
5763Rev. Colomb. Radiol. 2022; 33(2): 5763-72

review article

Palabras clave (DeCS)
Pérdida auditiva
Osículos del oído
Tomografía 

computarizada por 
rayos X

Imagen por resonancia 
magnética

1Physician, Department of 
Radiology, Pontificia Uni-
versidad Javeriana, Hospital 
Universitario San Ignacio, 
Country Scan LTDA. Bogotá, 
Colombia.

2Physician, Department of 
Radiology, Pontificia Uni-
versidad Javeriana, Hospital 
Universitario San Ignacio. 
Bogotá, Colombia.

3Physician, Department of 
Radiology, Pontificia Uni-
versidad Javeriana, Hospital 
Universitario San Ignacio, 
Bogotá, Colombia.

4Medical Intern, Department 
of Radiology, Pontificia Uni-
versidad Javeriana, Hospital 
Universitario San Ignacio. 
Bogotá, Colombia.

Listening with your eyes: computed 
tomography assessment of hearing loss
Escuchar con los ojos: evaluación por tomografía axial computarizada 
de la pérdida auditiva

Felipe Aluja-Jaramillo1 
Sebastián Cifuentes-Sandoval2

Nicole Erazo-Morera3

Lucía Vargas-Mora4

DOI: https://doi.org/10.53903/01212095.177

Summary
Multiple pathologies can affect the function of the auditory apparatus. Anatomical knowledge of the 
temporal bone compartments on computed tomography leads to a better understanding of these 
entities and improves the clinical approach toward conductive or sensorineural hearing loss. An 
accurate diagnosis means a rapid initiation of treatment, which can change the patient’s prognosis.

Resumen
Múltiples patologías pueden afectar el funcionamiento del aparato auditivo. El conocimiento 
anatómico de los compartimentos del hueso temporal en la tomografía axial computarizada 
(TAC) conduce a una mejor comprensión de estas entidades y mejora el enfoque clínico hacia la 
pérdida auditiva conductiva o neurosensorial. Un diagnóstico preciso significa un inicio rápido del 
tratamiento, lo cual puede modificar el pronóstico del paciente.

Introduction 
Anatomical knowledge of the temporal bone is 

essential to accurately interpret computed tomo-
graphy (CT) images of hearing impaired patients. 
Numerous pathologies affect the functioning of the 
auditory apparatus in its different compartments. 
Having a structured imaging approach to the suspi-
cion of these entities leads to a timely diagnosis and 
consequently to the early initiation of treatment that 
translates directly into the patient’s quality of life. 
The aim of this article is to review the anatomy of 
the ear, with critical points in CT and to propose an 
approach that encompasses the most common causes 
of hearing loss.

1. CT anatomy of the ear
The temporal bone houses the auditory system, 

which from a practical perspective is a complex of 
three chambers called the outer, middle and inner ear 
(1) (Figure 1). 

The outer ear consists of the eardrum, the fibrocar-
tilaginous and bony portions of the external auditory 
canal (EAC) and the tympanic membrane (TM) (2). 
The walls that make up the middle ear are: lateral -the 
scutum- the tympanic membrane; superior -tegmen 

tympani-, which separates the middle cranial fossa 
from the tympanic cavity; medial, the otic capsule 
that covers the cochlea, the vestibule and the three 
semicircular canals; inferior and anterior, essentially 
bony walls -the former surrounds the internal jugular 
vein, while the latter contains the epitympanic recess 
and the opening of the Eustachian tube-. The poste-
rior wall has a bony protrusion called the pyramidal 
eminence and two recesses: the facial nerve and the 
sinus tympani (2, 3). 

The main contents of the tympanic cavity are the 
ossicular chain, composed of the malleus, incus and 
stapes; Prussak’s space, which is the superolateral 
portion of the tympanic cavity between the scutum 
and ossicles; and the stapedius and tensor tympani 
muscles (3).

The inner ear consists of the bony labyrinth, 
composed of the cochlea, the vestibule and the three 
semicircular canals (superior, posterior and lateral). 
These structures surround the membranous labyrinth, 
which is not visible on CT. The cochlea is a spiral-
shaped structure formed by almost three gyri. Its center 
is the cone-shaped modiolus, which contains the spiral 
ganglion of the cochlear nerve. Each gyrus is separated 
by bony septa and its most prominent portion, the basal 
turn, forms the promontory (3, 4).
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The mastoid cells and the facial nerve canal are also major 
structures of the auditory system. The mastoid is composed mainly 
of bony septa and air-filled cells. The antrum is its upper limit, which 
communicates with the middle ear through the aditus ad antrum (4). 
The seventh cranial (facial) nerve crosses the temporal bone and has 
four main segments: labyrinthine, geniculate, tympanic and mastoid. 
Emergent branches arise from each segment that innervate the stape-
dius muscle, the lacrimal gland and the parasympathetic information 
duct of the taste buds (4).

2. Types of hearing loss
Hearing impairment is classified as conductive, sensorineural or 

mixed (5). In the conductive type, the transmission of sound from 
the external environment to the inner ear is deficient, resulting in a 
mechanical lesion in which the structures involved are the auricle, 
tympanic membrane and/or ossicular chain (5). Sensorineural hearing 
loss is characterized by the inability to transmit neural impulses from 
the inner ear structures to the brainstem. The mixed type of deafness 
consists of a combination of the two previous types (5).

3. Imaging assessment of hearing loss: the 
relevance of computed axial tomography

Hearing loss is a contributing factor to the burden of disease 
in industrialized countries and is one of the pathologies that most 
impairs quality of life (6). Currently, imaging diagnosis in patients 
with hearing loss can be performed by different modalities. CT is the 
modality of choice due to its short image acquisition times, added to 
its high sensitivity for subtle bone changes in the bony structures of 
the outer, middle and inner ear, and the possibility of evaluating other 
ear components such as the tympanic membrane (7, 8) (table 1). The 
suggested protocol for these cases includes axial acquisition with 
a high-resolution bone algorithm through the temporal bones with 
coronal reconstructions with a slice thickness of 0.5 to 0.625 mm 
and overlapping reconstructions. Complementary reconstructions in 
different planes (Pöschl, Stenvers and modified Stenvers views) can 
help to visualize the structural components of the inner ear - such 
as the vestibular aqueduct and semicircular canals - as well as the 
evaluation of the post-surgical electrode position after cochlear 
implant insertion (9, 10). Newer techniques, such as cone-beam CT, 
described in the literature provide higher spatial resolution with lower 
radiation doses (11).

It is relevant to say that data obtained with CT and magnetic 
resonance imaging (MRI) of the temporal bones are complementary 
and in selected patients with hearing loss both modalities should be 
considered (12, 13).

3.1. External ear

3.1.1. External auditory canal atresia
It consists of the total or partial absence of the external auditory 

canal. It directly affects sound conduction, while the inner ear is 
usually intact (14) (figure 2).

The recommended diagnostic and surgical planning method is 
CT of the temporal bone. It is usually bilateral in one third of pa-
tients (15). The volume of the middle ear (width greater than 3 mm 
required to consider surgical management), presence of the incus, 
incudomalleolar articulation, stapedius and its morphology, the pres-
ence of round and oval windows, the location of the internal carotid 
artery and jugular bulb should be described for surgical planning, 
as well as the course of the facial nerve (16, 17).

3.1.2. Acute/chronic otitis externa
It is a pathology of varied etiology, with multiple predisposing 

factors that favor bacterial growth. The main causative bacteria 
are Staphylococcus aureus and Pseudomona aeruginosa. It can 
also be caused by other microorganisms (viruses, Aspergillus and 
Candida) (18, 19).

Chronic otitis externa may predispose to narrowing of the CAE 
secondary to a chronic inflammatory process (20) (Figure 3).

In severe cases or when there is no improvement after treatment, 
imaging studies are necessary to determine the degree of inflamma-
tion or extension to adjacent structures and complications, such as 
necrotizing or malignant otitis externa (especially in diabetic patients 
or in direct trauma) (20, 21). They present as a thickening of the 
mucosa of the CAE and pinna, with enhancement after administra-
tion of contrast medium, bony compromise of the tympanum and 
mastoid, with cortical erosions visible on CT and infiltration of the 
temporomandibular fat in both imaging modalities. Posteromedial 
extension to the jugular foramen or carotid space are considered 
critical findings (21).

3.1.3. Myringosclerosis
It consists of hyaline collagen deposits and calcification of the 

tympanic membrane, resulting in decreased motility and conductive 
hypoacusis (21). Predisposing factors include previous insertion of 
a tympanostomy tube or myringotomy. On imaging studies, this pa-
thology results in a thickened and calcified tympanic membrane (22).

Table 1. CT anatomical approach in cases of hearing 
loss.

Outer ear Middle ear Inner ear

External auditory 
canal atresia

Acute/chronic otitis 
externa

Myringosclerosis

Exostosis and 
osteoma

Squamous cell 
carcinoma

Acute and chronic 
otomastoiditis

Cholesteatoma

Paraganglioma 
tympanicum

Trauma

Fibrous dysplasia

Otosclerosis/
otospongiosis

Dehiscence of the 
superior semicircular 
canal

Schwannomas

Conductive hearing loss sensorineural Sensorineural 
hearing loss
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Figure 2. CT, a, b) axial and c, d) sa-
gittal reconstructions in high reso-
lution CT bone window (HR-CT). 
14-year-old patient with atresia 
of the left external auditory canal 
(arrowhead) with normal contra-
lateral auditory canal (arrowhead). 
Partial pneumatization of the mas-
toid cells (arrow) and middle ear 
width greater than 3 mm. The oval 
and round window are present.

Figure 1. CT anatomy of the ear.
Source: authors’ own.
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Figure 3. 3-year-old patient with acute otitis externa. HR-CT of the auditory canal, a) coronal reconstruction in soft tissue window, b) axial reconstruction 
in soft tissue window and c) bone. Occupation by soft tissue density material of the left external auditory canal and ear cleft, with internal bulging of 
the tympanic membrane (arrowhead). Slight enhancement and striation of adjacent fat indicative of edema. No bone erosion is identified.

Figure 4. 32 years old patient. CT scan of ears in bone window: a, b) axial view, c) sagittal reconstruction and d) coronal reconstruction. Bilateral 
concentric periosteal and cortical thickening of the distal third of the external auditory canal is visualized, causing circumferential stenosis of the same 
(red arrows). There is no evidence of otitis media, mastoiditis or bony erosion. Findings related to external auditory canal exostosis.
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3.1.4 Exostosis and osteomas
Exostosis, known as surfer’s ear, is an entity characterized by bony 

protrusions in the CAE secondary to repeated exposure to cold water. 
This pathology causes conductive hearing loss and episodes of otitis 
externa. CT findings include broad-based bony lesions contiguous 
to the tympanic ring, in the tympanomastoid and tympanosquamous 
sutures (23, 24) (Figure 4).

Osteoma is a rare, benign lesion affecting the temporal bone, 
especially the CAE. It is characterized by being unilateral, solitary, 
with a narrow base and adherent to the stem in CT images. It can 
be associated with conductive hypoacusis and cholesteatomas (23, 
24) (figure 5).

3.1.5. Squamous cell carcinoma
Primary tumors of the CAE are rare. Of this subgroup, squamous 

cell carcinomas (SCC) represent 80% of primary tumors, and are the 
most common (25) (figure 6).

The main function of CT is to stage the tumor, which will be fun-
damental in the prognosis and management planning of these patients, 
to determine the feasibility and extent of surgical management (24). 

Figure 5. 41-year-old patient. Axial image of CT scan of ears in bone window: oval lesion with calcium density, pedunculated, with stalk seated in the 
inferior wall of the proximal third of the right external auditory canal obliterating its lumen (red arrow head). Unlike exostosis, osteomas of the external 
auditory canal are characteristically unilateral.

Figure 6. 76-year-old patient with history of mass sensation and otic fullness. CT with contrast medium: occupation of the right ear canal by an 
irregular mass with soft tissue density, with avid peripheral enhancement of the lesion and a center with markedly low density indicative of necrosis. 
Extensive bony erosion in the bone window (a) with loss of the auditory canal boundaries, extension into the adjacent mastoid cells and into the lateral 
portion of the carotid petrosal canal. Extension and destruction of the lesion to the posterior fossa, bilateral nasal fossa and maxillary sinus. Findings 
corresponding to squamous cell carcinoma of the CAE.

A system of tumor, nodal and metastatic staging known as T-staging 
can be used (Table 2).

Table 2. T-staging (University of Pittsburgh) for 
squamous cell carcinoma of the EAC

Stage Characteristics

T1 Limited to the external auditory canal. 

T2 Limited bony extension.

T3

Erosion of the entire thickness of the CAE, with 
involvement of adjacent soft tissues of less than 5 cm 
or tumors with involvement of the middle ear and/
or mastoid. 

T4
Involvement of soft tissues > 5 cm and bony structures 
such as the petrous apex, cochlea, medial wall of the 
middle ear, carotid canal, jugular foramen or dura.

A complete local resection is considered when the full extent of the 
tumor is removed, but the wall of the CAE is spared (25).
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3.2 Middle ear

3.2.1. Middle ear infections: acute and chronic otitis 
media/otomastoiditis
Otitis media refers to inflammation and infection of the tympanic 

cavity. If the infectious process extends to the mastoid cells, it is called 
otomastoiditis. If the disease does not respond to conventional therapy, 
imaging studies are indicated to identify complications. The imaging 
technique of choice is CT. Findings of mild acute otitis media include 
opacification of the middle ear and mastoid cells indicating occupation 
by effusion (Figure 7).

Clinically, the patient presents with conductive hearing loss due to 
limited mobility of the tympanic membrane and ossicular chain (26, 27).

If the infection progresses, there may be complications such as 
acute coalescent otomastoiditis or subperiosteal mastoid abscesses 
(27) (Figure 8).

An episode of otitis media that persists for more than six weeks is 
considered chronic otitis.

These patients have more intense manifestations, such as conductive 
hearing loss. Imaging studies should be directed to look for alterations 
of the tympanic membrane (perforation, retraction, thickening), ero-
sion of the scutum or tegmen tympani, soft tissue masses in Prussak’s 
space (increasing the suspicion of cholesteatoma), erosion or post-
inflammatory fixation of ossicles (more frequent in the malleus and 
incus) (28, 29) (figure 9).

3.2.2. Cholesteatoma
It is formed by stratified squamous epithelium that grows in the 

middle ear and mastoid space (30).
The acquired one (more frequent) can develop from medial or pos-

terior retractions of the tympanic membrane (known as cholesteatoma 
of the pars flaccida and pars tensa, respectively).

Of these, the most common is the pars flaccida variety, which 
presents with conductive hearing loss due to both mass effect in the 
ossicular chain and erosion of the ossicles. Other manifestations include 
mastoid invasion, erosion of the tegmen tympani, erosion of the lateral 
semicircular canal and, in the pars tensa variety, erosion of the bony 
cover of the facial nerve canal with destruction of the stapes (30, 31).

In CT studies, the findings depend on the location of the cho-
lesteatoma. Pars flaccida cholesteatoma is found in Prussak’s space, 
accompanied by erosion of the scutum and ossicles, most frequently 
involving the long process of the incus (Figure 10).

A cholesteatoma of the pars tensa is located in the posterior 
quadrant of the tympanic membrane; it involves the tympanic sinus, 
the facial recess and the mastoid. This entity also affects the ossicles 
chain, most frequently the long process of the incus, stapes and malleus 
manubrium (31).

The literature recommends an exhaustive imaging evaluation of the 
erosion and displacement of the ossicles, the bony cover of the tegmen 
tympani and the lateral semicircular canal, the bony walls of the tym-
panic segment of the facial nerve, the extension towards the tympanic 
sinus and the involvement of the oval window (31, 32).

3.2.3. Paraganglioma tympanicum
It is the most frequent benign tumor of the middle ear. It originates 

in the tympanic plexus located in the cochlear promontory (33, 34).
Its clinical presentation is characterized by conductive hypoacusis 

secondary to a reddish, vascular, pulsatile, retrotympanic location 
mass. The imaging technique of choice is CT with and without contrast 
medium, to evaluate the relationship of the mass with the bony walls. 
In imaging studies, this type of tumor is characterized as a mass in the 
cochlear promontory that surrounds, but does not erode, the ossicles, 
there is no involvement of the jugular bulb and it presents an avid and 
rapid relapse after the administration of contrast medium (35, 36). Its 
severity is determined according to the involvement of the mastoid, 
tympanic membrane and the CAE (37, 38).

Figure 7. 45-year-old patient with hypoacusis. CT of the brain in bone 
window: occupation of the mastoid cells, with air bubbles inside (red 
arrowheads). Partial erosion of the bony septa of the posterior mastoid 
cells (red arrow), which establishes the diagnosis of acute coalescent 
mastoiditis.
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Figure 10. a-c). 48-year-old patient 
with left otic fullness. Lesion with 
soft tissue density in the left middle 
ear completely obliterating the left 
external auditory canal (c. red arrow). 
It originates in the mesotympanum 
and has a posteromedial extension. 
There is erosion and displacement of 
the ossicles towards Prussak’s space 
corresponding to cholesteatoma (b and 
c. red arrowheads).

Figure 9. 53-year-old patient with a history of progressive right hearing loss and 
otic fullness of three years of evolution. Coronal HR-CT reconstructions of the ears 
in bone window: material with soft tissue density within the right middle ear, with 
traction of the tympanic membrane and erosion of the ossicles (b, red arrowhead). 
Adjacent there is an occupation with soft tissue density of the mastoid cells, bony 
erosions, coalescing mastoids and asymmetry with collapse due to a decrease in the 
height of the right temporal fossa compared to the contralateral one (c, red arrow). 
Chronic otomastoiditis is diagnosed.

Figure 8. 66-year-old patient with a history of hearing loss of two years of evolution. a) HR-CT scan of the auditory canal in axial bone window, b) 
coronal reconstruction: occupation with soft tissue density in the right mastoid cells, associated with coalescence and cortical sclerosis (red arrowhead) 
when compared with the left mastoid cells, establishing the diagnosis of chronic otomastoiditis.
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Figure 11. 26-year-old patient 
with trauma due to bicycle 
a cc i d e n t .  A x i a l  H R - C T 
scan in bone window with 
evidence of horizontal trace of 
fracture extending obliquely 
from the external auditory 
canal to the mastoid cells 
(red arrow). Occupation by 
soft tissue density material 
corresponding to hematic 
content.

3.2.4. Trauma
Hearing loss is a common consequence of blunt injury to the tem-

poral bone, which may lead to conductive or sensorineural hearing loss. 
The former is secondary to an ossicular chain injury, while the latter 
involves trauma to the inner ear structures (39, 40).

CT is the technique of choice for the evaluation of cases of traumatic 
brain injury. When evaluating the images, radiologists should indicate 
the direction of the fracture, which predicts the possible involvement of 
the otic capsule which gives it its classification (present or not) (41). If 
the otic capsule is involved, possible dislocations of the ossicular chain 
should be evaluated. Likewise, it is necessary to describe the extension 
of the lesion, the involvement of the carotid canal, the facial nerve and 
actively search for secondary epidural hematomas (42, 43) (figure 11).

.

3.2.5. Fibrous dysplasia
Fibrous dysplasia is characterized by abnormal bone metabolism 

and replacement of normal bone marrow by fibro-osseous tissue 
(44, 45). 

This condition has three forms of presentation, monostotic being the 
most common. Its clinical manifestation includes conductive hearing 
loss secondary to narrowing of the CAE or CAI with common alteration 
of the canal of the seventh cranial nerve.

Three patterns are observed in imaging studies: pagetoid, cystic and 
sclerotic. The latter is the most common pattern, mainly affecting the 
temporal bone. Its imaging characteristics include an increase in bone 
density and thickness, associated with loss of the regular trabecular 
pattern. The complications described are progressive obstruction of 
the CAE, which predisposes to infections, obturating keratosis, cho-
lesteatoma formation; it can have extension to the jugular foramen and 
temporomandibular joint involvement (46, 47).

3.3. Inner ear

3.3.1. Otosclerosis / otospongiosis
Otosclerosis is a type of osteodystrophy of the inner ear, charac-

terized by the replacement of the endochondral bone by cancellous 
bone, hence its name. The regions frequently involved are the fissula 

ante fenestram, the round window, the stapes base and the otic capsule 
(48, 49).

Impairment of hearing function depends on the location of the 
otosclerosis. If the involvement involves the mechanical fixation of 
the stapes, a conductive hearing loss is established. The disease may 
progress, involve inner ear structures, and result in sensorineural loss 
(49, 50).

Key findings of fenestral otosclerosis include low density of the 
fissula ante fenestram associated with reactive bone demineralization, 
which may extend to the oval and round windows, promontory and 
facial nerve canal (50) (Figure 12).

Evidence of involvement beyond the oval window, including the 
pericochlear region, vestibule, semicircular canals, and internal auditory 
canal, are findings secondary to retrofenestral or cochlear otosclerosis. 
A low-density ring in the pericochlear region, known as the “fourth 
ring” sign, is a distinctive feature on CT. One of the most common 
errors described in the literature is the presence of a cochlear cleft, 
a low density of the normal development surrounding the cochlea in 
children (51, 52).

In patients with otosclerosis, crucial points on CT include the size 
and location of the low-density lesions, the status of the oval and round 
windows, the relationship of the lesions to the canal of the seventh 
cranial nerve, bony changes of the ossicles, the integrity of the bony 
wall of the venous sinus and jugular bulb, associated anomalies in the 
middle and inner ear, and assessment of the contralateral ear (53-55).

3.3.2. Superior semicircular canal dehiscence
Superior semicircular canal dehiscence is the most frequent lesion 

of the third window anomalies (56). It consists of an abnormal commu-
nication of the superior semicircular canal with the middle cranial fossa, 
resulting in impaired auditory function due to dissipation of acoustic 
energy from the inner ear through the defect (57). The etiology of this 
condition remains unknown, although the predominance in the elderly 
population suggests an acquired origin (58).

The assessment of this entity should be, ideally, by means of CT 
with perpendicular and parallel reconstructions to the superior semicir-
cular canal (Stenvers and Pöschl projections, respectively). The main 
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Figure 12. CT in bone window. Patient 54 years old with progressive hearing 
loss. Low bone density is seen in the right pericochlear area (arrow), with 
otosclerosis and compromise of the fissula ante fenestram.

Figure 13. 59-year-old patient with progressive hearing loss. HR-CT scan of 
the ears in bone window demonstrating a dehiscence of the right superior 
semicircular canal (red arrowhead) characterized by a loss of coverage of 
the petrous bone between the superior semicircular canal and the skull.

characteristic of the image is the defect or dehiscence greater than or 
equal to 2 mm over the superior semicircular canal, most commonly 
located in its roof or arcuate eminence. Other described locations of 
involvement in the semicircular canal include its lateral ascending slope, 
the medial descending slope or the part close to the superior petrosal 
sinus (59, 60) (Figure 13).

3.3.3. Schwannomas
Schwannomas of the inner ear are rare. These are benign tumors 

that involve the branches of the eighth cranial nerve; they can be 
found in the cochlea, vestibule or semicircular canals (61 ,62). Clini-
cal manifestations include tinnitus, vertigo and unilateral progressive 
sensorineural hearing loss (63). 

Salzman et al. proposed, according to the portion involved, an 
anatomical classification of inner ear schwannomas into intracochlear, 
transmodiolar, intravestibular, transmacular, vestibulocochlear and 
transotic (64).

The imaging modality of choice for the study of schwannomas is 
MRI. (65) However, CT adds valuable information regarding the bony 
changes produced as a consequence of the involvement of the mass in 
the surrounding structures of the inner ear. If the tumor is large, bone 
erosion may be observed (66).

Conclusions
This review shows the wide spectrum of imaging findings in the 

temporal bone associated with different types of hearing loss. Ade-
quate knowledge of the critical anatomical points ensures an optimal 
systematic approach between the auditory spaces, allows an adequate 
characterization of the lesions, as well as a possible differential diag-
nosis that can guide the clinical approach to the suspected pathology.
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