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CHAPTER S

| NTRODUCTI| ON

Al'l of us at sonme tinme or the other are afflicted
by sone di sease or another in our |lives. The faster
these diseases are identified and proper treatnent
instituted early, the better are the results. But if
they are neglected and ignored, they could turn out to
be fatal to the person or can cause such serious handi cap
that he woul d have to live with it the rest of his life,
making it mserable for hinself and for the peopl e around
him However, sone of the diseases do resol ve thensel ves,
but the results will not be as satisfactory as they would

have been if seen by a professional.

Treating an ailnment is not newto us. |t has been
there since tine imenorial. Today this treatnment has
becone better because scientists have been working hard
to understand all about di sease, what causes them etc.,
For this, they al so shoul d know about nornal conditions,
so that abnornmal conditions can be identified properly.
| dentifying, preventing, Controlling and curing of diseases
Is not only the job of a Doctor or a Scientist or a
Specialist. The afflicted and the society around him
have their own part to play in building up a healthy

popul ati on.
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The afflicted hinself should know about what his
problemis, what could happen if he ignored it, howit
can be treated , etc. But, if the afflicted individual
Is a child who is unaware of such things, thenit is the
responsibility of his near and dear ones to see to it
that such conditions are identified, and identified as
early as possible and proper treatnent started as fast

as possi bl e.

For these reasons a proper understandi ng and awar eness
of the problem howit should be normally functioning, and

why it is not, is necessary.

Lots of Literature has been published about the
di seases |ike cancer, tuberculosis, etc., and about
conditions like blindness, orthopedically handi capped, etc.
The dramatic presentati on of these di seases and conditi on,
arouse interest and synpathy in the general popul ation.
But, only a person who has enjoyed the previl ege of
hearing for sone tine and then becone deaf can say how
the conditionis: To see lips nove but not hear a word,
to see a record play, but not hear nusic, to bear the
suspi ci on of thinking people are tal king about you, or
| aughing at you; In short to bear the silence, in silenoe,
is as dreadful if not nore, as any other conditions

nent i oned.
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May be this was a person who coul d have avoi ded
this conditionif only he had taken a little nore care,
alittle nore interest in preventing his condition
progress, would not be suffering so nuch. But what is
lost is lost. No treatnent can bring back what he has

lost to a normal conditions he enjoyed before.

such a person woul d agree wi th us when we say
that every one should have t he basic know edge and
conditions that can bring about a hearing | oss, the ones
that can be treated nedically or surgically, the ones
that cannot be treated and what can be done about theny
ao that he can recogni se themas soon as they appear in
hi mor others, and, get immediate hel p. To understand
about conditions that cause hearing | oss, the nornal

ear structure and function have to be known to us al so.

This booklet ains at just that - to help a |aynman
under stand about the ear and its probl ens and what

shoul d be done about it.






CHAPTER 2

A TOR OG- THE EAR

SThe ear is not all that we can see, and we refer

to as "ear It is only a part of the ear - the nost
promnant and ironically the |least useful! This is the

External ear.

Beyond this structure is the nost conpl ex and nost

useful parts of the ear - the Mddl e and i nner ears.

The ear can therefore be divided into 3 parts -

the External Ear, the Mddle Ear and the i nner ear.

In the foll owing sections, these different divisions

are dealt in detail.

THE EXTERNAL EAR

The external ear is
t he nost prom nent part

of the ear visible outside.

It consists of 2 flap like
structures on either side
of the head called "pinna",
and a short curved tube
that | eads into the head

called the External Ear canal

34 No.|
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The pinna helps in collecting the sound waves and
directing it into the external ear canal. Unlike in

other animals, the pinna in man is immobile in nost people.

" pi nna

—— eAr drUM

~—————External ear Canal

The external ear canal is about 1 inch |ong and
about “2inch wide. It contains hair and wax gl ands.
Both these help in protecting the ear. The wax gl ands

Secrete wax.

The external ear is so designed that some sounds
that are inportant for the understandi ng of speech are
made louder. At the end of the ear canal is a thin

del i cate nenbrane called the ear drumor tynpani c nmenbrane.

THE M DDLE EAR
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The tynpani ¢ nmenbrane seperates the external ear from
the mddle ear. The mddle ear is a bony cavity which
Is box-like(it has 6 sides). It is calledtynpanic cavity.
They are the roof, the floor, the front wall, the back wall,

the outer wall and i nner wal | .

The roof is formed by a thin plate of bone which
seperates the mddl e ear fromthe brain substance above
It. The outer wal Kt he side of the cavity facing the
outside) is formed by the tynpani c nenbrane. The back
wall is fornmed by a snall opening which |leads to a space
in the skull bone called the "mastoid antrum. This
space is sparsely filled wth cells and covered with
nmucous nenbrane. The wall in front contains a tube that
connects the mddle ear wwth the throat. This is called
t he Eustachian tube. It helps to equalise the pressure
inside the mddle ear with the pressure of the atnosphere
outside, i.e., it keeps the pressure on either side of
the ear drumequal. This tube is usually in a collapsed
state. It opens when chew ng, talking and yawni ng, and
the air noves in and out of the mddle ear cavity through

it.

This nechanismis very inportant when you are
flying in an aeropl ane or when going uphill or down

hill. As you nove highher, the atnosphereic air pressure



decreases. Therefore the air pressure inside the mddle
ear cavity is higher conpared to the outside. Wen you

swal | ow, you hear a popping sound in your ear. This is

the sound of air noving out of the mddle ear, to

equal i se the pressure.

Smlarly when you are diving or sw mmng underwater,
the pressure outside the ear drumis very hi gh conpared
tothe inside of the mddle ear. This again is equalised

by swal | ow ng.

In the mddle ear cavity are found 3 tiny bones.
Together they are called the 'ossicles'. They are held
in place in the mddle ear cavity by |liganents. Each
ossicle has its own nane. The first bone is called
Mal | eus(whi ch means ' hamrer' ), the second is called 'Incus
(which nmeans anvil) and the third one is called the Stapes
(which means Stirrup). They are naned so because of their

resenbl ance to t hese obj ects.

O these 3 bones the biggest - the hammer or Ml l eus
I's closely connected with the tynpani c nenbrane, and the
snmal | est bone, the Stapes or Stirrup is placed in an
oval opening found on the inner wall of the mddle ear
cavity. The incus or anvil connects the nalleus and

st apes.
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As said earlier, the ossicles are held in places by
| i gaments. The nalleus has 3 liganments and the stapes is
held in place by the annular |iganment. There are 2 nuscles
attached to the ossicular chain. They help in snooth
novenent of the ossicular chain, and al so protects the
inner ear(as it will be seen later). O the 2 nuscles,
the | onger one, the tensor tynpani is attached to the
mal | eus. The shorter one - the stapedius is attached

to the stapes.

THE | NNER EAR

Seal Grcular Caaal a

-Acouatic Nerve

- Cochl ea

Round W ndow

n‘_o 4

Sem Circul ar Vesti bul e
Canal s '

Cochl ea

Apex of cochl ea

oval Wndow
Round W ndow

The Bony Part



The inner ear consists of 2 inportant organs -
(1) The organ of hearing and (2) The organ of bal ance.
Bot h of these are found close together and are nade up
of a systemof interconnected tubes and fluids. The

inner ear is very well protected in the hardest bone of

the skull called the 'Petrous bone'.

The organ of Hearing - The Cochlea(say "kok-lia")

(Latin : cochlea neans Snail)

This is a snail shaped organ with its base towards

the mddle ear. It is wound on a bony shaft called the

' Mbdi ol us'.

——Basal end of the Gochl ea
Apex of the Gochl ea

THE BONY GOCH_EA

Fig. 6
The cochlea can be divided into two parts - the bony

part and the nenbranous part.

The bony part is snail shaped and has two openi ngs or
wi ndows into the mddle ear cavity
(1) The oval w ndow - which is covered by the foot plate
of the third ossicle, the stapes.
(2) The round wi ndow - found just bel ow the oval w ndow.
It is covered by the thin nmenbrane called the "secondary
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t ynpani ¢ menbr ane”.

I nside this bony part is the menbranous part, and a

fluid called the perilynph.

j

( g \‘ \(( <) l} The Menbranous Part
7 O\ )] The Bony Part
Fig. T

The nmenbranous part is tube like and runs fromthe
base to the apex. Because of this nenbranous cochl ea,
the perilynph is divided into two galaries. The upper
galary is called the 'scala vestibuli', and the |ower
one is called the 'scala tynmpani'. At the apex of the
cochl ea, the nenbranous tube comes to an end in such a
way that there is a small connection between the upper

and | ower galaries. This point is called the "Helicotram"

The nenbranous cochlea is actually nade up of two
menbranes - (1) a thin delicate nmenbrane called the
'Reissner's nenbrane' and (2) A tougher basilar nenbrane.

A cross-section as they are seen is shown in the figure.



Rei ssner's  Menbr ane.
Scala

Basi | ar Menbr ane.

Fret

———t

(On the basiar nenbrane is found the organ of corti.
This contains the sensory cells of hearing called "hair
cells"(They are called so because they have hair |ike
structures on their surface). Above these structures is
ajelly like transparent structure called the tactorial

nmenbr ane.

The hair cells are connected to the nerve endi ngs

of the auditory nerve in a conplicated fashion.

The menbranous cochlea is filledwith a fluid

cal | ed endol ynph.

The Vesti bul ar appar at us:

The organ for balance and equilibrium This organ
hel ps to mai ntai n the bal ance of the body, no matter
whi ch position the head is in. It also helps in naintaining

equi | i bri umwhen a person i s wal ki ng, running, etc.



Li ke the cochlea, the vestibular apparatus is also
divided into nenbranous and bony parts, wth the nenbranous
part inside the bony part. The nenbranous part consists

of 3 sen1C|rcuIar ducts and the utricle and saccul e.
(’”

(U} et

— o S\ - Seni-Qreul ar canal
T
A s

{’:;*% f‘ S ) Uricle

l 4 UL

THE VESTI BUAR APPARATUS

Fi‘l I
The three semcircular ducts are found in their

own bony canals. The utricle and saccule are found

together in the vestibule of the bony inner ear(See fig.5).

The endol ynmph of the cochlea and the endol ynph of
t he vestibul ar apparatus are connected by a short tube
called the "reuniting duct". There is perilynph between
t he nenbranous and bony part of the vestibul ar apparat us.
On the inner surface of the menbrane of the vestibular
apparatus, are found the sensory cells of bal ance and
equilibrium They also contain hair like structures
on their surface and are hence called hair cells.
Dependi ng upon which part of the vestibular apparatus they
are found, they are called "hair cells of the utricle,
hair cells of the saccule; and so on. These hair cells

are supplied wth nerve endings of the vestibular part of
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the V11 nerve. These hair cells are sensitive to novenent
of the endol ynph. The endol ynph novenent depends upon

the direction of head novenent. Wen the endol ynph novea,
the "hair" of the hair cells are disturbed fromtheir
resting position; This causes generation of nerve inplul ses
in the nerve endings and information is sent to the

brain regarding the position of the head. Dependi ng

upon the information received, the brain controls

the linbs and trunk in such a way the bal ance and

equi libriumis maintained.

Auditory Pat hway : -

The nerve inpul ses generated in the hair cell of the
cochlea travel up the auditory nerve to the brain. Here

t hey are hear d as sound.

The auditory nerve is only about the thickness of a
pencil head. But contains as nmany as 30, 000 nerve fi bres.
These are fornmed by the long nerve fibres of the nerve
cells that supply the hair cells and nerve fibres from
the cortex to the cochlea. Thus the auditory nerve is a

two way path for fibres to and fromthe cochl ea.

Sonme of these nerve fibres of the auditory nerve
starting fromone ear,on their way to the brain, cross

over to the opposite side and termnate in the opposite



-14- v

side of the brain. Thus, sone nerve fibres starting
fromthe right ear would termnate in the left half of
the brain, some other starting fromthe sane ear ascend
to the sane half of the brain, thus sone nerve fibres
starting fromthe right ear end up in the right half of
the brain. Thus each ear is bilaterally represented in
the brain. Ontheir way to the brain, the fibres of
the auditory nerve fromjunctions at various |evels in
the pathway with other nerve cells and finally they reach
the"hearing centre" inthe braini.e., the auditory cortex.
This is found in the tenporal |obe of the brain. Here
I's where the inpul ses which arrives through the nerve fibres

are anal ysed and interpreted as sound.

Ak hkkkhkkkhkkkkkkkkkkkk K%k






CHAPTER 3

SAUND AND | TS TRANSM SS| ON

What is Sound?

To understand what sound is, pull the strings of
a guitar or veena, you hear sound and see the string
vibrating(if you watch carefully!), beat on a drum
and then gently place your palmon it. Youwll fee
it Vibrate. 1In both the cases of sound vibrations,
sound is said to be produced when an object is set into
vibration. |n sone cases, the vibration in the
string can be seen (like inthe guitar) and in the others
it cannot be clearly seen(drum. But when you bl ow

a whistle, nothing is seento vibrate because it is in

the air particles that are noving back and forth(vibrating).
Sound Sour ce

U YES

Onhce the sound has been produced at the source by a
vibrating object, it has to be carried in all directions
away fromthe source. This is called sound propogati on.

This is done by the particles of the mediumaround the
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sound source. |If the source is inair, thenthe air
particles carry the sound. If it is inwater, the thin
water particles carry the sound, if it is on a solid
object like wood or a netal bar, then the particles of
the solid object carry sound. Therefore to hear a sound
there should be (1) Avibrating sound, (2) A force
toset it intovibration, (3) nediumto propogate the
sound(either air or fluid or solid) to the ear of the

listener (4) A good hearing nechanismto hear and recogni se

t he sound.
Li stener' s ear
Vi brating \ \x
Sour ce
- : 3
~ : 1
Force Fig 11

Strings, menbranes, reeds or air colums can

act as vibrating sources and produce sound.
How i s sound propogated through air? -

Strike the prongs of a tuning fork,
it starts vibrating. Consider the
air particles on one side of a prong,

Say prong A Wen it noves outwards
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(anay fromprong B) then particles just behind it are set
into notion, i.e., they are pushed to one side or conpressed.
Then air particles inturn set the air particles just beside
theminto notion. Thus the notion of each particle

movenent affectsfthg position of the particle next toit.

|

Q@ ||

\ K
\ Areas‘ofrmapefaction (Ocours when prong _
4 A moves to positiop Y,
Areas of Compression (Occurs when prong A moves to
position X)

4

rig.12
Now consi der the prong A noving inwards. The air

particles are conpressed on the opposite side of the prong
but there is an area of decreased ait particles on the
outside and this is called rarefaction. As the prongs

keep noving, many such conpressions and rarefractions

occurs when prong A noves to position Y. Thus a sound

wave is carried through air by conmpressions and rarefractions
of the air particles, these conpression and rarefractions
together forma wave that start fromthe sound source and
move in all directions. Thus sound energy is propogated
through air. Nowif the wave notion enters the externa

ear and strikes the ear drum it vibrates accordingly.

How do you describe a sound?

A sound wave can be described in terms of its frequency.



intensity and Quality.

Frequency refers to how fast the conpression and
rarefractions occurs in the air. This al so neans how
fast the sound source is vibrating. Suppose the sound
source is vibrating at the rate of 500 vibration/second,
It produces 500 conpression and 500 rarefractions. One
conpression and one rarefraction together is called one
cycle. Therefore the frequency of the sound is 500 cycles
per second or 500 Hertz. This is what is heard as
"pitch" of a sound. The greater the frequency and the rate

of vibration, the higher the "pich".

Intensity - This refers to the "strength" of the wave, or
how much of sound energy is transmtted through the nedi um
or loudness of the sound. Suppose a greater force is

used to set the sound source into vibration, then nore
energy is transmtted through the nmedi um the |oudness

I ncreases. Intensity is measured by neasuring the pressure,
of the sound wave or by neasuring the power or flow of

energy. It is expressed in decibels.

Quality - If two instrunents say a Veena and a Guitar play

the same note, do they seemthe sane? The ear can
differentiate between the sounds produced by the two instru-
ments. This is because of the quality of sound each

produces. Qality of sound nakes one judge sound as ' pleasant'

"harsh', 'strained , etc.
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The sinplest formof sound is called a 'Puretone'.
A pure tone consists of only a single frequency. Thus
you have pure tones of 500 Hz, 200 cps, 1700 cps, 8000cps,
etc. The human hearing ranges from200 cps to 20,000 cps
or the human ear can identify frequencies of 20 Hz through
20,000 cps as sound. The frequencies bel ow 20 cps is

called "infra sonics' and those frequenci es above 20, 000

cps is called 'Utrasonics'.

The ear is not equally sensitive to all frequencies
ranging from20 to 20,000 cps. it is found to be
nmaxi mal |y sensitive to the range between 1000 Hz to about
3500 Hz. At either end of this range, the intensity of

the tones to be increased to be heard.

kkhkkkkkhkkhkkhkkkikkikkkkhkk*k*%x



CHAPTER 4

HONVVE HEAR

Sound sources set up vibrationss in the air particles

which are carried in all directions. |If it reaches the
human ear, the pinna collects it and directs it into the
external auditory canal. These waves nove down the cana
and strike the ear drum This causes the ear drumto

vi brate accordi ngly.

The ossicular chain is attached to the ear drum Wen

the ear drumnoves in and out, the ossicular chain al so
noves along with it. Thus the stapes that is placed in

t he oval w ndow noves in and out of the oval w ndow.

At the ear drum the sound energy which was in the
formof air particle novenent is converted to nmechanica

energy. In the mddle ear the ossicles are so pl aced
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t hat when they nove in response to sound, they nove
with a nmuch greater force and thus transmt nore energy

into the cochlea. But why is greater energy necessary?

To understand the need for this greater energy, we
have to take you back intine - mllion of years ago
when all life was found only inwater. The ear of al
these living creatures was filled with fluid. Sound
was propogated through the water in which they |ived.
The density of the fluid inside the ear and outside the

thin ears was equal and there was no | oss of energey.

Then aninmal s started noving towards | and. The
sound energy on | and was propogated through air, and
the ear of these animals were still filled with fluid.
When air energy strikes water, 99%eof it is reflected
back. Only 1%is absorbed. Therefore the fluid filled
ear was inadequate for hearing on land. To overcone
t hese probl ens, in the course of evolution, there
aninmals were provided with mddl e and external ears.
This part of the ear (1) converts air energy into
mechani cal energy and (2) transmts sound with a greater
force into the fluid of the inner ear. Both these
mechani sns exi st to reduce the |loss of energy because of

t ransm ssi on.
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As the stapes noves in and out of the oval w ndow,
waves as set up in the scala vestibuli of the inner ear.
These waves travel throughout the length of the cochl ea.
It passes into the scala tynpani through the helicotranma.
These waves then travel in the scala tynpani and vibrates
t he secondary tynpani c nmenbranes whi ch cover the sound
wi ndow. The round wi ndow novenents reci procates the nove-
ment of the stapes in the oval windowi.e., if the stapes
noves i nwards, the round wi ndow bul ges outward into the

m ddl e ear cavity.

Process by whi ch sound
waves produce notion of
the Ear drum the Gssicles
and thereby the notion of
the Basilar Menbr ane.

Hectrical inpul se
t hrough the auditory
ner ve.

S eps noving in snd
out of the oval w ndow

Mbrating ear drum

Fgl4

When the waves are noving in the perilynph of the
inner ear, it disturbs the basilar menbrane. When the
basi | ar nmenbrane noves, the 'hair' of the hair cells

rub against the tactorial menbrane. They bend. This
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causes a nerve inpulse to be set up. They are picked
up by the nerve endings of the cochlear nerve and trans-
mtted through the 8th cranial nerve to the auditory

cortex where they are heard as sound.

Hearing by Air conduction: - Thi s invol ves the nechani sm

just described i.e., the external ear and mddl e ear
act as conductors to conduct sound into the inner ear
whi ch acts as the sensory part. This route is called

air conduction route.

Hearing by Bone conducti on: - If thesound energy is so

strong that it vibrates the bones of the skull or if sone
vibration like a tuning fork is placed on the skull bone
just behind the ear, the bones of the skull vibrates.
This novenent directly causes wave like notion in the

I nner ear fluids. The sane process as described for

air conduction takes place and sound is heard. This type
of hearing is called hearing by Bone conduction. The
sound bypasses the air conduction route and directly

stimul ates the inner ear via bones of the skull.

Normal Iy nmost of the sound we hear through air conduction?

Only very loud sounds are heard through hone conducti on.

kkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkik*k






CHAPTER 5

CAUSES OF HEARI NG LOSS

| N THE EXTERNAL EAR

(a) Congenital Ml formation: -

(i) absence of the ear pinna : This condition does

not cause a significant hearing |l oss, if the other
structures of the ear(ear canal, mddle and inner ears)

are intact.

(ii) Cosure of the ear canal : C osure can be conplete
or partial in one or both ears. It is usually acconpani ed
by the mal formation of the mddle and inner ears, in

such cases hearing loss is sever. However, if the mddle
and inner ear structures are intact and functioning

normal Iy, hearing loss is only mld.

(b) Bl ockage of ear canal: -

(i) by inpacted wax: The ear wax that is produced

in the ear canal nmay harden and conpletely or partially
seal off the ear ear drumfromthe air and preventing

t he sound waves fromreaching the drum or the wax

may lie so close to the drumthat it prevents the drum
fromvibrating. Hearing loss is mld in such cases, and

he may feel uneasy, as if his ears are full
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(iit) by foreign body: Children |ove to put things

|i ke seeds, chal k, beads, etc into their nose and ear canals.
In adults the foreign bodies usually found are insects I|ike

beetl es, ants, wool, etc.

These forei gn bodies cause hearing loss in tw ways
(1) By blocking the ear canal, not allow ng the sound to
reach the ear drum
(2) By causing injury to the eardrum |If the foreign body
Is sharp it could danage the skin of the ear cana
causing inflammation, pain and irritation. It could
rupture the ear drumif it is pushed far, into the ear

canal , and cause hearing | oss.

CAUSES OF HEARING LGSS IN THE M DDLE EAR

In the mddle ear, hearing | oss can be caused by-

1. Rupture or Perforation of the eardrum When t his happen,

t he sound waves that strike
the eardrumare not effectively
transfered to the ossicles and

hearing | oss is caused.

The eardrummay break when
trying to renove wax with sone
sharp instrunent like a hair

pin, by foreign bodies such as nentioned earlier or by

exposure of the ear to sudden |oud sound, or because of
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sone di sease conditions in the mddle ear cavity. It is
sonmetimes surgically cut open in the treatment of mddle

ear di seases.

Severity of hearing loss caused by perforated ear drum
depends upon which part of the drumis perforated and
the size of the perforation. Perforation in the Upper
right half of the drumbrings about maximum |oss and,

one in the |ower left half bringss about the |east |oss.

2. Infection of the mddle ear:-

M ddl e ear infection is the nost common cause for
conductive hearing loss. Inflammation of the nose or
throat such as a cold or sore throat can be transmtted

through the eustachian tube to the mddle ear.

The eustachian tube itself may be malfunctioning or
bl ocked. In such cases, there is no proper air way to
the mddle ear. The air already present in the mddle
ear is absorbed by the nucous menbrane lining the mddle
ear. Thus pressure of the air inthe mddle ear cavity
beconmes |ess conpared to the pressure outside the head(atnos-
pheric pressure) and so negative pressure is created in the
m ddl e ear. Because of this difference in pressure, fluid
fromthe mucous menbrane of mddle ear is sucked and gets
collected in the mddle ear cavity. This causes a mld

hearing loss, and pain in the ear. |f the eustachian tube
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I s opened(by a doctor) then the fluid drains out and

hearing returns to nornal .

In a person suffering fromcommon cold, infection
fromthe nose or throat can be carried to the mddl e ear
via the eustachi an tube. Wen he bl ows his nose hard,
nasal secretion may be forced into the eastachi an tube
and fromthere to the mddle ear where it can cause

i nf ecti on.

Wen it is infected, the mddle ear gets filled with
fluid, which nay enter the mastoid antrumal so. As the
amount of fluid increases inthe mddle ear cavity, pain
in the ear becones worse. Finally, it tears open the ear
drumand fluid drains out through the external auditory
canal, and pain reduces, inthe early stages, the
di scharge is profuse and watery, but later on it becones

thick and | ess.

In sonme ear infection the discharge is scanty and fou
snmelling. This indicates a dangerous condition, and it
should not be taken lightly. Untreated mddle ear
Infections can lead to several conplications such as
I nfection of the brain(encephalitis) or its outer coverings
(nmeningitis), infection of of the inner ear, etc. The
m ddl e ear bones nmay be destroyed | eading to a noderate

hearing | oss. However, if proper treatnent is given
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inthe early stages itself, hearing returns to normal or

near normal. Exanple: |If the patient sees a doctor

before his ear drumtears open the doctor surgically cuts
open the ear drumand drains the fluid. He opens the ear
drumin a place where it results only in a very little
hearing | oss. Al so the opening of the drumby a surgeon
heal s qui cker and better than a drumthat broke spontaneously.

Gonditions of the Gssicles that Cause Hearing Loss:

The ossicles have to be properly connected with each
other, with the tynpanic nenbrane at one end and the
oval windowat the other. |If there is any discontinuity
inthis chain due to congenital absence of one or nore
ossicles or due to accidental fracture of one of the
bones or due to inproper connection anong t hensel ves, or
due to fixation of one of the bones or due to fluids in the
m ddl e ear whi ch i npede the novenent due to fluid, hearing

| oss resul ts.

Anot her condition of the ossicles found to be heriditary,
Is "otosclerosis"(oto = ear; solerosis = hardening). The
bone around the oral wi ndowinto which the stapes is
inserted begins to grow. The new bone is spongy and as
it grows it hinders the stapes novenent in the oval w ndow.
In the later stages the stapes nmay be conpletely fixed in

the oval wi ndow. The spongy bone ultinately becones hard.
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Hearing |oss when the stapes is conpletely fixed is
moderately severe. The patient may al so suffer froman
annoyi ng sound in his/her ear. This sound is called

"tinnitus'.

In early stages, otosclerosis is purely a conductive
| o0ss. However, as the condition progresses, the otosclerotic
bone may involve the inner ear causing a mxed type of

hearing | o0ss.

Q oscl erosi s begins at adol escence, rarely after
30 years. Inwonmen, it has been found that a hearing |oss
whi ch was noticed earlier, becomes evident after pregnancy,

but pregnancy does not cause it.

CAUSES OF HEARI NG LGSS IN THE | NNER EAR

Hearing |oss can be caused by problens of the inner
ear and the auditory nerve leading fromit to the brain.
Any hearing |oss because of problens in the cochlea or
the auditory nerve, is called "sensori-neural hearing |oss"

or SN loss in short.

Hearing loss in the inner ear can be caused by,

(1) Congenital mal formation of the inner ear.
(2) Destruction of the hair cells(the sensory cells of the
cochl ea).

(3) Due to changes in the pressure of the inner ear fluids.
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(4) Destruction of the nerve cells of the auditory nerve

by the presence of a tunor.

(1) CGongenital nal formati ons of the inner ear: -

Deaf parents or famlies that have nenbers with
hearing | oss are nore likely to have deaf children, especially
I f parents are blood related. 1In such hereditary causes,
mal formati ons can range from conpl ete absence of the
cochlea or a conpletely bone filled cochlea to just the

loss of a fewhair cells at one of the ends of the cochl ea.

QG her than hereditary causes, conditions of the
not her during pregnancy coul d have caused nal devel oprent

of the inner ear.

Most of the inportant organs |like the heart, kidney,
hearing, etc., develop during the first three nonths of
pregnancy. Any conditions |ike a bacterial or viral
I nfection or drugs consunption etc., can cone in the way
of their nornmal devel opnent. As a result, problens of
the heart, kidney, etc can al so be seen along with hearing

| 0ss.

(2) Destruction of the hair cells of the cochl ea: -

The cochlear hair cells can be destroyed because of

(i) aging, (ii) Too nmuch exposure to noise, (iii) by
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consunption of drugs harnful to the ear(ototoxic drugs).

Hearing | oss due to aging: This hearing loss is

call ed "preabycusis". Advancing age is the nost conmon

cause for SN deaf ness.

At present it is thought that hearing |oss occurs
wi t h advanci ng age because of aging process |like |oss of
elasticity of the basilar nmenbrane which makes it
stiff and | ess nobile, of because of reduced bl ood supply
to the cochlea, which |eads to degeneration of the hair
cells and the nerve endings that supply it, etc.. | f
bl ood supply to the auditory cortex (brain) is reduced,
it may cause degeneration of the nerve cells there,
resulting in central auditory disorders(di scussed |ater

inthis chapter).

Usual 'y, high frequency sounds are affected first.
Way this happens is not well explained yet. Later the
hearing loss is seen in the |ow frequencies also. It
is only when it involves the speech frequencies that

hearing | oss becones noti ceabl e.

Presbycusis is not a disease of the old age, it is a
di sease of ageing. It is not noticeable in all people at
the sanme time. There are sonme ol d people who have good
heari ng, and some young and m ddl e aged people having a

hearing | oss due to presbycusis. This type of hearing |oss



H ckory D ckory Dock
H ckory Di ckory Dock,

The nouse ran up the cl ock,
The clock struck one,
The mouse fell down,

And found he had a hearing |oss

e ?
= N\ P

exposi ng your ear to suddan | oud noi se can cause hearing | oass and gi ddi ness.
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is hastened if the individual is exposed to excessive

noi se or by taking drugs that are harnful to the cochl ea.

Exposure to noi se: -

Permanent injury to the organ of corti can occur
by exposure to the sudden bl ast of sound |ike an expl osi on,
gun bl ast, etc. This is called "Acoustic trauma”. This
sudden sound nmay cause pernanent sensorineural deafness
by | oosening pieces off the organ of corti or disorganise

it. Profound hearing |oss can result fromsuch an injury.

A violent blowon the external ear can al so be
t hought of as a sudden blast. This al so causes pernmanent

danmage to the inner ear.

Noi se induced hearing |oss: Many of us nust have at one

time or another experienced ringing sound in our ears
after comng out of a noisy bus, or a flour mll or after
a day's work in a noisy factory. W also feel that our
hearing sensitivity has decreased. After a few hours -
or the follow ng day, the hearing is found to return to
normal . This tenporary hearing | oss can becone pernmanent
i f you are exposed to |oud sounds over |onger periods of
time. This happens because the hair cells of the cochlea
are destroyed. Howfast the hearing | oss occurs depends
upon how nuch sound is present, for how long and how

susceptible the personis to hearing | oss.
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Consunption of Drugs that are Harnful to the Ear: -

certain drugs |ike quinine, Streptonycin, Kananycin,
etc., have been proved to be definitely harnful to the
ear. These al so destroy the hair cells of the cochl ea.
These drugs are therefore given, only if it is absolutely
necessary to give it like when it is a natter of life and

deat h.

HEAR NG LOSS DUE TO CHANGES | N THE PRESSURE OF THE
| NNER EAR FLUI DS

Meni ere' s D sease: -

This is the only type of sensory neural hearing |oss
whi ch is sonetimes overcone by nedical treatnment. The
first synptomis tinnitus(sound in the ear), dizziness
and hearing | oss are seen because of the increase of the
fluid endol ynph in the inner ear. The cause for this
increase in fluidis not fully known,but it is attributed
to changes in blood supply. Hearing loss is fluctuating,
and there may be severe attacks of dizziness and nausea
that he nmay have to be confined to bed soneti nes, the
attack lasts for a fewdays. It is usually seen in

only one ear.

By Trauna or Accident:- SN |oss can be caused by fracture

of the tenporal bone. This is however, rare, and is incurred
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only during wars and autonobile accidents. Hearing | oss

I s caused because of damage to the organ of corti.

DESTRUCTI ON OF THE NERVE CELLS OF THE AUDI TORY NERVE

Acoustic Tunour: -

These are tunours arising on the auditory nerve,
They are al so called "Acoustic neuroma”. They can occur
anywhere on the auditory nerve. The tunour presses on
the auditory nerve and causes danage to it. If it
presses on the surrounding structures, especially in
| ater stages when it becones very bi g, other problens
| i ke problens with bal ance, facial paralysis, visual

probl ens, etc., are al so seen.

Hearing | oss, tinnitus, dizziness and nausea are
t he common synptons seen in early stages. The ability

to discrimnate between speech sounds is severely inpaired.

The tunour on the nerve does not allowinformation |,

to be conducted to the brain properly and this causes a

hearing | oss.

CENTRAL HEAR NG DI SCRDERS CR CENTRAL AUDI TORY DI SORDERS( CAD)

The fibres of the acoustic nerve reach the auditory
cortex of the brain through several pathways, if any of

t hese pat hways are inpaired due to head injury, brain tunours.
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brain infections, etc., it causes what is called a

central Hearing D sorder.

Such a patient hears the sound but can not understand
what is it. He cannot recognize the sound or its neaning,
central deafness is therefore not really a hearing problem
if we take hearing loss to be loss of the ability to hear.

It is nmore a neurol ogi cal problemthan an ENT probl em

OTHER CAUSES OF HEAR NG LG5S

Functional or Non-organic hearing |loss :-

This type of hearing loss is, as the nane suggests -
functional, psychol ogi cal w thout any organi c probl em
The person devel ops a hearing |oss either consciously or
sub-consciously as an escape fromenoti onal stress or

responsibilities or to gain sonme financial help, etc.

A person who consciously or deliberately assunes
a hearing loss to neet his own ends is called a "Mlingerer"
in contrast to the one who firmy believes that there is
sonething wong with his or her ears. Sonetinmes he may
have a mld hearing | oss, but he believes that it is

pr of ound.

Concl usi on:

The signs and synptons of any di sease depends upon
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t he cause of the disease. D scussed here are sone

di seases and conditions of the hearing nechani smthat
cause hearing | oss. However, there are several other
condi tions and di seases that are not nentioned either
because they do not cause hearing |oss or because they

are very rare.
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TESTI NG HEARI NG

Hearing testing in the pre-electronic era was done
by crude and inaccurate ways using watch-tick, coin-click,
normal conversation and tuning forks. These nethods only
gave the tester an idea if hearing |oss was present, but
not what the type of hearing |oss was, or wherethe
problemwas in the ear. Severity of hearing |oss of
the patient with the tester's hearing. So if the tester

had hearing |oss, the case had hearing loss too!

Now- a- days hearing tested using an audioneter. It
s an electronic device that measures hearing of a
subject with reference to the average hearing of hundreds
of normal hearing people fromdifferent parts of the world.
It measures the mninumintensity required to hear a
pure tone at different frequencies(usually 250Hz, 500Hz,
| 000Hz, 2000HZ, 4000HZ, 6000HZ and 8000Hz). This
mninumintensity that is required to hear a tone is called
"Threshol d" at that frequency. Hearing is also measured
intwo ways - (1) with the sound passing through the
external and mddle ears to the inner ear - the air
conduction route. (2) with the sound passing through
the bones of the skull and directly reaching the inner ear,
bypassing the air conduction route - the bone conduction

route.
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The results of the hearing test are plotted on a
graph using different synbols for the right and left ear.
This graph is called the "Audi ogrami. Dependi ng upon the
pattern recorded on the audiogram inferences are drawn
as towhat is the type of |oss, wherethe possible probl em
mght be, howsevere it is and if it could be treated
nmedically or surgically. Thus the audi ogramgives a
qualitative and quantitative neasure of the hearing |oss

and hel ps the Doctor direct his course of treatnent.

As speech is nore neaningful than a pure tone, tests
have been devel oped whi ch use speech as testing material .
Use of speech in testing gives a better basis for

sel ecting an appropriate hearing ai d.

These tests call for maxi num co-operation fromthe
pati ent (because he has to listen carefully and respond
correctly). But such co-operation cannot be expected
at all; and very young children(Bel ow age of 4 yrs) are
I ncapabl e of responding thus. So, we have other tests
whi ch require mninmal co-operation fromthe patient, just
sitting quiet. 1In cases when children do not co-operate
tothis, mninmal extent, sedation can be given to quiten
themup. One such test is the inpedance audi onetry.

The findings of this test along wwth the tests of pure
tone audionetry help in greater accuracy and precision in

di agnosi s.
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Another simlar test is the El ectrical Response
Audi onetry. This records the electrical activity generated
at different levels in the auditory systemin response to
sound. The absence or deduction of these activities

i ndi cat e defective hearing.

Al'l these tests aid in diagnosing where the probl em

| ies, the possible treatnent and its outcones.

K| KPR K| K] K[ K] K| K] *



CHAPTER 7

TREATMENT AND REHABI LI TATI ON

Once hearing loss has been identified and the severity
and type of hearing |oss determned, treatment has to be

instituted as fast as possible.

As arule all mddle and external ear problens ie. all
conductive hearing | osses, can be treated nmedically

surgically.

The ainms of all nedical / surgical treatnent are:
(1) Conplete removal of the disease,
(2) Conserving as much as hearing as possible, by
(3) Restoring hearing by reconstruction of the diseased

parts of the ear, where ever possible.

Treatnment of Hearing |o0ss:-

External Ear: Congenital mal formation of the external ear

pinna, are in some cases corrected by plastic surgery. But
surgical correction of malformations of the external ear
canal depends upon whether the inner ear structures are
normal .  This can be known fromthe audi ogramof the person
If it is only conductive loss, then it can be assuned that
the inner ear is normal; But if the audi ogram shows a
Sensori Neural hearing loss, thenit is of no use reopening
the external ear canal, as it is not going to help the

person hear better. The wax produced in the ear, nornally
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comes out little by little unnoticed. But this does not
happen in sone. The common finding of the bl ockage of
the external ear by inpacted wax is rather frequent.

When this occurs, the person had best visit a doctor, who
will renove the wax with no injury to the external ear
canal or to the ear drum Trying to renove it with a
match stick or hair pin wll usually only push the wax
further into the ear canal so close to the drum that it
has to be renoved by a doctor. The sharp edges of the
hai r pin damages the skin of the external ear canal which
can get infected and cause pain and irritation and a

possi bl e spread of the infectionto the mddle ear as wel |.

If the wax is too hard and adherent to the skin.
Doctor may have to soften it w th hydrogen peroxi de before

it Is washed out.

Mddle ear: As said earlier, nedical treatnent ains at

first renmoving the disease condition of the mddle ear.

The cause of the problemis discovered and treated first.

Perforated Ear drum -

Here the doctor first determnes the cause of the
perforation. |If it occured by accidental injury, like
by a hair pin, etc, it usually heals onits own. However
a doctor may hel p bringing the broken edges together to help

It heal quicker.
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If the perforation is because of an infection of
the mddl e ear that has torn the eardrumto di scharge
the fluid, then the doctor first treats the infection.
Only after it is conpletely heal ed and the ear is dry,
will he start reconstructing or repairing the ear. The
mddl e ear structures if danmaged are dealt with first,
and then the ear drum Repair of the ear drumdepends
on how big the perforationis. |If it is only a snal
pin hol e perforation the doctor burns the edges with a
needl e dipped in silver nitrate. This helps in activating
the edges to start growing towards each other. |If the
perforationis big then this is not done. The doctor
pl aces a paper patch on the ear drumafter approxi nating
t he edges. The broken edges grow al ong the side of the

pat chand cl ose the perforation.

However if the perforationis very large, then the
doctor uses a skin graft to close the perforation. This

operation is called "Mringopl asty".

Usually the results of these are good, and the persons

enj oys nornal hearing.

An untreated perforated drumsoneti mes heal s sponta-
neously w thout any nedical intervention. But such a

healing may result in excessive scarring. Excessive scars



make the ear drumstiff and | ess nobile to sound falling
on it.

Infection of the mddle ear:- By eustachi an tube bl ockage)

If this happen, the eustachian tube is opened by
blowing air into it through the eustachian tube opening
inthe throat, or by passing a catheter throughit, or
by shrinking the nucous nenbrane of the eustachi an tube
by drugs, when the eustachi an tube opens, the pressure
i nside and outside the mddle ear cavity equalises and pain
reduces. |If there is any fluid in the Mddle ear cavity,
it drains out through the eustachian tube. If the tube is
only partially closed, then it can be opened by conti -

nuous swal | ow ng.

If the eustachian tube is infected then appropriate

anti bi otics have to be given al so.

If the patient conesto the doctor with a ear drum
threatening to break because of increased fluid collection
inthe mddle ear cavity, then the doctor hinself nakes a
cut inthe ear drumto help to relieve the pressure and
prevent the drumfrombreaking on its own. The cut is
made at such a place that it will effectively drain the
fluid and al so cause very little hearing | oss. This cut
Is kept open till the ear is conpletely dry. Then it is

allowed to heal onits own.
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I n cases of infection of the mddle ear cavity, the
cause of the infectionis first found out. |If the discharge
is pus stained, it indicates that bacteria have al so i nfected
it. In such cases a little of the discharge renoved is
taken and tested to find out the type of bacteria present.
Then an antibiotic that is effective with that particul ar
bacteria is given to the patient.

Once the infection has died out and the ear is conple-
tely dry, repair of the mddle ear is undertaken. This

oper ati on is cal | ed " Tynpano- pl asty. "

| n advanced cases where the infection has passed on
to the nastoid antrum caused an operation woul d have to be

performed to renove all the diseased parts.

For otosclerosis, the fixed stapes is renoved and
an "artifician stapes” which is a piston |like structure
made of "teflon” is put inits place. The bony over
growh is scraped off. The results of this operationis

usual | y good.

Treatment of sensori neural deaf ness: -

In contrast to conductive inpairment which are al nost
al ways treated by nedical / surgical treatment, sensori
neural hearing |oss generally cannot be hel ped through

treatment, with the exception of Menieres di sease.
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Pronpt nedical treatnment in this case can result in a
dramatic restoration of hearing, 1in other cases once the
cells of the cochlea or the auditory nerve are danaged,
there is no way they can be restored as there is no rege-
neration. So nedical care for a personwith SNloss is to
prevent further |oss, by renoving the causative factor.
Like if it is because of noi se exposure or due to dry
Intake, he is adviced to wear a ear protector, if it is
because of drugs, he is asked to discontinuous using it,
and an alternate one is prescribed. The person is also
advi ced to have proper nutritsation, rest and personal

hygene.

If the hearing loss is due to an acoustic nerve tunor
the tunor is renoved surgically as it nmay threaten the
person's life, it is not renoved. But once this operation is done,

does not restore any hearing function that is |ost.

So in cases of SN 1oss, the only hope for the patient
to hear better is to use a hearing aid. Hs hearing is
tested and dependi ng upon the extent of hearing | oss, and
If a hearing aid trial shows that he benifits froman
hearing aid he is prescribed one. But if he only hears
t he sound but does not understand what is being said, then

a aidis usually not prescribed. He should try to learn
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lip reading or speech reading.

A hearing aid does not inprove hearing. It only hel ps

to anplify the sounds to a | evel where he can hear.



CHAPTER 8

HEARI NG Al DS

By now you nust be famliar with thwword "Hearing
aid." A hearing aid is an electrical device that hel ps
a person with a hearing loss hear better with the little

hearing he has |eft.

An adult who devel oped a hearing | oss, or a child
who was born deaf or acquired hearing loss later in life,
whi ch cannot be treated by surgical and nedi cal treatnent

I s advi ced the use of a hearing aid.

A hearing aid does not help regain the hearing already
lost. It only helps to anplify the sounds |oud enough to
be heard by the wearer. But never buy a hearing aid just
dependi ng on how | oud a sound it can produce. There is
nore to a hearing aid than just increased | oudness al one!
There are nmany nodel s of hearing aids avail abl e t oday
with very different characteristics to suit different types
and severity of hearing |loss. So the best thing to do
is togo to a specialist and get your hearing checked and
seek his advice as to which aid suits you best. Don't
hastily buy yourself a aid just because it is cheap or | ooks

| npressive. You may soon find it unsuitable for you.

Buyi ng a hearing aid w thout consulting a doctor or
speci ali st can be even harnful for your ears. There are
times when wearing a hearing aid is not adviced for medical

reasons. At suchtinme if you wear a hearing aid, it only
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aggravates the problem |If your ear is discharging,

It can damage the hearing aid too!

Mow a days hearing aids are avail able that can be
worn in the ear, or hooked behind the ear, or can be built
into the frane of a spectacle other than the ones that
regul arly used; ie. the pocket type, where the m crophone
I's worn on the body and the receiver inthe ear. A cord

connects the m crophone and receiver.

If you are already using an hearing aid here is sone

news for you.

A hearing aid does not help you regain your | ost
hearing. It only nakes sounds | ouder for you, but it is
not true that the |louder the sound i s, the better you
will be able to hear. The louder the sound is nade the
nore difficult it will be for you to understand what is
being said. So don't sinply raise the volune contro

of your aid, thinking it will help you better.

Renenber that a hearing aids life span is about 4 to
5 years, if used every day. So it is better to have its
performance checked at regular intervals. Al so because
of the rapid advances in hearing aid technol ogy, there
m ght be newer nodels, that mght suit you better than

t he ones prescribed for you earlier.
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In the case of children, the hearing aid recomrended
may not be the aid for him as it is difficult to evaluate
the child s hearing. Hence periodic reevaluation is

necessary to find out the best aid for your child.

See that the ear nmould fits well. In children have
It changed periodically, as the child grows out of it. |If
the nould is loose, it is not only in-effective in keeping
the receiver inits place, but also may cause | eakage of

t he sound fromthe receiver. This produces a "squeal," sound.

It is inportant to have a periodical examnation of
Your ear, sothat if there is accumulation of wax, etc.
it can be renoved. Presence of wax in the ear can either
bl ock the nold or may wei gh on the ear drum and reduces

the help got fromthe hearing aid.

It is always best to be in touch with a speciali st
for you and for your hearing aid. Don't try to prescribe
a hearing aid for yourself, it could do nore harmthan hel p.
Instead I et himhel p you make maxi numuse of the residual

heari ng.
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CHAPTER 9

HEARI NG | N CHI LDREN

| nt roducti on:

Speech and | anguage are acquired by children very
early inlife. By 7 -8 years they becone fluent talkers.
Most children around us talk. However being able to
speak is not as automatic as it appears to be. It has to
be learnt. To be able to speak a baby nust be able to
(a) hear, A A
(b) under st and,

(c) express hinself.

(a) Hearing by neans of an intact hearing nmechanism A
good hearing nechanismsees to it that the sound signals

reach the brain w thout nuch disturbances or change.

(b) Understanding is done in the brain. The sound's that

reach the brain are analyzed and their nmeaning is entrapol at ed.

(c) To express hinself thechild nust have a good neuro—
physi ol ogi cal system for speech. The nuscles and ot her
systens such as the respiratory systemrequired for speech
must be properly devel oped. Speech is a very conplex
activity and therefore there has to be very preci se nuscul ar

co-ordination for its production

This, learning totalk is a laborious process. It

has to go through several process of listening, imtating
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and repeated, productions to be learnt. |Its devel opnent -
is related to the devel opment of many ot her systens |ike
muscul ar coordination and general growh and naturity.

But, basically all speech is learnt through hearing. Even
amld hearing loss in a child who is still learning to
tal k can cause an educational retardation of about 1-1'%
years. This beconmes worse if the hearing loss is nore
severe. Therefore, it is necessary to identify hearing
loss early in children. To do this it is inportant to know

how heari ng devel ops.

A smal| baby's reaction to sound is different from
how adul ts or ol der children respond. Though the inner
ear is fully devel oped by the fifth nmonth of pregnancy.
A new born child seens to have some anmount of 'hearing | oss'
till about one nonth. After birth the responses to sounds
are automatic and involuntary. They respond only to |oud
sounds |i ke a hand6lap, fire cracker, etc. by a junp or

startle or by an eye blink or grimacing.

Soon they start ignoring these |oud sounds and any.
sound that is famliar and not interesting to him He
only listens to those sounds he thinks are worth payi ng
attention to like the voice of his nother or the sounds of
her nmaking himfeed, his own name, etc. |In other words he
starts selectively listening to the sounds that are present

around hi m
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By 3- 4 nonths he is able to turn round and | ook
at the sound source, and is able to recogni ze a w der
range of pitches (frequencies) at |esser |oudness |evels.
By 5 nonths he starts maki ng sounds with his own speech
mechanism He starts nmaki ng cooi ng and gurgling sounds
purposefully listening to their own voi ce seens to be
pl easurabl e activity for babies. They continue it and

try to produce nmany nore sounds they hear acound them

By the end of 1 year they are able to autonatically

and very qui ckly I ocalise sound.

In the period from1l to 3 years rapi d devel opnment of
speech and | anguage takes place through hearing. He |earns
toimtate the sounds he hears, and has better control over
the nmuscles he requires for speech. He learns to attach
nmeaning to the sounds he hears. He learns to say a few
words usually referring to objects and peopl e around him
Then he learns to put these words together into phrases

and | ater sentences, and to understand sentences said to him

After about 2 years there is a sudden spurt in the
| earning newwords, their production, and tries in spoken
| anguage. This takes about 7 - 8 years, for a nornally
devel oping child. Al children followthe sane stages of

speech devel opnent .
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The period between 2yrs and5yrsis when naxi mum
| earning takes place. It is therefore called the critical
period. Research has shown that at no other tine in an
individual's life does such rapid and efficient hearing of
speech and | anguage takes place as in the critical period.
Hence it is inportant that hearing through which nost of

the learning takes place be normal in this period.

Causes of Hearing toss in Children:-

What is the cause of hearing |loss in children?
Hearing loss is generally grouped into 2 categories.
1. Hearing loss present at the tinme of birth (congenital)

2. Hearing |l oss acquired after birth (acquired).

Congenital hearing loss can result from problens during
pregnancy i e. before delivery (pre natal ), or during delivery
(natal ).

Sone of the prenatal causes for hearing |oss includes
a. heriditary and famlial causes. Hearing |oss which runs

in famlies could be passed on to the baby through

It is during the first 3 nonths of the baby's deve-
| opment in the uterus, that different organs are forned.
So any problemin the nother during this period of pregnancy

can cone in the way of nornal devel opnent of these organs.
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(b) Any infection (bacterial or viral) to the nother

during pregnancy

(c) Trauma such as a fall or accident during pregnancy,

(d) Consunption of drugs by the nother like tranquilizers
sedatives, salicylates, netabolites, etc. are known to
cause hearing loss in the foetus. Snoking and al chohol i sm
can al so cause nal devel opnent of the ear of the unborn
chi l d.

(e) Environnmental conditions |like mal nutrition, exposure
to X-rays or other radiations during pregnancy are al so
dangerous. During delivery prolonged | abour, instrunental
delivery or a difficult |abour may cause danage to the ear.
Soon after birth lowbirth wei ght, delayed birth cry, or
any conplications in the first 24 hours |ike breathing
pattern, sucking problem nausea, etc. also indicates high

susceptability for hearing | oss.

Hearing | oss can be acquired any tinme after birth. It

woul d be after 1. an attack of bacterial or viral infection
(It ke munps, neasl es, encephalitis, neningitis, typhoid, etc.
2. Because of trauma or accidental causes like hard bl ow
on the ear, head injury, etc.
3. Drugs like streptonycin, neonycin, kananycin, etc which
are given for other diseases are harnful to the ear. They
are called ototoxic drugs. Using these drugs in the treat-
nment of other di seases can damage t he ear.

4. Ear infections.
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Al l these above nentioned causes |ead to hearing
| oss that can range froma slight difficulty in hearing
for very lowor very high tones, to noderate or even
severe deafness. Hearing loss could be in one or both

ears.

I dentification of hearing |oss

Hearing |l oss can be identified i n new borns by
observing the way they respond to sound. These can
easily be observed by the nother. Sonme of the responses to

are suddern | oud sounds are

1. Eyeblink or eyelid activity: This response nay range

froma slight blinking of the eyes to a contraction of

the eyes and eyebr ows.

2. startle responses : Inthis case there is a total

response of the whole body. The arns and | egs are suddenly
drawn in towards the mdline of the body. This lasts only

for a nonent.

3. Stopping of an ongoing activity:- A child who is

crying and noving his arns and |l egs, in the presents of
a sound stops doing so at |east nonentarily. This stoppage

can last for a longer tine.



ZEN LITTLE DUCKS

TEN LI TTLE DUCKS VENT QUT TO PLAY
OER THE HLS AND FAR AVAY
MOTHER DUCK SAI D " QUACK QUACK QUACK "
O\LY NINE LI' LLE DUCKS CAVE BACK

MAMA DUCK DO YOU KNOWWHY YOUR TENTH DUCKLI NG
K GEEE[F)QI-M\PS HE DI D NT HEAR YOU.
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4. Arousal : A sleeping child or a child who is awake
but qui et shows sudden body novenent |ike eye opening,
or shuddering of the whole body. If his eyes are open
they may open wi der or may raise his eye brows in a ques-

tioning | ook.

5. Turning of head away from/ towards the sound: -

The head may turn towards the sound or away fromthe
sound, or nmay show any novenent upwards, downwards or

sideways as if searching for the sound source.

Absence of any of these response in a baby may be
an indication of hearing loss and it needs to be further

I nvesti gat ed.

Sone of the other signs of hearing |oss are (a) Ear
di scharge (b) The child nmay rub his ear and or may conpl ai n
of ear pain. This could be because of ear infection and

usual ly there is an acconpanyi ng hearing | oss.

(c) May show preference for |istening through one ear.

This indicates hearing loss in the other ear.

(d) Del ayed acqui sition of speech.

(e) Poor speech articul ation.

() Poor per f or rance at school .

(g) Strains to hear what is being said.

(h) Understands you better when he isfacing you, rather than

when i s not.



-56-

These may not be al ways because of an underlying
hearing | oss, but they should not be ignored. Wen parents
suspect hearing loss in their child, it is always safe to

get a hearing test done inmedi ately.

Testing:- Young and nentally retarded formthe difficult
to test group. Testing themand establishing a threshold
of hearing is a challenge to audiol ogi sts today. Several

t echni ques have been tried to establish threshold of hearing.

In babies up till about 4 years hearing is tested by
observing their behaviour in presence of sound. If any of
t he normal responses above nentioned are seen in the child
being tested, it can be tenporarily assumed that the child
has nornmal hearing. |n newborns these responses can be
seen only at highintensity levels. As the baby grows it
starts responding to sounds less loud. But this is not a
sensitive way to test hearing, as the responses the child
gives may not be reliable. So if the parents suspect hearing
losa in a child and even if this type of informal hearing
testing shows that the child can hear* they still have
to have reeval uati on done once in 3 nonths atleast to nake

sure that the child has definitely no hearing | oss.

An ol der child about 4 years and above wi th nornal

intelligence can be trained to respond to sound. Several



-57-

t echni ques usi ng t oys, bl ocks, druns, pegs, etc. are used
tomake it interesting for the child. This is called play
Audionetry'. Fairly reliable hearing threshold can be got

by this mnet hod.

But this test calls for active cooperation fromthe
child. For a child who is uncooperative for testing, other
tests have to be done to rule out hearing loss, it is

especi aly necessary in those children who have not acquired
speech even after 3 years, or in children whose parents
suspect a definite hearing | oss, or in whomi nfornal
screeni ng suggests the possibility of a hearing | oss.
These help determne the severity of hearing loss to
a certain extent. These tests are the inpedance audi onetry
and the electrical response audi onetry. They can be done
wi t h un-cooperative children al so, because the child can

be tested under sedati on.

Once the type and severity of hearing | oss has been
determned, tratement has to be started i mmediately. |If
the cause of the hearing loss can be treated nedically
or surgically, thenit is done so. But if the hearing
| oss is sensory-neural, then the need for a hearing aid is
considered, and an appropriate hearing aid is prescribed.
After this, the child wll ned special training to | earn
speech. This process is generally referred to as "Speech

therapy". This is done by trained Speech therapists.



-58-

However, the parents, teachers and other famly
nmenbers have to take active interest in this "therapy

programme” to nmake it effective.

The main aimof such a programis "Auditory Traini ng"
or hearing training . It should be renenbered that a
hard of hearing child has not hear sounds, as a nornal
hearing child does, fromthe tinme of his birth till he
starts using a hearing aid* Auditory training ains at
maki ng the child becane aware of the presence of sound.
The progranmme starts with easy hearing tasks for the
child like discrimnating between very different sounds.
Qadually it is nmade nore difficult. Finally, he is asked
to discrimnate between speech sounds that are very
simlar like /p/ and /b/. Auditory training ains at
maki ng the child make maxi mumuse of the hearing that

he still has left in his.

Along with auditory training, speechaand |anguage
capabilities are also buit up with books, toys, colour
pencils, games, picnics, excu-rsions, etc - infact,

t hrough any neans that will increase and intensify

his experience. Intially these experiences are nade as
pl easent for himas possible by associating sonme tangible
rewards. However the goal of such training is to see
that the child hinself/herself realises the val ue of

speech and | anguage devel opnent. The earlier the child
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is identified as hard of hearing, and the earlier the

rehabilitation started, the better hold it takes.
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CHAPTER 10

ND SE | S HARWUL

"Stop that Noise"; "Wat a nui sance!"

Don't they sound famliar to you? | amsure
they doi You nust have used it yourself and heard
others say it too. Noise hazard is a price human bei ngs

have to pay for advancenent in civilization!

What is Noise? Noise is any sound that is unwanted,
that irritates you, that gives you a headache, that nakes
you di zzy, that hurts your ear, that stops you fromgetting
a good night's sl eep. Noise need not have to be loud to
irritate you. It need wax be only as loud as a dri pping
tap or the buzzing of a nosquito at night; yet isn't it
annoyi ng? Noise to one person is not always noise to
another. So it is rightly said that what is nmusic to the

children is noise to their parents.

But why all this interest in noise? There are

other things in our environnent that annoys us nore!

The reason is that continued exposure to |oud
noise is harnful to our ears. As seen in the earlier
chapter, it destroys the hair cells of the cochlea and
the auditory nerve endings supplying it. Hearing |oss

i's not noticed fast enough because it affects the higher
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frequencies first. Its invasionis silent, and its
effects noticed until its too late!l Hence prevention
I's the curel

What do we do to prevent hearing | o0ss?

The only way to prevent it is to stop hearing noi se,
which is not easy to do considering noisy playthings,
donestic appliances etc. that have invaded our I|ives}

Qur ear is a fantastic organ that can do unbelievabl e
functions. No man has ever been able to devise an
artificial ear, that can be conpared with the natural
ear, let alone replicate it; and in this era of advanced
sci ence and technol ogy. Yet it has one nain drawback

It cannot conpletely shut off unwanted sounds reachi ng
the ear. |t does not have such a val ve nechanism So
we nmust find out ways and neans to prevent our ears from

t he noi se we were responsi bl e for generating!

There are noi ses that are conti nuous, noises that
are intermttent, noises that are | oud, noi ses that
are soft, high frequency noi ses and | ow frequency noi ses.

Are all noi ses dangerous?

It has been found that exposure to a continuous
noi se Level greater than 90 dB for 8 hrs/day continuously

I s dangerous to 95%of the peopl e(These other 5%is either
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not affected by it or need only a much lesser intensity
to cause hearing | oss). This "danmage-risk-criteria" as
it is called depends on the intensity of the noise and
the duration. Eg. If a person has worked only 1 hour in a
noi sy area, but the noise | evel was about 100dB, then

It causes the sane danage as a 9QdB tone for 8 hours.

The Damage R sk Oriteria al so depends upon whet her he was
continuously exposed to a specified amount of noise or
whet her he was continuously exposed to a specified anmount
of noise or whether there were intervals of silent
periods - like the coffee-break of an industrial worker.
In such intervals, the ear is given a chance to recover

a bit. So the Damage R sk criteria val ues have to be

little higher, say 3-4 dB to cause danger to heari ng.

Low frequency sounds, or sounds w th greater energy
in the |ow frequency area are known to cause nore

danmage than hi gh frequency sounds.

These |l evels of noise are seen in an industry, in
a house situated near a busy hi ghway, aerodrone, or railway
station or in the hones of people who are fond of |istening
to a blaring roadi o/record, or use kitchen appliances |ike
a bl ender, washi ng machine, etc all together. So you see,

noi se can bring you problens at hone too.
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Al'l steps taken to reduce noise reaching the ear

can be grouped into 3 categories:

(1) ones that enploy noise reduction at the source where
t he sound is produced.

(2) ones that reduce noise onits way to the |listener, by
stopping it during its transm ssion.

(3) Stopping noise fromentering the ear of the |istener

Noi se at the source can be reduced by proper maintenance
of the machine, proper oiling, placing themon rubber
buffers, tightening |oose and rattling parts, using
silencers, etc. reduce noise to a large extent. So
whi | e buying an air conditioner, m xer, etc buy less

noi sy ones.

(2) During Transmission : This can be achieved by having

either the noise generating machine separated fromthe
wor kers by erecting barriers that stop sound, or by
having the person work in a sound-proof chanber or by

I ncreasing the distance between the man and the noisy
machi net because a |oud ound beconmes softer as it travels
over a distance). This is not a very practical thing to
do, and cannot be enpl oyed especially in large factories

wi th many men and many machines or to stop traffic noise,



Mry Mary quite contrary I _ %
/I—bw does )/our hearing st a)I/' 7

Inthis hall, pleasd do tall.

How to keap haaring | oss away.

Mary's' secret: Sheusesear protectivedevices.
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(3) At the ear of the listener : This is the nost
effective way of reducing the |evel of noise reaching the
ear. Wads of cotton wool, ear-plugs, flint/cotton di pped
I n wax), ear noulds, ear nmuffs and hel net are sone of
the materials and devices used as ear protectors to seal
off the ear fromthe dangerous noi se around.

But don't the ear protectors stop wanted sounds |ike
speech etc. al so?

Fortunately, no. infact research has shown that

peopl e hear better with their ear protectors in place!

How can we know that the noise |evels are reaching

the danger limts?

Easy! wth the help of instrunents such as a sound
| evel neter and the accessories that gowthit, the
preci se | evels of the noise can be neasured. However
it's inportant that these neasurenents be done by a
per son who knows how t o nmake these neasurenents according

to procedures whi ch have been laid down.

If this cannot be done, watch for other danger signals
listed bel ow. You nust know the noi se you are working in
I s dangerous, if
(1) You findit extrenely difficult or inpossible to
comuni cate with sonebody and you find your voice hoarse

at the end of the day.
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(2) If you find that you have a slight hearing |oss after
noi se exposure, but disappears after resting for sonetine.
(3) If you find that you have a slight hearing |oss after
noi se exposure, but disappears after resting for sonetimne.
(4) If you have a ringing sound or buzz in your ear

after being exposed to the sound.

(5) You experience a pain, or a piercing sensation in
your ears on being exposed to noi se.

(6) If you feel giddy in the presence of sound.

(7) If it nakes you tense and di sagreeabl e and gi ves you

a head ache.

If you have experienced any of these danger signs,
get your hearing checked too. It is a sinple test and
easily done, and in the long run a good i nvestnent, because
the tests can show if the noi se has been harnful to your
ears even before you are yourself able to notice it.
BUT START USING A HEAR NG PROTECTCR R GHT AWAY TO PRESERVE
WHATEVER HEAR NG YOU HAVE.

Noi se not only affects hearing, it affects other systens
inthe body too. It has been seen that noi se exposure
causes the constriction ofthe bl ood vessels, and so the
bl ood flow ng through themis reduced. This causes high
bl ood pressure. The anmount of oxygen reaching the cells
I's al so reduced because of reduced bl ood supply so the

person starts to breathe deeply.
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Noi se al so creates digestive system probl ens over
tensi on of the nuscles, decrease in skin resistance, etc.
Al'l these reactions contribute to make a person feel
tired, irritable and tense and evoke ot her psychol ogi cal
reactions in himlike anxiety, depression and may
ultimately cause a nervo&s breakdown. |In short, continuous

exposure to loud noise makes |life m serable.

VWhat can the Governnent or the industry do to prevent

this?

The Government can pass |laws that bans the use of
machi nes that produce excessive noises. |If it has to be
used, then one of the nethods of stopping the noise

reaching the ear nentioned above has to be enpl oyed.

It can insist that all vehicles produce noise only
within permssible limts and that the noise levels it
produces be checked before the vehicles |eave the factory

itself. Ban the usage of loud shrill horns for vehicles.

I nsi st that an industrial audiologist be enployed
who can, fromtinme to tinme, check the hearing of enployees

and nmeasure the noise levels in the factory.
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I nsi st that conpensation be paid to those enpl oyees
whose hearing has been danmaged by the noise in the industry,
or who had to resign fromtheir job because of their

heari ng | oss they got when on the job.

The industry can help by sticking to the rules set
by the Governnent by providing better work conditions for
t he enpl oyees and by providing hearing protectors to

those working in noisy situations.

You can hel p yourself by wearing the ear protectors
(though sonetines if is not a pleasure wearing then) and
renmenbering that noise is your eneny, try to reduce it
or stay away fromit. Rewarding the fanous quote
"Ask not what your country/lIndustry can do for your
heari ng, ask what you can do for it", yours and others

t oo!
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