and
fused (arrow, b)
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Right-sided Goldenhar syndrome in a 12-year-old patient

a–d Axial CT images through right temporal bone. The 

facial nerve canal shows a relatively long labyrinthine 

segment (a, arrowhead); note the associated hypoplastic 

appearance of the ossicular chain (a, arrow). Short tympanic 

segment of facial nerve (b, arrowheads); a second genu 

cannot be clearly identified, but the mastoid segment of 

the facial canal is running posterolaterally to the tympanic 

cavity (c, arrowhead). At a lower level, the mastoid 

segment of the facial nerve can be seen to run lateral to 

the middle ear cavity (d, arrowhead). e–h For comparison, 

the corresponding heterolateral structures are labelled 

on axial CT images of the normal left temporal bone at 

similar levels. i Coronal CT image through right temporal 

bone. The short mastoid segment of the facial nerve canal 

(arrowheads) can be seen to run inferolaterally, just lateral 

from the middle ear cavity (asterisks) (the opacification of 

the right middle ear cavity is presumably caused by chronic 

dysfunction of the Eustachian tube).

and gradually form the definitive auricle. As this fusion is a
rather complicated process, developmental abnormalities
may arise (Langman 1981). A sinus results when one of the
sulci between the auricular hillocks incompletely disap-
pears. Most authors believe that a preauricular sinus is not
an anomaly of the first branchial apparatus.

A preauricular sinus is a relatively common congenital
abnormality. It consists of a blind-ending opening in the
external ear, often located at or near the anterior crus of the
helix. The diagnosis is made clinically. Most of these
sinuses remain asymptomatic, but repeat infection may
cause chronic discharge, repeated abscess formation and
scarring, making surgical excision of the sinus and its
possible ramifications necessary. Recurrences may follow
incomplete resection (Currie et al. 1996).

Preoperative visualisation of the extent of the lesion may
be helpful to prevent incomplete resection. Usually, injec-
tion of the sinus tract with contrast medium is not suc-
cessful, as the lumen is often blocked by epithelial debris

(Lau 1983). Forced injection of methylene blue, followed
by surgery a few days later has also been suggested.
A noninvasive method is high-resolution ultrasound,
allowing to visualise the sinus, its branches, and any asso-
ciated cystic component in the subcutaneous tissues; also
the relationship of the lesion to the auricular cartilage and
parotid gland can be demonstrated (Ahuja et al. 2000).

3 Inflammatory Conditions

3.1 External Otitis

In most cases of external otitis, imaging studies are not
required as the disease can be well inspected and followed
up by clinical examination.

External otitis, also known as swimmer’s ear, is a com-
mon condition; maceration by water or trauma is often the
etiologic factors. Also dermatologic and endocrinologic

Fig. 4 Right-sided Goldenhar syndrome in a 12-year-old patient.
a–d Axial CT images through right temporal bone. The facial nerve
canal shows a relatively long labyrinthine segment (a, arrowhead);
note the associated hypoplastic appearance of the ossicular chain
(a, arrow). Short tympanic segment of facial nerve (b, arrowheads); a
second genu cannot be clearly identified, but the mastoid segment of
the facial canal is running posterolaterally to the tympanic cavity
(c, arrowhead). At a lower level, the mastoid segment of the facial

nerve can be seen to run lateral to the middle ear cavity (d, arrowhead).
e–h For comparison, the corresponding heterolateral structures are
labelled on axial CT images of the normal left temporal bone at similar
levels. i Coronal CT image through right temporal bone. The short
mastoid segment of the facial nerve canal (arrowheads) can be seen to
run inferolaterally, just lateral from the middle ear cavity (asterisks)
(the opacification of the right middle ear cavity is presumably caused
by chronic dysfunction of the Eustachian tube)
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A 7-year-old child presenting with a painful infra-auricular swelling

Axial (a) and coronal CT-image (b) show a 

cystic lesion with a thick enhancing wall, 

embedded in the parotid gland (a, arrows) 

and running parallel to the external 

ear canal (b, arrowheads). Infected first 

branchial cleft cyst (type I). First branchial 

cleft anomalies lie close to, or have a 

connection with the external ear canal. 

A Work type I anomaly corresponds to a 

lesion in the preauricular region, running 

more or less parallel to the external ear 

canal, embedded within the parotid gland, 

and lateral to the facial nerve.

conditions may give rise to external otitis. External otitis
presents with itching, sometimes severe pain, and a cheesy
discharge. The ear canal is diffusely swollen and tender.
Most cases are controlled with topical treatment. In severe
cases, cellulitis of the surrounding structures may be pres-
ent, requiring systemic antibiotic treatment.

External ear furuncles are also common; they appear as
localized, tender, and possibly fluctuant swellings. Treatment

is by drainage of fluctuant areas and topical antibiotics;
systemic antibiotics are needed when there is cellulitis or
systemic symptoms.

Chronic external otitis may lead to acquired stenosis of
the external auditory canal (Keohane et al. 1993), as
recurrent inflammation with formation of granulation tissue
may eventually lead to fibrosis and obliteration of the
canal. Treatment is either by surgical correction or by a
hearing aid.

Ramsay–Hunt syndrome (also known as herpes zoster
oticus) corresponds to acute facial neuritis, causing facial
paralysis, otalgia, and vesicles in the external ear. It is
thought to be a cranial polyneuropathy caused by the herpes
zoster virus (De and Pfleiderer 1999). Sometimes also hear-
ing loss, tinnitus, or vertigo may be present. MRI shows
enhancement of the facial nerve, similar as in Bell’s palsy;
enhancement of the intracanalicular portion of the vestibu-
locochlear nerve and the labyrinth may sometimes be seen.

Relapsing polychondritis is a rare inflammatory disease
of cartilage of unknown origin, producing a bizarre form of
arthritis. It may involve the cartilages of the ear, nose, and
respiratory tract. Involvement of the auricle and cartilagi-
nous portion of the external auditory canal is clinically
apparent. Imaging is not required for evaluation of the
external ear. Also the inner ear may be involved in this
condition; enhancement of the labyrinthine structures on
MRI has been reported (Vourtsi et al. 1998).

3.2 Necrotizing External Otitis

Necrotizing external otitis is a severe infection of the
external ear, almost exclusively caused by Pseudomonas
aeruginosa. Because of the aggressive clinical course, it has
also been called ’malignant external otitis’ (Chandler 1968).
However, the disease is not neoplastic, and also does not
remain limited to the external ear. Generally, ’necrotizing
external otitis’ is considered the most accurate descriptive
name of this disease process.

Most patients are suffering from diabetes, or otherwise
immunocompromised; the disease also occurs in elderly
patients. It usually occurs unilateral, but bilateral cases have
been described. Severe otalgia is the most common symp-
tom; the patients may also suffer from purulent otorrhea.
Clinical examination shows inflammatory changes and the
presence of granulation tissue at the junction of the bony
and cartilaginous part of the external auditory canal.

The exact pathogenesis is unknown. Pseudomonas is not
a commensal of the external auditory canal, but may
colonise this structure; colonisation may occur after non-
discriminant use of broad spectrum antibiotics for ear
infection or after irrigation of the ears with nonsterile tap
water containing Pseudomonas (Rubin and Yu 1988).

Fig. 5 7-year-old child presenting with a painful infra-auricular
swelling. Axial (a) and coronal CT-image (b) show a cystic lesion
with a thick enhancing wall, embedded in the parotid gland (a, arrows)
and running parallel to the external ear canal (b, arrowheads). Infected
first branchial cleft cyst (type I)
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conditions may give rise to external otitis. External otitis
presents with itching, sometimes severe pain, and a cheesy
discharge. The ear canal is diffusely swollen and tender.
Most cases are controlled with topical treatment. In severe
cases, cellulitis of the surrounding structures may be pres-
ent, requiring systemic antibiotic treatment.

External ear furuncles are also common; they appear as
localized, tender, and possibly fluctuant swellings. Treatment

is by drainage of fluctuant areas and topical antibiotics;
systemic antibiotics are needed when there is cellulitis or
systemic symptoms.

Chronic external otitis may lead to acquired stenosis of
the external auditory canal (Keohane et al. 1993), as
recurrent inflammation with formation of granulation tissue
may eventually lead to fibrosis and obliteration of the
canal. Treatment is either by surgical correction or by a
hearing aid.

Ramsay–Hunt syndrome (also known as herpes zoster
oticus) corresponds to acute facial neuritis, causing facial
paralysis, otalgia, and vesicles in the external ear. It is
thought to be a cranial polyneuropathy caused by the herpes
zoster virus (De and Pfleiderer 1999). Sometimes also hear-
ing loss, tinnitus, or vertigo may be present. MRI shows
enhancement of the facial nerve, similar as in Bell’s palsy;
enhancement of the intracanalicular portion of the vestibu-
locochlear nerve and the labyrinth may sometimes be seen.

Relapsing polychondritis is a rare inflammatory disease
of cartilage of unknown origin, producing a bizarre form of
arthritis. It may involve the cartilages of the ear, nose, and
respiratory tract. Involvement of the auricle and cartilagi-
nous portion of the external auditory canal is clinically
apparent. Imaging is not required for evaluation of the
external ear. Also the inner ear may be involved in this
condition; enhancement of the labyrinthine structures on
MRI has been reported (Vourtsi et al. 1998).

3.2 Necrotizing External Otitis

Necrotizing external otitis is a severe infection of the
external ear, almost exclusively caused by Pseudomonas
aeruginosa. Because of the aggressive clinical course, it has
also been called ’malignant external otitis’ (Chandler 1968).
However, the disease is not neoplastic, and also does not
remain limited to the external ear. Generally, ’necrotizing
external otitis’ is considered the most accurate descriptive
name of this disease process.

Most patients are suffering from diabetes, or otherwise
immunocompromised; the disease also occurs in elderly
patients. It usually occurs unilateral, but bilateral cases have
been described. Severe otalgia is the most common symp-
tom; the patients may also suffer from purulent otorrhea.
Clinical examination shows inflammatory changes and the
presence of granulation tissue at the junction of the bony
and cartilaginous part of the external auditory canal.

The exact pathogenesis is unknown. Pseudomonas is not
a commensal of the external auditory canal, but may
colonise this structure; colonisation may occur after non-
discriminant use of broad spectrum antibiotics for ear
infection or after irrigation of the ears with nonsterile tap
water containing Pseudomonas (Rubin and Yu 1988).

Fig. 5 7-year-old child presenting with a painful infra-auricular
swelling. Axial (a) and coronal CT-image (b) show a cystic lesion
with a thick enhancing wall, embedded in the parotid gland (a, arrows)
and running parallel to the external ear canal (b, arrowheads). Infected
first branchial cleft cyst (type I)
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A right-sided preauricular abscess and a sinus opening at level of  right mandibular angle

This opening was present since birth. Axial contrast-enhanced T1-

weighted spin echo images (a–d) show a tubular enhancing structure 

(arrows), partially fluid-filled, extending from the skin at the level of 

the mandibular angle (a), through the superficial lobe of the parotid 

gland (b, c), eventually reaching the external ear canal (d). This sinus 

was excised, including its connection with the external ear canal. First 

branchial cleft anomaly (type II).

Ischaemic conditions, related to diabetic microangiopathy
or the effect of ageing, result in hypoperfusion and may
increase susceptibility to infection. Also decreased activity
of white blood cells may be a contributing factor.

The infection rapidly spreads to involve surrounding
bone and soft tissues. The disease may erode into the bone
of the mastoid. Anterior extension into the temporoman-
dibular joint may occur, possibly causing destructive

Fig. 6 18-month-old child initially presenting with a right-sided
preauricular abscess and a sinus opening at the level of the right
mandibular angle. This opening was present since birth. Axial contrast-
enhanced T1-weighted spin echo images (a–d) show a tubular
enhancing structure (arrows), partially fluid-filled, extending from

the skin at the level of the mandibular angle (a), through the superficial
lobe of the parotid gland (b, c), eventually reaching the external ear
canal (d). This sinus was excised, including its connection with the
external ear canal. First branchial cleft anomaly (type II)
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First branchial cleft anomaly (Type II)

Axial contrast-enhanced CT images. Right sided tubular 

anomaly communicating with the malformed tympanic 

bone (a, arrow), extending inferiorly just deep to the 

parotid gland (b, arrow), ending in an inflammatory mass 

in the submandibular space (c, arrows). At the level of the 

mandibular angle an inflammatory mass lesion may be 

produced. Demonstration of a connection to the external ear 

canal, typically at the junction of the cartilaginous and bony 

part, allows confirming the diagnosis.

Fig. 8 Axial CT-images through
skull base show destruction of the
bony external auditory canal,
erosion of the mastoid bone and
invasion of the
temporomandibular joint (a). The
contrast-enhanced image reveals
extension of the infection into the
soft tissues of the infratemporal
fossa (b, arrows). Necrotising
external otitis

Fig. 9 Axial T1-weighted MR image. Diabetic patient suffering from
right sided external otitis and facial palsy. In continuity with the
external auditory canal, an infratemporal soft tissue infiltration is seen,
extending in the fat pad below the stylomastoid foramen (large
arrowhead), and into the carotid space (arrow). On the left, note
normal facial nerve just below the stylomastoid foramen (small
arrowhead). Necrotising external otitis

Fig. 10 Axial CT-image in a patient with post-traumatic ear bleeding.
A nondisplaced fracture of the right tympanic bone is seen (arrow-
head); no other temporal bone fractures were apparent. Normal
squamotympanic suture (arrow)

Fig. 7 Axial contrast-enhanced CT images. Right sided tubular
anomaly communicating with the malformed tympanic bone
(a, arrow), extending inferiorly just deep to the parotid gland

(b, arrow), ending in an inflammatory mass in the submandibular
space (c, arrows). First branchial cleft anomaly (type II)
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Axial CT-images through skull base show destruction of 

the bony external auditory canal, erosion of the mastoid 

bone and invasion of the temporomandibular joint (a). 

The contrast-enhanced image reveals extension of the 

infection into the soft tissues of the infratemporal fossa 

(b, arrows). Necrotizing external otitis is a severe infection of 

the external ear, almost exclusively caused by Pseudomonas 

aeruginosa. Because of the aggressive clinical course, it has 

also been called ‘malignant external otitis’. However, the 

disease is not neoplastic, and also does not remain limited 

to the external ear. Generally, ‘necrotizing external otitis’ 

is considered the most accurate descriptive name of this 

disease process.

Necrotising external otitis

Section 2: Inflammatory Conditions

Fig. 8 Axial CT-images through
skull base show destruction of the
bony external auditory canal,
erosion of the mastoid bone and
invasion of the
temporomandibular joint (a). The
contrast-enhanced image reveals
extension of the infection into the
soft tissues of the infratemporal
fossa (b, arrows). Necrotising
external otitis

Fig. 9 Axial T1-weighted MR image. Diabetic patient suffering from
right sided external otitis and facial palsy. In continuity with the
external auditory canal, an infratemporal soft tissue infiltration is seen,
extending in the fat pad below the stylomastoid foramen (large
arrowhead), and into the carotid space (arrow). On the left, note
normal facial nerve just below the stylomastoid foramen (small
arrowhead). Necrotising external otitis

Fig. 10 Axial CT-image in a patient with post-traumatic ear bleeding.
A nondisplaced fracture of the right tympanic bone is seen (arrow-
head); no other temporal bone fractures were apparent. Normal
squamotympanic suture (arrow)

Fig. 7 Axial contrast-enhanced CT images. Right sided tubular
anomaly communicating with the malformed tympanic bone
(a, arrow), extending inferiorly just deep to the parotid gland

(b, arrow), ending in an inflammatory mass in the submandibular
space (c, arrows). First branchial cleft anomaly (type II)
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Diabetic patient suffering from right sided external otitis and facial palsy 

Axial T1-weighted MR image shows necrotising external otitis. In continuity with the 

external auditory canal, an infratemporal soft tissue infiltration is seen, extending in 

the fat pad below the stylomastoid foramen (large arrowhead), and into the carotid 

space (arrow). On the left, note normal facial nerve just below the stylomastoid 

foramen (small arrowhead).

Fig. 8 Axial CT-images through
skull base show destruction of the
bony external auditory canal,
erosion of the mastoid bone and
invasion of the
temporomandibular joint (a). The
contrast-enhanced image reveals
extension of the infection into the
soft tissues of the infratemporal
fossa (b, arrows). Necrotising
external otitis

Fig. 9 Axial T1-weighted MR image. Diabetic patient suffering from
right sided external otitis and facial palsy. In continuity with the
external auditory canal, an infratemporal soft tissue infiltration is seen,
extending in the fat pad below the stylomastoid foramen (large
arrowhead), and into the carotid space (arrow). On the left, note
normal facial nerve just below the stylomastoid foramen (small
arrowhead). Necrotising external otitis

Fig. 10 Axial CT-image in a patient with post-traumatic ear bleeding.
A nondisplaced fracture of the right tympanic bone is seen (arrow-
head); no other temporal bone fractures were apparent. Normal
squamotympanic suture (arrow)

Fig. 7 Axial contrast-enhanced CT images. Right sided tubular
anomaly communicating with the malformed tympanic bone
(a, arrow), extending inferiorly just deep to the parotid gland

(b, arrow), ending in an inflammatory mass in the submandibular
space (c, arrows). First branchial cleft anomaly (type II)
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Fractures of the tympanic bone are quite frequent; they are usually caused by 

the impact of a posteriorly displaced mandibular condyle, itself resulting from 

a blow to the chin region. Care should be taken not to misinterpret the normal 

squamotympanic suture as a fracture line. A nondisplaced fracture of the right 

tympanic bone is seen (arrowhead); no other temporal bone fractures were apparent. 

Normal squamotympanic suture (arrow).

Axial CT-image in a patient with post-traumatic ear bleeding

Section 3: Trauma

Fig. 8 Axial CT-images through
skull base show destruction of the
bony external auditory canal,
erosion of the mastoid bone and
invasion of the
temporomandibular joint (a). The
contrast-enhanced image reveals
extension of the infection into the
soft tissues of the infratemporal
fossa (b, arrows). Necrotising
external otitis

Fig. 9 Axial T1-weighted MR image. Diabetic patient suffering from
right sided external otitis and facial palsy. In continuity with the
external auditory canal, an infratemporal soft tissue infiltration is seen,
extending in the fat pad below the stylomastoid foramen (large
arrowhead), and into the carotid space (arrow). On the left, note
normal facial nerve just below the stylomastoid foramen (small
arrowhead). Necrotising external otitis

Fig. 10 Axial CT-image in a patient with post-traumatic ear bleeding.
A nondisplaced fracture of the right tympanic bone is seen (arrow-
head); no other temporal bone fractures were apparent. Normal
squamotympanic suture (arrow)

Fig. 7 Axial contrast-enhanced CT images. Right sided tubular
anomaly communicating with the malformed tympanic bone
(a, arrow), extending inferiorly just deep to the parotid gland

(b, arrow), ending in an inflammatory mass in the submandibular
space (c, arrows). First branchial cleft anomaly (type II)
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Axial adjacent CT-images in a patient with post-traumatic conductive hearing loss

A longitudinal temporal bone fracture (arrowheads) is 

extending in the lateral wall of the middle ear (a–c), as well 

as in the superior wall of the external auditory canal. The 

incus is luxated; dissociation is seen between long process of 

incus and stapedial superstructure (a, arrows).

osteomyelitis (Midwinter et al. 1999); anterior spread may
also involve the parotid gland.

Anteromedial extension into the infratemporal space
may occur. Facial nerve palsy develops in 24–43 % of the
cases, and is considered to be bad prognostic sign (Rubin
and Yu 1988). The facial nerve usually becomes affected by
infratemporal spread of the infection toward the stylomas-
toid foramen. As the infection spreads below the skull base,
other cranial neuropathies can result. Intracranial extension
may occur in advanced cases.

CT and MRI are excellent techniques to visualise the
disease extent. MRI is the preferred modality if intracranial
spread is suspected (Grandis et al. 1995).

CT shows thickening of the soft tissues in the external ear
canal, possibly with erosion of the tympanic bone. Erosion
and destruction of the temporomandibular joint may occur
(Fig. 8). Typically, subtemporal extension begins at the
junction of the osseous and cartilaginous part of the external
auditory canal. Soft tissue infiltration and abnormal
enhancement may be seen underneath the temporal bone,
extending into the stylomastoid foramen; this infiltrationmay
further progress into the parapharyngeal space (including the
carotid space) and masticator space. Soft tissue infiltration
and/or abnormal enhancement of the parotid gland may be
observed. Hypodense regions with thick and/or irregular rim
enhancement, corresponding to abcedation, may be present.

The disease may extend toward the clivus and apex of
the petrous bone. A discontinuous pattern of bone destruc-
tion, with ‘skip’ areas, may be seen. In severe cases, not
only cortical erosion, but also trabecular alterations in the
medullary bone space may be observed; these medullary
changes may appear osteosclerotic, osteolytic, or mixed.

The disease may extend posteriorly and erode into the
mastoid, possibly causing destruction of the mastoid portion
of the facial nerve canal.

The most common finding on MRI is infiltration of the fat
behind the mandibular condyle (Kwon et al. 2006). Other
common findings are parapharyngeal fat infiltration, skull
base bone marrow infiltration, lateral nasopharyngeal wall
thickening, and preclival soft tissue infiltration (Fig. 9).

An abnormal flow void in the internal carotid artery,
which may be displaced, and intracranial dural enhance-
ment (in the middle or posterior cranial fossa, in severe
cases extending into the foramen magnum) may be present.

Necrotizing external otitis occasionally causes central
skull base osteomyelitis. Atypical cases of central skull base
osteomyelitis, arising from the sphenoid or occipital bone,
without obvious external otitis, are much less frequently
seen (Chang et al. 2003). Inadequately treated necrotizing
external otitis may also give rise to contralateral skull base
osteomyelitis (Singh et al. 2005).

The radiographic differentiation from true malignant
neoplasia may be difficult; rarely both conditions are present
at the same time (Rubin et al. 1990). In cancer, the bone
involvement is expected to display a more contiguous pattern
of destruction, while in necrotizing otitis media ‘skip’ areas
may be present. The clinical picture in external ear cancer is
different, without or with only minimal pain. However,
cancer may rarely mimic necrotizing otitis media in its
clinical appearance (Mattuci et al., 1986; Al-Shihabi 1992).

The treatment consists of surgical debridement of the
external auditory canal, drainage of collections, and intra-
venous antibiotics. Malignant otitis externa used to have a
grave prognosis, but with the advent of more effective
antibiotics, the infection can be controlled in the majority of
cases. Cranial nerve involvement is often quoted as a bad
prognostic sign. It does reflect more extensive disease, and
the mortality rate is higher in these patients. However,
recovery of facial nerve function after successful treatment
has been observed.

Fig. 11 Axial adjacent CT-images in a patient with post-traumatic
conductive hearing loss. A longitudinal temporal bone fracture
(arrowheads) is extending in the lateral wall of the middle ear (a–c),

as well as in the superior wall of the external auditory canal. The incus
is luxated; dissociation is seen between long process of incus and
stapedial superstructure (a, arrows)
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Posttraumatic fibrosis and stenosis

Left-sided conductive hearing loss after soft tissue 

injury to external ear canal. Clinical examination shows 

complete soft tissue obliteration of the right external ear 

canal. Axial and coronal CT images (a, b) confirm soft tissue 

obliteration of this structure (arrows); normal aeration of 

the middle ear cavity. Soft tissue trauma to the external ear 

canal, without recognisable fracture, may lead to fibrosis and 

stenosis of the external auditory canal. Post-traumatic canal 

stenosis may lead to accumulation of debris deep to the 

stenosis, and formation of a cholesteatoma.

4 Trauma

Trauma to the external canal is most commonly caused by
instrumentation, either by the patient itself, or by a physi-
cian. Most of these smaller lacerations or canal haematomas
can be handled with antibiotic drops, but more complex
lacerations need temporary packing of the ear canal, in
order to avoid fibrotic stenosis.

Fractures of the tympanic bone are quite frequent; they
are usually caused by the impact of a posteriorly displaced
mandibular condyle, itself resulting from a blow to the chin
region. Care should be taken not to misinterpret the normal
squamotympanic suture as a fracture line (Fig. 10).

Longitudinal fractures of the temporal bone run more or
less along the long axis of the temporal bone. Such a
fracture typically originates from a blow to the temporo-
parietal portion of the skull, with inferior propagation of the

Fig. 13 a, b Axial CT-images
through skull (magnified on left
temporal bone) in a child
involved in a traffic accident.
A longitudinal temporal bone
fracture (arrows), running
through the external ear canal
(arrowheads) is present. c, d The
patient presents 6 years later with
left-sided otorrhea. Axial (c) and
coronal (d) CT-image show
complete opacification of the
external ear canal and middle ear
cavity (asterisks). The external
ear canal appears widened, with
eroded margins (arrowheads).
Taking into account the previous
history, this appearance is very
suggestive for a posttraumatic
cholesteatoma. This was
surgically confirmed

Fig. 12 Left-sided conductive
hearing loss after soft tissue
injury to external ear canal.
Clinical examination shows
complete soft tissue obliteration
of the right external ear canal.
Axial and coronal CT images
(a, b) confirm soft tissue
obliteration of this structure
(arrows); normal aeration of the
middle ear cavity. Posttraumatic
fibrosis and stenosis
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Posttraumatic cholesteatoma

a, b Axial CT-images through skull (magnified 

on left temporal bone) in a child involved in a traffic 

accident. A longitudinal temporal bone fracture (arrows), 

running through the external ear canal (arrowheads) is 

present. c, d The patient presents 6 years later with left-sided 

otorrhea. Axial (c) and coronal (d) CT-image show complete 

opacification of the external ear canal and middle ear 

cavity (asterisks). The external ear canal appears widened, 

with eroded margins (arrowheads). Taking into account the 

previous history, this appearance is very suggestive for a 

posttraumatic cholesteatoma. This was surgically confirmed.

4 Trauma

Trauma to the external canal is most commonly caused by
instrumentation, either by the patient itself, or by a physi-
cian. Most of these smaller lacerations or canal haematomas
can be handled with antibiotic drops, but more complex
lacerations need temporary packing of the ear canal, in
order to avoid fibrotic stenosis.

Fractures of the tympanic bone are quite frequent; they
are usually caused by the impact of a posteriorly displaced
mandibular condyle, itself resulting from a blow to the chin
region. Care should be taken not to misinterpret the normal
squamotympanic suture as a fracture line (Fig. 10).

Longitudinal fractures of the temporal bone run more or
less along the long axis of the temporal bone. Such a
fracture typically originates from a blow to the temporo-
parietal portion of the skull, with inferior propagation of the

Fig. 13 a, b Axial CT-images
through skull (magnified on left
temporal bone) in a child
involved in a traffic accident.
A longitudinal temporal bone
fracture (arrows), running
through the external ear canal
(arrowheads) is present. c, d The
patient presents 6 years later with
left-sided otorrhea. Axial (c) and
coronal (d) CT-image show
complete opacification of the
external ear canal and middle ear
cavity (asterisks). The external
ear canal appears widened, with
eroded margins (arrowheads).
Taking into account the previous
history, this appearance is very
suggestive for a posttraumatic
cholesteatoma. This was
surgically confirmed

Fig. 12 Left-sided conductive
hearing loss after soft tissue
injury to external ear canal.
Clinical examination shows
complete soft tissue obliteration
of the right external ear canal.
Axial and coronal CT images
(a, b) confirm soft tissue
obliteration of this structure
(arrows); normal aeration of the
middle ear cavity. Posttraumatic
fibrosis and stenosis
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Osteoradionecrosis of the tympanic bone and mandibular head

Patient treated by irradiation for a right-sided lateral 

oropharyngeal squamous cell cancer, 6 years earlier. 

During the follow-up, the patient mentioned right-sided 

otalgia; clinical examination showed some debris in the 

external ear canal. Axial (a) and sagittal CT-image (b) 

through the right external ear show irregular osteolysis 

of the tympanic bone, with some small bone sequesters 

embedded in soft tissue swelling (arrowheads). Also 

some osteolysis is seen in the mandibular head. This 

was interpreted as osteoradionecrosis of the tympanic 

bone and mandibular head. Conservative treatment was 

initiated. Osteoradionecrosis of the external ear canal 

is a rare complication of radiotherapy of head and neck 

neoplasms. Often there is a delay of several years after the 

end of therapy before symptoms occur. Usually, the patient 

complains of otalgia and/or otorrhea. Imaging shows 

variable amounts of bone fragmentation and soft tissue 

thickening.
fracture line through the mastoid into the lateral wall of the
middle ear, passing behind, through, or in front of the
external auditory canal (Fig. 11).

Fractures through the external auditory canal are treated
by temporary packing of the canal to prevent canal stenosis.

Soft tissue trauma to the external ear canal, without
recognisable fracture, may lead to fibrosis and stenosis of
the external auditory canal (Fig. 12).

Post-traumatic canal stenosis may lead to accumulation
of debris deep to the stenosis, and formation of a choles-
teatoma (McKennan and Chole 1992). A post-traumatic
cholesteatoma may also develop as a result of implantation
of ear canal squamous epithelium into the fracture line
(McKennan and Chole 1989). Entrapment of epithelium
may occur because of complex displacement of bony
fragments or diastasis of suture lines. A tear of the tympanic
membrane is also believed to be a possible origin for
cholesteatoma formation (Freeman 1983). Post-traumatic
cholesteatoma of the external ear may only become symp-
tomatic after a delay of several years. Imaging shows the
presence of a soft tissue mass, possibly associated with
surrounding bone erosion. A close topographic relationship
to a fracture line usually exists (Franssens et al. 1993)
(Fig. 13). As these patients have no prior history of ear
disease, a well-pneumatised mastoid air cell complex usu-
ally is present, allowing extensive growth of the lesion.
Histologically, there is no difference with the nontraumatic
type of cholesteatoma. Treatment consists in removal of the
cholesteatoma and restoration of a wide patent ear canal
(Freeman 1983).

Osteoradionecrosis of the external ear canal is a rare
complication of radiotherapy of head and neck neoplasms.
Often there is a delay of several years after the end of
therapy before symptoms occur. Usually, the patient

complains of otalgia and/or otorrhea. Imaging shows vari-
able amounts of bone fragmentation and soft tissue thick-
ening (Fig. 14) (Guida et al. 1990).

5 Fibrous Dysplasia

Fibrous dysplasia is a condition in which normal medullary
bone is replaced by an abnormal proliferation of fibrous
tissue, resulting in asymmetric distortion and expansion of

Fig. 14 Patient treated by
irradiation for a right-sided
lateral oropharyngeal squamous
cell cancer, 6 years earlier.
During the follow-up, the patient
mentioned right-sided otalgia;
clinical examination showed
some debris in the external ear
canal. Axial (a) and sagittal CT-
image (b) through the right
external ear show irregular
osteolysis of the tympanic bone,
with some small bone sequesters
embedded in soft tissue swelling
(arrowheads). Also some
osteolysis is seen in the
mandibular head. This was
interpreted as osteoradionecrosis
of the tympanic bone and
mandibular head. Conservative
treatment was initiated

Fig. 15 Axial CT-image. Enlargement of the squamous part of the left
temporal bone, showing the typical ground-glass appearance of fibrous
dysplasia; the enlargement of the bone causes stenosis of the external ear
canal (arrowhead) (courtesy by Bert De Foer, MD, Antwerp, Belgium)
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Malignant external otitis

a Axial contrast enhanced CT scan shows thickening and 

heterogenous contrast enhancement of the soft tissue 

around auricle and in masticator space (arrow). b In the bone 

window, subtle bone erosion is visible (arrow) and mastoid 

air cells are filled with fluid.

Necrotizing external otitis

Definition Infection involving primarily bony and cartilag-
inous external auditory canal and adjacent structures, being
a relatively rare complication of external otitis. It occurs
usually in immunocompromised persons, especially elderly
patients with diabetes mellitus, and is often initiated by self-
inflicted or iatrogenic trauma to the external auditory canal
[10].

Symptoms Clinically, patients complain of severe otalgia
that worsens at night, and otorrhea. Otoscopic findings
include granulation tissue in the external auditory canal,
particularly at the bony-cartilaginous junction. On audiol-
ogy there is conductive hearing loss [11].

Preferable imaging methods Imaging modalities include
CT and MRI. While CT scanning allows to determine the
location and extent of disease, MRI is the method of choice
in determining intracranial extension. Since malignant
external otitis has potentially life-threatening complications,
imaging studies are strongly advised [11].

Clinically relevant imaging findings Thickened mucosa of
the external auditory canal and auricle, enhancing after contrast

medium administration (Fig. 4), together with destructive,
osteomyelitis appearance of the tympanic and mastoid bone
(Fig. 5), strongly suggest malignant external otitis. Subtle
cortical erosions visible on CT are usually an early sign of
evolving osteomyelitis, as well as infiltration of the tempo-
romandibular fat pad [12]. Meningeal enhancement, visible
on MRI informs about intracranial extension. Focal areas of
rim-enhancing fluid visible in adjacent soft tissues are
consistent with abscesses. Absolutely critical is posteromedial
extension to the jugular foramen or carotid space.

Differential diagnosis Includes EAC cholesteatoma, post-
inflammatory medial canal fibrosis, keratosis obturans and
EAC squamous cell cancer.

Note: it may be very difficult to differentiate between
EAC cholesteatoma and malignant external otitis, because

Fig. 3 Severe external and middle ear deformity accompanying
Goldenhar syndrome (oculoauricular dysplasia). Coronal CT scan
shows, that tympanic bone, forming the floor of EAC is absent. It also
results in temporomandibular joint incomplete formation

Fig. 4 Malignant external otitis. a Axial contrast enhanced CT scan
shows thickening and heterogenous contrast enhancement of the soft
tissue around auricle and in masticator space (arrow). b In the bone

window, subtle bone erosion is visible (arrow) and mastoid air cells
are filled with fluid

Fig. 5 Malignant external otitis. Axial CT scan in bone window
demonstrates destruction of mastoid segment of petrous bone. There
were also subtle cortical destructions visible in tympanic bone
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Axial CT show destruction of mastoid segment of petrous bone

The image is of a patient diagnosed with malignant external otitis. Axial CT scan 

in bone window demonstrates destruction of mastoid segment of petrous bone. 

There were also subtle cortical destructions visible in tympanic bone. Thickened 

mucosa of the external auditory canal and auricle, enhancing after contrast medium 

administration, together with destructive, osteomyelitis appearance of the tympanic 

and mastoid bone, strongly suggest malignant external otitis.

Necrotizing external otitis

Definition Infection involving primarily bony and cartilag-
inous external auditory canal and adjacent structures, being
a relatively rare complication of external otitis. It occurs
usually in immunocompromised persons, especially elderly
patients with diabetes mellitus, and is often initiated by self-
inflicted or iatrogenic trauma to the external auditory canal
[10].

Symptoms Clinically, patients complain of severe otalgia
that worsens at night, and otorrhea. Otoscopic findings
include granulation tissue in the external auditory canal,
particularly at the bony-cartilaginous junction. On audiol-
ogy there is conductive hearing loss [11].

Preferable imaging methods Imaging modalities include
CT and MRI. While CT scanning allows to determine the
location and extent of disease, MRI is the method of choice
in determining intracranial extension. Since malignant
external otitis has potentially life-threatening complications,
imaging studies are strongly advised [11].

Clinically relevant imaging findings Thickened mucosa of
the external auditory canal and auricle, enhancing after contrast

medium administration (Fig. 4), together with destructive,
osteomyelitis appearance of the tympanic and mastoid bone
(Fig. 5), strongly suggest malignant external otitis. Subtle
cortical erosions visible on CT are usually an early sign of
evolving osteomyelitis, as well as infiltration of the tempo-
romandibular fat pad [12]. Meningeal enhancement, visible
on MRI informs about intracranial extension. Focal areas of
rim-enhancing fluid visible in adjacent soft tissues are
consistent with abscesses. Absolutely critical is posteromedial
extension to the jugular foramen or carotid space.

Differential diagnosis Includes EAC cholesteatoma, post-
inflammatory medial canal fibrosis, keratosis obturans and
EAC squamous cell cancer.

Note: it may be very difficult to differentiate between
EAC cholesteatoma and malignant external otitis, because

Fig. 3 Severe external and middle ear deformity accompanying
Goldenhar syndrome (oculoauricular dysplasia). Coronal CT scan
shows, that tympanic bone, forming the floor of EAC is absent. It also
results in temporomandibular joint incomplete formation

Fig. 4 Malignant external otitis. a Axial contrast enhanced CT scan
shows thickening and heterogenous contrast enhancement of the soft
tissue around auricle and in masticator space (arrow). b In the bone

window, subtle bone erosion is visible (arrow) and mastoid air cells
are filled with fluid

Fig. 5 Malignant external otitis. Axial CT scan in bone window
demonstrates destruction of mastoid segment of petrous bone. There
were also subtle cortical destructions visible in tympanic bone
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EAC medial canal fibrosis

The disease is characterised by formation of fibrous tissue, 

overlying lateral surface of tympanic membrane. In many 

cases (∼60%) it occurs bilaterally. Clinically the disease 

may be discrete, with conductive hearing loss, otorrhea 

and history of chronic otitis. Medial canal fibrosis typically 

is seen as a homogenous soft tissue against the tympanic 

membrane, there are no EAC bone changes. a Coronal 

CT demonstrates soft tissue crescent abutting tympanic 

membrane (arrow)—classic CT findings. b On axial CT, soft 

tissue is visible, filling EAC and sparing middle ear cavity.

Symptoms These include otorrhea, otalgia, hearing loss and
bleeding. Diagnosis is usually delayed because symptoms are
similar to other benign otological conditions such as chronic
suppurative otitis media or EAC cholesteatoma [15, 16] .

Preferable imaging methods Temporal bone HRCT best
predicts tumour extent in terms of osseous destruction; in
larger lesions, enhanced MRI images are necessary to assess
soft tissue and intracranial involvement, also perineural
spread. Imaging should always include parotid gland, since
parotid nodes are a first-order drainage nodal group.

Clinically relevant imaging findings A mass in the EAC,
with underlying bony destructive changes (Fig. 9). Very
small tumours may not infiltrate bone; they present only as
lobular, soft tissue mass. Larger lesions spread around the
auricle, infiltrate parotid gland and enhance heteroge-
neously after contrast (Fig. 10). It should be remembered
that bone invasion predicts treatment outcome.

Differential diagnosis This includes medial canal fibrosis,
keratosis obturans, necrotizing external otitis and EAC
cholesteatoma.

Treatment options These depend on the tumour stage
(see Table 2) and are generally based on the combination
of surgery and radiotherapy. The extent of disease,
positive margins, dural involvement, facial nerve paraly-
sis, cranial nerve involvement, or moderate to severe pain
on presentation have been associated with poorer out-
comes [16]. When resected with free margins, 5-year
survival reaches 100%. With incomplete resection, recur-
rence rate depends on tumour stage and is reported
between 25 to 100% [8].

Note: secondary EAC involvement from regional prima-
ry SCC is much more common than primary EAC
squamous cell cancer.

Fig. 9 Squamous cell cancer of EAC. Axial bone-window CT shows
mass, invading mastoid air cells with signs of profound bone
destruction of mastoid and temporo-mandibular joint

Fig. 8 EAC medial canal fibro-
sis. a Coronal CT demonstrates
soft tissue crescent abutting
tympanic membrane (arrow)—
classic CT findings. b On axial
CT, soft tissue is visible, filling
EAC and sparing middle ear
cavity

Fig. 10 Squamous cell cancer of EAC. Axial contrast-enhanced CT
demonstrates heterogenously enhancing soft tissue mass infiltrating
auricle, parotid gland and EAC
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Both sides of the sphenoid bone, left ethmoid bone, and 

squamous part of the right temporal bone show expansion 

of the bone, with a mixed osteolytic appearance, areas of 

dense calcifications and partly a ground-glass appearance 

(a, b). Stenosis of the right external ear canal by the bone 

expansion (c, arrow). 

Author: Hermans R. 
Title: External ear imaging
Book: Temporal Bone Imaging
DOI: 10.1007/174_2012_763
© Springer-Verlag Berlin Heidelberg 2012

McCune–Albright syndrome

Section 4: Fibrous Dysplasia

bone. It may be confined to a single bone (monostotic
fibrous dysplasia) or involve multiple bones (polyostotic
fibrous dysplasia). The monostotic form may involve any of
the facial bones, but is most commonly seen in the maxilla.
The association of the polyostotic form with sexual pre-
cocity and cutaneous pigmentation in a female patient is
known as McCune–Albright syndrome.

Fibrous dysplasia is a disease of young patients. It may be
an incidental finding. In the temporal bone, fibrous dysplasia
most commonly involves the squamous portion. The most
common symptom in temporal bone involvement is stenosis
of the external auditory canal, resulting in conductive
hearing loss. As in any stenosis of the external canal, a
secondary cholesteatoma may develop deep to the stenosis
(Vrabec and Chaljub 2000). Rarely, other parts of the tem-
poral bone may be involved by fibrous dysplasia.

Usually, no new lesions appear after the cessation of
skeletal growth. The lesions become more sclerotic with
time but may continue to grow slowly into adulthood.
Occasionally, reactivation of the lesions occurs during
pregnancy. Secondary malignant degeneration into a sar-
coma (about 0.5 % of cases) should be considered when
stable or recurrent fibrous dysplasia produces pain or soft
tissue extension (Schwartz and Alpert 1964).

Radiologically, fibrous dysplasia usually appears as
enlarged bone with a dense ‘ground-glass’ aspect (Fig. 15);
sometimes the lesions have a more osteolytic aspect with
regions of dense calcification within them (Fig. 16) (Brown
et al. 1995).

On CT, the bone remodelling associated with a middle
fossa meningioma may roughly mimic fibrous dysplasia.
However, in meningioma the thickened and sclerotic bone
appears irregularly delineated; the bone delineation in

fibrous dysplasia usually is sharply defined. In case of
doubt, a complementary MRI study should be performed
(see below).

On MRI, the lesions usually have a low signal intensity
on T1-weighted images and either high or low signal
intensity on T2-weighted images. The signal intensity on
T1- and T2-weighted images and the degree of contrast
enhancement on T1-weighted images depends on the
amount of bony trabeculae, degree of cellularity and pres-
ence of cystic and haemorrhagic changes (Jee et al. 1996).
Incidentally found fibrous dysplasia may be confused with a
neoplastic lesion on an MR study.

The treatment of fibrous dysplasia affecting the external
ear has traditionally been conservative, directed towards
the management of the external canal stenosis (Megerian
et al. 1995).

6 Benign Neoplasms

6.1 Cholesteatoma

Cholesteatoma is an expansive mass of exfoliated keratin
within a sac of stratified squamous epithelium, most often
occurring in the middle ear. Cholesteatoma is usually an
acquired disease (‘secondary cholesteatoma’), but may be
congenital (‘primary cholesteatoma’). Congenital choleste-
atoma is an ectoblastic derived mass, originating from
epithelial rests; as such lesions may be found everywhere in
the temporal bone, they may also occur in the external
auditory canal.

Cholesteatoma most commonly occurs within the middle
ear. External auditory canal cholesteatoma is rare.

Fig. 16 McCune–Albright syndrome. Both sides of the sphenoid
bone, left ethmoid bone, and squamous part of the right temporal bone
show expansion of the bone, with a mixed osteolytic appearance, areas

of dense calcifications and partly a ground-glass appearance (a, b).
Stenosis of the right external ear canal by the bone expansion (c,
arrow)
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Coronal (a) and sagittal (b) CT-images. Soft tissue thickening 

in the external ear canal (arrowheads), causing erosion 

of its inferior bony wall. A small calcification is present 

(arrow). Cholesteatoma is an expansive mass of exfoliated 

keratin within a sac of stratified squamous epithelium, 

most often occurring in the middle ear. Cholesteatoma is 

usually an acquired disease (‘secondary cholesteatoma’), but 

may be congenital (‘primary cholesteatoma’). Congenital 

cholesteatoma is an ectoblastic derived mass, originating 

from epithelial rests; as such lesions may be found 

everywhere in the temporal bone, they may also occur in the 

external auditory canal.

External auditory canal cholesteatoma

Section 5: Benign Neoplasms

Patient with external canal cholesteatoma may present
with itching, pain, and foul-smelling otorrhea (Heilbrun
et al. 2003).

In a review of 39 external canal cholesteatomas, Vrabec
and Chaljub (2000) identified several possible causes. In
their practice, most cases were seen after tympanomastoid
surgery, and therefore classified as ’iatrogenic’. These cases
present as invagination of skin through a defect in the
posterior canal wall or as a subepithelial mass lesion.
Imaging revealed destruction of the canal wall lateral to the
scutum. The second more common cause was described as
’spontaneous’ external canal cholesteatomas, and believed
to be related to focal osteitis, minor trauma to the external
canal skin, or retention of hard cerumen. Presumably, they
may also arise from ectopic epithelium. Trauma was
believed to be the third most common cause; post-traumatic
cholesteatoma is described more extensively above.

In some of the patients described by Vrabec and Chaljub
(2000), stenosis of the external auditory canal caused
cholesteatoma (two patients had congenital stenosis, the
other patient suffered from acquired stenosis due to fibrous
dysplasia). Any process causing occlusion or narrowing of

Fig. 18 Axial (a) and coronal
(b) CT-images of left temporal
bone. Soft tissue mass eroding
through the posterocranial wall
of the external auditory canal into
the mastoid (arrows). External
auditory canal cholesteatoma

Fig. 17 Coronal (a) and sagittal
(b) CT-images. Soft tissue
thickening in the external ear
canal (arrowheads), causing
erosion of its inferior bony wall.
A small calcification is present
(arrow). External auditory canal
cholesteatoma

Fig. 19 Coronal CT-image shows obliteration of the external audi-
tory canal by soft tissue. The walls of the canal appear intact. Keratosis
obturans. The tympanic membrane contains calcifications, not being a
typical finding in this condition (courtesy by Marc Lemmerling, MD,
PhD, Gent, Belgium)
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Middle ear and mastoid extensively pneumatised

Axial (a) and coronal (b) CT-images of left temporal bone. 

Soft tissue mass eroding through the posterocranial wall 

of the external auditory canal into the mastoid (arrows). In 

patients with external auditory canal cholesteatoma, the 

middle ear and mastoid may be extensively pneumatised; 

once such a cholesteatoma has gained access to these 

cavities, it may become quite large.

Patient with external canal cholesteatoma may present
with itching, pain, and foul-smelling otorrhea (Heilbrun
et al. 2003).

In a review of 39 external canal cholesteatomas, Vrabec
and Chaljub (2000) identified several possible causes. In
their practice, most cases were seen after tympanomastoid
surgery, and therefore classified as ’iatrogenic’. These cases
present as invagination of skin through a defect in the
posterior canal wall or as a subepithelial mass lesion.
Imaging revealed destruction of the canal wall lateral to the
scutum. The second more common cause was described as
’spontaneous’ external canal cholesteatomas, and believed
to be related to focal osteitis, minor trauma to the external
canal skin, or retention of hard cerumen. Presumably, they
may also arise from ectopic epithelium. Trauma was
believed to be the third most common cause; post-traumatic
cholesteatoma is described more extensively above.

In some of the patients described by Vrabec and Chaljub
(2000), stenosis of the external auditory canal caused
cholesteatoma (two patients had congenital stenosis, the
other patient suffered from acquired stenosis due to fibrous
dysplasia). Any process causing occlusion or narrowing of

Fig. 18 Axial (a) and coronal
(b) CT-images of left temporal
bone. Soft tissue mass eroding
through the posterocranial wall
of the external auditory canal into
the mastoid (arrows). External
auditory canal cholesteatoma

Fig. 17 Coronal (a) and sagittal
(b) CT-images. Soft tissue
thickening in the external ear
canal (arrowheads), causing
erosion of its inferior bony wall.
A small calcification is present
(arrow). External auditory canal
cholesteatoma

Fig. 19 Coronal CT-image shows obliteration of the external audi-
tory canal by soft tissue. The walls of the canal appear intact. Keratosis
obturans. The tympanic membrane contains calcifications, not being a
typical finding in this condition (courtesy by Marc Lemmerling, MD,
PhD, Gent, Belgium)
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Exostoses

Exostoses are multiple, usually bilateral, nodular elevations 

of bone involving the tympanic bone. They develop 

because of prolonged irritation of the EAC, most commonly 

secondary to excessive contact with cold sea water (surfer’s 

ear). Patients may present with conductive hearing loss. 

Sagittal CT-images (a, b) through right and left external 

ear canal in same patient, showing multiple nodular bony 

structures (arrowheads) arising from the bony canal wall: 

exostoses.

the external canal may result in retention of squamous
debris medial to the stenosis; this has also been described in
Paget’s disease and with external canal osteoma. It may also
occur with acquired stenosis due to external otitis, if such
stenosis is located rather laterally in the canal.

Imaging shows soft tissue thickening and erosion of the
bony EAC wall; some calcifications may be seen within the
soft tissue mass (Fig. 17). In patients with EAC cholestea-
toma, the middle ear and mastoid may be extensively
pneumatised; once such a cholesteatoma has gained access to
these cavities, it may become quite large (Fig. 18). Reported
complications include facial nerve paralysis, ossicular
erosions and labyrinthine fistula (Brookes and Graham 1984;
Vrabec and Chaljub 2000; Heilbrun et al. 2003).

6.2 Keratosis Obturans

Keratosis obturans is a condition in which an epidermal
keratin plug is found in the external auditory canal, often
bilateral. The presenting symptoms are pain and conductive
hearing loss; these symptoms may be acute, caused by
swelling of the plug when moistured (e.g. after swimming)
(Persaud et al. 2004).

There is evidence that keratosis obturans is caused by
abnormal epithelialmigration across the tympanicmembrane
and out of the external ear canal (Corbridge et al. 1996).

The accumulation of large plugs of desquamated epithe-
lium may lead to a greatly widened bony canal; however, the
tympanic membrane is usually spared. In young patients, an
association with sinusitis and/or bronchiectasis has been noted
in up to 77 % of cases, but this concurrence is less often found
in adult patients (about 20 %). Also, bilateral involvement is
more frequently seen in juvenile cases than in adults.

On CT, soft tissue thickening is seen in the external
auditory canal (Fig. 19), possibly with ballooning and
erosion of its bony borders. Very rarely, keratosis obturans

Fig. 20 Sagittal CT-images
(a, b) through right and left
external ear canal in same
patient, showing multiple nodular
bony structures (arrowheads)
arising from the bony canal wall:
exostoses

Fig. 21 Coronal CT-image through left temporal bone. Solitary bony
outgrowth, attached to the tympanic bone, corresponding to an
osteoma (arrow). Some retro-obstructive debris or inflammation is
present between the osteoma and the tympanic membrane (arrowhead)

Fig. 22 Sagittal CT-image showing small osteoma (arrowheads)
attached to anterior and inferior wall of bony external ear canal
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Osteoma

An osteoma is a solitary, unilateral and pedunculated bony growth in the outer half of 

the bony external auditory canal (EAC). It is usually asymptomatic, but symptoms can 

arise if obstruction occurs. Coronal CT-image through left temporal bone. Solitary bony 

outgrowth, attached to the tympanic bone, corresponding to an osteoma (arrow). 

Some retro-obstructive debris or inflammation is present between the osteoma and 

the tympanic membrane (arrowhead). 

the external canal may result in retention of squamous
debris medial to the stenosis; this has also been described in
Paget’s disease and with external canal osteoma. It may also
occur with acquired stenosis due to external otitis, if such
stenosis is located rather laterally in the canal.

Imaging shows soft tissue thickening and erosion of the
bony EAC wall; some calcifications may be seen within the
soft tissue mass (Fig. 17). In patients with EAC cholestea-
toma, the middle ear and mastoid may be extensively
pneumatised; once such a cholesteatoma has gained access to
these cavities, it may become quite large (Fig. 18). Reported
complications include facial nerve paralysis, ossicular
erosions and labyrinthine fistula (Brookes and Graham 1984;
Vrabec and Chaljub 2000; Heilbrun et al. 2003).

6.2 Keratosis Obturans

Keratosis obturans is a condition in which an epidermal
keratin plug is found in the external auditory canal, often
bilateral. The presenting symptoms are pain and conductive
hearing loss; these symptoms may be acute, caused by
swelling of the plug when moistured (e.g. after swimming)
(Persaud et al. 2004).

There is evidence that keratosis obturans is caused by
abnormal epithelialmigration across the tympanicmembrane
and out of the external ear canal (Corbridge et al. 1996).

The accumulation of large plugs of desquamated epithe-
lium may lead to a greatly widened bony canal; however, the
tympanic membrane is usually spared. In young patients, an
association with sinusitis and/or bronchiectasis has been noted
in up to 77 % of cases, but this concurrence is less often found
in adult patients (about 20 %). Also, bilateral involvement is
more frequently seen in juvenile cases than in adults.

On CT, soft tissue thickening is seen in the external
auditory canal (Fig. 19), possibly with ballooning and
erosion of its bony borders. Very rarely, keratosis obturans

Fig. 20 Sagittal CT-images
(a, b) through right and left
external ear canal in same
patient, showing multiple nodular
bony structures (arrowheads)
arising from the bony canal wall:
exostoses

Fig. 21 Coronal CT-image through left temporal bone. Solitary bony
outgrowth, attached to the tympanic bone, corresponding to an
osteoma (arrow). Some retro-obstructive debris or inflammation is
present between the osteoma and the tympanic membrane (arrowhead)

Fig. 22 Sagittal CT-image showing small osteoma (arrowheads)
attached to anterior and inferior wall of bony external ear canal
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 CT-image showing small osteoma

CT shows a solitary, unilateral and pedunculated bony growth of the bony external 

ear canal. The underlying bone appears normal, as well as the overlying soft tissues. 

Medial to the stenosis, debris may accumulate; erosion of the surrounding bone at 

this level suggests a secondary cholesteatoma. Sagittal CT-image showing small 

osteoma (arrowheads) attached to anterior and inferior wall of bony external ear 

canal.

the external canal may result in retention of squamous
debris medial to the stenosis; this has also been described in
Paget’s disease and with external canal osteoma. It may also
occur with acquired stenosis due to external otitis, if such
stenosis is located rather laterally in the canal.

Imaging shows soft tissue thickening and erosion of the
bony EAC wall; some calcifications may be seen within the
soft tissue mass (Fig. 17). In patients with EAC cholestea-
toma, the middle ear and mastoid may be extensively
pneumatised; once such a cholesteatoma has gained access to
these cavities, it may become quite large (Fig. 18). Reported
complications include facial nerve paralysis, ossicular
erosions and labyrinthine fistula (Brookes and Graham 1984;
Vrabec and Chaljub 2000; Heilbrun et al. 2003).

6.2 Keratosis Obturans

Keratosis obturans is a condition in which an epidermal
keratin plug is found in the external auditory canal, often
bilateral. The presenting symptoms are pain and conductive
hearing loss; these symptoms may be acute, caused by
swelling of the plug when moistured (e.g. after swimming)
(Persaud et al. 2004).

There is evidence that keratosis obturans is caused by
abnormal epithelialmigration across the tympanicmembrane
and out of the external ear canal (Corbridge et al. 1996).

The accumulation of large plugs of desquamated epithe-
lium may lead to a greatly widened bony canal; however, the
tympanic membrane is usually spared. In young patients, an
association with sinusitis and/or bronchiectasis has been noted
in up to 77 % of cases, but this concurrence is less often found
in adult patients (about 20 %). Also, bilateral involvement is
more frequently seen in juvenile cases than in adults.

On CT, soft tissue thickening is seen in the external
auditory canal (Fig. 19), possibly with ballooning and
erosion of its bony borders. Very rarely, keratosis obturans

Fig. 20 Sagittal CT-images
(a, b) through right and left
external ear canal in same
patient, showing multiple nodular
bony structures (arrowheads)
arising from the bony canal wall:
exostoses

Fig. 21 Coronal CT-image through left temporal bone. Solitary bony
outgrowth, attached to the tympanic bone, corresponding to an
osteoma (arrow). Some retro-obstructive debris or inflammation is
present between the osteoma and the tympanic membrane (arrowhead)

Fig. 22 Sagittal CT-image showing small osteoma (arrowheads)
attached to anterior and inferior wall of bony external ear canal
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Patient with acquired soft tissue stenosis of the right external ear canal

Axial CT-image (a) shows extensive sclerotic bone 

remodelling of the squamous part of the right temporal 

bone (arrows); although somewhat reminiscent of the 

ground-glass aspect seen in fibrous dysplasia, the irregular 

surface should rise the suspicion of hyperostosis induced by 

a meningioma. Opacification of the right middle ear cavity 

is seen. Coronal enhanced T1-weighted spin echo image 

(b). A strongly enhancing mass lesion is seen in the middle 

cranial fossa (arrows), with transosseous extension into the 

middle ear, external ear canal and along the outside of the 

squamous bone (arrowheads). Biopsy of the external ear 

mass revealed meningioma. Parotid gland (asterisk). 

may be seen to extend into the middle ear cavity and facial
nerve canal (Persaud et al. 2003; Glynn et al. 2006).

The differential diagnosis is external auditory canal
cholesteatoma, which is usually a unilateral disease,
presenting as otorrhea and a more chronic, dull pain
(Piepergerdes et al. 1980).

6.3 Exostoses and Osteoma

Exostoses are multiple, usually bilateral, nodular elevations
of bone involving the tympanic bone (Kemink and Graham
1982; Tran et al. 1996). They develop because of prolonged
irritation of the EAC, most commonly secondary to
excessive contact with cold sea water (surfer’s ear). Patients
may present with conductive hearing loss.

CT shows multiple, usually bilateral and more or less
symmetrical, broad based nodular bony elevations in the
EAC. The overlying soft tissues may appear normal, or
thickened in case of associated external otitis (Fig. 20).

An osteoma is a solitary, unilateral and pedunculated
bony growth in the outer half of the bony EAC. It is usually
asymptomatic, but symptoms can arise if obstruction occurs
(Kemink and Graham 1982; Tran et al. 1996). CT shows a
solitary, unilateral and pedunculated bony growth of the
bony external ear canal. The underlying bone appears nor-
mal, as well as the overlying soft tissues (Figs. 21 and 22).
Medial to the stenosis, debris may accumulate; erosion of
the surrounding bone at this level suggests a secondary
cholesteatoma (Lee et al. 2005).

6.4 Other Tumours

Different other kinds of benign tumours may be encountered
within the external auditory canal.All of these lesions are rare.

Chronic external otitis may be associated with the for-
mation of a non-neoplastic aural polyp. Several types of
tumours arising from the ceruminous glands may be seen.
Vascular malformations, haemangiomas, smooth muscle
tumours and tumours of neural origin have been described.
Rarely, the external auditory canal may become invaded by
a meningioma originating from the middle cranial fossa
(Tsunoda and Fukaya 1997) (Fig. 23).

Fig. 24 Axial CT-images.
A small, exophytic enhancing
soft tissue mass is seen on the
posterior wall of the right
external ear canal (arrowheads).
Small squamous cell carcinoma

Fig. 23 Patient with acquired soft tissue stenosis of the right external
ear canal. Axial CT-image (a) shows extensive sclerotic bone
remodelling of the squamous part of the right temporal bone (arrows);
although somewhat reminiscent of the ground-glass aspect seen in
fibrous dysplasia (see Fig. 15), the irregular surface should rise the
suspicion of hyperostosis induced by a meningioma. Opacification of

the right middle ear cavity is seen. Coronal enhanced T1-weighted
spin echo image (b). A strongly enhancing mass lesion is seen in the
middle cranial fossa (arrows), with transosseous extension into the
middle ear, external ear canal and along the outside of the squamous
bone (arrowheads). Biopsy of the external ear mass revealed
meningioma. Parotid gland (asterisk)
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Cholesterol cyst

The image shows cholesterol granuloma occupying the 

posterior-superior part of the external ear canal. Cholesterol 

granuloma (CG), or cholesterol cyst, is a clinical entity 

that appears as an expansible benign mass that contains 

brownish-yellow debris with cholesterol crystals and is 

characterized by slow growth. The lesion can be found in 

any part of the body where deposition of cholesterol crystals 

may occur though the temporal bone and specifically the 

petrous apex is the most common site.

Figure 1 Cholesterol granuloma occupying the posterior- superior part of the external ear canal.

Figure 2 Temporal bone CT (coronal) showing a soft tissue mass occupying the mastoid antrum and part of the external ear canal.
Arrows indicate the mass expanding into the external ear canal.
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Figure 1 Cholesterol granuloma occupying the posterior- superior part of the external ear canal.

Figure 2 Temporal bone CT (coronal) showing a soft tissue mass occupying the mastoid antrum and part of the external ear canal.
Arrows indicate the mass expanding into the external ear canal.
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Temporal bone CT (coronal) showing a soft tissue mass 

occupying the mastoid antrum and part of the external 

ear canal (EEC). Arrows indicate the mass expanding into 

the external ear canal. The posterior-superior bony wall of 

the EEC was eroded; the mass expanded into the mastoid 

antrum and was separated from the middle cranial fossa by 

a thin bony plate. Erosion of the ossicles of the right ear was 

also present. At MRI the mass appeared homogeneous with 

increased signal intensity relatively to the brain on both T1- 

and T2- weighted images. Inner ear formations were normal 

in both ears and pneumatization of both temporal bones 

was poor.

Temporal bone CT showing a soft tissue mass in the right EEC
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Axial CT-images. A small, exophytic enhancing soft tissue mass is seen on the posterior wall of the right external ear 

canal (arrowheads). Primary external ear malignant neoplasms are not common. External ear cancer initially appears as 

a painless lesion; enlarging lesions cause minor bleeding, itching, pain and intermittent drainage of serous fluid. Often, 

these symptoms are attributed to external otitis. Eventually, as the clinical situation progressively becomes worse, further 

exploration will reveal the true nature of the lesion. More advanced cancer may cause stenosis of the external auditory 

canal, trismus, conchal and preauricular swelling, and facial nerve palsy. Spread towards the middle ear, and more rarely 

inner ear, may occur.

Small squamous cell carcinoma

Section 6: Malignant Neoplasms

may be seen to extend into the middle ear cavity and facial
nerve canal (Persaud et al. 2003; Glynn et al. 2006).

The differential diagnosis is external auditory canal
cholesteatoma, which is usually a unilateral disease,
presenting as otorrhea and a more chronic, dull pain
(Piepergerdes et al. 1980).

6.3 Exostoses and Osteoma

Exostoses are multiple, usually bilateral, nodular elevations
of bone involving the tympanic bone (Kemink and Graham
1982; Tran et al. 1996). They develop because of prolonged
irritation of the EAC, most commonly secondary to
excessive contact with cold sea water (surfer’s ear). Patients
may present with conductive hearing loss.

CT shows multiple, usually bilateral and more or less
symmetrical, broad based nodular bony elevations in the
EAC. The overlying soft tissues may appear normal, or
thickened in case of associated external otitis (Fig. 20).

An osteoma is a solitary, unilateral and pedunculated
bony growth in the outer half of the bony EAC. It is usually
asymptomatic, but symptoms can arise if obstruction occurs
(Kemink and Graham 1982; Tran et al. 1996). CT shows a
solitary, unilateral and pedunculated bony growth of the
bony external ear canal. The underlying bone appears nor-
mal, as well as the overlying soft tissues (Figs. 21 and 22).
Medial to the stenosis, debris may accumulate; erosion of
the surrounding bone at this level suggests a secondary
cholesteatoma (Lee et al. 2005).

6.4 Other Tumours

Different other kinds of benign tumours may be encountered
within the external auditory canal.All of these lesions are rare.

Chronic external otitis may be associated with the for-
mation of a non-neoplastic aural polyp. Several types of
tumours arising from the ceruminous glands may be seen.
Vascular malformations, haemangiomas, smooth muscle
tumours and tumours of neural origin have been described.
Rarely, the external auditory canal may become invaded by
a meningioma originating from the middle cranial fossa
(Tsunoda and Fukaya 1997) (Fig. 23).

Fig. 24 Axial CT-images.
A small, exophytic enhancing
soft tissue mass is seen on the
posterior wall of the right
external ear canal (arrowheads).
Small squamous cell carcinoma

Fig. 23 Patient with acquired soft tissue stenosis of the right external
ear canal. Axial CT-image (a) shows extensive sclerotic bone
remodelling of the squamous part of the right temporal bone (arrows);
although somewhat reminiscent of the ground-glass aspect seen in
fibrous dysplasia (see Fig. 15), the irregular surface should rise the
suspicion of hyperostosis induced by a meningioma. Opacification of

the right middle ear cavity is seen. Coronal enhanced T1-weighted
spin echo image (b). A strongly enhancing mass lesion is seen in the
middle cranial fossa (arrows), with transosseous extension into the
middle ear, external ear canal and along the outside of the squamous
bone (arrowheads). Biopsy of the external ear mass revealed
meningioma. Parotid gland (asterisk)
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Patient with squamous cell carcinoma of left external ear canal

a Axial CT-image (soft tissue window) shows enhancing mass 

lesion originating from the anterior wall of the canal (arrow), 

growing against the mandibular condyle. b, c Axial CT-

images (bone window). Soft tissue thickening in the canal 

is seen, with lysis of the anterior wall of the tympanic 

bone (expected position is indicated by asterisks, b). Some 

osteolysis is seen at the origin of the zygomatic process 

(arrow, b). More superiorly, lysis of the roof of the external 

ear canal and adjacent part of the squamous portion 

(arrowheads, c). d Sagittal CT-image (bone window) confirms 

extensive osteolysis of the tympanic bone (arrowheads) and 

superior extension in the squamous portion of the temporal 

bone (arrows). e Coronal gadolinium-enhanced T1-weighted 

image shows extension into middle cranial fossa (arrow) and 

into parotid gland (arrowheads).

Fig. 25 Patient with squamous cell carcinoma of left external ear
canal. a Axial CT-image (soft tissue window) shows enhancing mass
lesion originating from the anterior wall of the canal (arrow), growing
against the mandibular condyle. b, c Axial CT-images (bone window).
Soft tissue thickening in the canal is seen, with lysis of the anterior
wall of the tympanic bone (expected position is indicated by asterisks,
b). Some osteolysis is seen at the origin of the zygomatic process

(arrow, b). More superiorly, lysis of the roof of the external ear canal
and adjacent part of the squamous portion (arrowheads, c). d Sagittal
CT-image (bone window) confirms extensive osteolysis of the
tympanic bone (arrowheads) and superior extension in the squamous
portion of the temporal bone (arrows). e Coronal gadolinium-
enhanced T1-weighted image shows extension into middle cranial
fossa (arrow) and into parotid gland (arrowheads)

Fig. 26 Patient with squamous cell carcinoma of right external ear
canal. a, b Axial and coronal CT-image. Soft tissue thickening in the
external ear canal (asterisk), extending into the middle ear and eroding
the jugular plate, covering the jugular fossa (arrowhead). c Coronal

gadolinium-enhanced T1-weighted spin echo image. The tumour mass
(arrowheads) grows from the external ear canal into the middle ear,
and appears to extend above the jugular bulb (j). During surgery, the
tumour was invading the wall of the jugular vein

External Ear Imaging 49

Fig. 25 Patient with squamous cell carcinoma of left external ear
canal. a Axial CT-image (soft tissue window) shows enhancing mass
lesion originating from the anterior wall of the canal (arrow), growing
against the mandibular condyle. b, c Axial CT-images (bone window).
Soft tissue thickening in the canal is seen, with lysis of the anterior
wall of the tympanic bone (expected position is indicated by asterisks,
b). Some osteolysis is seen at the origin of the zygomatic process

(arrow, b). More superiorly, lysis of the roof of the external ear canal
and adjacent part of the squamous portion (arrowheads, c). d Sagittal
CT-image (bone window) confirms extensive osteolysis of the
tympanic bone (arrowheads) and superior extension in the squamous
portion of the temporal bone (arrows). e Coronal gadolinium-
enhanced T1-weighted image shows extension into middle cranial
fossa (arrow) and into parotid gland (arrowheads)

Fig. 26 Patient with squamous cell carcinoma of right external ear
canal. a, b Axial and coronal CT-image. Soft tissue thickening in the
external ear canal (asterisk), extending into the middle ear and eroding
the jugular plate, covering the jugular fossa (arrowhead). c Coronal

gadolinium-enhanced T1-weighted spin echo image. The tumour mass
(arrowheads) grows from the external ear canal into the middle ear,
and appears to extend above the jugular bulb (j). During surgery, the
tumour was invading the wall of the jugular vein

External Ear Imaging 49
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Patient with squamous cell carcinoma of right external ear canal

a, b Axial and coronal CT-image. Soft tissue thickening in 

the external ear canal (asterisk), extending into the middle 

ear and eroding the jugular plate, covering the jugular fossa 

(arrowhead). c Coronal gadolinium-enhanced T1-weighted 

spin echo image. The tumour mass (arrowheads) grows 

from the external ear canal into the middle ear, and appears 

to extend above the jugular bulb (j). During surgery, the 

tumour was invading the wall of the jugular vein.

Fig. 25 Patient with squamous cell carcinoma of left external ear
canal. a Axial CT-image (soft tissue window) shows enhancing mass
lesion originating from the anterior wall of the canal (arrow), growing
against the mandibular condyle. b, c Axial CT-images (bone window).
Soft tissue thickening in the canal is seen, with lysis of the anterior
wall of the tympanic bone (expected position is indicated by asterisks,
b). Some osteolysis is seen at the origin of the zygomatic process

(arrow, b). More superiorly, lysis of the roof of the external ear canal
and adjacent part of the squamous portion (arrowheads, c). d Sagittal
CT-image (bone window) confirms extensive osteolysis of the
tympanic bone (arrowheads) and superior extension in the squamous
portion of the temporal bone (arrows). e Coronal gadolinium-
enhanced T1-weighted image shows extension into middle cranial
fossa (arrow) and into parotid gland (arrowheads)

Fig. 26 Patient with squamous cell carcinoma of right external ear
canal. a, b Axial and coronal CT-image. Soft tissue thickening in the
external ear canal (asterisk), extending into the middle ear and eroding
the jugular plate, covering the jugular fossa (arrowhead). c Coronal

gadolinium-enhanced T1-weighted spin echo image. The tumour mass
(arrowheads) grows from the external ear canal into the middle ear,
and appears to extend above the jugular bulb (j). During surgery, the
tumour was invading the wall of the jugular vein
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Tumour appears as a soft tissue mass with variable intensities on T2-weighted/T1-weighted images

Patient suffering from squamous cell carcinoma of right 

external ear canal. a Axial T2-weighted spin echo image 

shows large, relatively hypointense mass, extending 

posteriorly into the mastoid cells (arrow). Anteriorly, the 

mass (arrowhead) cannot be separated from the superior 

pole of the parotid gland. b Coronal gadolinium-enhanced 

T1-weighted spin echo image. The tumour (arrows) grows 

deep into the external ear canal (asterisk), reaching the 

tympanic membrane. The ossicular chain is visible as 

it is surrounded by enhancing tissue (arrowhead); this 

corresponded histologically to granulation tissue.

7 Malignant Neoplasms

Primary external ear malignant neoplasms are not common.
External ear cancer initially appears as a painless lesion;
enlarging lesions cause minor bleeding, itching, pain and
intermittent drainage of serous fluid. Often, these symptoms
are attributed to external otitis. Eventually, as the clinical
situation progressively becomes worse, further exploration
will reveal the true nature of the lesion. More advanced
cancer may cause stenosis of the external auditory canal,
trismus, conchal and preauricular swelling, and facial nerve
palsy (Million et al. 1994). Spread towards the middle ear,
and more rarely inner ear, may occur (Breau et al. 2002).

Histologically, external ear malignancies usually corre-
spond to squamous cell carcinoma or basocellular carci-
noma. On rare occasions, adenocarcinoma, developing from
the ceruminous glands, lymphoma or malignant melanoma
is encountered in the external canal.

As assessment of bone detail is critical to treatment plan-
ning, CT is the first study to perform (Gillespie et al. 2001).

The tumour appears as an enhancing soft tissue thick-
ening or mass centred in the EAC (Fig. 24). Assessment of
associated bone destruction is critical to treatment planning.
The tympanic bone is usually the first bony structure to be
invaded. With further tumour growth, surrounding struc-
tures, such as the parotid gland, temporomandibular joint
and middle ear are likely to become involved. Also intra-
cranial spread is possible (Figs. 25 and 26). Tumour spread
to the neck lymph nodes may occur; the parotid and upper
parajugular lymph nodes are at risk and an imaging study of
the neck is therefore desirable.

MRI is frequently used as an adjunct to CT when
intracranial, perineural and/or perivascular tumour spread is
suspected (Fig. 25). The tumour appears as a soft tissue
mass with variable intensities on T2-weighted and
T1-weighted images, and shows homogeneous or hetero-
geneous enhancement (Figs. 26 and 27).

Treatment is by radiotherapy, surgery or a combination
of both. After radical treatment of extensive neoplasms, it is
useful to obtain a baseline imaging study (optimal timing
probably about 4 months after completion of treatment),
and to perform periodical follow-up imaging studies, in
order to detect recurrent tumour at an as early as possible
stage (Million et al. 1994).

Malignant neoplasms secondarily invading the external
auditory canal may arise from neighbouring structures, such
as the periauricular skin or parotid gland. Rarely, haemat-
ogenous spread to the external auditory canal from a distant
site is encountered; it may be seen with breast cancer, but
also metastatic lung cancer or urogenital cancer has been
reported at this site.
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Fig. 27 Patient suffering from
squamous cell carcinoma of right
external ear canal. a Axial T2-
weighted spin echo image shows
large, relatively hypointense
mass, extending posteriorly into
the mastoid cells (arrow).
Anteriorly, the mass (arrowhead)
cannot be separated from the
superior pole of the parotid gland.
b Coronal gadolinium-enhanced
T1-weighted spin echo image.
The tumour (arrows) grows deep
into the external ear canal
(asterisk), reaching the tympanic
membrane. The ossicular chain is
visible as it is surrounded by
enhancing tissue (arrowhead);
this corresponded histologically to
granulation tissue
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