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Evaluation of the
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� Describe the nor-
mal 3D anatomy of
the temporal bone,
including the mor-
phologic features and
interrelationships of
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� List the microana-
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the temporal bone.
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3D CT in the evalua-
tion of pathologic
conditions of the
temporal bone.
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In recent years, three-dimensional (3D) multiplanar reformatted im-
ages from conventional cross-sectional computed tomographic (CT)
data have been increasingly used to better demonstrate the anatomy
and pathologic conditions of various organ systems. Three-dimen-
sional volume-rendered (VR) CT images can aid in understanding the
temporal bone, a region of complex anatomy containing multiple small
structures within a relatively compact area, which makes evaluation of
this region difficult. These images can be rotated in space and dis-
sected in any plane, allowing assessment of the morphologic features of
individual structures, including the small ossicles of the middle ear and
the intricate components of the inner ear. The use of submillimeter
two-dimensional reconstruction from CT data in addition to 3D refor-
mation allows depiction of microanatomic structures such as the osse-
ous spiral lamina and hamulus. Furthermore, 3D VR CT images can
be used to evaluate various conditions of the temporal bone, including
congenital malformations, vascular anomalies, inflammatory or neo-
plastic conditions, and trauma. The additional information provided
by 3D reformatted images allows a better understanding of temporal
bone anatomy and improves the ability to evaluate related disease,
thereby helping to optimize surgical planning.
©RSNA, 2006

Abbreviations: EAC � external auditory canal, IAC � internal auditory canal, ICA � internal carotid artery, MPR � multiplanar reformatted,
3D � three-dimensional, 2D � two-dimensional, VR � volume rendered
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Introduction
The temporal bone houses the middle ear, in-
cluding the ossicles; the inner ear, which consists
of the cochlea, vestibule, and semicircular canals;
the bony canals for the facial and vestibuloco-
chlear nerves; and the related vasculature and
muscles. Conventional two-dimensional (2D)
imaging has been used extensively to depict the
individual structures of the temporal bone. How-
ever, the complex, multispatial orientation of
these structures, contained as they are within a
compact region, often makes it difficult to appre-
ciate their three-dimensional (3D) orientation
within the temporal bone and their intricate inter-
relationships. Recent developments in software
technology have made it possible to rapidly gener-
ate 3D volumes from conventional 2D data (1–
3). These volume-rendered (VR) images can be
sectioned in any plane and rotated in space, al-
lowing 3D insight into the anatomy of the tempo-
ral bone (4). Microanatomic structures that are
not well seen with conventional 2D imaging can
be clearly depicted using overlapping reconstruc-
tion at smaller intervals. In addition, the refor-
matted images provide complementary infor-
mation about various conditions, including
congenital malformations, vascular anomalies,
inflammatory or neoplastic conditions, and
trauma involving the temporal bone (5–7).

In this article, we discuss our retrospective
study in terms of patients and procedures, review
the normal anatomy of the temporal bone, and
discuss and illustrate the utility of 3D computed
tomography (CT) in demonstrating temporal
bone anatomy and evaluating related disease.

Patients and Procedures
A retrospective study was performed that in-
cluded 82 patients who had undergone high-reso-
lution CT of the temporal bone for the evaluation
of complaints related to the auditory system.
Each scan was obtained on a 16-section spiral CT
scanner (Somatom Sensation 16; Siemens Medi-
cal Solutions, Malvern, Pa). The studies were
performed with the following parameters: 0.75-
mm collimation, 0.75-mm section thickness, 120
kVp, 200 mAs, pitch of 0.8, a 15-cm field of view,

and a 512 � 512 matrix. The initial data sets
were then reconstructed at 0.1-mm intervals.

During initial postprocessing, we observed that
any amount of gantry tilt on the CT scanner
caused distortion of 3D CT reformatted images.
Therefore, 2D CT scans were obtained with a 0°
gantry tilt and a scanning plane parallel to the
inferior orbitomeatal line. In addition, overlap-
ping submillimeter reconstruction of the raw data
was performed to obtain the best possible 3D CT
reformatted images.

Three-dimensional VR CT images were gener-
ated from the original 2D data with TeraRecon
Aquarius Workstation v3.3 (TeraRecon, San Ma-
teo, Calif). All reformatted images were obtained
by a neuroradiology fellow or a postprocessing
technologist. The application of different soft-
tissue and bone algorithms to the 3D reformation
permitted multiprojectional display of the various
temporal bone structures, including the ossicles
and the inner ear structures (eg, cochlea, vesti-
bule, semicircular canals). With use of a built-in
3D cut-plane software technique, individual tem-
poral bone structures were “removed” and ana-
lyzed, allowing optimal display of microanatomic
components such as the delicate osseous spiral
lamina of the cochlea. Three-dimensional refor-
matted images were also obtained from temporal
bone scans to more effectively demonstrate dis-
ease.

Normal Anatomy

External Ear
The external ear consists of the auricle, or pinna,
and the external auditory canal (EAC). The pinna
collects sound waves, and the EAC conducts
these vibrations to the tympanic membrane. The
EAC forms an S-shaped curve as it extends from
the auricle to the tympanic membrane. The me-
dial two-thirds of the EAC is osseous and slightly
narrower than the lateral third, which is cartilagi-
nous. A somewhat more pronounced constric-
tion, the isthmus, is seen at the bone-cartilage
junction (Fig 1). The narrowing of the osseous
segment of the EAC results in the amplification of
sound waves as they progress to the tympanic
membrane. The tympanic membrane marks the
medial boundary of the EAC, separating the ex-
ternal ear from the tympanic cavity (8–11).
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Middle Ear
The tympanic cavity, or middle ear, can be struc-
turally divided into three parts. The tympanic
cavity proper (mesotympanum) lies at the level of
and directly opposite the tympanic membrane;
the epitympanic recess (attic) lies above the level
of the tympanic membrane; and the hypotympa-
num, as its name suggests, lies inferior to the tym-
panic membrane (Fig 1). The tympanic cavity
houses three ossicles: the malleus, the incus, and
the stapes. The ossicular chain transmits and am-
plifies vibrations incident on the tympanic mem-
brane across the middle ear cavity, causing deflec-
tion of the oval window, which is attached to the
footplate of the stapes (8,9,11).

The malleus, which is the largest of the os-
sicles, lies anterolateral to the incus and stapes. A
facet on the posterior surface of the head of the
malleus articulates with the body of the incus.
The head of the malleus and the body of the incus
articulate by means of a thin capsular ligament,
forming a diarthrodial joint. A mild constriction,
the neck of the malleus, is seen at the inferior as-
pect of the club-shaped head and provides attach-

ment to the tensor tympani. More inferiorly lies
the long process, or manubrium, of the malleus.
The tip of the manubrium attaches to the tym-
panic membrane at the umbo (8–10). Small bony
spicules, the anterior and lateral processes, pro-
ject from the upper portion of the manubrium
and provide attachment for the anterior and lat-
eral malleal ligaments, which help support the
malleus within the middle ear cavity (Fig 2)
(8,9,12).

The incus is shaped somewhat like a premolar
tooth, with two widely diverging processes that
differ in length. A facet on the anterior surface of
the body of the incus articulates with the head of
the malleus. The short process of the incus is di-
rected posterolaterally; the long process is di-
rected inferiorly and lies parallel to the manu-
brium of the malleus (8,9). The tip of the long
process bends medially to end in a rounded pro-
jection, the lenticular process, which articulates
with the stapes (Fig 3) (8,13).

Figure 1. Normal anatomy of the auditory apparatus. (a) Oblique coronal 3D VR CT image
(anterior view) shows the pinna (P); the EAC, including the cartilaginous (CaEAC) and osseous
(OsEAC) portions; the isthmus (Is); the middle ear cavity (ME); and the inner ear (IE). The
middle ear is divided into the epitympanum (above dotted green line), mesotympanum (between
dotted green and dotted yellow lines), and hypotympanum (below dotted yellow line). (b) Three-
dimensional VR CT image (view from the dissected medial portion of the temporal bone) shows
the inner ear, including the cochlea (Co), vestibule (Ve), superior semicircular canal (SSCC), lat-
eral semicircular canal (LSCC), and posterior semicircular canal (PSCC). The internal auditory
canal (IAC) and the bony canal for the facial nerve (FN) are also seen.
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The stapes is the most medial ossicle. It re-
sembles a stirrup and consists of a head, a neck,
two crura, and a footplate. The head articulates
with the lenticular process of the incus. Inferior to
the head lies the neck, which, at its posterior as-
pect, provides insertion to the tendon of the sta-
pedius muscle. Two crura, the anterior and poste-
rior crura, diverge from the neck and are con-
nected at their inferior ends by the footplate. The
footplate sits on the oval window, attached to its
margins by the annular ligament (Fig 4) (8,9,11).

The surface area of the tympanic membrane is
up to 30 times greater than that of the oval win-
dow. Thus, the pressure exerted on the tympanic
membrane by a sound wave is concentrated
through the ossicles onto the much smaller area
of the oval window, resulting in a pressure in-
crease and amplification of sound transmission. A
lever mechanism that exists between the ossicles
further contributes to sound amplification.

This amplification that occurs within the tympanic
cavity is crucial for overcoming the inertia of the
perilymph within the osseous labyrinth in the in-
ner ear (8,9).

Inner Ear
The inner ear consists of the bony labyrinth,
which lies within the petrous portion of the tem-
poral bone and is the densest structure in the en-
tire human body (Fig 1). The bony labyrinth con-
tains the membranous labyrinth, a complex inter-
connected series of membranous sacs and ducts
that are primarily responsible for balance and
hearing. Fluid within the bony labyrinth called
the perilymph surrounds the membranous laby-
rinth, which contains its own unique fluid, the
endolymph (11).

The bony labyrinth consists of three structures:
the cochlea, the vestibule, and the semicircular
canals (Fig 5). The cochlea is shaped like a coni-
cal snail shell. It consists of a bony canal wound
around a conical central core called the modiolus.
The canal winds around this central axis slightly
more than 21⁄2 times and gradually decreases in

Figures 2, 3. (2) Normal anatomy of the malleus. (a) Posterior oblique 3D VR
CT image shows the head of the malleus (HM) and, appearing as a narrow con-
striction inferiorly, the neck of the malleus (NM). The manubrium (M) lies infe-
rior to the neck. The head of the malleus demonstrates a facet (F) on its posterior
aspect that articulates with the body of the incus. (b) Anterior oblique 3D VR CT
image shows two bony spicules arising from the upper portion of the manubrium,
the anterior process (AP) and the lateral process (LP). The tip of the manubrium
(TM) attaches to the tympanic membrane at the umbo. (3) Normal anatomy of the
incus. Three-dimensional VR CT image (inferolateral view) shows the body of the
incus (BI), which demonstrates a facet (F) on its anterior surface that articulates
with the head of the malleus. The short process (SP) is directed posterolaterally,
and the long process (LP) is directed inferiorly. The tip of the long process bends
medially to end in a rounded projection, the lenticular process (LnP), which articu-
lates with the head of the stapes.
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diameter as it spirals toward the apex. A delicate
osseous spiral lamina projects from the modiolus
and divides the bony canal for the cochlea into an
upper passage (scala vestibuli) and a lower pas-
sage (scala tympani). Between these two scalae
lies the cochlear duct, or scala media, which con-
tains the organ of Corti, the sensory organ of

hearing. At the apex of the cochlea, the osseous
spiral lamina ends freely in a hook-shaped hamu-
lus, which partly bounds the helicotrema, an
opening through which the two scalae communi-
cate (Fig 6) (8,9,11).

Figure 4. Normal anatomy of the stapes. (a) Three-dimensional VR CT image (inferior view) shows the head of
the stapes (HS), which articulates with the lenticular process of the incus. Inferior to the head of the stapes is the sta-
pes neck (NS), which provides attachment to the stapedius muscle. The anterior crus (AC) and posterior crus (PC)
connect the stapes neck to the stapes footplate (FP). The stapes is a cartilaginous structure, unlike the bony malleus
and incus. Therefore, the color rendering of the stapes on the 3D shaded-surface-display reformatted images was dif-
ferent from that of the malleus and incus (cf Figs 2, 3). (b, c) Three-dimensional VR CT images (view from the dis-
sected tympanic cavity looking into the oval window) obtained with (b) and without (c) the stapes (St) present show
that the stapes footplate (dotted blue line) sits on the oval window (dotted yellow line), attached to its margins by the
annular ligament (AL).

Figures 5, 6. (5) Normal anatomy of the bony labyrinth. Three-dimensional VR CT image (anterolat-
eral view) shows the normal bony labyrinth, which consists of the cochlea (Co), vestibule (Ve), and semi-
circular canals (SCC). FN � facial nerve canal, IAC � internal auditory canal, OW � oval window.
(6) Normal anatomy of the cochlea. Three-dimensional VR CT image (inferolateral view after dissection
of a portion of the inferior wall of the cochlea) shows the osseous spiral lamina (SL), which divides the
bony canal for the cochlea into upper and lower passages, the scala vestibule (SV) and the scala tympani
(ST), respectively. Dissection of the apical cochlear bony labyrinth shows the terminus of the spiral
lamina as a conical projection, or hamulus (Ha), allowing free communication between the scala vesti-
bule and the scala tympani at the helicotrema (He). OW � oval window, RW � round window.
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The vestibule is the central and most capacious
portion of the bony labyrinth. The vestibule is
continuous anteriorly with the cochlea and poste-
riorly with the semicircular canals. It contains the
utricle and the saccule, parts of the membranous
labyrinth, which are primarily involved with bal-
ance. Superiorly and posteriorly on the medial
wall of the vestibule is the elliptical recess, which
houses the utricle; inferiorly and anteriorly lies the
spherical recess, which accommodates the sac-
cule. Between these two recesses is an oblique
ridge, the vestibular crest, which divides posteri-
orly into two limbs bounding a small depression,
the cochlear recess. The cochlear recess in turn
houses the blind opening of the cochlear duct
(Fig 7) (8,9,11).

There are three semicircular canals: superior,
posterior, and lateral. The planes of the semicir-
cular canals are nearly orthogonal, or at right
angles, to each other. Each of the canals forms
about two-thirds of a circle and is enlarged anteri-
orly to form the ampulla (8,9,14). The posterior
end of the superior semicircular canal joins the
upper end of the posterior semicircular canal to
form a common limb known as the common crus.
The perilymphatic space of each semicircular ca-
nal opens into and communicates freely with that
of the vestibule (8,9). The osseous semicircular
canals contain the corresponding membranous
semicircular ducts, which are part of the membra-
nous labyrinth and communicate with the utricle.

Collectively, the semicircular ducts are respon-
sible for the detection of angular acceleration
(8,9,14).

Sound vibrations traveling through the ossicu-
lar chain in the tympanic cavity deflect the oval
window through its attachment to the footplate of
the stapes. This deflection of the oval window
compresses the perilymph in the scala vestibuli.
Vibrations in the perilymph are transmitted to the
endolymph in the cochlear duct, which contains
the spiral organ of Corti. Sound transduction oc-
curs within the organ of Corti, where mechani-
cal energy is converted into electrical impulses.
These electrical impulses are in turn transmitted
by the cochlear nerve to the brainstem. Simulta-
neously, the compression waves within the scala
vestibuli travel along the coils of the cochlea to
the helicotrema. The compression waves are
transmitted through this opening and travel back
down the coils in the scala tympani to reach the
round window. The round window serves as a
pressure-relief diaphragm, bulging outward with
each pressure wave in the scala tympani (Fig 8)
(8,9).

Figure 7. Normal anatomy of the vestibule. Three-
dimensional VR CT image (inferolateral view after dis-
section of the lateral wall of the vestibule) demonstrates
the elliptical recess (ER) posteriorly and the spherical
recess (SR) anteriorly, which house the utricle and sac-
cule, respectively. A bony ridge, the vestibular crest
(VC), lies between the elliptical and spherical recesses.
The vestibular crest divides inferiorly into two limbs
that form an inverted V and bound a small depression,
the cochlear recess (CR). The cochlear recess houses
the blind opening of the cochlear duct.

Figure 8. Sound transmission. Three-dimensional
VR CT image demonstrates the anatomic structures
involved in the transmission of sound. Sound vibra-
tions transmitted through the tympanic membrane
(TM) are amplified multifold across the middle ear
cavity by the lever mechanism of the ossicles. In addi-
tion, the disproportionately larger size of the tympanic
membrane allows sound waves to be concentrated onto
the smaller oval window (OW), further contributing to
sound augmentation. Inward deflection of the oval win-
dow by the footplate of the stapes (St) compresses the
fluid in the scala vestibuli (wavy yellow line). This com-
pression wave travels along the coils of the cochlea in
the scala vestibuli to the helicotrema (He). It then spi-
rals back through the scala tympani (wavy green line)
to the round window (RW), which serves as a pressure-
relief diaphragm. The vibrations in the scala vestibuli
also stimulate the cochlear duct (lying adjacent to the
osseous spiral lamina [SL]), where mechanical energy
is converted into electrical impulses and transmitted via
the cochlear nerve to the brainstem (not shown). In �
incus, M � malleus.
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Medial and Posterior
Walls of the Tympanic Cavity
The inner ear structures produce multiple im-
pressions, or ridges, on the medial and posterior
walls of the tympanic cavity. With use of semi-
opaque windowing and careful dissection of over-
lying structures, these impressions can be clearly
visualized on 3D VR images.

Posteriorly and superiorly along the medial
wall of the tympanic cavity is the prominence pro-
duced by the anterior limb of the lateral semicir-
cular canal. Inferior to this prominence and ex-
tending more anteriorly is the prominence of the
bony canal for the facial nerve. Anterior to the
prominence of the bony canal for the facial nerve
is the curved terminus of the septum canalis mus-
culotubari, which serves as a landmark for the
geniculate ganglion. Immediately inferior to this
prominence is the oval window. Inferior and
slightly anterior to the oval window lies the
rounded promontory, a convexity produced by
the basal turn of the cochlea (Fig 9) (8,9).

The posterior wall of the tympanic cavity con-
tains two important recesses: the sinus tympani
and the facial nerve recess. The sinus tympani
indicates the position of the ampulla of the poste-
rior semicircular canal. Lateral to the sinus tym-
pani is the facial nerve recess, an important surgi-
cal landmark when entrance into the tympanic
cavity is gained using the mastoid approach. En-
trance is initially gained into the middle ear cavity

by enlarging the facial nerve recess using the facial
nerve and chorda tympani as landmarks (8,10,
15). The pyramidal eminence is situated between
the sinus tympani and the facial nerve recess.
This eminence gives rise to the stapedius muscle
(Fig 10) (8–10).

Osseous Neural Canals for the
Facial and Vestibulocochlear Nerves
The internal auditory canal (IAC) traverses the
petrous portion of the temporal bone and func-
tions as a conduit for the facial and vestibuloco-
chlear nerves as they course from the brainstem to
the inner ear. The medial opening of the IAC is
known as the porus acusticus. The lateral end of
the IAC, known as the fundus, is separated from
the inner ear by a vertical plate of bone that is
perforated to allow passage of the facial and ves-
tibulocochlear nerves. The fundus is divided into
upper and lower portions by a horizontal ridge
of bone known as the falciform crest. A thin verti-
cal crest of bone known as the Bill bar further
divides the upper portion of the fundus into an
anterior opening for the facial nerve and a poste-
rior opening for the superior vestibular nerve (Fig
11). The superior vestibular nerve innervates the
utricle and the superior and lateral semicircular

Figures 9, 10. (9) Three-dimensional VR CT image (semiopaque windowing) shows the inner
ear impressions produced on the medial wall of the tympanic cavity. The prominence produced by
the anterior limb of the lateral semicircular canal (LSCC) is seen posteriorly, and the prominence
produced by the facial nerve canal (FN) is seen anteriorly. The prominence produced by the
curved terminus of the septum canalis musculotubari (SCM) is seen superior and anterior to the
oval window (OW). The septum canalis musculotubari serves as the landmark for the geniculate
ganglion. The prominence produced by the cochlear promontory (CoP) lies inferior and slightly
anterior to the oval window. (10) Three-dimensional VR CT image (semiopaque windowing)
shows two recesses on the posterior wall of the tympanic cavity: The sinus tympani (ST) lies me-
dial to the facial nerve recess (FNR) and indicates the position of the ampulla of the posterior
semicircular canal. The pyramidal eminence (PE) is a small conical projection located between
the two recesses that gives rise to the stapedius muscle. Co � cochlea.
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canals (Fig 12). The lower compartment of the
fundus of the IAC has a rounded opening anteri-
orly through which the bundles of the cochlear

division of the eighth cranial nerve pass to inner-
vate the cochlea (Fig 13). The lower compart-
ment has a pinpoint opening posteriorly for the
passage of the inferior vestibular nerve, which

Figure 11. Normal IAC.
Coronal (top left), sagittal (top
right), and axial (bottom left)
VR CT images show the nor-
mal IAC (arrow). Virtual IAC
otoscopic image (bottom
right) shows the fundus of the
IAC, which is divided into up-
per and lower portions by the
falciform crest (FCr). The Bill
bar (BB) further subdivides
the upper portion of the fun-
dus into openings for the facial
nerve (FN) anteriorly and the
superior vestibular nerve (SV)
posteriorly. The lower portion
of the fundus contains an an-
terior opening for bundles of
the cochlear nerve (CN) and a
pinpoint posterior opening for
the inferior vestibular nerve
(IV).

Figures 12–14. (12) Normal anatomy of the osseous neural canals for the facial and superior vestibular nerves.
Three-dimensional VR CT image (superior view) shows the bony canal for the facial nerve (FN) dissected in its
proximal portion at the anterosuperior aspect of the internal auditory canal (IAC). The bony canal for the superior
vestibular nerve (SV) lies posterior to the facial nerve canal and extends to the vestibule (Ve). (13) Normal anatomy
of the osseous neural canals for the facial and cochlear nerves. Three-dimensional VR CT image (medial view) shows
that the cochlear nerve canal (CN) lies inferior to the facial nerve canal (FN) and courses to the cochlea. IAC � in-
ternal auditory canal. (14) Singular canal. Three-dimensional VR CT image (posteroinferior view) shows the singular
canal (SC), through which courses a branch of the inferior vestibular nerve. The inferior vestibular nerve innervates
the posterior semicircular canal (PSCC).
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innervates the saccule. In addition, the inferior
vestibular nerve gives off a branch within the IAC
that arises approximately 3 mm proximal to the
fundus and courses within its own bony canal, the
singular canal, to innervate the posterior semicir-
cular canal (Fig 14) (8–10,16). As illustrated in
Figure 11, of the four neural openings identified
at the fundus of the IAC, the opening for the co-
chlear nerve is the largest and that for the inferior
vestibular nerve is the smallest (17,18).

Facial Nerve Canal
The facial nerve takes a winding path through the
temporal bone, and its course is divided into three
basic segments: the labyrinthine, the tympanic,
and the mastoid segments (Fig 15). With use of
multiprojectional 3D VR CT images, we were
able to demonstrate the course of the facial nerve
within the temporal bone.

The labyrinthine segment of the facial nerve
emerges from the anterosuperior aspect of the
IAC, coursing anterolaterally within its own bony
channel, the fallopian canal. This segment of the
facial nerve is relatively short, measuring 3–4
mm, and lies superior to the cochlea. It makes a
subtle anteromedial turn as it courses anteriorly
to reach the geniculate ganglion. At the ganglion,
the facial nerve reverses its direction, making a
sharp posteroinferior turn to continue as the tym-
panic segment. This sharp turn, known as the

anterior genu, lies superomedial to the cochlear
promontory. The tympanic segment is approxi-
mately 12 mm long and extends from the genicu-
late ganglion to the posterior genu. This portion
of the facial nerve courses posteriorly along the
medial wall of the tympanic cavity, just inferior to
the lateral semicircular canal and superior to the
oval window, to reach the sinus tympani. At the
sinus tympani, the facial nerve again changes di-
rection, making a gentler posteroinferior turn to
form the posterior genu. Here, the facial nerve
assumes a more vertical position and descends
just behind the posterior wall of the tympanic cav-
ity as the mastoid segment to exit the temporal
bone through the stylomastoid foramen. The
mastoid segment is the longest portion of the in-
tratemporal facial nerve, measuring approxi-
mately 15–20 mm. The chorda tympani arises
from the lateral aspect of the mastoid segment of
the facial nerve approximately 5 mm superior to
the stylomastoid foramen and follows a subtle
curved course superoanteriorly in the canaliculus
chorda tympani (Fig 15). It then proceeds anteri-
orly within the tympanic cavity, exiting the tem-
poral bone through a minute canal, the anterior
canaliculus, near the petrotympanic fissure. It
joins the lingual nerve to supply taste sensation to
the anterior two-thirds of the tongue (8–11,19).

Figure 15. Normal anatomy of the facial nerve canal. Three-dimensional VR CT images (posterior [a], supe-
rior [b], and lateral [c] views) show the course of the facial nerve through its bony canal as it exits the anterosupe-
rior aspect of the fundus of the internal auditory canal (IAC). The labyrinthine segment of the facial nerve courses
through the fallopian canal (fc) to the geniculate ganglion, where the nerve makes a hairpin turn known as the ante-
rior genu (ag). The tympanic segment (ts) of the facial nerve canal runs below the lateral semicircular canal (LSCC)
and above the oval window (OW) along the medial wall of the tympanic cavity. It then makes a gentle curve (the pos-
terior genu [pg]) and heads vertically downward as the mastoid segment (ms) to exit the temporal bone at the stylo-
mastoid foramen. The chorda tympani arises from the lateral aspect of the mastoid segment approximately 5 mm
proximal to the stylomastoid foramen and courses superiorly within its own bony canal, the canaliculus chorda tym-
pani (cct). Co � cochlea, In � incus, M � malleus.
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Temporal Bone Disease

Congenital Malformations

Large Vestibular Aqueduct Syndrome.—The
vestibular aqueduct is a curvilinear tubular struc-
ture that extends from the posteroinferior surface
of the temporal bone to the medial wall of the
vestibule. It contains the endolymphatic sac,
which is connected to the utricle and saccule by
the endolymphatic duct. The vestibular aqueduct
normally measures less than 1.5 mm in diameter
and approximates the size of the posterior semi-
circular canal, which runs anterior and parallel to
the aqueduct (8,20,21). The exact physiologic
role of the vestibular aqueduct is not known.
However, a dilated vestibular aqueduct has been
increasingly recognized as being directly related
to sensorineural hearing loss (8,22,23). In a study
by Arcand et al (24), large vestibular aqueduct
syndrome was present in approximately 12% of
children who presented with congenital sensori-
neural hearing loss.

A dilated vestibular aqueduct can be easily rec-
ognized at conventional cross-sectional imaging
by identifying its abnormal size in relation to the
adjacent posterior semicircular canal. However,
3D multiplanar reformatted (MPR) CT images
can more clearly demonstrate the classic funnel-
shaped deformity of the dilated vestibular aque-
duct, which occurs due to an enlarged endolym-
phatic sac housed within the dorsal vestibular aq-
ueduct (Fig 16) (8). Thus, 3D CT allows better
display of underlying disease.

Congenital Ossicular Malformation with
Oval Window Atresia.—Conductive hearing
loss in the pediatric population is usually due to
an acquired condition such as acute or chronic
otitis media. Congenital causes of conductive
hearing loss in children are relatively uncommon.
Most cases of congenital conductive hearing loss
are secondary to atresia or stenosis of the EAC or,
less frequently, to malformed ossicles (25). Ab-
sence of the oval window has been suggested as
an even more uncommon cause (25–27). Recent
advances in imaging techniques, such as submilli-
meter reconstruction and 3D VR multiplanar im-
aging, have markedly improved the evaluation of
congenital anomalies that cause conductive hear-
ing loss. To obtain the best possible surgical out-
come, it is vital for the neuro-otologist or otolar-
yngologist to appreciate the full extent of congeni-
tal anomalies present. It is therefore imperative
that the radiologist demonstrate the underlying
anomalies in the greatest possible detail, thereby
allowing optimal presurgical planning.

Figure 17 illustrates congenital ossicular mal-
formation in a young boy. In this case, the con-
genitally malformed ossicles were easily identified
at routine cross-sectional imaging; however, the
atretic right oval window could be clearly de-
picted only with 3D VR images. This additional
information is crucial for the clinician because

Figure 16. Large vestibular aqueduct syndrome in a 9-year-old girl with progressive sensorineural hearing loss.
(a) CT scan shows a dilated vestibular aqueduct (arrowhead). The normal vestibular aqueduct should be approxi-
mately the same size as the posterior semicircular canal (arrow). (b) Corresponding 3D CT reformatted image again
demonstrates the dilated vestibular aqueduct (arrowhead). The opening of the vestibular aqueduct (curved arrow)
into the vestibule (Ve) is also seen. Straight arrow indicates the posterior semicircular canal. (c) Three-dimensional
VR CT image (posterior view) shows the classic funnel-shaped deformity of the dilated vestibular aqueduct (*) re-
sulting from an enlarged endolymphatic sac housed within the dorsal portion of the vestibular aqueduct. Ve �
vestibule.
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Teaching PointA dilated vestibular aqueduct can be easily recognized at conventional cross-sectional imaging by identifying its abnormal size in relation to the adjacent posterior semicircular canal. However, 3D multiplanar reformatted (MPR) CT images can more clearly demonstrate the classic funnel-shaped deformity of the dilated vestibular aqueduct, which occurs due to an enlarged endolymphatic sac housed within the dorsal vestibular aqueduct (Fig 16) (8).

Teaching PointRecent advances in imaging techniques, such as submillimeter reconstruction and 3D VR multiplanar imaging, have markedly improved the evaluation of congenital anomalies that cause conductive hearing loss. To obtain the best possible surgical outcome, it is vital for the neuro-otologist or otolaryngologist to appreciate the full extent of congenital anomalies present. It is therefore imperative that the radiologist demonstrate the underlying anomalies in the greatest possible detail, thereby allowing optimal presurgical planning.



simply addressing the problem of malformed os-
sicles is not sufficient to correct the hearing loss;
surgical repair of the atretic oval window is also
necessary (28,29). Thus, 3D MPR CT images
allow a more complete and thorough evaluation
of congenital anomalies, which aids in presurgical
planning.

Vascular Anomalies
An aberrant course of the internal carotid artery
(ICA) inside the temporal bone is a rare occur-
rence (30). However, it is crucial to recognize this
entity, which can easily be misdiagnosed as a neo-
plastic process (eg, paraganglioma) or an inflam-
matory condition (eg, effusive otitis media). Sub-
sequent tympanotomy or biopsy of this “mass”
can result in catastrophic hemorrhage. Aberrant
ICA may manifest as pulsatile tinnitus, hearing

loss, vertigo, or a sensation of fullness in the ear
(8,31–33).

Conventional CT with complementary 3D
reformation is excellent for the evaluation of aber-
rant ICA. The axial and coronal 2D CT scans in
Figure 18a and 18b demonstrate bilateral aber-
rant carotid arteries. However, by using 3D MPR
CT images (Fig 18c–f), we were able to show a
band of tissue attaching the malleus to the aber-
rant left ICA, accounting for more severe tinnitus
on the left side. Unlike conventional 2D images,
3D VR CT images can be rotated in space and in
any plane, an advantage that allows a more com-
plete evaluation of the underlying disease.

Figure 17. Congen-
ital ossicular malfor-
mation with oval
window atresia in a
12-year-old boy with
right-sided mixed
hearing loss. (a, b) CT
scan (a) and corre-
sponding 3D CT
reformatted image (b)
show malformed os-
sicles with an associ-
ated soft-tissue mass
(arrowhead) attached
to the lateral wall of
the right tympanic
cavity. A suspicious
platelike covering
(arrow) is seen in the
expected region of
the right oval win-
dow. The left-sided
ossicles (Os) and left
oval window (OW)
are normal. (c) Three-
dimensional VR CT
image (inferolateral
view) shows a normal
left bony labyrinth
with the oval window
(OW) and round win-
dow (RW) well de-
picted. (d) Three-
dimensional VR CT
image (inferolateral
view) shows an abnor-
mal right bony laby-
rinth with absence of
the oval window (ar-
rowhead). RW �
round window.
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Figure 18. Aberrant ICAs in a 26-year-old woman with bilateral tinnitus, which was more pronounced
in the left ear. (a, b) CT scans of the right (a) and left (b) temporal bones show bilateral aberrant ICAs
(*). The manubrium of the left malleus (arrow in b) was identified only retrospectively, after evaluation
of the 3D VR CT images (cf c, d), as being in proximity to the aberrant left ICA. (c, d) Corresponding
3D VR CT images also demonstrate the bilateral aberrant ICAs (*). The manubrium of the left malleus
(arrow in d) appears to be attached to the aberrant left ICA. On the contralateral side, the right malleus
(arrowhead in c) is not as close to the aberrant right ICA. (e) Three-dimensional VR CT image (lateral
view) shows the aberrant right ICA (*). There is no attachment of the malleus (M) to the artery. In �
incus. (f) Three-dimensional VR CT image (lateral view) clearly demonstrates attachment of the abnor-
mally long manubrium of the left malleus (M) to the aberrant left ICA (*) by a band of soft tissue (ar-
row). In � incus.
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Inflammatory or Neoplastic Conditions
Cholesteatomas are erosive collections of kerati-
nous debris arising from an ingrowth of stratified
squamous epithelium. Cholesteatomas can be
acquired or congenital in origin. Acquired middle
ear cholesteatoma is the most common type, ac-
counting for 98% of cases (8,10). At CT, cho-
lesteatomas classically manifest as a soft-tissue
mass causing underlying bone erosion (34–36).
There are various types of surgeries for the treat-
ment of cholesteatomas, including simple, modi-
fied radical, and radical mastoidectomies. The
type of surgery performed depends on the extent
of disease, which is directly related to the extent
of the underlying erosions. Therefore, detailed
preoperative radiologic assessment of the cho-
lesteatoma is important (8,37).

Figure 19 illustrates cholesteatoma in a woman
with right-sided hearing loss. This case demon-
strates that, although the diagnosis of cholestea-

toma is readily established with conventional CT
(Fig 19a), the full extent of the underlying ero-
sions can be established only by using 3D VR CT
images (Fig 19c, 19d). More specifically, exten-
sion of the erosive process into the incudomalleo-
lar joint could be evaluated only on 3D reformat-
ted images in this case. In addition, the stapes,
due to its cartilaginous skeleton, can at times be
partially masked by the surrounding cholestea-
toma at conventional CT, thus precluding its
complete evaluation. As Figure 19 demonstrates,
the use of 3D CT reformatted images with vary-
ing thicknesses helps better assess the integrity of
the stapes. Such additional information greatly
improves presurgical evaluation and allows more
appropriate surgical planning.

Figure 19. Cholesteatoma in a 26-year-old woman with right-sided hearing loss. (a, b) CT scan (a)
and corresponding 3D CT reformatted image (b) show erosion of the right malleus and incus (arrow).
The stapes (St) is intact and is better appreciated on the 3D image. The left malleus and incus (arrow-
head) are normal. (c) Three-dimensional VR CT image (lateral view after dissection of the anteroinferior
portion of the EAC) shows pressure erosion of the head of the right malleus (Me) and the body of the
incus (BIe), along with nearly complete erosion of the short process of the incus (SPe). Extension of the
erosion into the incudomalleolar articulation (IMe) is also noted. (d) Three-dimensional VR CT image
(lateral view after dissection of the anteroinferior portion of the EAC) shows the normal left side for com-
parison. IM � incudomalleolar articulation, In � incus, M � malleus, SP � short process of the incus.
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Teaching PointThere are various types of surgeries for the treatment of cholesteatomas, including simple, modified radical, and radical mastoidectomies. The type of surgery performed depends on the extent of disease, which is directly related to the extent of the underlying erosions. Therefore, detailed preoperative radiologic assessment of the cholesteatoma is important (8,37).



Trauma
Fractures of the temporal bone can be categorized
into three types—longitudinal, transverse, or
mixed—on the basis of their orientation relative
to the long axis of the petrous temporal bone.
Fractures that run parallel to the long axis are
classified as longitudinal fractures, whereas those
that run perpendicular to the long axis are classi-
fied as transverse fractures. Longitudinal fractures
are more common than transverse fractures. Lon-
gitudinal fractures cross the middle ear and are

often associated with ossicular dislocation. Trans-
verse fractures traverse the fundus of the IAC or
the bony labyrinth, resulting in sensorineural
hearing loss (8,10,38,39). Although temporal
bone fractures can usually be identified on con-
ventional 2D scans, their complete extent is best
appreciated on 3D reformatted images (6).

Figure 20 illustrates the role of 3D MPR CT
images in evaluating the extent of temporal bone
fractures. In this case, extension of the fracture
line into the region of the oval and round win-
dows was easily seen on the 3D CT reformatted

Figure 20. Temporal bone fracture caused by trauma in a 51-year-old man. (a) CT scan shows a fracture
(arrowhead) through the posterior semicircular canal (PSCC) extending to involve the ossicles (arrows).
(b) Corresponding 3D CT reformatted image also demonstrates the fracture (arrowheads) through the base
of the posterior semicircular canal (PSCC) extending to the ossicles. The ossicles appear to have an abnormal
configuration, suggesting possible dislocation of one of the ossicles (arrow) into the external auditory canal
(EAC). (c) Three-dimensional VR CT image (posteroinferior view) shows the fractured bony labyrinth, with
the fracture line (Fx) extending through the base of the posterior semicircular canal (PSCC) into the round
window (RW) and oval window (OW). (d) Three-dimensional VR CT image (anterior view after dissection of
the anterior wall of the EAC) shows incudomalleolar disarticulation, with the incus (In) located lateral to the
malleus (M) and partly within the external auditory canal (EAC).
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images (Fig 20b, 20c) but only retrospectively on
the conventional CT scans (Fig 20a). In addition,
the ability to rotate the 3D reformatted images in
space allowed more complete evaluation of the
associated ossicular dislocation. The characteris-
tic shape of the most laterally positioned ossicle
on 3D reformatted images proved that it was the
incus, not the malleus as would normally be ex-
pected, that was dislocated. This incudomalleolar
dislocation was not appreciated on the 2D CT
scans alone. Furthermore, because the fracture
line extended into the region of the oval window
(which was better seen on the 3D VR CT image),
it is possible that, despite undergoing ossicular
reconstruction, the patient may continue to expe-
rience a degree of hearing deficit from potential
scar formation at the oval window fracture site.
Thus, 3D CT reformatted images can also help
predict the degree of functional recovery expected
after surgery.

Conclusions
In this article, we have discussed and illustrated
the role of 3D CT reformation in evaluating both
the normal anatomy and pathologic conditions of
the temporal bone. The ability to rapidly reformat
these images in multiple projections and manipu-
late their spatial orientation allows more detailed
evaluation of the temporal bone anatomy, includ-
ing its microanatomic structures, and of related
disease entities.
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During initial postprocessing, we observed that any amount of gantry tilt on the CT scanner caused 
distortion of 3D CT reformatted images. Therefore, 2D CT scans were obtained with a 0• gantry tilt 
and a scanning plane parallel to the inferior orbitomeatal line. In addition, overlapping submillimeter 
reconstruction of the raw data was performed to obtain the best possible 3D CT reformatted images. 
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The surface area of the tympanic membrane is up to 30 times greater than that of the oval window. 
Thus, the pressure exerted on the tympanic membrane by a sound wave is concentrated through the 
ossicles onto the much smaller area of the oval window, resulting in a pressure increase and 
amplification of sound transmission. A lever mechanism that exists between the ossicles further 
contributes to sound amplification. 
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A dilated vestibular aqueduct can be easily recognized at conventional cross-sectional imaging by 
identifying its abnormal size in relation to the adjacent posterior semicircular canal. However, 3D 
multiplanar reformatted (MPR) CT images can more clearly demonstrate the classic funnel-shaped 
deformity of the dilated vestibular aqueduct, which occurs due to an enlarged endolymphatic sac 
housed within the dorsal vestibular aqueduct (Fig 16) (8). 
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Recent advances in imaging techniques, such as submillimeter reconstruction and 3D VR multiplanar 
imaging, have markedly improved the evaluation of congenital anomalies that cause conductive 
hearing loss. To obtain the best possible surgical outcome, it is vital for the neuro-otologist or 
otolaryngologist to appreciate the full extent of congenital anomalies present. It is therefore imperative 
that the radiologist demonstrate the underlying anomalies in the greatest possible detail, thereby 
allowing optimal presurgical planning. 
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There are various types of surgeries for the treatment of cholesteatomas, including simple, modified 
radical, and radical mastoidectomies. The type of surgery performed depends on the extent of disease, 
which is directly related to the extent of the underlying erosions. Therefore, detailed preoperative 
radiologic assessment of the cholesteatoma is important (8,37). 
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