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BLOCK 1: CURRICULUM AND ITS’
DESIGNING

INTRODUCTION

Our ears are fixed on either side of our head and when we talk about ears we
usually think only of these parts which are easily visible. However, these are
the least important parts of our organ of hearing. The vital parts are located
inside the head. If we were to follow the sound waves traveling to our brain, it
will be from the external ear through ihe ear canal beyond the eardrum to the
middle ear from where these are conducted to the inner ear. At this stage, the
mechanical vibrations are converted into electrical impulses in the pari of the
inner ear, known as cochlea. These impulses then travel through the auditory
nerve to auditory areas of the brain, which perceive them as sound.

Defect in or damage to any of these parts will result in hearing impairment of
varying degree and type which in turn will create innumerable problems for the
child / person.

The first step in the rehabilitation of a born or prelingually hearing impaired
child is to get its hearing tested, and, if medical intervention is not possible, to
provide a suitable hearing aid as early in childhood as possible. This of course
will be of no use if this is not immediately followed by training at home under
proper guidance or at an early intervention center. However, in this Block 1 of
Paper II (comprising 4 Units), we are mainly concerned about the ‘what’ and
‘how’ of the process of assessment of hearing.

To understand hearing tests it is necessary to know something about sound,
Unit I of this block tells you about the properties of sound, and how these are
measured and quantified, It also describes the anatomy of the ear and the
functions of the different parts of the ear.

Unit 2 is concerned with the medical aspects of hearing impairment, namely
the causes of hearing impairment and their treatment,

Unit 3 will help us to know more about the various hearing evaluation tests
and the interpretation of these,

Unit 4 describes the different test procedures used for various age groups by
using pure-tone audiometry.



As you read through these Units, you will first marvel at the nature’s superb
creation of such a complicated piece of biological engineering, namely the ear.
Then, as you read further, the information about the tests of hearing and the benefits
derived from these, will make you wonder at what has been achieved by man as
regards the assessment of the malfunctioning ear and development of devices used
for the purpose. However, it must always be borne in mind that the provision of a
hearing aid is only the first step towards the actual process of education and
rehabilitation of a young hearing-impaired child. This process is most difficult and
may continue thereafter for years to follow.
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1.1 INTRODUCTION

Sound is a form of energy. This energy is very crucial for us to carry out our day-to-
day activities as the predominant mode of our human communication (which is
verbal) uses the sound energy. Basic knowledge about the physics of sound is
essential for any student dealing with hearing persons or persons with hearing
disorders. The word “Physics” comes from a Greek word, the meaning of which is
“Nature”. Physics is the branch of science, which deals with the study of matter and
ENERGY. Sound is a form of energy. Under this unit, one studies the properties of
this form of energy. Further, physics is a quantitative science. Hence, this unit also
deals with the way the different properties of sound are measured and quantified.

Knowledge regarding the organ. of hearing and about how we hear sounds is
essential tor studenis dealing with he:-#g impaired population. This information on
ANATOMY ( i.e. study of the structure of the body / organ ) and PHYSIOLOGY(
i.e. study of the functions of the different parts / organs of the body) will help us to
understand the different conditions causing hearing loss, about the types of hearing
loss and also about the different degrees and nature of hearing loss. In addition to
this, it helps us in knowing the reason (i.e. the underlying pathology) for different
shapes of “ Hearing Curves” ( ie. CONTOUR OF AUDIOGRAM) in various
conditions of hearing loss.

1.2 OBJECTIVES

After going through this unit you will be able to :

. Define sound

. State the different physical parameters of sound

. State the different psychological attributes of the different parameters

U Know the units of ﬁleasurement of the different parameters of sound

. Have a basic idea about the Decibel concept

° Know about different types of sounds around us.

. Name the different parts of the ear.

° Identify the different parts of the ear in a diagram.

® State the functions of external ear, middle ear, inner ear and the auditory
pathway.

J State how the sound is conducted from one part of the ear to another.

5
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1.3 WHAT IS SOUND? -~ DEFINITION

Sound is that form of energy that is produced due to the vibration of the
surrounding air or other medium.

It is actually patterns of successive pressure disturbances occurring in some
molecular medium, which may be gaseous, liquid or solid.

Sound is that which is or which may be HEARD.

The general properties of sound are:

a) It is generated by vibratory motion. We hear sound when we ring a bell,
when we clap, when we strike on the drums, when we vibrate our vocal
cords in our voice box during speaking etc. '

b) It can be transmitted through a medium, which delays it and attenuates its
intensity. Sound can be transmitted through air very well. ii can be
transmitted through water or other liquids also. It can also be transmitted
through solids such as walls, rocks etc. However, it cannot be transmitted in
the absence of a medium i.e. in vacuum. Sound takes time to move from one
point to another and therefore when it is being transmitted from one point,
there will be delay in reaching the subsequent points. If the source of sound
is near to a RECIPIENT, the sound will be heard sooner than if it were far
from it. o

c) When the Sound is transmitted from a source, it also looses some POWER
as it moves further and further away from it.

d) It can be received at a point distant from its origin. This is the reason why
we can hear the horn of a bus from a long distance, even when the bus is not
in sight.

1.4 PHYSICAL PARAMETERES OF SOUND

PARAMETER refers to any measurable or quantifiable characteristic or feature.
The three physical parameters of sound are: Frequency, Intensity and phase. These
parameters can be easily understood if we consider a SIMPLE HARMONIC
MOTION (SHM). SHM is descriptively named. Oscillatory motion of a particle
when it is repetitive or cyclic and is unaffected due to any friction etc, it is referred
to as simple harmonic motion. Fig.1 shows such a waveform.
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Fig.1 Simple Harmonic Motion
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1.4.1. Frequency

The number of oscillations performed by a particle in one second is called its
FREQUENCY. It is measured in terms of cycles or osciliations or vibrations per
second. It is also referred to as HERTZ (HZ), in honour of a scientist named Hertz.
If a particle completes 1000 cycles in one second, its frequency is 1000 Hz.
i.e.1KHz

The human ear can hear frequencies from 20Hz to 20,000 Hz (i.e.20KHz). The
frequencies, which are less than the human audible frequency, are called as

SUBSONIC or INFRASONIC FREQUENCIES and those, which are above the
human audible range, are called as ULTRA SONIC FREQUENCIES.

1.4.2. Intensity

In physical terms, intensity is referred to as AMPLITUDE. Amplitude is the extent
of displacement of the vibratory particles in either direction from the position of
rest. (see fig. 1). Intensity of sound is measured on a decibel (dB) scale with a
specified reference sound of Sound Pressure Level (SPL) or Hearing Threshold
Level (HTL/ HL). Human ear can hear sounds which are as soft as 0dBSPL ( i.e.
the sounds which are of sound pressure level of 0.0002dynes /sec’). Sound causes
discomfort when it is 120 dB SPL and becomes painful at 140 dB SPL. (See 1.8. for
decibel scale)

1.4.3 Phase

Phase is the part of the cycle the sound has reached at a given point in time. It is
expressed in DEGREE. A complete cycle extends 360°. In fig.1, the beginning of
the wave is 0°,the 1% peak (compression / Positive peak) is 90° the rest following is
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180° , the 2™ peak ( rarefactlon / Negatlve peak) following is 270° , the rest point
followmg again is 360°. This parameter is not of much importance to thls paper.

15 PSYCHOLOGICAL ATTRIBUTES OF SOUND

When we hear a sound, we perceive it as having certain characteristics or qualities.
The physical parameters discussed above contribute to the perception of certain
specified characteristics. Thus, each of the physical parameters has certain
psychological attributes. They are:

a) PITCH: This is the psychological attribute of frequency Higher the frequency,
higher is the perceived pitch. Thus, we have very high-pitched sounds, which can be
described as shrill, low-pitched sounds, which are bass etc. Examples of high-
pitched sounds are: sound of a metallic bell, whistle, voice ol children etc.
Examples of low-pitched sounds are : sound of a drum, buffalo sound, a normal
adult male’s voice etc.

b) LOUDNESS: This is the psychological attribute of intensity. Higher the
intensity louder will be the sound. Thus, we have loud sounds of aeroplanes,
orchestra, people shouting etc and soft sounds of whispets, breeze etc.

¢) TIMBRE: this is the psychological dimension corresponding to the complexity
of the sound. This is also referred to as the quality of the sound.

1.6 DECIBEL SCALE

Since sound is a form of energy, it can be measured using the derived units hke
power (such as in WATT) or pressure (such as in NEWTON / METER? i.e. N/ m
). It can also be measured using smaller units of the same scale such as dynes/cm
However, the energy of the sounds we hear (from softest to the painful sound) is so
little that these measures are very impractical and cumbersome to handle. The sound
pressure level of the softest sound we hear is 0.0002 dynes / cm 2 where as that of
the sound which will be painful has a sound pressure level of 2000 dynes /cm*
which is 10,000,000 (10 million ) times greater. Therefore, a ratio scale comparing
the sound in question to a REFERENCE sound level is more convenient. The
REFERENCE sound level chosen is the sound pressure level of the softest sound a
normal adult human ear can detect, i.e. 0.0002 dynes / cm® * In humans, the ratio of
the highest tolerable sound pressure to the sound pressure that can just be heard
exceeds 10,000,000 : 1 Therefore, to make the ratio scale further easy to handle, a
LOGARITHMIC RATIO SCALE ( to base 10 ) called as the DECIBEL SCALE
(dB scale) has been adopted. Thus, for every TEN FOLD increase in the sound
pressure level, there is an increase of 1dB only. The logarithmic dB scale also

8
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makes the multiplication and division of the sound pressure levels easier. (Please
study about logarithmic scale separately for a better understanding of the concept)

The decibel (Sound Pressure Level — SPL) is defined as :
dB (SPL) = 20 logjp P1/P2, where in Pl is the sound in question
for measurement and P2 is the reference sound ( i.e. with a SPL of
0.0002 dynes / cm?).

Table 1 gives the ratios which are relevant for the human audible range of intensity
along with the respective levels in dB SPL .It may be noted that even though the
ratios range from 1 to 10,000,000 ( i.e. one to ten million), the dBSPL level ranges
only from 0 to 140. -

Table 1. Ratio of dBs in Pressure

Ratio Pressure (dBSPL)
1 0.0

2 6.0

10 ‘ 20.0

20 26.0

40 32.0

60 35.6

100 40.0

10,000 80.0
10,000,000 140.0
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1.7 SOME TYPES OF SOUNDS

We hear various types of sounds in our environment. Different types of sounds are
used for Audiological evaluation. We also use various types of sounds in training
the hearing impaired such as in AUDITORY TRAINING and SPECH AND
LANGUAGE TRAINING. Therefore, it is important to know a little about the
various types of sound, and their definition so that we can identify them and use -
them appropriately.

1.7.1. Pure Tones

These are the sounds that contain only one frequency .Its waveform repeats itself
every ‘" seconds. Pure tones are not very frequently heard ‘n our day-to-day
activities. However, they are the ideal stimuli for audiological evaiuations as
information about each pure tone may be obtained. A
Examples of pure tones are : the sound produced by TUNING FORKS, PITCH
PIPES used by musicians, factory SIRENS etc. Pure tones of 250 Hz, 500 Hz,
1000Hz, 2000Hz, 4000Hz, and 8000Hz are used in PURE TONE AUDIOMETRY.
The waveform of pure tones is as shown in fig. 1.

1.7.2 ~ Complex Tones /Sounds

Complex tones are sounds that contain more than one pure tone in a SYSTEMATIC
manner. The waveform will be periodic. There will be a  pattern in the way the
various pure tones are combined and hence the resultant sound is pleasant to hear.
Examples of complex tones are : sounds of the musical instruments, door bell, our
speech etc.

The waveform of complex tones is as shown in Fig 2.

Fig;2 Complex Sound

10
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1.7.3 Noise

Noise is said to be an aperiodic signal because it fails to repeat itself at regular
intervals. These sounds contain more than one pure tone / complex sound BUT in a
haphazard manner and hence the waveform will not be periodic. Because of the
irregularity in the combination of the different sounds, noise is unpleasant to hear.
Examples of noise are : Traffic noise, noise in a market, sound made by electrical
appliances such as fans, mixer —grinder etc.

1.7.4 Different Types Of Noises

a. Broad Band / White Noise: These are signals have equal energy on an
average at a wide range of frequencies.
Figure 3 shows the waveform of white noise.

Fig.3 White Noise

MA M
VoV 4 ()

b. Narrow Band Noise : Narrow Band Noise has energy in a narrow band of
frequencies with maximum energy at a CENTRE FEQUENCY, and
systematically reduced energy at the adjacent frequencies of the centre
frequency.

1.8 ANATOMY OF THE EAR

The ear is described as A Master Piece of Biological Engineering !!

We have two_ears placed on either side of the head in a symmetrical way. The
important parts of the ear are hidden inside the head. What we see outside is only a
very small and not so important part of the ear. However, the other parts are much
more complex and important. The whole of auditory system covers a length of not
more than 4 — 5 inches with in the head. However, this sense organ is considered to
be the most complex sense organ. This is the only sense organ which is active even
when a person is asleep and is far away from the source of sound.

11
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The Auditory system, generally called as the EAR is divided into 4 parts / portions,
namely :

e External Ear,

e Middle Ear,

e Inner Ear, and
e The Auditory Pathway.

1.8.1 External Ear

The External ear or the OUTER EAR consists of the PINNA or the AURICAL and
the EAR CANAL or the EXTERNAL AUDITORY CANAL (MEATUS).

a. Aurical :

Aurical is the part we can see from out side. This is somewhat cone shaped and is
attached to the head, on either side, at about an angle of 30° to 40°. The deep
portion in the center is called as CONCHA. The soft lower portion where one puts
on the ear ring is called as LOBULE. '

The Aurical is made up of ELASTIC CARTILAGE. There is no bone in the
auricles. It has blood and nerve supply.

b.  External Auditory Canal:

This is an 'S’ shaped tube open at the pinna and closed in side by the eardrum. It
measures about 25 — 40 mm in length and has a volume of about 4 cc. The outer
two thirds of the canal has cartilaginous base whereas the inner one third has bony
base. The canal is lined with skin (EPITHELIAL CELLS). The outer portion of the
canal has hairs on the skin. It also has wax-secreting glands called as
CERUMENOUS and SEBACEOUS GLANDS. Like any other part of the body, ear
canal also has blood and nerve supply.

12
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1.8.2 Middle Ear

Middle ear is a small air filled cavity of about 2 cc. Volume. The eardrum
(TYMPANIC MEMEBRANE) separates the external ear from the middle ear. The
important parts of the middle ear are :

a. Ear Drum (Tympanic Memebrane):

This forms the outer wall of the middle ear cavity. It is a very thin membrane of
about 1/10™ mm thickness. It is roundish oval in shape. It is also concave. It has an
area of about 85 to 90 mm?. The deepest (center) point of the membrane attaches
itself to a little bone (Malleus) inside the middle ear cavity. A small portion of the
TM is very thin and is called as PARS FLACCIDA. The rest of the TM is -
relatively thick and is known as PARS TENSOR. :

D. Ossicles :

There are three little bones in the middle ear known as the OSSICLES. These three
bones are joined to one another and form a CHAIN. This chain of ossicles is
suspended in the air filled middle ear cavity. It connects the TM to the inner -ear.
The three ossicles are :

1) MALLEUS : This is a hammer shaped bone measuring 8mm in
length and 25mg in weight. It has a long handle, which gets attached
to the TM at a point called as UMBO and a short handle, which is
free.

i) INCUS : This is an anvil shaped little bone with the same length and
weight as the malleus. The head of the incus is attached to the head
of the malleus. This ossicle also-has two handle-like structures. The
long one gets attached to the third ossicle STAPES. The short one is
free. ' i

iiiy  STAPES : This is a stirrup shaped bone. This is the smallest bone not
only in the middle ear but also in the whole body. This has a small
head and an oval shaped FOOT PLATE. Two curved handles giving
it the shape of a stirrup connect these two parts. This bone measures
only 2.5mg in weight and less than half the length of malleus and
incus.

c. Middle Ear Muscles:

There are two little muscles in the middle ear. TENSOR TYMPANI MUSCLE is
attached to the long handle of the malleus. This muscle is supplied by the v
CRANIAL NERVE (i.e. Trigeminal Nerve). The other muscle is the STAPEDIUS

14
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MUSCLE. This muscle is supplied by the VII™ cranial nerve (i.e. Facial nerve).
This muscle is attached below the head of the stapes.

d.. Eustachian Tube

This is a tube, which runs from the wall of the middle ear cavity that is towards the

center of the head (i.e. ANTERIOR WALL). This tube, which is about 30 to 40 mm

in length, connects the middle ear to the NASOPHARYNX (i.e. Upper portion of -
the inside of the mouth).

e. Windows Of The Middle Ear

There are two windows on the inner wall ( i.e. MEDIAL WALL) of the nuddle ear.
This is the wall which separates middle ear from the inner ear.

One is called as the OVAL W™DOW, as it is oval in shape. The footplat» of the
stapes rests on this window and thus the ossicular chain makes contact with the -
inner ear. The other window is called as the ROUND WINDOW. This window is
covered with a very thin (thinner than the -TM) membrane. There is a bony
prominence (round in shape) in between the two windows. This part is called as the
PROMONTARY. The inner ear is placed behind these structures. :

1.8.3 Inner Ear

Inner ear is referred to as° BONY LABYRINTH as it consists of a set of
complicated tubes in it. The inner ear houses both, the oorgan of hearing called as
COCHLEA, as well as the organ of balance called-as. VESTIBULE In this unit,
our concern is only with the cochlea. i

Cochlea is a snail shaped bony structure. The snail shape is obtained as the cochlear
tube wounds around a central bony pillar like structure cailed the MODIOLUS two
and two third times. The basal end of the cochlea (which is towards the middle ear)
is broader and the apex is pointed. Inside, all along this bony coil, there is'a
membranous tube. The bony cochlea is filled with a fluid called PERILYMPH. The
membranous tube is suspended inside this fluid. The membranous tube is also filled
with another fluid known as ENDOLYMPH. :

This arrangement of the membranous tube lying inside the bony tube results in the
formation of three compartments inside the cochlea. Two compartments have bony
wall as their outer wall and these two compartments are connected with each other
at the apex of the cochlea. This point of connection is known as the -
HELECOTROMA. The compartment in contact with the oval window is called as
SCALA VESTIBULI. The other compartment, which is in contact with the round
window, is the SCALA TYMPANL. It is these two compartments, which contain
perilymph. The membranous compartment, which is situated in between these two

15
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compartments, is known as the SCALA MEDIA. This division contains endolymph.
It is this compartment, which houses the end organ of hearing that is called as THE
ORGAN OF CORTI.

The Organ of Corti

The Organ of Corti is a cluster of cells situated on the BASILAR MEMBRANE.
Basilar membrane is the membrane that separates the Scala Media from the Scala
Tympani.

There are, basically, two types of cells in the Organ of Corti. They. are, the
SUPPORTIVE CELLS and the HAIR CELLS. The hair cells are the most important
sensory structures. They have CILIA on top of their cell body and hence get the
name HAIR CELL. There are two groups of hair cells separated by some supportive
cells called as ROD CELLS. These rod cells make a tunnel like formation and have
hair cells on both their sides. The INNER HAIR CELLS are placed in a single row
and are few in number, while the OUTER HAIR CELLS are more in number.
They are placed in 3 to 4 rows.

There are some important membranes in the Organ of Corti. The membrane which
houses the Organ of Corti , as explained earlier , is the Basilar Membrane. There is
a leaf like membrane, which hangs over the hair cells and is almost in contact with
the cilia of the hair cells. This membrane is attached only on one side and the other
end hangs loosely over the organ of corti. This membrane is known as the Tectorial
Membrane. There is a very thin membrane that is present at the top of the cell
bodies of the hair cells. This membrane is so thin that the cilia penetrate through
this and get immersed in the endolymph of the Scala Media. This is the Reticular
Membrane. Apart from these 3 membranes, the. Scala Media has another membrane
which divides it from the Scala Vestibule called as the Reissner’s Membrane.

The hair cells are supplied by a complicated network of nerve fibres of the VIII
cranial nerve i.e. the AUDITORY or the COCHLEAR nerve. All these nerve fibres
join their cell bodies in the SPIRAL GANGLION and join to form the auditory
nerve. This nerve traverses out through the modiolus.

1.84 Auditory Pathway .

The Auditory nerve joins the VESTIBULAR NERVE, coming from the vestibule
and leaves the inner ear through a small bony canal called as the INTERNAL
AUDITORY MEATUS. It is then referred to as the ACOUSTIC NERVE. This
acoustic nerve, along with a couple of other cranial nerves, moves to the BRAIN
STEM and ascend up towards the cortex. While moving up in the brain stem, they
synapse at various levels of brain stem. In this process, the majority of the nerve
fibers from one ear CROSSES OVER to the other side and vice- versa. Then they
terminate in the AUDITORY CORTEX in the TEMPORAL LOBE. Thus, the nerve
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fibers from the left ear terminate in the right temporal lobe of the right auditory
cortex and vice- versa.

1.9 PHYSIOLOGY OF THE EAR

1.9.1 Functions of the External Ear

The functions of the external ear are the following:

° The pinna “collects” the sound and directs it into the ear canal. It also makes
- the higher frequency sounds (i.e.5000Hz to 7000Hz) a htt]e louder by
“RESONATING” it. .

U The ear canal transmittes the sound to the ear drum. It also makes certain
frequencies (around 2KHz) louder because of its natural resonance.

T e The ear canal, because of its “S” shape protects the eardrum from direct
injuries from sharp objects.

° The hair and the wax present in the ear canal protects the eardrum by
preventing the entry of any foreign body such as insects, worms etc. If they
enter, they get stuck to the wax and hence cannot easily reach thé eardrum. -

1.9.2 Functions of the Middle Ear

The sound falling on the eardrum (Tympanic Membrane — TM) sets it to vibration.
This vibration in turn vibrates the ossicular chain. When the sound is conducted
through the ossicular chain, the footplate of the stapes starts ROCKING. This
rocking motion of the footplate of the stapes passes on the vibration to the inner ear.
In this process of transmission of sound from the outer ear to the inner ear the
middle ear serves the following functions:

° It conducts the sound from outer ear to the inner ear,

° It acts as a TRANSFORMER by conserving and enhancing the sound so that
not much energy is lost due to impedance mismatch while transmitting the
sound from air media to fluid media ( i.e. to the perilymph in Scala
Vestibuli). The transformer action of the middle ear enhances the sound
energy up to 27 dB.

° It protects the inner ear in two ways: 1) It gives the cushioning effect to the
inner ear; ii) the ACOUSTIC REFLEX elicited due to the contraction of the
two muscles in the middle ear (i.e. Stapedius and the Tensor tympany )
protects the inner ear from damage due to very loud sounds.

° The Eustachian tube helps to maintain the air pressure in the middle ear. It is
maintained at par with that of the atmospheric pressure. This helps in the
effective conduction of sound from the outer ear to the middle ear.
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Eustachian tube also helps to drain out any secretion produced in the middle
ear into the NASOPHARYNX.

1.9.3 Functions of the Inner Ear

The rocking of the footplate of the stapes due to the vibrations conducted by the TM
disturbes the fluid in the Scala Vestibuli. Thus, the mechanical vibrations of the
sound is passed on to the inner ear. The fluid (i.e. perilymph ) in the scala vestibuli
in turn displaces the Reissener’s membrane which separates the scala vestibuli from
scala media. This dlsplacement of the thin membrane sets the endolymph to vibrate.
When the endolymph is set in to motion, it ends up activating the hair cells in the
Organ of Corti. Hair cell activation triggers the nerve impulse in the VIII nerve.
This impulse will be electrical in nature and will be conducted along the auditory
pathway.

- Sound may also reach the inner ear by other routes. Sound can directiy iravel across
the middle ear and stimulate the round window; it can also be transmitted through
the bony structures of the skull. Irrespective of the mode of conduction of sound to
the inner ear, the inner ear has the following functions :

° It acts as a transformer by converting the mechanical energy (sound
vibrations) into electrical impulses by the functions of the hair cells. This
process is called as the TRANSDUCTION PROCESS.

° Cochlea bas FREQUENCY TUNING function. Thus, at the cochlear level
itself the analysis of the frequency of the sound takes place.

J Similarly, the intensity-analysis also starts at the cochlear level.

1.9.4  Functions of The Auihtory Pathway :

Sound converted as electrical impulse is referred to as ACTION POTENTIALS.
This is transmitted through- the auditory nerve to the brainstem. As mentioned
before, the majority of the impulses from the right side cross over to the left side
and vice—versa. These impulses carry all the information regarding the frequency,
intensity and time of the sound very systematically till they reach the Auditory
cortex. Once the impulses reach the various parts of the auditory cortex, the sound
will be PERCEIVED AND HEARD. Thus the auditory pathway functions as a
RELAY and CONTROL center.

'1.10 SUMMARY

. Sound is a form of energy . This is a very important form of energy for us as
we use this energy to talk and communicate effectively.
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There are three physical parameters of sound namely : frequency, intensity
and phase. Frequency is expressed in Hertz ( Hz), Intensity is expressed in
db scale and Phase is expressed in degree.

Decibel scale is a logarithmic ratio scale , constituted to make the
measurement of sounds easy. :

We hear sounds from 20 Hz to 20,000 Hz. The softest sound a normal
person hears is 0dBSPL , which has a sound pressure level of 0.0002 dynes /
cm ? and the sound whlch causes pain is 140 dBSPL (with a sound pressure
level of 2000 dynes / cm 2,

The psychological correlate of frequency is PITCH, that of the intensity is
LOUDNESS.

There are different types of sounds around us namely, pure iones (with
single frequency sounds), Complex tones (with more than one pure tones but
are periodic and hence pleasant to hear), noise which are combination of
sounds in an aperiodic manner and hence unpleasant to hear.

Anatomy and Physiology of the Ear :

The ear is d1v1ded into three parts namely, external ear, middle ear and
the inner ear,

Pinna and the external auditory canal make up the external ear,
Middle ear is an air-filled cavity. It has the ear drum and the ossicles,

The inner ear has both the end organ of hearing as well as the organ of
balance,

The end organ of hearing is called a cochlea,
The end organ of balance is called a vestibule,

The auditory nerve starts from the inner ear and carries auditory messages to
the brain through the auditory pathway,

External ear collegts the sound and directs it to the ear drum via the external
auditory meatus,

The ear drum and the ossicles vibrate and pass on the sound to the inner ear,

Both the external ear and the middle ear make certain frequency sounds
louder due to resonation, '

The inner ear converts the sound into electrical energy and activates the
nerve impulse,
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° The nerve impulse is passed on to the brain through the auditory pathway.

1.11 SELF STUDY

1. Listen to the sounds in your environment and list them. State whether they are
a) pure tones, b) complex tones, or c) noise. | |

2.  State the pitch and loudness of each sound you have listed.

3. Study the Logarithmic table to understand the dB concept.

4.  list out the types of noise you hear in your environment.

5

Observe the pinna of some persons to remember its shape and parts.

1.12 ASSIGNMENTS

1. Find out the intensity level of sounds in the environment in dBSPL from the
books listed at the end of this unit.

2. Prepare a diagram of different parts of an ear on a chart paper and label it .

3.  “Look into” the ear canal of a subject by pulling the pinna upwards and
backwards and try to see the ear drum. Flash a torch to have a better view.
Explain why you had to pull the pinna upwards and backwards.

1.13 POINTS FOR DISCUSSION

After going through the unit you may like to have further discussion on some points
and clarification on other. Note down those points below :

1.13.1 Points for Discussion
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1.13.2 Points for Clarification

1.14 REFERENCES

1. Bess, F.H., and Humes, L.E. Audiology — The fundamentals. 2" edition.
Williams and Wilkins, Baltimore .1995.

2. Rose, D.E. (Ed) Audiological assessment. Prentice Hall, 1972

3. Yost, W.A. Fundamentals of Hearing : An Intrbduction, ed 3. NewYork, Academic
press, 1994. _ ‘

21



M.P BHOJ (OPEN )UNIVERSITY
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2.1 INTRODUCTION

You have studied the structure and function of an ear in the previous module. In
Audiology by ‘normal ear’ we mean the ear of a young adult (from18 to 22 years)
which has had no known pathology or no known history of infection nor any
other kind of disorder. In terms of hearing levels -10dB to 20dB is considered as a
normal hearing level. A disorder of hearing is defined as any significant
deviation from the behavior of the average normal ear. In this module we shall be
concerned with the medical aspect of hearing impairment, the causes of various
hearing impairments and their treatment. We will also find out the information
about incidence of hearing loss in India and the preventive measures that can be
taken to reduce this incidence.

2.2 OBIJECTIVES

At the end of the unit students will be able:

° To differentiate between organic and non-organic hearing loss.
U To explain the types of hearing loss.

° To enumerate the causes of conductive loss.

° To describe the treatment of conductive loss.

. To differentiate between conductive and sensory neural loss.

° To understand the causes of sensori-neural loss.

o To explain prevention of hearing loss.

e To understand the incidence of Ahearing loss in India

2.3 DEFINITIONS OF VARIOUS TERMINOLOGIES

Hearing losses are classified taking into account age of onset, site of lesion, genetic
factors, degree of loss etc. The specific terminologies are used to describe the
different classes and types. Let us get familiar with these terminologies.

Organic hearing loss: The term organic hearing loss imph'es to a definite defect in
auditory system (that may be in external, middle, or inner ear or in the auditory
nerve ) resulting into hearing loss. Majority of hearing defects fall into this
category.

Non organic hearing loss: The hearing loss that is not due to physical
impairment in auditory system is called as non- organic loss. The cause of this loss
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is rather psychological than anatomical. This loss is also referred to as
psychogenic or functional hearing loss. The functional loss may be combined
with organic loss or in some cases arises from organic loss. Example: Sometimes
the patient may have a mild to moderate degree of actual organic loss but behave as
if his hearing were profoundly impaired. This patient would be described as having
a ¢ functional overlay ¢ on a true hearing loss.

Malingerer: An entirely different sort of assumed hearing loss occurs in the case of
the malingerer, who adapts the role of deafness or hearing impairment
consciously and deliberately for purposes of his own. Sometimes these purposes
are concerned with financial reimbursement for ¢ injury * incurred on the job.

The person is well aware of the true state of his hearing.

Hereditary hearing loss: Hereditary hezring loss may be defined as the loss caused
by factors present in the genetic make up of the fertilized ovum. Hereditary
hearing loss may be transmitted as a dominant or recessive characteristic.

Congenital hearing loss: Congenital hearing loss means the condition of hearing
loss existing since birth. Congenital hearing loss may be hereditary or may develop
during prenatal or natal period.

Acquired hearing loss: The term indicates that the hearing mechanism was normal
at one time and hearing loss developed at a later stage due to some reasons like
severe illnesses, accidents etc. Acquired hearing loss is further grouped into pre-
lingual and '

post-lingual hearing loss.

Pre-lingual hearing loss: The term pre lingual indicates that hearing loss
developed prior to the language learning age. The hearing loss developed during
the first three years of life is considered as pre lingual loss.

Post-lingual hearing loss: The term post lingual loss suggests that hearing loss
developed after the language had developed significantly. Post-lingual hearing
loss can be sudden or progressive in nature.

Sudden hearing loss: Sudden hearing loss results due to one time insult to the
auditory system. The damage to the auditory system remains as a permanent hearing
loss. Example: Hearing loss developed due to trauma.

Progressive hearing loss: This term indicates that hearing loss is getting worse
with time This may be due to any infection or hereditary disorder. Any significant
deviation form the behaviour of the average normal ear can be considered as a
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hearing disorder. The disorders of hearing can result from defects or diseases in
outer middle or inner ear or auditory nerve. They. are classified into three major
types, taking into account the part of the ear affected, ;

a) Conductive impairment , b) 'Sensori-neur-al impairment, c¢) Mlxed
Impairment.

This classification is used by otologlsts and audiologists for the purpose of
diagnosis and treatment. These three types of hearing disorders, their causes and
treatment are discussed below. :

24 CONDUCTIVE IMPAIRMENT

Any dysfunction of the outer or middle ear in the presence of a normal inner
ear is termed a conductive impairment of hearing. In other words, the difficulty is
not with the perception o7 sound but with the conduction of sound to the ar alyzm;:,
system. Acquired hearmg losses in children are more likely to be of the
conductive type. The conductive hearing 1oss can be congenital or acqulred Somp
of the common causes of conductive loss are listed below:

2.4.1 Causes of Conductive loss
Conditions of the outer ear:

a.) Atresia: The atresia means absence of external ear. Occasionally babies are
born with missing or rudimentary and occluded canals. This condition is
referred to as agenesis of the pinna and atresia of the. external auditory
canal. More often congenital atresia is accompanied by the anomaly of the
middle ear as well. Frequently the drums and ossicles are missing
entirely. By and large children with congenital atresia have conductive
hearing loss as their inner ear is well developed structurally. ‘However in-
some cases middle ear anomaly is also associated with deformltles 1n the
inner ear.

b.) Wax in external auditory canal: The commonest cause of hearing due to.
the improper functioning of the outer ear is a blocking or plugging of the
ear canal by an excess accumulation of cerumen( wax ). Ear wax
formation and its outward movement towards the pinna is a self- cleaning
mechanism of the external auditory system. Some people produce much
more cerumen than they need for the ordinary protection of the ear drum,
with the result that the cerumen builds up into a plug, which effectively
prevents sound waves from reaching the ear drum. Sometimes wax gets
hardened in the ear canal and becomes impacted.
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d)

Foreign body obstruction: It is possible for the canal to be blocked by
other substances besides wax. The obstruction of the external canal by a
foreign body may give rise to conductive hearing loss especially in children.
The children may stuff objects like beans, wads of papers, beads, pieces of
crayons etc in the canal. Hearing loss is usually not a major concern in such
cases unless the foreign body has ruptured the ear- drum.

External Otitis: External Otitis is an inflammation of the skin of the
external auditory canal, most frequently due to bacterial or fungal

infection. Usually the canal skin is red and edematous and only a small

amount of discharge is present. In some cases the condition may not result in
hearing loss however if the swelling of the canal is so marked that it
obstructs the canal conductive loss will result. Some varieties of ofitis.
externa are associated only with dry, scaling canal zkin with little discharge.

Conditions of the middle ear:

e Otitis Media: The most common cause of conductive impairment is an
inflammation or infection of the middle ear known as Otitis Media.
There are various types and forms of Otitis Media One form produces
retraction (forcing inward) of the drum owing to lack of sufficient
pressure in the ear. The other form of Otitis Media causes the drum to be
distended or forced outward from the pressure within the ear. The
distention of the drum is sometimes caused by the presence of fluid in
the middle ear cavity, usually as a result of infection in the nasopharynx.
The term serious Otitis Media refers to various conditions of the fiuid
in the middle ear cavity. If the fluid is clear and not pus the condition
is called as Non-suppurative Otitis Media and if the fluid is pus the
condition is referred as Suppurative Otitis Media. The temporary
condition of infection and inflammation of middle ear is named as Acute
Otitis Media. The term Chronic Otitis Media is used for the recurring
and frequent infections of the middle ear. If Acute Otitis Media
remains untreated can result into Chronic Otitis Media which may lead
to conditions such as perforation of the ear drum, growth of
granulation tissue and infection of the temporal bone.

e Cholesteatoma: It is a condition associated with Chronic Otitis Media.
A marginal perforation of the drum may result in an in-growth of skin
forming a pseudo-tumor called cholesteatoma which invades the
middle ear and mastoid space and can also destroy ossicular chain.
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e Otoscleresis: Otosclerosis is a hereditary disease that is more common
in females than in males. The disease begins at a young age. This is a
disease process that affects the bony capsule of the inner ear, turning the
normally hard bone into spongy bone. Typically the oval window is
covered with bony deposit and the footplate of the stapes becomes
fixed in the oval window in such a way that normal movements do not
occur. The fixation of the stapes occurs gradually over a period of
years and produces a progressive hearing loss. Usually otosclerosis
produces a conductive type of loss because of failure of transmission
of vibrations to the fluid of the inner ear. At later stages the disease
invades the inner ear and causes destruction of some nerve fibers.

2.4.2 Treatment of Conductive Loss

The patients with conductive hearing loss may avail medical and surgical line of
treatment, which usually can improve the hearing. If inner ear is normal, the cases
of congenital atresia can be treated surgically. A bone conduction type of hearing
aid can also be used temporarily till the time of surgery. Impacted wax or foreign
bodies can be carefully removed by otologists.

The treatment for otitis media is usually the administration of the antibiotic
drugs in order to control the infection in the ear. If there is any danger that the drum
might spontaneously rupture due to the fluid collection, the operation is performed
to allow the middle ear cavity to drain. This operation is called myringotomy.
Sometimes the surgical procedure called tympanoplasty is done in order to
improve hearing through repair or reconstruction of damaged parts of middle
ear. In chronic Otitis Media with drainage through a perforation and possibly with
the presence of cholesteatoma, there is always the danger that the infection or the
growth will reach the covering of the brain and cause meningitis or other
complications. It may be necessary for otologists to perform an operation called
mastoidectomy as a preventive measure. The surgical procedure used for
Otosclerosis to restore hearing is called as Stapedectomy.

2.5 SENSORI-NEURAL IMPAIRMENT

When the loss of hearing function is due to pathology in the inner ear or along the
nerve pathway from the inner ear to the brain stem, the loss is referred as sensori-
neural impairment (also written as sensorineural or sensory-neural). A pure
sensori-neural impairment exists when the sound conducting mechanism, i.e. the
outer and the middle ear is normal in every respect. In other words, sound is
conducted properly to the fluid of the inner ear but it cannot by analyzed or
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perceived normally. Sensori-neural impairment can be present at birth or can be
developed in the later stage of life.

2.5.1 Causes of Sensorineural Loss
Some of the causes of sensori-neural impairment are listed below:

° Heredity: Some cases of congenital sensori-neural loss may be attributed to
heredity, A-defect in the genes. Genes are found in chromosomes in the
nuclei of all the cells that compose our body. Hereditary hearing loss may
be transmitted as a dominant or recessive characteristic.

Heredity appears to be resporsible for a fairly ccusistent percentage of

hearing loss cases. Such hereditary factors involve epithelial cells that are
destined to form the inner ear. This may take the form of a failure to

develop specialized cells that form the nerve element of the Organ of Corti,
or there may be a tendency toward early degeneration of the fundamental

cells. The mechanism by which this defect is transmitted in the blood- line is

the same as that for such things as hair colour, facial features etc.

Hereditary hearing loss may be associated with other stigmata such as renal
involvement, degenerative diseases of nervous system, mental retardation and
metabolic abnormalities etc. _

s Damage to the Embryo in Utero( pre-natal causes ):

Many times, congenital deafness can be explained in the terms of damage
to the Embryo in Utero. It is known, for example that when the mother
incurs certain diseases early in pregnancy, usually during the first three
months of pregnancy, the embryo is subject to injury of various sorts,
including impairment of the hearing. German Measles (rubella) is one of
the most insidious diseases in its effects on the embryo. It may produce
such anomalies, singly or in combination, as deafness, blindness, cleft
palate, cerebral palsy and mental deficiency. The other diseases incurred by
the mother during pregnancy and having harmful effect on the embryo are
influenza, toxoplasmosis, bacterial meningitis.

Maternal alcoholism and drug addiction is also known etiological factors of
hearing loss. Maternal irradiation, toxemia, diabetes and severe systemic
maternal illnesses have been documented as causes of hearing loss. Maternal
use of certain drugs such as quinine and salicylic acid (derivatives of which
may be used to relieve pain) may affect the fetus and lead to hearing loss.

e Natal Causes (causes occurring during the process of birth):
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® Hemorrhage occurring during the process of birth and shortly after
birth may be responsible for hearing losses. There are numerous causes
for hemorrhage including trauma from prolonged or rapid delivery,
caesarian section, breech presentation, other abnormal birth conditions
and inept obstetric practice. Another common cause of injury is oxygen
deprivation (anoxia) and failure to breathe (apnea) during the process
of birth. The blood abnormalities (high level of bilirubin and jaundice)
caused by Rh incompatibility, which may be present when certain
differences in blood type exist between the parents can lead to hearing
loss.

® Infectious diseases: It has been found that bacterial and viral
infections can destroy cochlear hair cells leading to permanent hearing
less. The diseases thet mav cause sensori-neural impairment include
measles, mumps, scarlet fever, diphtheria, whooping cough, and any of
the unnamed viral infections.

Drug Induced Hearing loss: There is a group of ototoxic drugs Wthh has

a predilection for causing cochlear and in some cases vestibular damage.

Drugs that are particularly toxic to the ear are certain antibiotics, salicylates

and quinine. Streptomycin, which is prescribed for cases of tuberculosis, is

a vestibulo toxic and ototoxic drug. The drugs such as kanamycin,

neomycin, gentamicin and viomycin are ototoxics and should be used in-
treatment when no non- toxic drug is available.

Noise induced hearing loss: As the civilization has progressed, the noise in
the human environment has increased. The adverse effects of noise are
widespread with respect to human physiology and  produce changes in
many bio-systems including ear. Traumatic noise levels invariably affect
the hearing threshold at 4000 Hz first and as the exposure continues the
damage extends to other frequencies. There are many occupations in
which the workers are subjected to extremely noisy environment and are
susceptible to noise induced hearing loss that is caused due to damage to the
hair cells in cochlea. The use of ear- muffs and ear-protectors is
recommended for such persons. Exposure to intense noise for even brief
periods can also cause permanent damage to the nerve fibers in' the
cochlea.

Presbycusis: Presbycusis is a sensori-neural loss caused due to degenerative
changes of aging. It is the most common cause of sensori-neural loss in the
adult population. Recent statistics show that hearing impairment can occur
in as many as 25 % of those in the age group of 65 to 70 years. This
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percentage can increase up to 40% in the age group over 75 years. The
degenerative effects of aging can involve variety of locations and cell
types in cochlea. It is for this reason that presbycusis in some individuals
may be mild to moderate whereas may be profound for some other
individuals.

. Meniere’s disease: This is a condition confined to the middle ear and a
cause of sensori-neural impairment. The symptoms of Meniere’s disease are
tinnitus, vertigo (dizziness) and hearing loss. The immediate cause of these
symptoms is apparently an increased fluid pressure within the

Membranous labyrinth hence the disease is also referred to as
endolymphatic hydrops.

2.2.2 Treatment of Sensori-neural Loss

The inner ear structure has been considered as the most complex structure in the
body. Any effect in the inner ear is permanent in nature. The inner ear defect
cannot be cured, controlled or rectified by any medical or surgical
intervention. The term sensori-neural is self-explanatory and means that sensori
system is affected. The persons with sensori-neural hearing impairment are advised
to use amplification device i.e. Hearing aid. The congenital hearing loss or pre-
lingual hearing loss had adverse effects on speech and language development of a
child. Early identification of such hearing loss is essential so that the rehabilitation
process can be started as early as possible. The rehabilitation program includes
fitting of hearing aid, auditory training, language stimulation, speech correction,
parental counseling etc.

Some children with no recordable hearing and not benefiting from hearing aid may
be tried with cochlear implant, if otherwise found suitable.

2.6 MIXED HEARING IMPAIRMENT

There are many instances of persons exhibiting symptoms of both conductive and
sensori-neural types of loss. An elderly patient with presbycusis may also have
some conductive loss because of otitis-media or an otosclerotic may have some
secondary nerve involvement. Such cases demonstrating some degree of both types
of hearing loss are referred to as mixed impairment. The term mixed hearing loss
refers to hearing loss due to involvement of inner ear as well as outer or middle
ear. A patient with mixed hearing impairment shows some loss by bone
conduction but a greater loss by air conduction. The treatment of mixed
impairment can vary from patient to patient and decided by an otologist. The
treatment could be medical, surgical or use of hearing aid.
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2.7 INCIDENCE OF HEARING LOSS IN INDIA

The incidence of hearing impairment in India is quite alarming. Even though the
exact figures are not available, several studies have documented the incidence of
hearing impairment to be between 6.8% (ICMR Study, 1983) to 37% (Jain, 1967).
Stated below are the various studies conducted and the incidence of hearing loss
found (ref. status of disability in India 2000, page 106)

Reported Incidence of Hearing Impairment in India
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s
Reported by/ Poi)ulation studied Type of loss Incidence
Year of study 2
1. Gupta, 1965 General Population ~ Hearing Impairment 354 %
’ (in general )
2. Kapoor,1967 General Population Hearing Impairment 16.3 %
' o - ‘ ( in general )
3. Jain, 1967 General Population . Hearing Impairment 37%
' . (in general )
4. ICMR Rural Area .-Hearing Impairment ~ 10.7 %
Multicenter study (in general )
1983. -
Urban Area Hearing Impairment 6.8%
g - ( in general )
Rural .A’i‘ea Conductive Impairmen 48 %
Urban Area Sensori-Neural 417 %
' ‘ Impairment
5. Nikam, 1970 School going Hearing Impairment 3.9 %
wie children ( in general )
) 6. Vishwanath Rural School ' Hearing Impairment  18.9 %
1971 going children (in general )
7. WHO, 1988 Population with - Genetic Hearing 52%
hearing impairment - . Impairment
Populalidn with & ‘_ Genetic Recessive ~ 75.88%

hearing impairment .-

India is a vast country. To reach out to masses has been one of the
challenging tasks. We have yet to know the exact number of hearing
impaired.persons.

A comprehensive country wise sample\ sufvey of persohs with disabilities was
“undertaken by National Sample Survey Organization. (NSSO), in its 36" round in
'1981.  Another survey was conducted by NSSO in 1991 to estimate the magnitude
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of disabilities of the people in India. Estimated hearing and speech disabled number
is shown in table given below.

Estimated number of disabled persons in India: 1991

Category: Hearing and Speech Disability ' No. in
Millions

Type : Rural Urban Total
Male Male Female
Female ,

Hearing L0339 0.330 3242
1.409 1162 |

Speech 0.298 0.169 1.966
0.942 0.557

Hearing 0.557 0.426 4482

& ’ 2.009

Speech 1.490 !

The éurvey has also estimated the causes of various disabilities, the findings are
summarized in the following table showing per thousand distribution of
persons with hearing impairment separately for rural and urban areas.

Causes Rural Urban
German Measles/Rubella 9 14
Ear discharge 175 143
Other illnesses 186 197
Burns o 2 2
Injury other than burns 35 52
Medical/surgical intervention 10 21
Noise Induced hearing loss 17 18
Old Age 310 316
Other Reasons 77 88
Not known 179 149
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PREVENTION OF HEARING LOSS

Prevention of hearing loss is not yet an organized activity in India. However
certain important measures are bound to alter the incidence of hearing loss in India.
The actions need to include:

L.

W

Immunise all adolescent girlsA and women in child- bearing age against
Rubella,

Avoid consanguineous marriage in families.

Increase facilities for early detection of pregnancy and to know the Rh-
factor.

Encourag.e hospital delivery.

Educating the medical doctors on the need for judicious use of ototoxic
drugs while treating patients especially pregnant woman and infants.

To carry out immunization programs against diseases like mumps,
measles, tuberculosis etc.

Creating awareness regarding noise induced hearing loss among the
masses especially among those who are working in noisy surroundings.
Encouraging the use of ear-protectors and ear-muffs among people working
in environment where the noise levels are injurious to hearing mechanism.

A World Health Organisation (WHO) 1980 report summarizes the main causes
of hearing impairment as infection, neglect and ignorance. Low socioeconomic
conditions, inadequate health care and malnutrition are the factors responsible for
the above mentioned causes. According to WHO document of 1980, three levels of
prevention are defined as follows:

*

Primary prevention that includes the action aimed at preventing the
impairment from occurring.

Secondary Prevention that includes the action to be taken once impairment.
is present either to cure the disease or to control it. Example: Treatment of
Otitis Media. :

Tertiary prevention includes habilitation and rehabilitation aimed at
compensating for the hearing impairment by the use of amplification. It also
includes special education, vocational training, and counseling to the parents
of the hearing impaired.

The national and collaborative efforts for prevention of hearing _
impaired are a part of general measures undertaken for the prevention of
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all disabilities. Some of the measures Wthh are carried out are
mentioned below:

o National measure of immunization: Expanded program of immunization was

launched by the WHO in 1974 and was implemented in India in 1978 with the
collaboration with WHO. This is also one of the programs incorporated in
National Health Policy of 1983. The universal immunization program is aimed
at control of vaccine preventable diseases namely diptheria, pertussis, tetanus,
tuberculosis, poliomyelitis and measles. Hearing impairment is a sequel of
some of these infectious diseases or hearing impairment may result due to
ototoxic drugs administered to manage the disease. Implementation of this
program is resulting in reduction in the incidence of hearing impairment to
some extent by controlling the infectious diseases.

Netional lodine deficiency disorder control pregram: lodine deficiency is
reported to result in several disorders like goiter, mental retardation and hearing
impairment.

The population of Sikkim was screened for hearing loss (Roy Etal, 1991). It was
found that 42.47% of the lodine deficient population studied had hearing loss,
especially for higher frequencies (3000Hz, 4000 HZ and 6000 Hz). National lodine
Deficiency Disorder Control Program helps in prevention of hearing
impairment by controlling the cause of deafness.

e Child survival and safe metherhood program: This program was launched in

1992-93 as a seven year project with the financial assistance of World Bank and
the UNICEF. The aims and objectives of the project were:- A

. Sustaining and strengthening universal immunization program,
oral re-hydration therapy to control diarrhoea.

. Improving the maternal care at community level by providing
training to the traditional birth attendants and providing disposable
delivery kits.

. Control of acute upper respiratory track infection for children
below five years of age.

. Setting up sub district level first referral units to attend
emergency cases. These projects aim at hygienic deliveries and
immunization of the newborns that helps in early detection and
control of infections, Indirectly this program is useful in controlling
the causes of hearing loss,
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2.2 EFFECTS OF HEARING LOSS

The overall impact that a hearing impairment will have on a life is greatly
influenced by the age of onset, the age at which the hearing loss was diagnosed,
degree of impairment, the etiology. The child who loses his hearing at the age of 4
or 5 years after he has acquired speech and language, obviously will not be as
handicapped as the child who has hearing loss from birth. Since hearing loss may
range quantitatively from mild to profound, it is axiomatic that the greater the loss
the greater the handicap.

The effects of hearing loss are discussed below:

@

Hearing is a prerequisite for the development of normal speech and
language. A child with normal hearing learns to speak by listening to the
speech and language stimulation provided in his environment and modeling
tis own utterances in an orderly sequence as he grows. The average child
will have achieved basic competency in his or her primary language by the
age of about 3% years. By about seven years of age the speech and
language development is almost complete but the process of hearing
continues to help the child in overall learning and act as the primary
feedback mode for monitoring speech throughout the life.

The children with hearing loss run the risk of failing to learn language at the

normal time or rate because the learning of language is a primarily
auditory event. The hearing impaired children have deficit in vocabulary
depending upon he degree of hearing loss while general vocabulary
knowledge increases with age the gap between children with normal hearing
and the children with hearing loss in word usage widens as the children
grow older. Children with hearing loss do not learn as much incidental
vocabulary as do children with normal hearing. Hearing impairment
affects the acquisition of grammatical rules for use in comprehension and
expression of spoken language.

The process of hearing is useful as a primary feedback mode for monitoring
speech throughout the life, The children who have mild to moderate hearing
loss exhibit misarticulations, similar to those of children with normal
hearing, who have developmental disorders of articulation. Children with
severe to profound hearing loss produce fewer consonants and develop them
later than children with normal hearing, Abnormal patterns of speech
rhythm may constitute the most deviant aspect of speech for these children.

Deficits in communication functions, interferes seriously with
educational process during the early years and in all school years to follow.
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Any degree of hearing impairment can put a child at a risk for reduced
academic achievements. The underlying cause of poor academic
achievement is the language deficit incurred as a result of hearing loss. The
children with hearing loss may demonstrate reduced performance in those
academic subjects that are language based and / dependent on the ability to
learn new information through reading. Even mathematic performance - is
affected although to a lesser extent than are other subjects.

A barrier to the child’s progress that is second in importance only to oral
language is a failure to learn to read. Practically all of the information not
presented to the child in the form of oral language will reach in printed form
as a general rule. The children with severe hearing loss do not exhibit
sufficient knowledge of language to ensure a basis for the normal
development of reading skills. For children with hearing loss, the task of
learning to read is a duel one. They are expected to learn language and
reading simultaneously.

The children with hearing loss do not follow conversation and occasionally
not aware that they are being spoken to without facility with spoken
language, these children depend upon the goodwill of adults, both teachers
and parents, to interpret, rephrase and verbally mediate when necessary. The
inability to hear and react appropriately makes them unpopular and their
friends may avoid them. The end result is one of social isolation and the
‘reduced self-esteem that occurs due to which they feel rejected by those
children with whom daily interactions are necessary. It is the reaction of the
family, peers other adults and poor communication that contribute to secial
adjustment difficulties.

Effects of hearing loss on parent child interaction: The parents are
impacted emotionally by confirmation of hearing loss. The common
reactions of parents include grief, denial, anger, depression, guilt etc. Some
parents tend to overprotect their child and exempt him from discipline.
Some parents make constant apology for the child, cover up his hearing
defect or keep him from the public eye. Acceptance of the hearing impaired
child is of cardinal importance. Parents should accept the hearing
handicap unreservedly as they have to play an important role in
rehabilitation program of their child.

The goal for all children with hearing loss must be early detection followed
immediately by appropriate intervention. The development of language is
the foundation for all other aspects of human behavior, growth and
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development. Without language subsequent effects are seen in the

" academic achievements and social developments. Through early detection

and appropriate intervention we must work with children and their
families to enable them to achieve optimum personal development.

LET US SUM UP

Different terminologies are used to describe hearing losses.

Hearing impairments are divided into three types: conductive, sensori-neural
and mixed. :

Conductive loss is due to defect in the outer and/or middle ear.
Conductive loss may be amenable for medicine or surgery.

Sensori-neural hearing loss is due to the defect in the inner ear or in the
auditory nerve.

There is no known medical or surgical cure for sensori-neural loss.

Usually the persons having sensori-neural loss are advised to use hearing
aid.

Mixed hearing loss refers to hearing loss due to involvement of inner ear as
well as outer or middle ear. '

The incidence of hearing impairment in India is quite alarming.

The incidence of hearing loss can be controlled by taking preventii/e
measures.

2.11 SELF STUDY

1.

vos W N

Differentiate between the following terms:

a.
b.
c.
d.

Pre-lingual and post-lingual loss.
Organic and non-organic loss
Congenital and acquired loss
Sudden and progressive loss

Enumerate the causes of conductive loss

Describe the nature of treatment used for conductive hearing impairment.

Differentiate between Conductive and sensori-neu‘ral loss.

Discuss the etiology of sensori-neural hearing impairment
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Why a hearing aid is recommended for a case of sensori-neural hearing loss?
Write a short note on mixed loss

What preventive measures can be taken to reduce the incidence of hearing
impairment in India. ?

9.  Discuss the effects of hearing loss.
2.12 ASSIGNMENT

- a) Describe causes and treatment of conductive hearing loss.

b) Define sensori-neural loss and innumerate its causes.
c) Describe how hearing loss can be prevented.

2.13 POINTS FOR DISCUSSION AND CLARIFICATION

After going through the unit you may like to have further discussion on some points
and clarification on other. Note down those points below :

2.13.1 Points for Discussion
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2.13.2 Points for Clarification

2.14 REFERENCES

1. Audiology by Hayes A. Newby
Handbook of clinical Audiology by Jack Katz.
Status of Disability in India 2000
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UNIT 3:
CURRICULAR NEEDS OF CHILDREN
WITH HEARING IMPAIRMENT IN
SCHOLASTIC AREAS
STRUCTURE
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3.12 Points for discussion and Clarification
3.13 References

3.1 INTRODUCTION

Hearing loss can develop due-to various pathological conditions. At the outer ear
level there could be excessive formation of wax or an obstruction due to a foreign
body. At the middle ear level, there could be infection, discharge or ossicular chain
discontinuity. At the cochlear level, the hearing loss can occur at birth or may occur
due to certain infections.

The degree of loss may vary in individuals. Some individuals may display mild
hearing loss, others may exhibit severe hearing loss. The effects of hearing loss
could also vary. One person may -develop poor language skills, another may have
difficult in localising the source of sound. One child may display poor academic
progress, while another may develop poor self concept and may lack self
confidence.

The objective is to learn more about hearing evaluation techniques. There are
various types of hearing tests. Some tests are aimed at identifying the hearing
impaired individuals. Other tests help to study the type and degree of hearing loss in
details. The interpretation of some tests depends upon the subjects responses. In
other tests, the test interpretation does not depend upon the subject’s responses.

In this unit, we shall be discussing different tests, their merits and de-
merits and how these tests can be used for early identification of
hearing impairment. ‘
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3.2 OBJECTIVES
At the end of the unit students will be able

° ‘to understand need for hearing evaluation

° to describe objectives of various tests

J to enumerate difference between informal and formal test
. to understand high risk criteria

° to list various symptoms of partial hearing loss

° to elaborate formal subjective test

° to explain need for objective tests

o to select appropriate test for various age groups.

3.3 OBJECTIVES OF HEARING TESTS

Why do we test one’s hearing ? Isn’t it sufﬁc1ent for an ENN.T. doctor to examine
the ears to draw his conclusions ? The fact i§-that the doctors can only examine the
physical structure or the condition of the ear. This is also limited to these areas
which are visible. But this examination does mot give any information about the
functioning of the system. An EN.T. doctor can not examine the inner ear with
simple instruments in his clinic. It is the physiological function ,which tells us
more about the function and the capacity of the inner ear. There is a need to perform
certain tests, to interpret the results and to give more definite answer, regarding
whether the hearing is normal or abnormal. If the hearing mechanism is abnormal,

then it is essential to know the degree and the Wpe of hearing loss. The objectives of
hearing tests can be stated as follows :

) Early identification of hearing loss : A child needs to have normal hearing
sensitivity to achieve normal and age-appropriate language development.
Various medical conditions may lead to hearing loss, which will ultimately
affect language development of a child. It is important to identify this
condition at a very early stage so that rehabilitation can begin at an early
stage. It can be done in the hospital or in the primary health centre. Such
tests are called screening tests. Screening is the process of applying a test
to a large number of individuals. The procedure should be simple, fast and
should be capable of identifying probable hearing disorders.

o Medical diagnosis : Another important purpose of a hearing test is to assist
in medical diagnosis. The audiologist performs and interprets the test
results to find out whether the auditory system is normal or not. If the
system is not normal, what type of problem does one have ? Does it involve
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34

the outer/middle/inner ear ? Is it the degree of loss mild/moderate or severe
type ? The test results give information about the hearing mechanism
qualitatively and quantitatively. This diagnosis helps the doctors to
understand the problem and to plan treatment.

Monitoring of hearing status : The purpose is to understand the changes in
hearing capacity over a period of time. People who have a long - standing
history of exposure to loud noise, or who have been working in a noise -
hazardous environment. These are usually people working in a military or
factory environment and are likely to develop hearing loss over time. It is
essential to monitor their hearing sensitivity on a regular basis. Similarly,
cases with progressive hearing loss, or those who have fluctuating hearing
loss, need to be monitored for their hearing status.

Auditory fitness : Hearing assessment and a proper diagnosis are essential
to understand a person’s auditory fitness, i.e. his hearing capacity, certain
jobs such as telephone operators, pilots and armed forces personnel require
good auditory skills. Only if the hearing tests display normal hearing, the
person would be accepted for such jobs.

Planning of rehabilitation program : The hearing tests give information
about the degree of loss. This helps to plan the rehabilitation programme;
selection of hearing aid and fitting of the hearing-aid. A complete
assessment of a hearing impaired child would help to plan whether he
requires special or integrated schooling. The programme will also help the
child’s speech and language development. :

TYPES OF HEARING TESTS

There are various types of hearing tests. These can be classified into different
groups. Each classification uses a different criterion. There are various instruments
used to perform the tests. These instrumentation vary from very simple tools to the
most sophisticated; computerized tools. All these tests have a commen aim, - to
find out the hearing capacity. Each test has its own merits and demerits. We need
to study these tests and to understand their utility. =
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Types of Hearing Tests

Informal hearing tests used Formal hearing test
used for screening & diagnoptic | screening purpose
purposes
A
A ' h
Subjective Hearing Tests Objective Hearing tests
Subject’s participation is Subject’s participation
. minimal
Types Types
. 1. Tuning fork tests 1. Impedance Audiometry
* 2. Pure tone audiometry 2. Brainstem Evoked
3. Speech audiometry Response Audiometry

3. Otoacoustic Emission

3.5 INFORMAL HEARING TESTS

An informal test is based on behaviour observations of a subject in response to
various auditory stimuli . This test has a single objective -‘early identification of
hearing loss’. This test can be performed on new-born babies in the hospital. It can
also be performed at primary health centres, and on school-going children in the
school environment. Informal hearing tests can be performed by a semi-skilled
person, who has a basic knowledge about child development and auditory
behaviour of various age group. An informal hearing test assesses whether a child
has normal hearing or has a probable hearing loss. In other words, this procedure
only identifies potential hearing loss cases, but this test procedure does not
measure the degree of hearing. Screening for- hearing sensitivity has been an
acceptable practice since 1927. At that time, screening tests were carried out on
children at the age of two to five years; Now, sophisticated hearing tests have made
it possible to assess hearing sensitivity of new bomn babies as well. Informal tests

46



M.P BHOJ (OPEN )UNIVERSITY
e

are commonly carried out on infants and children under two years of age; but the
tests can be performed on school-going children as well. To perform hearing tests
on all children will be very time-consuming and may not be cost-effective. A
question arises, who should be chosen for a hearing test ? The next point will
answer this question.

3.5.1 High Risk Criteria

Children who are likely to have hearing disorders are the ones who have a strong
family - history of hearing problems or who have a significant history of certain
illnesses. There are some children who have had a problem at the time of birth, or
have had a problem immediately after birth. These conditions are grouped in a
category known as ‘High Risk Crlterla Following are the few conditions
associated with the high risk group. '

1. Hereditary Hearing Loss : There is one or more hearing-impaired persons
in the family.

2. Consanguinity : Marriage of parents is between close relatives. e.g. first
cousins.

3. Rh Incompatibility : Two different blood groups, of mother and baby
(foetus) which are not acceptable because of basic differences.

4. Prematurity : Bn'th of a child before completion of normal pregnancy
period.

5. Low birth weight : Weight of a baby at birth is considered as low if it is
less than 1500 gm.

6. Asphyxia : The‘ child does not breathe, or has difficulty in breathing,
immediately after birth.

7. Hyperbilirubinemia : The child develops severe jaundice immediately
after birth.
8. Birth defects of ear, nose, throat : The child may have congenital atresia

(absence of external ear), cleft palate and or lip.

0. Severe Infections: Infections in the early weeks after birth : e.g.
meningitis, measles.

10.  Birth defects of head ,face ,and neck The child may have small head, or
abnormally large head

The above stated conditions are likely to be associated with hearing loss - hence a

hearing check for those cases is essential. However, hearing loss is only one of the

disabilities associated with the above group. These children may also be likely to
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display mental retardation, visual impairment, or cerebral palsy. The tester
must be aware of this fact, so that early detection and rehabilitation is possible. This
early detection of hearing loss is possible by way of informal hearing tests.

Informal hearing tests for various age groups : Children respond to various
auditory stimuli differently. Their response pattern varies with age. The Auditory
system of human beings starts functioning when the baby is in womb, and it
matures with age. Generally, by eighteen months of age, the auditory system
reaches maturity and starts functioning as an adult auditory system. Naturally,
auditory response varies from birth to two years of age. It is important to define the
auditory response patterns of various age groups.

3.5.2 Arousal test

A simple arousal test, using a high intensity signal to awaken tl:e infant, has been
accepted as a test for hearing screening. A baby who is in a light sieep normally gets
disturbed, or gets startled, when loud sounds are presented. The stimulus can be a
clap or a bang.

The loud sound should be presented at a distance of one foot, and the
response should be observed. If the baby gets disturbed or gets startled;
the child’s hearing sensitivity is likely to be normal. Other body
reactions may be opening of the eyes; a stirring movement of the whole
body, indicating arousal from sleep; or a strong and immediate eye-
blink followed by one of the above responses. These responses should
be elicited two or three times during the procedure. If the child
repeatedly fails to respond to sound, formal hearing test is
recommended.

3.5.3 Orienting Test

Sir Alexander and Lady Ewing (1944) were the first to describe orienting responses
in infants. They had recommended the use of various noise-makers. (such as a toy-
xylophone, ‘a cup and a spoon, a rattle, tissue paper) and voice and unvoiced
consonants. The responses they described are time tested. These are eye-shifts, or
head-turns towards the sound. These response patterns get well defined with age.

3.5.4 Informal Test for Various Age

The expected responses of a normally hearing child to various sound stimuli at
different age levels are :

o Birth to four months of age :- A simple arousal test using a loud sound to
awaken the child has been accepted as an informal hearing test. In addition,
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to this, widening of the eyes, eye blink, frowning etc. are other common
body responses. If the child fails to respond to three successive sound
presentations, refer the child for a formal hearing test.

Four to seven months of age :-. This stimulus should be presented out of
the child’s field of vision and at a distance of one foot.. An immature head
turn in a horizontal plane, or a wobble of the head, is observed as a
response to sound. This response pattern gradually matures, and around six
months of age the head turn is definite.

Normally by this age, the child responds to familiar voices of parents and of
siblings. He smiles, stops crying and interrupts his play when he hears these
familiar voices. The mother should be asked whether her child is responding in this
way. If the child fails to respond, a formal hearing test is required.

L]

seven to twelve months of age :- The sound is presented in various
planes, such as at the side, below the child and indirecily above, at a distance
of one foot from the child. The sound should not be presented within the
child’s field of vision. The response expected from a child with normal
hearing would be a turning of the head towards the source of the sound.

By this age, the child can understand the meaning of the word ‘no’. His babbling
(i.e. vocalizations like ba-ba-ba, da-da-da) increases. By the age of ten months, he
will look towards the object named. If you ask, “Where is the bail ? ”, he will look
around for it, The parents have 1o be asked whether the child is capable of making
such responses.
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® Thirteen to twenty-four months of age :- The child of one year of age or
above demonstrates orientation to the sound source by locating a sound,
presented at any angle. The full maturation of the auditory behaviour of
the child occurs at about eighteen months, and does not change
significantly after that. Spontaneous expressive language i.e. speech
development, is another strong indicator for normal hearing sensitivity. But
specific information from the informant can help to give a better idea of the
child’s ability. The informant is asked the following questions

Does your child respond to simple instructions?
Does he identify and does he name body parts?
Does he try to communicate simple sentences?
What is his vocabulary size ? (10 words, 20 words)
Does he try to imitate simple nursery rhymes?

. Does he use too many gestures?

S ol ol e

' Do the parents need to use many gestures for the child to understand them ?

If the answers are negative to the above first five questions, and positive to the last
two questions it is advisable to refer the case for complete diagnostic audiological
evaluation,

Remember : If the informal method results point to a possible hearing
preblem, formal tests of hearing have to be performed.

U al oms_of hearing impairment in older age grou
ghildren (Two years and above age ) :-

A severe to profound hearing loss can be detected very easily, as the symptoms
are obvious. However, a mild or a moderate loss may go undetected. These
children may be labelled as ‘dull’, ‘stubborn’, ‘inattentive’.

If a child presents any of the following symptoms he may be having a possible
hearing loss. If any of these are detected, he should be referred for formal hearing
tests. The teacher and parents can use the following check ~ list to identify hearing
impaired children,

The Symptoms are :
1. The child has problems paying attention in the school.
2. Thechild finds it difficult to understand speech if presented behind him.
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He may answer questions irrelevantly.

Repetitions of speech may be required before he can follow an instruction.
The child puts the TV / Radio too loud.

The child does not respond if called from another room,

N oW

He hears only when he wants to, ‘is a very cemmen comment by parents
and teachers.’ :

The child may display poor vocabulary and grammar.

©

He may exhibit voice problems and mispronunciation.
10.  The child may speak too loudly or too softly.
11, The child may not mix easily with other chiidren of his age.

12.  The child may favour to use one of the ears for listening purposes. e.g. He
always turns his right ear towards the source of sound or speech.

13.  He performs better in school if placed in the front row,

14.  The child uses too many gestures.

If the answer is yes to §0 % of the above symptoms, the child may have a hearing
problem, and he should be sent for formal hearing tests.

3.5.5 Merits of informal hearing tests

1. No special instruments are required. '

The test can be performed in a short time.

Do not require trained professionals to carry out the test.
These are cost-effective techniques. ’
These are useful in early identification of hearing loss.

I o

Demerits of informal hearing tests
1. These tests do not provide a definite eonclusion about the hearing status.

2. These tests do not give any definite diagnesis about the type or degree of
hearing loss.

3. False results may be frequently seen.
4, Test - retest reliability varies significantly.
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An informal hearing test has the single objective of early identification of hearing
loss. In a country like ours, where people have difficulty in getting access to
necessary services, an informal test carries significant importance. If the subject
fails in an informal test, he should be referred for formal hearing test. Before we
start on formal hearing tests, we need to take a complete case history of the subject.
This may give an indication of the cause of hearing loss. Similarly, a physical
examination of the ear by an ENT doctor is essential.

Fig I

3.6 PRE-REQUISITES OF A FORMAL HEARING TEST

Before a hearing test is actually performed, certain bas1c procedures
need to be followed.

(a)  Examination by an ear specialist :- It is necessary for a doctor to examine
the ears to detect any anatomical or pathological anomalies which may be
present, When the ENT specialist examines the ear, he uses an instrument
called an ‘otoscope’. This instrument has a magnifying glass with an
attached light; when it is inserted in the external ear canal, the doctor can see
the magnified structures clearly. It is essential to remove any obstructions
(e.g. wax, foreign body) which may be present in the ear canal, before the
hearing test is performed. The doctor can examine the tympanic -
‘membrane, and can draw some conclusions about the middle-ear status.

Case History : The case-history helps to obtain certain relevant information,
about the patient’s problem. An adult patient is questioned regarding the medical
aspects of the problem, such as duration of the problem; pain in the ear, a discharge
from the ear, and other signs of hearing loss. And medical problems such as
fdiabetes and hyper - tension, All this information is useful in the hearing test
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results. This helps to reach a diagnosis of the hearing disorder. In case of a child,
family members can be asked a few questions about the child’s general health, his
birth history, any other major family history for hearing loss. etc. This information
is valuable to understand the cause of deafness, and to plan remedial measures
to the extent possible.

3.7 FORMAL HEARING TESTS

These tests are carried out using simple or elaborate equipment. The tests are
performed by professionals. There are two subgroups under formal hearing tests.
They are subjective hearing tests and objective hearing tests.

Subjective Hearing Tests e

Hearing is a very personal experience; The sub’cct needs to-actively indicate that
he has heard the sound. The individual has to actively participate in the test,
along with the tester. Naturaily the subject himself should meet certain basic
requirements, to participate in these tests. Basic requirements for participation in
the formal hearing test are , the subject should understand ail the instructions
given to him prior to the test. He should have the desired attention - span, and
should have focussing skills to listen and to respond to various auditory stimuli. An
individual needs to wear headphones to listen to various stimuli and he needs to
keep those headphones on for a certain length of time, at least a minimum of ten
minutes. The hearing tests, which involve subject’s active participation, are
called ¢ subjective tests’.

Tvpes of Formal Subjective Hearing Tests : These are the diagnostic tests. The
instrumentation, procedures and interpretations of the test results are standardized.
These tests have universal acceptance in the medical, audiological and educational
field. There is a well-developed test battery, which includes tuning fork test, pure
tone audiometry and speech audiometry among others. These tests have strong
reliability and validity. These are the important tests used in the clinical and
rehabilitation fields.

3.7.1 Tuning Fork Tests

Tuning forks are very simple instruments, used even today by E.N.T. doctors.
They have been used for over two centuries. The forks are of different sizes and
frequencies. These frequencies are 256 Hz, 512 Hz, 1024 Hz, 2048 Hz and 4096
Hz. Tuning fork tests are effective tests for qualitative evaluation. A doctor can
diagnose conductive loss or sensorineural loss in his office, and can plan a line of
treatment immediately after the test.
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There are two basic tests with tuning forks. These are Rinne’ test and
Weber test.

Tuning Fork (Fig I1T)

Rinne’ Test .

Compares the hearing sensitivity of a subject via air conduction and bone
conduction. The qualitative comparison of these ywo modes of hearing, gives
information about conductive hearing loss and sensori-neural loss.

Weber Test

Compares the hearing sensitivity via bone conduction in the two ears. Weber test
is generally performed to support Rinne’ test findings. :

—s

Merits of Tuning Fork Test
17~ The test helps ini‘qualitativei evaluation of the hearilmglloés. N
It uses véry simple tools.

The test requires no special test room.

There is no recurring cost involved.

A B

The test can be performed in a short time.

Demerits of the Tuning Fork Test
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The test findings can not give quantitative evaluation.
False responses are common.
This test can not be performed on small children.

The test is difficult to perform on severe to profound hearing loss cases. -

LT

The test requires active participation of the subject.

3.7.2 Pure Tone Audiometry

Pure tone audiometry is the well accepted diagnostic test. The pure tone
audiometry has an electronic oscillator-circuit which generates pure tone
frequencies, with controlled output levels. The audiometer can generate frequencies
from 125 Hz to 8000 Hz. Its intensity or output is regulated from 10dB to 120dB, in
steps of 5dB. The purpose of the test is to find out the faintest tone a subject can
hear at various desired frequencies. This faintest intensity level is called
threshold of hearing. These thresholds are determined for two main purpose 1) to
assist in the diagnosis of ear pathologies (2) to acquire information which may be
used in obtaining appropriate habilitation or rehabilitation programmes for hearing
impaired individuals.( The details of test procedure are given in unit 4.)

Merits of Pure Tone Audiometry

1. It is a very reliable diagnostic tool.

2. The test results help to understand the qualitative conductive / sensorineural
/ mixed hearing loss) and quantitative (mild/moderate/severe) nature of the
hearing loss.

3. The test assists an ENT doctor in planning the medical treatment for the
patient.
4. The test results help audiologists and speech thérapists and teachers of the

hearing - impaired to plan habiltation and rehabilitation measures.
5. The test findings provide guide- lines to select a hearing aid.

The results would be accepted by Government agencies to ascertain auditory
fitness.

Demerits of Pure Tone Audiometry ~
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1. Itrequires a very special sound treated room. It can not be performed in any
ordinary room.,

2 Regular calibration and servicing of the audiometer is a must.
3. Only trained professionals can perform the test.
4 It requires active participation of the patient.

5. The initial expenses are high.

3.7.3 Speech Audiometry

Speech audiometry is a supplementary tool to the pure tone audiometry procedure.
This test is more than a hearing acuity measurement test. It is a test of the overall
performar:ce o¥ a subject in hearing, understanding and responding to speech.
Speech audiometryis particularly suitable 1or the general assessment of hearing and
the estimation of the degree of practical handicap related to a hearing problem.

The procedure of speech audiometry is very simple. The test material is
speech. Words or sentences are spoken into a microphone, which is a
built-in part of the audiometer. This signal is passed through a
calibrated attenuator , and is heard by the listener through the
headphones, or through the loudspeakers. The listener is asked to
identify the words. He may repeat the test words or he may check them
on a multiple choice list, or he may write them down on a paper. There
are two main types of tests (1) Speech Recognition Threshold test
(S.R.T.) (2) Word Recognition Score Test (W.R.S.Test).

Speech recognition threshold (SRT) is defined as the lowest level of intensity,
which elicits 50% of correct responses. SRT has proved to be a reliable test, and
can be used to test the validity of pure tone thresholds (PTA). It has been very well
documented that SRT value is in good agreement with PTA values. If the test
threshold levels for pure tones and for speech do not agree, it strongly suggests that
the defect is either neurological or it’s an error of technique.

The second type of speech test is called word recognition score test, (W.R.S.Test),
which aims to measure how well the listener hears and discriminates words in
general. It measures the maximum percentage of words that are intelligible at the
most comfortable listening level. A normal hearing person and a person with
conductive loss can achieve nearly 100% score at the comfortable listening level.
But in sensorineural loss, the maximum discrimination scores fall markedly.

Speech audiometry is considered as one of the sensitive tools in diagnosis.
However, in a country like ours, with a multicultural and multilingual environment,
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to develop standardized speech test material in all languages has been a difficult
task. In spite of this, speech test materials have been developed in nearly 12-15
languages. -

Merits of Speech Audiometry

19} It gives an assessment of the subject’s practical hearing capacity.
2)  Itisa good validity test for pure tone audiometry . '

Demerits of Speech Au’diometry

1 It requirés a special sound treated room with a two-room situation.

2) Only trained professionals can perforin the test.

~3)  The subject should have a minimum vocabulary of fifty to sixty words.
- 4)  The test material has cultural biases. '

5) The tester.and speaker should be speaking the same language.

6) The initial expenses are high.

3.8 OBJECTIVE HEARING TESTS

These tests do not reqmre active partlclpatlon of the subject. Using modern and
sophisticated instruments, the hearmg capacity of the subject is detected. The tester
has to be a well-trained audiologist. As the subject does not participate in the test,
- the test results do not depend on his level of intelligence, co-operation or attention
span. The objective tests are standardized universally. The various tests are as
follows '

1):  Impedance audiometry :
2) Brainstem evoked response audiometry (BERA)
3)  Otoacoustic Emission Tests.(OAE)

All the tests are reliable tests and help in a detailed diagnosis of the
hearing problem. :

3.8.1 Impedance Audiometry

Impedance audiometry is an objective means of assessing the function of the
auditory system. A small probe is inserted into the ear canal. With the help of a
pressure release pump, air pressure is exerted on the eardrum. The drum responds
to the change of air pressure in the outer ear canal. This results in some degree of
~ displacement of the eardrum. This movement of the eardrum is measured. The
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instrument shows this movement in a graphical form, which is called as

" ‘tympanogram’. There are various types of tympanograms, which give significant
information to the doctor.(Fig.4). The modern instrumentation is fast and reliable.
The entire test can be completed in three to four minutes duration.

FigIV.

Various types of tympanogr:._ns:

Type A: Normal middle ear function.
Type B: Fluid in the middle ear.

Type C: Eustachion tube blockage.

Type As: Fixation of the ossicular bone.
Type Ad: Ossicular chain discontinuity

Types of Tympanograms (Fig IV)

Type A: Normal middle ear function, Type B: Fluid in the
middle ear

Type C: Eustrachian tube blockage, Type AS: Ossicular
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Figure 20.2. Tympanogram types most offen encountered ciinically when recortded with a single component {.g., adminance)
anid a common relatively low {e.g., 226 Hz) probe tone frequency.

Merits of Impedance Audiometry
1) It requires minimal participation of the subject.
2) It takes a few minutes to perform.

3) It provides useful diagnostic information about the status of the middle ear, to
the doctor.

4) It is a very reliable test.

Demerits of Impedance Audiometry
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1) Itrequires a fairly silent environment to perform the test.
'2) Regular calibration and servicing of the instrument is a must.

3) Only trained professionals can perform the test.

4) The test can not be carried out if the child is crymg, dnnklng milk, vocahzmg or
talking. Sedation may be requlred insucha case.

5) The initial expenses are high

3.’8.2 _ Brainstem Evekedr Response Audiometry

‘Our brain has continucus ongoing electrical activity.' This activity can be

measured. If any sensory stimulation is provided, this activity undergoes a change,
and a very definite particular waveform pattern emerges. This waveform can be

recorded and can be measured with the help of computerised technique. Wiih

reference to auditory stimulation, typical seven peaks waveform pattern is seen

" on the computer screen, which is called auditory, evoked response (Fig.4). This

activity is measured with surface electrodes, which are placed on the mastoid bone
of the test ear, the forehead and central point of the head (vertex). Various auditory
stimuli are presented through the headphones, which are placed on the ears. This
electrical response is very stable, and is recorded at low intensity of sound
levels. The test can be perfonned on very young mfants and new born babies too.

Brainstem evoked response audiometry is also called ‘Audltory Evoked
Potential (AEP) and Auditory Brainstem response (ABR) test. The test
can be performed on newborn babies. This test is done effectlvely when
the infant child is asleep. Thus, most of the time, testlng is done under
1nduced sleep (i.e. sedation).

Merits of BERA Test
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1Y)

3)

3.83

The outer hair cells of the normal healthy cochlea generate some sound This
sound is either spontaneous, or it is in response to some audxtory stimulation. This - :

It requires minimal participation of the subject.
It provides useful diagnostic information. to the doctors, audiologists and
X teachers . with reference to the degree of hearing loss

It is a very reliable test.

-1t is'a non-invasive techmque i.e. the skm is not punctured or plerced at any
'pomt '

- Demerits of BERA Test

It is a time-consuming test.

- It requires a fairly silent room..

Only t trained professionals can perfonn the test.’

i ‘Sedation is requlred for infants and chlldren

k This test gives mformatlon about hearing sensmvnty between 20uu Hz to =
. 8000 Hz; If a child has better hearing between 250 Hz to 2000 Hz, a’

true picture of hearing status may not be documented.

“The initial and recurring expenses are high. -

-
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Octoacoustlc Emission Test

generated sound can be measured by inserting a probe microphone in the ear
canal. This measurement technique is ‘called ¢ Otoacoustic Emission Test.” This

activity is absent in the presence of hearing loss. It has become a very valuable e
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tool to test new-born babies for early identification. The test is done in a few
minutes. Those who fail in this test, are subjected to BERA test.

Merits of Otoacoustic Emission Test

1) Itis a quick test.

2) It can be performed on newborn babies.
3) There is no participation of the subject.
4) Test results are reliable.

Demerits of Oteacoustic Emission Test

1) The test dces not quantify hearing los:.
2) It requires a fairly silent environment.
3) The baby should be in a sleeping state.
4) Initial cost is high.

3.9 LETUSSUMUP

This unit has given us an understanding of various hearing tests. Normal
speech and language development is dependent upon normal hearing
function. For various reasons, if the auditory system fails to respond, a
~child’s speech and language development and consequently his.educational
and social development will be affected. It is essential to measure the
hearing sensitivity at an early age. The informal hearing tests are quick and
effective tools to identify probable hearing impairment. Those individuals
who fail in the screening test, or those who have a significant family or
medical history, are subjected to various formal hearing tests. Formal test
battery consists of subjective and objective hearing tests. Subjective hearing
tests are the ones where individual participation in the test procedure is
expected; while objective hearing tests do not require the subject’s active
participation.

Once the qualitative and quantitative evaluation is done, the line of action to
be taken can be decided. They can be grouped into two categories. Those
cases that can be treated medically are referred to the medical doctors. Cases,
who have permanent hearing disability, need to be considered for a
rehabilitation programme.
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3.10 SELF STUDY

1) Why is it important to detect hearing loss at an early age?
2) What is an informal hearing test ? Where can it be carried out ?
3) Why is it important for you to be aware of the “High Risk Criteria?” List all
conditions included in the high risk criteria.
4) State True/False
a) Children falling in the high- risk criteria may develop only a hearing
loss.
b) A baby whose birth weight is 1100 gm. would be considered as low
birth weight. ’
c) A child’s auditory maturation is completed by 18months age.
d) a child labelled by his teacher as “dull”, “stubborn”, “inattentive”
may actually be having a hearing impairment. v 7
e) Pure tone audiometry results are not accepted by government
agencies to prove fitness of hearing. _
5)  What are the arousal responses an infant less than 4 months would show,
when presented a loud sound? _
6) A child of 19 months is brought to you. The parents mention he does not
respond to sounds and he has not yet developed speech.
a) What are the basic questions you would ask the parents ?
b) What informal test would you carry out in the room ? What response
would you expect at 19 months age?
c) In case the child fails the informal tests, where would you refer the
child?
7) A teacher of the first standard class feels one child has a probable hearing
loss. Name six ‘symptoms’ she may have observed in the child.
8) Which formal hearing test/tests can be recommended for a three months old
child who had jaundice at birth?
3.11 ASSIGNMENT
1)  Write various types of formal subjective hearing test.
2)  Discuss behaviour response patterns of an infant to various sound stimuli.
3) Describe behavioural symptoms of four year old hearing impaired
child.
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3.12 POINTS FOR DISCUSSION AND CLARIFICATION

After going through the unit you may like to have further discussion on some'points -
~ and clarification on other. Note down those points below :

3.12.1 Points for Discussion -

3.12.2 Points for Clarification
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3.14 REFERENCES
1. Handbook of Clinical Audiology : Ed. Jack Katz
2. Hearing in Children : Northen and Downs -

3.  Hearing and Deafness : Davis and Silverman
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UNIT 4: CURRICULAR NEEDS OF CHILDREN

WITH HEARING IMPAIRMENT
SCHOLASTIC AREAS
STRUCTURE

4.1  Introduction

4.2  Objectives

4.3  Introduction to Pure-Tone Audiometry.

44  Importance of Pure-Tone Audiometry.

4.5  Design and Functions of Audiometer.

4.6  Pure-Tone test procedure for adult population.

4.7  Factors influencing the results of Pure-Tone Audiometry.
4.8  Plotting an Audiogram.

4.9  Interpretation of Audiogram for type of loss.

4.10 Interpretation of Audiogram for degree of loss.

4.11 Conditioning Technique.

4.12  Sound field Audiometry.

4.13  Test procedures for age group zero to twelve months.
4.14  Test procedures for age group one to three years.
4.15  Test procedures for age group three to five years.
4.16 Letus sum up.

4.17 - Self Study

4.18  Assignment

4.19  Points for discussion and clarification

4.20 References
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4.1 INTRODUCTION

If you are observant enough, you will realize that a sizable number of individuals
suffer from some degree of hearing loss. You are already familiar with the various
types of hearing impairments, their causes and treatment. In the earlier module, you
have studied the various types of hearing tests available for the diagnosis of hearing
loss. Pure-tone audiometry is a simple and a basic test which is conducted first in
most of the hospitals and clinics when a person complaints of a hearing loss. This
module will cover the process of hearing assessment using pure-tone audiometry in
details and the interpretation of the results.

The earlier the loss is detected the better is the rehabilitation. Keeping this
purpose in mind the pure-tone audiometry is modified to suit various age groups.
The test procedures used for various age groups are also discussed briefly in this
module. h

4.2  OBJECTIVES

At the end of this unit students will be able:

e To describe the parts of pure-tone audiometer.

e To understand pure-tone audiométry and its importance.

e To explain the step by step, procedure of pure-tone audiometry.
e To plot an audiogram using proper symbols.

e To interpret an audiogram for type and degree of loss

e To calculate average hearing loss

e To describe free field test.

e To differentiate between close field and sound field- test

e To describe the test procedures used for infants and children.

4.3 INTRODUCTION TO PURE-TONE AUDIOMETRY

We have seen that hearing impairment can be caused due to various structural and
physiological changes in the auditory mechanism. The effect of these changes is
exhibited as hearing loss, which may be identified by observing the individual’s
behavior. It is necessary to find out the qualitative ( type of loss ) and quantitative
( degree of loss ) status of auditory system, for which pure tone audiometry is used.

A Pure tone audiometry is a subjective test carried out by controlling many
physical and behavioural factors. It came into effect after Second World War and is
used as an established procedure worldwide. As the name indicates, the pure tones
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i.e. sounds of single frequency are used as stimuli in this test. The thresholds for air
conduction and bone conduction are measured independently and separately for
‘each ear. In psychological and physiological -work in the field of sensation,
threshold is defined as the intensity of stimulus required just barely to elicit a
sensation in whatever sensory modality is being studied. A threshold of hearing
may be defined as the minimum intensity level of a tone at which sound is
detected asa sensatlon from silence and elicits a response.

A _Pure-tone audiometry is carried out using an mstrument called audiometer,
which produces different pure tones of variable intensities. It is necessary to carry
out this test in a sound treated room as the presence of ambient noise in the test
room would affect the test results. A sound treated room has specially designed
walls, floor, ceiling and doors. Minimum furniture and heavy -carpeting are
essential. These special features prevent extérnal sounds from entering the room and
also absorb any sounds generated within the H5OMm. Ideally ventilation is achieved
by central air-conditioning. '

The results of pure tone audlometry are shown in a form of a graph called
audlogram which is a representatlon of frequency mtens:ty function

44 IMPORTANCE OF PURE-TONE AUDIOMETRY

Pure tone audiometry is a simple test that provides useful information about
hearing impairment. Let us find out how the test results of pure tone audiometry
are useful to otologists, audiologists and the teachers of the hearing impaired.

o The qualitative information regarding hearing impairment can be obtained.
You are already familiar with different types of hearing impairment and
their treatment. As the decision. regarding treatment of hearing impairment
‘depends upon the type, it is indeed very important for otologlsts to obtain
this information from audxogram

e The quantitative information such as mild, moderate, severe or profound
loss can be obtained. This information regarding degree of hearing
impairment is useful in planning appropriate habilitation or rehabilitation
programs for hearing impaired persons. '

e  Both the-ears- are tested separately during the procedure and the
independent - information is obtained for each ear. The hearmg
sensitivities of the two ears can be '

‘thus compared.

. Some hearing losses are progressive in nature. If the pure tone au'diometfy
tests are ' carried out at regular mtervals the changes in hearmg
sensntnvnty can be identified.
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o The comparison of pre-treatment and post-treatment documentation of
“hearing sensitivity is useful in assessing the benefits of treatment. In many
clinics and hospitals, it is a commen practice-to record pre-surgery and post- -
- surgery ‘audiograms to obtain information regarding changes in hearing -
- sensitivity.

° The results of pure tone audiometry are useful in selecting a hearing
instrument of appropriate gain and adjusting its tome control. The
decision regarding monaural or binaural amplification will also depend upon
the findings. The information obtained from the test is useful for settlng up
amplification levels in speech trainers, group hearing aids etc.

° Pure Tone test is a basic test in Audiology which gives guldelmes for
further management _and provides direction for further investigations.

4.5 DESIGN AND FUNCTIONS OF AUDIOMETER

Audiometer is an instrument designed and calibrated to international standards.
It produces different pure tones of variable intensities. Audiometer has a basic
electronic circuit called an oscilloscope, having a capacity to generate number of
_frequencies. There are several models of pure tone audiometers available
- commercially. They vary from simple portable models to research type
-audiometers. Various types of audiometers like. portable models, table models,
‘computerised models are available in the Indian Market. Regardless of the make
~ and type of pure tone audiometers, certain necessary controls are common to all
- -instruments. Tt is necessary to know about these controls in order to perform hearing
* ‘tests. Let us get familiar with the various controls of an audiometer. '

E
= g
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1. Power Switch 2. Output selector dial 3. Headphones
4. Bone Vibrator 5. Frequency Dial 6. Intensity control Dial
7. Interrupter Switch 8. Masking Dial . 8. V-U meter

10. Patient Signal

Diagram1 : The basic controls of an Audiometer
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The basic controls of an audiometer are:

a)

b)

d)

g)

Power Switch: This is used to switch. the audiometer off and on.
Audiometer needs power which can be supplied by D.C or batteries.

Output Selector Dial: Using this switch, the tester can select left earphone,
right earphone or bone vibrator for presenting tone.

Headphones: The air conduction test is carried out using headphones. The
headphone with a red mark is to be placed on the right ear and the one
with a blue mark is to be placed on the left ear during testing. This colour
code is according to international standards. The headphones are attached to
a headbanc which can be adjusted in such a way that headphones remain
well fixed over the pinna.

The Bone Vibrator: The bone vibrator is used for bone conduction testing.
It is placed on the mastoid process of temporal bone during testing. It is held
in place over the skull with the help of a headband.

Frequency Dial: The various frequencies generated for testing procedure
are indicated on this selector. The frequencies commonly available on the
selector are 125 Hz, 250 Hz, 500Hz, 1000Hz, 1500Hz, 2000Hz, 3000Hz,
4000Hz, 6000Hz and 8000Hz. On the frequency selector dial of most
audiometers a small number printed under the frequency designation
indicates the maximum hearing level that is available for the specific
frequency. For example if the figure of 90dB appears beneath the frequency
250Hz, it means that 90dB is the maximum intensity level that the
audiometer will produce for the frequency of 250Hz.

Intensity control Dial — Attenuator : This control can vary intensity of any
given frequency from 10dB to 100dB. The intensity can be varied in steps
of 5dB for example 30dB, 35dB, 40dB, 45dB and 50dB. Some audiometers
have the facility of extending the upper limit of intensity upto 120dB using a
special button.

Interrupter Switch: This switch is used by the tester to present the tone to
the patient. The switch when depressed turns the tone on and when released
turns the tone off. The interrupter switch is spring loaded and hence returns
to its off position when tester releases it. By using this switch, the tester can
decide when to present the tone and what should be the duration of
presentation.
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h) Masking Dial: If there is a significant difference in hearing levels of the
two ears, then it is necessary to introduce masking sound in the better ear. In
such cases sound energy presented to the worse ear can get transferred via
skull bone to the better ear. Thus the patient may give response as the better
ear has heard the tone but not the worse ear. Unless we make the better ear
nonfunctional, we cannot test the other ear independently. To make the
better ear nonfunctional, masking is used. This prevents the tone from
being heard by the better ear. The masking noise can be varied from 0dB to
100dB. The level of masking to be used is calculated by using various
formulae. A

1) V-U Meter:_V-U Meter gives an indication whether or not power is
entering the audiometer. This is present on most audiometers. When the
mterrupter switch is pressed, if the voltage is adequate, the needle wiil
deflect to the right indicating that tone is generated.

1) Patient Signal: This facility is available in some audiometers. The person
who 1is taking a hearing test is given a switch-button and is instructed to
press it when he hears a sound. When the  switch is pressed a light on the
audiometer gives signal to the tester that the patient has heard the given
signal. The tester can then increase or decrease the intensity level of the
signal as per the need:

The circuit, external design and the arrangement of the audiometer’s
basic controls will differ from instrument to instrument, however every
audiometer has the above mentioned controls.

4.6 PURE TONE AUDIOMETRY TEST PROCEDURE FOR
ADULT POPULATION

The Pure-tone test for adults is carried out placing headphones over the ears
therefore called as closed field testing. Here the tones reach the ears directly. This
is in contrast to sound field testing to be discussed later. ( 4.12)

In order to obtain valid hearing testing results there must be some control over the
conditions under which the Pure-tone test procedure is performed. Ideally, the
testing should be performed in a sound treated room in which external noise
level is minimum. The step by step procedure for pure tone audiometry is described
below:

1. Plug in the audiometer and ensure the proper electric supply.
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Turn on audiometer’s power switch making certain that the instrument
actually does receive power by seeing that the dials light up or the tubes in-
the instrument begin to glow. Check the V-U meter needle deﬂectlon

If the headphones and bone vibrator are not plugged into the audiometer,
plug them in, confirming that they go into the proper jacks. Check that the
audiometer functions by placing headphones or bone v1brator on self and :
varying the frequency and intensity levels.

Make sure that the patient sits in such a way. that he will not see the
audiometer or the movements of the tester. The ideal situation will be where -
the subject sits in one room while the tester and audiometer are in an outside
room as shown in the dlagram 2. This will enable the tester to see the
subject’s facial expressmns and his responses to tones . : '

- Diagram 2 : Arrangement for Close Field Test

Take relevant information from the patlent regarding his hearing problem
and medical history. S

Ladies should be requested to remove ear-rmgs halr-pms etc as they can
cause discomfort when headphones are placed over the ears.

Assure the patient that it is a very simple test and mstruct him the followmg 3

¢ The objeetive of this test is to find out the’softest sound .you' can hear in

‘each ear. The headphones will be placed over your ears. You are going to

hear certain beeps through the headphones. Please raise your hand every
time you hear a beep. As soon as you stop hearing, please lower your hand.
Gradually the sound will get softer and softer. You should concentrate on’
hearing the beeps. You should raise your hand for barely audible sounds
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also. Feel free to take a guess. You will hear the sound in one ear only. Once
the test is completed with one ear, the other ear will be tested.” The above
instructions should be given before placing the headphones. The tester
should raise his voice while instructing if necessary and articulate clearly.
Instructions should be repeated if necessary. Gestures can also be used if
needed. If the patient cannot understand ~oral mstructlons written
" instructions can also be used. '

viii.  Place headphones over patient’s ears, making it sure that the red headphone
is placed on tlie right ear and the blue on the left ear. The headband should

be adjusted i m such a way that the - ~headphones cover the pinnae
properly -
ix. Always begin with the testing of the better ear, so that if there is a

difference between sensitivity of the tvzo ezrs, appropriate masking levels
can be used while testing the worse ear. The decision regarding the betier
ear will be ba;sed on the information given by the patient prior to
testing. If the patient reports no such difference, any ear can be tested first.

X. Always begin a test at the frequency of 1008 Hz since the ear is most
sensitive to intensity changes at this frequency. It has been demonstrated by
research that 1000 Hz has highest test — retest reliability of any frequency
in audlometnc testing. This means that at 1000 Hz the most reliable -
responses are obtamed Generally the result does not change by more than 5

dB (Higher or Lower ) on retesting during the session.
]
xi. As you are already aware, in this test we try to find out hearing thresholds

for pure-tones of various frequencies. For obtaining threshold at any
frequency three different methods can be used.

a.) The ascendmg method in which the examiner starts from the lower
1nten51ty level and gradually increases the mtensn} level to find out
the threshold

b.) The descendmg method in which the examiner starts from higher
intensity level and gradually lowers the level of intensity to find out
the threshold.

|

c.) Bracketing method which is a combination of ascending and
descending method and is commonly practiced.

Let us discuss the steps to be followed for threshold determination at each
frequency- At what 1n|ten51ty level do we begin the test? If the patient understands

conversational speech fairly well then begm the test at 60 dB. If he cannot

understand conversational speech, begin at 100 dB. Present the tone by pressing the

interrupter switch. If the patient hears the tone then the intensity of the signal should

be reduced by 10 dl?. Again press the interrupter and present the tone. If the
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patient’s response indicate that the tone is not heard, the intensity should be
increased by 5 dB and the tone should be presented. By increasing and decreasing
the intensity level, as per the requirement, the lowest intensity level at which sound
is heard i.e. threshold is determined.

Example:

a) We have started the test at 60 dB level and presented the tone. If the
patient responds at 1000 Hz we reduce the tone by 10 dB. Thus, we
now present the tone of 50 dB.

b) If the patient again responds, we further reduce the tone by 10 dB
and present the tone at 40 dB level by pressing the interrupter.

c) If the patient does not respond, we increase the intensity of the tone
by 5 dB i.e. present the tone at 45 dB.

d) If he still does not respond, again we increase the intensity by 5 dB
and present the tone at 50°dB.

e) If he responds at 50 dB level, this is likely to be his threshold level.

However the process of increasing and decreasing intensity level is is
continued till at least three reliable responses are seen at the same
intensity level. This decibel level is recorded as the threshold. So if
three consistent responses are obtained at 50 dB level, then the
threshold for 1000 Hz is confirmed as 50 dB.

f) Note that at each step we either reduce by 10 dB every time the
patient responds or increase by 5 dB every time he does not respond.

g) The same example is shown in a form of flow chart where R
indicates response and NR indicates no response.

1000Hz _, > R

—» R (First Response )

|
— NR’

l,
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45dB| —> NR

— R ( Second Response )

— NR

—» NR

4_E «.—E« E«i
LYY [vy) 93]

o
Q.
o

—» R (Third Response )

Threshold for 1000Hz is recorded as 50dB.

Note: Do not change the frequency dial until you have confirmed the

threshold for one particular frequency.

The interrupter should not be pressed for a long duration. At the same
time the duration should not be too short. The interrupter should not be
pressed at regular time intervals, as this may enable the patient to guess
when the next tone is likely to be heard.

Xii.

Xiii.

Xiv.

After you have succeeded in getting the threshold at 1000 Hz, change the
frequency dial to 2000 Hz and using the same method find out the threshold
for 2000 Hz and record it.

Change the frequency dial to 4000 Hz and repeat the procedure to find out
the threshold. Occasionally the thresholds for 6000Hz and 8000Hz are also
obtained if required.

Again test at 1000 Hz. This is to confirm the reliability of the test. Pay no

attention to the previous threshold obtained at this frequency until you have

completed the steps necessary to obtain another threshold measurement.
Compare the second threshold with the first. If they match exactly or differ
by no more than 5 dB in either direction, then the test results can be
considered reliable. If on the other hand, there is a difference of more than
5dB between the first and the second threshold measurement at 1000 Hz,
the reliability of the test is in doubt. It is advisable to repeat the test from
the beginning in such cases.

.
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After rechecking the threshold at 1000 Hz, find out the threshold for 500 iz
and then for 250 Hz. '

After completing threshold testing of one ear change the output selector dial

« to the other ear. Proceed in the same way and obtain thresholds for the other
ear. If essential, the masking should be introduced in the better ear while
testing the worse ear.

xvii. © Remove the headphones and place the bone vibrator on the mastoid process

4.7

of the temporal bone. It is placed on the mastoid of the better ear first. The
maximum intensity level available for bone conduction testing in most of
the audiometers is 50 deciBel. Find out bone conduction thresholds for 250
Hz, 500Hz, 1000 Hz, 2000 Hz and 4000 Hz. Begin with 1000 Hz as for air
conduction and follow the same method and order of testing frequencies.
Aszume that you are testing the bone conduction of that ear, where you havz
placed the vibrator. In certain cases, masking is required in bone conduction
too.

THE FACTORS INFLUENCING THE RESULTS OF
PURE-TONE AUDIOMETRY.

It has been found that there are certain factors which influence the
results of pure-tone audiometry. Some of them are listed below.

i) Instrumental Factors:

The accuracy of testing depends upon the proper functioning of
audiometric equipment. audiometers must be calibrated and serviced
regularly once a year to ensure that the frequency and hearing level
outputs are actually as indicated on the controls. The audiometer can go
out of calibration due to changing characteristics of electronic
components, excessive voltage fluctuations, rough handling and dropping
of headphones, bone vibrator etc. The audiometer which is out of
calibration can affect the results of pure-tone audiometry. The zere
reference level of the audiometer, the upper and lower output capability
of the audiometer and standards adapted for calibration are also some of
the factors that can influence the test results.

ii.) Subject Varlablllty
The - variability in threshold measurement is often related to the
motivation and physical conditions of the person being tested. Some
subjects are not interested in giving the test and do not give their full
attention to the listening task. Some get tired easily or are in pain and
have difficulty in attending to the listening task.Some people may not
have the intellectual capacity
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to maintain sustained interest in the test procedure.

Patient comfort is another important factor. Uncomfortable seating
arrangements, poor room ventilation or lighting, improperly placed
headphones can cause discomfort to the patient, leading to the patient
becoming inattentive

Tester Variability:

The instructions given by the tester to the subject can also affect the
results of audiometry. If different methods of threshold detection are
used they may not give the same threshold values. You are already
aware that ascending, descending and bracketing are methods used for
the threshold detection.

The level of ambient noise: i

Excessive ambient noise in the testing room would also affect the test
results. It is therefore necessary to adopt the international standards of
permissible noise levels for a sound-treated room to be used for testing.

4.8 PLOTTING AN AUDIOFGRAM

The results of pure-tone audiometry are recorded in the form of a graph which is
called as an audiogram. Frequency along the abscissa ( X — Axis ) and intensity
along the ordinate ( Y-Axis ) are the two dimensions of an audiogram. The patients
* hearing threshold at each frequency tested is plotted on the audiogram. For plotting
audiograms, specific symbols, which are standardized at the international level
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Audiogram Symbols

RIGHT LEFT

COLOUR ’ RED BLUE

X

AIR CONDUCTION UNMASKED

AIR CONDUCTION MASKED

AIR CONDUCTION UNMASKED NO
RESPONSE

AIR CONDUCTION MASKED NO

o
VAN [
L P ®
RESPONSE. AN —,
< D
[ ]
S <
) -

BONE CONDUCTION UNMASKED

BONE CONDUCTION MASKED

BONE CONDUCTION UNMASKED NO
RESPONSE

BONE CONDUCTION MASKED NO
RESPONSE

SOUND FIELD

UNAIDED

S
AIDED A
2

NO RESPONSE

Diagram 3: Audiogram Symbols

are used. The separate symbols for air conduction ( AC ) and bone conduction (
BC ) of each ear are used. Separate colours are used for right ear and left ear, Red
denoting the right ear and blue the left. The following chart shows the symbols
used in plotting the audiogram.

4.9 INTERPRETATION OF AUDIOGRAM FOR TYPE OF
LOSS.

As you are aware the audiogram provides us with the qualitative information
regarding the type of hearing loss. By interpreting an, audiogram we can diagnose
the type of hearing impairment. The interpretation for each ear is done
separately. The air conduction and bone conduction threshold level also the air-
bone gap (i.e. difference between air and bone conduction thresholds ) is taken
into account while interpreting the audiogram for type of loss. The features of
various types of audiograms are listed below.
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2.

Audiogram indicating normal hearting sensitivity: In this type of
audiogram, the thresholds of air conduction and bone conduction range from
-10 dB to 20 dB. The bone conduction thresholds are equal to air
conduction thresholds or less than that. The thresholds of AC and BC do not

| FREQUENGY IN HERTZ NG
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. -

HEARING LOSS IN DECBLS
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Diagram 4 : Audiogram showing normal hearing sensitivity

much differ from each other.

Audiogram showing conductive hearing loss: In' this audiogram air
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Diagrain 5 : Typical Conductive Impairment

conduction threshold levels are abnormal but bone conduction threshold
levels are normal. Conductive loss results due to malfunctioning of the
outer and / or middle ear hence the audiogram shows loses by air conduction
only. However bone conduction is normal, as the inner ear mechanism is not . -
affected.
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m

3. Audiogram of sensory neural loss: The audiogram of sensory neural loss
shows loss by both air conduction and bone conduction. The thresholds
of AC and BC do not differ much from each other. The difference between
AC and BC thresholds is upto 10 dB or less than that.

FREQUENCY IN HERTZ
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Diagrarh 6 : Typical Sepsori;Neural Impairment

The different types of audiograms seen in hearing impaired children with congenital
hearing loss are shown in Diagram 7 below. -

80



M.P BHOJ (OPEN JUNIVERSITY

waws

i 1000 00 i 5 00 0002000
0
w0
% = , Case 1
L .-
i“ ™ X - o AT e s L
H - PO i
HE : EE
i [ (B ©
ol 0
& =
EMEONEVCA W4 HEKIS BieHL EBEONENCA M HEXIS (25
) N VNDICCEVR
pthins
newse w
& 0 __ 20 00 200 3 04300 #4000 _€00C 9000
§ 4
£ 3 A & R C 2 i
s ®f en; = S aSC
i : g
10\ N
EBEONEWUCA M HEKIS BiIGHL " RBEONEWICA M HEBLS reed
VADIOCKYH
CV2ES |
& 000 L 20 X 4000 00 _ w0C £000
- -
. - -l 3
i -
3 —+—{ &%
§ n N _—
g o = T ¥ Case 3
ol
K
- - 40
SHEQNENCA M HEKIS et SEONENCA M HESIS (=4

| oveEs

Audiogram of mixed loss: A mixed loss occurs when there is an
involvement of the outer and / or middle ear and the inner ear.A mixed
jmpairment will produce an audlogram which shows some loss by bone
conduction but more severe loss by air conduction. In the audiogram of

‘mixed loss air conduction and bone conduction differ each other by 15 dB or

more,
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Diagram 8 : Typical Mixed Impairment

Keeping in mind all the above features of different types of audiograms, you can
use the following flowchart for interpretation. '

a, Find out if AC and BC thresholds are upto 20 dB or less than that.. If so,
then hearing sensitivity is within normal limits.

b, If not, then find out if bone conduction thresholds alone are within normal
limits, If yes, then hearing impairment is conductive in nature.

c. If air and bone conduction thresholds both are abnormal then look for AC-
BC gap ( ie. the difference between AC and BC thresholds at each
frequency ). If the gap is 10 dB or<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>