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ABSTRACT:  

High-Resolution Computed Tomography (HRCT) has fundamentally transformed the 

diagnostic approach to pathologies affecting the temporal bone. This complex anatomical 

region, housing the delicate structures of the auditory and vestibular systems, necessitates 

imaging with high spatial resolution for accurate assessment. This review provides a 

comprehensive analysis of the current and evolving role of HRCT in the evaluation of a wide 

spectrum of temporal bone diseases. It details HRCT techniques and protocols, normal 

radiological anatomy, and its application in diagnosing congenital anomalies, inflammatory 

and infectious conditions such as otitis media, cholesteatoma, and mastoiditis, traumatic 

injuries including fractures and ossicular dislocations, neoplastic conditions (benign and 

malignant), and otosclerosis. The diagnostic utility of HRCT is compared with other imaging 

modalities, notably Magnetic Resonance Imaging (MRI) and Cone-Beam Computed 

Tomography (CBCT), highlighting their respective strengths, limitations, and complementary 

roles. Furthermore, the critical contribution of HRCT to pre-operative planning for various 

otologic surgeries, including cochlear implantation and mastoidectomy, is extensively 

discussed. While acknowledging the limitations of HRCT, such as poor soft tissue 

differentiation and ionizing radiation exposure, this review also explores future directions, 

including the burgeoning field of artificial intelligence (AI) and its potential to enhance image 

interpretation and diagnostic efficiency. HRCT remains a cornerstone in temporal bone 

imaging, primarily due to its unparalleled ability to delineate minute osseous anatomy, directly 

impacting clinical decision-making and patient management. 
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Introduction 

Significance of Temporal Bone Imaging 

The temporal bone, an intricate and compact 

anatomical structure at the skull base, encases the 

vital organs of hearing and balance, as well as the 

facial nerve and major vascular channels. 

Pathologies affecting this region, ranging from 

congenital malformations and inflammatory 

processes to trauma and neoplasms, can result in 

significant morbidity, including hearing loss, 

vertigo, facial paralysis, and life-threatening 

intracranial complications. The sheer density of 

critical structures within a confined space makes 

precise anatomical localization and pathological 

characterization paramount for accurate diagnosis 

and effective management. 

Consequently, high-quality imaging is indispensable for 

navigating this complexity. 

Evolution and Established Role of HRCT 

The advent of High-Resolution Computed 

Tomography (HRCT) in the 1980s marked a 

paradigm shift in the radiological assessment of the 

temporal bone. Prior to HRCT, imaging modalities 

such as plain radiography and conventional 

tomography were limited by superimposition of 

structures and insufficient detail for the minute 

components of the ear. HRCT, a specialized 

adaptation of routine CT, offers a direct and 

unobscured "visual window" into the temporal 

bone, providing exceptional delineation of osseous 

anatomy and air-filled spaces. This technological 

leap was driven by the clinical necessity for 

improved visualization of fine anatomical details 

critical for diagnosing subtle pathological changes. 

The inherent complexity of the temporal bone, 

with its numerous small, high-contrast structures 

(bone, air, soft tissue), demanded an imaging 

technique capable of resolving these features 

without the obscuration that plagued earlier 

methods. HRCT, with its thin-slice acquisition and 

bone-enhancing reconstruction algorithms, directly 

addressed this need. 

As a result, HRCT rapidly became the imaging 

study of choice for definitive pre-operative 

temporal bone assessment and for the evaluation 

of a multitude of conditions. Its capacity to deliver 

excellent topographic information, free from 

structural superimposition, allows for a 

comprehensive pre-surgical evaluation concerning 

the precise location, extent, and potential 

complications of various disorders. The technical 

capabilities of HRCT, specifically its high spatial 

resolution and superior bone detail, are 

intrinsically linked to the clinical demand for 

accurate anatomical and pathological mapping 

within this challenging region. This synergy 

between technical advancement and clinical need 

has solidified HRCT's central role in temporal 

bone diagnostics. The progression from older, less 

precise techniques to HRCT exemplifies the 

continuous pursuit in medical imaging for 

enhanced resolution and diagnostic accuracy, a 

pursuit particularly critical for anatomically 

intricate areas like the temporal bone. 

Purpose of the Review 

This review aims to provide a comprehensive and 

evidence-based overview of the multifaceted role 

of HRCT in the evaluation of temporal bone 

pathologies, drawing upon an extensive survey of 

published literature. It will delve into the technical 

aspects of HRCT acquisition and interpretation, 

delineate the normal HRCT anatomy of the 

temporal bone, and explore its diagnostic efficacy 

across a broad spectrum of diseases, including 

congenital anomalies, inflammatory and infectious 

conditions, traumatic injuries, neoplastic lesions, 

and otosclerosis. Furthermore, this paper will 

compare HRCT with other advanced imaging 

modalities such as Magnetic Resonance Imaging 

(MRI) and Cone-Beam Computed Tomography 

(CBCT), discuss its crucial utility in pre-operative 

surgical planning, acknowledge its inherent 

limitations, and briefly touch upon emerging 

technologies like Artificial Intelligence (AI) that 

are poised to further refine temporal bone 

imaging. 

3. HRCT of the Temporal Bone: 

Technique and Protocols 

Fundamental Principles of HRCT 

High-Resolution Computed Tomography is a 
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specialized CT technique meticulously designed to 

maximize spatial resolution, enabling the visualization 

of fine anatomical details, particularly of osseous 

structures and air-filled spaces within the temporal 

bone. This is achieved through a combination of 

optimized scan acquisition parameters, including very 

thin collimation (slice thickness), and the use of 

specific image reconstruction algorithms that enhance 

edge definition and bone detail. 

Scan Acquisition Parameters 

The acquisition of high-quality HRCT images of 

the temporal bone necessitates careful attention to 

several scanning parameters: 

● Slice Thickness: The use of thin slices is 

paramount to minimize partial volume 

averaging and accurately depict the 

minute structures of the temporal bone. 

Typical slice thickness ranges from 0.5 

mm to 1.25 mm. Several studies utilize 

sub-millimeter slices, such as 0.625 mm 

or 0.8 mm , underscoring the consensus 

on the need for very thin sections. 

● Collimation: Narrow collimation, 

corresponding to the desired slice 

thickness, is employed. Values such as 

0.5 mm or 0.625 mm are commonly 

used with multi-detector CT (MDCT) 

scanners. 

● Scan Time and Power: Scan times per 

rotation are kept short (e.g., 0.5-1 second) 

to reduce motion artifacts. The tube 

voltage (kVp) is typically in the range of 

120-140 kV. Tube current-time product 

(mAs) can vary depending on the scanner 

and patient size, with values reported 

from <80 mAs to 100-200 mAs or even 

higher (e.g., 350 mA ), often optimized to 

balance image quality with radiation dose. 

● Field of View (FOV): A small, targeted 

FOV encompassing only the temporal bone 

region is crucial for maximizing spatial 

resolution for the given matrix size. 

● Patient Positioning: Patients are 

typically scanned in the supine position. 

Axial images are often acquired with the 

gantry perpendicular to the CT table, 

with scan lines oriented parallel to 

specific anatomical landmarks, such as 

the infraorbitomeatal line or the line 

joining the infra-orbital rim and the 

external auditory meatus. 

Reconstruction Algorithms 

The choice of reconstruction algorithm is critical for 

optimizing image quality in HRCT: 

● Bone Algorithm: A high spatial frequency 

reconstruction algorithm, commonly 

referred to as a "bone" or "sharp" kernel, is 

essential. This algorithm enhances the 

visibility of fine bony details, sharpens 

edges, and improves the contrast between 

bone, air, and soft tissue. 

● Matrix Size: A large image 

reconstruction matrix (e.g., 512x512 or 

768x768) is used to maintain high 

spatial resolution within the small FOV. 

Imaging Planes 

While axial images are often the primary 

acquisition plane, multiplanar reformations are 

standard for comprehensive evaluation: 

● Axial Plane: Images are typically acquired 

or reconstructed parallel to the lateral 

semicircular canal or the infraorbitomeatal 

line. This plane provides excellent 

visualization of structures like the ossicles 

in the "ice-cream cone" configuration, the 

IAC, and the cochlear turns. 

● Coronal Plane: Coronal images are 

usually reconstructed from the axial 

volumetric dataset, perpendicular to the 

axial plane. Direct coronal acquisition 

was more common with older single-slice 

scanners but is less necessary with 

modern MDCT technology, which allows 

for high-quality isotropic reformations. 

This plane is particularly useful for 

assessing the tegmen tympani, scutum, 

ossicular chain in a different orientation, 

and the vertical segment of the facial 

nerve canal. 

● Reformatted Images: The 

volumetric data acquired by MDCT 

scanners allows for high-quality 
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reformations in any desired plane, 

including sagittal, oblique (e.g., 

Pöschl 

plane for the SCCs, Stenver plane for the 

petrous apex), and curved planar 

reformations. These are invaluable for 

optimally visualizing specific anatomical 

structures like the ossicular chain, 

individual semicircular canals, or the 

course of the facial nerve canal. 

The evolution of HRCT protocols, particularly 

with the advent of MDCT, represents a significant 

advancement. Earlier CT technology often 

necessitated direct acquisition in multiple planes, 

potentially increasing scan time and radiation 

dose. Modern MDCT systems acquire thin, 

isotropic (or near-isotropic) voxels over a volume. 

This volumetric dataset can then be retrospectively 

reconstructed into any plane—axial, coronal, 

sagittal, or oblique—without a significant loss of 

resolution. This capability not only enhances 

diagnostic flexibility by allowing structures to be 

viewed from optimal angles but also improves 

efficiency and can reduce patient radiation 

exposure by obviating the need for multiple direct 

acquisitions. 

Three-Dimensional (3D) Reconstructions 

Three-dimensional rendering techniques, such as 

volume rendering (VR) and multiplanar 

reformatted (MPR) 3D images, are increasingly 

utilized. These techniques can provide an 

enhanced appreciation of the complex 

morphology, orientation, and inter-relationships of 

the intricate temporal bone structures, aiding in the 

diagnosis of pathology and in surgical planning. 

Contrast Media 

For the majority of standard HRCT temporal bone 

examinations focused on osseous and air space 

pathology (e.g., trauma, otosclerosis, 

uncomplicated inflammatory disease, congenital 

bony anomalies), intravenous contrast media is 

generally not required. Contrast administration 

may be considered if there is a suspicion of 

vascular lesions (e.g., glomus tumors), specific 

soft tissue pathologies with potential intracranial 

extension, or complications of infection such as 

abscess formation. In such cases, MRI is often the 

preferred modality or used adjunctively. 

The meticulous optimization of HRCT 

parameters—thin slices, bone algorithms, small 

FOV—is not merely a technical preference but a 

fundamental necessity born from the unique 

challenge of imaging the temporal bone. This 

region contains extremely small, high-contrast 

structures (bone, air, soft tissue) whose integrity is 

critical for auditory and vestibular function. 

Pathologies frequently manifest as subtle erosions, 

demineralization, or minute fractures of these 

delicate components. Standard CT protocols, with 

thicker slices or soft-tissue algorithms, would 

inevitably obscure these critical details due to 

partial volume averaging and insufficient contrast 

differentiation for bone, as implied by the 

emphasis on HRCT's specific advantages. 

Therefore, specialized HRCT protocols were 

developed to overcome these inherent limitations, 

directly enabling the diagnosis of conditions that 

were previously difficult or impossible to 

visualize with clarity. This makes strict adherence 

to optimized HRCT protocols a cornerstone of 

diagnostic accuracy in temporal bone imaging, 

transforming a technical detail into a determinant 

of clinical 

utility. 

 

Multi-Slice CT (MSCT) vs. Cone-Beam CT (CBCT) 

Techniques 

Currently, two main CT technologies are employed for 

temporal bone imaging: 

● Multi-Slice CT (MSCT): This refers to 

the standard helical CT scanners widely 

available, where data is acquired in 

multiple thin slices simultaneously as the 

X-ray tube and detector array rotate 

around the patient. These systems form 

the basis for most HRCT temporal bone 

imaging. 

● Cone-Beam CT (CBCT): This 

technology utilizes a cone-shaped X-ray 

beam and a two-dimensional flat-panel 

detector to acquire a volumetric dataset, 

often in a single rotation of the gantry. 

CBCT has gained attention for its 
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potential to provide high spatial 

resolution for bony structures at a 

significantly reduced radiation dose 

compared to MSCT. This modality will 

be discussed in more detail in Section 9. 

The following table summarizes generally 

recommended HRCT scan parameters for temporal 

bone evaluation, derived from various sources. 

Specific parameters may vary based on scanner 

capabilities and institutional preferences. 

 

Table 1: Recommended HRCT Scan Parameters for Temporal Bone Evaluation 

Parameter Recommended 

Value/Setting 

Rationale/Clinical 

Significance 

References 

Slice Thickness 0.5-1.0 mm (typically 

0.625 mm) 
Minimizes partial 

volume averaging for 

visualizing fine 

structures (ossicles, 

canals). 

 

Collimation ≤1.0 mm (e.g., 0.5 mm, 

0.625 mm) 

Determines the thinnest 

possible slice that can 

be acquired or 

reconstructed. 

 

Reconstruction 

Kernel 
Bone Algorithm (High 

spatial frequency, 

Sharp) 

Enhances osseous 

detail, improves edge 

definition. 

 

kVp 120-140 kV Standard voltage range 

for CT; higher kVp can 

reduce noise but may 

slightly decrease 

contrast for some 

applications. 

 

mAs Variable; optimized for 

dose and image quality 

(e.g., 80-350 mAs 

range reported) 

Balances image 

noise with radiation 

dose; should be as 

low as reasonably 

achievable (ALARA). 
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Field of View (FOV) Small, targeted to 

the temporal bone 

region (e.g., 9.6 cm 

display 

FOV in one study) 

Maximizes spatial 

resolution for the given 

matrix size by focusing 

on the area of interest. 

 

 

Parameter Recommended 

Value/Setting 

Rationale/Clinical 

Significance 

References 

Matrix Size 512x512 or higher 

(e.g., 768x768) 
Larger matrix for a 

given FOV improves 

spatial resolution. 

 

Scan Mode Helical/Volumetric (with 

MDCT) 

Allows for rapid 

acquisition of 

volumetric data and 

high-quality multiplanar 

reformations. 

 

Patient Positioning Supine; specific head 

alignment may be used 

(e.g., infraorbitomeatal 

line perpendicular) 

Ensures consistent and 

reproducible imaging 

planes. 

 

Contrast Media Generally None (unless 

specific vascular/soft 

tissue pathology 

suspected) 

Standard HRCT for 

bone and air space 

detail does not require 

contrast. 

 

Window Settings Wide window width 

(e.g., 2000-4000 

HU), 

appropriate 

window level 

(e.g., 200-700 

HU) 

Optimizes 

visualization of bony 

structures. 

Specific settings (e.g., 

WL 200 HU, WW 4000 

HU) for stapes 

visualization. 
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4. HRCT Anatomy of the Normal Temporal Bone 

A thorough understanding of the complex three-

dimensional anatomy of the temporal bone as depicted 

on HRCT is fundamental for accurate interpretation of 

pathological conditions. HRCT provides unparalleled 

visualization of the osseous components and air-filled 

spaces. 

Osseous Components 

The temporal bone is formed by the intricate fusion of 

five primary osseous parts, each contributing uniquely 

to its structure and function : 

● Squamous Part (Temporal Squama): This 

thin, plate-like portion forms the anterosuperior 

part of the temporal bone, contributing to the 

lateral wall of the middle cranial fossa and the 

zygomatic process, which articulates with the 

zygomatic bone. HRCT clearly shows its 

smooth cortical outline. 

● Petrous Part (Petrous Pyramid): A dense, 

pyramid-shaped wedge of bone situated at the 

skull base between the sphenoid and occipital 

bones. It is critically important as it houses the 

delicate structures of the middle and inner ear, 

as well as the internal auditory canal. Its apex is 

directed anteromedially. HRCT highlights its 

dense, compact bone. 

● Mastoid Part: Located posterior to the external 

auditory canal and petrous pyramid, this part 

contains a network of variably pneumatized 

mastoid air cells that communicate with the 

middle ear via the mastoid antrum. The degree 

of pneumatization is well assessed on HRCT. 

● Tympanic Part: A curved plate of bone 

situated below the squamous part and anterior to 

the mastoid process. It forms the anterior wall, 

floor, and part of the posterior wall of the bony 

external auditory canal, as well as the non-

articular portion of the mandibular fossa. 

● Styloid Process: A slender, pointed projection 

of variable length extending anteroinferiorly 

from the undersurface of the tympanic part. 

HRCT excels in delineating these components and the 

fissures and sutures between them, such as the 

petrosquamous suture, squamomastoid suture, 

petrotympanic (Glaserian) fissure, tympanosquamous 

fissure, and tympanomastoid fissure. These landmarks 

are important for understanding pathways of disease 

spread and surgical approaches. 

External Auditory Canal (EAC) 

The EAC is an S-shaped tube extending from the 

concha of the auricle to the tympanic membrane. Its 

lateral one-third is cartilaginous, while the medial two-

thirds are bony, formed primarily by the tympanic part 

and to a lesser extent by the squamous part of the 

temporal bone. HRCT precisely defines the patency, 

caliber, and integrity of the bony EAC walls. The 

tympanic membrane itself is typically visualized as a 

very thin, delicate linear density, bordered by air on 

both sides when the middle ear is aerated. 

Middle Ear Cavity and Ossicles 

The middle ear, or tympanic cavity, is a small, air-filled 

space located within the petrous portion of the temporal 

bone, medial to the tympanic membrane. It is 

conventionally divided into three parts based on their 

relationship to the tympanic membrane : 

● Epitympanum (Attic): The superior portion, 

lying above the level of the pars flaccida of the 

tympanic membrane. It houses the head of the 

malleus and the body and short process of the 

incus. A critical area within the epitympanum is 

Prussak's space, situated laterally between the 

pars flaccida and the neck of the malleus, and 

superior to the lateral malleal ligament; this is a 

common site of origin for acquired 

cholesteatomas. 

● Mesotympanum: The middle portion, directly 

medial to the pars tensa of the tympanic 

membrane. It contains the manubrium of the 

malleus, the long process of the incus, and the 

stapes. 

● Hypotympanum: The inferior portion, lying 

below the level of the tympanic membrane, 

forming a recess near the floor of the tympanic 

cavity. 

The boundaries of the middle ear are clearly defined on 

HRCT: 

● Lateral Wall: Formed by the tympanic 

membrane and, superiorly, by the bony scutum 

(a sharp, inferiorly pointing projection from the 

squamous temporal bone that provides 

attachment for the superior tympanic 
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membrane). 

● Medial Wall: Formed by the lateral aspect of 

the otic capsule (bony labyrinth). Key features 

include the cochlear promontory (a bulge 

created by the basal turn of the cochlea), the 

oval window (fenestra vestibuli) superiorly 

where the stapes footplate sits, and the round 

window (fenestra cochleae) inferiorly. 

● Superior Wall (Roof): Formed by the tegmen 

tympani, a thin plate of bone separating the 

epitympanum from the middle cranial fossa and 

temporal lobe dura. 

● Inferior Wall (Floor): A thin bony plate 

overlying the jugular bulb. 

● Anterior Wall: Contains the opening of the 

Eustachian tube and the canal for the tensor 

tympani muscle. 

● Posterior Wall: Features the aditus ad antrum 

(the communication between the epitympanum 

and the mastoid antrum), the pyramidal 

eminence (housing the stapedius 

uscle), the facial recess (lateral to the pyramidal 

eminence), and the sinus tympani (medial to the 

pyramidal eminence, a hidden recess often 

involved in cholesteatoma). 

The ossicular chain, comprising three tiny articulated 

bones—malleus, incus, and stapes—transmits sound 

vibrations from the tympanic membrane to the oval 

window. 

● Malleus (Hammer): Consists of a head, neck, 

manubrium (handle) attached to the tympanic 

membrane, lateral process, and anterior process. 

● Incus (Anvil): Consists of a body articulating 

with the malleus head, a short process projecting 

posteriorly into the fossa incudis, a long process 

descending parallel to the malleus manubrium, 

and a lenticular process articulating with the 

stapes head. 

● Stapes (Stirrup): The smallest human bone, 

consisting of a head (capitellum), anterior and 

posterior crura (legs), and a footplate that fits 

into the oval window. 

HRCT provides exquisite, sub-millimeter detail of the 

ossicles, their delicate articulations (incudomalleolar 

and incudostapedial joints), and their relationships to 

adjacent structures. The characteristic "ice-cream cone" 

appearance on axial HRCT images, where the malleus 

head forms the "ice cream" and the incus body and 

short process form the "cone," is a key landmark in the 

epitympanum. 

Inner Ear Structures (Osseous Labyrinth) 

The inner ear structures are encased within the 

extremely dense otic capsule bone of the petrous 

pyramid. HRCT clearly delineates the fluid-filled 

spaces of the osseous labyrinth, which appear as low-

attenuation areas sharply demarcated by the 

surrounding high-attenuation bone. 

● Cochlea: A spiral-shaped bony structure, 

resembling a snail shell, that forms 2.5 to 2.75 

turns (basal, middle, and apical) around a 

central conical bony axis called the modiolus. 

The modiolus contains channels for the cochlear 

nerve fibers. HRCT can show the turns and the 

interscalar septae. 

● Vestibule: The central part of the osseous 

labyrinth, situated posterior to the cochlea and 

medial to the oval window. It connects the 

cochlea with the semicircular canals. 

● Semicircular Canals (SCCs): Three bony 

tubes—superior (anterior), posterior, and lateral 

(horizontal)—that arise from and return to the 

vestibule. They are oriented orthogonally to 

each other and are involved in sensing angular 

acceleration. The lateral SCC often forms a 

visible bulge on the medial wall of the aditus ad 

antrum. 

● Vestibular Aqueduct: A narrow bony channel 

extending posteroinferiorly from the medial 

wall of the vestibule towards the posterior 

surface of the petrous pyramid. It transmits the 

endolymphatic duct. Its caliber is important, as 

an enlarged vestibular aqueduct is a common 

congenital anomaly. 

● Cochlear Aqueduct: A slender bony channel 

extending from the region of the basal turn of 

the cochlea (near the round window) to the 

subarachnoid space of the posterior cranial 

fossa, adjacent to the jugular foramen. 

Internal Auditory Canal (IAC) 

The IAC is a short bony channel within the petrous 

temporal bone, running from the porus acusticus 

internus (its opening into the posterior cranial fossa) 

laterally to the fundus (its lateral termination adjacent to 
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the inner ear). It transmits the facial nerve (CN VII), the 

vestibulocochlear nerve (CN VIII) with its cochlear and 

vestibular divisions, and the labyrinthine artery. HRCT 

clearly defines the bony margins and caliber of the IAC. 

Facial Nerve Canal (Fallopian Canal) 

This long, complex bony canal transmits the facial 

nerve (CN VII) through the temporal bone. HRCT 

meticulously depicts its course and caliber, which is 

crucial for identifying pathological involvement or pre-

surgical assessment. The segments include : 

● Labyrinthine Segment: From the fundus of the 

IAC to the geniculate ganglion. 

● Geniculate Ganglion: Site of the first genu 

(bend) of the facial nerve. 

● Tympanic (Horizontal) Segment: Courses 

posteriorly along the medial wall of the 

tympanic cavity, superior to the oval window 

and cochlear promontory. 

● Pyramidal Segment (Second Genu): A sharp 

turn inferiorly, posterior to the pyramidal 

eminence. 

● Mastoid (Vertical) Segment: Descends 

vertically within the mastoid bone to exit at the 

stylomastoid foramen. 

Other Important Structures 

HRCT also visualizes other critical landmarks and 

structures, including the jugular foramen (transmitting 

CN IX, X, XI, and the internal jugular vein), the 

carotid canal (transmitting the internal carotid artery), 

the mastoid antrum (the largest air cell, 

communicating with the epitympanum via the aditus ad 

antrum), and anatomical variants such as a Koerner's 

septum (a persistent petrosquamous lamina in the 

mastoid). 

The detailed anatomical knowledge afforded by HRCT 

is not merely an academic exercise in identifying 

individual structures; it is fundamentally about 

understanding their precise 

three-dimensional spatial relationships. This 

comprehension is critical because pathological 

processes within the confined spaces of the temporal 

bone often spread along predictable anatomical 

pathways or involve adjacent structures due to their 

close proximity. For instance, a cholesteatoma 

originating in Prussak's space (a well-defined 

epitympanic compartment ) can erode the scutum, then 

the ossicles, and subsequently extend to involve the 

lateral semicircular canal or the tegmen tympani, 

leading to serious complications. Similarly, tumors 

expanding from the internal auditory canal can 

compress or invade structures within the 

cerebellopontine angle. Therefore, a robust 

understanding of normal anatomical relationships on 

HRCT is essential for predicting patterns of disease 

progression, identifying potential complications, and 

planning surgical interventions. 

Furthermore, HRCT's ability to depict normal 

anatomical variants is as crucial as its capacity to show 

overt pathology. Variations such as a high-riding or 

dehiscent jugular bulb, an anteriorly positioned sigmoid 

sinus, a dehiscent facial nerve canal (where the bony 

covering is congenitally absent), or the presence of a 

Koerner's septum can significantly alter surgical 

landmarks and increase the risk of iatrogenic injury 

during procedures like mastoidectomy or cochlear 

implantation. For example, an unrecognized high 

jugular bulb can be inadvertently entered during 

mastoid surgery, leading to profuse bleeding. A 

dehiscent facial nerve is more vulnerable to injury 

during middle ear surgery. Thus, HRCT's role extends 

beyond simple pathology detection to encompass vital 

pre-surgical risk assessment and planning based on the 

unique anatomical landscape of each individual patient. 

5. HRCT in the Evaluation of Congenital Anomalies 

General Role of HRCT 

High-Resolution Computed Tomography is a 

cornerstone in the diagnostic evaluation of congenital 

anomalies of the temporal bone. Its exceptional ability 

to delineate intricate osseous anatomy makes it 

indispensable for assessing malformations of the 

external, middle, and inner ear structures. HRCT plays 

a particularly vital role in the comprehensive workup of 

congenital sensorineural hearing loss (SNHL), guiding 

management decisions, and determining candidacy for 

auditory rehabilitation procedures such as cochlear 

implantation. 

External Auditory Canal (EAC) Anomalies 

Congenital anomalies of the EAC range from complete 

absence (atresia) to narrowing (stenosis). These are 

often associated with malformations of the auricle 

(microtia) and frequently coexist with middle ear 
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anomalies. 

● HRCT Findings: HRCT clearly demonstrates 

the degree of atresia or stenosis, the nature and 

thickness of the atretic plate (if present), the 

development of the tympanic bone, and the 

status of the middle ear cavity and ossicles, 

which are crucial for planning surgical 

correction. 

Middle Ear Anomalies 

Isolated or associated middle ear anomalies can involve 

the ossicular chain, the course of the facial nerve, and 

the development of the tympanic cavity itself. 

● Ossicular Chain Malformations: These include 

fusion of ossicles (e.g., malleus head to incus 

body, incus to stapes), dysmorphism (abnormal 

shape), aplasia (absence), or discontinuity (e.g., 

absent incus long process, stapes crural fixation 

or absence). 

● Facial Nerve Canal Anomalies: The facial nerve 

may have an aberrant course (e.g., overlying the 

oval window, displaced inferiorly) or congenital 

dehiscence of its bony canal, making it 

vulnerable during surgery. 

● Middle Ear Cavity: May be small, contracted, or 

abnormally shaped. 

● HRCT Findings: HRCT provides excellent 

visualization of the individual ossicles, their 

articulations, the integrity and course of the 

facial nerve canal, and the dimensions of the 

middle ear cavity. 

Inner Ear Malformations (Osseous Labyrinth) 

HRCT is essential for the precise classification of these 

often complex anomalies, which result from 

developmental arrest at various stages of 

embryogenesis. The Sennaroglu classification is a 

widely accepted system based on imaging findings. 

● Complete Labyrinthine Aplasia (Michel 

Deformity): Represents the most severe form, 

with complete absence of all inner ear structures 

(cochlea, vestibule, and semicircular canals) due 

to developmental arrest around the 3rd week of 

gestation. The petrous bone may be hypoplastic 

or aplastic, and the internal auditory canal (IAC) 

is often narrow or absent. 

○ HRCT Findings: Absence of cochlear, 

vestibular, and semicircular canal 

structures. The IAC may be severely 

hypoplastic or unidentifiable. 

● Cochlear Aplasia: Characterized by the 

complete absence of the cochlea. The vestibule 

and SCCs may be present and can range from 

normal to dysplastic. 

○ HRCT Findings: No cochlear structure is 

identified. The vestibule and SCCs are 

variably visualized. 

● Common Cavity Deformity: Results from 

developmental arrest around the 4th-5th week, 

where the cochlea and vestibule fail to 

differentiate and form a single, confluent cystic 

cavity lacking internal architecture. The SCCs 

may be present, dysplastic, or absent. 

○ HRCT Findings: A single, ovoid, or 

irregularly shaped fluid-density cavity is 

seen in place of the distinct cochlea and 

vestibule. 

● Cochlear Hypoplasia (CH): The cochlea is 

present but is smaller than normal (defined as 

having less than the normal 2.5-2.75 turns) and 

exhibits various internal architectural defects. 

Sennaroglu et al. described four types : 

○ CH-I (Bud-like cochlea): A very small, 

round or ovoid cochlear remnant with no 

internal differentiation (absent modiolus 

and interscalar septa). 

○ CH-II (Cystic hypoplastic cochlea): 

The cochlea has a more defined external 

shape but is small, with defective or 

absent modiolus and interscalar septa, 

appearing cystic internally. 

○ CH-III (Cochlea with <2 turns): The 

cochlea is shorter than normal, with 

fewer than two complete turns. The 

modiolus is present but short, and the 

total length of the interscalar septum is 

reduced. 

○ CH-IV (Cochlea with hypoplastic 

middle and apical turns): The basal 

turn is normal, but the middle and apical 

turns are underdeveloped and may be 

located more anteriorly and medially 

than expected. 

○ HRCT Findings: HRCT delineates the 

reduced cochlear size and the specific 

internal derangements characteristic of 
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each CH type. Associated narrowing or 

absence of the cochlear nerve canal is 

common and an important prognostic 

factor. 

● Incomplete Partition (IP) Anomalies: In these 

malformations, the cochlea typically has a 

normal external size, but there is incomplete 

separation of its internal turns due to defects in 

the modiolus and interscalar septa. 

○ IP-I (Cystic Cochleovestibular 

Anomaly): Results from developmental 

arrest around the 5th week. The cochlea 

lacks the entire modiolus and all 

interscalar septa, appearing as an empty 

cystic structure. The vestibule is often 

markedly dilated and featureless, 

merging with the cochlea. 

○ IP-II (Mondini 

Deformity/Malformation): The most 

common inner ear malformation. 

Developmental arrest occurs around the 

7th week. The cochlea consists of only 

1.5 turns, where the middle and apical 

turns coalesce to form a cystic apex. The 

modiolus is partially present in the basal 

turn but deficient apically. The vestibule 

and SCCs are often dilated or dysplastic. 

IP-II is frequently associated with an 

Enlarged Vestibular Aqueduct (EVA). 

○ IP-III (X-linked Deafness): 

Characterized by a deficiency of the 

interscalar septum and modiolus, 

particularly a thin or absent bony 

partition between the basal turn of the 

cochlea and the fundus of the IAC. This 

results in a wide communication 

between the cochlear fluid space and the 

IAC. This anomaly is associated with 

X-linked deafness syndrome (DFNX2), 

caused by mutations in the POU3F4 

gene. 

○ HRCT Findings: HRCT clearly 

demonstrates the specific type of 

partitioning defect, the extent of 

modiolar development, and any 

associated abnormalities of the vestibule 

and SCCs. 

● Enlarged Vestibular Aqueduct (EVA) 

Syndrome: EVA is the most common 

radiographically detectable inner ear anomaly in 

children presenting with SNHL. It is 

defined by specific measurement criteria on 

HRCT. The Valvassori criterion defines EVA as 

a vestibular aqueduct diameter greater than 1.5 

mm at its midpoint between the common crus 

and the external aperture. The Cincinnati criteria 

define EVA if the midpoint width is ≥1.0 mm or 

the opercular width (at the external aperture) is 

≥2.0 mm. EVA is often associated with other 

inner ear malformations, particularly IP-II 

(Mondini deformity), and is linked to mutations 

in the SLC26A4 (Pendrin) gene, causing 

Pendred syndrome when associated with thyroid 

goiter. 

○ HRCT Findings: Axial HRCT images 

are crucial for accurate measurement of 

the vestibular aqueduct at its midpoint 

and operculum. 

● Semicircular Canal (SCC) Dysplasia/Aplasia: 

Malformations of the SCCs can range from mild 

hypoplasia to complete aplasia. The lateral SCC 

is the most commonly affected. These 

anomalies can be isolated or occur in 

conjunction with other inner ear or syndromic 

conditions (e.g., CHARGE syndrome). 

○ HRCT Findings: HRCT clearly shows 

the morphology, presence, or absence of 

the individual SCCs. 

● Internal Auditory Canal (IAC) Anomalies: 

The IAC can be congenitally stenotic 

(narrowed) or, rarely, atretic. IAC stenosis is 

often associated with hypoplasia or aplasia of 

the vestibulocochlear nerve. Conversely, a 

widened IAC can also be seen in some 

conditions. 

○ HRCT Findings: HRCT allows for 

precise measurement of the IAC 

diameter. However, MRI is superior for 

direct visualization of the 

vestibulocochlear nerve within the canal. 

● Cochlear Nerve Canal (CNC) Abnormalities: 

The CNC is the bony channel within the 

modiolus through which cochlear nerve fibers 

pass. Hypoplasia or aplasia of the CNC, often 

associated with cochlear nerve deficiency and 

various cochlear malformations, is an important 

prognostic indicator for hearing outcomes and 

cochlear implant success. Recent studies suggest 
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that increased density of the modiolus on HRCT 

may be an indirect sign of cochlear 

neurodysplasia (CND). 

○ HRCT Findings: HRCT can measure the 

width of the bony CNC at the base of the 

modiolus, which has been shown to 

correlate with cochlear nerve 

development. 

● Syndromic Associations: Many of the 

described congenital temporal bone anomalies 

are components of broader genetic syndromes 

(e.g., CHARGE syndrome, Pendred syndrome, 

Waardenburg syndrome, Treacher Collins 

syndrome, Branchio-oto-renal syndrome). 

HRCT findings, in conjunction with clinical 

features, can support or guide towards a specific 

syndromic diagnosis. 

In the context of congenital SNHL, HRCT's capacity to 

precisely delineate the osseous anatomy of the inner 

ear—including cochlear morphology, patency of the 

round and oval windows, the caliber of the IAC and 

CNC, and the presence of any associated anomalies like 

an enlarged vestibular aqueduct—is fundamental in 

determining candidacy and planning the surgical 

approach for cochlear implantation. The decision to 

implant, the choice of which ear to implant (if bilateral 

anomalies exist), the selection of the appropriate 

electrode array type, and the anticipation of potential 

surgical challenges (e.g., abnormal facial nerve course, 

difficult cochleostomy placement due to malformation) 

are all heavily influenced by pre-operative HRCT 

findings. Thus, HRCT serves as a critical gatekeeper, 

guiding complex decision-making processes in the 

management of patients with congenital hearing loss. 

Furthermore, a significant correlation is often observed 

between the severity of bony malformations visible on 

HRCT and the likelihood of underlying cochlear nerve 

deficiency. For example, a severely hypoplastic or 

aplastic cochlea, a markedly stenotic IAC, or an aplastic 

cochlear nerve canal strongly suggests an absent or 

deficient cochlear nerve. While HRCT provides 

detailed information about the bony structures, these 

findings often trigger or reinforce the necessity of MRI 

for direct visualization and assessment of the cochlear 

nerve itself. This highlights a crucial diagnostic 

synergy: HRCT identifies the bony abnormality, which 

in turn raises suspicion for neural deficiency, making 

MRI essential for a complete assessment, particularly in 

the context of cochlear implant candidacy where the 

integrity of the cochlear nerve is paramount for 

successful outcomes. This interplay demonstrates how 

HRCT findings can directly inform the need for and 

focus of subsequent, complementary imaging studies. 

 

Table 2: Classification of Inner Ear Malformations with Key HRCT Features (Adapted from Sennaroglu 

Classification and other sources) 

Malformation Category Key HRCT Features Associated 

Findings/Clinical 

Significance 

References 

Complete 

Labyrinthine 

Aplasia (Michel) 

Absence of all inner ear 

structures (cochlea, 

vestibule, SCCs); 

petrous bone may be 

hypoplastic/aplastic; 

IAC often 

narrow/absent. 

Profound SNHL; CI 

contraindicated due to 

absent cochlea/nerve. 
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Cochlear Aplasia Absent cochlea; 

vestibule and SCCs 

may be present and 

normal or dysplastic. 

Profound SNHL; CI 

generally 

contraindicated if 

cochlea truly absent. 

Vestibular function 

variable. 

 

Common Cavity Single, cystic cavity 

replacing cochlea and 

vestibule; no internal 

differentiation; SCCs 

variably present. 

Severe to profound 

SNHL; CI may be 

challenging due to 

abnormal anatomy and 

risk of CSF gusher; 

variable outcomes. 

 

Cochlear 

Hypoplasia (CH) 

Cochlea smaller than 

normal (<2 turns) with 

internal architectural 

defects. 

Variable SNHL, often 

severe to profound. CI 

candidacy depends on 

degree of hypoplasia 

and cochlear nerve 

status. Electrode 

choice may be affected. 

 

CH-I (Bud-like) Small, round/ovoid 

cochlear remnant; 

absent 

modiolus/interscalar 

septa. 

Usually 

profound 

SNHL. 

 

CH-II (Cystic) Small cochlea with 

defective 

modiolus/interscalar 

Usually 

profound 

SNHL. 

 

 

 

 

Malformation Category Key HRCT Features Associated 

Findings/Clinical 

Significance 

References 

 septa, cystic internally.   
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CH-III (<2 turns) Shorter cochlea (<2 

turns); short modiolus; 

reduced interscalar 

septum. 

Variable SNHL.  

CH-IV 

(Hypoplastic 

mid/apical) 

Normal basal turn; 

small, 

anteriorly/medially 

located 

middle/apical 

turns. 

Variable SNHL.  

Incomplete 

Partition (IP) 

Cochlea normal 

external size; 

incomplete 

separation of turns. 

Variable SNHL. CI 

often feasible but 

surgical technique may 

need modification. Risk 

of CSF gusher, 

particularly with IP-III. 

 

IP-I (Cystic 

Cochleovestibular) 

Cochlea lacks 

modiolus/interscalar 

septa (empty cyst); 

vestibule often dilated 

and featureless, 

merging with cochlea. 

Severe to profound 

SNHL. 

 

IP-II (Mondini) Cochlea has 1.5 turns 

(cystic apex); partially 

present modiolus 

(basal turn); 

vestibule/SCCs often 

dilated/dysplastic; often 

associated with EVA. 

Most common type; 

variable SNHL, often 

progressive. 

 

IP-III (X-linked) Thin/absent interscalar 

septum and modiolar 

deficiency, wide 

communication 

between basal cochlear 

turn and IAC. 

Associated with 

X-linked deafness 

(DFNX2); SNHL 

typically severe to 

profound. High risk of 

perilymphatic gusher 

during surgery. 

 

Enlarged Vestibular 

Aqueduct (EVA) 

Vestibular aqueduct 

diameter >1.5 mm at 

midpoint (Valvassori) or 

midpoint ≥1.0 mm / 

operculum ≥2.0 mm 

(Cincinnati). 

Fluctuating or 

progressive SNHL, 

often exacerbated by 

head trauma. Often 

associated with IP-II. 

May be part of Pendred 

syndrome. CI is an 

option for profound 
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Malformation Category Key HRCT Features Associated 

Findings/Clinical 

Significance 

References 

  loss.  

SCC 

Dysplasia/Aplasia 

Hypoplastic, dysplastic, 

or absent SCCs (lateral 

most common). 

May cause vestibular 

dysfunction. Often 

associated with other 

inner ear anomalies or 

syndromes (e.g., 

CHARGE). 

 

IAC/CNC Stenosis or 

Aplasia 

Narrowed or absent 

IAC or cochlear 

nerve canal. 

Strongly associated 

with cochlear nerve 

deficiency. If severe, CI 

may not be beneficial. 

MRI essential for nerve 

assessment. Elevated 

modiolus density on 

HRCT may suggest 

cochlear 

neurodysplasia. 

 

 

 

6. HRCT in the Evaluation 

of Inflammatory and Infectious 

Pathologies 

General Role of HRCT 

HRCT plays a pivotal role in the diagnosis and 

management of inflammatory and infectious 

diseases affecting the temporal bone. It is 

extensively utilized for evaluating conditions such 

as chronic otitis media (COM) and its formidable 

complication, cholesteatoma, as well as for 

assessing the middle ear status following surgical 

interventions like tympanoplasty or 

mastoidectomy. The strength of HRCT lies in its 

ability to accurately delineate the extent of the 

disease process, identify associated bony erosions 

which are hallmarks of aggressive disease, and 

detect potential complications involving adjacent 

vital structures. In a study assessing various 

temporal bone diseases, inflammatory conditions 

constituted the predominant pathology, found in 

80% of patients evaluated by HRCT. 

6.1. Otitis Media (Acute and Chronic) 

Otitis media refers to inflammation of the middle 

ear cleft, encompassing the tympanic cavity, 

Eustachian tube, and mastoid air cell system. It can 

be broadly categorized into acute and chronic 

forms. 

● Acute Otitis Media (AOM): 

AOM is an acute infection of the middle 

ear, typically of sudden onset and short 

duration. 

○ HRCT Findings: The diagnosis of AOM 

is primarily clinical, and imaging is usually 

reserved for cases with suspected complications or 

atypical presentations. When performed, HRCT 

may demonstrate soft tissue opacification of the 

middle ear cavity and mastoid air cells due to fluid 
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accumulation and mucosal thickening. Other 

findings can include a bulging tympanic 

membrane or an air-fluid level within the middle 

ear. While bony erosion is uncommon in 

uncomplicated AOM (reported in less than 10% of 

cases ), HRCT is crucial for identifying 

complications such as acute coalescent 

mastoiditis, which is characterized by the erosion 

of mastoid air cell septa and cortex. 

● Chronic Otitis Media (COM): COM 

is characterized by persistent or recurrent 

inflammation of the middle ear, often 

associated with a tympanic membrane 

perforation and chronic or intermittent 

otorrhea. 

○ HRCT Findings: 

■ Soft Tissue Opacification: Opacification 

of the middle ear cleft (epitympanum, 

mesotympanum, hypotympanum) and mastoid air 

cells by soft tissue density material is a common 

finding. 

■ Tympanic Membrane Perforation: 

While the perforation itself may not always be 

directly visualized, its presence is often inferred if 

the middle ear is opacified while the external 

auditory canal remains aerated. 

■ Ossicular Erosion: Erosion of the 

ossicular chain is a frequent and significant finding 

in COM, contributing to conductive hearing loss. 

The incus, particularly its long process and 

lenticular process, is the most commonly affected 

ossicle due to its relatively tenuous blood supply 

and delicate structure. HRCT demonstrates good 

sensitivity for detecting ossicular erosion (e.g., 

80.65% overall sensitivity ; specific sensitivities 

reported for malleus erosion as 90.9%, incus 

erosion as 93.2%, and stapes erosion as 78.8% ). 

■ Scutum Erosion: Erosion of the scutum 

(the sharp bony spur at the lateral epitympanic 

wall) is a common indicator of atticoantral 

disease, often associated with cholesteatoma. 

High sensitivity for scutum erosion has been 

reported (94.1% , 96% ). 

■ Mastoid Changes: Chronic 

inflammation often leads to changes in the 

mastoid air cell system, including sclerosis 

(increased bone density), opacification due 

to chronic mucosal thickening or fluid, and 

reduced pneumatization. 

■ Tympanosclerosis: HRCT can 

detect tympanosclerotic plaques, which 

appear as irregular calcifications on the 

tympanic membrane or within the middle ear 

mucosa, often involving the ossicles. 

■ Cholesterol Granuloma: This expansile 

lesion, resulting from chronic middle ear effusion 

and hemorrhage, can also be identified, although 

MRI may offer better characterization. 

○ Differentiating Forms: HRCT findings 

such as ossicular erosion, mastoid sclerosis, and 

scutum erosion are indicative of chronic disease 

and are less typical of uncomplicated AOM. 

However, differentiating active infection from 

sterile effusion or chronic mucosal thickening 

based solely on soft tissue density on HRCT can be 

challenging. 

6.2. Cholesteatoma 

Cholesteatoma is a destructive and expansile 

lesion characterized by the presence of 

keratinizing stratified squamous epithelium within 

the middle ear cleft or mastoid. It is not a true 

neoplasm but behaves aggressively due to 

enzymatic bone resorption. 

● Characteristic HRCT Features: 

○ Soft Tissue Mass: Cholesteatoma 

typically appears on HRCT as a non-dependent, 

expansile soft tissue mass, often with a smooth or 

lobulated margin. Pars flaccida cholesteatomas 

commonly originate in Prussak's space and extend 

posteriorly into the aditus and antrum. Pars tensa 

cholesteatomas usually arise from the 

posterior-superior quadrant of the pars tensa and extend 

into the sinus tympani and posterior mesotympanum. 

○ Bony Erosion: This is the hallmark 

feature of cholesteatoma and is critical for its 

diagnosis on HRCT. 

■ Scutum Erosion: Blunting or 

erosion of the scutum is an early and 

characteristic sign, particularly of attic 

(pars flaccida) cholesteatoma. 

■ Ossicular Erosion: Erosion of the 

ossicular chain is very common. The incus (long 

process, lenticular process) and stapes 

superstructure are frequently affected. In attic 

cholesteatomas, erosion of the malleus head and 
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incus body can disrupt the normal "ice-cream 

cone" appearance. One study reported a sensitivity 

of 89.29% for HRCT in identifying cholesteatoma, 

largely based on these findings. 

■ Lateral Semicircular Canal (LSSC) 

Fistula: Erosion into the LSSC is the most 

common labyrinthine complication due to its 

anatomical proximity to the aditus and antrum. 

HRCT can show a focal defect in the bony wall of 

the LSSC with the cholesteatoma matrix abutting 

the membranous labyrinth. Sensitivity for LSSC 

erosion has been reported as 80%. 

■ Facial Nerve Canal 

Dehiscence/Erosion: The tympanic (horizontal) 

segment of the facial nerve canal, particularly 

superior to the oval window, is the most common 

site of involvement by cholesteatoma. HRCT has 

a relatively low sensitivity for detecting facial 

canal dehiscence (reported as 33.33% , 52% , and 

75% ), as the bony canal can be extremely thin 

even in normal individuals, making subtle 

erosions difficult to discern. 

■ Tegmen Tympani/Mastoideum Erosion: 

Erosion of the tegmen (the thin bony plate 

separating the middle ear/mastoid from the 

middle cranial fossa) can lead to dural exposure, 

meningocele, encephalocele, or intracranial 

infections. Sensitivity for tegmen erosion was 

reported as 66.7%. 

■ Sinodural Plate Erosion: Erosion of the 

bony plate overlying the sigmoid sinus can 

predispose to sigmoid sinus thrombosis or 

perisinus abscess. HRCT showed 100% sensitivity 

for detecting sinus plate erosion in one study. 

○ Expansion: Cholesteatomas tend to 

cause smooth, expansile remodeling of the 

middle ear compartments and mastoid air cells 

as they grow. 

● Diagnostic Accuracy and Limitations: 

○ HRCT is highly sensitive for detecting 

cholesteatoma when characteristic bony erosion 

is present. The presence of a soft tissue mass in 

a specific location (e.g., Prussak's space) 

associated with focal bone erosion is highly 

suggestive. 

○ A significant limitation of HRCT is its 

inability to reliably differentiate cholesteatoma 

matrix from inflammatory granulation tissue, 

mucosal edema, sterile effusion, or post-operative 

scar tissue if clear and unequivocal bony erosion is 

absent. In such ambiguous scenarios, or 

particularly in the post-operative setting to detect 

recurrence, MRI with Diffusion-Weighted Imaging 

(DWI) is superior due to the restricted diffusion 

characteristic of cholesteatoma. 

○ Reported sensitivity for cholesteatoma 

presence is around 89.29% , with a specificity 

of 77.22%. The positive predictive value (PPV) 

for soft tissue density in 

various middle ear locations being cholesteatoma is 

generally high (e.g., >80% ), especially when combined 

with clinical findings. 

6.3. Mastoiditis 

Mastoiditis is an inflammation of the mastoid air 

cells, typically arising as a complication of AOM 

due to the direct communication between the 

middle ear and mastoid via the aditus ad antrum. 

● HRCT Findings: 

○ Incipient or Acute Mastoiditis: This 

early stage is characterized by opacification of the 

mastoid air cells due to fluid and mucosal 

thickening, often seen concurrently with AOM. 

These findings alone may not warrant specific 

intervention beyond treatment of AOM unless 

clinical signs of mastoiditis (e.g., postauricular 

tenderness, erythema, swelling) are present. 

○ Coalescent Mastoiditis: This represents 

a more advanced and serious stage of infection, 

diagnosed radiologically on HRCT. It is 

characterized by the erosion and destruction of 

the bony septa between mastoid air cells, leading 

to the formation of larger, coalesced abscess 

cavities within the mastoid bone. This finding is a 

key indicator of aggressive disease that often 

requires surgical drainage in addition to 

antibiotics. 

○ Mastoid Cortex Erosion: 

Destruction of the lateral (outer) cortex of the 

mastoid bone can occur, allowing infection to 

spread into adjacent soft tissues. 

○ Periosteal Thickening or Disruption: 

Thickening of the periosteum overlying the 

mastoid or frank disruption of the periosteum 

suggests the spread of inflammation or infection 

beyond the confines of the bone. 

○ Subperiosteal Abscess: If infection 
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breaches the mastoid cortex, pus can 

accumulate beneath the periosteum, most 

commonly in the postauricular region, leading 

to a fluctuant swelling and displacement of the 

auricle. HRCT clearly depicts this collection 

adjacent to an area of cortical erosion. 

○ Other Complications: HRCT can also 

identify other serious complications of 

mastoiditis, such as a Bezold abscess (pus 

tracking inferiorly along the sternocleidomastoid 

muscle), Citelli abscess (pus tracking along the 

posterior belly of the digastric muscle or into the 

occipital bone), sigmoid sinus thrombosis (often 

suggested by erosion of the sigmoid plate and 

abnormal sinus enhancement on contrast-

enhanced CT/MRI), epidural abscess, and petrous 

apicitis (spread of infection to a pneumatized 

petrous apex). 

● Chronic Mastoiditis: In cases of 

chronic infection, HRCT may demonstrate 

sclerosis (thickening and increased density) of 

the mastoid bone, opacification of residual air 

cells, and reduced overall pneumatization, often 

in conjunction with findings of COM in the 

middle ear. 

HRCT plays a crucial role in distinguishing "safe" 

(tubotympanic or mucosal) chronic otitis media 

from "unsafe" (atticoantral or squamous) disease. 

The term "unsafe" implies a higher risk of 

developing serious complications. This distinction 

is largely based on the presence or absence of bone 

erosion and cholesteatoma. Tubotympanic COM 

primarily involves the mucosa of the Eustachian 

tube and mesotympanum, typically with a central 

tympanic membrane perforation, and generally 

does not cause bone erosion. In contrast, 

atticoantral COM, which is almost always 

associated with cholesteatoma, typically involves 

the attic and mastoid, often with a marginal or attic 

perforation, and is characterized by its propensity 

for bone erosion. HRCT excels at detecting these 

bony erosions—such as destruction of the scutum, 

ossicles, lateral 

semicircular canal, or tegmen tympani—when 

associated with a suspicious soft tissue mass. 

These findings are hallmarks of unsafe disease and 

strongly indicate the presence of cholesteatoma. 

This HRCT-based identification of "unsafe" ear 

disease is a critical factor that directly influences 

the decision for surgical intervention, aiming to 

eradicate the disease and prevent potentially life-

threatening complications. 

While HRCT demonstrates high sensitivity for 

detecting the presence of soft tissue within the 

middle ear and mastoid (one study reported 100% 

sensitivity for soft tissue in the middle ear, aditus, 

and attic ), and for associated bony erosions, its 

specificity for definitively identifying that soft 

tissue as cholesteatoma versus other inflammatory 

tissues (granulation tissue, mucosal thickening, 

effusion) can be lower if the classic patterns of 

bone erosion are not unequivocally present. For 

instance, one study reported a specificity of 

77.22% for cholesteatoma , and it is widely 

acknowledged that HRCT cannot reliably 

differentiate cholesteatoma from inflammatory 

tissue in the absence of distinct erosive changes. 

This underscores the importance of interpreting 

HRCT findings within the complete clinical 

picture, including otoscopic examination and 

audiometric results. A "soft tissue mass" on HRCT 

is not automatically cholesteatoma without 

corroborating features of bone erosion or, in 

ambiguous cases, further investigation with MRI 

(particularly DWI sequences). The pre-test 

probability, based on clinical suspicion, also 

significantly influences the interpretation of 

HRCT findings. 

7. HRCT in the Evaluation of Temporal Bone 

Trauma 

General Role of HRCT 

High-Resolution Computed Tomography is the 

undisputed imaging modality of choice for the 

evaluation of suspected temporal bone fractures 

and associated injuries. Its exceptional ability to 

delineate fine bony structures makes it superior for 

identifying fracture lines, assessing their extent, 

and detecting involvement of critical structures 

within the temporal bone. While initial screening 

head CT scans performed for general trauma 

assessment may detect many clinically significant 

temporal bone fractures, dedicated HRCT of the 

temporal bones is often indicated in specific 

clinical scenarios. These include the acute onset of 

facial nerve paralysis, the presence of 

cerebrospinal fluid (CSF) leak (otorrhea or 
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rhinorrhea), suspicion of an acute vascular injury 

involving the carotid artery or jugular vein, or 

when surgical intervention is being contemplated 

for fracture management or complication repair. 

7.1. Temporal Bone Fractures 

● Etiology: Temporal bone fractures are 

typically the result of significant head trauma, 

most commonly sustained in motor vehicle 

accidents, falls, or assaults, reflecting the high 

impact forces required to fracture this dense part of 

the skull base. 

● Classification: Temporal bone fractures 

have traditionally been classified based on their 

orientation relative to the long axis of the petrous 

pyramid. However, a more clinically relevant 

classification based on involvement of the otic 

capsule is now widely adopted. 

○ Traditional Classification (Longitudinal vs. 

Transverse): 

■ Longitudinal Fractures: These are the most 

common type, accounting for 

70-90% of temporal bone fractures. They typically 

run parallel to the long axis of the petrous pyramid, 

often resulting from a direct blow to the 

temporoparietal region. The fracture line 

commonly extends through the 

squamous temporal bone, the roof of the external 

auditory canal, the tegmen tympani and 

mastoideum, and the middle ear cavity, frequently 

causing ossicular chain disruption and conductive 

hearing loss. The otic capsule is usually spared, 

and thus sensorineural hearing loss and immediate 

facial palsy are less common with this fracture 

type. 

■ Transverse Fractures: These are less 

common, comprising 10-30% of cases. They run 

perpendicular to the long axis of the petrous 

pyramid, typically resulting from blows to the 

occiput or frontal region. Transverse fractures 

have a higher likelihood of crossing the otic 

capsule (bony labyrinth) and the internal auditory 

canal, leading to a greater incidence of profound 

sensorineural hearing loss, vertigo, and facial 

nerve injury. 

■ Mixed Fractures: Many temporal 

bone fractures exhibit features of both 

longitudinal and transverse patterns, making 

strict categorization difficult. 

○ Modern Classification (Otic Capsule-

Sparing vs. Otic 

Capsule-Violating/Disrupting): This 

classification system is gaining prominence 

because it correlates more reliably with clinical 

outcomes and the likelihood of specific 

neurotologic complications. 

■ Otic Capsule-Sparing (OCS) Fractures: 

In these fractures, the fracture line does not enter 

or disrupt the integrity of the bony labyrinth 

(cochlea, vestibule, semicircular canals). OCS 

fractures are more commonly associated with 

conductive hearing loss (due to hemotympanum, 

tympanic membrane perforation, or ossicular 

disruption) and have a lower risk of sensorineural 

hearing loss and severe facial nerve injury. These 

fractures are typically caused by blows to the 

temporoparietal region and often involve the 

squamous temporal bone and the posterosuperior 

wall of the EAC. 

■ Otic Capsule-Violating (OCV) or 

Disrupting Fractures: In these fractures, the 

fracture line directly transects the bony labyrinth. 

OCV fractures almost invariably result in 

profound sensorineural hearing loss and/or severe 

vertigo due to direct injury to the delicate inner 

ear structures. They are also associated with a 

significantly higher incidence of facial nerve 

paralysis (due to nerve transection or 

impingement within the otic capsule segment of 

the facial canal), CSF fistula, and intracranial 

complications compared to OCS fractures. These 

fractures are usually caused by blows to the 

occipital region and may run from the foramen 

magnum across the petrous pyramid into the otic 

capsule. 

● HRCT Findings: 

○ HRCT provides direct visualization 

of fracture lines, allowing precise mapping of 

their course through the various components 

of the temporal bone (squamous, mastoid, 

tympanic, and petrous portions). 

○ It enables detailed assessment of fracture 

extension into, or involvement of, critical 

anatomical structures such as the external 

auditory canal, middle ear cavity, ossicular chain, 

otic capsule, internal auditory canal, facial nerve 

canal, carotid canal, jugular foramen, and the 
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tegmen tympani or mastoideum. 

○ The presence of pneumolabyrinth (air 

within the perilymphatic spaces of the inner ear) is 

a pathognomonic HRCT sign of an otic capsule-

violating fracture with a breach of the labyrinthine 

integrity. 

○ Opacification of the middle 

ear cavity and mastoid air cells, 

consistent with hemotympanum or CSF 

accumulation, is a common associated 

finding. 

7.2. Ossicular Chain Injuries 

Injuries to the ossicular chain occur in a 

substantial percentage of temporal bone fractures 

(e.g., approximately 20% reported in one study , 

and up to 50% in another context ), but 

importantly, they can also occur in the absence of 

a demonstrable temporal bone fracture, often due 

to concussive forces or barotrauma. Persistent 

conductive hearing loss following trauma, after 

resolution of hemotympanum, is highly suggestive 

of ossicular disruption. 

● Types of Injuries: The most common patterns 

of ossicular injury include: 

○ Incudostapedial (IS) Joint 

Separation/Subluxation: This is the most 

frequently encountered ossicular injury 

(accounting for up to 82% of ossicular injuries 

in one series ), likely due to the delicate nature 

of this articulation. 

○ Incus Dislocation: Dislocation of the 

entire incus is the second most common injury. 

The incus is relatively mobile due to its 

ligamentous attachments and mass, making it 

susceptible to displacement. 

○ Incudomalleolar Joint 

Separation: Separation at the articulation 

between the malleus head and incus body is 

less common. 

○ Malleoincudal Complex Dislocation: 

Both the malleus and incus are dislocated as a 

single unit. 

○ Stapes Fractures/Subluxation: This 

can involve fracture of the delicate stapes crura 

or, more seriously, subluxation or complete 

dislocation of the stapes footplate from the oval 

window (stapediovestibular dislocation), 

potentially leading to perilymphatic fistula and 

sensorineural hearing loss. 

○ Fractures of the malleus 

body/neck or incus body are relatively 

uncommon compared to dislocations. 

● HRCT Findings: 

○ HRCT can demonstrate 

displacement or abnormal angulation of 

one or more ossicles relative to each other 

or to the walls of the tympanic cavity. 

○ Widening of the ossicular joint spaces, 

particularly the incudostapedial joint, is a key sign 

of separation. 

○ Frank fracture lines through the 

ossicles can be visualized, though these are less 

common. 

○ Axial HRCT images are particularly 

well-suited for evaluating incudostapedial joint 

integrity and stapes injuries. Coronal images 

often provide better visualization of malleus or 

incus dislocations and their relationship to the 

epitympanic space. 

Detection of Complications on HRCT 

HRCT is invaluable for identifying or suggesting 

various complications associated with temporal 

bone trauma: 

● CSF Otorrhea/Rhinorrhea: While CSF 

itself is not directly visible on non-contrast CT, the 

presence of a fracture line extending through the 

tegmen tympani, tegmen mastoideum, or the 

posterior fossa dura (e.g., involving the IAC or 

petrous apex), coupled with opacification of 

adjacent air cells or the middle ear cavity, is highly 

suggestive of a CSF leak. 

● Facial Nerve Injury: A fracture line 

seen traversing any segment of the facial nerve 

canal on HRCT indicates a high risk of facial 

nerve injury. The geniculate ganglion area and the 

tympanic segment are particularly vulnerable. 

However, HRCT demonstrates the bony 

injury to the canal; it does not directly visualize 

the nerve itself to confirm transection versus 

compression or edema. Clinical correlation with 

the timing and severity of facial palsy is crucial. 

● Vascular Injury: Fractures involving 

the carotid canal raise concern for injury to the 

internal carotid artery (e.g., dissection, 
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pseudoaneurysm, occlusion). Similarly, fractures 

through the jugular foramen can compromise the 

internal jugular vein or jugular bulb. While 

HRCT can show the bony involvement, CT 

angiography (CTA) or MR angiography (MRA) 

is superior for direct assessment of the vascular 

lumen and wall. 

● Hemotympanum: 

Opacification of the middle ear cavity 

and mastoid air cells by high-density 

material (blood) is a common finding 

immediately post-trauma. 

● Pneumocephalus: The presence of 

air within the intracranial cavity, indicating a 

dural breach. 

● Brain Herniation: Rarely, brain tissue 

can herniate through a large tegmen defect into the 

epitympanum or mastoid cavity. 

The shift in fracture classification from the 

traditional longitudinal/transverse system to one 

based on otic capsule involvement (sparing versus 

violating) reflects a more profound understanding 

of injury biomechanics and their direct correlation 

with the likelihood of severe neurotologic 

sequelae, such as profound sensorineural hearing 

loss and facial nerve paralysis. HRCT is the 

definitive imaging modality for making this critical 

distinction. The otic capsule, being the densest 

bone in the body, protects the delicate membranous 

labyrinth. A fracture line that breaches this 

protective shell (an OCV fracture) has a high 

probability of causing direct trauma to the cochlea, 

vestibule, or semicircular canals, leading to 

irreversible SNHL and vestibular dysfunction. 

Furthermore, the facial nerve courses in close 

proximity to, or through, the otic capsule region, 

making it highly vulnerable in OCV fractures. In 

contrast, OCS fractures, by definition, do not 

breach the inner ear, and thus typically spare 

sensorineural function, though conductive hearing 

loss from middle ear damage is common. 

Therefore, HRCT's ability to accurately classify 

fractures based on otic capsule integrity provides 

invaluable prognostic information that directly 

guides patient counseling regarding potential long-

term deficits and informs management strategies, 

such as the urgency of facial nerve exploration or 

the likelihood of hearing recovery. 

While HRCT excels in demonstrating bony injury, 

such as a fracture line traversing the facial nerve 

canal or the carotid canal, it provides indirect 

evidence of potential injury to the neurovascular 

structures housed within these canals. HRCT does 

not directly visualize the facial nerve itself or the 

lumen and wall of the carotid artery or jugular vein 

in sufficient detail to assess for transection, 

contusion, dissection, or thrombosis. 

Consequently, if HRCT reveals a fracture 

involving the facial nerve canal in a patient with 

acute facial paralysis, MRI might be employed to 

look for signs of nerve edema, hematoma, or 

transection. Similarly, if a carotid canal fracture is 

identified, particularly with associated neurological 

signs or bleeding, CTA or MRA would be 

necessary to definitively assess the integrity of the 

internal carotid artery. This highlights HRCT's 

primary strength in osseous assessment and its 

crucial role as a diagnostic trigger for further, more 

specialized neurovascular imaging when indicated 

by the pattern of bony injury and clinical findings. 

 

Table 3: Classification of Temporal Bone Fractures: HRCT Features and Clinical Implications 

Classification Type Typical HRCT 

Findings 

Common 

Associated 

Injuries/Complicati 

ons 

Prognostic 

Significance 

References 

Longitudinal Fracture line CHL (ossicular Generally better  

 parallel to petrous disruption, prognosis for 
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 ridge; often hemotympanum), hearing (SNHL 

 involves EAC, TM perforation, rare) and facial 

 middle ear, CSF otorrhea (less nerve function. 

 tegmen; usually common than  

 spares otic transverse). Facial  

 capsule. palsy (20-25%,  

  often delayed).  

Transverse Fracture line SNHL (common, Poorer prognosis  

 perpendicular to often profound), for hearing 

 petrous ridge; vertigo, facial recovery; higher 

 often involves IAC palsy (50%, often risk of permanent 

 and otic capsule. immediate and facial nerve 

  severe), damage. 

  hemotympanum.  

  CSF leak more  

  common.  

Otic Capsule Fracture line does CHL Better prognosis  

Sparing (OCS) not enter bony (hemotympanum, for inner ear 

 labyrinth (cochlea, ossicular function and facial 

 vestibule, SCCs). disruption), TM nerve. Hearing 

 Often involves perforation. Lower loss often 
 squamous, risk of SNHL, conductive and 
 mastoid, EAC, severe vertigo, or potentially 
 middle ear, immediate facial correctable. 
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 tegmen. palsy.  

Otic Capsule Fracture line Profound SNHL, Poorer prognosis  
Violating (OCV)/ transects bony severe vertigo for hearing (often 
Disrupting labyrinth. (common and permanent 
 Pneumolabyrinth often permanent). profound SNHL) 
 may be present. Higher incidence and vestibular 
 Often involves of facial nerve function. Higher 
 petrous apex, IAC, injury/palsy, CSF risk of facial nerve 
 jugular foramen, leak, intracranial deficits. 
 foramen magnum. complications.  

Mixed Features of both Variable, Dependent on the  
 longitudinal and depending on specific fracture 
 transverse, or specific structures course and 
 complex patterns involved. involvement of 
 not fitting neatly  critical structures. 
 into OCS/OCV.   
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8. HRCT in the Evaluation of Neoplastic 

Conditions 

General Role of HRCT 

High-Resolution Computed Tomography plays an 

essential, albeit often complementary, role in the 

evaluation of neoplastic lesions affecting the temporal 

bone. Its primary strength lies in the precise delineation 

of bone erosion, destruction, or reactive changes (such 

as hyperostosis), which are critical for determining the 

local extent of the tumor, staging, and planning surgical 

resection or radiation therapy. While Magnetic 

Resonance Imaging (MRI) generally offers superior 

characterization of the soft tissue components of tumors 

and is better for assessing intracranial, perineural, or 

marrow space involvement, HRCT's ability to depict 

the tumor's impact on the intricate osseous framework 

of the temporal bone is unparalleled. 

8.1. Benign Tumors 

● Vestibular Schwannoma (Acoustic 

Neuroma): These are benign tumors arising from the 

Schwann cells of the vestibular division of the eighth 

cranial nerve (CN VIII). They are the most common 

tumors found in the cerebellopontine angle (CPA) and 

internal auditory canal (IAC). 

○ HRCT Findings: The classic HRCT finding of 

a vestibular schwannoma is widening, flaring, and 

erosion of the bony IAC, particularly the porus 

acusticus. These bony changes are typically smooth and 

well-demarcated, reflecting the slow growth of the 

tumor, and are usually confined to the IAC. Larger 

tumors may cause erosion of the petrous apex or extend 

into the CPA, where they appear as a soft tissue mass. 

While HRCT can demonstrate these bony changes, it 

is less sensitive than contrast-enhanced MRI for 

detecting small intracanalicular tumors or for precisely 

defining the tumor's soft tissue extent within the CPA 

or its relationship to the brainstem and other cranial 

nerves. MRI is considered the gold standard for the 

diagnosis and follow-up of vestibular schwannomas. In 

rare instances, vestibular schwannomas can exhibit 

atypical aggressive temporal bone invasion extending 

beyond the confines of the IAC. 

● Glomus Tumors (Paragangliomas): These 

are highly vascular, typically benign but locally 

invasive tumors arising from paraganglion cells 

associated with cranial nerves and blood vessels. Their 

classification and HRCT appearance depend on their 

site of origin within the temporal bone: 

○ Glomus Tympanicum: Arises from paraganglia 

along Jacobson's nerve (tympanic branch of CN IX) on 

the cochlear promontory within the middle ear cavity. 

■ HRCT Findings: Typically appears as a small, 

well-defined soft tissue mass on the cochlear 

promontory. Significant bone erosion is usually absent 

unless the tumor becomes very large. 

○ Glomus Jugulare: Originates from paraganglia 

located in the adventitia of the jugular bulb, within or 

around the jugular foramen. 

■ HRCT Findings: Characteristically causes 

irregular, permeative, or 

"moth-eaten" bone destruction centered at the jugular 

foramen. The tumor often shows infiltrative growth, 

extending superiorly into the hypotympanum and 

middle ear, anteriorly towards the carotid canal, 

medially into the posterior cranial fossa, or inferiorly 

along the jugular vein. HRCT is invaluable 

for defining the extent of this deep bony involvement 

and helps differentiate glomus jugulare tumors from 

vascular anomalies or other skull base lesions. 

Angiography may be complementary for assessing 

vascular supply and embolization of large or atypical 

lesions. MRI typically shows a 

"salt-and-pepper" appearance due to flow voids 

within the highly vascular tumor. 

● Facial Nerve Schwannoma: A benign tumor 

arising from the Schwann cells of the facial nerve (CN 

VII). It can occur at any point along the nerve's course 

through the temporal bone. 

○ HRCT Findings: Characteristically causes 

smooth, fusiform, or sometimes lobulated expansion 

and erosion of the facial nerve canal. The specific 

segment involved (e.g., IAC, geniculate ganglion, 

tympanic, or mastoid segment) will determine the 

location of the bony changes. Contrast-enhanced MRI 

is superior for delineating the tumor itself, showing 

avid enhancement, and assessing its full extent. 

● Meningioma: These tumors arise from 

arachnoid cap cells along dural surfaces and can occur 

intracranially with secondary involvement of the 

temporal bone (e.g., along the petrous ridge, invading 

the IAC, or extending from the CPA). 

○ HRCT Findings: May demonstrate 

hyperostosis (reactive bone thickening) of the adjacent 
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temporal bone, which is a characteristic feature. Less 

commonly, meningiomas can cause bone erosion. 

Calcification within the tumor mass may also be visible 

on HRCT. Contrast-enhanced MRI is superior for 

delineating the dural attachment and soft tissue extent 

of the tumor. 

● Hemangioma/Venous Malformation: 

Vascular lesions can occur within the temporal bone. 

Osseous hemangiomas are rare benign vascular tumors 

of bone. 

○ HRCT Findings: Osseous hemangiomas may 

present as an expansile lesion with a characteristic 

internal pattern of bony spicules (trabeculae) creating a 

"honeycomb" or "sunburst" appearance. A geniculate 

ganglion venous malformation can appear as an 

expansile, lobulated mass centered at the geniculate 

ganglion, potentially with internal foci of bony spicules. 

MRI typically shows avid enhancement of these 

vascular lesions. 

8.2. Malignant Tumors 

Malignant neoplasms of the temporal bone are rare 

but aggressive. HRCT is crucial for assessing the extent 

of bone destruction, which is a key factor in staging and 

determining resectability. 

● Squamous Cell Carcinoma (SCC): This is 

the most common primary malignancy affecting the 

temporal bone. It most often arises from the skin of the 

external auditory canal but can also originate in the 

middle ear or mastoid, particularly in the setting of 

chronic inflammation. 

○ HRCT Findings: SCC typically causes 

irregular, aggressive bone destruction with poorly 

defined, infiltrative margins. The tumor can invade the 

middle ear cavity, mastoid air cells, temporomandibular 

joint, parotid gland, infratemporal fossa, and extend 

intracranially into the middle or posterior cranial fossae. 

HRCT is essential for evaluating the extent of this 

osseous invasion and involvement of critical structures 

like the carotid canal or jugular foramen. MRI is 

complementary and superior for assessing the soft 

tissue extent of the tumor, perineural spread (a common 

feature), and dural or intracranial involvement. 

● Adenoid Cystic Carcinoma: A malignant 

glandular tumor that can occur in the EAC or middle 

ear, known for its propensity for perineural spread. 

○ HRCT Findings: May show bone destruction 

similar to SCC. Widening of nerve foramina (e.g., 

stylomastoid foramen, foramen ovale, foramen 

rotundum) can be an indirect sign of perineural tumor 

extension. 

● Rhabdomyosarcoma: The most common soft 

tissue sarcoma in children that affects the temporal 

bone. It is highly aggressive. 

○ HRCT Findings: Typically demonstrates rapid 

and extensive bone destruction with an associated soft 

tissue mass. 

● Metastases: The temporal bone can be a site 

for metastatic disease from primary malignancies 

elsewhere in the body, most commonly from the breast, 

lung, kidney, and prostate. 

○ HRCT Findings: Metastases can cause lytic 

(destructive), blastic (sclerotic), or mixed patterns of 

bone involvement. The appearance is often non-

specific, and clinical history is crucial. 

● Lymphoma/Leukemia: Hematologic 

malignancies can infiltrate the temporal bone, often 

presenting with diffuse changes such as marrow space 

opacification or subtle permeative bone destruction 

rather than a discrete focal destructive mass, especially 

in the early stages. 

In the diagnostic workup of most temporal bone 

neoplasms, HRCT and MRI are not mutually exclusive 

but rather highly complementary modalities. This 

synergy is crucial for comprehensive tumor assessment. 

HRCT provides an unparalleled depiction of the "bony 

footprint" of the tumor—the extent and pattern of bone 

erosion, destruction, reactive hyperostosis, or expansion 

of bony canals and foramina. This information is vital 

for understanding the local aggressiveness of the tumor, 

its relationship to osseous landmarks, and for planning 

the extent of surgical bone removal. MRI, on the other 

hand, excels in characterizing the soft tissue 

components of the mass itself, defining its margins 

more clearly, assessing its relationship to critical 

neurovascular structures (such as direct encasement or 

displacement), detecting perineural spread along cranial 

nerves, and evaluating for intracranial extension or 

dural involvement. For instance, in the case of a 

vestibular schwannoma, HRCT will demonstrate the 

characteristic widening of the IAC , while MRI will 

visualize the tumor itself, its precise extension within 

the canal and into the CPA, and its effect on adjacent 

neural structures. Similarly, for squamous cell 

carcinoma, HRCT will map the extent of bone 

destruction , whereas MRI will better delineate the soft 

tissue mass, its invasion into surrounding soft tissue 
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planes, and any perineural or intracranial spread. 

Therefore, a combined imaging approach, leveraging 

the unique strengths of each modality, is often essential 

for optimal tumor evaluation, accurate staging, and 

effective treatment planning. 

Furthermore, the specific pattern of bone involvement 

observed on HRCT can offer important diagnostic clues 

regarding the nature of a temporal bone tumor, often 

helping to narrow the differential diagnosis even before 

MRI or biopsy results are available. Different types of 

tumors exhibit distinct biological behaviors, which 

translate into characteristic ways they interact with and 

alter adjacent bone. For example, slow-growing, 

benign, encapsulated tumors like schwannomas tend to 

cause smooth, well-demarcated, expansile remodeling 

or erosion of bone as they gradually enlarge; the 

widening of the IAC by a vestibular schwannoma or the 

smooth expansion of the facial nerve canal by a facial 

nerve schwannoma are classic examples. In contrast, 

highly vascular and locally invasive tumors, such as 

glomus jugulare paragangliomas, often exhibit a more 

aggressive, permeative, or "moth-eaten" pattern of bone 

destruction, reflecting their infiltrative growth and the 

presence of numerous vascular channels within the 

tumor and eroded bone. Aggressive malignant tumors, 

like squamous cell carcinoma, typically cause rapid, 

irregular, lytic bone destruction with poorly defined, 

infiltrative margins, indicative of their destructive 

nature. Thus, careful and experienced analysis of the 

HRCT bone destruction pattern can provide valuable 

insights into the likely histology and aggressiveness of 

the tumor, guiding further diagnostic investigations and 

management strategies. 

9. HRCT in the Evaluation of Otosclerosis 

Definition and Pathophysiology 

Otosclerosis, also termed otospongiosis, is a primary 

metabolic bone disease (otodystrophy) confined to the 

otic capsule and ossicles. It is characterized by 

disordered bone remodeling, where normal dense 

enchondral bone of the otic capsule is replaced by foci 

of vascular, spongy bone (spongiotic phase), which 

subsequently mature into dense, sclerotic bone 

(sclerotic phase). This abnormal bone typically affects 

the region of the oval window and stapes footplate, 

leading to stapes fixation and progressive conductive 

hearing loss. It can also involve the cochlear capsule, 

potentially causing sensorineural or mixed hearing loss. 

Otosclerosis is a common cause of acquired hearing 

loss in adults, typically presenting in the 2nd to 4th 

decades of life. 

Role of HRCT 

High-Resolution Computed Tomography is 

considered the gold standard imaging modality for 

visualizing the subtle osseous changes characteristic of 

otosclerosis. While the diagnosis is often made 

clinically based on progressive conductive hearing loss, 

a normal tympanic membrane, and characteristic 

audiometric findings (e.g., Carhart's notch), HRCT 

plays a crucial role in: 

● Confirming the clinical suspicion of 

otosclerosis. 

● Evaluating the location and extent of 

otosclerotic foci. 

● Assessing the severity of oval and round 

window involvement. 

● Facilitating surgical planning for procedures 

like stapedotomy or stapedectomy. 

● Ruling out other causes of conductive or 

mixed hearing loss that might mimic otosclerosis (e.g., 

ossicular fixation due to tympanosclerosis, congenital 

ossicular anomalies, cholesteatoma). 

● Identifying anatomical variants or potential 

complications that might influence the surgical 

approach or outcome. 

Classification and HRCT Findings 

Otosclerosis is broadly classified based on the site of 

involvement within the temporal bone: 

● Fenestral Otosclerosis: This is the most 

common form and involves the bone surrounding the 

oval window (fenestra vestibuli) and stapes footplate. 

○ Fissula Ante Fenestram: The area just anterior 

to the oval window is the most common site of initial 

otosclerotic involvement. HRCT typically shows a 

small focus of radiolucency (demineralization) 

representing the active spongiotic phase, or a focus of 

increased density (bony plaque) in the mature sclerotic 

phase. These foci can be as small as 1 mm and are often 

best visualized on axial HRCT images due 

to the anteroposterior orientation of the oval window 

and stapes crura. 

○ Oval Window Involvement: The otosclerotic 
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process can extend to involve the margins of the oval 

window, leading to thickening and narrowing of the 

window. The stapes footplate itself can become 

thickened and fixed by the otosclerotic bone. 

○ Obliterative Otosclerosis: In severe cases, the 

oval window may be completely obliterated by dense 

otosclerotic bone, making stapes surgery more 

challenging. This occurs in about 2% of patients with 

fenestral otosclerosis. 

○ Round Window Involvement: The round 

window (fenestra cochleae) can also be affected, with 

otosclerotic plaques causing narrowing or obliteration 

of the round window niche. Significant round window 

involvement can negatively impact the outcome of 

stapes surgery. Isolated round window otosclerosis 

without oval window or pericochlear involvement is 

rare. 

○ HRCT Appearance: In the active (spongiotic) 

phase, otosclerotic foci appear as areas of 

demineralization or radiolucency (hypodensity) 

compared to the normal dense otic capsule bone. In the 

inactive (sclerotic) phase, these foci become more 

calcified and appear as areas of increased bone density 

or plaques. 

● Retrofenestral (Cochlear) Otosclerosis: This 

form involves the bone of the otic capsule surrounding 

the cochlea and may extend to involve the bone around 

the vestibule, semicircular canals, and internal auditory 

canal. Cochlear otosclerosis often coexists with 

fenestral disease and can contribute to sensorineural or 

mixed hearing loss. 

○ HRCT Findings: 

■ Pericochlear Lucencies: Areas of 

demineralization or radiolucency are seen in the bone 

immediately surrounding the cochlear turns, 

particularly the basal turn. 

■ "Double Ring Sign" or "Fourth Ring of 

Valvassori": This is a characteristic HRCT finding in 

cochlear otosclerosis, where a halo of pericochlear 

hypodensity creates the appearance of a second, less 

dense ring around the normal dense ring of the cochlear 

capsule. 

■ The otosclerotic process may involve the 

endosteal layer of the cochlea, potentially releasing 

toxic enzymes into the perilymph and contributing to 

sensorineural hearing loss. 

■ Bilateral and symmetrical involvement of the 

cochlear capsule is common in retrofenestral 

otosclerosis. 

CT Grading Systems 

Several CT-based grading systems have been 

proposed to quantify the extent and severity of 

otosclerotic involvement, particularly for cochlear 

otosclerosis. These grading systems, such as the one 

proposed by Symons and Fanning, aim to correlate the 

radiological extent of disease with the degree of 

sensorineural hearing loss. For example, the 

Symons/Fanning classification includes: 

● Grade 1: Solely fenestral involvement 

(lesions confined to the oval or round window regions). 

● Grade 2: Patchy localized cochlear disease, 

which can be further subcategorized based on 

involvement of the basal turn (2A), extension to the 

middle turn (2B), or involvement of the basal, middle, 

and apical turns (2C). 

● Grade 3: Diffuse confluent cochlear 

involvement, where the demineralization affects the 

entire cochlear capsule. 

Diagnostic Accuracy and Limitations 

● HRCT has high specificity for otosclerosis, 

meaning that if characteristic findings are present, the 

diagnosis is likely correct. However, its sensitivity is 

variable and often reported as relatively low, 

particularly for detecting very small, early-stage, or 

purely sclerotic (inactive) lesions. One systematic 

review reported an overall sensitivity of 58%. 

● Limitations: 

○ Difficulty in detecting inframillimetric 

otosclerotic foci. 

○ Superficial lesions affecting only the endosteal 

layer may be missed. 

○ Inactive, dense sclerotic lesions can be 

challenging to differentiate from normal dense otic 

capsule bone, leading to false-negative interpretations. 

○ Subtle variations in bone density (less than 

200 Hounsfield units) may be imperceptible to the 

human eye. 

○ The diagnostic accuracy is significantly 

influenced by the experience of the interpreting 

radiologist. Specialized neuroradiologists or head and 

neck radiologists have demonstrated significantly 

higher detection rates compared to general radiologists. 

Pre-operative Assessment 

In patients being considered for stapes surgery 
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(stapedotomy or stapedectomy), pre-operative HRCT is 

valuable for: 

● Confirming the presence and assessing the 

extent and location of fenestral otosclerotic plaques. 

The size of the focus may correlate with the degree of 

conductive hearing loss (air-bone gap). 

● Evaluating the status of the oval window (e.g., 

degree of narrowing, presence of footplate thickening 

or obliteration), which informs the surgeon about the 

potential difficulty of the procedure and whether 

drilling might be required. 

● Assessing the status of the round window, as 

obliteration of the round window niche by otosclerosis 

can negatively impact surgical outcomes. 

● Delineating the anatomy of the facial nerve 

canal in relation to the oval window, to identify a 

dehiscent or prolapsed facial nerve that could 

complicate surgery. 

● Identifying other middle ear pathologies (e.g., 

congenital ossicular fixation, tympanosclerosis) or 

anatomical variants (e.g., a high jugular bulb, persistent 

stapedial artery) that could affect the surgical approach 

or mimic otosclerosis. 

● Assessing for signs of cochlear otosclerosis, 

which may have prognostic implications for the 

sensorineural component of hearing. 

Otosclerosis is a dynamic disease process, 

transitioning between an active, demineralized 

(spongiotic) phase and an inactive, mature (sclerotic) 

phase. HRCT is generally more adept at detecting the 

active spongiotic phase, which appears as characteristic 

lucencies or areas of reduced bone density. The later 

sclerotic phase, characterized by dense, recalcified 

bone, can be more challenging to distinguish from the 

normally dense otic capsule bone on HRCT, especially 

if the lesions are small or the density changes are 

subtle. This biphasic nature of the disease contributes to 

the variable sensitivity of HRCT and the potential for 

false-negative findings, particularly in cases of inactive 

or predominantly sclerotic otosclerosis. This inherent 

challenge in imaging a disease with changing bone 

density underscores why clinical suspicion, based on 

symptoms and audiometry, remains paramount in the 

diagnostic process. 

 The significant discrepancy in otosclerosis detection 

rates observed between general radiologists and 

specialized neuroradiologists (e.g., 36.1% vs. 82.5% in 

one study ) highlights a critical factor: the interpretation 

of HRCT for subtle conditions like otosclerosis is not 

solely dependent on image quality but relies heavily on 

the interpreter's specific expertise and familiarity with 

the nuanced imaging manifestations of the disease. 

Otosclerotic foci can be extremely small and their 

appearance subtle. General radiologists, who interpret a 

wide variety of imaging studies, may have less focused 

experience with temporal bone pathology or may not 

always be explicitly alerted by clinicians to the specific 

suspicion of otosclerosis, potentially leading to 

underdiagnosis. This disparity suggests that for optimal 

diagnostic accuracy in cases of suspected otosclerosis, 

HRCT scans should ideally be interpreted by 

radiologists with subspecialty training or extensive 

experience in head and neck or neuroradiology. It also 

underscores the importance of clear communication of 

clinical suspicion from the referring physician to the 

radiologist to guide a focused search for subtle lesions. 

10. Comparative Imaging Modalities 

The evaluation of temporal bone pathologies often 

involves a selection between, or combination of, 

different advanced imaging modalities. While HRCT is 

a cornerstone, MRI and CBCT offer distinct advantages 

and disadvantages depending on the clinical context. 

10.1. HRCT versus MRI in Temporal Bone 

Pathologies 

HRCT and MRI are often viewed as complementary 

rather than competing modalities in the assessment of 

temporal bone diseases, each providing unique 

information. 

● Strengths of HRCT: 

○ Osseous Detail: HRCT offers superior spatial 

resolution for visualizing fine osseous structures, 

cortical bone, and air-filled spaces within the temporal 

bone. This makes it the modality of choice for detecting 

and characterizing bone erosion, fractures, subtle bony 

anomalies (e.g., congenital malformations of the 

ossicles or labyrinth), and calcifications (such as in 

tympanosclerosis or some tumors). 

○ Specific Pathologies: It is the preferred 

modality for diagnosing conditions primarily affecting 

bone, such as otosclerosis , osseous labyrinthine 

malformations , and temporal bone trauma. 

○ Practical Advantages: Generally, HRCT 

acquisition is faster and less expensive than MRI. 

● Limitations of HRCT: 
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○ Soft Tissue Contrast: HRCT has inherently 

poor soft tissue contrast resolution. It cannot reliably 

differentiate between various types of non-calcified soft 

tissues if they have similar X-ray attenuation values. 

This is a significant limitation, for example, in 

distinguishing cholesteatoma from granulation tissue, 

inflammatory fluid, or post-operative scar tissue in the 

absence of definitive bony erosion. 

○ Nerve and Membranous Labyrinth 

Visualization: HRCT cannot directly visualize cranial 

nerves (e.g., the cochlear nerve or the facial nerve itself, 

only its bony canal) or the delicate structures of the 

membranous labyrinth and intralabyrinthine fluid in 

detail. 

○ Ionizing Radiation: HRCT utilizes ionizing 

radiation, which is a concern, especially for pediatric 

patients or individuals requiring multiple follow-up 

examinations. 

● Strengths of MRI: 

○ Soft Tissue Characterization: MRI provides 

vastly superior soft tissue contrast and characterization 

capabilities. It can differentiate between various soft 

tissue types based on their intrinsic magnetic properties. 

○ Neuroimaging: MRI is excellent for 

visualizing cranial nerves, such as the vestibulocochlear 

nerve within the IAC and CPA, and the facial nerve. It 

can detect nerve inflammation, compression, or 

neoplastic involvement (e.g., perineural tumor spread) 

and is indispensable for assessing intracranial extension 

of temporal bone pathologies. 

○ Specific Pathologies: MRI is the definitive 

modality for diagnosing vestibular schwannomas 

(especially small intracanalicular tumors) and other 

nerve sheath tumors. Diffusion-Weighted Imaging 

(DWI) sequences on MRI are highly specific for 

identifying cholesteatoma, particularly in differentiating 

it from other inflammatory or scar tissues in ambiguous 

cases or in the post-operative setting to detect 

recurrence. 

○ Labyrinthine Fluids: MRI can detect 

abnormal fluid signals within the labyrinthine structures 

(e.g., in labyrinthitis) and, with specialized sequences 

(e.g., heavily 

T2-weighted 3D FLAIR), can help in diagnosing 

conditions like endolymphatic hydrops. 

○ No Ionizing Radiation: MRI does not use 

ionizing radiation, making it safer for radiosensitive 

populations and for serial imaging. 

● Limitations of MRI: 

○ Osseous Detail: MRI has inferior spatial 

resolution for fine bony detail compared to HRCT and 

cannot adequately assess cortical bone erosion or 

calcifications. 

○ Practical Disadvantages: MRI scans are 

typically longer, more expensive, and more susceptible 

to motion artifacts. There are also contraindications, 

such as the presence of certain ferromagnetic implants 

or severe claustrophobia. 

● Complementary Roles: In many clinical 

scenarios, HRCT and MRI are used synergistically to 

provide a comprehensive evaluation: 

○ Tumor Assessment: For neoplastic lesions, 

HRCT defines the extent of bone involvement, while 

MRI characterizes the soft tissue mass, its relationship 

to neurovascular structures, and any intracranial 

extension. 

○ Congenital Sensorineural Hearing Loss: In 

the workup for cochlear implantation, HRCT delineates 

the bony anatomy of the labyrinth and middle ear, while 

MRI is crucial for assessing the status of the cochlear 

nerve. 

○ Cholesteatoma Evaluation: HRCT is 

valuable for initial assessment of bone erosion and pre-

operative planning, while MRI with DWI is often used 

for diagnostic confirmation (especially if HRCT is 

equivocal) and for detecting post-operative recurrence. 

The choice between HRCT and MRI, or their combined 

use, depends on the specific clinical question, the 

suspected pathology, and the anatomical structures that 

need to be prioritized for evaluation. 

10.2. HRCT (MSCT) versus Cone-Beam CT 

(CBCT) 

Cone-Beam Computed Tomography (CBCT) has 

emerged as an alternative imaging technique for certain 

temporal bone applications. 

● CBCT Principles: CBCT systems employ a 

cone-shaped X-ray beam and a 

two-dimensional flat-panel detector to acquire a 

volumetric dataset of the targeted 

anatomical region, typically in a single rotation of the 

gantry. 

● Advantages of CBCT: 

○ Reduced Radiation Dose: One of the most 

significant advantages of CBCT is its potential for 

substantially lower radiation doses compared to 
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conventional 

MSCT-based HRCT. This is particularly beneficial 

for pediatric patients and for conditions requiring serial 

imaging. Some studies have reported radiation dose 

reductions by a factor of 20 or more. 

○ High Spatial Resolution for Bone: CBCT 

can achieve excellent spatial resolution for bony 

structures, with some studies suggesting it may be 

comparable or even superior to MSCT for visualizing 

fine details of the ossicles (e.g., stapes, incudostapedial 

joint) and other delicate temporal bone anatomy. 

○ Faster Acquisition Time: The volumetric 

data acquisition in a single rotation can lead to shorter 

scan times. 

○ Cost and Footprint: CBCT units can be more 

compact and potentially less expensive than full-sized 

MSCT scanners. 

● Limitations of CBCT: 

○ Poor Soft Tissue Contrast: Due to lower 

radiation exposure and different scatter characteristics, 

CBCT provides significantly inferior soft tissue contrast 

resolution compared to MSCT. This makes it unsuitable 

for evaluating primary soft tissue pathologies or for 

differentiating between various soft tissue densities 

within the middle ear or mastoid. 

○ Increased Scatter Radiation Artifacts: 

CBCT images can be more susceptible to artifacts from 

scattered radiation, which may degrade overall image 

quality. 

○ Cone-Beam Specific Artifacts: Certain image 

artifacts are unique to the cone-beam reconstruction 

process. 

○ Overestimation of Dehiscence/Defects: 

Some research indicates that CBCT may overestimate 

the presence or size of very fine bony defects, such as 

facial canal dehiscence. This is attributed to its 

resolution limits when visualizing extremely thin bony 

lamellae, potentially leading to false-positive findings 

when compared to higher-resolution techniques like 

micro-CT. One study specifically noted that the 

resolution of CBCT was insufficient for clearly 

visualizing the thin bony lining of the facial canal. 

● Clinical Applications: CBCT is increasingly 

being explored as a viable alternative to MSCT for 

specific temporal bone indications where high-

resolution bony detail is paramount and radiation dose 

reduction is a primary concern. Potential applications 

include the assessment of cholesteatoma for bone 

erosion, evaluation of ossicular chain integrity, pre-

operative planning for certain otologic surgeries, and 

post-operative assessment of implants or prostheses. It 

is also widely used in dental and maxillofacial imaging. 

● HRCT (MSCT) Advantages over CBCT (in 

some aspects): 

○ Superior soft tissue contrast resolution. 

○ More established and widely validated 

protocols across a broader range of temporal bone 

pathologies. 

○ Generally less prone to certain types of image 

artifacts that can affect CBCT. 

The comparison between HRCT (MSCT), MRI, and 

CBCT strongly underscores the "right tool for the job" 

principle in medical imaging. No single modality is 

universally superior for every conceivable temporal 

bone pathology. The optimal imaging choice is dictated 

by the specific clinical question being addressed, the 

particular anatomical structures or pathological 

processes 

that need to be evaluated (e.g., bone versus soft tissue, 

nerve involvement, fluid characteristics), and practical 

considerations such as radiation exposure, patient 

factors (e.g., claustrophobia, implants), availability, and 

cost. For instance, if the primary concern is a suspected 

temporal bone fracture, otosclerosis, or a congenital 

bony anomaly of the labyrinth, HRCT or potentially 

CBCT would be the preferred initial modalities due to 

their excellent bone detail. Conversely, if a vestibular 

schwannoma, perineural tumor spread, or the 

differentiation of cholesteatoma from inflammatory 

tissue is suspected, MRI is indispensable, often used in 

conjunction with HRCT to provide a complete picture. 

This necessitates a nuanced, 

indication-driven approach to selecting and 

sequencing imaging studies, often involving a 

collaborative decision between the referring clinician 

and the radiologist. 

The emergence and increasing investigation of CBCT 

for temporal bone imaging, despite its recognized 

limitations in soft tissue contrast, is heavily influenced 

by the significant reduction in radiation dose it offers 

compared to traditional MSCT-based HRCT. This trend 

reflects a broader and growing emphasis in medical 

imaging on minimizing patient radiation exposure, in 

line with the As Low As Reasonably Achievable 

(ALARA) principle. This concern is particularly acute 

for radiosensitive populations, such as pediatric 

patients, and for individuals with chronic conditions 
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that may require repeated imaging studies over time. 

The substantial radiation dose advantage of CBCT is a 

primary motivator for its adoption and ongoing research 

in temporal bone imaging, even if it means accepting 

poorer soft tissue visualization or other technical 

limitations in certain contexts. This indicates a 

discernible shift in the factors influencing imaging 

modality selection, where radiation burden is becoming 

an increasingly significant consideration, thereby 

prompting innovation and adaptation of lower-dose 

technologies like CBCT for appropriate clinical 

scenarios. 

 

 

Feature HRCT (MSCT) MRI CBCT 

Primary Strength Excellent 

osseous 

detail, air 

space 

visualization 

Excellent soft tissue 

contrast, nerve 

visualization, fluid 

characterization 

Good-

Excellent 

osseous 

detail, 

significantl

y lower 

radiation 

dose 

Key Limitations Poor soft tissue 

differentiation, 

ionizing radiation 

Poor osseous detail, 

longer scan time, 

higher cost, 

contraindications 

(implants, 

claustrophobia) 

Very poor soft 

tissue contrast, 

scatter & cone-

beam artifacts, 

potential 

overestimation of 

fine bony defects 

Radiation Exposure Moderate to High 

(ionizing) 

None Low (ionizing) 

Soft Tissue Detail Poor Excellent Very Poor 

Bone Detail 

(Cortical/Trabecular) 

Excellent Poor (indirect signs like 

marrow infiltration) 

Good to Excellent 

Nerve Visualization Indirect (bony canal 

assessment) 

Direct 

visualization 

(e.g., CN VII, 

VIII), 

assessment of 

perineural spread 

Indirect (bony canal 

assessment) 

Common Indications Trauma (fractures, 

ossicular 

dislocation), 

Vestibular 

schwannoma, 

other 

Selected osseous 

pathologies where low 
 

 

Table 4: Comparative Diagnostic Utility: HRCT vs. MRI vs. CBCT for Temporal Bone Pathologies 
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Feature HRCT (MSCT) MRI CBCT 

 otosclerosis, COM 

(bone erosion), 

congenital bony 

anomalies, pre-op bone 

mapping 

CPA/IAC tumors, 

cholesteatoma (DWI for 

diagnosis/recurrence), 

inflammatory 

complications 

(intracranial), nerve 

palsies, SNHL workup 

(nerve status), 

Meniere's (hydrops) 

dose is critical (e.g., 

pediatric, serial scans), 

dental/maxillofacial, 

some 

cholesteatoma/ossicle 

assessment 

References    

 

11. Role of HRCT in Pre-operative Planning 

General Importance 

Pre-operative High-Resolution Computed 

Tomography serves as an indispensable "roadmap" 

for surgeons undertaking procedures within the 

complex confines of the temporal bone. By 

providing detailed visualization of normal 

anatomical structures, crucial anatomical variants, 

and the precise extent and nature of pathological 

processes, HRCT allows for meticulous surgical 

planning. This information is vital for selecting the 

optimal surgical approach, anticipating potential 

intraoperative difficulties, minimizing the risk of 

injury to vital neurovascular structures, and 

providing patients with accurate counseling 

regarding the procedure, expected outcomes, and 

potential risks. 

11.1. Cochlear Implantation (CI) 

HRCT, often in conjunction with MRI, is a 

standard component of the pre-operative 

assessment for cochlear implantation in patients 

with severe to profound sensorineural hearing loss. 

● Assessment of Inner Ear Anatomy: 

○ Cochlear Morphology and 

Patency: HRCT is crucial for 

identifying congenital 

malformations of the cochlea, such 

as a common cavity, cochlear 

hypoplasia, or incomplete partition 

anomalies (e.g., Mondini 

deformity). These anomalies can 

significantly impact the feasibility 

of implantation, the choice of 

electrode array, and the surgical 

technique for insertion. HRCT can 

also detect labyrinthitis ossificans 

(bony obliteration of the cochlear 

lumen), often a sequela of 

meningitis, which can make 

electrode insertion difficult or 

impossible and may necessitate 

specialized surgical techniques or 

electrode types. 

○ Vestibular and Semicircular Canal 

Anatomy: Assessment for associated 

anomalies. 

○ Status of the Round Window Niche: 

The round window membrane is a 

common site for electrode insertion. 

HRCT helps assess its accessibility 

and any overlying bony 

obstructions. 

○ Caliber of the Internal Auditory 

Canal (IAC) and Cochlear Nerve 

Canal (CNC): While MRI is 

superior for direct visualization of 

the cochlear nerve, HRCT 

provides information on the bony 
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dimensions of these canals. A 

very narrow IAC or CNC may 

suggest cochlear nerve hypoplasia 

or aplasia, which could be a 

contraindication for CI. 

● Middle Ear and Mastoid Assessment: 

○ Facial Recess Anatomy: The facial 

recess is a critical surgical corridor 

for accessing the round window 

and cochlea via a posterior 

tympanotomy approach. HRCT 

helps evaluate the dimensions of 

the facial recess and its 

relationship to the round window 

and facial nerve. 

○ Position of the Facial Nerve: 

Identifying an aberrant course 

of the facial nerve or congenital 

dehiscence of its bony canal is 

paramount to avoid iatrogenic 

injury during drilling. 

○ Mastoid Pneumatization: 

The degree of mastoid air 

cell development (e.g., well-

pneumatized versus 

sclerotic mastoid) can 

influence the ease of 

surgical access. 

○ Anatomical Variants: HRCT can 

detect critical anatomical variants 

that may pose surgical risks, such as 

a high-riding or dehiscent jugular 

bulb, a low-lying dural plate 

(tegmen), an anteriorly displaced 

sigmoid sinus, or aberrant carotid 

artery, all of which could be 

inadvertently injured during 

mastoidectomy or cochleostomy. 

○ Middle Ear Disease: The 

presence of active or chronic 

middle ear disease (e.g., COM, 

cholesteatoma) may need to be 

addressed prior to or 

concurrently with CI surgery. 

● Decision Making: Findings on HRCT can 

significantly influence crucial decisions, 

including which ear to implant (if bilateral 

hearing loss and/or anomalies are present), 

the specific surgical technique to be 

employed (e.g., round window insertion 

vs. cochleostomy), and the selection of the 

most appropriate type and length of 

electrode array. In cases deemed 

"difficult" based on clinical assessment or 

where MRI findings are unfavorable or 

ambiguous (e.g., concerning cochlear 

nerve status or complex inner ear 

malformations), HRCT becomes 

particularly valuable in providing the 

detailed bony information needed to refine 

the surgical plan. 

11.2. Mastoidectomy (for COM and 

Cholesteatoma) 

HRCT is routinely performed prior to 

mastoidectomy for chronic otitis media and 

cholesteatoma to guide surgical management. 

● Defining Extent of Disease: 

○ HRCT accurately maps the location 

and spread of cholesteatoma within 

the middle ear cleft (e.g., attic, 

aditus ad antrum, mastoid antrum, 

sinus tympani, facial recess) and 

any extension into surrounding 

structures. 

○ It demonstrates the extent 

of soft tissue opacification 

in COM, helping to 

differentiate mucosal 

disease from 

cholesteatoma when 

combined with bony 

erosion patterns. 

● Assessment of Bony Erosion and 

Complications: This is a primary role 

of HRCT in pre-mastoidectomy 

planning. 

○ Ossicular Chain Status: HRCT 

details erosion, displacement, or 

fixation of the malleus, incus, and 

stapes, which is essential for 

planning potential ossiculoplasty. 

○ Scutum Erosion: A key indicator of attic 

cholesteatoma. 

○ Tegmen Tympani/Mastoideum 

Integrity: Detection of tegmen 

erosion is critical as it indicates 
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dural exposure and risk of CSF 

leak or intracranial complications. 

○ Labyrinthine Fistula: Erosion 

into the semicircular canals 

(most commonly the lateral 

SCC) or cochlea by 

cholesteatoma is a serious 

complication that requires 

careful surgical handling to 

preserve inner ear function. 

○ Facial Nerve Canal Dehiscence or 

Erosion: Alerts the surgeon to the 

increased 

ulnerability of the facial nerve. 

○ Sigmoid Sinus Plate Erosion: 

Indicates risk to the sigmoid sinus, 

potentially leading to thrombosis 

or hemorrhage. 

● Identifying Anatomical Variants: 

○ Mastoid Pneumatization: The 

degree of mastoid air cell 

development (sclerotic, diploic, 

or cellular) influences the 

surgical approach and extent of 

drilling required. 

○ Position of Vital Structures: 

HRCT identifies the precise 

location of the sigmoid sinus, 

jugular bulb, tegmen plate, and 

the course of the facial nerve, 

helping the surgeon avoid 

these structures. 

○ Koerner’s Septum: The presence of 

this persistent petrosquamous 

lamina can be a surgical landmark 

or, if unrecognized, a source of 

confusion during mastoidectomy. 

● Surgical Approach Planning: The 

detailed anatomical and pathological 

information gleaned from HRCT helps 

the surgeon decide between different 

mastoidectomy techniques (e.g., canal 

wall up versus canal wall down), 

determine the necessary extent of bone 

removal, anticipate the need for ossicular 

chain reconstruction, and take specific 

precautions to protect vital structures at 

risk. 

11.3. Other Otologic Surgeries 

HRCT also plays a vital pre-operative role in various 

other otologic procedures: 

● Stapedotomy/Stapedectomy for Otosclerosis: 

○ HRCT is used to confirm the 

diagnosis of fenestral otosclerosis, 

assess the degree of oval window 

involvement (e.g., footplate 

thickening, obliteration, which 

may necessitate drilling), and 

evaluate the status of the round 

window, as round window 

obliteration can affect surgical 

outcomes. 

○ It also allows evaluation of the 

anatomy of the stapes and incus, 

the relationship of the facial nerve 

to the oval window, and helps 

identify factors that might increase 

the risk of complications like a 

perilymphatic gusher (e.g., a 

widely patent cochlear aqueduct or 

certain inner ear malformations). 

● Tumor Resection (e.g., Glomus Tumors, 

Schwannomas, SCC): 

○ HRCT is crucial for defining the 

extent of bone destruction caused 

by the tumor and its relationship to 

critical neurovascular structures 

such as the carotid artery, jugular 

vein, facial nerve, lower cranial 

nerves, and the inner ear. This 

information is fundamental for 

planning surgical corridors, 

assessing resectability, and 

anticipating the need for combined 

approaches or reconstruction. 

● Surgery for Temporal Bone Trauma: 

○ In cases of temporal bone fractures 

requiring surgical intervention, 

HRCT precisely identifies the 

location and course of fracture 

lines, the status of the ossicular 

chain (dislocations, fractures), 

sites of potential CSF leakage 

(e.g., tegmen defects), and the 

integrity of the facial nerve canal, 

guiding exploration for facial 
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nerve decompression or repair. 

● Surgery for Congenital Atresia Repair: 

○ For surgical correction of congenital 

aural atresia, HRCT assesses the 

development of the external 

auditory canal, the status of the 

middle ear cavity and ossicles 

(which may be malformed or fused), 

and, critically, the course of the 

facial nerve, which is often 

anomalous in these cases and at 

high risk of injury. 

Pre-operative HRCT extends its utility beyond 

merely guiding the surgeon's technical maneuvers; 

it serves as a critical instrument for comprehensive 

risk assessment and informed 

patient counseling. By precisely identifying 

potential intraoperative hazards—such as a 

dehiscent facial nerve canal making the nerve 

exceptionally vulnerable, anomalous vasculature 

(e.g., a high-riding jugular bulb encroaching on 

the mastoid cavity), or extensive pathological 

erosion dangerously close to vital structures like 

the dura or major vessels—HRCT empowers 

surgeons to discuss specific, patient-tailored risks 

with greater accuracy during the informed consent 

process. This detailed foreknowledge allows for 

the proactive planning of intraoperative strategies 

designed to mitigate these identified risks, such as 

using facial nerve monitoring, selecting alternative 

surgical approaches, or preparing for potential 

complications. 

In certain complex cases, the findings on pre-

operative HRCT can fundamentally alter the 

overarching surgical philosophy or the intended 

goals of the procedure. For example, in a patient 

with extensive cholesteatoma where HRCT 

demonstrates significant erosion of the tegmen 

tympani, a labyrinthine fistula, and intimate 

involvement of a dehiscent facial nerve, the 

primary surgical goal might shift from an 

aggressive, single-stage attempt at complete 

disease eradication with functional preservation to 

a more conservative initial debulking, a planned 

staged procedure to allow for safer dissection after 

inflammation subsides, or even a discussion of 

non-surgical management if the risks of severe 

neurological deficit are deemed unacceptably high 

relative to the patient's overall condition and the 

nature of the disease. Conversely, if HRCT reveals 

limited, well-circumscribed disease located safely 

away from critical structures, it might support the 

planning of a more definitive and potentially less 

invasive surgical approach with a higher 

expectation of functional preservation. Thus, 

HRCT findings do not just inform how a surgery is 

performed, but can significantly influence what 

surgery is performed and what the realistic 

expectations for outcome should be. 

12. Limitations of HRCT in Temporal Bone Imaging 

Despite its established importance and numerous 

advantages, High-Resolution Computed Tomography is 

not without limitations in the evaluation of temporal 

bone pathologies. 

Recognizing these limitations is crucial for appropriate 

modality selection and accurate image interpretation. 

● Poor Soft Tissue Differentiation: This 

remains a primary and well-recognized 

limitation of HRCT. While excellent at 

depicting interfaces between bone, air, 

and generic "soft tissue density," HRCT 

cannot reliably distinguish between 

different types of non-calcified soft 

tissues that have similar X-ray attenuation 

values. 

○ Clinical Implication: This poses a 

significant challenge in 

differentiating cholesteatoma 

from inflammatory granulation 

tissue, mucosal edema, simple 

fluid (effusion), cholesterol 

granuloma, or post-operative scar 

tissue, especially if the 

characteristic bony erosions 

associated with cholesteatoma are 

absent, subtle, or equivocal. This 

limitation is a major reason for 

the adjunctive or preferential use 

of MRI, particularly sequences 

like Diffusion-Weighted Imaging 

(DWI), in cases of suspected 

recurrent cholesteatoma or when 

HRCT findings are ambiguous. 

● Radiation Exposure: HRCT utilizes 

ionizing radiation, which carries a 
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cumulative risk, particularly for certain 

patient populations: 

○ Pediatric Patients: Children 

are inherently more 

radiosensitive than adults, 

and efforts to minimize 

radiation exposure are 

paramount. 

○ Patients Requiring Multiple 

Follow-up Scans: Individuals with 

conditions that necessitate serial 

imaging for monitoring (e.g., 

slow-growing tumors where MRI 

is contraindicated or unavailable, 

or certain post-operative 

surveillance protocols) are 

at increased risk from cumulative 

radiation dose. 

○ Radiation to the crystalline lens 

of the eye is a specific concern 

that has been highlighted in the 

context of temporal bone CT. 

This inherent radiation burden is 

a significant driver for the 

development and adoption of 

lower-dose imaging techniques, 

such as Cone-Beam CT (CBCT), 

and the preferential use of 

non-radiation modalities like MRI when 

clinically appropriate. 

● Challenges in Detecting Very Subtle 

Lesions: Despite its high resolution, 

HRCT can have difficulty in definitively 

visualizing extremely subtle or minute 

pathological changes: 

○ Facial Canal Dehiscence: HRCT 

exhibits low to moderate 

sensitivity for detecting congenital 

or acquired facial canal 

dehiscence, especially if the bony 

defect is very small or if the canal 

wall is congenitally extremely thin 

(making it difficult to distinguish 

true dehiscence from partial 

volume averaging of a very thin 

but intact wall). Paradoxically, 

overestimation of dehiscence can 

also occur, particularly with some 

CBCT systems, if the thin bone is 

below the system's resolution 

capability. 

○ Early or Small Otosclerotic Foci: 

Minute, inframillimetric 

otosclerotic lesions, or those in a 

purely sclerotic (inactive) phase 

that closely mimic the density of 

normal otic capsule bone, can be 

missed on HRCT. This contributes 

to the modality's variable and 

sometimes low sensitivity for 

diagnosing otosclerosis, 

particularly in its early stages. 

○ Minute Labyrinthine 

Fistulae: While HRCT can 

often detect larger 

labyrinthine fistulae caused 

by cholesteatoma, very small 

or impending fistulae may 

not be definitively visualized. 

● Inability to Assess Nerve Integrity 

Directly: HRCT provides excellent 

visualization of the bony canals that 

transmit cranial nerves, such as the 

internal auditory canal (for CN VII and 

VIII) and the facial nerve canal. Erosion or 

widening of these canals by a tumor 

strongly suggests nerve involvement. 

However, HRCT does not directly image 

the nerves themselves. Therefore, it cannot 

assess nerve caliber, intrinsic signal 

abnormality (e.g., edema, inflammation), 

enhancement patterns (indicative of 

inflammation or tumor), or confirm nerve 

transection in trauma. MRI is the modality 

of choice for direct visualization and 

assessment of cranial nerve pathology. 

● Limited Evaluation of Intralabyrinthine 

Structures: While HRCT superbly 

delineates the osseous labyrinth (cochlea, 

vestibule, semicircular canals), it provides 

limited information about the membranous 

labyrinth housed within these bony 

structures or the nature of the 

intralabyrinthine fluids (perilymph and 

endolymph). For example, HRCT cannot 

differentiate pus from normal perilymph 

within the cochlea in cases of labyrinthitis, 
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nor can it directly detect endolymphatic 

hydrops (a hallmark of Meniere's disease). 

MRI, with specialized fluid-sensitive 

sequences, is superior for evaluating these 

intralabyrinthine soft tissue and fluid 

characteristics. 

● Artifacts: Like all CT imaging, HRCT can 

be affected by artifacts that may degrade 

image quality or mimic pathology. Beam 

hardening artifacts, particularly from the 

dense petrous bone itself or from nearby 

dental restorations, can create streaks that 

obscure detail in adjacent areas. Motion 

artifacts can be problematic, especially in 

uncooperative patients, given the high 

resolution required and the potential for 

small movements to blur fine structures. 

● Operator and Interpreter Dependence: 

The diagnostic accuracy of HRCT of the 

temporal bone, particularly for subtle or 

complex pathologies, is significantly 

dependent on meticulous scan technique 

and protocol adherence by the 

technologist, as well as the experience 

and expertise of the interpreting 

radiologist. As highlighted in the context 

of 

otosclerosis, detection rates for subtle findings 

can vary widely based on the radiologist's 

familiarity with temporal bone imaging. 

The acknowledged limitations of HRCT, such as 

its poor soft tissue contrast and the use of ionizing 

radiation, have been significant catalysts for both 

the complementary utilization of MRI and the 

ongoing development and adoption of alternative 

or adjunctive imaging technologies like CBCT and 

AI-assisted interpretation tools. These limitations 

effectively define the "gaps" in diagnostic 

capability that other modalities or future 

technological advancements aim to address. For 

example, the inability of HRCT to reliably 

differentiate cholesteatoma from granulation tissue 

in the absence of clear bone erosion was a major 

impetus for the clinical application and validation 

of MRI with DWI, which excels in this specific 

differentiation, particularly in the 

post-operative setting. Similarly, concerns 

regarding radiation exposure from HRCT, 

especially in pediatric patients or those requiring 

serial scans , have fueled research into and 

clinical adoption of lower-dose CBCT for 

appropriate indications , as well as the 

preferential use of non-radiation modalities like 

MRI whenever feasible. The challenge of 

detecting very subtle lesions or the variability in 

interpretation based on radiologist experience is 

a driving force behind the exploration of AI 

algorithms for computer-aided detection, 

segmentation, and 

potentially diagnosis. Thus, the limitations of HRCT 

are not merely drawbacks but also serve as important 

stimuli for a more comprehensive, multi-modal imaging 

approach and for continuous technological innovation 

in the field of temporal bone assessment. 

Furthermore, it is crucial to recognize that certain 

critical pathologies or specific aspects of 

pathological processes are effectively "invisible" to 

HRCT because they do not produce a discernible 

osseous signature or a sufficient difference in X-

ray attenuation to be detected. This category of 

"HRCT-invisible" pathology includes direct nerve 

involvement by tumors (such as microscopic 

perineural infiltration versus simple compression 

by an adjacent mass), early inflammatory changes 

within the delicate membranous labyrinth before 

they cause bone erosion or ossification, or the true 

histological nature of a non-eroding soft tissue 

mass within the middle ear. MRI, by utilizing 

different physical principles based on proton spin 

characteristics, is capable of detecting many of 

these changes, such as abnormal nerve 

enhancement, alterations in labyrinthine fluid 

signals, or specific tissue signatures on DWI. 

Therefore, a "normal" HRCT scan in a patient 

presenting with strong clinical suspicion of certain 

pathologies (e.g., sensorineural hearing loss with 

features suggestive of a retrocochlear lesion, or 

persistent middle ear symptoms despite a non-

eroded appearance on HRCT) does not necessarily 

exclude underlying disease and often warrants 

further investigation with MRI. Understanding 

what HRCT cannot reliably show is as important 

as appreciating its strengths for appropriate patient 

management and for guiding the selection of 

complementary imaging modalities. 

 

Conclusions: 
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The use of High-Resolution Computed Tomography 

(HRCT) has revolutionized the approach to diagnosing 

and managing various pathologies of the temporal bone. 

As a cornerstone imaging modality, HRCT offers 

unparalleled resolution for detailed visualization of the 

intricate bony anatomy of the temporal bone, making it 

invaluable in both diagnostic evaluation and surgical 

planning. Its high spatial resolution enables clinicians to 

detect even minute osseous abnormalities, congenital 

anomalies, inflammatory changes, infections, traumatic 

injuries, neoplastic processes, and degenerative 

conditions with remarkable clarity. 

 

 

One of the key strengths of HRCT is its ability to 

provide detailed anatomical mapping of the intricate 

structures within the temporal bone, including the 

ossicles, cochlea, semicircular canals, facial nerve 

canal, jugular bulb, and petrous apex. This level of 

detail is crucial for identifying congenital 

malformations, such as Mondini dysplasia or cochlear 

ossification, which can impact surgical strategies and 

prognosis. For example, in congenital abnormalities, 

HRCT can precisely delineate malformation extent, 

helping surgeons plan interventions with greater 

confidence and precision. 

 

 

In cases of inflammatory and infectious diseases, 

HRCT plays a crucial role in assessing the extent of 

disease and identifying complications. Chronic otitis 

media, cholesteatoma, mastoiditis, and other infections 

often involve complex and variable osseous changes, 

which HRCT can visualize non-invasively. The ability 

to detect erosion of ossicles, destruction of the bony 

labyrinth, or erosion of the tegmen tympani informs 

both diagnosis and surgical planning. The detection of 

cholesteatoma expansion and its effect on surrounding 

structures directly influences management strategies, 

guiding decisions on whether surgical removal is 

necessary and determining the scope of intervention. 

 

 

Traumatic injuries to the temporal bone, which may 

result from witness accidents, falls, or penetrating 

trauma, present a diagnostic challenge. HRCT excels in 

evaluating fracture patterns, displacement, and potential 

involvement of critical structures such as the internal 

auditory canal, facial nerve canal, and carotid canal. 

Early and accurate identification of fracture lines—

whether longitudinal, transverse, or mixed—depends on 

the high-resolution imaging capabilities of HRCT. This 

information helps determine the risk of complications 

like hemorrhage, nerve injury, or cerebrospinal fluid 

(CSF) leaks, thereby facilitating appropriate clinical 

management. 

 

Neoplastic processes involving the temporal bone, 

including primary tumors such as glomus tympanicum 

and glomus jugulare, as well as secondary metastases, 

can be effectively characterized with HRCT. The 

detailed bone window imaging enables assessment of 

tumor extent, bony destruction, and involvement of 

adjacent structures. These insights are fundamental in 

staging, treatment planning—including surgical 

resection, radiotherapy, or combined approaches—and 

predicting prognosis. 

 

 

Otosclerosis, a common cause of progressive 

conductive hearing loss, is another condition where 

HRCT has a well-established role. It allows 

visualization of the characteristic lucent areas in the otic 

capsule and helps differentiate otosclerosis from other 

causes of stapes fixation or middle ear pathology, thus 

facilitating precise diagnosis and appropriate 

management. 

 

 

Despite its numerous advantages, HRCT is not without 

limitations. Its poor soft tissue contrast hampers the 

evaluation of intracranial or inner ear soft tissues, 

necessitating complementary imaging modalities such 

as Magnetic Resonance Imaging (MRI). MRI is 

especially useful for soft tissue pathology, inner ear 

lesions, or evaluation of vascular tumors like glomus 

tumors. The combined use of HRCT and MRI provides 

a comprehensive assessment, covering both bony and 

soft tissue abnormalities, leading to more accurate 
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diagnosis and optimized treatment planning. 

 

 

Another limitation of HRCT is its exposure to ionizing 

radiation. While modern techniques have minimized 

radiation doses, it remains an important factor, 

especially in pediatric populations and in cases 

requiring multiple follow-up scans. Efforts to optimize 

imaging protocols and the development of alternative 

imaging techniques aim to reduce unnecessary radiation 

exposure without compromising diagnostic quality. 

 

 

The advent of Cone-Beam CT (CBCT) technology 

offers potential advantages such as lower radiation 

doses and cost-effectiveness, particularly in dental and 

otological applications. 

However, while CBCT provides high-resolution 

images of bony structures similar to HRCT, it generally 

lacks the soft tissue contrast needed for comprehensive 

evaluation of complex temporal bone pathologies. 

Therefore, HRCT remains the preferred modality for 

detailed bony assessment, with CBCT serving as a 

supplementary or alternative option in specific 

scenarios. 

 

 

Recent advancements in imaging technology and 

computational methods, notably artificial intelligence 

(AI), promise to transform temporal bone imaging in the 

near future. AI algorithms can assist in automated 

segmentation, detection of abnormalities, and even 

predicting surgical 

outcomes. These innovations have the potential to 

enhance diagnostic accuracy, reduce reporting times, 

and facilitate personalized treatment strategies. For 

example, AI-powered software could automatically 

identify cholesteatomas or classify fracture patterns, 

assisting radiologists and surgeons in clinical decision-

making. 

 

 

In summary, HRCT remains a fundamental, 

indispensable tool in the evaluation of temporal bone 

pathologies. Its ability to provide detailed 3D 

visualization of the complex osseous anatomy makes it 

essential for accurate diagnosis, effective treatment 

planning, and successful surgical outcomes. As 

technology evolves, integrating HRCT with other 

imaging modalities such as MRI and harnessing AI-

driven tools will further enhance our ability to diagnose 

and manage temporal bone conditions more effectively. 

Ongoing research and technological advancements 

promise a future where imaging-guided precision 

medicine will become increasingly precise, efficient, 

and patient-centered. 

 

 

Embracing these innovations while maintaining a 

thorough understanding of the strengths and limitations 

of HRCT will ensure that clinicians continue to 

optimize patient outcomes in the challenging and 

intricate domain of temporal bone pathology. 

13. Future Directions: 

The Role of 

Artificial 

Intelligence (AI) 

The field of medical imaging is undergoing a 

significant transformation with the advent of 

Artificial Intelligence (AI), and temporal bone 

imaging is no exception. AI, encompassing 

machine learning (ML) and deep learning (DL) 

techniques, particularly Convolutional Neural 

Networks (CNNs), holds considerable promise for 
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