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Background: High Resolution Computed Tomography (HRCT), a modtfon of routine CT, owing to its ability to de&ate intricate
osseous anatomy and admirable topographic vistializas widely used for accurate assessment opoeah bone pathologies prior to
surgical exploration. The present study was unkertao evaluate temporal bone in diseased earsR@THand its importance in patient
managementSubjects and Methods: This prospective study was conducted in the demartrof Radiodiagnosis of a large tertiary care
hospital in Northern India. A total of 50 patientith clinically proven middle ear disease with hegrloss or chronic suppurative otitis
media (CSOM) were enrolled into this study. Allessvere evaluated with 128 slice CT scanner (RhMpdical systems, Cleveland, USA).
Results: Mean age of patients in our study was 29.52 +&$ehrs. Maximum patients with temporal bone pattiels had either sclerosed
or under-pneumatized mastoids. Limited numbers raft@mical variations were noted with Korner's septbeing the most common
variation (7.14 %). Others variations included hjgdular bulb (2.86 %), facial nerve dehiscenc8§2x), labyrinthine fistula (2.86 %) and
foramen tympanicum (1.43 %). Otomastoiditis wasrttust frequently encountered pathological conditiothe study population (72.86 %),
followed by cholesteatoma (32.86 %). Congenitalfanedations were seen in 10 cases (14.29%) with tyipeomplete partition (5.71%)
being the most common malformatid@@onclusion: HRCT of temporal bone is useful in identifying coomear pathologies and anatomical
variations prior to the surgery and thereby plagrappropriate surgical approach.
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assessment of pathology prior to surgical explomati
regarding location, extent and complication of diseasé?
There are various normal anatomic variants suclhigis

Introduction

Common symptoms with ear pathologies include ea&ach
tinnitus, vertigo, headache and ear discharge. tbuague
symptoms, many a times it is difficult for the
otolaryngologist to reach a definite clinical diagis. Some

of the middle ear diseases (e.g., inflammation and
neoplastic diseases) can become serious medichleprs

if not identified and treated in time and may extetio
involve the inner ear, brain and systems beyonaniex
anatomy of the temporal bone limits the ability of
conventional radiological methods like plain radeggh to
outline the details of the temporal bone, cochlestibular
anatomy and pathologic conditiof¥s.

Computed tomography (CT) has always been the peefer
imaging modality to delineate the intricate osseanatomy
and malformations of the inner ear. Multidetectowr
computed tomography (MDCT) is a truly three-dimensi
imaging modality which has transformed from trargi
cross sectional CT technique. High resolution coteg
tomography (HRCT) has the advantage of admirable
topographic visualization, devoid of artifacts from
superimposition of structures. It helps in accurate

jugular bulb or jugular bulb dehiscence, aberramérnal
carotid artery (AICA), bulging sigmoid sinus anchdzent
facial nerve canal. These variations are usuallnsas
incidental imaging findings and later on may coméo i
sight with certain surgical significan€®.

With this background the present study was undertgk
evaluate pathologies as well as the normal anatomic
variations and congenital anomalies of temporalebbg
high resolution computed tomography (HRCT) and rthei
importance in patient management. In addition, \s® a
attempted to correlate various anatomical variatiovith
pathologies of temporal bone and their surgicaldrtgnce.

Subjects and Methods

This prospective study was conducted in the Departrof
Radiodiagnosis of a large tertiary care hospitdNorthern
India. A written informed consent of all patientesvtaken
before enrollment in the study. Prior approval o t
Institutional Ethical Committee was taken to cortdthe
above study. Secrecy and Confidentiality were nadived.
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A total of 50 patients with clinical suspicion of temporal
bone pathology were enrolled into this study. However,
patients with history of electrical device fixation at the skull
base, such as cochlear implants or with history of temporal
bone trauma were excluded from our study. All cases were
evaluated with 128 slice CT scanner (Philips Medical
systems, Cleveland, USA). Prior to performing the scan in
few pediatric patients (less than six years) sedation was
given. The purpose of sedation was to avoid motion
artifacts and to ensure a CT scan of diagnostic quality. A
thin collimation, a high spatial frequency algorithm was
used with multi-planar reconstruction.
Scan parameters were as follows: 120 kVp, 300 mAs, raw
slice thickness 0.67 mm, reconstructed slice thickness
0.67mm, window width 4000, window level 600.
A lateral topogram was performed routinely before starting
the scan. Scanning began from the lower margin of the
external auditory meatus and extended upward to the
arcuate eminence of the superior semicircular canal.
Multiplanar reconstruction was done. The original images
obtained at standard resolution were examined by using soft
tissue window and bone algorithm by using special
reconstruction function of the computer.
The analysis included profiling patients of different clinical
history, anatomical variations, surgical follow up and
pathological findings.

Results

Out of 100 temporal bones of 50 patients, pathologies were
found in 70 temporal bones and 30 temporal bones were
free of disease process. Mean age of patients in our study
was 29.52 + 21.48 years [Graph 1]. Maximum numbers of
patients were in early decades of their life (24% in age
group 10-19 years and 20% in age group <10 years). Equal
gender distribution of temporal bone disecase was noticed in
our study with male to female ratio of 1:1. 20 (40%) out of
50 patients had bilateral ear pathologies while rest had
unilateral ear involvement. Isolated right ear involvement
seen in 14 (28%) patients and isolated left ear was involved
in 16 (32%) patients. The chief presenting symptoms
[Graph 2] were hearing loss (70%), ear discharge (56%) and
ear ache (36%). Besides these some patients also presented
with headache (18%), vertigo (16%), tinnitus (12%, n=6),
fever (2%, n=1), 7th nerve palsy (2%, n=1), and post-
auricular swelling (10%).

Out of 100 mastoids of 50 patients, 48 (48%) mastoids were
sclerosed, 22 (22%) on right side and 26 (26%) on left side.
Well pneumatized mastoids were 33 (33%) in number, 18
(18%) on right side and 15 (15%) on left side. 19 (19%)
mastoids were found to be underpneumatized; 10 (10%) on
right side and 9 (9%) on left side [Table 1]. Volumes of left
sided mastoids were higher in comparison to right side.
Mean volume of sclerosed mastoids was found to be 0.96 +
0.46 cc (right) and 1.08 + 0.49 cc (left). Mean volume of
pneumatized mastoids was found to be 6.37 + 2.33cc (right)
and 7.35 + 1.99 cc (left). Mean volume of under-
pneumatized mastoids was found to be 1.74 + 0.47 cc
(right) and 1.77 £ 0.41 cc (left).

Few anatomical variations in pathological temporal bones
were also found in our study [Table 2 & 3]. Korner's septum
[Figure 1] was found to be the most common variation (7.14
%). Others variations were high jugular bulb (2.86 %,
[Figure 2]), facial nerve dehiscence (2.86 %), labyrinthine
fistula (2.86 %) and foramen tympanicum (1.43 %).

Various temporal bone pathologies were noted in our study
involving middle ear (Figure 3), external ear and inner ear.
Oto-mastoiditis was the most frequently encountered
pathological  condition (72.86 %), followed by
cholestcatoma (32.86 %). All cases affected with
cholesteatoma showed soft tissue density in middle ear and
mastoids with erosions of adjoining bony structures [Table
4] with following incidence- ossicular chain erosion (30%),
scutum erosion (27.14%), tegmen tympani erosion
(18.57%), erosion of facial nerve canal (11.43%), erosion of
semicircular canals (4.21%). EAC atresia, malignant otitis
externa and common cavity were least commonly seen
pathologies, each involving 1 ear (1.43 %). One patient was
found with bilateral retrofenestral type (cochlear)
otosclerosis (2.86%).
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Graph 1: Bar Graph showing distribution of patients
according to age
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Graph 2: Distribution of patients according to the presenting
symptoms (n=50)

A total number of 10 ears were involved by congenital
malformations (14.29%) in present study [Graph 3]. Most
common inner ear malformation was Type [ Incomplete
Partition (5.71%) and least common was common cavity
(1.43 %). 4 cases of middle ear disease and 1 case of
Mondini malformation had Korner’s septum, 2 cases of
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cholesteatoma had facial nerve dehiscence (FND) and
labyrinthine fistula; 2 cases of middle ear disease had high
riding jugular bulb (HRJB). The knowledge of these
anatomical variations beforehand helped ENT surgeon in
preoperative planning of surgical road maps [Graph 4].
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Table 3: Distribution of cases according to the anatomical

variations in normal tem

oral bones (n = 30)

Anatomical Variations Number Of Cases | Percentage
(%)
Korner's Septum 3 10
High Jugular Bulb 1 333
Dehiscent Jugular Bulb 1 3.33
Total 5 16.66

Table 4: HRCT findings showing area involved in temporal

bone pathologies (n = 70)
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Graph 3: Bar graph showing distribution of congenital
malformations of inner ear
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Graph 4: Bar graph showing Anatomical variations with
temporal bone pathologies and benefit to surgeon.

Table 1: Correlation of mastoid pneumatization with temporal
bone status.

Pneumatization Pathological Non Pathological Total
Temporal Bone Temporal Bone | (N=100)
(N=70) (N=230)
Right Left Right | Left
Sclerosed 19 23 3 3 48
Pneumatized 5 4 13 11 33
Underpneumatized 10 9 0 0 19

Table 2: Distribution of cases according to the anatomical
variations in diseased temporal bones (n = 70).

Anatomical Variations Number Of Cases | Percentage
(%)

Korner's Septum 5 7.14

High Jugular Bulb 2 2.86

Facial Nerve Dehiscence 2 2.86

Labyrinthine Fistula 2 2.86

Foramen Tympanicum 1 1.43

Total 12 17.14

Korner’s septum

'
Figure 1: Axial CT scan of right temporal bone of 27 year old

female showing Korner’s septum ( arrow).

Figure 2: Coronal image (a) of right temporal bone shows high
jugular bulb (hjb)above the level of posterior semicircular
canal (pscc). Axial image (b) of another patient’s right
temporal bone shows high jugular bulb above the level of
internal auditory meatus.
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Figure 3: Axial (a) and coronal (b) images show aggressive
attico-antral cholesteatoma involving petrous part of left
temporal bone. There is expansion and erosion of left tegmen
tympani (red arrow), labyrinthine part of left facial nerve
(yellow arrow), left bony and membranous labyrinth (black
arrow). Right temporal bone is normally seen.

Discussion

The application of high-resolution computed tomography
(HRCT) has completely revolutionized imaging of the
temporal bone and allowed the detailed assessment of
complex bony anatomy and pathology. HRCT temporal
bone accurately depicts bony erosion or destruction and
associated soft tissue pathology.**!

The varied temporal bone pathologies including
inflammatory  conditions,  congenital  inner  ear
malformations and normal anatomical variations were
evaluated in this study by HRCT. The most common age
group involved in our study was 10-19 years (24%) with
mean patient age (£SD) of 29.52 £21.48 years. In a study by
Handi et al,”) and Bagul et al,'! the majority of patients
belong to age group of 11-40 yrs. Thus, it can be inferred
that the pathologies associated with temporal bones usually
affect individuals in early decades of their life.

Hearing loss, ear discharge and earache appeared to be the
most frequent presenting complaints in our patients with
temporal bone pathologies; while other symptoms had
variable frequency. Unilateral involvement (60%) of
temporal bone was significantly higher than bilateral
disease in our study with preferential involvement of left ear
(32%). Our findings are consistent with previous studies.””!
The degree of mastoid pneumatization closely depends
upon the status of middle ear (diseased/normal).**! In our
study, we encountered sclerosed (42 out of 48) and under
pneumatized (all 19) mastoids more frequently in
pathological temporal bones while non- pathological
temporal bones mostly had well pneumatized mastoids (24
out of 33). Sethi et al'” in their study also found a

significant ~ correlation  (p<0.05) between mastoid
pneumatization and middle ear disease.

We also calculated volume of mastoids in cubic centimeter
(cc) using volumetric analysis software (Philips intelli space
3D segmentation software) provided for computerized
digital processing of HRCT. Mean volume of pneumatized
mastoids in our study was found to be 6.37 + 2.33cc (right)
and 7.35 £ 1.99 cc (left). We observed that volume of left
sided mastoids were higher as compared to right sided
mastoids. Our findings are in contrast to the findings of
Karakas et al,l'"! who found volume of right sided mastoids
higher than left. This could possibly due to racial or ethnic
factors.

We found Korner's septum as the most common variation
(n=5, 7.14 %) in diseased temporal bones, followed by high
jugular bulb (n=2, 2.86 %), facial nerve dehiscence (FND)
(n=2, 2.86 %), labyrinthine fistula (n=2, 2.86 %) and
foramen tympanicum (n=1, 1.43 %). All our cases of FND
and labyrinthine fistula were associated with cholesteatoma.
We also found few variations in the non pathological
temporal bones (n=5,16.66%); where again Korner's septum
was most common (n=3, 10%) followed by high jugular
(n=1, 3.33%) and dehiscent jugular bulb (n=1, 3.33%). Our
findings vary with the study by Karakas et al!''! who
reported high jugular bulb (32%) as the most common
anatomical variation followed by Korner’s septum (28%)
and facial nerve dehiscence (12%). The incidence of
foramen tympanicum in a study by Lacouta et al,"* was
also higher (4.6%) as compared to our study. The numbers
of anatomical variations in our study population are very
few, which may limit the statistical significance and
comparison with the previous studies.

Majority of our patients presented with suppurative disease
of middle ear and mastoids, of which oto-mastoiditis
accounted for the most number of ears involved (n= 51,
72.86 %), followed by cholesteatoma (n=23, 32.86 %).
These findings are comparable with the previous studies.
The incidence of disease extent was found to be highest in
epitympanum (n=50), which came out to be the most
frequently involved site in other studies as well; Tak et al
(n=38) and Vallabhaneni et al (n=28).""%) However
involvement of mesotympanum, hypotympanum, antrum
and mastoids in our study did not matched with above
studies. Even the involvement of these regions in the studies
of Tak et al,/”) and Vallabhaneni et al,l'"*! also did not match
with each other. Thus, in oto-mastoiditis although the
epitympanum is most frequently involved in disease
process, the involvement of rest of the regions varies.

All our patients with cholesteatoma had soft tissue density
in the middle ear and mastoids [Figure 3], Besides these,
ossicular chain erosion (30%) and scutum erosion (27.14%)
were the most common findings in maximum cases
followed by erosion of tegmen tympani (18.57%), erosion
of facial nerve canal (11.43%) and erosion of semicircular
canals (4.21%). Excellent correlation was found in our
study regarding extent of cholesteatoma and adjoining bony
erosions such as ossicular chain erosion, scutum erosion etc.
which is comparable with previous studies.!*'*

There are many syndromes with associated inner ear
malformations which are described in literature.”">' In our
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study, Type I Incomplete Partition accounted for most of
the congenital ear malformations (n=4, 5.71%), followed by
Type II Incomplete Partition or Mondini's Malformation
(n=3, 429 %), and Michel's Aplasia / Complete
Labyrinthine Aplasia (n=2, 2.86%). Least commonly
encountered inner ear malformation was common cavity
(=1, 143 %). In a study by Joshi et all'”’ Type II
Incomplete Partition or Mondini's malformation was the
most commonly seen inner ear anomaly while Wu et al,/'®
found large vestibular aqueduct syndrome (LVAS) as the
most frequent inner ear malformation in their study. The
reason for this discrepancy could be due to differences in
sample sizes, ethnic, racial and genetic factors.

In our study, we came across 2 patients of congenital
external ear anomaly, one had isolated microtia and another
had microtia (2.86%) with unilateral EAC atresia (1.43%)
The main role of HRCT in EAC atresia is to identify the
type of anomaly and determine the surgical correctability. If
surgical correction of EAC atresia is to be done to improve
hearing, normal inner ear structures and adequate middle
ear cleft are mandatory.!"”!

Identification of anatomical variations in some of the
diseased ear proved to be beneficial for the ENT surgeons
in successful completion of the surgeries. Korner’s Septum
[Figure 1] is an anatomic boundary formed by the
petrosquamous suture which separates the squamous air
cells from the petrous air cells.””! We had total 5 cases of
pathological temporal bones having Korner’s septum and all
cases subsequently underwent surgery. The ENT surgeon
had the preoperative information about the presence of
Korner’s septum which came out to be beneficial in all 5
cases (4 cases operated for suppurative middle ear disease
and 1 case operated for Mondini malformation and received
cochlear implant). The prevalence of Korner’s septum
shows no significant correlation (p>0.05) with any temporal
bone pathology. However it has a clear surgical importance
as it must be removed to enter the mastoid antrum.

Facial nerve dehiscence is defined as loss of continuity in
the bony structure of the fallopian canal producing
abnormal communication between the middle ear space or
mastoid air cell system and facial nerve canal.”?! In 2 cases
of cholesteatoma we found evidence of facial nerve
dehiscence (FND) on preoperative CT imaging. This
information guided the ENT surgeon to carefully dissect
neighbouring structures of the facial canal during
mastoidectomy. Cautious intra-operative monitoring of
facial nerve is mandatory to reduce iatrogenic facial nerve
injury. In above mentioned cases, there was presence of
labyrinthine fistula (an abnormal communication between
middle ear and fluid filled space of the inner ear). The
preoperative identification of this fistula is most useful in
terms of patient counseling and in removing the disease
from the lateral semicircular canal so as to avoid
sensorineural hearing loss.

High-riding jugular bulb (HRJB) has been variably defined
as a jugular bulb that rises to the level of the basal turn of
the cochlea, to the level of the superior tympanic annulus,
or within 2 mm of the internal auditory canal (IAC). When
there is deficient sigmoid plate, the jugular bulb protrudes
into the middle-ear cavity, and is then known as a

“dehiscent jugular bulb”. Two cases of suppurative
middle ear disease in our study in which high jugular bulb
[Figure 2], was noticed on CT imaging underwent mastoid
exploration. Use of micromotor drill/ sharp instrumentations
should be carefully done under high resolution to avoid
injury to jugular bulb and brisk bleeding. The ENT Surgeon
was most careful at the time of disease clearance and raising
of flap around the tympanic annulus area during surgery.
We found one case of Foramen Tympanicum in a patient
with left sided cholesteatoma. This finding turned out to be
incidental on preoperative CT imaging. However, it did not
affect the surgeon’s approach to operate the cholesteatoma.
Limitations of our study: Our study had small sample size
which may limit statistical significance.This study
comprised of predominantly younger population, so the
findings of this study might vary with inclusion of elderly
population in any other study with different age profile.

Conclusion

Common pathologies of temporal bones such as
otomastoiditis and cholesteatoma which are otherwise
difficult to assess clinically or on conventional radiography
can be reliably evaluated on HRCT temporal bone. HRCT
can accurately help in identification of various normal
anatomical variations of ear with surgical significance
preoperatively, thereby helping surgeons in planning
surgical roadmaps and avoiding complications. HRCT
allows precise assessment of inner ear status and thus helps
in recognition of inner ear pathologies and malformations.
Thus HRCT continues to stay as gold standard for
evaluation of ear pathologies and anatomical variations.
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