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INTRODUCTION:

The hearing mechanism constitutes a major link between

man and its environment. One must therefore try to protect

it from damage. Audiologists ascertain the existence of

hearing impairment and make judgements concerning its

severity, its influence on the patient's life, the locus of

the lesion, etiology and the possible areas of remediation.

No single test yields sufficient information to answer all

these questions. Some tests helps in identifying the site of

lesion in the auditory system while others have their primary

purpose, in the with determination of the existence of an

auditory deficit. By performing numerous overlapping

examinations a picture eventually emerges that is great deal

clearer than that presented by results of a single

examination.

Multiple judgements and the utilization of different

approaches and techniques to the same aspect of behaviour

lend credence to its interpretation as a statistical entity.

Basic examination is the utilization of different

examinations in order to make a single statement concerning

hearing. This test battery consists of both audiological and

non-audiological tests. Audiological tests contribute in the

determination of the existence of the hearing impairment and

locus of the pathology in the auditory system where as non

audiological tests validate the results of tests used for

detecting the site of lesion and confirm the diagnosis.
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Basic audiological evaluation consists of the pure tone

audiometry and speech audiometry. Pure tone audiometry tells

about the type and degree of hearing loss. To diagnose

lesions at various levels in the auditory pathway a test

battery which includes a variety of special tests is needed.

These special tests include psycho-acoustic tests such as

test for recruitment, tone decay test and objective tests

such as immittance evaluations, electrophysiological tests

and measurement of oto acoustic emission.

Non audiological tests have equal importance in

confirming test results and in diagnosing patients especially

those with suspected retro-cochlear pathologies and central

hearing loss cases. Neuro-radiological tests such as

tomography can diagnose the presence of tumors and also the

- size. Small tumors are detected by air-contrast tomography.

Magnetic resonance imaging (MRI) has better efficiency than

CT-scan. Electronystagmography can quantify and demonstrate

pathology of the vestibular system with great precision.

Other non-audiological tests used in diagnosis of auditory

disorders are histopathological tests, sonotubometry, protein

test, CSF test. Non audiological test helps in the diagnosis

of pathologies in outer ear, middle ear, inner ear, auditory

nerve, CNS lesions and also vestibular system lesions which

can lead to hearing loss. A test battery which includes

audiological and non-audiological tests are required to

confirm the diagnosis and plan the interventions. There is a

need for the audiologists to know about both audiological and
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non audiological tests to make a decision and diagnose the

case accurately.

AIM OF THE STUDY:

There are various studies and journals giving information

about the non audiological tests used in detection of

hearing. At times it may be difficult for audiologists to

read the studies which are scattered in various journals.

The main aim was to study all these investigations carried

out in the last 20 yrs and compare the results.

Thus the present study was carried with the following

aims:

1) The various non-audiological tests which can be used for

diagnosis of auditory disorder.

2) The most important and efficient non-audiological

test/tests used for detection and diagnosis of a specific

auditory disorder.
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METHODOLOGY

Aim of the study: To review the various studies that have

used non-audiological tests in diagnosis of auditory

disorders and analyse the following:

1. The various non-audiological tests which can be used for

diagnosis of auditory disorder.

2. The most important and efficient non-audiological

test/tests for detection and diagnosis of a specific

auditory disorder.

Articles from various Journals, dealing with non-

audiological test used to detect hearing loss were collected.

Studies of last 20yrs were reviewed. The Journals reviewed

were:

1) Acta - Oto. laryngologica (Acta-Otolaryngol)

2) Archieves of Oto Laryngology (Arch-Otolaryngol)

3) Annals of Otology, Rhinology, Laryngology

4) Audiology (Audiol)

5) British Journal of Audiology (BJA)

6) Ear and Hearing (E & H)

7) Hearing Journal (Hg. J)

8) Journal of Acoustic Society of America (JASA)

9) Journal of Speech and Hearing Disorders (JSHD)

10) Journal of Speech and Hearing Research (JSHR)

11) Journal of Laryngology and Otology (JLO)

12) Journal of Oto Laryngology (JOL)
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13) Laryngoscope

14) Scandinavian Audiology (SA)

The information and the results from the articles are

classified and then tabulated under the following headings as

1. Author (year)

2. Subjects

- Number

- Age

- Sex

3. Tests used

4. Results

5. Discussion.

Each auditory disorder is presented separately.

Conclusion was made based on the results of the articles.

The efficacy of different non-audiological tests in diagnosis

of various auditory disorders was highlighted.

A brief description of all the non-audiological tests

discussed in the studies are given in the Appendix I.
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DISORDERS OF EXTERNAL EAR:

Non audiological tests are not used much in the

detection of disorders of external ear. Non audiological

tests are important in the diagnosis of malignant external

otitis and also carcinoma of external ear, auditory canal

dysplasia.

Malignant external otitis is a bacterial infection of

the external ear canal skin. It results in a dry canal skin

with swelling and discharge. Non audiological tests helps in

the accurate diagnosis of malignant external otitis and also

gives information regarding over all extent of the

inflammatory process.

In this review, 9 studies are discussed which have used

various, non audiological test for the detection of malignant

external otitis (MEO) and also differentiate it from benign

form of external otitis.
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COMMENTS

Bone scanning, has been used mainly. Technetium bone

scan i.e. TC 99-4 and gallium scan i.e. Ga-67 was used. One

of the studies investigated the role of bone scintigraphy

method. It has been indicated that both Tc 99-M and bone

scintigraphy act as a reliable diagnostic method during early

stages of malignant external otitis and Ga-67 determines the

control of the infection (Aviel, 1981, Parisier et all.

1982).

Histopathological test has also been used to detect

malignant external otitis. Histopathological test helps in

diagnosing MEO in terms of presence and extent of

inflammation. This non audiological test also distinguishes

MEO from the benign form of infection. (Berheim et all.

1989).

CT scan helps to detect the progress and the effect of

treatment in malignant external otitis where as radio

nucleide scans provides information regarding the overall

extent of inflammatory process (Gold et all., 1984).

Results of a study by Stokel, (1996) indicated that Ga-

67 SPECT helps only in the initial recognition and diagnosis

of MEO. Gherini (1986) compared the efficiency of CT scan,

TC-99 bone scanning, Ga-67 bone scan and MRI to detect MEO.

It was concluded that MRI was the most efficient test in
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diagnosing MEO as it evaluates the anatomic extent of soft

tissue changes in MEO.

So from the above discussed studies it can be concluded

that bone scintigraphy, bone scan, SPECT are important

nonaudiological tests in detecting MEO in early stages, but

the most effective and valuable tool for diagnosis is MRI. CT

scan helps to know the effect and progress of treatment of

MEO.

Computerized tomography was administered in cases with

external auditory canal dysplasia. CT scan is important in

the detection of abnormalities associated with external canal

dysplasia and thus helps in the diagnosis of external

auditory canal dysplasia (Swartz and Wolfson, 1985).

Diagnosis of adenocarcinoma is done by X-rays and

histopathological tests efficiently. It also helps to detect

the extent of the carcinoma to middle ear and the mastoid air

cells (Maru et al., 1980).
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MIDDLE EAR DISORDERS:

The various disorders of the Middle ear (ME) discussed

in this review are:-

1. Otitis Media

- Acute Otitis Media

- Chronic Otitis Media

2. Cholesteatoma

3. Tumors of the middle ear.

4. Otosclerosis.

5. Osteogenic imperfecta.

6. Osteogenic congenita.

7. Tubercular Osteomyelitis.

OTITIS MEDIA:-

Acute otitis media is associated with respiratory

infection and also eustachian tube dysfunction. If acute

otitis media is not treated completely or a complete

resolution does not take place complications may occur.

Chronic otitis media is one such complication" which may

result in a perforated tympanic membrane. Other complications

are tuberculous otiti3 media, cholesteatoma.

Cholesteatomas are cyst like structures, which are

squamous lined and begin in attic of the ear extending to the

mastoid antrum, and sometimes to mastoid tip. Cholesteatoma

erodes away bone they make contact with and can produce

intracranial complications.
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Audiological along with nonaudiological tests are done

for achieving accuracy in diagnosis and also to identify the

type of disorder and their extent.

In this review, 12 studies are discussed which have used

various nonaudiological tests for the diagnosis of different,

types of otitis media, cholesteatoma and also to detect

eustachian tube dysfunction.
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ul
ar
 c
on
ti
-

nu
it
y
 a
nd
 f
ac
ia
l
 
ca
na
l

de
hi
sc
en
ce
. 
Ax
ia
l 
sc
an

ab
le
 t
o 
de
mo
ns
tr
at
e

la
te
ra
l 

ca
na
l 

be
tt
er
 b
ut

ot
he
rw
is
e
 c
or
on
al
 s
ca
n

is
 s
up
er
io
r
 w
he
n
 o
th
er

ab
ov
e 
re
su
lt
s 
ar
e 
co
n-

ce
rn
ed
 .

CT
 s
ca
n

[c
om
pa
re
d 
ax
ia
l

sc
an
 a
nd
 c
or
on
al

sc
an
]

36
 c
as
es
 w
it
h 
CS
OM

O'
Re
il
ly
 a
nd

Ch
eu
re
lt
on

(1
99
1)

7.
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Hi
st
ol
og
ic
al
 t
ea
ts
 a
re

im
po
rt
an
t
 a
nd
 e
ff
ic
ie
nt

in
 t
he
 d
ia
gn
os
is
 o
f

Tu
be
rc
ul
ou
s
 o
ti
ti
s

me
di
a.

Hi
st
op
at
ho
to
gy
 r
ep
or
ts

of
 g
ra
nu
la
ti
on
 t
is
su
e

fr
om
 t
he
 e
ar
 s
ho
we
d

ch
ro
ni
c
 i
nf
la
mm
at
or
y

ce
ll
s 

an
d 
cl
us
te
rs
 o
f

ep
it
he
lo
id
 c
el
ls
 a
nd

ne
cr
ot
ic
 b
on
e.
 W
hi
le

th
e 
ce
rv
ic
al
 
ly
mp
h 
no
de

sh
ow
ed
 c
ae
sa
ti
on
 a
nd

gi
an
t 
ce
ll
s 
wi
th
 n
ec
ro
si
s

Hi
st
op
at
ho
lo
gi
c

te
st

45
 y
r,
 F
, 
wi
th
 m
od
.

co
nd
uc
ti
ve
 l
os
s 
in

Rt
 e
ar

Ra
je
nd
ra
 a
nd

An
an
d

(1
99
2)

8.

Th
e
 r
es
ul
ts
 3
ho
w
 t
ha
t

ch
ro
ni
c
 o
ti
ti
s
 l
ea
ds
 t
o

ch
an
ge
s
 i
n
 t
he
 c
ry
st
a-

ll
in
e
 p
ha
se
 o
f
 h
yd
ro
xy
-

ap
at
it
e
 o
f
 t
he
 m
al
le
us

an
d 
in
cu
s 
wh
ic
h 
ca
n 
be

de
te
ct
ed
 b
y
 X
-r
ay
.

X-
ra
y
 d
ia
gr
am
s
 o
f
 n
or
ma
l

os
si
cl
es
 w
er
e
 s
ho
wn
 a
s

gr
an
ul
ar
 h
yd
ro
xy
ap
at
it
e.

In
 d
is
ea
se
d
 o
ss
ic
le
s

ch
an
ge
s 
we
re
 f
ou
nd
 i
n

cr
ys
ta
ll
in
it
y
 o
f
 h
yd
ro
-

xy
ap
at
it
e 
in
 f
or
m 
of

mi
ld
 
cr
ys
ta
ll
iz
at
io
n,

am
or
ph
ou
s
 p
ha
se
 o
r
 a
bs
e-

nc
e
 o
f
 a
ny
 t
yp
e
 o
f

cr
ys
ta
l
 p
ha
se
.

X-
ra
y
 d
if
fr
ac
ti
on

te
st
.

Th
e 
co
nt
ro
l 
gr
ou
p

ha
d
 1
0
 h
ea
lt
hy

ma
ll
ei
, 
in
cu
de
s

50
 d
is
ea
se
d 
ma
ll
ei

an
d
 i
nc
ud
es
 t
ak
en

pr
eo
pe
ra
ti
ve
ly

fr
om
 p
at
ie
nt
s 
wi
th

at
ti
co
an
tr
al
 o
ti
ti
s,

Sa
vi
c,

He
ra
k
 a
nd

Dj
er
ic
.

(1
98
7)

9.

Re
li
ab
le
 b
ac
te
ri
al

cu
lt
ur
es
 c
an
 b
e
 o
ta
in
ed

fr
om
 p
ur
ul
en
t
 d
is
ch
ar
ge

of
 p
at
ie
nt
s
 w
it
h
 a
cu
te

ot
it
is
 m
ed
ia
 w
ho
 s
uf
fe
r

sp
on
ta
ne
ou
s
 p
er
fo
ra
ti
on

of
 t
he
ir
 t
ym
pa
ni
c

me
mb
er
an
es
.
 D
ir
ec
t

cu
lt
ur
e 
of
 p
ur
ul
en
t

ma
te
ri
al
 
fr
om

sp
on
ta
ne
ou
s
 o
to
rr
he
a

in
to
 m
ed
ia
 s
up
po
rt
iv
e 
of

th
e
 M
E,
 p
at
ho
ge
ns

ap
pe
ar
s
 u
se
fu
l
 i
n
 c
as
es

of
 A
cu
te
 o
ti
ti
s
 m
ed
ia
.

Po
te
nt
ia
l
 p
at
ho
ge
ns
 s
uc
h

as
 H
.i
nf
1u
en
za
e,
S.
pn
eu
m-

on
ia
e
 a
nd
 S
.P
yo
ge
no
us

we
re
 
re
co
ve
re
d 

fr
om
 
2/
3

rd
s
 o
f
 t
he
 p
at
ie
nt
.

Pu
ru
le
nt
 e
xu
da
te
s

we
re
 c
ul
tu
re
d

69
 c
hi
ld
re
n[
40
 b
oy
s

29
 g
ir
ls
],
 r
an
gi
ng

in
 a
ge
 f
ro
m 
1 
mo
nt
h

ot
it
is
 t
o 
12
 y
rs
.

Sc
hw
ar
tz
 a
nd

Ro
dr
ig
ue
z

(1
98
0)

10
.
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B
y
 C
T
 b
o
n
e
 e
r
o
s
i
o
n

c
a
n
n
o
t
 b
e
 d
e
m
o
n
s
t
r
a
t
e
d
,

t
h
e
 i
n
c
r
e
a
s
e
d
 u
p
t
a
k
e
 o
f

i
s
o
t
o
p
e
 
s
u
g
g
e
s
t
s
 p
r
e
s
e
n
c
e

o
f
 o
s
t
e
i
t
i
s
.
 
B
o
n
e
 s
c
a
n

p
e
r
m
i
t
s
 
i
d
e
n
t
i
f
i
c
a
t
i
o
n

o
f
 t
h
e
 b
o
n
e
 i
n
v
a
d
i
n
g

n
a
t
u
r
e
 o
f
 M
E
 c
l
e
f
t

i
n
f
e
c
t
i
o
n
,
 
an
d
 s
o
 p
l
a
y
s

a
 i
m
p
o
r
t
a
n
t
 r
o
l
e
 i
n

t
r
e
a
t
m
e
n
t
,
 p
r
e
v
e
n
t
i
o
n
 o
f

s
e
r
i
o
u
s
 c
o
m
p
l
i
c
a
t
i
o
n
s
.

S
u
b
(
l
)
 B
o
n
e
 s
c
a
n
n
i
n
g

s
h
o
w
e
d
 
i
n
c
r
e
a
s
e
d

i
n
t
a
k
e
 o
f
 i
s
o
t
o
p
e
 i
n

r
i
g
h
t
 m
a
s
t
o
i
d
.
 
C
T
 s
h
o
w
e
d

a
 
so
ft
 
t
i
s
s
u
e
 
m
a
s
s
 
f
i
l
l
-

i
n
g
 t
h
e
 r
i
g
h
t
 a
n
t
r
u
m
.

S
u
b
(
2
)
 C
T
 s
h
o
w
e
d
 o
t
o
-
m
a
s
-

t
o
i
d
i
t
i
s
 
w
i
t
h
 n
o
 b
o
n
y

c
h
a
n
g
e
s
.
 
B
o
n
e
 s
c
a
n
n
i
n
g

i
n
d
i
c
a
t
e
d
 
i
n
c
r
e
a
s
e
d
 u
p
-

t
a
k
e
 o
f
 i
s
o
t
o
p
e
 i
n
 R
t

m
a
s
t
o
i
d
.

S
u
b
(
3
)
 C
T
 f
e
a
t
u
r
e
d

s
c
l
e
r
o
t
i
c
 r
i
g
h
t
 m
a
s
t
o
i
d
,

B
o
n
e
 
S
c
a
n
n
i
n
g
 
i
n
d
i
c
a
t
e
d

i
n
c
r
e
a
s
e
d
 u
p
t
a
k
e
 
o
f
 
is
o-

t
o
p
e
 
i
n
 R
t
 m
a
s
t
o
i
d
.

B
o
n
e
 
S
c
a
n
n
i
n
g
,

C
T
 
s
c
a
n
.

l)
19
yr
,
 M
,
 w
i
t
h

r
e
c
c
u
r
e
n
t
 a
t
t
a
c
k
 o
f

f
a
c
i
a
l
 
p
a
l
s
y
.
 
T
h
e

fi
rs
t
 
o
c
c
u
r
e
d
 
du
r-

i
n
g
 a
n
 a
t
t
a
c
k
 o
f

A
c
u
t
e
 o
t
i
t
i
s
 M
e
d
i
a

2)
60
y,
 
F
,
 w
i
t
h
 m
e
n
-

i
n
g
i
t
i
s
 
an
d
 R
t
 
ea
r

p
a
i
n
.

3
)
 
19
yr
,
 
F
,
 w
i
t
h
 R
t

s
i
d
e
d
 
h
e
a
d
a
c
h
e

o
c
c
u
r
i
n
g
 a
f
t
e
r
 R
t

a
c
u
t
e
 o
t
i
t
i
s
 m
e
d
i
a
.

T
o
v
i
,

L
a
n
t
s
b
e
r
g
 &

H
e
r
t
z
a
n
u

(
1
9
9
2
)

11
.

C
T
 s
c
a
n
s
 
h
a
s
 a
 i
m
p
o
r
t
a
n
t

c
o
n
t
r
i
b
u
t
i
o
n
 i
n
 t
h
e

m
a
n
a
g
e
m
e
n
t
 o
f
 c
h
r
o
n
i
c

ea
r
 p
r
o
b
l
e
m
s
.
 
C
T
 s
ca
ns

w
e
r
e
 r
e
l
i
a
b
l
e
 i
n
 d
e
t
e
c
t
-

i
n
g
 c
h
o
l
e
s
t
e
a
t
o
m
a
.

S
c
a
n
s
 p
r
e
d
i
c
t
e
d
 n
o
 s
ig
ni
-

f
i
c
a
n
t
 m
a
s
s
 
i
n
 6
pt
s
 a
n
d

c
h
o
l
e
s
t
e
a
t
o
m
a
 r
eo
cc
ur
en
ce

i
n
 1
1
.
 
T
h
e
 r
e
m
a
i
n
i
n
g
 6

w
i
t
h
 d
i
f
f
u
s
e
 
so
ft
 t
i
s
s
u
e

w
e
r
e
 
i
n
c
o
r
r
e
c
t
l
y
 
d
i
a
g
-

n
o
s
e
d
.
 
F
o
c
a
l
 a
r
e
a
s
 o
f

b
o
n
e
 
er
os
io
n
 
w
e
r
e
 
d
e
t
e
c
-

t
a
b
l
e
 i
n
 3
 c
a
s
e
s
 
i
n
d
i
c
a
-

t
i
n
g
 a
c
t
i
v
e
 
o
r
 p
o
t
e
n
t
i
a
l

c
o
m
p
l
i
c
a
t
i
o
n
s
.

H
i
g
h
 
r
e
s
o
l
u
t
i
o
n

CT
 
sc
an

24
 p
t
s
 p
r
e
v
i
o
u
s
l
y

o
p
e
r
a
t
e
d
 
fo
r
 
c
h
o
l
e
-

s
t
e
a
t
o
m
a
s
.

V
o
o
r
h
e
e
s
,

J
o
h
n
s
o
n
 a
nd

K
u
f
k
i
n

(
1
9
8
3
)

12
.

18
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COMMENTS

Jonathan (1986) in his study used sonotubometry, a

nonaudiological test, to assess eustachian tube dysfunction.

Sonotubometry was able to detect eustachian tube dysfunction

and its results also correlated with the audiological test

results.

Results of investigations on Tuberculous otitis media,

showed that both CT scan and histological examinations are

equally efficient and accurate in diagnosing tuberculous

otitis media independently. But CT scan along with

histopathological test gives information about the site and

extent of bony destruction caused by the disorder (Tomoyuki,

1994; Rajendra, 1992)

It was found that CT scan was most efficient in detecting

cholesteatoma (Lewis et.all., 1985) but in children,

histopathological tests are the most important and valuable

tool in diagnosing cholesteatoma when compared to CTscan and

polytomography (Mcgill, 1991).

In diagnosis of acute otitis media, culturing, CT scan

and Bone scaning have been used. Culturing of the purulent

exudates helps in the diagnosis of Acute otitis media

(Swartz, 1980). By CT scan bone erosion cannot be detected,

but bone scanning helps in detection of bone erosion and so

plays a important role in treatment and prevention of serious

complications (Lovi and Lantsberg, 1982).
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Histopathological test, CTscan have been used in

diagnosis of chronic otitis media. CTscan was found to be the

most important test in diagnosing chronic otitis media

(Koltai et.all, 1989) when compared to MRI and

histopathological tests. (Costa et all., 1992). Savic, (1987)

reported that x-ray diffraction test is capable of detecting

chronic otitis media based on the chemical changes taking

place in malleus and the incus.

Thus, the review of literature suggested, cholesteatoma

is best diagnosed by CTscan but in children diagnosis done

with help of histopathological tests. CTscan is important

diagnostic tool in diagnosing chronic otitis media where as

culturing and bone scanning helps in detecting acute otitis

media and also prevents serious complications.
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TUMORS OF MIDDLE EAR

Middle ear (ME) tumors are of various types, Glomus

tumors arise from glomus bodies and are extremely vascular.

Based on their location they are called glomus tympanicum or

glomus jugulare tumors. Glomus jugulare tumors are usually

extensive arising in region of the jugular bulb. They may

erode through floor of middle ear and present as middle ear

tumors. They may also invade temporal bone as well as vessels

of the neck.

In some cases of chronic otitis media with perforation,

the ME mucosa may become thick, hypertrophied and polypoid

changes can occur and actual polyps may be formed. In cases

of polypoid, chronic otitis media there may be severely

damaged middle ear with damage to the ossicular chain.

Non-audiological tests detects the exact site of tumors

its extension and relationship to other structures and also

the type of the tumor.

Investigations which have used various non-audiological

test in diagnosing the ME tumors have been discussed here.
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TA
BL
E 
(3
) 
NO
N-
AU
DI
OL
OG
IC
AL
 T
ES
T 
US
ED
 T
O 
DE
TE
CT
 T
UM
OR
S 
OF
 M
ID
DL
E 
EA
R.

D
i
s
c
u
s
s
i
o
n

R
e
s
u
l
t
s

T
e
s
t
 u
s
e
d

S
u
b
j
e
c
t
s

A
u
t
h
o
r

-
P
a
r
a
g
a
n
g
l
i
o
m
a
s
 a
r
e
 c
o
m
-

m
o
n
e
s
t
 H
E
 n
e
o
p
l
a
s
m
s
.

R
a
d
i
o
l
o
g
i
c
a
l
 
e
v
i
d
e
n
c
e
 o
f

b
o
n
e
 d
e
s
t
r
u
c
t
i
o
n
 i
n
 M
E

t
u
m
o
r
s
 n
e
c
c
e
s
a
r
i
l
y
 n
o
t

b
e
 a
g
a
i
n
s
t
 p
a
r
a
g
a
n
g
l
i
o
m
a
s

R
e
v
i
e
w
 o
f
 
l
i
t
e
r
a
t
u
r
e

s
h
o
w
s
 R
a
d
i
o
g
r
a
p
h
i
c
a
l

b
o
n
e
 d
e
s
t
r
u
c
t
i
o
n
 c
a
n

o
c
c
a
s
i
o
n
a
l
l
y
 o
c
c
u
r
 w
i
t
h

g
l
o
m
u
s
 t
y
m
p
a
n
i
c
u
m

t
u
m
o
r
s
.

A
 r
e
d
d
i
s
h
 w
h
i
t
e
 m
a
s
s
 p
ro
-

j
e
c
t
i
n
g
 i
nt
o
 
r
i
g
h
t
 e
ar

c
a
n
a
l
 
t
h
r
o
u
g
h
 T
M
 t
h
a
t

p
r
o
v
e
d
 
h
i
s
t
o
p
a
t
h
o
l
o
g
i
-

c
a
l
l
y
 t
o
 b
e
 a
 p
ar
ag
an
-

g
l
i
o
m
a
.
 
C
T
 o
f
 t
e
m
p
o
r
a
l

b
o
n
e
 
s
h
o
w
e
d
 
e
x
t
e
n
s
i
v
e

d
e
s
t
r
u
c
t
i
o
n
 o
f
 r
i
g
h
t

m
a
s
t
o
i
d
 b
o
n
e
,
 
t
h
e
 p
o
s
t
e
-

ri
or
 e
ar
 
ca
na
l
 
w
a
l
l
,

w
i
t
h
 t
ot
al
 
d
e
s
r
u
p
t
i
o
n
 o
f

t
h
e
 o
s
s
i
c
l
e
s
.

H
i
s
t
o
p
a
t
h
o
l
o
g
i
c
a
l

e
x
a
m
i
n
a
t
i
o
n
,
 H
i
g
h

r
e
s
o
l
u
t
i
o
n
 
c
o
m
p
u
-

t
e
r
i
z
e
d
 
t
o
m
o
-

g
r
a
p
h
y
.

A
 6
4
 y
e
a
r
 o
l
d

Qa
ta
ri
 
f
e
m
a
l
e
 w
i
t
h

o
n
e
 y
e
a
r
 h
i
s
t
o
r
y

o
f
 r
i
g
h
t
 o
t
o
r
r
h
o
e
a

an
d
 
h
e
a
r
i
n
g
 
lo
ss
.

A
b
d
u
l
i
a
A
b
b
a
r
,

A
b
d
a
l
l
a
 
an
d

Ba
hr
ai
n

(
1
9
9
4
)

1.

T
h
e
 r
e
s
u
l
t
s
 
i
n
d
i
c
a
t
e

h
i
g
h
 v
a
l
u
e
 o
f
 b
o
n
e

s
c
i
n
t
i
g
r
a
p
h
y
 i
n
 t
h
e

m
a
l
i
g
n
a
n
t
 t
u
m
o
u
r
 
i
n
f
l
u
e
-

n
c
e
 o
n
 b
o
n
e
 t
i
s
s
u
e
 a
n
d

e
v
a
l
u
a
t
i
n
g
 t
h
e
 p
r
o
g
n
o
s
i
s

o
f
 c
a
n
c
e
r
 o
f
 t
h
e
 e
ar
.

A
l
l
 s
c
i
n
t
i
g
r
a
m
s
 s
h
o
w
e
d

a
n
 i
n
c
r
e
a
s
e
 i
n
 t
h
e
 a
b
-

n
o
r
m
a
l
 
a
c
c
u
m
u
l
a
t
i
o
n
 o
f

i
s
o
t
o
p
e
 i
n
 t
h
e
 p
a
r
t
i
-

c
u
l
a
r
 a
re
a.
 
A
c
c
u
m
u
l
a
t
i
o
n

o
f
 
i
s
o
t
o
p
e
 g
i
v
e
s
 
in
fo
r-

m
a
t
i
o
n
 
o
n
 r
e
g
r
e
s
s
i
o
n
/

p
r
o
g
r
e
s
s
i
o
n
 o
f
 m
a
l
i
g
n
a
n
t

g
r
o
w
t
h
s
.

S
c
i
n
t
i
g
r
a
p
h
y

Te
n
 p
a
t
i
e
n
t
s
 a
g
e
d

30
 t
o
 7
3
 w
i
t
h

c
a
r
c
i
n
o
m
a
s
 o
f
 t
h
e

ea
r.

B
e
r
g
s
t
e
d
t

an
d
 L
in
d

(
1
9
8
0
)

2.

C
T
 a
n
d
 M
R
I
 
g
i
v
e
s
 i
nf
or
-

m
a
t
i
o
n
 a
b
o
u
t
 d
i
a
g
n
o
s
i
s
,

s
i
t
u
a
t
i
o
n
 e
x
t
e
n
s
i
o
n
 o
f

t
h
e
 
j
u
g
u
l
o
-
t
y
m
p
a
n
i
c

g
l
o
m
u
s
 t
u
m
o
r
s
.
 
A
 c
o
m
-

b
i
n
a
t
i
o
n
 o
f
 C
T
 a
n
d
 G
a
-

d
o
l
i
n
i
u
m
 M
R
I
 h
e
l
p
s
 i
n

i
m
a
g
i
n
g
 
s
m
a
l
l
 
an
d
 
la
rg
e

g
l
o
m
u
s
 t
y
m
p
a
n
i
c
u
m

t
u
m
o
r
s
.

1
 
ca
se
 h
ad
 a
 p
o
l
y
p
 
i
n

E
A
M
 a
n
d
 
1
8
 h
a
d
 r
e
d
 m
a
s
s

b
e
h
i
n
d
 
l
o
w
e
r
 p
ar
t
 o
f
 T
M
.

A
l
l
 p
t
s
 h
a
d
 d
e
p
r
e
s
s
e
d

V
I
I
l
t
h
 
n
e
r
v
e
 
fu
nc
ti
on
.

1
0
 
g
l
o
m
u
s
 t
u
m
o
r
s
 
pr
o-

d
u
c
e
d
 
e
r
o
s
i
o
n
 
o
f
 
ju
gu
la
r

f
o
s
s
a
.
 
In
tr
a
 c
r
a
n
i
a
l
 
e
x
-

t
e
n
s
i
o
n
 o
c
c
u
r
e
d
 
i
n
 
3

ju
gu
la
r
 t
u
m
o
r
s
 
c
o
n
f
i
r
m
e
d

b
y
 M
R
I
.

M
R
I
 a
nd

c
o
m
p
u
t
e
d
 T
o
m
o
g
r
a
-

ph
y.

20
 
p
t
s
 w
i
t
h
 
ju
gu
lo
-

ty
mp
an
ic
 
g
l
o
m
u
s

t
u
m
o
r
.
 
T
h
e
 t
u
m
o
r

a
r
i
s
e
 
i
n
 M
E
 i
n
 
1
0

c
a
s
e
s
 (
gl
om
us
 t
y
m
p
a
-

n
i
c
u
m
)
 a
nd
 1
0
 i
n

ju
gu
la
r
 
b
u
l
b
 
(g
lo
-

m
u
s
 j
u
g
u
l
a
r
e
)
.

D
a
v
i
d
,

A
n
t
h
o
n
y
 a
nd

C
h
e
e
s
m
a
n

(
1
9
9
0
)

3.



A
l
l
 1
0
 g
l
o
m
u
s
 t
y
m
p
a
n
i
c
u
m

t
u
m
o
r
s
 
s
h
o
w
e
d
 
e
n
c
h
a
n
c
e
-

m
e
n
t
 w
h
i
c
h
 w
a
s
 m
a
r
k
e
d
 
i
n

8
,
 
e
n
a
b
l
i
n
g
 e
a
s
y
 d
i
f
f
-

e
r
e
n
t
i
a
t
i
o
n
 o
f
 t
u
m
o
r

f
r
o
m
 
a
s
s
o
c
i
a
t
e
d
 
se
ro
us

o
t
i
t
i
s
 
m
e
d
i
a
.

C
T
 s
ca
n
 i
s
 a
b
l
e
 t
o

d
e
t
e
c
t
 o
s
t
e
o
m
a
 o
f
 t
h
e

i
n
c
u
s
 a
s
 
s
e
e
n
 i
n
 t
h
i
s

s
t
u
d
y
.

C
T
 
s
c
a
n
 
r
e
v
e
a
l
e
d
 r
ou
nd

s
o
f
t
 t
i
s
s
u
e
 m
a
s
s
 
i
n
 t
h
e

R
t
 m
e
s
o
t
y
m
p
a
n
u
m
.
 
I
n
c
u
s

c
o
u
l
d
 
no
t
 
b
e
 
i
d
e
n
t
i
f
i
e
d

an
d
 i
t
 w
a
s
 
f
e
l
t
 t
ha
t
 
t
h
e

m
a
s
s
 
h
a
d
 
r
e
p
l
a
c
e
d
 
t
h
e

o
s
s
i
c
l
e
.

CT
 
sc
an

28
yr
 o
l
d
,
 
M
,

w
i
t
h
 
f
l
u
c
t
u
a
t
i
n
g

h
e
a
r
i
n
g
 l
o
s
s
 
i
n

t
h
e
 R
t
 e
ar

M
i
l
r
o
y
 &

P
h
e
l
p
s

(
1
9
8
9
)

4.

M
i
c
r
o
s
c
o
p
i
c
 
s
t
u
d
i
e
s
 a
re

e
f
f
i
c
i
e
n
t
 
i
n
 d
e
t
e
c
t
i
n
g

h
i
g
h
l
y
 
p
l
a
c
e
d
 
ju
gu
la
r

b
u
l
b
 
i
n
 t
h
e
 M
E
.

I
n
 1
3
 t
e
m
p
o
r
a
l
 b
o
n
e
s
,

ju
gu
la
r
 
b
u
l
b
 
e
x
t
e
n
d
e
d

i
n
t
o
 M
E
 
s
p
a
c
e
 a
b
o
v
e
 
t
h
e

i
n
f
e
r
i
o
r
 r
i
m
 o
f
 b
o
n
y

a
n
n
u
l
u
s
.

M
i
c
r
o
s
c
o
p
i
c

s
t
u
d
y
 o
f
 t
h
e

t
e
m
p
o
r
a
l
 
b
o
n
e
.

18
9
 h
i
s
t
o
l
o
g
i
c
a
l
l
y

p
r
e
p
a
r
e
d
 
t
e
m
p
o
r
a
l

b
o
n
e
s

O
v
e
r
t
o
n
 &

R
i
t
t
e
r

(
1
9
8
3
)

5.

C
T
 s
c
a
n
 w
a
s
 e
f
f
i
c
i
e
n
t
 i
n

d
i
a
g
n
o
s
i
n
g
 t
e
r
a
t
o
m
a
 a
n
d

a
l
s
o
 g
a
v
e
 p
r
e
c
i
s
e

a
n
a
t
o
m
i
c
 
l
o
c
a
l
i
z
a
t
i
o
n
 o
f

t
h
e
 t
i
s
s
u
e
s
.

Sc
an
 r
e
v
e
a
l
e
d
 
c
o
m
p
l
e
x

h
e
t
r
o
g
e
n
o
u
s
 
m
a
s
s
 
i
n
v
o
l
v
-

i
n
g
 s
o
f
t
 t
i
s
s
u
e
s
 a
n
t
e
r
-

io
r
 a
nd
 s
u
p
e
r
i
o
r
 
t
o
 t
h
e

p
i
n
n
a
 o
f
 R
t
 e
a
r
 w
i
t
h

d
e
f
o
r
m
i
t
y
 o
f
 t
h
e
 t
y
m
p
a
-

n
i
c
 p
o
r
t
i
o
n
 o
f
 t
h
e
 t
e
m
-

p
o
r
a
l
 b
o
n
e
.
 
R
o
o
f
 o
f

e
x
t
e
r
n
a
l
 
A
u
d
i
t
o
r
y
 
ca
na
l

(E
AC
)
 w
a
s
 a
b
s
e
n
t
 a
n
d
 t
h
e

s
o
f
t
t
i
s
s
u
e
 
c
o
m
p
r
e
s
s
e
d

t
h
e
 c
e
n
t
r
a
l
 
p
o
r
t
i
o
n
 o
f

t
h
e
 E
A
C
.

C
T
 
s
c
a
n

6
 y
r
 o
l
d
,
 
M
,
 w
i
t
h

c
o
n
d
u
c
t
i
v
e
 h
e
a
r
i
n
g

lo
ss
 
in
 
th
e
 
Rt
 
ea
r

P
a
r
n
e
s

an
d
 
Su
n

(
1
9
9
5
)

6.
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CT
 w
it
h
 c
on
tr
as
t
 e
nh
an
=

ce
me
nt
 i
s 
re
li
ab
le
 i
n

de
te
ct
in
g
 i
nt
ra
cr
an
ia
l

me
ni
ng
io
ma
s.
 A
dd
it
io
n=

al
ly
 i
t
 p
er
mi
ts
 t
he

ob
se
rv
at
io
n
 o
f
 a
re
as
 o
f

ca
lc
if
ic
at
io
n
 w
it
h
 i
n

th
e 
me
ni
ng
io
ma
 a
nd

hy
pe
ro
st
ol
ic
 c
ha
ng
es

th
at
 m
ay
 o
cc
ur
 a
dj
ac
en
t

to
 t
he
 t
um
or
.
 I
t
 i
s

re
co
mm
en
de
d
 t
ha
t
 p
ts

wi
th
 m
en
in
gi
om
a 
to
 b
e

di
ag
no
se
d
 w
it
h
 c
om
pu
=

te
ri
ze
d
 t
om
og
ra
ph
y.

Pt
.(
l)
 e
ro
di
ng
 t
hr
ou
gh

pe
tr
ou
s
 a
pe
x
 e
xt
en
di
ng

in
 i
nf
ra
te
mp
or
al
 f
os
sa

pt
.(
2)
la
rg
e
 m
as
s
 n
ea
r

th
e
 l
ef
t
 t
em
po
ra
l
 b
on
e

pt
.(
3)
La
rg
e
 
le
ft
 m
id
dl
e

cr
an
ia
l
 f
os
sa
 m
as
s.

Co
mp
ut
er
iz
ed

Ax
ia
l
 
To
mo
gr
ap
hy

3
 p
at
ie
nt
s
 w
it
h

me
ni
ng
io
ma
s 
in
 t
he

mi
dd
le
 e
ar
 s
pa
ce

wi
th
 c
on
du
ct
iv
e

he
ar
in
g
 l
os
s.

Pa
ri
si
er
 a
nd

So
m

(1
97
8)

7.
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COMMENTS

Overton (1993) used histopathological test and observed

that it was able to detect paragangliomas and the high placed

jugular bulb in the middle ear(ME)

Computerized tomography done in 4 cases reveal that

CTscan not only helps in diagnosis of tumors of ME like

teratoma (Parnes and Sun, 1995), glomus tympanicum tumors

(David et. all., 1990), Osteoma of the incus (Milroy 1989)

but also indicates the extension of the tumor and also the

destruction caused to the neighbouring structures. CTscan

when done along with histopathological test is important in

diagnosing and also indicates the extension of tumor (Bahrain

et.all, 1994); David et.all, (1990) reported CT scan done

along with gadolinium enhanced MRI helps in diagnosing large

and small glomus tympanicum tumors and also gives information

about extension and situation of tumor.

Bergestedt, (1980) did bone scintigraphy and it was

found useful in diagnosing tumors of not only the middle ear

but in any part of the ear.

CT scan and histopathological tests are efficient in

diagnosing various ME tumors but gadolinium enhanced MRI

helps in diagnosis of very small tumors.



26

OTOSCLEROSIS, OSTEOGENIC IMPERFECTA AND OTHER MIDDLE EAR

CONDITIONS:

Otosclerosis is a disease process characterized by

resorption of the normally hard bone and replacement with a

newer, softer bone tissue that is highly vascularized and

spongy. This spongy bone growth eventually turns into a

dense sclerotic mass.

In osteogenesis imperfecta the bones are extremely

brittle and easily fractured. Other middle ear conditions are

osteogenesis congenita, tubercular osteomyelites.

Nonaudiological tests are effective and important in the

detection of otosclerosis, osteogenesis imperfectas,

osteogenesis congenita and Tuberculous osteomyelitis. In

this review 6 studies are discussed exhibiting the above

diseases.



Di
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Re
su
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Te
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se
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Su
bj
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Au
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Pa
th
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og
ic
al
 c
ha
ng
es
 i
n
 t
em
po
ra
l

bo
ne
s
 o
f
 p
ts
 w
it
h
 
OI
C
 
pr
ov
id
ed
 w
it
h

an
 o
pp
ur
tu
ni
ty
 t
o
 h
yp
ot
he
si
ze
 t
he

ki
nd
 o
f
 h
ea
ri
ng
 e
qu
il
ib
ri
um

im
pa
ir
me
nt
s
 o
f
 t
he
 p
ts
.

Th
e
 o
ti
c
 c
ap
su
le
,
 
bo
ny

wa
ll
s
 o
f
 H
E
 a
nd
 o
ss
ic
le
s

sh
ow
ed
 e
vi
de
nc
e
 o
f
 b
ot
h

de
fi
ci
en
t
 a
nd
 a
bn
or
ma
l

os
si
fi
ca
ti
on
.
 M
ic
ro
 f
ra
c-

tu
re
s
 f
ou
nd
 i
n
 t
he
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ti
c

ca
ps
ul
e
 a
nd
 i
n
 a
nt
er
io
r

pr
oc
es
s
 a
nd
 h
an
dl
e
 o
f

al
le
us
,
 
cr
ur
a
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f
 s
ta
pe
s.

Hi
st
bp
at
ho
lo
gi
ca
l.

st
ud
ie
s.

8
 t
em
po
ra
l
 b
on
es
 
fr
om

5
 p
at
ie
nt
s
 
wi
th

os
te
og
en
es
is

co
ng
en
it
a.

Be
rg
er
,

Ha
wk
e,

Jo
hn
so
n
 &

Pr
oo
ps

(1
98
5)

1.

Hi
st
op
at
ho
lo
gi
ca
l
 
te
st
 a
nd
 
'X
-r
ay
'

ar
e
 b
ot
h
 r
eq
ui
re
d
 a
nd
 i
s
 e
ff
ic
ie
nt

to
 d
et
ec
t
 T
ub
er
cu
la
r
 o
st
eo
my
el
it
is

of
 t
he
 M
as
to
id
 T
em
po
ra
l
 b
on
e.

Hi
st
op
at
ho
lo
gi
ca
l
 i
nv
es
ti
-

ga
ti
on
s
 r
ev
ea
le
d
 m
od
er
at
e

po
ly
Mo
rp
ho
nu
cl
ea
r
 l
eu
co
cy
-

to
sl
s
 w
it
h
 r
ai
se
d
 e
ry
th
ro
-

cy
te
 s
ed
im
en
ta
ti
on
 r
at
e
 a
nd

lo
w
 h
ae
mo
gl
ob
in
.
 
'X
'
 
ra
y
 o
f

th
e
 s
ku
ll
 r
ev
ea
le
d
 s
ma
ll

ar
ea
s
 o
f
 r
ar
ef
ac
ti
on
 o
f
 t
he

bo
ne
 I
n
 t
em
po
ra
l
 r
eg
io
n.

Hi
st
op
at
ho
lo
gi
ca
l

te
st
,
 
'X
'
 r
ay
.

40
 y
rs
 M
,
 
wi
th
 a
ur
al

di
sc
ha
rg
e
 s
in
ce
 5

mo
nt
hs
, 

pa
in
fu
l 

sw
e-

ll
in
g 

be
hi
nd
 L
t 

ea
r,

im
pa
ir
ed
 h
ea
ri
ng
.

Mi
ta
l,

Si
ng
h
 a
nd

Ka
ti
ya
r

(1
97
7)

2.

Hi
st
ol
og
ic
 s
tu
di
es
 a
re
 i
mp
or
at
an
t

fo
r
 t
he
 d
ia
gn
os
is
 o
f
 o
st
eo
ge
ne
si
s

im
pe
rf
ec
ts
.

Th
e
 e
nt
ir
e
 s
ta
pe
s
 f
oo
tp
la
te

ap
pe
ar
ed
 t
o
 b
e
 t
hi
ck
 a
nd
 i
n

so
me
 
so
ft
 c
on
si
st
en
cy
.

Hi
st
ol
og
ic
 e
xa
mi
na
ti
on

re
ve
al
ed
 
ot
os
po
ng
io
ti
c

ti
ss
ue
 i
n
 o
nl
y
 o
ne
 c
ru
s,

no
rm
al
 o
r
 i
mm
at
ur
e
 o
st
eo
-

ge
ni
c
 b
on
e
 s
tr
uc
tu
re
 w
it
h

al
te
re
d
 s
iz
e
 a
nd
 p
ol
ar
it
y

of
 o
st
eo
cy
te
s
 
in
 
re
ma
in
de
r.

In
 2
 o
f
 t
he
 c
as
es
 l
ar
ge

ca
vi
ti
es
 w
er
e
 s
ee
n
 
in
 
th
e

he
ad
 o
f
 t
he
 s
ta
pe
s.

Hi
st
ol
og
ic

ex
am
in
at
io
n

14
pt
s
 (
9F
,
 
5M
)
 
ag
ed

15
-4
7
 y
rs
 w
it
h
 c
on
d-

uc
ti
ve
 o
r
 m
ix
ed

he
ar
in
g
 l
os
s
 w
it
h

st
ap
ed
ia
l
 f
ix
at
io
n.

Pe
de
rs
en
,

Me
ls
en
 &

(1
98
5)

3.
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T
A
B
L
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N
O
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I
O
L
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G
I
C
A
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 D
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O
S
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L
E
R
O
S
I
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N
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T
H
E
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O
N
D
I
T
I
O
N
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(S
PE
CT
)
 
a
n
d
 C
T
 r
e
s
u
l
t
s
 c
o
r
r
e
l
a
t
i
o
n

i
s
 m
o
r
e
 a
c
c
u
r
a
t
e
 
fo
r
 
l
o
c
a
l
i
z
a
t
i
o
n

o
f
 o
s
t
e
o
 m
y
e
l
i
t
i
s
 
s
e
q
u
e
s
t
r
a
,

e
s
p
e
c
i
a
l
l
y
 
i
n
 a
re
as
 o
f
 
t
e
m
p
o
r
a
l

b
o
n
e
,
 
s
k
u
l
l
 
b
a
s
e
 p
a
r
a
n
a
s
a
l
 
s
i
n
u
s
e
s

an
d
 m
a
n
d
i
b
l
e
 
an
d
 
th
us
 
h
e
l
p
s
 
i
n

d
i
a
g
n
o
s
i
s
.

(S
PE
CT
)
 
r
e
v
e
a
l
e
d
 d
i
f
f
e
r
e
n
-

t
i
a
l
 
u
p
t
a
k
e
 
in
 
th
e
 
le
ft

m
a
x
i
l
l
a
 
w
i
t
h
 
a
 h
o
t
 
fo
ca
l

a
n
t
e
r
i
o
r
 b
o
n
y
 
fo
cu
s.
 
C
T

r
e
v
e
a
l
e
d
 
a
 
fo
ca
l
 
h
y
p
o
d
e
n
s
e

2.
5
 
c
m
 a
re
a
 w
i
t
h
 
a
 
c
e
n
t
r
a
l

b
o
n
y
 
s
p
i
c
u
l
e
 
i
n
 
t
h
e

a
n
t
e
r
i
o
r
 
le
ft
 
m
a
x
i
l
l
a
.

S
i
n
g
l
e
 
p
h
o
t
o
n

e
m
i
s
s
i
o
n
 
c
o
m
p
u
t
e
-

r
i
z
e
d
 

t
o
m
o
g
r
a
p
h
y

(S
PE
CT
)
 a
n
d
 C
T
.

3
9
 y
r
 o
l
d
 m
a
l
e
,
 
w
i
t
h

2
 
y
r
 
st
at
us
 
o
f

P
o
s
t
-
o
d
o
n
t
o
g
e
n
i
c

in
fe
ct
io
n.

R
o
b
i
s
o
n
,

F
o
r
d
 
&

(1
98
6)

4.

H
i
g
h
 r
e
s
o
l
u
t
i
o
n
 
TC
S
 
i
s
 
a
 u
s
e
f
u
l

t
o
o
l
 
fo
r
 
v
i
s
u
a
l
i
z
i
n
g
 
ch
an
ge
s
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i
 l
a
b
y
r
i
n
t
h
i
n
e
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o
n
e
 m
e
t
a
b
o
l
i
s
m
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n

a
c
t
i
v
e
 
o
t
o
s
c
l
e
r
o
s
i
s
.

C
o
r
r
e
l
a
t
i
v
e
 
I
m
a
g
i
n
g
 
of
 
'X
-

r
a
y
'
 
p
h
o
t
o
g
r
a
p
h
s
 a
nd
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s
c
i
n
t
l
g
r
a
m
s
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r
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u
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e
r
p
o
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i
o
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w
i
t
h
 m
a
r
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t
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r
a
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b
o
n
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d
r
a
w
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e
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-

r
a
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s
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f
a
c
i
l
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e

l
o
c
a
l
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o
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f
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a
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o
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6-
1
 
m
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.

T
y
m
p
a
n
o
c
o
c
h
l
e
a
r

s
c
i
n
t
i
g
r
a
p
h
y

(T
CS
)

H
u
m
a
n
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e
m
p
o
r
a
l
 b
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e

m
o
d
e
l
.

R
o
s
s
,

B
e
r
l
i
s
 a
nd

R
e
i
n
h
a
r
d
t

(1
99
5)

5.

S
c
a
n
n
i
n
g
 
e
l
e
c
t
r
o
n
 
m
i
c
r
o
s
c
o
p
e
 h
e
l
p
s

i
n
 d
e
t
e
c
t
i
n
g
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h
o
l
e
s
t
e
a
t
o
m
a
.
 
A
l
s
o

h
e
l
p
s
 
i
n
 
s
t
u
d
y
i
n
g
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t
o
s
c
l
e
r
o
t
i
c

s
t
a
p
e
s
 
p
a
y
i
n
g
 
sp
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l
 
a
t
t
e
n
t
i
o
n
 
t
o

s
t
a
p
e
d
o
v
e
s
t
i
b
u
l
a
r
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in
t
 
an
d

c
a
r
t
i
l
a
g
e
n
o
u
s
 
l
a
m
i
n
a
 o
f
 
t
h
e
 
st
ap
es
.

O
t
o
s
e
l
e
r
o
t
i
c
 f
oc
i
 
w
e
r
e

w
e
l
l
 
de
ma
rc
at
ed
 
on
 
t
h
e

t
y
m
p
a
n
i
c
 
su
rf
ac
e
 
o
f
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COMMENTS

Investigators have used Tympanocochlear scintigraphy and

scanning electron microscope. Scanning electron microscope

helps in studying otosclerotic staps with special attention

to the cartilagenous lamina of stapes in diagnosis of

otoselerosis (Wong and Stoney, 1991). Ross, (1995) reported

that Tympanocochlear scintigraphy is a useful tool for

visualizing changes in labyrinthine bone metabolism in active

otosclerosis and thus helps in diagnosis of otosclerosis.

Pedersen and Melsen (1985) used Histopathologic

examination for the diagnosis of osteogenesis imperfecta and

found it effective and important for the diagnosis.

Histopathologic test was also a valuable tool for

osteogenesis congenita in terms of hypothisizing the kind of

hearing impairment and equilibrium impairments (Berger et

al., 1985).

In patients with Tubercular osteomyelitis SPECT, CT and

histopathological tests were administered. All the tests-were

equally efficient in diagnosing tubercular osteomyelities and

CT gave information about the site of the lesion (Robinson,

1986).

So it can be concluded that histopathological

examinations are important for diagnosing osteogenesis

imperfecta, osteogenesis congenita and Tubercular

osteomyelities. CT scan gives additional information



30

regarding site of lesion in Tubercular osteomyelitis.

Scanning electron microscope and Tympanocochlear scintigraphy

helps in the diagnosis of otosclerosis and also can

differentiate cochlear and stapedial otosclerosis (Ross et

al., 1995).
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INNER EAR DISORDERS:

The various disorders of the Inner ear (IE) discussed in

this review are:

- Meniere's disease

- Vestibular disorders

- Progressive sensori neural hearing loss.

INNER EAR ANOMALIES EXHIBITING PROGRESSIVE SENSORY NEURAL

HEARING LOSS:

Sensori neural hearing loss (SNHL) though has a gradual

onset with slow progression it may also exhibit a sudden

onset. Sudden hearing loss without apparent etiology has

been explained by two hypothesis. The first is viral

labyrinthitis, producing changes in inner ear and secondly

that of vascular occulsion causing abrupt interruption of

blood supply.

A detailed evaluation is needed for the diagnosis which

includes both audiological and nonaudiological tests. Non

audiological test reveals the labyrinthine changes and thus

can be correlated with audiological findings.

In this review, 5 studies have been discussed in which

various non-audiological tests have been used for the

detection of the site of lesion for progressive sensorineural

hearing loss (SNHL).
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COMMENTS

In , 2 of the studies histopathological tests were used

Histopathological tests are important in detecting changes in

cochlea and vestibular system. It also gives information

about neural degeneration due to the compression of cranial

nerve (Clemis, 1977).

In 2 of the studies CT scan was used. Computerized

tomography is efficient in revealing cochlear anomalies and

also large vestibular aqueduct in adults (Okumura et all.,

1995). However Shusterman, (1992) reported that CT-scan does

not play a important role in the diagnosis of progressive SN

hearing loss in children.

Mark, (1992) administered gadolinium enhanced MRI which

revealed that it is important in detection of labyrinthine

diseases and can also differentiate retrocochlear lesions and

abnormal process in labyrinthine or in brainstem.

So it can be concluded that though CT scan is a valuable

test in detecting lesions in adults it is not helpful for

children. Gadolinium enhanced MRI and histopathological

tests helps in diagnosing labyrinthine diseases.



3 5

MENIERE'S DISEASE:

Meniere's disease (MD) is a disorder of the inner ear

and falls under the category of acquired hearing loss. The

typical characteristic exhibited by Meniere's diesease are:

a) Vertigo

b) Tinnitus

c) Fullness or sense of pressure

d) Nausea, vomitting

e) Fluctuating hearing loss.

(Katz, 1992)

The cause of the disease is unknown as a result of which

both audiological and nonaudiological tests should be done to

confirm the diagnosis and for better treatment.

In this study a review of the various non audiological

tests and their importance in the diagnosis of Meniere's

disease has been discussed.
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 b
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 b
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p
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w
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i
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i
e
s
 
w
e
r
e
 
n
e
g
a
t
i
v
e
.

T
w
o
 p
a
t
i
e
n
t
s
 h
a
d
 a
b
n
o
r
m
a
l

c
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 p
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 c
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 c
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 m
i
g
r
a
t
i
o
n

i
n
h
i
b
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c
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b
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c
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 p
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b
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i
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c
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c
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c
t
i
o
n

c
h
a
n
g
i
n
g

p
o
s
i
t
i
o
n
a
l

T
h
i
s
 
d
e
m
o
n
s
t
r
a
t
e
d
 a
 
d
i
r
e
c
-

t
i
o
n
 -
 c
h
a
n
g
i
n
g
,
 
a
g
e
o
t
r
o
p
i
c

p
o
s
i
t
i
o
n
a
l
 
n
y
s
t
a
g
m
u
s

w
i
t
h
o
u
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 t
es
t)
.

67
yr
 
'M
'
 
w
i
t
h
 3
yr

hi
st
or
y
 
of
 
e
p
i
s
o
-

d
i
c
 v
e
r
t
i
g
o
 w
i
t
h

SN
 h
e
a
r
i
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p
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c
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 b
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d
e
r
i
n
.
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c
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 p
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b
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i
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c
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p
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d
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.
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 m
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at
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it
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 p
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 d
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 c
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 d
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COMMENTS

2 of the above discussed articles have made use of the

electronystagmography (ENG.) mainly the caloric test and both

the results indicate that Meniere's disease cases show a

direction changing positional nystagmus. Bithermal caloric-

tests have greater efficiency in the diagnosis of Meniere's

disease than hot or cold caloric test alone (Joseph et all.,

1983).

MRI was used in 2 of the studies. Non visualization of

the endolymphatic duct and smaller temporal bone measurements

in the region of the endolymphatic sac are characteristic

features of Meniere's disease and are detected by MRI

(Bradley, 1996; Albers 1994). MRI thus helps in

differentiating normals from Meniere's disease.

Gordon et all., (1982) have reported the use of

autoimmune tests like lymphocyte migration inhibition test,

lymphocyte transformation test and Radioimmunoassay test for

the diagnosis of autoimmune Meniere's disaease.

Takeda and Saito (1997) showed that Polytomography was

efficient in diagnosing Meniere's as disease at it was

capable of detecting hypoplastic vestibular aqueduct seen in

Meniere's disease.

Histopathological test done in one study was able to

diagnose Meniere's disease.



4 1

Cerebral and cochlear pressure analyser (CCPA) which is

a non-invasive measurement of the cerebral and cochlear fluid

pressure has also been carried out. Results indicated that

it is an important technique for confirming the diagnosis of

Meniere's disease (Bouccara, 1997).

Thus it can be concluded that ENG," and MRI are

frequently used to confirm the diagnosis of Meniere's

disease. Histopathological tests helps in the detection of

Meniere's disease. Autoimmune test though helps in diagnosis

has a major drawback i.e., it cannot be tested in cases with

a low cell count. Cerebral and cochlear pressure analyser is

important for the diagnosis and management of Meniere's

disease.
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VESTIBULAR DISORDERS:

The vestibular system is more complex than the auditory

system. Thus the evaluation and interpretation of disorders

in this system are also more complex. The various functions

of the vestibular system are:

1. To rapidly correct any inadvertent displacement of the

body's centre of mass from its equilibrium position over

the base of support (the feet when standing) to prevent a

fall from occuring .

2. To provide accurate perceptions of the position of the

body in its environment and perceptions of direction and

speed of movement.

3. To control the eye movements in order to maintain a clear

visual image of the external world while the individual,

the environment, or both are in motion.

(Katz, 1994).

Nonaudiological tests used in the diagnosis of the

balance disorders, include electronystagmography, MRI, CT

scan, histopathological tests.

Results of non audiological tests used in subjects with

various vestibular disorders is tabulated below.
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r
a
l

T
h
e
r
e
 w
a
s
 
a
 h
i
g
h
 
i
n
c
i
d
e
-
 
v
e
s
t
i
b
u
l
a
r

n
c
e
 

o
f
 o
b
l
i
q
u
e
 n
y
s
t
a
g
m
u
s
 d
i
s
e
a
s
e
s
,

c
l
o
s
e
l
y
 r
el
at
ed
 
t
o
 a

s
i
g
n
i
f
i
c
a
n
t
 
r
i
g
h
t
-
l
e
f
t

d
i
f
f
e
r
e
n
c
e
 
o
f
 
t
h
e
 
c
a
l
o
r
i
c

r
e
s
p
o
n
s
e
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n
 b
e
n
i
g
n
 p
o
s
i
t
-

i
o
n
a
l
 
v
e
r
t
i
g
o
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I
n
f
r
a
r
e
d
/
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i
d
e
o

E
N
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t
e
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t
i
n
g
)
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 p
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f
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c
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n
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e
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.
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c
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r
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b
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b
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 c
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 p
h
a
s
e

v
e
l
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c
i
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y
 
l
e
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s
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w
e
r
e
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d
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47
.1
%
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t
h
e
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E
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G
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c
a
l
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E
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 d
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I
H
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 p
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.

d
i
v
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d
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r
t
i
g
o
 -
 2
0
 p
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N
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 p
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s

M
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n
a
b
e
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n
d
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r
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a
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c
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c
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c
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b
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.
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E
l
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c
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C
a
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r
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e
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d
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.
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b
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.
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 p
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c
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 c
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i
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b
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c
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p
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i
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b
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p
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b
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i
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 m
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p
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e
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 c
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n
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a
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p
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p
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c
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a
r
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n
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c
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r
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e
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e
s
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b
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c
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a
c
u
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 d
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z
z
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n
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s
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 y
r
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a
l
e
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i
t
h

m
i
l
d
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ra
l
 
h
i
g
h
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S
N
 h
g
 
l
o
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s
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r
 m
a
l
e
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r
 m
a
l
e
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u
b
i
n
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M
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t
a
i
r
i
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(
1
9
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h
e
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s
e
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f

e
l
e
c
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g
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o
g
r
a
p
h
y

r
e
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e
a
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s
 m
o
r
e

v
e
s
t
i
b
u
l
a
r

d
i
s
t
u
r
b
a
n
c
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h
e
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r
o
f
o
u
n
d
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g
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d
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a

r
e
s
u
l
t
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e
l
p
s

i
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 d
i
a
g
n
o
s
i
s
.

R
e
s
u
l
t
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e
v
e
a
l
e
d
 s
po
nt
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eo
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o
r
 p
o
s
i
t
i
o
n
a
l
 n
y
s
t
a
g
m
u
s
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n
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)
 o
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 1
44
 p
r
o
f
o
u
d
l
y
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g

l
o
s
s
 c
h
i
l
d
r
e
n
.
 
U
n
i
.
 
o
r

b
i
l
a
t
e
r
a
l
l
y
 d
e
p
r
e
s
s
e
d

c
a
l
o
r
i
c
 r
e
a
c
t
i
o
n
s
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e
r
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 f
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i
n
 7
8
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u
b
j
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C
a
l
o
r
i
c

r
e
a
c
t
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o
n
s
 
l
o
w
e
r
 
w
h
e
n
 
t
h
e

c
a
u
s
e
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 p
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r
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n
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t
a
l
 
o
r
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o
s
t
r
a
t
a
l
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r
i
g
i
n
.
 D
e
p
r
e
s
s
e
d
.

c
a
l
o
r
i
c
 r
e
a
c
t
i
o
n
 
i
n
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n

p
o
o
r
e
s
t
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e
a
r
i
n
g
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E
l
e
c
t
r
o
n
y
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t
a
g
m
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o
g
r
a
p
h
y
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C
a
l
o
r
i
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e
s
t
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4
 d
e
a
f
 
c
h
i
l
d
r
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n
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w
i
t
h

a
v
g
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g
e
 1
2
.
9
y
r
s
.
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(
1
9
9
1
)

8.

I
t
 w
a
s
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u
g
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r
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u
l
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r
i
e
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c
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e
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i
t
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r
m
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e
s
t
 
s
u
g
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t
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i
g
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c
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n
a
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e
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r
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p
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o
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 C
a
l
o
r
i
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e
s
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R
I

2
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u
b
j
e
c
t
s
,
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m
a
n
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g
e
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0
y
r
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w
i
t
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n
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t
a
g
m
u
s

s
e
n
s
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t
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o
n

T
a
k
e
d
a
,

T
a
n
a
k
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T
s
u
j
i
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(
1
9
9
5
)

9.
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 d
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 d
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 c
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 M
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on
 c
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ic
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ys
ta
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.
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re
ve
al
ed
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ul
ti
pl
e
 i
nf
ar
ct
io
n

in
 c
or
ti
ca
l
 a
nd
 s
ub
co
rt
ic
al

ar
ea
s
 i
n
 b
ot
h
 c
as
es
.
 S
PE
CT

re
ve
al
ed
 d
ec
re
as
ed
 r
eg
io
na
l

ce
re
br
al
 b
lo
od
 f
lo
w
 i
n

ri
gh
t 
pa
ri
et
al
 t
em
po
ra
l

lo
be
 i
n 
bo
th
 c
as
es
.

di
ss
oc
ia
ti
on

MR
I
 a
lo
ng
 w
it
h

MR
A 
is
 h
el
pf
ul

in
 t
he

di
ag
no
si
s
 o
f

ar
te
ri
al
 
wa
ll

le
si
on
s
 i
n

ve
rt
eb
ra
l

ar
te
ry
 a
nd

ba
si
la
r

ar
te
ry
 w
hi
ch

ma
y
 r
es
ul
t
 i
n

ve
st
ib
ul
ar

dy
sf
un
ct
io
n.

MR
I
 r
es
ul
ts
 i
nd
ic
at
ed

la
cu
na
e 
of
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in
db
ra
in
 i
n
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F 

pt
s.

Ve
rt
eb
ro
ba
si
la
r
 d
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ho
ec
-

ta
si
a,
 s
eg
me
nt
al
 s
te
no
si
s

wi
th
 e
lo
ng
at
io
n
 a
nd

di
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us
e
 n
ar
ro
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f
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ve
rt
eb
ro
 b
as
il
ar
 a
rt
er
ie
s

(V
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) 
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un
d 
in
 4
, 
4 
an
d

2 
pt
s 
wi
th
 S
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 r
es
pe
ct
iv
el
y

In
 l
pt
.
 o
f
 S
BF
 t
he
 t
hr
om
bi

th
at
 i
nd
uc
ed
 S
BF
 h
av
e

em
bo
li
ze
d
 t
o
 d
is
ta
l

ar
te
ri
es
.
 T
he
se
 a
bn
or
ma
l-

it
ie
s
 n
ot
 d
et
ec
te
d
 i
n
 p
ts

wi
th
ou
t 
SB
F.

MR
I,

Ma
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et
ic

re
so
na
nc
e

an
gi
og
ra
ph
y

(M
RA
)

35
 v
er
ti
gi
no
us
 p
ts

me
an
 a
ge
 6
2,
 
18
M,

17
F.

Am
on
g 
th
e 
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ta
l

pt
s 

15
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 s
lo
w

ve
rt
eb
ro
 b
as
il
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oo
d
 
fl
ow
 
(S
BF
)
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d
 2
0
 w
it
ho
ut
.

Ya
ma
so
ba

et
 a
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.,

(1
99
5)

10
.
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4 7

COMMENTS

In 5 of the discussed studies electronystagmography

(caloric test) has been used. Electronystagmography is a

useful test in detection of vestibular disturbances in NIHL

cases (Manabe, 1995) and also in acoustic trauma patients

(Segal, 1980). ENG also differentiates central vestibular

disorders from the functional symptoms (Afzelius and

Henriksson, 1978).

Rubin, (1981) in addition to other vestibular evaluation

used sinusoidal harmonic acceleration (SHA) test. It was

found to be effective in diagnosis of vestibular disturbances

as it improved the capabilities of detecting subtle

vestibular anomalies.

MRI and CT scan was used in one of the studies along

with ENG. It was found that though ENG had main role in

diagnosing, MRI detected the site and type of lesion causing

vestibular disturbances in the subjects. CT scan didnot have

a important role in the diagnosis of vestibular disorders

(Dieterich, 1989).

Thus it can be concluded that ENG is the most valuable

and important test for the diagnosis of vestibular

disturbance. Where as MRI along with ENG help in detecting

site and type of lesion.



CEREBELLOPONTINE ANGLE TUMORS

The diagnosis of cerebellopontine angle (CPA) tumors is

based on results of audiological and non-audiological tests.

Audiological tests do not indicate the site of lesion and the

description of the lesion. Non-audiological tests determines

the site of the pathology, the extent of lesion, and also

size of tumors. Cerebellopontine angle tumors cannot be

diagnosed with out non-audiological tests.

Traditionally radio nucleide brain scanning, X-rays were

used to confirm the presence of these tumors. They were the

primary diagnostic tools used since 1950's. Later CT scan was

used for the diagnosis and it was found to have a diagnostic

accuracy of 90%. The recently used technique is gadolinium

enhanced MRI which provides remarkable visualization and thus

helps in diagnosis of small sized tumors.
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 p
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 d
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 c
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 c
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 d
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 c
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 p
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ry
 o
f

ea
r
 d
is
ch
ar
ge
 f
ro
m
 R
t

ea
r.
 
Pa
in
fu
l
 s
we
ll
in
g

in
 t
he
 R
t
 s
id
e
 r
eg
io
n

of
 m
as
to
id
.
 F
ac
ia
l

ne
rv
e
 p
al
sy
 i
n
 R
t

si
de
.

Go
ra
va
li
ng
-

ap
pa
 a
nd

Gu
ru
au
rt
hy

(1
98
2)

4.
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TA
BL

E 
(8

) 
NO

N 
AU

DI
O

LO
G

IC
AL

 T
ES

TS
 U

SE
D 

TO
 D

ET
EC

T 
CE

RE
BE

LL
OP

ON
TI

NE
 A

NG
LE

 T
UM

O
RS

.



C
T
 s
ca
n
 i
s
 t
h
e
 m
o
s
t
 I
m
p
o
r
t
a
n
t
 t
e
s
t

i
n
 d
i
a
g
n
o
s
i
n
g
 a
c
o
u
s
t
i
c
 n
e
u
r
i
n
o
a
a
.

P
e
t
r
o
u
s
 t
oa
og
ra
as
 u
s
e
f
u
l
 
i
n

s
u
r
g
i
c
a
l
 p
l
a
n
n
i
n
g
.
 
A
n
g
i
o
g
r
&
p
h
y
 a
nd

r
h
o
a
b
e
c
e
p
h
a
l
o
g
r
a
p
h
y
 a
s
 p
e
r
 r
e
s
u
l
t
s

i
s
 n
o
t
 n
ec
es
sa
ry
 f
or
 d
i
a
g
n
o
s
i
s
 o
f

C
F
A
 B
a
s
s
.
 

'

C
T
 s
ca
n
 r
e
s
u
l
t
s
 r
e
v
e
a
l
 
t
h
e

in
de
nt
if
ic
at
io
n
 
a
n
d
 
s
i
z
e

o
f
 t
h
e
 t
u
a
o
r
s
 i
n
 a
l
l

p
a
t
i
e
n
t
s
.
 
CT
 s
ca
n
 w
a
s

a
b
l
e
 t
o
 d
e
t
e
c
t
 t
ua
or
 i
n

th
e
 i
nt
er
na
l
 a
u
d
i
t
o
r
y

ca
na
l.

A
l
l
 p
t
 h
ad
 C
T,
 
on

82
%
 p
t
s
 p
e
t
r
o
u
s

ap
ex
 
t
o
m
o
g
r
a
p
h
y
,

18
%
 a
n
g
i
o
g
r
a
p
h
y
,

18
%
 p
o
s
i
t
i
v
e

c
o
n
t
r
a
s
t
 r
ho
ab
e-

n
c
e
p
h
a
l
o
g
r
a
p
h
y

13
1
 p
t
s

Ha
rn
er

R
o
c
h
e
s
t
e
r
 &

R
e
e
s
e
 
(1
98
4)

5.

N
R
I
 
s
u
i
t
a
b
l
e
 f
or
 p
r
i
m
a
r
y
 a
n
a
t
o
m
i
c

i
n
v
e
s
t
i
g
a
t
i
o
n
 i
n
 p
a
t
i
e
n
t
s
 h
a
v
i
n
g

RC
P.
,
 N
R
I
 i
s
 e
f
f
e
c
t
i
v
e
 i
n
 v
i
e
w
i
n
g

t
h
e
 I
A
C
,
 c
er
eb
ra
l
 c
o
r
t
e
x
,

s
t
r
u
c
t
u
r
e
s
 o
f
 b
r
a
i
n
 s
te
a.
 
T
h
e

r
e
s
u
l
t
s
 s
u
g
g
e
s
t
 M
R
I
 i
s
 e
f
f
i
c
i
e
n
t

t
h
a
n
 C
T-
sc
an
 i
n
 d
i
a
g
n
o
s
i
n
g
 t
u
a
o
r
s
.

Le
si
on
s
 
w
e
r
e
 
I
d
e
n
t
i
f
i
e
d

su
cc
es
sf
ul
ly
 w
i
t
h
 M
R
I
 a
nd

C
T
 i
n
 2
1
 p
ts
.S
iz
e
 o
f
 t
u
m
o
r

ra
ng
ed
 
fr
om
 4
-5
 m
a
.
 

In
 2
3

no
n
 
t
u
m
o
r
 
p
a
t
i
e
n
t
s
 
t
h
e

n
o
r
m
a
l
 
a
u
d
i
o
-
v
e
s
t
i
b
u
l
a
r

n
e
r
v
e
 b
u
n
d
l
e
s
 w
e
r
e

v
i
s
i
b
l
e
.

A
i
r
 c
o
n
t
r
a
s
t
 C
T
 w
a
s

p
a
l
s
e
 p
o
s
i
t
i
v
e
 i
n
 2
 c
as
es
.

M
a
g
n
e
t
i
c
 r
es
on
an
ce

I
m
a
g
i
n
g
 C
T
 s
ca
n

44
 
pa
ti
en
ts
 
w
i
t
h
 
su
s-

pe
ct
ed
 
re
tr
oc
oc
hl
ea
r

p
a
t
h
o
l
o
g
y
 
(R
CP
)

Jo
hn
 
an
d

R
o
b
e
r
t

(1
98
6)

6.

G
a
d
o
l
i
n
i
u
m
 e
nc
ha
nc
ed
 N
R
I
 
i
s

im
po
rt
an
t
 
i
n
 d
ef
in
in
g
 
s
m
a
l
l

t
e
m
p
o
r
a
l
 b
on
e
 l
es
io
ns
 a
nd

n
e
u
r
o
m
a
s
.

R
e
s
u
l
t
s
 r
e
v
e
a
l
 
t
u
m
o
r

i
s
o
t
e
n
s
e
 t
o
 t
h
e
 a
dj
ac
en
t

b
r
a
i
n
,
 
t
u
m
o
r
s
 e
xt
en
di
ng

in
to
 t
em
po
ra
l
 b
on
e,
 
t
u
m
o
r
s

ad
ja
ce
nt
 t
o
 g
e
n
i
c
u
l
a
t
e

ga
ng
li
on
 
an
d
 
a
l
s
o
 
fa
ci
al

n
e
r
e
v
e
 e
n
h
a
n
c
e
m
e
n
t
 
i
n
 c
as
e

o
f
 B
e
l
l
'
s
 p
a
l
s
y
.

G
a
d
o
l
i
n
i
u
m

e
n
c
h
a
n
c
e
d
 M
R
I

4
 
p
t
s
 
w
i
t
h
 h
ea
ri
ng

lo
ss

M
i
l
l
e
n
,

D
a
n
i
e
l
s
 &

M
e
y
e
r

(1
98
9)

7.

M
M
R
 

i
s
 s
e
n
s
i
t
i
v
e
 i
n
 d
e
t
e
c
t
i
o
n
 o
f

i
n
t
r
a
 c
ra
ni
al
 
le
si
on
s.
 
T
i
s
s
u
e

c
o
n
t
r
a
s
t
 a
l
l
o
w
s
 N
M
R
 t
o
 d
e
p
i
c
t

in
tr
ac
ra
ni
al
 
a
n
a
t
o
m
y
 
so

d
i
s
p
l
a
c
e
m
e
n
t
 o
r
 d
i
s
t
o
r
t
i
o
n
s
 
of
 
th
e

n
o
r
m
a
l
 
a
n
a
t
o
m
y
 a
re
 e
as
il
y

r
e
c
o
g
n
i
z
e
d
.

D
e
t
e
c
t
e
d
 
e
n
l
a
r
g
e
m
e
n
t
 o
f

n
e
u
r
o
v
a
s
c
u
l
a
r
 
b
u
n
d
l
e
.

R
e
v
e
a
l
e
d
 
t
h
e
 a
c
t
u
a
l
 
si
ze

o
f
 t
h
e
 c
e
r
e
b
e
l
l
o
p
o
n
t
i
n
e

an
gl
e
 
l
e
s
i
o
n
s
,

d
e
m
o
n
s
t
r
a
t
e
d
 a
co
us
ti
c

n
e
u
r
o
m
a
 
i
n
 r
e
l
a
t
i
o
n
s
h
i
p

w
i
t
h
 
su
rr
ou
nd
in
g

s
t
r
u
c
t
u
r
e
s
.

N
u
c
l
e
a
r
 m
a
g
n
e
t
i
c

r
e
s
o
n
a
n
c
e
 
(N
MR
)

7p
ts
 
(3
F,
 
4M
)
 a
g
e

r
a
n
g
e
 -
 7
yr
s
 t
o
 7
0y
rs

M
a
s
I
a
n
,

La
ta
ck
 
&

K
e
m
i
n
k

(1
98
6)

8.

50



Ga
do
li
ni
um
 e
nc
ha
nc
ed
 H
RI
 p
ro
vi
de
s

th
e
 m
os
t
 u
se
fu
l
 i
nf
or
ma
ti
on
 i
n
 t
he

pr
eo
pe
ra
ti
ve
 a
ss
es
sm
en
t
 o
f
 t
hi
s

di
so
rd
er
.
 
Th
is
 h
el
ps
 t
o
 f
in
d
 t
he
 2

ex
te
nt
,
 
po
ss
ib
le
 t
ua
or
 t
yp
e
 a
nd

mo
st
 i
mp
or
ta
nt
 t
o 
As

se
ss

 t
um
or
's

re
la
ti
on
sh
ip
 w
it
h
 
th
e
 
su
rr
ou
nd
in
g

st
ru
ct
ur
es
.

In
 o
ne
 s
ub
je
ct
 t
um
or
 e
xt
en
de
d

in
to
 t
he
 C
PA
,
 
mi
dd
le
 c
ra
ni
al

fo
ss
a
 a
nd
 m
id
dl
e
 e
ar
.
 
In

an
ot
he
r
 s
ub
je
ct
 t
um
ou
r

fi
ll
ed
 t
he
 I
AC
 a
nd
 e
xt
en
de
d

to
 C
PA
 t
o
 b
ra
in
 s
te
m,
 
an
d

th
e
 t
hi
rd
 c
as
e
 h
ad
 n
um
er
ou
s

in
tr
a
 c
ra
ni
al
 
tu
mo
r.

Ga
do
li
ni
um

en
ch
an
ce
d

Ma
gn
et
ic

Re
so
na
nc
e

im
ag
in
g.

3 
pt
s 

(F
) 

wi
th

pr
og
re
ss
iv
e
 S
N

he
ar
in
g 

lo
ss

Pa
rn
es
,

Le
e
 a
nd

Pe
er
le
ss

(1
99
1)

9.

Ne
ur
og
en
ic
 t
um
or
s
 o
f
 c
er
vi
ca
l

po
rt
io
n
 o
f
 c
ra
ni
al
 n
er
ve
s
 a
re
 r
ar
e

an
d
 o
ft
en
 m
is
di
ag
no
se
d
 C
T
 s
ca
n

gi
ve
s
 i
de
a
 o
f
 s
iz
e,
 
sh
ap
e
 a
nd

an
at
om
ic
 r
el
at
io
n
 t
o
 a
dj
ac
en
t

ti
ss
ue
 a
nd
 a
lo
ng
 w
it
h

hi
st
op
at
ho
lo
gi
c
 r
es
ul
ts
 h
el
ps
 i
n

di
ag
no
si
s
 a
nd
 b
et
te
r
 m
an
ag
em
en
t.

CT
 r
es
ul
t
 i
nt
er
pr
et
at
io
n

sh
ow
ed
 l
es
io
n
 i
s
 i
nt
ri
ns
ic

to
 
st
er
no
ma
st
oi
d
 m
us
cl
e.

It
 w
as
 h
yp
od
en
se
 c
om
pa
re
d

to
 s
ur
ro
un
di
ng
 t
is
su
es
.

Hi
st
op
at
ho
lo
gi
ca
l

ex
am
in
at
io
n
 s
ho
we
d
 i
t
 t
o

be
 a
 s
ch
wa
nn
om
a.

Co
mp
ut
er
iz
ed

To
mo
gr
ap
hy
 a
nd

hi
st
op
at
ho
lo
gi
ca
l

te
st
s.

56
 y
rs
 o
ld
,
 F
,
 w
it
h

Ac
ou
st
ic
 s
ch
wa
nn
om
a.

Sh
an
e,

No
ye
k
 a
nd

Ch
ap
ni
k

(1
98
6)

10
.

To
mo
gr
ap
hy
 o
f
 t
he
 t
em
po
ra
l
 b
on
e,

de
mo
ns
tr
at
e
 t
he
 c
on
di
ti
on
 o
f

in
te
rn
al
 a
co
us
ti
c
 m
ea
tu
s.
 
It

sh
ou
ld
 b
e
 p
er
fo
rm
ed
 a
s
 a
 r
ou
ti
ne

ex
am
in
at
io
n
 i
n
 d
ia
gn
os
is
 o
f

ac
ou
st
ic
 n
eu
ro
ma
.

In
 n
or
ma
ls
 t
he
 s
iz
e
 o
f
 t
he

ve
rt
ic
al
 d
ia
me
te
r 
of
 t
he

me
at
us
 o
n
 t
wo
 s
id
es

me
as
ur
ed
 b
y
 t
om
og
ra
ph
y
 o
nl
y

di
ff
er
ed
 b
y
 l
mm
.
 I
n

su
sp
ec
te
d
 c
as
es
,
 
al
so

sh
ow
ed
 a
 d
if
fe
re
nc
e
 o
f
 m
or
e

th
an
 l
mm
 i
nd
ic
at
in
g

pa
th
ol
og
ic
al
 p
ro
ce
ss
 i
n

in
te
rn
al
 a
co
us
ti
c
 m
ea
tu
s.

Th
er
ef
or
e
 a
 n
or
ma
l
 m
ea
tu
s

do
 n
ot
 e
xc
lu
de
 p
re
se
nc
e
 o
f

tu
mo
r.

Co
mp
ut
er
iz
ed

To
mo
gr
ap
hy
.

11
5
 w
it
h
 n
or
ma
l
 
in
ne
r

ea
r 
fu
nc
ti
on
. 

48
 p
ts

wh
o 
we
re
 s
us
pe
ct
ed

of
 h
av
in
g
 a
co
us
ti
c

ne
ur
om
as
.

Th
om
se
n
 a
nd

Re
it
er

(1
98
1)

11
.

HR
I
 h
el
pf
ul
 i
n
 t
he
 d
ia
gn
os
is
 o
f
 C
PA

tu
mo
rs
.

Re
su
lt
s
 s
ho
we
d
 a
 m
as
s
 i
n

th
e
 r
ig
ht
 c
er
eb
el
lo
po
nt
in
e

an
gl
e
 a
nd
 i
nt
er
na
l
 a
ud
it
or
y

ca
na
l.
 A
 e
nc
ha
nc
em
en
t
 o
f

ve
st
ib
ul
ar
 a
qu
ed
uc
t

co
nt
en
ts
 a
nd
 e
nd
ol
ym
ph
at
ic

sa
c.

HR
I

40
 y
r,
 F
, 
wi
th

ti
nn
it
us
 i
n
 R
t
 e
ar

Ta
li
,
 D
ol
an

an
d
 S
af
ad
i

(1
99
4)

1
2
.
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HR
I
 w
it
h
 g
ad
ol
in
ui
m
 e
nc
ha
nc
em
en
t

ha
s
 a
 i
mp
or
ta
nt
 r
ol
e
 f
or
 t
he

di
ag
no
si
s
 o
f
 N
F2
 w
he
n
 c
om
pa
re
d
 t
o

CT
 s
ca
n.

Bo
th
 C
T
 a
nd
 H
RI
 r
ev
ea
le
d

th
e
 p
re
se
nc
e
 o
f
 m
ul
ti
pl
e

in
tr
ac
ra
ni
al
 
in
tr
ap
ar
en
ch
y-

ma
l
 a
nd
 e
xt
ra
-a
xi
al
 t
ua
or
s.

Bu
t
 o
n
 M
RI
 a
 t
ua
or
 m
as
s
 w
as

id
en
ti
fi
ed
 i
n
 
Rt
 
IA
C

ex
te
nd
in
g
 t
o
 t
he
 c
er
e
 b
el
lo
-

po
nt
in
e
 a
ng
le
 c
om
pa
ti
bl
e

wi
th
 a
 s
ma
ll
 a
co
us
ti
c

ne
ur
om
a.
 O
n
 t
he
 L
t
 s
id
e

ga
do
li
ni
um
 e
nc
ha
nc
em
en
t

su
gg
es
te
d
 t
he
 p
re
se
nc
e
 o
f

sm
al
l
 
in
tr
ac
an
al
ic
ul
ar

ac
ou
st
ic
 t
ra
um
a.
 M
RI
 a
ls
o

re
ve
al
ed
 a
 c
al
ci
fi
ed
 M
as
s

ar
is
in
g
 f
ro
m
 p
et
ro
us
 a
pe
x

in
va
di
ng
 M
E 
pr
es
um
ab
ly

re
pr
es
en
ti
ng
 m
en
in
gi
om
a.

Co
nt
ra
st
 c
om
pu
t-

er
im
ed
 t
om
og
ra
ph
y

an
d
 M
RI
 w
it
h

ga
do
li
ni
um

en
ch
an
ce
me
nt
.

29
 y
rs
, 
F,
 w
it
h

ne
ur
of
ib
ro
aa
to
si
s

ty
pe
 
2 

(N
T 

2)
.

Te
es
,
 L
of
ch
y

an
d
 R
ut
ka

(1
99
2)

13
.

Th
e
 r
es
ul
ts
 r
ev
ea
l
 t
ha
t
 C
T
 i
s
 a
bl
e

to
 d
et
ec
t
 c
er
eb
el
lo
po
nt
in
e
 a
ng
le

pa
th
ol
og
ie
s.
 
Th
e
 s
ma
ll
es
t
 t
um
or

de
mo
ns
tr
at
ed
 b
y
 C
T
 e
xt
en
de
d
 7
mn

in
to
 t
he
 a
ng
le
.

17
 C
T
 s
ca
ns
 r
ev
ea
le
d
 t
ua
or
.

On
e
 o
f
 w
hi
ch
 r
es
ul
t
 f
al
se
-

po
si
ti
ve
.
 
36
 r
ev
ea
le
d
 n
o

tu
mo
rs
,
 
aa
on
g
 w
hi
ch
 2

re
ve
al
ed
 
fa
ls
e-
ne
ga
ti
ve
.

Co
mp
ut
er
iz
ed

To
mo
gr
ap
hy

53
 p
ts
 s
us
pe
ct
ed
 o
f

ce
re
be
ll
op
on
ti
ne
 a
ng
le

pa
th
ol
og
y.

Th
om
se
n
 a
nd

Gl
yn
st
ed

(1
97
7)

14
.

An
gi
og
ra
m
 a
nd
 M
RI
 h
el
ps
 i
n

di
ag
no
si
ng
 m
al
ig
na
nt
 g
lo
mu
s
 j
ug
ul
ar

tu
ao
r
 b
ut
 M
RI
 a
lo
ne
 i
s
 e
ff
ic
ie
nt

to
 d
ia
gn
os
 a
s
 H
RI
 w
it
h
 g
ad
ol
in
iu
m

en
ha
nc
em
en
t
 c
an
 d
em
on
st
ra
te
 t
um
or
s

of
 f
ew
 m
il
li
me
te
rs
 i
n
 s
iz
e.

MR
I
 s
ho
we
d
 l
ar
ge
 m
as
s
 a
t

re
gi
on
 o
f
 j
ug
ul
ar
 b
ul
b

wh
ic
h
 e
xt
en
de
d
 u
pw
ar
ds

to
wa
rd
s
 l
ow
er
 p
ar
t
 o
f
 C
PA

an
d
 d
ow
nw
ar
d
 a
s
 f
ar
 a
s
 2
nd

ce
rv
ic
al
 v
er
te
br
a.

An
gl
og
ra
a
 d
em
on
st
ra
te
d

hi
gh
ly
 v
as
cu
la
r
 l
es
io
n
 a
t

th
e
 r
eg
io
n
 o
f
 j
ug
ul
ar
 b
ul
b.

MR
I.
 a
ng
io
gr
aa

43
 y
rs
,
 F
,
 w
it
h

na
us
ea
,
 p
ai
n
 o
n
 L
t

si
de
 o
f
 n
ec
k.

Vl
ah
os
,

Pa
pa
ll
io
u
 &

Al
ha
na
so
-

po
ul
on

(1
99
3)

15
.

52



Ga
do
li
ni
um
 D
TP
A-
en
ha
nc
ed
 M
R
I
 b
y

co
nf
ir
mi
ng
 t
um
or
s
 o
r
 a
dd
ed
 u
se
fu
l

in
fo
rm
at
io
n
 D
TP
A
 e
nc
hn
ac
ed
 H
R
 s
ca
ns

ar
e
 s
en
si
ti
ve
 I
n
 d
et
ec
ti
ng
 s
ma
ll

CP
A
 t
ua
or
s,
 
an
d
 -
ve
 r
es
ul
ts
 r
ul
es

ou
t
 C
PA
 t
um
or
.
 
No
 a
dv
er
se
 s
id
e

ef
fe
ct
s
 w
er
e
 s
ee
n
 w
he
n
 u
se
d
 o
n

pa
ti
en
ts
.

2p
ts
 h
ad
 u
ne
qu
iv
oc
al
 t
um
or
s

2p
ts
 s
ho
we
d
 l
ar
ge
 C
PA
 t
um
or

ex
te
nd
in
g
 t
o
 I
AC
.
 
In
 2
pt
s

M
R
I
 w
as
 i
nt
er
pr
et
ed
 a
s

ne
ga
ti
ve
.

Ga
do
li
ni
um
 D
TP
A

en
ch
an
ce
d

ma
gn
et
ic

Re
so
na
nc
e

sc
an
ni
ng

6
 p
ts
 (
3
 m
al
es
,
 
2F
)

wi
th
 a
ss
ym
et
ri
ca
l
 S
N

hg
lo
ss
 s
us
pe
ct
ed
 o
f

ha
vi
ng
 C
PA
 T
um
or
s.

Wa
ym
an
,

Du
tc
he
r
 &

Ne
ls
on

(1
98
9)

16
.

53



54

COMMENTS

Magnetic resonance imaging was done in 5 studies. Among

the 5 studies, in 3 studies, gadolinium enhanced MRI was

used. Maslon and Latack (1986) reported that MRI detects

intracranial lesions and thus is helpful in diagnosing

cerebellopontine angle tumors. Gadolinium enhanced MRI not

only detects tumors but also reveals the extent of tumor,

tumor type, and assess tumor's relationship with surrounding

structures. It has greater accuracy in defining small

temporal bone lesions and neuromas (Millen et al., 1989).

Computerised tomography was used in studies carried out

by Thomsen and Reiter, 1981; Harner et al., 1984. The

results of these investigations showed that C.T. scan helps

in the visualization of the internal acoustic meatus and thus

helps in the detection of tumors present there. CT scan was

efficient in diagnosis of cerebellopontine angle tumors,

where as petrous tomograms was useful in surgical planning.

Bech, (1978) observed that in patients with Acoustic

neuroma, CSF protein level is higher than the normal value.

He concluded that CSF protein test also helped in the

diagnosis of large acoustic neuromas. Studies have also

compared the efficacy of MRI and CT scan to detect acoustic

neuromas. It was found that MRI was more effective and

valuable test in diagnosing acoustic tumors than CT scan

(Ferguson, 1996; David et al., 1992; Martin, 1994).
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Vlahos, (1993) used MRI and angiogram to diagnose

malignant glomus jugular tumor. It was found that MRI alone

was efficient to diagnose glomus jugular tumor and gadolinium

enhanced MRI can demonstrate tumors of even few millimeters

size. Angiogram along with MRI helped in increasing the

accuracy of diagnosing glomus jugular tumor.

Thus it can be concluded from the above studies that

gadolinuim enhanced MRI is the most effective non

audiological test which helps in the diagnosis of

cerebellopontine angle tumors when compared to CT scan, CSF

protein test, which are unable to detect very small tumors.
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SYNDROMES:

Syndrome is a disorder consisting of specific

characteristic features. Syndromes have a combination of

abnormalities which include deformities of the ear. These

deformities may result in hearing loss of various degree and

type depending on the structure involved. Non-audiological

tests are used to identify the structures which are abnormal.

In this review syndromes were studied in terms of their

diagnosis by various non-audiological tests. The various

syndromes discussed are

- Goldenhar's syndrome

- Mondini's dysplasia

- Treacher Collin's syndrome

- Rubella syndrome

- Fanconi's anemic syndrome

- Ramsay hunt syndrome

- Alagille's syndrome

- Cogan's syndrome

- Usher syndrome
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COMMENTS

The above studies show the importance of CT scan in

detecting abnormalities and thus diagnosing Mondini's

dysplasia, Goldenhar's syndrome, Treacher collin's syndrome.

CT-scan mainly detects bony changes of the middle ear, inner

ear and also mastoid region which may be the characteristic

feature of a particular syndrome (Chan, 1981; Olson et al.,

1982).

Histopathological test was found efficient in detecting

anomalies of ear in Fanconi's anemic syndrome, Alagilli's

syndrome, Ramsay Hunt syndrome and also revealing unique

temporal bone pathatogies in Cogan's syndrome (Haroda, 1980;

Kuo et al. , 1995; Nadol, 1994). Histopathological test is

also capable of detecting abnormalities in the ear which

corresponded to the severity of hearing loss a,

characteristic of Usher syndrome and thus helps in the

diagnosis of usher syndrome (Annelies, 1995).
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TRAUMA:

Various degree of damage to the hearing mechanism

results from mechanical trauma, which results in a damage to

the tympanic membrane, middle ear, ossicular chain. Severe

head trauma may cause damage to the cochlea causing a

irreversible hearing loss.

The site and the extent of lesion caused due to the

trauma can be detected by non-audiological test. Non

audiological test indicate the site of lesion and also the

relationship of the damaged region with other structues.

In this review 4 studies have been dicussed which ahve

used nonaudiological tests to detect traumatic hearing loss.
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COMMENTS

All the studies have used computerized Tomography as the

diagnostic tool. It is able to detect dislocations of the

ossicular chain and temporal bone lesions (Swartz, 1985)

Shott et all. (1986) reported that CT was effective in

detecting temporal bone defects in children.

So it can be concluded that computerized Tomography is a

valuable and important tool in detecting the effects of

trauma in temporal bone and middle ear, but a drawback is

that, CT is unable to visualize oval and round window in

children.
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SUMMARY AND CONCLUSION:

Nonaudiological tests helps in the detection of site and

extent of lesion and type of pathology. In this review

various non-audiological tests have been used for diagnosis

of auditory disorders. The conclusion has been done based on

the importance and efficacy of each test in diagnosing

disorders of external, middle, inner ear.

I. Table (11) lists the the frequency of usage of non-

audiological tests to diagnose external ear disorders.

TABLE 11: THE FREQUENCY OF USAGE OF NON-AUDIOLOGICAL TESTS TO

DIAGNOSE EXTERNAL EAR DISORDERS:

N-indicates the number of studies reviewed.

Investigators have used computerized Tomography most

frequently for the diagnosis of External ear disorder

followed by other non audiological tests such as MRI,

Histopathological test; x-ray, SPECT, Bone scan,

scintigraphy.

N=
9

CT-SCAN

45%

SCINTIGRAPHY

11%

MR I

11%

HISTOPATHOLOGICAL
TEST

22%

BONE SCAN SPECT

11% 11%

X-RAY

11%
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II. Table (12) lists the frequency of usage of non-

audiological tests to diagnose middle ear disorders.

TABLE 12:: THE FREQUENCY OF USAGE OF NON-AUDIOLOGICAL TESTS

TO DIAGNOSE MIDDLE EAR DISORDERS:

N-indicates the no. of studies reviewed.

CT-scan was the most frequently administered non-

audiological test for the diagnosis of middle ear disorders.

Investigators have also used histopathological test for the

diagnosis of middle ear pathology followed by MRI, X-ray,

scintigraphy, Bonescan, sonotubometry, culturing, SPECT,

scanning electron microscope.

III. Table (13) lists the frequency of usage of non-

audiological tests to diagnose inner ear disorders.

N=
25

CT-SCAN MRI

58% 8%

MRI SONOTUBOMETRY

8% 4%

HISTOPATHOLOGICAL
TEST

36%

CULTURIING SPECT

4% 4%

SCINTIGRAPHY

8%

BONE
SCAN

4%

SCANNING ELECTRON
MICROSCOPE

4%
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TABLE 13: THE FREQUENCY OF USAGE OF NON-AUDIOLOGICAL TESTSTO

DIAGNOSE INNER EAR DISORDERS:

*N = Indicates the number of studies reviewed.

CT-scan and MRI are equally used tests, used by investi-

gators for the diagnosis of Inner ear disorders followed by

histopathological test. ENG is commonly done in detection of

Meniere's disease and vestibular disorders. CCPA a non-

invasive technique is also used by investigators for the

detection of Meniere's disease.

IV. Table (14) lists the frequency of usage of non-

audiological tests to diagnose retrocochlear pathology.

TABLE 14: THE FREQUENCY OF USAGE OF NON-AUDIOLOGICAL TESTS TO

DIAGNOSE RETROCOCHLEAR PATHOLOGY.

* N = Indicates the number of studies reviewed.

N=
23

CT-SCAN

22%

MRI

25.5%

ENG

44%

HISTOPATHOLOGICAL

4%

TEST

CT-SCAN MRI

N=16 25% 56%

Histopathological

12%

test

NMR

.6.2%

CSF - TEST

6.2% .

Angiography

12%
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MRI especially gadolinium enhanced MRI, was more

commonly used test by investigators followed by CT-scan. A

few investigators have used, Histopathological test,

Angiography, NMR, CSF test, to confirm a retrocochlear

lesion.

V. Table (15) lists the frequency of usage of non-

audiological tests to diagnose syndrome

TABLE 15: THE FREQUENCY OF USAGE OF NON-AUDIOLOGICAL TESTS TO

DIAGNOSE SYNDROME.

* N = Indicates the number of studies reviewed.

Histopathological test was the most frequently

administered test used for the diagnosis of various syndromes

followed by CT-scan and MRI.

VI. Table (16) lists the frequency of usage of non-

audiological tests to diagnose trauma.

TABLE 16: THE FREQUENCY OF USAGE OF NON-AUDIOLOGICAL TESTS
TO DIAGNOSE TRAUMA.

* N = Indicates the number of studies reviewed.

Researchers have generally used CT-scan for the diagnosis

of auditory disorders due to trauma.

N=8

CT-SCAN

37.5%

MRI

12.5%

HISTOPATHOLOGICAL

50%

TEST

CT-SCAN

N=4 100%
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APPENDIX - 1

ANGIOGRAPHY:

The x-ray using a dye is injected in the vertebral or

carotidartery in diagnosing vascular abnormalities and tumors

in angiography. The practical application of digital

subtraction in angiography requires a more rapid rate of

imaging than is possible using the scanned projection

technique. This is done by digitising the images from a high

quality television camera used in recording the output of an

image intensifier. Any differences in density between the

digitized images of the organ taken in exactly the same

projection can be augmented electronically. Hence lesser

concentrations of iodine can be used and diagnostic quality

arteriograms can be achieved with intravenous injection of

contrast medium. In any temporal subtraction technique

patient movement can produce significant artifact. Because of

time delay the problem is much greater with intravenous than

intra-arterial infections. This can be overcome by

comparison of multiple images. Intraveinous angiography

avoids the hazards of arterial catheterization.

BONE SCANNING:

Bone Scanning demonstrates hyperactivity of bone

secondary to any insult even when margined type

mineralization is low.
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Technetium 99 methylene diphosphate (Tc - 99 MDP) bone

imaging is able to detect bone injection far earlier better

than is possible with radiography. This method is safe and

highly sensitive TC-99 MDP is the most commonly used isotope

in bone imaging.

It concentrates in the area of ostiogenesis, hence it

depicts the osteoblastic actively secondary to osteits,

osteomyelitis, fracture, primary bone tumor, bone metabolism

etc. When the nature of is not obvious, the sequential use of

bone-scanning with gallium scan is useful for diagnosis of

active bone infection. Hence they play an important role in

indicating the appropriate treatment and timely surgery that

can prevent further development of serious complications.

COMPUTERIZED TOMOGRAPHY:

CT scan provides a three dimensional representation of

the brain. CT scan works on the principle that a three

dimensional object can be reconstructed from the infinite set

of all its projections. A narrow beam of x-ray is passed

through the brain from one side of the head and the amount of

radiation is not . absorbed by the interveneing tissue, is

absorbed by radiation detectors. The x-ray tube is moved

laterally across the patient's head and the amount of

radiation detected is recorded at 160° equally spaced

positions. These data is stored in a computer. The x-ray

beam is then rotated 1° and the procedure is repeated. In
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all, the beam is rotated through 180°. When all the

projections are completed, the resulting x-ray sums (160 x

180) are processed by the computer. CT scan allows a simple

non-invasive examination of the patients brain in about 25

min. Its greatest potential lies in locating tumors,

assessing vascular accidents, head injuries and in locating a

variety of intracranial lesions and brain atrophy.

A CT scan may reveal an abnormality in two ways:

- By identifying densities beyond the limits of the normal

range in a particular region.

- By displacement or deformity of intra cranial structures

and/or enlargement or decreases in size of CSF spaces.

Tomography show structures and eliminate interference of

surrounding tissue. It helps in the visualization of

ossicles and also identification of VIII nerve. For the

study of a particular area in the ear, contrast material can

be used to enhance the images and so abnormal tissue is

easily recongized. The use of contrast in the CT has

developed, and is called as contrast Tomography. Nowadays

high resolution CT scan (HR-CT) is used more popularly which

gives a better resolution than the regular tomography.

SPECT:

Single photon emission computed tomography is a scanning

technique that uses the technology and principle of CT scan
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reconstruction, but instead of detecting x-rays it detects

single photon that are emitted from some externally

administered tracer.

SPECT can make use of commercially available tracers so

are less expensive and easily available.

CEREBROSPINAL FLUID ANALYSER

Analysis of cerebrospinal fluid (CSF) provides only

method of looking at the subarachnoid space with out opening

the skull. CSF is most easily obtained through a puncture

made in the lumbar, or lower portion of the spinal column.

It is removed for a variety of purposes.

1) To relieve intracranial pressure and to remove toxic,

inflammatory, or other substances in the fluid, as would

be found in disorders such as encephalitis or meningitis.

2) To allow an analysis of the CSF for the presence of blood

(indicating a vascular accident), or a variety of other

substances (such as glucose, white blood cells, or various

proteins) that might indicate a variety of central system

dysfunctions.

3) To introduce therapeutic substances into the subarachnoid

space.

4) To introduce air or opaque media for radiographic studies.
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CEREBRAL AND COCHLEAR PRESSURE ANALYZER

It has been proved that motion of the tympanic membrane

changes with changes in cochlear pressure. CCPA is a non-

invasive measurement of the cerebral and cochlear fluid

pressure.

A number of sources of low frequency activity exists

with in the ear. The tympanic membrane displacement analyser

(TMD) listens to this activity using a patented transducer

which can measure tympanic displacements smaller than a

nanolitre. This allows to study the ear and deep into the

subarachnoid space in a manner not possible with conventional

clinical apparatus. TMD analyser provides a indirect method

of measuring the cochlear fluid pressure by analyzing changes

in the resting position of the inner most ossicle of the

middle ear. This resting position with change will cochlear

fluid pressure and intracranial pressure since a connecting

pathway normally exists.

Cardiovascular pulse synchronous activity from the

middle ear or possibly from the intracranial fluid via the

cochlear aqueduct, stapedius and tensor tympani muscle

contractions, and ET ventilation of the ME may all be

investigated (Samuel et al., 1997).

CCPA allows clinician to diagnose and treat raised

cerebral pressure as the underlying cause of certain

combinations of dizziness, tinnitus and hearing loss. These
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patients are either wrongly diagnosed as having Meniere's

disease or some non-specific disorder. CCPA helps in

assessment of intracranial pressure in such disorders

(Densert et al., 1997; Rosingh, 1997).

It is reassuring for the clinician to have a quick and

reliable method of assessing intracranial pressure so as to

confirm the diagnosis of normal intracranial pressure.

ELECTRONYSTAGMOGRAPHY: (ENG)

ENG is a clinical tool which involves the acquisition of

a permanent quantifiable record of eye motion. The

assessment of ENG recordings has become an important element

in the complete neuro-oto-audiologic diagnostic procedure

specially for those with unilateral hearing loss, tinnitus,

vertigo. It is a process that provides a means of tracking

eye movements behind closed lids or in darkened environment.

Du-Bois Reymond (1849), discovered that a potential

difference exists between the cornea and retina in man

(corneoretinal potential). The cornea is positively charged

and the retina was found to be negatively charged. The eye

therefore functions as a rotating dipole and this

characteristics is used in skin electrode technique known as

electronystagmography. ENG helps in deceiding:

- Normal vestibular mechanism

- Disease of one or other labyrinthine end organs

- Retro labyrinthine or central nervous system disease.
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Nystagmus is an involuntary rhythmic movement of the eyes.

Two successive movements occur at regular intervals. If the

movements are equal nystagmus is oscillating or it is

undulating. If unequal, there is jerky diphasic or directed

nystagmus. Nystagmus of the unequal type is a non voluntary

movement. The technique of recording nystagmus is called as

nystagmography.

EN6 test battery consists of varies test such as

1) Sinusoidal harmonic acceleration tests

2) Positional test

3) Rotation test

4) Caloric test

5) Neck torsion test

6) Gaze nystagmus test

7) Optokinetic test

8) Eyetracking test

9) Torsion swing test

10) Parallel swing test

11) Sono-ocular test

SHA: (Sinusoidal Harmonic Acceleration Test):

It is the sinusoidal harmonic acceleration test.

Vestibular functions, like the auditory system has frequency

specific characteristics over which it functions. The use of

SHA testing has been developed as a means for stimulating the

horizontal semicircular canal over a broad range of
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frequencies and acceleration. Also known as the rotational

chair SHA. SHA is a physiological rather than functional

evaluation. It provides information about the vestibulo-

ocular system that is not obtained from ENG. It is useful in

patients with chronic balance disorders. This evaluation is

critical in individuals whose calorics are either

significantly reduced, absent or ambiguous due to

asymmetrical anatomy. This can be useful in paediatric

patients and others with mental age under 10 and in patients

requiring pre and post treatment evaluation. The

commercially available devices provide for computer

controlled movement, recording of eye activity, and analysis

of eye movements relative to chair (head) movement. The

typical mode of chair movement is sinusoidal, hence the name

sinusoidal harmonic acceleration.

HISTOPATHOLOGICAL TEST:

The specimens collected from the tissues or organs are

processed by conventional techniques and then studied with

the light microscope. With the set of known histological

pattern and attention to the recognized characteristics of

swelling, nuclear changes etc, the histopathological

alterations of disease or the experimentally created lesions

can be ascertained.
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MAGNETIC RESONANCE IMAGING:

It provides high resolution anatomical imaging. This

has a magnetic source. The image is generated by varying the

magnetic field surrounding of an object. The magnetic pulse

of a certain frequency will excite only one cross-sectional

plane through the body. The thickness of this cross

sectional plane is related to the frequency of the magnetic

pulse. A radio-frequency magnetic pulse is used to excite

the nuclei in the subject, and a radio frequency receiver

coil picks up the signal emitted by the nuclei. This signal

is then amplified and mixed with a frequency synthesizer

output to produce an audio frequency signal containing the

same information as the original sound received by the radio-

frequency coil. This information is then digitized and

stored in a computer for retrieval and image production. MRI

computer image displays, can utilize color to show minute

differences in signal intensity and thus depict small changes

more efficiently.

MRI can detect bone-marrow, while disregarding the bone

structure, determine chemical changes associated with

neoplasms identify, and trace blood flow.

Gadolinium DTPA enhanced magnetic resonance imaging was

introduced since 1980's. Gadolinium DTPA is a paramagnetic

imaging agent intended for intravenous use in MRI. This

paramagnetic material decreases the spin-lattice relaxation
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time of nuclei in 'tissues where it accumulates. This

accumulation results in improved contrast enhancement.

Nuclear magnetic Resonance Imaging (NMR) employs

radio frequency radiation in providing a cross-sectional

display of body anatomy with excellent resolution of soft

tissue detail. The images are essentially a map of the

distribution density of protons and parameters relating to

their motion in the water and lipids of the body tissue.

RADIONUCLEIDE SCANNING:

In radionucleide scan an intravenous injection of a

radio-isotope is given and the cranial surface is then

scanned. Any alteration in blood supply can be detected,

including the alterations associated with the growth of the

tumor.

ROENTGENOGRAPHY (X-rays):

X-ray are a form of electro magnetic radiation similiar

to visible light but with much shorter wave lengths and

higher energies (visible light, 400-700 nm x-rays 0.5-5 nm).

These wave lengths and energy characteristic allow x-rays to

penetrate substances they encounter (extent depending on the

density and atomic number of material). A photosensitized

film place in the parts of the radiation after it has passed

through an object is differentially exposed to the degree

that x-rays have been unimpeded in the travel1.
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Standard radiographs are obtained when x-rays are

generated in the roentgen ray tube and focused on a

photographic film, with the patient positions between the

two.

Roentgenography has been modified in a number of ways to

serve in nervous system diagnosis. Routine x-rays are used

to scrutinize the skull for evidence of fractures, erosion of

bone or calcification. Contrast x-rays can be obtained after

a special radio-opaque dye or air is injected into the

ventricles or dye is injected into the arteries. Having a

different density from surrounding areas these substances can

be visualized, along with the outline of the arteries or

ventricles (indicative of presence of tumor), and sometimes

it is actually possible to visualize a tumor.

SONOTUBOMETRY:

Introduced by Politzer in 1869. The principle of

sonotubometry is to record changes of sound intensities ir.

the external ear canal when a constant sound source is

applied to the nostril. The hypothesis is that eustachian

tube opening will increase the sound intensities in the

middle ear and thus also in the ear.

In this technique higher frequencies for the sound

source in the nose were used. This eliminates disturbances

due to swallowing thus making interpretation easier. It is a

test of eustachian tube patency under normal conditions with



air pressure equilibrium across the tympanic membrane. A

positive response of this test indicates tubal patency under

the normal conditions. Sonotubometry is not of frequent use

in recent days.

SCANNING ELECTRON MICROSCOPY: (SEM)

In (SEM) a scanning beam, about 200 & in diameter,

bombards the surface of the specimen, creating an emission of

secondary electrons. The excited secondary electrons are

then assembled by a lucite collector and electronically

amplified and projected onto a cathode ray tube. The SEM is

equipped with special scanning coil which regularly deflects

the beam, in turn "scanning" the surface of the biological

specimen.

SEM is capable of presenting a view of entire surface of

specimen and thus is a useful tool in the study of inner ear.

Three dimensional views obtained of the sensory-hairs, nerve

endings and tunnel space. SEM does not help in studying

minute changes in intracellular structures.

TYMPANO COCHLEAR SCINTIGRAPHY:

This method was developed to study the metabolic

activity of the labyrinth bone.

This system consists of scintillation camera with a

pinhole collimator and special montage connector for

exchangeable tungsten made ear specula of different aperture
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size (2.5 - 4mm). Therefore it is possible to place the

aperture plans level into the external auditory meatus

without overshadouring of soft tissue structure, so that the

critical resolution reaches the value of the pinhole

apertures diameter (2.5 -4mm). This apparatus is connected

to the evaluation system where the images of both ears to the

evaluation system where the images of both ears is evaluated

using the activity level of the background as reference for

those of the labyrinthine capsule.


