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Imaging the External Ear: Practical 
Approach to Normal and Pathologic 
Conditions

The external ear (EE) is an osseous-cartilaginous structure that ex-
tends from the auricle to the tympanic membrane. It is divided into 
two parts: the auricle (or pinna) and the external auditory canal 
(EAC). Given the ease of access to the EE, imaging studies are not 
always needed to make a diagnosis. However, when lesions block 
visual access to areas deep to the EE abnormality, complications 
are suspected, or there is lack of response to treatment, imaging 
becomes essential. A basic understanding of the embryologic devel-
opment and knowledge of the anatomy of the auricle and EAC are 
useful for accurate diagnosis of EE lesions. Congenital, traumatic, 
inflammatory, neoplastic, and vascular conditions can affect the 
EE. An overview of the anatomy and embryologic development of 
the EE is presented, with discussion and illustrations of common 
and uncommon conditions that affect EE structures and a focus 
on the CT and MRI features that are of interest to radiologists. CT 
is usually the first diagnostic modality used to evaluate the EAC 
and is the superior method for demonstrating bone changes. MRI 
provides excellent tissue characterization and enables one to better 
define lesion extension and perineural tumor spread. In addition, a 
flowchart to facilitate the differential diagnosis of EE abnormalities 
is provided.

Online supplemental material is available for this article.
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After completing this journal-based SA-CME 
activity, participants will be able to:

	�Discuss the fundamental anatomy and 
developmental concepts of the EE.

	�Distinguish the imaging features of 
normal anatomic variations of the EE 
from those of pathologic conditions.

	�Recognize the main diseases of the EE.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES

Introduction
The external ear (EE) is anatomically and functionally divided into 
the cartilaginous auricle, or pinna, and the external auditory canal 
(EAC). The auricle captures, concentrates, and amplifies sound 
waves, directing them into the EAC. In turn, the function of the 
EAC is to conduct sound waves, in the form of vibrations, to the 
tympanic membrane (1).

The EE can be affected by a variety of conditions, including con-
genital abnormalities, trauma, inflammatory conditions (infectious or 
otherwise), vascular anomalies, and neoplasms (benign or malignant) 
(2). Many of these lesions can be diagnosed clinically; however, 
diverse pathologic conditions in this region can share similar clinical 
features. Therefore, imaging may be required to evaluate the extent 
of a lesion, to evaluate the feasibility of resection, to determine the 
differential diagnosis, to evaluate for potential complications, and for 
surgical planning (1).

CT and MRI are the key diagnostic modalities used for evaluation 
of EE lesions. CT, which is typically the first imaging method used to 
evaluate the EE, is performed with thin sections and multiplanar ref-
ormations, which enable excellent visualization of the bone structures. 
In contrast, MRI is more specific than CT for differentiating between 
tumor tissue and inflammatory lesions and enables one to better 
define the full extension of malignant neoplasms, including perineural 
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bony EAC, separating the tympanic part of the 
EAC from the mastoid portion.

The EE includes the auricle and the EAC. 
The EE is separated from the middle ear by the 
tympanic membrane. The main anatomic struc-
tures of the EE are summarized in Figure 1. The 
auricle consists of elastic cartilage that is covered 
on both anterior and posterior surfaces with thin 
hairy skin. The ear lobe, located in the lower pole 
of the auricle, is covered with skin and contains 
fibrous tissue, fat, and small blood vessels, but no 
cartilage (2).

The EAC is divided into two parts: the lateral 
one-third and the medial two-thirds of the canal. 
The lateral third of the EAC is the fibrocartilagi-
nous portion; it is continuous with the auricle, 
lined with skin, and contains hair follicles, seba-
ceous glands, and ceruminous glands, which pro-
duce a waxy exudate called cerumen. The medial 
two-thirds of the EAC make up the bony canal, 
which is limited medially by a shallow bone ridge, 
the tympanic annulus, to which the tympanic 
membrane is attached. The bony canal is lined 
with very thin skin, closely adherent to the under-
lying periosteum, and is continuous with the exter-
nal layer of the tympanic membrane. The narrow-
est part of the EAC is the isthmus, which separates 
the cartilaginous part from the bony segment. The 
cartilaginous portion of the EAC is oriented in a 
posterosuperior direction, while the bony portion 
is oriented in an anteroinferior direction (2).

The anterior wall of the EAC also constitutes 
the posterior wall of the temporomandibular joint 
(TMJ). The posterior wall of the EAC forms the 
anterior margin of the mastoid segment of the 
temporal bone (5). The EAC in adults measures 
approximately 2.5 cm in length. In infants, the 
EAC is almost entirely cartilaginous.

The fissures of Santorini are natural openings 
in the anteroinferior aspect of the cartilaginous 
portion of the EAC (Fig 1). Although these fis-
sures are not visible at imaging owing to their 
small size, they serve as a potential pathway for 
the spread of infection and neoplastic processes 
in both directions, from the parotid space and 
TMJ into the EAC, or vice versa (Fig 2) (5,6).

A persistent foramen tympanicum, or fora-
men of Huschke, is an anatomic variation of the 
tympanic portion of the temporal bone that is 
due to a defect in normal ossification during the 
first 5 years of life. This foramen is located at the 
anteroinferior aspect of the EAC, posteromedial 
to the TMJ. Foramen tympanicum is considered 
a permanent defect only after the individual is 
aged 5 years (Fig 3).

A foramen tympanicum may permit spontane-
ous herniation of soft tissue from the TMJ into the 
EAC, which can cause TMJ pain and dysfunction. 

spread (3,4). In many cases, CT and MRI have 
complementary roles in the diagnostic evaluation.

The most widely used CT protocol for EE 
examination involves multisection volumet-
ric acquisition with high-spatial-resolution 
submillimeter-thin sections (thickness between 
0.5 mm and 1.0 mm), followed by multiplanar 
reconstructions with soft- and bone-tissue algo-
rithms. The typical MRI examination involves 
use of a small field of view (15–18 cm) and a 
thin section thickness (2 mm). This protocol 
includes acquisition of axial and coronal T1- 
and T2-weighted MR images, use of a heavily 
T2-weighted volumetric sequence, and axial 
diffusion-weighted imaging. Axial and coronal 
T1-weighted fat-suppressed MR images are ac-
quired after intravenous injection of gadolinium-
based contrast material (3,4).

Anatomy
The temporal bone is composed of five parts: 
squamous, mastoid, petrous, tympanic, and sty-
loid portions (5). The tympanic part of the tem-
poral bone forms the EAC proper. It is inferior 
to the squamous part of the bone and anterior 
to the mastoid portion. The tympanosquamous 
fissure (Fig E1) separates the tympanic part of 
the temporal bone from the squamous portion. 
It is parallel and anterior to the bony EAC. The 
tympanomastoid fissure (Fig E1), which is not 
always open, is located posteriorly, parallel to the 

TEACHING POINTS
	� The EE can be affected by a variety of conditions, including 
congenital abnormalities, trauma, inflammatory conditions 
(infectious or otherwise), vascular anomalies, and neoplasms 
(benign or malignant).

	� Many of these lesions can be diagnosed clinically; however, 
diverse pathologic conditions in this region can share similar 
clinical features. Therefore, imaging may be required to evalu-
ate the extent of a lesion, to evaluate the feasibility of resec-
tion, to determine the differential diagnosis, to evaluate for 
potential complications, and for surgical planning.

	� The fissures of Santorini are natural openings in the anteroin-
ferior aspect of the cartilaginous portion of the EAC. Although 
these fissures are not visible at imaging owing to their small 
size, they serve as a potential pathway for the spread of in-
fection and neoplastic processes in both directions, from the 
parotid space and TMJ into the EAC, or vice versa.

	� CT is ideal for evaluation of bone erosions, especially those in 
the floor of the EAC and skull base, and is useful for detecting 
soft-tissue abnormalities outside of the temporal bone. MRI 
provides the most anatomically detailed information about 
disease extension into soft tissues and bone marrow.

	� MRI also enables better evaluation of tumor extension to the 
TMJ and parotid gland, as well as to the soft tissues around the 
ear, by depicting replacement of the T1-hyperintense fatty tis-
sues with intermediate T1 signal intensity tumor, which also 
shows diffusion restriction and contrast enhancement.
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scope of this article. The branchial apparatus 
structures develop between the 4th and 6th 
weeks of gestation and consist of the six pairs of 
mesodermal branchial arches separated by five 
paired ectodermal branchial clefts (grooves) ex-
ternally and five paired endodermal pharyngeal 
pouches internally. The ear is derived primarily 
from the first branchial apparatus, with contri-
butions from the second branchial apparatus.

The first branchial cleft gives rise to the EAC 
(7). The first arch gives rise to the mandible, 
muscles of mastication, malleus, incus, auricle, 
and mandibular division of cranial nerve V, while 
the eustachian tube, tympanic cavity, and mas-
toid air cells derive from the first pouch. The 
second cleft involutes, and the second arch gives 

Synovial fluid can extravasate into the EAC and 
cause ear discharge, especially during mastication. 
The parotid gland can extend to the glenoid fossa 
behind the TMJ and lie near the osseous portion 
of the EAC; salivary fluid can also extravasate into 
the EAC. The soft tissue within the EAC usually 
disappears with opening of the mouth. Conversely, 
lesions affecting the EAC can extend through this 
defect into the TMJ (6).

Embryologic Development
A detailed description of the embryologic de-
velopment of the temporal bone is beyond the 

Figure 1.  Drawing depicts the main anatomic structures of the EE.

Figure 2.  Septic arthritis of the TMJ, with extension to the 
EAC through the anterior wall and Santorini fissure. Axial 
contrast-enhanced T1-weighted MR image shows an aggres-
sive inflammatory process originating from the TMJ (arrow-
head) and extending to the nasopharynx (black arrow) and  
EAC (white arrow).

Figure 3.  Foramen of Huschke, or foramen tympani-
cum. Axial bone-window CT image shows the foramen of  
Huschke (arrows) in a healthy patient, characterized by a devel-
opmental defect in the anteroinferior aspect of the bony por-
tion of the EAC, posteromedial to the TMJ.
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rise to the muscles of facial expression, body and 
lesser horn of the hyoid bone, stapes, and cranial 
nerves VII and VIII. The palatine tonsils originate 
from the second pouch (8).

In 1885, Wilhelm His described six auricular 
hillocks that give shape to the human auricle: 
three hillocks on the first pharyngeal arch and 
three on the second pharyngeal arch. The hill-
ocks of the first pharyngeal arch form the tragus 
and the helix as far as the auricular tubercle. 
The hillocks of the second pharyngeal arch form 
the rest of the auricle, including the lobule. 
The inner ear (cochlea, vestibule, semicircular 
canals, internal auditory canal, and vestibular 
aqueduct) does not grow after birth. Usually, 
the pinna grows with the rest of the body until 
an individual is up to 7–10 years of age (7).

Congenital Malformations
Malformations of the EE are referred to as 
congenital aural dysplasias. They occur in one in 
3300 to one in 10 000 births and are most com-
monly isolated and unilateral, with the right side 
being more frequently affected (9). However, 
bilateral malformation is possible and may result 
from genetic disorders, chromosomal aberra-
tions, and exposure to environmental teratogens.

Auricular Malformations
Most auricular malformations are microtia 
(underdevelopment), which can affect the size, 
shape, position, and orientation of the pinna. 
Complete absence of the pinna, known as anotia, 
also can occur.

EAC Malformations
Stenosis or incomplete atresia should be sus-
pected when the pinna is abnormal and the 
EAC diameter is less than 4 mm, or when the 
tympanic membrane cannot be visualized (Fig 
4) (10,11). The stenosis can be fibrous, bony, or 
both. With the fibrous type, there is a soft-tissue 
plug at the level of the tympanic membrane, 
whereas bony stenosis is characterized by a bony 
plate at the same level (Fig 5). EAC atresia may 
be part of a congenital malformation syndrome 
or sequence such as Goldenhar syndrome, 
Treacher Collins syndrome, or Pierre Robin 
sequence.

Various classification schemes for grading the 
severity of the EAC deformity have been pro-
posed. The Weerda classification, which includes 
three grades of microtia with worsening severity, 
is widely used for clinical assessment of EAC and 
auricular malformations (9).

Figure 4.  Microtia and 
EAC atresia. Drawing (A) 
and coronal bone-window  
CT image (B) depict a small 
malformed left auricle (white 
arrow in B) and absence of 
the EAC (black arrow in B).
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First Branchial Cleft Anomalies
First branchial cleft anomalies account for up 
to 8% of all branchial anomalies and are usu-
ally cysts or sinuses near the EAC and/or parotid 
gland. They result from abnormal ectodermal 
closure of the first cleft, typically around the 
periauricular region, anterior or posterior to the 
pinna, and can extend inferiorly to the angle of 

the mandible, either superficially or embedded 
within the parotid gland (11). The most widely 
accepted classification of first branchial apparatus 
cysts was proposed by Work in 1972.

A type I cyst is rare and purely ectodermal and 
appears histologically as a cystic mass lined by 
squamous epithelium or a fistula posterior to the 
pinna (Fig 6A). A type II cyst contains ectoder-

Figure 5.  Congenital ste-
nosis of the medial aspect of 
the right EAC. Drawing (A) 
and axial bone-window CT 
image (B) depict narrowing 
of the medial bony portion of 
the EAC (arrow in B).

Figure 6.  First branchial cleft cysts in two patients. (A) Axial soft-tissue–window CT image at 
the level of the EAC in a 6-year-old girl shows a cystic mass posterior to the auricle (arrow), con-
sistent with a type I first branchial cleft cyst. (B) Coronal soft-tissue–window CT image at the level 
of the mastoid and EAC in a 16-year-old boy, who reported having an EAC discharge, consistent 
with a type II first branchial cleft cyst, shows a parotid gland cyst (white arrow) with a sinus tract 
extending superiorly into the area of the EAC (black arrow). The upper sinus tract connection 
with the EE was not clearly seen at imaging, but its opening was identified at direct otoscopy.
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mal and mesodermal elements and is compara-
tively more common. It is believed to represent 
duplication of membranous and cartilaginous 
portions of the EAC. It contains skin, as well as 
adnexal structures and cartilage. A type II cyst 
is often associated with fistulas in the auricle or 
EAC or with a fistulous opening in the neck (Fig 
6b). Type II cysts incorporate portions of the first 
and second arches, and the cleft (8).

Coloboma auris, also known as preauricular 
(or more rarely periauricular) sinus or preau-
ricular pit, is a relatively common congenital 
abnormality. It consists of a blind-ended open-
ing in the EE that is often located at or near the 
anterior crus of the helix. The diagnosis is made 
clinically. Most of these sinuses remain asymp-
tomatic, but recurrent infection may cause 
chronic discharge, repeated abscess formation, 
and/or scarring (Fig 7) (12).

Duplicated EAC is defined as a second 
rudimentary EAC coexisting with a normal 

EAC (Fig 8). It represents an anomaly of the 
first branchial cleft and is rare, accounting for 
1%–8% of all branchial anomalies (13,14). 
Duplicated EAC may be seen as a mass bulging 
from the EAC or a fistula tract opening at the 
osseous-cartilaginous junction. The middle ear 
cavity is usually free (13).

Fractures
Fractures of the EAC, including transverse, 
longitudinal, and mixed-type fractures (Fig 9), 
may be a direct result of a fracture line extend-
ing from any part of the temporal bone (15,16). 
An EAC fracture may also result from impaction 
of the mandibular condyle into the posterior 
wall of the TMJ (15), as seen with high-impact 
trauma to the jaw, which is usually caused by 
motor vehicle accidents and falls (17). The tym-
panic plate is localized between the EAC and 
glenoid fossa and forms the anterior wall, floor, 
and part of the posterior wall of the auditory 

Figure 7.  Coloboma auris. Axial T2-weighted fat-suppressed (A) and contrast-enhanced  
T1-weighted fat-suppressed (B) MR images show a cystic lesion (thick arrow) close to the 
anterior crus of the right helix, adjacent to the parotid gland. A sinus tract communicates the 
lesion with the skin surface, with a small opening in the preauricular region (thin arrow in B). 
The regional edema in A and wall enhancement in B are due to superimposed infection.

Figure 8.  Duplicated EAC. (A, B) Coronal (A) and sagittal (B) bone-window CT images show duplication of the EAC (arrows), sepa-
rated by a bony septum. (C) Three-dimensional reconstruction image shows the two separate canals (inside the circle).
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species. The diagnosis is based on a combina-
tion of clinical and laboratory findings, as well 
as radiologic evidence of soft-tissue involvement 
with or without bone erosion in the EAC (21). 
Spread of infection to adjacent structures usu-
ally occurs through the fissures of Santorini or a 
persistent foramen tympanicum (6).

Imaging is needed to evaluate the extent of 
involvement and monitor disease progression or 
remission. The combination of bone and soft-
tissue involvement is the most helpful imaging 
finding for supporting a diagnosis of necrotizing 
otitis externa (Fig 10) (22). An important com-
plication that can develop in these cases is skull 
base osteomyelitis, a life-threatening disease 
caused by extension of infection to the temporal, 
sphenoid, or occipital bone (23).

CT is ideal for evaluation of bone erosions, 
especially those in the floor of the EAC and 
skull base, and is useful for detecting soft-tissue 
abnormalities outside of the temporal bone (Fig 
10). MRI provides the most anatomically de-
tailed information about disease extension into 
soft tissues and bone marrow. Fat-suppressed 
and contrast-enhanced MRI sequences can help 
differentiate phlegmon (enhancement of soft 
tissues) from soft-tissue abscess (ring enhance-
ment and central necrotic area) (23). In addi-
tion, these MR images show the involvement of 
the retrocondylar fat pad, which can spread via 
various pathways to extracranial or intracranial 
spaces (24). This involvement is usually an early 
finding of necrotizing otitis externa.

MRI is the method of choice for detection 
of intracranial and cranial nerve involvement. 
When this occurs, the temporal lobe and cranial 

canal. Tympanic plate fractures often result in 
EAC stenosis and trismus, especially when the 
glenoid fossa is involved (16).

Clinically, temporal bone fractures manifest 
with retroauricular ecchymosis, hemotympa-
num, otorrhagia (16), TMJ dysfunction, and 
facial nerve palsy (18). Untreated fractures may 
lead to canal stenosis, which can be avoided by 
temporarily packing the canal. This resultant 
condition highlights the importance of early rec-
ognition of these fractures (15). If a cutaneous 
component is trapped by the fracture, acquired 
cholesteatoma may occur (16).

EAC fractures are better detected with CT 
and are more conspicuous when evaluated on 
oblique reconstructions (Pöschl view) (18). The 
tympanosquamous and tympanomastoid fis-
sures should not be mistaken for fractures (Fig 
9). A persistent foramen tympanicum, which 
may mimic EAC fracture, represents another 
potential setting for misdiagnosis. The resilient 
cartilage of the EE may provide some protection 
from traumatizing forces, but the EE, especially 
the auricle, is still exposed to lacerating and 
avulsing wounds.

Inflammatory and Infectious Diseases

Otitis Externa
Otitis externa is diffuse inflammation of the 
EAC that may also affect the pinna laterally and 
the tympanic membrane medially. Patients can 
present with severe otalgia, jaw pain, itching, 
tenderness of the tragus and pinna, diffuse ear 
canal edema and/or erythema, and fullness, with 
or without hearing loss (19).

A variety of gram-positive and gram-negative 
bacterial species can be identified in patients 
with acute otitis externa. However, Pseudomo-
nas aeruginosa and Staphylococcus aureus are the 
most common agents encountered (20).

Imaging usually is not required and should be 
reserved for patients who are immunocompro-
mised. CT images may show thickening of the 
tympanic membrane and the skin of the EAC. 
When associated with intraluminal soft tissue 
filling the bony segment of the EAC, it may lead 
to the diagnosis of medial canal fibrosis induced 
by the inflammatory process.

Necrotizing Otitis Externa
Necrotizing (or malignant) otitis externa is an 
invasive infection of the EAC that typically oc-
curs in older adults with diabetes mellitus and 
other immunosuppressed patients. P aeruginosa 
is nearly always the etiologic agent. More rarely, 
necrotizing otitis externa can be caused by 
fungal organisms such as Aspergillus or Candida 

Figure 9.  Multiple trauma-related fractures, 
including EAC fracture. Sagittal bone-window 
CT image shows a fracture (thick arrow) affect-
ing the anterior wall of the tympanic part of the 
temporal bone, which should not be confused 
with the normal tympanosquamous suture seen  
superiorly (thin arrow). Fluid is seen within the 
tympanic cavity and mastoid air cells owing to 
hemotympanum.



RG  •  Volume 42  Number 2	 Tsuno et al  529

nerve VII are the most commonly affected 
because of their anatomic proximity to the EAC 
(25). However, the infection may also spread 
medially to the jugular foramen to involve cra-
nial nerves IX, X, and XI, typically in this order. 
Jugular vein thrombosis also may occur, owing 
to inflammation at this site (21).

Nuclear imaging can help confirm bone in-
volvement with high sensitivity. The radiotracer 
accumulates in sites of increased osteoblastic 
activity and is therefore useful for confirming 
the diagnosis and performing follow-up (23).

Herpes Zoster Oticus
Herpes zoster oticus, also known as Ramsay 
Hunt syndrome, results from reactivation of 
latent varicella zoster virus infection in the ge-
niculate ganglion of the facial nerve. It accounts 
for approximately 12% of all cases of peripheral 
nerve paralysis. It is rare in children, affects both 
sexes equally, and is usually unilateral. Clinically, 
herpes zoster oticus occurs with otalgia, auricular 
vesicles, and peripheral facial paralysis. In severe 
cases, involvement of the vestibulocochlear nerve 
may lead to sensorineural hearing loss and ves-
tibular symptoms. The mainstay of treatment is a 
combination of antiviral and steroid medications.

MRI may show increased signal intensity on 
T2-weighted fluid-attenuated inversion-recovery 
images and paramagnetic contrast enhancement 
in one or more segments of the facial nerve, as 
compared with the unaffected side. Abnormal en-
hancement of the vestibular and cochlear nerves, 
structures of the membranous labyrinth, and 
even the pontine facial colliculus on the affected 
side also may occur (Fig 11) (26).

Relapsing Polychondritis
Relapsing polychondritis (RPC) is an immune-
mediated systemic disease characterized by recur-
rent inflammatory episodes in cartilaginous and 
proteoglycan-rich tissues, including the elastic and 
hyaline cartilage of the ear, nose, tracheobron-
chial tree, and many other sites. The recurrent 
inflammation leads to anatomic deformation and 
dysfunction of the affected structures (Fig 12).

In more than 80% of patients, RPC mani-
fests clinically as bilateral (or less commonly 
unilateral) auricular chondritis and polyarthritis, 
although many other organs potentially can be 

Figure 10.  Necrotizing otitis externa. Drawing (A) and coronal bone-window CT image (B) depict skin thick-
ening in the EAC (white arrow in B). Note the extension of the inflammatory process to the skull base on the 
left, leading to erosion of the jugular tubercle and occipital condyle medially (black arrow in B) and the mastoid 
bone laterally (arrowhead in B).

Figure 11.  Herpes zoster oticus (ie, Ramsay Hunt syndrome) 
in a patient with left peripheral nerve palsy, otalgia, and ve-
sicular blisters within the EAC and auricle. Contrast-enhanced 
T1-weighted fat-suppressed MR image shows abnormal en-
hancement of the auricle (arrowhead) and the canalicular and 
tympanic segments of the facial nerve (arrows).
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involved (27). Acute painful inflammatory crises 
are followed by spontaneous remission of vari-
able duration. In 30% of all adult patients with 
RPC, an association with other autoimmune 
disorders is found, with rheumatoid arthritis 
being the most common. The incidence of RPC 
peaks in the 5th decade of life; however, it has 
been described in young children and very elderly 
individuals and can affect all ethnic groups. A sig-
nificant cause of mortality in patients with RPC 
is tracheobronchomalacia, as well as scarring with 
irreversible expiratory collapse of the tracheo-
bronchial tree.

The diagnosis of RPC is made clinically, 
although laboratory tests and biopsy can be 
helpful. Although imaging is not routinely per-
formed, CT images can show diffuse soft-tissue 
thickening in the cartilaginous portions of the 
EE, sparing the ear lobe (no cartilage compo-
nent), without compromising the bony segments 
(Fig 12) (28).

Medial Canal Fibrosis
Medial canal fibrosis, or inflammatory acquired 
atresia of the EAC, is a benign acquired condi-
tion characterized by fibrous tissue formation in 
the medial part of the EAC after chronic otitis, 
surgery, radiation therapy, or trauma. It is bilat-
eral in approximately 50% of cases.

Affected patients have conductive hearing loss, 
otorrhea, and/or a history of chronic otitis. Typi-
cal imaging findings include a crescent-shaped 
soft-tissue plug within the EAC, abutting the 
tympanic membrane. The bony walls of the EAC 
are preserved, and no erosion is seen (Fig 13) 
(29). The middle ear is normal. The differential 
diagnosis includes keratosis obturans (KO), EAC 
cholesteatoma, debris or cerumen impaction, and 
epithelial tumors.

Imaging does not always have capability for 
distinguishing medial canal fibrosis from KO, 

which sometimes shows subtle EAC widening. 
The fact that EAC cholesteatoma shows per-
meative bony changes, which are not seen with 
medial canal fibrosis, also assists in differential 
diagnosis. Surgery is the treatment of choice, and 
topical antibiotics and steroids may help in the 
early stages of this disease.

EAC Cholesteatoma
A cholesteatoma is a lesion containing defo-
liating keratin lined by keratinizing stratified 
squamous epithelium with associated periostitis 
and bone erosion (30). Cholesteatomas may be 
acquired (in approximately 98% of cases) or 
congenital. Although they are found almost ex-
clusively in the middle ear and mastoid air cells, 
in rare cases they occur in the EAC.

Patients with EAC cholesteatoma typically 
have otorrhea and chronic dull pain owing to local 
invasion of squamous tissue into the bony portion 
of the EAC (31). Most cases are idiopathic, with 
a predisposition to occur in the inferior medial 
aspect of the EAC. Secondary EAC cholestea-
toma can occur in any area other than the inferior 
medial wall. Common predisposing factors are ra-
diation therapy, surgery, and trauma to the canal. 
Preexisting EAC stenosis or obstruction also has 
been reported to cause EAC cholesteatoma. The 
clinical differential diagnosis includes neoplasms 
and inflammatory or infectious conditions such as 
KO, postinflammatory medial canal fibrosis, and 
necrotizing otitis externa (32).

EAC cholesteatoma affects older age groups 
and is usually unilateral. On CT images, the 
typical finding is a hypoattenuating mass with 
associated bony erosion and intralesion bone 
fragments. MR images show diffusion restriction 
in the soft-tissue mass, confirming the diagnosis 
(Fig 14) (33). Deep extension into the middle 
ear, mastoid air cells, facial nerve canal, or teg-
men tympani can occur and must be reported 

Figure 12.  Relapsing polychondritis. Axial contrast-enhanced soft-tissue–window CT images at the levels of the tem-
poral bone (A) and subglottic larynx (B) show diffuse thickening and enhancement of the auricle (arrows in A), a 
process that typically spares the ear lobe, and abnormal subglottic tissue thickening (black arrow in B), which is causing 
stenosis of the airway and fragmentation of the cricoid cartilage (white arrows in B).
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Figure 13.  Medial canal fibrosis. Drawing (A) and axial bone-window CT image (B) show 
soft-tissue–attenuation material abutting the tympanic membrane, with a crescent-shaped lat-
eral surface filling the medial bony portion of the EAC bilaterally (arrows in B). Note the lack 
of bony erosion or widening of the bony canal. Bilateral involvement is seen in approximately 
50% of cases.

Figure 14.  EAC cholesteatoma. Drawing (A) and coronal bone-window CT image (B) show a soft-tissue–at-
tenuation mass occupying the bony portion of the EAC on the right (white arrow in B). Note the bone erosion 
in the inferior wall of the canal (black arrow in B), which is a characteristic feature of cholesteatoma. This finding 
is particularly useful for distinguishing cholesteatoma from other lesions such as KO and medial canal fibrosis, 
neither of which causes bone erosion.
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whenever it is identified, as it usually influences 
surgical management (34).

Keratosis Obturans
KO is believed to be caused by sympathetic reflex 
stimulation of ceruminous glands within the EAC, 
leading to hyperemia and epidermal plugging. 
It results in accumulation of exfoliated keratin 
debris, without an enclosing sac of stratified 
squamous epithelium, within the EAC (5). KO 
was once believed to represent the same disease 
process as cholesteatoma but is now recognized as 
a separate entity (Table 1) (35). It manifests clini-
cally as otalgia and conductive hearing loss due to 
keratin plugging and inflammation of the ear canal 
(36). Unlike cholesteatoma, KO occurs in younger 
patients and is often bilateral. Associations with 
bronchiectasis and sinusitis have been described.

CT images show a soft-tissue plug in the EAC 
with associated canal expansion due to remod-
eling, but no focal bone erosion or bone flecks 
within the mass, as seen with cholesteatoma (Fig 
15) (Table 1). In contrast, MRI may show over-
lapping signal intensity features, since both KO 
and EAC cholesteatoma involve accumulation 
of desquamated keratin as the substrate. KO can 
nearly always be managed conservatively with use 
of regular aural toilet.

Benign Neoplasms

Exostosis and Osteoma
Exostosis of the EAC represents reactive osseous 
thickening of the EAC and is believed to be sec-
ondary to repetitive exposure to cold water and 
wind (Fig 16). The lesions are typically bilateral 
and multiple broad-based bone elevations that 
affect the tympanic bone (“surfer’s ear”) (3,35).

Exostoses differ from osteomas, which are re-
garded as true benign neoplasms and are usually 
unilateral, solitary, pedunculated, and located 
laterally within the EAC. Osteomas are associ-
ated with the tympanosquamous and tympano-
mastoid suture lines (3,35). CT images reveal 
a hyperattenuating pedunculated mass lateral 
to the isthmus within the EAC (Fig 17) (Table 
2). Both exostoses and osteomas may lead to 
conductive hearing loss.

Benign Cutaneous Neoplasms
In addition to the usual benign cutaneous 
neoplasms elsewhere in the body, such as nevi 
and actinic keratoses, there is a small group of 
rare site-specific benign neoplasms recognized 
by the World Health Organization. These neo-
plasms originate from the ceruminous glands 
found in the cartilaginous segment of the EAC 

Table 1: Diagnostic Features That Distinguish KO from EAC Cholesteatoma

Feature KO EAC Cholesteatoma

Age Younger Elderly
Pain Acute Chronic
Lateralization Bilateral Unilateral
Bone involvement Circumferential remodeling Focal erosion
Meatal skin Normal Focal ulceration

Figure 15.  Keratosis obturans. Drawing (A) and axial soft-tissue–window CT image (B) show a soft-tissue–at-
tenuation mass (arrow in B) occupying the EAC, with local mass effect and bulging of the tympanic membrane. 
No bone erosion is seen. There is slight focal expansion of the EAC at the level of the lesion.
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and include ceruminous adenoma, ceruminous 
pleomorphic adenoma, and syringocystadenoma 
papilliferum. These lesions are rare and occur as 
nonulcerated skin-covered masses (37).

Low-Flow Venous Malformations
Unlike infantile hemangioma, which is a typical 
true vascular neoplasm of newborns and infants, 
venous vascular malformations are not true neo-

plasms. Rather, they are congenital endothelial 
malformations that result from errors in vascular 
morphogenesis (38,39). Venous vascular malfor-
mation is one of the two most common slow- or 
low-flow vascular malformations and includes 
the lesions that used to be called cavernous 
hemangiomas (40–42). Involvement of the EE 
is rare but can cause conductive hearing loss. 
Venous vascular malformations can manifest 

Figure 16.  Exostosis. Draw-
ing (A) and coronal bone-
window CT image (B) show 
bone growth and thickening 
of the EAC bilaterally and sym-
metrically (arrows in B). Note 
the flat aspect of the lesions. 
Exostosis is frequently referred 
to as “surfer’s ear” because of 
its association with cold water 
and wind exposure.

Figure 17.  Osteoma. Drawing (A) and coronal bone-window CT image (B) show an expansile bony lesion of 
the right EAC (arrowhead in B) at the junction between the bony and cartilaginous portions of the canal, with a 
well-defined pedicle at the base (black arrow in B). The soft-tissue material filling the medial portion of the EAC 
(white arrow in B) represents cerumen buildup secondary to the mass effect of the lesion.



534  March-April 2022	 radiographics.rsna.org

Table 2: Differentiating Diagnostic Features That Distinguish EAC Osteomas from EAC Exostoses

Feature Osteoma Exostosis

Pathophysiology Benign neoplasm Reactive osseous change
Lateralization Unilateral Bilateral
Manifestation Pedunculated lesion Broad-based bony overgrowth
Associations Earwax, debris, or secondary cholesteatoma None
Localization Lateral in the EAC Medial in the EAC

radiologically as lobular or tubular masses with 
thrombi or phleboliths, the latter appearing as 
small round calcifications in the mass at CT.

Venous vascular malformations are hyper
intense on T2-weighted MR images. Contrast 
enhancement is typical. Large lesions may have 
a progressive centripetal pattern of enhancement 
at CT or MRI when they are imaged early and 
late (after contrast material injection) (Fig 18). 
The Valsalva maneuver may cause enlargement 
of the mass by way of engorgement of the blood 
vessels (40–42).

Malignant Neoplasms
Malignancies of the EE can be primary, origi-
nating from the auricle and EAC, or secondary, 
due to direct tumor spread from an adjacent site 
(periauricular skin, parotid gland, or regional 
lymph nodes) (43,44).

Basal cell carcinoma is the most common ma-
lignant skin neoplasm, followed by squamous cell 
carcinoma and melanoma. Other rare malignant 
cutaneous neoplasms include lymphoma and Ka-
posi sarcoma (Fig 19). Cumulative sun exposure 
is the main risk factor for skin cancer.

Primary malignant neoplasm of the EAC is 
less common than its secondary involvement. 
Squamous cell carcinoma accounts for most 
cases, with long-standing chronic inflammation 

and prior radiation therapy as risk factors. Basal 
cell carcinoma, adenoid cystic carcinoma, and 
ceruminous adenocarcinoma are less common 
primary EAC malignancies (43,45).

Primary malignant tumors of the EAC tend to 
be misdiagnosed because they share symptoms 

Figure 18.  Low-flow venous malformation. (A, B) Coronal T2-weighted (A) and contrast-enhanced T1-weighted fat-suppressed (B) 
MR images show a large lobulated mass arising from the ear lobule. Note the thin septa (arrow in A) in the lesion and the typical early 
centripetal pattern of enhancement (arrow in B), with complete contrast material filling on images obtained later. (C) Coronal bone-
window CT image shows phleboliths (arrow), which account for the hypointense foci seen in A (dotted circle).

Figure 19.  Biopsy-proven Kaposi sarcoma 
in a patient with HIV infection. Axial soft-
tissue–window CT image shows a large, infil-
trative, enhancing soft-tissue lesion (arrow) 
arising from the right auricle. Chest CT (not 
shown) showed multiple bilateral lung paren-
chymal consolidations with a flame-shaped 
appearance.
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Figure 20.  Advanced squamous cell carci-
noma. (A, B) Drawing (A) and axial bone-
window CT image (B) show an infiltrative 
destructive soft-tissue mass that extends 
from the right EE to the skull base. There 
is invasion of the temporal and sphenoid 
bones, with fistulization to the right sphe-
noid sinus (arrow in B). (C) Coronal con-
trast-enhanced T1-weighted fat-suppressed 
MR image shows enhancement of the mass 
and its intracranial extension. The mass in-
vades the dura, cavernous sinus, and tem-
poral lobe (arrow).

(otorrhea, otalgia, and hearing loss) with com-
mon conditions such as chronic suppurative otitis 
media and cholesteatoma (29,45).

Imaging plays an important role in assess-
ment of malignant EE lesions, with the excep-
tion of those lesions clinically limited to the 
pinna and with low risk of nodal or distant me-
tastasis. In the setting of primary or secondary 
malignant involvement of the EAC, CT is useful 
for identifying temporal bone involvement, 
showing osseous changes that range from slight 
to widespread destruction (Fig 20). Although 
erosion of the bony portion of the auditory canal 
is often the first sign of local tumor spread, care 
must be taken with regard to the anteroinferior 
wall, which may harbor an osseous pseudodefect 
(focal thinning in 35% of healthy individuals, fo-
ramen of Huschke in <10% of healthy individu-
als) (46–48). On the other hand, the foramen of 
Huschke and fissures of Santorini are potential 
pathways for anterior spread of tumor and infec-
tious processes (49).

MRI has some advantages over CT in the 
evaluation of tumors, including those confined to 
the ear and those spreading beyond the limits of 
the ear (Fig 20). Benign processes may be locally 
associated with a malignant lesion and thus lead 
to overestimation of the malignancy extension. 
While malignant neoplastic tissue shows moder-
ate hyperintensity on T2-weighted images and 

avid contrast enhancement, middle ear effusion 
and cholesteatoma are usually more hyperintense 
on these images and do not enhance (Fig 21). 
Cholesteatoma also shows higher diffusion re-
striction, helping distinguish it from an adjacent 
malignancy, which is usually less hypointense on 
apparent diffusion coefficient (ADC) maps (50). 
Indeed, water restriction in malignant neoplasms 
is variable on diffusion-weighted images and 
depends on the histologic tumor type.

MRI also enables better evaluation of tumor 
extension to the TMJ and parotid gland, as well as 
to the soft tissues around the ear, by depicting re-
placement of the T1-hyperintense fatty tissues with 
intermediate T1 signal intensity tumor, which also 
shows diffusion restriction and contrast enhance-
ment. Intracranial extension, ranging from mild 
dural thickening to direct cerebral invasion, is well 
seen on coronal contrast-enhanced T1-weighted 
fat-suppressed MR images. Perineural tumor 
spread along cranial nerves VII and VIII also is 
best seen on contrast-enhanced T1-weighted fat-
suppressed MR images (45,50).

The EE represents a watershed zone of lym-
phatic drainage; therefore, tumor spread to the 
anterior and posterior lymph nodes (parotid, 
periparotid, and perimastoid) as well as inferi-
orly to lymph node levels II and III can occur. 
As the most important prognostic predictor in 
patients with squamous cell carcinoma of the EE, 
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nodal involvement must be carefully inspected at 
clinical examination, and in cases of suspicion, 
contrast-enhanced CT should be the first-line 
diagnostic modality (50). Although locally ag-
gressive, basal cell carcinoma is associated with 
extremely low rates of regional and distant metas-
tasis (37). Lung metastasis is especially common 
with adenoid cystic carcinomas but rare with 
other EE neoplasms (45).

Osteoradionecrosis of the EAC
Radiation therapy is widely used as a primary or 
adjunctive therapy for head and neck malignan-
cies (51). When the radiation field includes the 
temporal bone, osteoradionecrosis may develop 
as an uncommon but important late complica-
tion. The bony portion of the EAC is most af-
fected, possibly because of its thin skin protection 
and unfavorable blood supply. There is usually 
a latent period, ranging from 1 to many years 
after completion of radiation treatment, before 
the onset of osteoradionecrosis, with trauma and 
infection being well-known triggers (52).

At otoscopy, an area of necrotic bone exposed 
through necrotic ulcerated skin is seen. Symp-
toms include pain, purulent or bloody otorrhea, 
and trismus if there is TMJ involvement (51). CT 
shows skin and bone erosions, bone sequestra-
tion and fragmentation, contrast enhancement, air 
within the soft tissues, and fluid within the mas-
toid air cells (Fig 22). Treatment is conservative or 
surgical (débridement) and can include hyperbaric 
oxygen therapy to enhance healing and provide 
symptom relief (53).

Miscellaneous Conditions

Foreign Body
Foreign bodies in the nose or ear are common 
causes of emergency department visits (54), 

especially during childhood (Fig 23). All types of 
materials can be implicated and include paper, 
fabric, cotton wool or buds, rubber (eg, eras-
ers), glass, beads, and live insects (55). The most 
appropriate imaging study for evaluation must 
be chosen on the basis of the suspected material. 
Dense materials such as metal, glass, and stone are 
clearly depicted on radiographs. CT is considered 
the reference standard for foreign-body imaging, 
allowing precise anatomic localization of hyperat-
tenuating or hypoattenuating materials, including 

Figure 21.  Adenoid cystic carcinoma. (A) Axial bone-window CT image shows a soft-tissue mass (arrow) abutting the tym-
panic membrane, with smooth widening of the EAC. (B, C) Corresponding axial contrast-enhanced T1-weighted fat-suppressed  
MR image (B) and apparent diffusion coefficient (ADC) map (C) show two distinct, readily identifiable components: The enhancing 
lateral component with high ADC (black arrow) corresponds to a biopsy-proven adenoid cystic carcinoma. The medial component, 
with restricted diffusion (low ADC) and lack of contrast enhancement (white arrow), represents a secondary cholesteatoma related to 
obstruction and impaired epithelial desquamation migration.

Figure 22.  Osteoradionecrosis of the EAC in a 
patient with previous parotid adenocarcinoma, 
which was treated with surgical resection fol-
lowed by radiation therapy 9 years previously. 
Axial bone-window CT image shows osteora-
dionecrosis (white arrow) of the mandibular 
head. Note the bone sequestration and frag-
mentation of the EAC (black arrow).
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wood and plastic (56). If not managed correctly, 
foreign bodies may lead to a series of complica-
tions, such as granuloma formation, laceration, 
tympanic membrane perforation, hearing loss, and 
canal edema (55).

Cerumen
Cerumen, or earwax, is a secretion produced by 
the ceruminous glands in the EAC. It has a pro-
tective role in the canal, including lubrication, 
waterproofing, and antibacterial properties (57). 
The presence of cerumen is physiologic, not 
pathologic, and is thus asymptomatic. However, 
excess buildup of cerumen may obstruct the 
EAC (cerumen impaction), blocking access to 
the middle and inner ear structures and causing 
symptoms that include hearing loss.

Imaging is not indicated in the absence of 
complications. When found incidentally on CT 
images, cerumen appears as hyperattenuating 
material when it is not hydrated (Fig 24), but 
it can have low attenuation at CT (1). Imaging 

clues to help confirm the diagnosis of cerumen 
accumulation include nonadherence to the EAC 
wall, with a peripheral rim of air, and changes in 
appearance on consecutive imaging studies.

Cephalocele
Temporal bone cephalocele is a herniation of 
intracranial contents (meninges and/or brain) into 
the middle ear, mastoid air cells, petrous apex, or 
rarely the EAC (58–60). The cause of temporal 
bone cephalocele may be idiopathic, iatrogenic, 
or posttraumatic. Defects in the bony floor of the 
lateral skull base can lead to herniation of menin-
geal membranes or cerebral parenchyma, which 
manifests as a meningocele or meningoencepha-
locele, either of which is generically referred to as 
a cephalocele (61) or cerebrospinal fluid leakage. 
CT is the method of choice for identifying osseous 
defects, while MRI better depicts cephalocele con-
tents. Cerebrospinal fluid has high signal intensity 
on T2-weighted MR images, while encephaloceles 
are isointense to brain parenchyma (Fig 25).

Figure 23.  Foreign body. Coronal soft-tissue–
window CT image shows a hyperattenuating 
foreign body (a bean seed) (arrow) obliterating 
the EAC, leading to accumulation of cerumen 
proximally within the canal.

Figure 24.  Cerumen. Drawing (A) and coronal soft-tissue–window CT image (B) show a soft-tissue  
lesion (arrow in B) filling the EAC, with a rim of air surrounding the cerumen. Note the lack of erosion or remod-
eling of the bony walls of the EAC. The attenuation should always be checked on soft-tissue–window CT images, 
as desiccated cerumen will have high attenuation.
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Figure 25.  Cephalocele into the EAC. Coronal bone-window CT image (A) and coronal  
T2-weighted fat-suppressed MR image (B) show herniation of intracranial contents (cephalo-
cele) through the roof of a bony defect (arrow in A) into the EAC. CT is the method of choice 
for evaluating the bony defect.

Figure 26.  Cholesterol granuloma. (A) Axial bone-window CT image shows a soft-tissue–attenuation mass (arrow) occupying the 
osseous part of the left EAC. (B, C) Axial T2-weighted fat-suppressed (B) and T1-weighted (C) MR images show high signal intensity 
of the lesion (arrow), consistent with cholesterol granuloma, which was later surgically proven.

Cholesterol Granuloma
Cholesterol granulomas are benign granulo-
matous lesions caused by tissue reaction to a 
foreign body, namely cholesterol crystals (62,63). 
Some factors are believed to play an important 
role in development of cholesterol granulomas. 
These factors include drainage issues in certain 
structures, obstructed ventilation, and mucosal 
inflammation leading to hemorrhage and granu-
loma formation (62). The most common site of 
involvement is the petrous apex; involvement of 
the EAC is rare.

CT may reveal osseous erosions, and MRI 
shows T1 and T2 hyperintensity without internal 
contrast enhancement (Fig 26) (64). On T2-
weighted images, a peripheral rim of low signal 
intensity resulting from hemosiderin deposition 
can be seen. Diffusion restriction is not common.

Conclusion
Pathologic conditions of the EE are usually diag-
nosed with clinical examination; imaging is often 

not required. However, when needed, CT and 
MRI are the modalities of choice for evaluating the 
extent of the lesion and related complications. A 
flowchart to facilitate differential diagnosis of EE 
abnormalities is provided in Figure 27. Knowledge 
of the embryologic development and anatomy of 
the EE and familiarity with the most common and 
some less common associated conditions are es-
sential for an accurate radiologic diagnosis.
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