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| NTRCDUCTI O\

The hearing nmechanism constitutes a major |ink between
man and its environnent. One nust therefore try to protect
it from damage. Audi ol ogi sts ascertain the existence of

hearing inpairnment and nmake judgenments concerning its
severity, its influence on the patient's life, the locus of
the lesion, etiology and the possible areas of renediation.
No single test yields sufficient information to answer all
t hese questions. Sone tests helps in identifying the site of
lesion in the auditory systemwhile others have their primary
purpose, in the with determnation of the existence of an
auditory deficit. By perform ng numerous overl apping
exam nations a picture eventually enmerges that is great deal
clearer than that presented by results of a single

exam nati on.

Mul tiple judgenents and the wutilization of different
approaches and techniques to the same aspect of behaviour
lend credence to its interpretation as a statistical entity.
Basi c exam nation i's t he utilization of di fferent
exam nations in order to make a single statement concerning
hearing. This test battery consists of both audiol ogical and
non- audi ol ogi cal tests. Audiological tests contribute in the
determ nation of the existence of the hearing inpairnment and
locus of the pathology in the auditory system where as non
audi ol ogical tests validate the results of tests wused for

detecting the site of lesion and confirm the diagnosis.



Basi ¢ audi ol ogi cal evaluation consists of the pure tone
audi onetry and speech audi onetry. Pure tone audionetry tells
about the type and degree of hearing |oss. To di agnose
lesions at wvarious 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 recruitnent, tone decay test and objective tests
such as immttance evaluations, electrophysiological tests

and neasurenment of oto acoustic em ssion.

Non audi ol ogi cal tests have equal I nportance in
confirmng test results and in diagnhosing patients especially
those with suspected retro-cochlear pathologies and central
hearing 1oss cases. Neur o-radi ol ogical tests such as
t onography can diagnose the presence of tunors and al so the
si ze. Smal | tunors are detected by air-contrast tonography.
Magneti c resonance imaging (MRI) has better efficiency than
CT-scan. El ectronyst agnography can quantify and denonstrate
pat hology of the vestibular system wth great precision.
O her non-audiological tests used in diagnosis of auditory
di sorders are histopathol ogical tests, sonotubonetry, protein
test, CSF test. Non audiological test helps in the diagnosis
of pathologies in outer ear, mddle ear, inner ear, auditory
nerve, OCNS lesions and also vestibular system |esions which
can lead to hearing |oss. A test battery which includes
audi ol ogical and non-audiological tests are required to
confirmthe diagnosis and plan the interventions. There is a

need for the audiol ogists to know about both audi ol ogi cal and



non audi ol ogical tests to make a decision and diagnose the

case accurately.
Al M OF THE STUDY:

There are various studies and journals giving information
about the non audiological tests wused in detection of
heari ng. 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 conpare the results.

Thus the present study was carried with the follow ng
ai ns:
1) The various non-audi ol ogical tests which can be wused for

di agnosi s of auditory disorder.

2) The nost inportant and efficient non- audi ol ogi ca
test/tests used for detection and diagnosis of a specific

audi tory disorder.
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METHODOLOGY

Aim of the study: To review the various studies that have
used non-audi ol ogi cal tests in diagnosis of auditory

di sorders and anal yse the follow ng:

1. The wvarious non-audiol ogical tests which can be used for

di agnosi s of auditory disorder.

2. The  nost | mpor t ant and efficient non-audiol ogical
test/tests for detection and diagnosis of a specific

audi tory disorder.

Articles from various Journals, dealing wth non-
audi ol ogi cal test used to detect hearing |oss were collected.
Studies of last 20yrs were reviewed. The Journals reviewed

wer e:

1) Acta - Oto. laryngologica (Acta-Qolaryngol)
2) Archieves of Qo Laryngology (Arch-Qolaryngol)
3) Annals of O ology, Rnhinology, Laryngol ogy

4) Audi ol ogy (Audiol)

5) British Journal of Audiology (BJA)

6) Ear and Hearing (E & H)

7) Hearing Journal (Hg. J)

8) Journal of Acoustic Society of Anerica (JASA)
9) Journal of Speech and Hearing Disorders (JSHD)
10) Journal of Speech and Hearing Research (JSHR)
11) Journal of Laryngology and ol ogy (JLO

12) Journal of Oo Laryngology (JQL)



13) Laryngoscope
14) Scandi navi an Audi ol ogy (SA)

The information and the results from the articles are

classified and then tabul ated under the follow ng headi ngs as

1. Author (year)
2. Subjects
- Nunber
- Age
- Sex
3. Tests used
4. Results

5. Di scussi on.

Each auditory di sorder I's presented separately.
Conclusion was nade 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

di scussed in the studies are given in the Appendix I.



DI SORDERS OF EXTERNAL EAR

Non audi ol ogi cal tests are not wused nuch in the
detection of disorders of external ear. Non audiol ogica
tests are inportant in the diagnosis of malignant external

otitis and also carcinoma of external ear, auditory cana

dyspl asi a.
Mal i gnant external otitis is a bacterial infection of
the external ear canal skin. It results in a dry canal skin

with swelling and di scharge. Non audiol ogical tests helps in
the accurate diagnosis of nmalignant external otitis and al so
gi ves information regarding over al | ext ent of the

i nflammat ory 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 scanni ng, has been used mai nly. Techneti um 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
met hod. It has been indicated that both Tc 99-M and bone
scintigraphy act as a reliable diagnostic nethod during early
stages of malignant external otitis and Ga-67 determ nes the
control of the infection (Aviel, 1981, Parisier et all.

1982) .

Hi st opat hol ogical test has also been wused to detect
mal i gnant external otitis. Hi st opat hol ogi cal test helps in
di agnosing MEO in ternms of presence and extent of
i nfl ammati on. Thi s non audiol ogical 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
nucl eide scans provides information regarding the overall

extent of inflammtory process (CGold et all., 1984).

Results of a study by Stokel, (1996) indicated that Ga-
67 SPECT helps only in the initial recognition and di agnosis
of MEO. Gherini  (1986) conpared the efficiency of CT scan,
TC-99 bone scanning, G-67 bone scan and MRl to detect MEO

It was concluded that MR was the nost efficient test in
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diagnosing MEO as it evaluates the anatom c extent of soft

ti ssue changes in MEO

So from the above discussed studies it can be concl uded
that bone scintigraphy, bone scan, SPECT are inportant
nonaudi ol ogical tests in detecting MEO in early stages, but
the nost effective and valuable tool for diagnosis is MRI. CT
scan helps to know the effect and progress of treatnent of

MVEQ.

Conput eri zed tonography was adm nistered in cases wth
external auditory canal dysplasia. CT scan is inportant in
the detection of abnormalities associated with external canal
dysplasia and thus helps 1in the diagnosis of external

auditory canal dysplasia (Swartz and Wol f son, 1985).

Di agnosis of adenocarcinona is done by X-rays and
hi st opat hol ogi cal tests efficiently. It also helps to detect
the extent of the carcinoma to mddle ear and the mastoid air

cells (Maru et al., 1980).
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M DDLE EAR DI SORDERS:

The various disorders of the Mddle ear (ME) discussed

inthis revieware: -

1. OGitis Media
- Acute Oitis Media
- Chronic Oitis Mdia

2. Chol est eat ona
3. Tunors of the m ddle ear.
4. O osclerosis.
5. Osteogenic inperfecta.
6. Osteogeni c congenita.
7. Tubercul ar Osteonyelitis.
Orl TI'S MeEDI A: -
Acute otitis nedia 1is associated wth respiratory
infection and also eustachian tube dysfunction. |If acute

otitis mnmedia is not treated conpletely or a conplete
resolution does not take place conplications may occur.
Chronic otitis media is one such conplication”™ which my
result in a perforated tynpanic nmenbrane. O her conplications

are tuberculous otiti 3 nedi a, chol est eat ons.

Chol esteatonas are cyst |like structures, which are
squanmous |lined and begin in attic of the ear extending to the
mastoid antrum and sonetinmes to nmastoid tip. Chol esteatonn
erodes away bone they nake contact with and can produce

intracranial conplications.
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Audi ol ogi cal along w th nonaudiol ogical 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
vari ous nonaudiol ogical tests for the diagnosis of different,
types of otitis nmedia, cholesteatoma and also to detect

eustachi an tube dysfuncti on.
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COMMENTS

Jonathan (1986) in his study used sonotubonetry, a
nonaudi ol ogi cal test, to assess eustachian tube dysfunction.
Sonot ubonetry was able to detect eustachian tube dysfunction
and its results also correlated with the audiol ogical test

results.

Results of investigations on Tuberculous otitis nedia,
showed that both CT scan and histol ogical exam nations are
equally efficient and accurate in diagnosing tuberculous
otitis nmedia independently. But CT scan along wth
hi st opat hol ogi cal test gives information about the site and
extent of bony destruction caused by the disorder (Tonoyuki

1994; Rajendra, 1992)

It was found that CT scan was nost efficient in detecting
chol esteatoma (Lewis et.all., 1985) but in children,
hi st opat hol ogi cal tests are the npbst inportant and val uable
tool in diagnosing chol esteatonma when conpared to CTscan and

pol yt omography (Mgill, 1991).

In diagnosis of acute otitis nedia, culturing, CT scan
and Bone scaning have been used. Culturing of the purul ent
exudates helps 1in the diagnosis of Acute otitis nedia
(Swartz, 1980). By CT scan bone erosion cannot be detected,
but bone scanning helps in detection of bone erosion and so
plays a inportant role in treatnent and prevention of serious

conplications (Lovi and Lantsberg, 1982).
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Hi st opat hol ogi cal test, CTscan have been wused in
di agnosi s of chronic otitis nedia. CTscan was found to be the
nost inportant test in diagnosing chronic otitis nedia
(Kol tai et.all, 1989) when conpar ed to VRI and
hi st opat hol ogi cal tests. (Costa et all., 1992). Savic, (1987)
reported that x-ray diffraction test is capable of detecting
chronic otitis nmedia based on the chem cal changes taking

place in malleus and the incus.

Thus, the review of literature suggested, chol esteatonma
is best diagnosed by CTscan but in children diagnosis done
with help of histopathological tests. CIscan is inportant
di agnostic tool in diagnosing <chronic otitis nedia where as
culturing and bone scanning helps in detecting acute otitis

medi a and al so prevents serious conplications.
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TUMORS CF M DDLE EAR

Mddle ear (ME) tunors are of various types, d onus
tunors arise from glonus bodies and are extrenely vascul ar
Based on their location they are called glonus tynpani cum or
gl omus jugul are tunors. G omus jugulare tunors are usually
extensive arising in region of the jugular bulb. They may
erode through floor of mddle ear and present as mddle ear
tunors. They may al so invade tenporal bone as well as vessels

of the neck.

In sonme cases of chronic otitis media with perforation
the ME nucosa nmay becone thick, hypertrophied and pol ypoid
changes can occur and actual polyps may be fornmed. |In cases
of polypoid, <chronic otitis media there may be severely

damaged m ddl e ear with danage to the ossicul ar chain.

Non- audi ol ogi cal tests detects the exact site of tunors
its extension and relationship to other structures and al so

the type of the tunor.

| nvestigati ons which have used various non-audi ol ogi ca

test in diagnosing the ME tunors have been di scussed here.
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COMMENTS

Overton (1993) used histopathol ogical test and observed
that it was able to detect paragangliomas and the high placed

jugular bulb in the m ddle ear(M)

Computerized tonography done in 4 cases reveal that
CTscan not only helps in diagnosis of tunors of M like
teratoma (Parnes and Sun, 1995), glonus tynpanicum tunors
(David et. all., 1990), Osteoma of the incus (MIroy 1989)
but also indicates the extension of the tunor and also the
destruction caused to the neighbouring structures. CTscan
when done along with histopathological test is inportant in
di agnosing and al so indicates the extension of tunor (Bahrain
et.all, 1994); David et.all, (1990) reported CT scan done
along with gadolinium enhanced MRI hel ps in diagnosing |arge
and small gl omus tynpani cum tunors and al so gives information

about extension and situation of tunor.

Bergestedt, (1980) did bone scintigraphy and it was
found useful in diagnosing tunmors of not only the m ddle ear

but in any part of the ear.

CT scan and histopathological tests are efficient in
di agnosing various M tunors but gadolinium enhanced MRI

hel ps in diagnosis of very small tunors.
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OTCSCLEROSI'S, OSTEOGENI C | MPERFECTA AND OIHER M DDLE EAR
CONDI Tl ONS:

QO osclerosis is a disease process characterized by
resorption of the normally hard bone and replacenent with a
newer, softer bone tissue that is highly vascularized and
spongy. This spongy bone growh eventually turns into a

dense sclerotic nmss.

In osteogenesis inperfecta the bones are extrenely
brittle and easily fractured. OQher m ddle ear conditions are

ost eogenesi s congenita, tubercul ar osteonyelites.

Nonaudi ol ogi cal tests are effective and inportant in the
det ecti on of ot oscl erosi s, ost eogenesi s i mper f ect as,
ost eogenesis congenita and Tubercul ous osteomyelitis. In
this review 6 studies are discussed exhibiting the above

di seases.
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COMMENTS

| nvestigators have used Tynpanocochl ear scintigraphy and
scanning electron mcroscope. Scanning electron mcroscope
helps in studying otosclerotic staps wth special attention
to the cartilagenous Ilamna of stapes in diagnosis of
otosel erosis (Wng and Stoney, 1991). Ross, (1995) reported
that Tynpanocochl ear scintigraphy is a wuseful tool for
vi sual i zi ng changes in |abyrinthine bone netabolismin active

otosclerosis and thus helps in diagnosis of otosclerosis.

Pedersen and Ml sen (1985) used Hi stopathol ogic
exam nation for the diagnosis of osteogenesis inperfecta and
found it effective and inportant for the diagnosis.
Hi st opat hol ogi c t est was also a valuable tool for
ost eogenesis congenita in terns of hypothisizing the kind of
hearing inpairnment and equilibrium inpairments (Berger et

al ., 1985).

In patients with Tubercul ar osteomyelitis SPECT, CT and
hi st opat hol ogi cal tests were adm nistered. Al the tests-were
equal ly efficient in diagnosing tubercular osteonyelities and

CT gave information about the site of the lesion (Robinson

1986) .

So It can be concluded that hi st opat hol ogi cal
exam nations are inportant for di agnosi ng osteogenesi s
i nper fect a, ost eogenesi s congenita and Tuber cul ar

osteomyelities. CT scan gives additional information
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regarding site of lesion in Tubercular osteonyelitis.
Scanni ng el ectron m croscope and Tynpanocochl ear scintigraphy
helps in the diagnosis of otosclerosis and also can
differentiate cochlear and stapedial otosclerosis (Ross et

al ., 1995).
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| NNER EAR DI SORDERS:

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

this review are:
- Meniere's di sease
- Vestibul ar di sorders

- Progressive sensori neural hearing |oss.

| NNER EAR ANOVALI ES EXHI Bl TI NG PROGRESSI VE SENSORY NEURAL
HEARI NG LGSS:

Sensori neural hearing loss (SNHL) though has a gradua
onset with slow progression it may also exhibit a sudden
onset . Sudden hearing loss w thout apparent etiology has
been explained by two hypothesis. The first is viral
| abyrinthitis, producing changes in inner ear and secondly
that of wvascular occulsion causing abrupt interruption of

bl ood supply.

A detailed evaluation is needed for the diagnosis which
i ncl udes both audiological and nonaudi ol ogi cal tests. Non
audi ol ogical test reveals the [|abyrinthine changes and thus

can be correlated w th audiol ogical findings.

In this review, 5 studies have been discussed in which
various non-audi ol ogi cal tests have been wused 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
Hi st opat hol ogi cal tests are inportant in detecting changes in
cochlea and vestibular system It also gives information
about neural degeneration due to the conpression of cranial

nerve (Clems, 1977).

In 2 of the studies CT scan was used. Conputeri zed
tonography is efficient in revealing cochlear anomalies and
also large vestibular aqueduct in adults (Ckunura et all.,
1995). However Shusterman, (1992) reported that CT-scan does
not play a inportant role in the diagnosis of progressive SN

hearing loss in children.

Mar k, (1992) adm nistered gadolinium enhanced MRI which
revealed that it is inportant in detection of |abyrinthine
di seases and can also differentiate retrocochl ear |esions and

abnormal process in labyrinthine or in brainstem

So it can be concluded that though CT scan is a val uable
test in detecting lesions in adults it is not helpful for
chi | dren. Gadol i nium enhanced MR and hi st opat hol ogi cal

tests hel ps in diagnosing |abyrinthine diseases.
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MENI ERE' S DI SEASE:

Meniere's disease (MD) is a disorder of the inner ear
and falls under the category of acquired hearing |oss. The

typi cal characteristic exhibited by Meniere's diesease are:

a) Vertigo

b) Tinnitus

c) Fullness or sense of pressure
d) Nausea, vomitting

e) Fluctuating hearing | oss.

(Katz, 1992)

The cause of the disease is unknown as a result of which
bot h audi ol ogi cal and nonaudi ol ogi cal tests should be done to

confirmthe diagnosis and for better treatnent.

In this study a review of the various non audi ol ogi ca
tests and their inportance in the diagnosis of Mniere's

di sease has been di scussed.
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COMMENTS

2 of the above discussed articles have made use of the
el ectronyst agnography (ENG ) mainly the caloric test and both
the results indicate that Meniere's disease cases show a
direction changing positional nystagnus. Bi thermal caloric-
tests have greater efficiency in the diagnosis of Meniere's
di sease than hot or cold caloric test alone (Joseph et all.,

1983) .

MRI was used in 2 of the studies. Non visualization of
t he endol ynphatic duct and smaller tenporal bone neasurenents
in the region of the endolynphatic sac are characteristic
features of Meniere's disease and are detected by M
(Bradl ey, 1996; Al bers 1994). VRI thus helps in

differentiating normals from Meniere's disease.

Gordon et all., (1982) have reported the use of
aut oi nmune tests Ilike |ynphocyte mgration inhibition test,
| ynphocyte transformation test and Radi oi nmunoassay test for

t he di agnosi s of autoi nmune Meniere's disaease.

Takeda and Saito (1997) showed that Polytonography was
efficient in diagnosing Mniere's as disease at it was
capabl e of detecting hypoplastic vestibular aqueduct seen in

Meni ere's di sease.

Hi st opat hol ogical test done in one study was able to

di agnose Meni ere's di sease.
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Cerebral and cochlear pressure analyser (CCPA) which is
a non-invasive neasurement of the cerebral and cochlear fluid
pressure has also been carried out. Resul ts indicated that
it is an inportant technique for confirm ng the diagnosis of

Meni ere's di sease (Bouccara, 1997).

Thus it can be concluded that ENG" and MR are
frequently wused to <confirm the diagnosis of Meniere's
di sease. Hi st opat hol ogical tests helps in the detection of
Meni ere's di sease. Autoi mmune test though helps in diagnosis
has a major drawback i.e., it cannot be tested in cases wth
a low cell count. Cerebral and cochlear pressure analyser is
inmportant for the diagnosis and managenent of Meniere's

di sease.
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VESTI BULAR DI SOCRDERS:

The vestibular systemis nore conplex than the auditory

system Thus the evaluation and interpretation of disorders

in this systemare also nore conplex. The various functions

of the vestibular system are:

1. To rapidly correct any inadvertent displacenent 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 environnent and perceptions of direction and
speed of novenent.

3. To control the eye novenents in order to maintain a clear
visual image of the external world while the individual
the environment, or both are in notion.

(Katz, 1994).
Nonaudi ol ogical tests wused in the diagnosis of the
bal ance disorders, include electronystagnography, MR, CT

scan, histopathol ogi cal tests.

Results of non audiological tests used in subjects with

various vestibular disorders is tabul ated bel ow.
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COMMENTS

In 5 of the discussed studies electronystagnography
(caloric test) has been used. El ect ronyst agnography is a
useful test in detection of vestibular disturbances in NHL
cases (Manabe, 1995) and also in acoustic trauma patients
(Segal, 1980). ENG also differentiates central vestibular
disorders from the functional synptonms  (Afzelius and

Henri ksson, 1978).

Rubin, (1981) in addition to other vestibul ar eval uation
used sinusoidal harnonic acceleration (SHA) test. It was
found to be effective in diagnosis of vestibular disturbances
as it inproved the capabilities of detecting subtle

vesti bul ar anomal i es.

MR and CT scan was used in one of the studies along
with ENG It was found that though ENG had main role in
di agnosing, MRl detected the site and type of |esion causing
vesti bul ar di sturbances in the subjects. CT scan didnot have
a inportant role in the diagnosis of vestibular disorders

(Dieterich, 1989).

Thus it can be concluded that ENG is the nost val uable
and inportant t est for the diagnosis of wvestibular
di st ur bance. Were as M along with ENG help in detecting

site and type of |esion.



CEREBELLOPONTI NE ANGLE TUMORS

The diagnosis of cerebellopontine angle (CPA) tunors is
based on results of audiological and non-audiol ogical tests.
Audi ol ogi cal tests do not indicate the site of |esion and the
description of the |esion. Non- audi ol ogi cal tests determ nes
the site of the pathology, the extent of I|esion, and also
size of tunors. Cerebel |l opontine angle tunors cannot be

di agnosed wi th out non-audi ol ogi cal tests.

Traditionally radi o nucleide brain scanning, X-rays were
used to confirm the presence of these tunors. They were the
primary di agnostic 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 MRl which provides remarkable visualization and thus

hel ps in diagnosis of small sized tunors.
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COWENTS

Magnetic resonance imaging was done in 5 studies. Anbng
the 5 studies, in 3 studies, gadolinium enhanced MI was
used. Maslon and Latack (1986) reported that Ml detects
i ntracrani al lesions and thus 1is helpful in diagnhosing
cerebel | oponti ne angle tunors. Gadol i ni um enhanced MR not
only detects tunors but also reveals the extent of tunor,
tunor type, and assess tunor's relationship with surrounding
structures. It has greater accuracy in defining smal

tenporal bone |esions and neuromas (MIllen et al., 1989).

Conput eri sed tonography was used in studies carried out
by Thonsen and Reiter, 1981; Harner et al., 1984. The
results of these investigations showed that C T. scan hel ps
in the visualization of the internal acoustic nmeatus and thus
helps in the detection of tunors present there. CT scan was
efficient in diagnosis of cerebellopontine angle tunors,

where as petrous tonograns was useful in surgical planning.

Bech, (1978) observed that in patients wth Acoustic
neur ony, CSF protein level is higher than the normal val ue.
He concluded that CSF protein test also helped in the
di agnosis of large acoustic neuronas. Studi es have also
conpared the efficacy of MRl and CT scan to detect acoustic
neur onas. It was found that MRI was nore effective and
valuable test in diagnosing acoustic tunors than CT scan

(Ferguson, 1996; David et al., 1992; Martin, 1994).
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VI ahos, (1993) wused MR and angiogram to diagnose
mal i gnant gl omus jugul ar tunor. It was found that MRl al one
was efficient to diagnose glormus jugular tunor and gadolinium
enhanced MRI can denonstrate tunors of even fewmllineters
si ze. Angi ogram along with MR helped in increasing the

accuracy of diagnosing glonus jugular tunor.

Thus it can be concluded from the above studies that
gadol i nuim enhanced VRI is the  nost effective non
audi ol ogi cal t est whi ch hel ps in the di agnosi s of
cerebel | opontine angle tunors when conpared to CT scan, CSF

protein test, which are unable to detect very snall tunors.
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SYNDROVES:

Syndr one i's a disorder consi sting of specific
characteristic features. Syndronmes have a conbination of
abnornmalities which include deformties of the ear. These
deformities may result in hearing |oss of various degree and
type depending on the structure involved. Non-audi ol ogical

tests are used to identify the structures which are abnornal.

In this review syndrones were studied in ternms of their
di agnosis by various non-audiological tests. The various

syndronmes di scussed are

- ol denhar's syndrone

- Mondini's dysplasia

- Treacher Collin's syndrone
- Rubella syndrone

- Fanconi's anem c syndrone
- Ranmsay hunt syndrone

- Alagille' s syndrone

- Cogan's syndrone

- Usher syndrone
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COMMENTS

The above studies show the inportance of CT scan in
detecting abnornmalities and thus di agnosing Mndini's
dyspl asia, Goldenhar's syndrone, Treacher collin's syndrone.
CT-scan mainly detects bony changes of the middle ear, inner
ear and also nastoid region which may be the characteristic
feature of a particular syndrome (Chan, 1981; O son et al.,

1982).

Hi st opat hol ogi cal test was found efficient in detecting
anomalies of ear in Fanconi's anemc syndrone, Alagilli's
syndrone, Ransay Hunt syndrone and also revealing unique
tenporal bone pathatogies in Cogan's syndrone (Haroda, 1980;
Kuo et al. , 1995; Nadol, 1994). Hi st opat hol ogical test is
al so capable of detecting abnormalities in the ear which
corresponded to t he severity of heari ng | oss a,
characteristic of Usher syndrome and thus helps in the

di agnosi s of usher syndronme (Annelies, 1995).
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TRAUVA:

Various degree of danage to the hearing nechanism
results from nechanical trauma, which results in a damage to
the tynpanic nenbrane, mddle ear, ossicular chain. Severe
head trauma nmay cause damage to the cochlea causing a

irreversi ble hearing | oss.

The site and the extent of l|esion caused due to the
trauma can be detected by non-audiological test. Non
audiological test indicate the site of lesion and also the

rel ati onship of the danaged region w th other structues.

In this review 4 studies have been di cussed whi ch ahve

used nonaudi ol ogi cal tests to detect traumatic hearing |oss.
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COMMENTS

Al the studies have used conputerized Tonography as the
di agnostic tool. It is able to detect dislocations of the
ossicular chain and tenporal bone lesions (Swartz, 1985)
Shott et all. (1986) reported that CI was effective in

detecting tenporal bone defects in children.

So it can be concluded that conputerized Tonmography is a
valuable and inportant tool in detecting the effects of
trauna in tenporal bone and mddle ear, but a drawback is
that, CI is unable to visualize oval and round w ndow in

chi l dren.
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SUMVARY AND QCONCLUSI ON

Nonaudi ol ogi cal tests helps in the detection of site and
extent of lesion and type of pathol ogy. In this review
various non-audiol ogical tests have been used for diagnosis
of auditory disorders. The conclusion has been done based on
the inportance and efficacy of each test in diagnosing

di sorders of external, mddle, iInner ear.

|. Table (11) lists the the frequency of wusage of non-

audi ol ogi cal tests to diagnose external ear disorders.

TABLE 11: THE FREQUENCY OF USAGE OF NONAUDI OLOd CAL TESTS TO
DI AGNCSE EXTERNAL EAR DI SORDERS

CT- SCAN MRI HI STOPATHOL OGI CAL X- RAY
TEST
45% 11% 22% 11%
NE
9
SCI NTI GRAPHY BONE SCAN SPECT
11% 11% 11%

N-i ndi cates the nunber of studies revi ewed.

I nvestigators have used conputerized Tonography nost
frequently for the diagnosis of External ear disorder
followed by other non audiological tests such as M,
H st opat hol ogi cal test; X-ray, SPECT, Bone scan,
sci nti graphy.
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1. Table (12) lists the frequency of usage of non-

audi ol ogical tests to diagnose m ddl e ear disorders.

TABLE 12:: THE FREQUENCY OF USAGE OF NON- AUDI OLOGE CAL TESTS
TO DI AGNOCSE M DDLE EAR DI SORDERS:

CT- SCAN MRI HI STOPATHOLOGQ CAL SCI NTI GRAPHY  BONE
TEST SCAN
N= 58% 8% 36% 8% 4%

MR SONOTUBOMETRY  CULTURI | NG SPECT SCANNI NG ELECTRON
M CROSCOPE

8% 4% 4% 4% 4%

N-i ndi cates the no. of studies revi ewed.

CT-scan was the nost frequently admnistered non-
audi ol ogi cal test for the diagnosis of m ddle ear disorders.
| nvestigators have also used histopathol ogical test for the
di agnosis of mddle ear pathology followed by MRI, X-ray,
sci ntigraphy, Bonescan, sonotubonetry, cul turing, SPECT,

scanni ng el ectron m croscope.

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

audi ol ogi cal tests to diagnose inner ear disorders.
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TABLE 13: THE FREQUENCY OF USAGE OF NON-AUDI OLOd CAL TESTSTO
DI AGNGCSE | NNER EAR DI SORDERS:

CT- SCAN MR BENG H STOPATHOLOAE CAL TEST
N= 22% 25.5% 44% 4%
23
*N = | ndicates the nunber of studies revi ened.

CT-scan and MRl are equal ly used tests, used by investi-
gators for the diagnosis of Inner ear disorders followed by
hi st opat hol ogi cal test. ENGis 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 di sease.

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

audi ol ogi cal tests to diagnose retrocochl ear pathol ogy.

TABLE 14: THE FREQUENCY OF USAGE OF NON-AUDI OLOd CAL TESTS TO
DI AGNCSE RETROOOCHLEAR PATHOLGOGY.

CT- SCAN MRI NVR CSF - TEST
N=16 25% 56% .6.2% 6. 2%
Hi st opat hol ogi cal test Angi ogr aphy
12% 12%

* N = Indicates the nunber of studies revi ewed.
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MR  especially gadolinium enhanced MRI, was nore
coomonly used test by investigators followed by CT-scan. A
few investigators have used, H st opat hol ogi cal test,
Angi ography, NWR CSF test, to confirm a retrocochlear

| esi on.

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

audi ol ogi cal tests to di agnose syndrone

TABLE 15: THE FREQUENCY OF USAGE CF NON AUDI OLOGE CAL TESTS TO
DI AGNCSE SYNDROME.

CT- SCAN VR H STOPATHOLOA CAL TEST

N=8 37.5% 12. 5% 50%

* N = Indicates the nunber of studies revi ened.

H st opat hol ogi cal test was the nost frequently
admni stered test used for the diagnosis of various syndrones

followed by CT-scan and MRI.

VI. Table (16) |lists the frequency of wusage of non-
audi ol ogi cal tests to diagnose trauna.

TABLE 16: THE FREQUENCY COF USACGE OF NON- AUDI OLOd CAL TESTS
TO DI AGNCSE TRAUVA

CT-SCAN

N=4 100%

* N = Indicates the nunber of studies reviewed.
Resear chers have generally used CT-scan for the diagnosis

of auditory disorders due to trauna.
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APPENDI X - 1
ANG OGRAPHY:

The x-ray using a dye is injected in the vertebral or
carotidartery in diagnosing vascul ar abnormalities and tunors
I N angi ogr aphy. The practical application of digital
subtraction in angiography requires a nore rapid rate of
imaging than 1is possible wusing the scanned projection
technique. This is done by digitising the inmages froma high
quality television canmera used in recording the output of an
I mage intensifier. Any differences in density between the
digitized images of the organ taken in exactly the sane
projection can be augnented electronically. Hence | esser
concentrations of iodine can be used and diagnostic quality
arteriograns can be achieved wth intravenous injection of
contrast medi um In any tenporal subtraction technique
pati ent novenent can produce significant artifact. Because of
tine delay the problemis nuch greater with intravenous than
intra-arterial i nfections. This can be overcone by
conparison of rmultiple inages. | ntravei nous angi ogr aphy

avoi ds the hazards of arterial catheterization.

BONE SCANN NG

Bone Scanning denonstrates hyperactivity of bone
secondary to any I nsul t even when margined type

mneralization is | ow
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Technetium 99 nethyl ene di phosphate (Tc - 99 MDP) bone
imaging is able to detect bone injection far earlier better
than is possible wth radiography. This method is safe and
highly sensitive TG99 MDP is the nost commonly used isotope

i n bone imaging.

It concentrates in the area of ostiogenesis, hence it
depicts the osteoblastic actively secondary to osteits,
osteonyelitis, fracture, primry bone tunor, bone netabolism
etc. \Wien 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 inportant role in
indicating the appropriate treatnment and timely surgery that

can prevent further devel opnent of serious conplications.

COVWPUTERI ZED TOMOGRAPHY:

CT scan provides a three dinensional representation of
the brain. CT scan works on the principle that a three
di mensi onal object can be reconstructed fromthe infinite set
of all its projections. A narrow beam of x-ray is passed
t hrough the brain fromone side of the head and the anount of
radiation is not . absorbed by the interveneing tissue, is
absorbed by radiation detectors. The x-ray tube is noved
|aterally across the patient's head and the anount of
radiation detected is recorded at 160° equally spaced
positions. These data is stored in a conputer. 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°. Wen all the
projections are conpleted, the resulting x-ray suns (160 X
180) are processed by the conputer. CT scan allows a sinple
non-invasive examnation of the patients brain in about 25
m n. Its greatest potential lies in locating tunors,
assessi ng vascul ar accidents, head injuries and in locating a

variety of intracranial |esions and brain atrophy.
A CT scan may reveal an abnornality in two ways:

- By identifying densities beyond the limts of the nornal

range in a particular region.

- By displacenent or deformty of intra cranial structures

and/ or enl argenent or decreases in size of CSF spaces.

Tonogr aphy show structures and elimnate interference of
surrounding tissue. It helps in the visualization of
ossicles and also identification of MIIl nerve. For the
study of a particular area in the ear, contrast material can
be used to enhance the inmages and so abnornal tissue is
easily recongi zed. The use of contrast in the CI has
devel oped, and is called as contrast Tonography. Nowadays
hi gh resolution CT scan (HR-CT) is used nore popul arly which

gives a better resolution than the regul ar tonography.
SPECT:

Singl e photon em ssion conputed tonography is a scanni ng

technique that uses the technology and principle of CI scan
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reconstruction, but instead of detecting x-rays it detects
single photon that are emtted from sone externally

adm ni stered tracer

SPECT can nmake use of commercially available tracers so

are |ess expensive and easily avail abl e.

CEREBROSPI NAL FLUI D ANALYSER

Analysis of cerebrospinal fluid (CSF) provides only
met hod of | ooking at the subarachnoid space with out opening
the skull. CSF is nost easily obtained through a puncture
made in the lunbar, or lower portion of the spinal colum.

It is renoved for a variety of purposes.

1) To relieve intracranial pressure and to renove toxic,
i nfl amnmatory, or other substances in the fluid, as would

be found in disorders such as encephalitis or neningitis.

2) To allow an analysis of the CSF for the presence of bl ood
(indicating a vascular accident), or a variety of other
substances (such as glucose, white blood cells, or various
proteins) that mght indicate a variety of central system

dysfuncti ons.

3) To introduce therapeutic substances into the subarachnoid

space.

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

It has been proved that notion of the tynpanic nmenbrane
changes with changes in cochlear pressure. CCPA is a non-
i nvasive neasurenment of the cerebral and cochlear fluid

pressure.

A nunber of sources of Ilow frequency activity exists
with in the ear. The tynpanic nenbrane displ acenent anal yser
(TMD) Ilistens to this activity using a patented transducer
which can neasure tynpanic displacenents smaller than a
nanolitre. This allows to study the ear and deep into the
subarachnoi d space in a manner not possible with conventi onal
clinical apparatus. TMD anal yser provides a indirect nethod
of measuring the cochlear fluid pressure by anal yzing changes
in the resting position of the inner nobst ossicle of the
m ddl e ear. This resting position with change will cochl ear
fluid pressure and intracranial pressure since a connecting

pat hway normal |y exists.

Cardi ovascul ar pulse synchronous activity from the
m ddle ear or possibly from the intracranial fluid via the
cochl ear aqueduct, stapedius and tensor tynpani nuscle
contractions, and ET ventilation of the Mt nmay all be

i nvestigated (Sanuel et al., 1997).

CCPA allows clinician to diagnose and treat raised
cerebral pressure as the underlying <cause of certain

conbi nati ons of dizziness, tinnitus and hearing |oss. These
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patients are either wongly diagnosed as having Meniere's
di sease or sonme non-specific disorder. CCPA helps in
assessnment 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

confirmthe diagnosis of normal intracranial pressure.

ELECTRONYSTAGMOGRAPHY:  ( ENG)

ENG is a clinical tool which involves the acquisition of
a permanent quantifiable record of eye notion. The
assessnent of ENG recordings has becone an inportant el enent
in the conplete neuro-oto-audiologic diagnostic procedure
specially for those with unilateral hearing |oss, tinnitus,
verti go. It is a process that provides a neans of tracking

eye novenents behind closed lids or in darkened environnment.

Du-Bois Reynond (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

el ectronyst agnography. ENG hel ps in decei ding:

- Normal vestibular nmechani sm
- Disease of one or other |abyrinthine end organs

- Retro labyrinthine or central nervous system di sease.
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Nystagnus is an involuntary rhythmc novenent of the eyes.
Two successive novenents occur at regular intervals. |If the
novenents are equal nystagnus is oscillating or it is
undul ating. |If unequal, there is jerky diphasic or directed
nystagnus. Nystagnus of the unequal type is a non voluntary
novenent. The technique of recording nystagnmus is called as

nyst agnogr aphy.
EN6 test battery consists of varies test such as

1) Sinusoidal harnmonic accel eration tests
2) Positional test

3) Rotation test

4) Caloric test

5) Neck torsion test

6) Gaze nystagnus test

7) Optokinetic test

8) Eyetracking test

9) Torsion swng test

10) Parallel swng test

11) Sono-ocul ar test
SHA: (Sinusoi dal Harnonic Accel eration Test):

It is the sinusoidal harnonic acceleration test.
Vestibular functions, like the auditory system has frequency
specific characteristics over which it functions. The use of
SHA testing has been devel oped as a nmeans for stimulating the

hori zontal semcircular canal over a broad range of
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frequenci es and accel eration. Al so known as the rotationa
chair SHA SHA is a physiological rather than functiona
eval uati on. It provides information about the vestibul o-
ocul ar systemthat is not obtained fromENG It is useful in

patients with chronic bal ance disorders. This evaluation is

critical in i ndi vi dual s whose calorics are ei t her
significantly reduced, absent or anmbi guous due to
asymetrical anatony. This can be wuseful in paediatric

patients and others with nental age under 10 and in patients
requiring pre and post t r eat ment eval uati on. The
commercially avai |l abl e devi ces provi de for conput er
control |l ed novenent, recording of eye activity, and analysis
of eye novenents relative to chair (head) novenent. The
typical node of chair novenment is sinusoidal, hence the nane

si nusoi dal harnoni c accel erati on.

H STOPATHOLOG CAL TEST:

The specinens collected from the tissues or organs are
processed by conventional techniques and then studied with
the light mcroscope. Wth the set of known histol ogical
pattern and attention to the recognized characteristics of
swel |'i ng, nucl ear changes et c, the histopat hol ogi cal
alterations of disease or the experinentally created |esions

can be ascertai ned.
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MAGNETI C RESONANCE | MAG NG

It provides high resolution anatom cal inmaging. Thi s

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

magnetic field surrounding of an object. The magnetic pul se
of a certain frequency wll excite only one cross-sectional
pl ane through the body. The thickness of this cross

sectional plane is related to the frequency of the magnetic

pul se. A radio-frequency magnetic pulse is used to excite
the nuclei in the subject, and a radio frequency receiver
coil picks up the signal emtted by the nuclei. This signal

is then anplified and mxed 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 conputer for retrieval and imge production. M
conmputer image displays, can utilize color to show mnute
differences in signal intensity and thus depict small changes

nore efficiently.

MRI can detect bone-marrow, while disregarding the bone
structure, determ ne chem cal changes associated wth

neopl asns identify, and trace bl ood flow.

Gadol i ni um DTPA enhanced nagnetic resonance imagi ng was
i ntroduced since 1980's. Gadol i nium DTPA is a paranmagnetic
imaging agent intended for intravenous use in MRI. Thi s

paramagnetic material decreases the spin-lattice relaxation
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time of nuclei in 'tissues where it accunul ates. Thi s

accunul ation results in inproved contrast enhancenent.

Nucl ear magnetic  Resonance I maging (NWR) enpl oys
radio frequency radiation in providing a cross-sectional
di splay of body anatony with excellent resolution of soft
tissue detail. The images are essentially a map of the
distribution density of protons and paraneters relating to

their notion in the water and |ipids of the body tissue.

RADI ONUCLEI DE  SCANNI NG

In radionucleide scan an intravenous injection of a
radi o-isotope is given and the «cranial surface 1is then
scanned. Any alteration in blood supply can be detected,
including the alterations associated with the growh of the

t unor.

ROENTGENOGRAPHY ( X-rays):

X-ray are a form of electro magnetic radiation simliar
to visible light but with nmuch shorter wave |engths and
hi gher energies (visible light, 400-700 nm x-rays 0.5-5 nm).
These wave |engths and energy characteristic allow x-rays to
penetrate substances they encounter (extent depending on the
density and atomc nunber 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

t hat x-rays have been uninpeded in the travel 1.
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Standard radiographs are obtained when x-rays are
generated in the roentgen ray tube and focused on a
photographic film wth the patient positions between the

t wo.

Roent genogr aphy has been nodified in a nunber of ways to
serve in nervous system diagnosis. Routi ne 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. Havi ng a
different density from surroundi ng areas these substances can
be visualized, along wth the outline of the arteries or
ventricles (indicative of presence of tunor), and sonetines

it is actually possible to visualize a tunor.

SONOTUBOMETRY:

Introduced by Politzer in 1869. The principle of
sonotubonetry 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 wll increase the sound intensities in the

m ddl e ear and thus also in the ear.

In this technique higher frequencies for the sound
source in the nose were used. This elimnates disturbances
due to swallowing thus nmaking interpretation easier. It is a

test of eustachian tube patency under normal conditions with



air pressure equilibrium across the tynpanic nenbrane. A
positive response of this test indicates tubal patency under
the normal conditions. Sonotubonetry is not of frequent use

i n recent days.
SCANN NG ELECTRON M CROSCCPY:  (SEM

In (SEM a scanning beam about 200 & in dianeter,
bonbards the surface of the specinen, creating an em ssion of
secondary el ectrons. The excited secondary electrons are
then assenbled by a Ilucite collector and electronically
anplified and projected onto a cathode ray tube. The SEMis
equi pped with special scanning coil which regularly deflects
the beam in turn "scanning" the surface of the biologica

speci nmen.

SEMis capable of presenting a view of entire surface of
specinmen and thus is a useful tool in the study of inner ear.
Three di mensional views obtained of the sensory-hairs, nerve
endings and tunnel space. SEM does not help in studying

m nute changes in intracellular structures.

TYMPANO COCHLEAR SO NTI GRAPHY:

This nmethod was developed to study the nmetabolic

activity of the l|abyrinth bone.

This system consists of scintillation camera wth a
pinhole collimator and speci al nontage connector for

exchangeabl e 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 neatus
w t hout overshadouring of soft tissue structure, so that the
critical resolution reaches the wvalue of the pinhole
apertures dianeter (2.5 -4mm). This apparatus is connected
to the evaluation systemwhere the inages of both ears to the
eval uati on systemwhere the inmages of both ears is eval uated
using the activity level of the background as reference for

those of the |abyrinthine capsule.



