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Diseases of the temporal bone are managed by otolaryngologists in both 
elective and emergency settings. The anatomy of the temporal bone is complex 
and there are multiple important structures confined in a small region. Imaging 
can be beneficial both in confirming a clinical diagnosis as well as allowing for 
surgical planning 1-3. 
Imaging modalities:

Options for imaging the temporal bone include computed tomography (CT) 
and magnetic resonance imaging (MRI). 

CT uses X-rays emitted from a source that rotates around the patient and are 
detected by multiple rows of detectors positioned opposite. On current spiral CT 
scanners, as the patient moves through the scanner, a volume of cross-sectional 
information can be rapidly acquired and the images reconstructed in any plane. 
High spatial resolution can be obtained, making CT ideal for assessing the bony 
anatomy of the temporal bone, but there is an associated radiation dose (although 
the increasing use of cone-beam CT to assess smaller regions of interest can re-
duce this dose significantly, whilst allowing improved spatial resolution) 4-6.

CT is, however, limited in its assessment of soft tissue detail, which is where 
MRI is much more useful. MRI relies on the magnetic properties of protons in dif-
ferent body tissues; these protons can be aligned by the use of a magnetic field, and 
energised using specific magnetic gradients and pulses of radio waves. The pattern 
of energy release from these protons, which can be detected and used to generate 
images, is different depending on the specific tissue they are in, so a high degree 
of contrast between soft tissues can be obtained. The main drawbacks are the long 
acquisition time, and certain contraindications from metallic objects within the 
body (for example pacemakers).

In general CT is preferable for imaging the middle ear pathology whilst MRI 
is preferable for imaging the inner ear and central auditory pathways 7. 
Anatomy of the temporal bone

We will not discuss the detailed anatomy of the temporal bone in this chapter 
but a brief overview is useful 8.

The temporal bone comprises the lateral skull base, forming the walls of the 
middle and posterior fossae. Embryologically, each temporal bone is composed of 
five osseous parts: the squamous, mastoid, petrous, tympanic, and styloid portions. 
Anatomically, one can think of the temporal bone in segments, comprising the ex-
ternal ear, tympanic cavity, mastoid, inner ear, internal auditory canal and facial 
nerve. The external ear includes the auricle and external auditory canal. The canal 
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is cartilaginous in its lateral third and bony in its medial two-thirds before meeting 
the tympanic membrane. Medial to this is the air filled cavity of the middle ear in 
which are housed the three ossicles (malleus, incus and stapes). Medially this cavity 
is bounded by the inner ear structures of the promontory of the cochlea and the otic 
capsule. The superior boundary is formed of the tegmen tympani, which continues 
into the tegmen mastoideum that forms the roof of the mastoid cavity. Two other 
anatomical features are the scutum and Prussak’s space. The scutum is a sharp bony 
projection to which the tympanic membrane is attached superiorly. Prussak’s space 
is a space between the neck of the malleus and the pars flaccida of the tympanic 
membrane, and is a typical place for the development of cholesteatoma (Figures 1 
A, B, C, D, E and F). 

A

B
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Figures 1. A, B, C and D. Anatomy of temporal bone in various sections on CT.
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D
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Figures 1. E and F . Anatomy of temporal bone in various sections on CT.

E

F
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It is useful to consider in turn the pathologies for which imaging of the tem-

poral bone may be useful.

Otitis externa
Acute infective otitis externa usually responds to aural toilet and topical 

antimicrobial/steroid drops, and does not normally require imaging. 

Rarely, particularly in immunosuppressed individuals such as elderly pa-

tients with diabetes, the infection can spread from the external ear canal into ad-

jacent bone and cause a skull base osteomyelitis, termed malignant or necrotising 

otitis externa. Clinically this is characterised by intense otalgia and a discharging 

ear with granulation tissue typically at the bony and cartilaginous junction of the 

external auditory canal. When this diagnosis is suspected, both CT and MR can 

be used in further assessment. CT can demonstrate the presence and extent of 

bony lysis caused by osteomyelitis. MRI is better for demonstration of soft tissue 

complications such as prevertebral or epidural space inflammation or abscess, 

and to assess intracranial structures, as well as confirmation of skull base osteo-

myelitis. Treatment is with a prolonged course of antibiotics, and the resolution 

of pain is the usual marker of success. The utility of repeat imaging is debated, 

as bony lysis will not recover for some time after infection has cleared. Some 

advocate other imaging such as Gallium radiolabelled imaging which labels mac-

rophages, and so can demonstrate persisting inflammation.

CT imaging can also be useful in cases of persistent or chronic otitis externa. 

In such cases, persistent inflammation, soft tissue swelling or fibrosis may pre-

vent visualisation of the tympanic membrane. Here CT can be used to image the 

middle ear, and so exclude otitis media as the true diagnosis or underlying cause 

of persistent otitis externa.

Otitis media
Middle ear infections such as acute otitis media (AOM) are normally 

self-resolving and do not require imaging. AOM is the second most common 

disease of childhood after upper respiratory tract infections, with a typical 

clinical presentation of otalgia, a bulging red tympanic membrane and possible 

fever. AOM is usually managed with supportive treatment or oral antibiotics. 

However AOM can be complicated by loco-regional spread of infection into the 

surrounding tissues. The most common of these is mastoiditis characterised by 

redness, tenderness and a swelling of the postauricular region. 

In clinical terms “mastoiditis” actually refers not only to inflammation 

in the mastoid, but also to extension through the mastoid cortex to form a sub-

periosteal abscess. This can often be treated with intravenous antibiotics, and 

does not routinely require imaging because the diagnosis can be made clini-

cally. If imaging is undertaken it will show erosion of the mastoid trabeculae 

(known as ‘coalescent’ mastoiditis), with a subperiosteal abscess that can oc-

cur either because the mastoid cortex has also eroded or because of spread to 

soft tissues through venous channels. It is worth noting that inflammation in 

the mastoid is found in all cases of AOM, and so findings of radiological ‘mas-

toiditis’ without clinical or radiological extension to the soft tissues should be 

treated the same as AOM.
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A failure of AOM or otomastoiditis to respond to appropriately targeted anti-
biotics usually warrants further imaging. This is to exclude or localise a clinically 
unapparent extension of infection, the most worrying being intracranial infection 
such as meningitis or temporal lobe abscess. Imaging should also be considered 
in those presenting with drowsiness, headache, or neurological signs after an ep-
isode of AOM. There can be a clinically unapparent abscess in extracranial loca-
tions too, such as a Bezold’s abscess, where the infection erodes the mastoid tip 
to spread deep to the sterncleidomastoid muscle, progressing to the infratemporal 
fossa or the internal jugular vein. CT imaging can also help characterize the more 
rare Citelli abscess (a collection over the posterior belly of digastric muscle), Luc 
abscess (a collection over the root of the zygoma), or Gradenigo syndrome (ex-
tension into the petrous apex, causing abducens nerve palsy).

The imaging modality of choice to visualize complications of AOM is de-
bated. CT will show bony destruction and an abscess cavity (the latter is much 
easier to see if contrast is also given), but MRI is better at showing soft tissue in-
volvement, including intracranial tissues such as the meninges. Imaging should 
include both the temporal bone and the brain, and consideration should also be 
given to performing CT/MR venograms to assess for sigmoid sinus thrombosis 
(or cavernous sinus thrombosis in Gradenigo syndrome), which may indicate a 
need for anticoagulation (Figure 2).

Figure 2. Granulations on left ear drum. Soft tissue mass between ossicular chain and lateral 
tympanic wall, which is eroded. Right side for comparison.

Cholesteatoma
Cholesteatoma is the presence of keratinaceous epithelium in the middle 

ear and mastoid. Cholesteatoma is usually an acquired lesion developing as in-
ward growth from the tympanic membrane, but it can occasionally be congenital 
and found incidentally as a pearly lesion deep to an intact tympanic membrane 
on otoscopic examination. Cholesteatoma is locally destructive, leading to hear-
ing loss and a chronically discharging ear, and if more extensive, facial palsy, 
vertigo, or intracranial complications. 
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The diagnosis of cholesteatoma is clinical, based upon otoscopic exam-
ination. The role of imaging, at least for acquired cases, is controversial. Those 
who do not perform pre-operative imaging argue that imaging does not aid 
management or planning as operative intervention will be required regardless 
and the true extent of disease can only be confirmed intra-operatively. Propo-
nents of imaging argue that CT does help in pre-operative planning, allowing 
visualisation of anatomy, the presence of complications and helps a better dis-
cussion with the patient about details of the potential surgery and outcomes.

If imaging is performed, high-resolution non-contrast CT is the preferred 
choice. It must be noted that CT cannot be used to definitively diagnose choles-
teatoma, as it cannot differentiate cholesteatoma from other soft tissue in the 
middle ear, such as effusion or granulation tissue. However, features sugges-
tive of cholesteatoma are a non-dependant opacification of the middle ear cleft, 
erosion of the ossicles, and blunting of the scutum with soft tissue in Prussak’s 
space. Such features can be particularly helpful in cases where, for example, a 
persistent granulation polyp prevents visualisation of the tympanic membrane, 
and hence cholesteatoma cannot be reliably excluded on otoscopy.

CT can also be useful for pre-operative planning. Imaging can show the 
height of the tegmen, the extent of mastoid pneumatisation, and the location 
of the sigmoid sinus. These factors can make a material difference to whether 
a “back to front” or “front to back” mastoidectomy is performed. In congeni-
tal cholesteatoma many consider pre-operative CT imaging mandatory, as the 
lesion may be much more extensive than is clinically apparent (for example 
extending into the petrous apex) or it may be multi-focal.

CT can also identify complications from bony erosion of the ossicular 
chain, tegmen, facial nerve, semicircular canals, or cochlea, which can aid 
pre-operative planning, and counselling of the patient regarding risks of sur-
gery. However, CT is neither entirely sensitive nor specific for such complica-
tions; accuracy is limited by the spatial resolution of the scanner, and it may 
not be possible to distinguish between a bony erosion and the presence of a 
thin covering of bone. Hence CT should not be relied upon to always diagnose 
complications of cholesteatoma.

More recently, MRI scanning has been used in the evaluation of cho-
lesteatoma. Whilst the classical T1 and T2 weighted MRI do not offer much 
benefit in cholesteatoma imaging, the newer techniques of diffusion-weighted 
MRI can detect the restricted diffusion found in cholesteatoma. This has been 
used to evaluate for residual cholesteatoma 12-18 months after canal wall up 
mastoidectomy, where it can reliably detect lesions of 2mm or more, and so can 
be used in place of second look surgery. However, residual cholesteatoma can 
appear later than 12 months, so some advocate serial MRI scanning for up to 
five years after surgery. There is also interest in using this technique pre-op-
eratively to differentiate cholesteatoma from other soft tissue in the middle 
ear, and hence aid pre-operative evaluation of extent of disease and surgical 
planning 9, 10 (Figures 3 and 4).
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Figure 3. Erosion of scutum in a patient with a cholesteatoma (yellow arrow). Also erosion of 
body of incus (green arrow)

Figure 4. MRI showing mass with mixed intensity on sagittal T1 and high intensity on trans-
verse T2 weighted images. It has a high intensity on diffusion weighted images, which suggests 
restricted diffusion. (arrows)

Conductive hearing loss
The cause of conductive hearing loss can usually be clinically diagnosed by 

otoscopy and tympanometry, including the presence of wax, glue ear, or choleste-
atoma. Where both otoscopy and tympanometry are normal, the presumed diagno-
sis is discontinuity or fixation of the ossicular chain. If there is a history of hearing 
loss from childhood, the likely diagnosis is congenital malformation of the ossi-
cles, whereas a history of trauma makes a diagnosis of dislocation likely. Gradual 
onset of hearing loss in adulthood is likely to be otosclerosis, an idiopathic disease 
of the otic capsule leading to bony fixation of the stapes footplate.

The role of CT imaging in such cases is debated 11. Some surgeons advocate 
performing an exploratory typanotomy without imaging to both confirm the clin-
ically suspected diagnosis and reconstruct the ossicular chain without imaging. 
Others feel that a pre-operative CT scan is useful for surgical planning and pre-op-
erative counselling. For example imaging may show the location of ossicular mal-
formation or dislocation, or may highlight additional pathology such as malleus 
head fixation. In otosclerosis imaging may confirm the location and extent of the 
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otosclerotic plaque, including extension into the cochlea, which could limit the 
benefits of stapedotomy surgery. However, small otosclerotic plaques may not be 
visible on CT, so imaging does not exclude the diagnosis of otosclerosis.
Sensorineural hearing loss

Imaging of the inner ear is important both to diagnose the cause of senso-
rineural hearing loss, and in pre-operative planning for cochlear implantation in 
cases of advanced loss.

An MRI should be performed in those with asymmetrical hearing loss (some 
define this as more than 15dB difference in thresholds between the ears in two ad-
jacent frequencies). This is to exclude an underlying vestibular schwanomma (or 
a rarer lesion of the internal auditory meatus (IAM)), and is best visualised using 
a dedicated gadolinium enhanced MRI. MRI can also detect a widened vestibular 
aqueduct, which can also cause asymmetrical hearing loss, typically after trauma.

Patients with congenital or acquired severe to profound hearing loss may be 
candidates for a cochlear implant, and need imaging as part of the pre-operative 
evaluation 12, 13. MRI will assess for normal anatomy and presence of labyrinthitis 
ossificans (following meningitis or trauma), and in congenital cases can also de-
tect other absolute or relative contraindications to implantation such as cochlear 
dysplasia or aplasia or a hypoplastic or aplastic cochlear nerve. CT imaging gives 
additional detail of bony anatomy, and many surgeons request both CT and MRI 
imaging. However, in young children imaging may necessitate sedation or general 

anaesthesia, and therefore some 
implant centres routinely perform 
only a pre-operative MRI in pae-
diatric cases, adding CT only if 
there is evident craniofacial mal-
formation. Many centres also per-
form imaging after implantation 
to verify intra-cochlear position-
ing of the electrode (although this 
may not be necessary if on-table 
neural telemetry gives good re-
sponses). This may take the form 
of plain X-rays (modified Sten-
ver’s view) or a CT. MRI should 
be used with caution in patients 
after cochlear implantation, as the 
magnet of the scanner can disrupt 
the device (Figure 5).

Dizziness
The differential diagnosis of dizziness and vertigo is large and includes both 

central and peripheral pathologies. Whilst a full description of the clinical assess-
ment of dizziness cannot be detailed in this review, the initial evaluation requires 
a thorough history and neuro-otological examination including special tests where 
indicated, such as the Dix-Hallpike manoeuvre. Imaging can provide an invaluable 

Figure 5. A well-inserted electrode is positioned 

with all its channels in the cochlea and extends up 

to the top of the cochlea. Above is a CT image of a 

one-year old girl with unsatisfactory hearing tests 

after cochlear implantation. The CT shows that the 

electrode is inserted next to the internal carotid ar-

tery in the carotid canal
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asset in confirming the suspected diagnosis. In particular, neurological signs and 
symptoms involving the trigeminal and facial nerve, risk factors for cerebrovas-
cular disease and unilateral sensorineural hearing loss or tinnitus should prompt 
consideration of an MRI with visualisation of the IAM (see below) and posterior 
fossa. MRI is generally considered better than CT for central causes of dizziness as 
it is better able to visualise the posterior fossa and soft tissues. For peripheral caus-
es of dizziness, such as when suspecting superior semicircular canal dehiscence 
syndrome (SCCD), CT can be particularly useful as it allows reconstruction in the 
plane of the canal. However as in cholesteatoma, the diagnosis of SCCD is clinical 
but imaging can help put the clinical findings in context 14. 
Tumours

The temporal bone harbours both benign and malignant tumours, and the full 
work up of malignant tumours is outside the scope of this chapter. The role of MRI 
in diagnosing vestibular schwannoma has already been mentioned, and serial MRI 
scanning is also used to detect volumetric change in schwannomas being treated 
conservatively. In addition glomus tumours are benign vascular tumours that may 
arise or invade into the middle ear, and are best assessed using a combination of 
CT, MRI and CT/MR angiography. Exostoses or osteomas of the external auditory 
canal can be evaluated using CT, particularly to visualise their proximity to the 
tympanic membrane prior to operation.
Trauma

The temporal bone is not infrequently involved in head injuries, and pa-
tients with fractures of the temporal bone often have a severe head injury where 
intracranial trauma takes precedent. A CT scan can be helpful for diagnosis and 
treatment planning 15, 16. A fracture involving the facial nerve canal may warrant 
exploration if there is a severe paralysis and the onset was immediate. Ossicular 
dislocation can be dealt with electively. A fracture into the inner ear (with pneu-
molabyrinth) often means severe or total loss of inner ear function, which rarely 
recovers (Figures 6 and 7). 

Figure 6. Transverse fracture through vestibule and facial nerve canal (arrows).
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Figure 7. Longitudinal fracture (yellow arrow) coursing through the mastoid towards the region 
of the geniculate ganglion. Dislocation of the incus with luxation of the incudo-mallear and 
incudo-stapedial joint (blue arrows)

CT imaging for temporal bone training
A final consideration in the utility of CT imaging is the ability to accu-

rately reconstruct the anatomy and pathology of temporal bones and use these 
for pre-operative surgical simulation or for training purposes. Whilst traditional 
temporal bone dissection training was on cadaveric bones, in many countries 
this is now increasingly difficult due to reduced availability and legislation 
on human tissue use. As such simulators such as the Voxelmann simulator are 
gaining popularity for early years training. The opportunity to upload patient 
specific CT is an attractive step forward and some groups are now beginning to 
explore 3D printed temporal bones based on CT scanning. The opportunity to 
combine these simulation modalities with patient specific pathology identified 
by a 3D CT reconstruction for pre-operative rehearsal of surgery is now being 
developed and tested in various centres 17, 18. Although potentially very useful 
in the future, there is still a need for significant improvement in the reliability 
of the anatomy and of the haptic feedback as compared with that of the real 
procedure in a patient. 
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