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" FOREWORD .

Dear Learners,

This book is intended to serve as a ready reference for learners of vocational
higher secondary schools. It offers suggested guidelines for the transaction of
the concepts highlighted in the course content. It is expected that the learners
achieve significant learning outcomes at the end of the course as envisaged in
the curriculum if it is followed properly.

In the context of the Right-based approach, quality education has to be ensured
for all learners. The learner community of Vocational Higher Secondary
Education in Kerala should be empowered by providing them with the best
education that strengthens their competences to become innovative
entrepreneurs who contribute to the knowledge society. The change of course
names, modular approach adopted for the organisation of course content, work-
based pedagogy and the outcome focused assessment approach paved the way
for achieving the vision of Vocational Higher Secondary Education in Kerala.
The revised curriculum helps to equip the learners with multiple skills matching
technological advancements and to produce skilled workforce for meeting the
demands of the emerging industries and service sectors with national and global
orientation. The revised curriculum attempts to enhance knowledge, skills and
attitudes by giving higher priority and space for the learners to make discussions
in small groups, and activities requiring hands-on experience.

The SCERT appreciates the hard work and sincere co-operation of the
contributors of this book that includes subject experts, industrialists and the
teachers of Vocational Higher Secondary Schools. The development of this
reference book has been a joint venture of the State Council of Educational
Research and Training (SCERT) and the Directorate of Vocational Higher
Secondary Education.

The SCERT welcomes constructive criticism and creative suggestions for the
improvement of the book.

With regards,

Dr. PA. Fathima
Director
SCERT, Kerala

O
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ABOUT THE COURSE

The concept of health carein our country isgradually shifting frommortality careto
morbidity care. Inacountry likeIndia, withitsgrowing popul ation, lot of gapsexist
inthehed th service sector. With the advent of newer strategiesinthefield of science
and technol ogy, cardiac medical practice has shifted considerably from clinical
cardiology tolaboratory oriented cardiology. Thishasresulted in newest investigatory
techniques and proceduresfor diagnostic and therapeutic purposes. Therisk of
heart diseaseison theincrease now adaysdueto changesinlifestyleand socid set
up. Inthesecircumstances ECG and other cardiovascul ar measurement techniques
included inthe curriculum are essential for proper diagnosis. The purpose of this
courseisto create skilled techniciansto meet the health need of society.

Hearing isone of the most important senses possessed by man. Hearing disability
affectsonescommunicetive, educationd, socia and emotiond abilities. Audiology is
thescienceof hearing, balance and rel ated disorders. Early detection of hearingloss
isvery important for the proper management of hearingloss. Theam of thecurriculum
istoprovideskill inclinical Audiologicd procedureslike puretoneaudiometry,speech
audiometry and specid testsfor hearing.

Syllabus offers fundamental s to students going for Diplomain Cardiovascular
Technol ogy, Bachelor of Cardiovascular Technology, B.Sc. Audiology and Speech
Language Therapy.

Major skills

*  Peformstheexperimentsrelated to production and propagati on of sound.
* Identifiesthephysica and psychologica propertiesof sound.

e Recognisesof humanrangeof hearing and devel opment of auditory behaviour.
e Identifiestheimportance of test environment for audiol ogical test.

*  Identifiestheanatomy and physiology of auditory system.

* Classfieshearingloss.

e Identifiesthecausesof hearingloss.

*  Comparesthevariousdegreesof hearingloss.

» Differentiatesthevariouspaternsof audiograms.

* ldentifiesthedifferent partsand functionsof audiometers.

e Comparesdifferent typesof audiometers.

e Peformstuningfork tests.

*  Preparescase history of hearingimpaired persons.
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»  Performspuretoneaudiometry procedure.

*  Anaysestheresultsof puretoneaudiometry.

» Differentiatesthevariouspatternsof audiogram.

*  Familiarisesspeech audiometry te<t.

*  Performsspecial testsof hearing.

* Identifiestheprocedureand clinical importance of different objectivetest of
audiometry.

* Identifiestheusesof different typesof hearing aid.

* Identifiesthe importance of cochlear implant.

o Identifiesthedifferent typesof ear moulds.
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SYLLABUS

MODULE III

Name: BASICS OF AUDIOLOGY

31 SOUND AND HEARING (65 Periods)
3.1.1 Definition of sound, Generation and Transmission of sound
3.1.2 Physical and Psychological attributes of sound

3.1.3 Types of sound: Pure tones, complex tones, Noise

3.1.4 Range of Human hearing

3.1.5 Development of auditory behavior

3.1.6 Sound Treated Rooms

3.2 AUDITORY SYSTEM - ANATOMY & PHYSIOLOGY

(130 periods)
3.2.1 Ear - Extenal ear, Middle ear, Inner ear
3.2.2 Auditory nerve and Central Auditory Pathway
3.2.3 Theories of hearing
3.3 HEARING LOSS (75 Periods)

3.3.1 Hearing loss, Types of Hearing Loss - Organic, Non organic
Causes - Congenital vs Acquired, Prelingual vs Post lingual,
Noise Induced Hearing loss, Presbycusis

3.3.2 Degrees of Hearing loss, Configuration of hearing loss, Unilateral
vs Bilateral, Symmetrical vs Asymmetrical, Progressive vs Sudden
hearing loss, Fluctuating vs stable hearing loss

3.3.3 Audiogram: Notations used for plotting audiograms

3.3.4 Audiogram patterns in different types of hearing loss

3.3.5 Effects of hearing loss on development

34 HEARING ASSESMENT (70 Periods)
3.41 Audiometers, Types of Audiometers

3.4.2 Pure tone Audiometer - Instrumentation

>
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343
344

Case History Evaluation and its importance

Tuning fork Tests

MODULE IV

MobDULE NAME: Basics oF PRACTICAL AUDIOMETRY

41.1

4.1.2
41.3

414

4.2

4.3

4.4

4.5
451

452

PURE TONE AUDIOMETRY (120 Periods)

Patients and Clinicians Role in Testing - Air conduction testing,
Bone conduction Testing, Plotting Audiograms, Audiogram
Interpretation

Play Audiometry, Free field Audiometry, Aided Audiometry

Masking - Minimum masking, effective Masking, Over
Masking, Masking Noise

Calibration of Audiometers
SPECIAL TESTS OF HEARING (40 Periods)

Loudness Recruitment - Short Increment Sensitivity Index, ABLB
Test, Tone Decay Test

SPEECH AUDIOMETRY (65 Periods)

Need for Test Environment - Speech Discrimination test, Speech
Reception Threshold, Speech discrimination score

Most Comfortable Loudness, Uncomfortable Loudness, Dynamic
Range

OBJECTIVE TESTS OF AUDIOMETRY (50 Periods)
Brain Stem Evoked Response Audiometry (BERA)

Otoacoustic Emission (OAE)

Impedence Audiometry - Tympanometry, Reflexometry
HEARING AID AND EAR MOULDS (65 Periods)
Hearing Aids - Instrumentation, Characteristics of Hearing aids

Classification, Hearing aid selection, Care and maintenance of
hearing aid, Cochlear Implants

Ear Mould - Types, Preparation of Ear Mould (Brief)
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PArT B

MobuLE III

BASICS OF AUDIOLOGY

Overview

Audiology isthebranch of science which dea swith the study of hearing, balance
and related disorders.This module deal s with the basics of sound, how sound
propagates, it's properties, audible frequency range of human hearing etc. It aso
discusses about auditory behaviour devel opment in children. Thebasi ¢ concept of
anatomy and physiology of human ear isvery essential for audiology. Thismodule
givesabrief description about this. Depending on the site of problemin ear, there
are various types of hearing loss-conductive, sensory neural and mixed type.
Awareness about these types of ossesand their common audiogram patternsare
dedlt here. Agerelated hearing loss, malingering and noiseinduced hearinglossare
a so discussed briefly. For testing hearing the basi cinstrument needed isPure Tone
Audiometer. A bas c awareness about itsinstrumentation and parts are al so needed.
Thusthe whole modul e gives usabasi c ideaabout sound, how we hear, what is
hearingloss, itstypesand audiometer. Thisisthe basic step for forming astrong
foundation for audiology.
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3.1 SOUND AND HEARING

Overview

For the study of human hearing and hearing | 0ss, abasi ¢ understanding of sound
such aswhat sound s, how soundsare produced, how sounds propagate from one
placeto another etc are necessary. Sound can be defined asawave of alternating
and successive compressions and rarefactionsin amedium of solid, liquid or gas.
Sound isatypically audibleacousticwave of dternating and successive high pressure
and low pressurethat travel sfrom one place to another through amedium of solid,
liquid or gas. Theauditory compressionfeltintheauditory organwhenasoundis
received by the ear is hearing. Thisunit dealswith the study of production and
propagation of sound, types of sound, human range of hearing, development of
auditory behavior and room acoustics or sound treated roomsfor hearing testing.

Learning outcomes of the unit
Thelearner

*  Definessound.

*  Explainsthegeneration and transmission of sound.

*  Recognizesthe mediumfor transmission of sound.

»  Compares propagation of sound through different media

*  Definesthephysicd propertiesof sound.

»  Differentiatesgrossand fine discrimination of sound.

»  Definesthepsychologica attributesof sound.

» Differentiatesthevariationsinintengty, frequency and duration.

»  Distcussesthedefinitionsof puretone, complex tone, musica sound and noise

o Identifiesdifferent typesof sound.

» Differentiates puretoneand complex tone.

e Comparesmusical sound and noise.

»  Explanstheaudiblerangeof humanbeing.

* Identifiestherangeof speech frequency.

» Differentiatestheintensity rangeof different sounds.

*  Comparesthe sound above and bel ow audiblerange.

* Identifiestheresponse of achild towards soundin different developmental
stege.
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e Comparesthesound responsein different developmental stages.
*  Discussesthe need of sound treated rooms.

*  Recognizesthe peculiarity of sound treasted rooms.

Sound - Generation and Transmission of sound

Sound

Sound isaform of energy that producesasensation of hearinginour ears.

Generation and Transmission of Sound

For producing sound there should be a vibrating body called source. Sound is
produced by abody only whenit vibrates, for example- exciteatuningfork witha
rubber hammer gently touch the prongs of fork with your finger, you can feel the
vibration of tuning fork. Touch your throat with your fingerswhen you speak. You
can experiencethe vibration of vocal cords. When it stops vibration, the sound

produced by it ceases. The sound source creates vibrations in the surrounding
medium. Sound wavesarelongitudina waves. If thevibration of theparticlesof the
mediumarepardld tothedirection of propagetion, thenthewaveiscaledlongitudina

wave. Eg. Snake movement along the ground. (When the particles of amedium

move perpendicul ar to the direction of wave movement then thewaveiscalled

transversewave. Eg. Ocean wavetravelling towardsthe beach.)

A medium isnecessary for the propagation of sound. It meansthat sound cannot
travel through vacuum. Asthereisno medium on moon, one cannot hear the sound
produced by another man. We cannot hear the sound of explosiontaking placein
the stars because of the absence of materia medium inthe space.

Vibrationsfrom the sound , 8
source produce T . ;.
compressions and * s el wees g b LT 1,\
rarefactionsinthemedium o . L
whichtravel outward from / : ™~ cras
itssource. Compressions BB TETETERBERE T
and rarefactions congtitute _ " _ '

a longitudinal wave SRR T
progressingintheoutward direction. Thetotd length of acompression and rarefaction
iscaled wavelength of longitudina sound wave.

Thevelocity of the sound isthe distancetravelled per unit time by asound wave
propagating through an dastic medium. Thespeed of the soundinroom temperature

&
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inairis346 m/s. Thedasticity and density of amedium affect sound propagation.
Thus, the speed of the sound differsin different media. Sound isavibration of
kinetic energy that passesfrom moleculeto molecule. Thecloser themoleculesare
to each other and tighter their bonds, thelesstimeit takesfor them to passthe sound
to each other and thefaster the sound can travel . Rail-workers sometimes put their
earsto thetrack to make out whether thetrainiscoming or not evenwhenthetrain
isnot visible. They can hear the sound of thetrain through steel railsmuch beforethe
sound reachesthem through the air. Thisisbecause the speed of soundinsted is
very fast (5100 m/s) in comparisonto air. Sound travelsslowest ingases, faster in
liquidsandfastestinsolids

Assessment activity

Take awooden stick and pressyour ears at one end of it. Ask afriend to gently
knock at the other end. AreYou be ableto hear the sound very clearly? How?

Physical and Psychological Attributes of sound

Sound can be analyzed in two ways- Physically by using instrumentsto record
measurements of itsproperties, and psychologically by listening to the sound and
analyzing itspropertieson the basisof our immediate experience.
Characteristics of sound

Amplitude(A)

It isthemaximum displacement of the particles of themedium from theequilibrium
position.

Period (T)

It isthetimetaken by aparticle of the medium to excite one completeto and fro
moation.

Time

- No.of vibrations

WaveL ength

Itisthedistancetravelled by thewave during one compl ete vibration of the particles
of themedium.

Frequency (N)

Frequency of awaveisthe number of vibrations executed by the particles of the
medium in onesecond. Unit of frequency isHertz (Hz).

&
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N= No.of vibrations
Time
Intensity
Theintensity of sound waverefersto the strength of aparticlevibration or rate of

sound energy transmissed through amedium. It isusualy measuredin decibels (dB).
At adistanceof onemetre, intensity

Whisper - 30dB
Norma conversation - 60 dB
Shout - 90dB

Discomfort of theear - 120 dB
Propertiesof sound
Reflection

Whenever asound wavetravellinginamedium isobstructed by ahard surface, itis
sent back into the samemedium. Thisphenomenoniscalled reflection.

Echoisformed asaresult of reflection of sound. Ordinarily echoisnot heard since
thereflected sound gets merged with the original sound. A sensation of any sound
persistsinour ear for about 0.1 sec, after the origina sound heard diesoff. Thisis
known asthe Persistence of hearing. Sothemaost important condition for hearingan
echoisthat thereflected sound should reach theear only after alapseof at least 0.1
sec after the original sound diesoff.

Refraction

When asound wave crossesthe boundary
between two media, its direction of
propagation changes. Itiscaled refraction.
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i e Diffraction

Z Any redigtributionin spaceof theintensity of sound
= resulting from the presence of an object will cause
- L= 7/2 variationsintheamplitudeor phase of sound wave.
| Z Thisisknown asDiffraction. For example, thehead
of anindividual causesdiffraction of sound. This

phenomenonisknown asthe 'Head shadow effect'.
— Resonance

Amwaveleng’h - Respnanceisthe phenomenon of settingabody into
TS ibrations by a strong

periodicforcewhose frequency coincideswith natural
frequency of the body.

Eg: A vibrating tuning fork when placed near the mouth
of aparticular length of air columnit producesaloud
sound dueto resonance.

Absorption

When asound strikes on an object itsintensity decreases
dueto absorption.

Interference

If two or more waves with same or
nearly the same frequency are super \7/\ B
imposed on oneanother, theamplitude I phase +/‘\ -

Constructive

of resultant sound ismodified. When ~_" wa—
the waves are in same phase, their Y i
amplitudeincreaseswhichisequal to \/_/,_ 180°0ut _ interference
the sum of their amplitudes > """
(Congructiveinterference). Whenthey -

meet in opposite phase, theamplitude becomeslessbeing equd tothedifference of
their amplitude (Destructiveinterference).

Beats

When two tones of amost identical frequency are presented (Eg: 1000 and 100 Hz)
therewill beanoti ceableincrease and decreasein the resulting sound. These changes
are perceived as beats.
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Psychological properties of sound

Wehear different kinds of soundsin our surroundings. Each sound isdifferent from
the other. But what makesthese soundsdifferent from each other? Onesound differs
from each other inthreefundamenta particularscaled a) pitch b) loudnessc) quaity
or timbre.

Pitch
Itistheshrillnessof thesoundfeltby | High pchd sound owcpcned cound
the ear. The voice of ladies and i

children arehigher in pitch compared
tomen.

Amplitude

Withtheincreasein frequency of a

vibrating body, thepitchof asound |

increases. So, avibrating body having Cycles

ahigh frequency producesahigh pitch or shrilled sound and avibrating body having
alow frequency producesaflat |ow-pitched voice.

Pitch is different from frequency. Pitch is a subjective property depending on
psychologica impression and cannot be measured quantitatively whereasfrequency
isameasurablequantity.

Overtones. A complex tonehasafundamental LT LT
frequencyi.e. isthelowest frequency at which =

asourcevibrates. All frequencies abovethat
tonearecalled overtones.

¢

Fundamental

L oudness W i

Loudnessof asound isthedegree of sensation 1 Overtone e ]

of the sound produced in the ear. i.e. the _

varying pressureexerted ontheeardrum by e=—————<——»
theincoming soundwaves. Loudnessdepends 2+ overtone -

upon thefollowing factors.

*  Regponseor sengtivity of theear for sound TR . e

.

of that frequency. 3" Overtone
e Loudnessof asound aso depends upon the sensitivity of theearsof thelisten-
es.

e  Amplitudeof vibration.

>
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Greater the amplitude, louder the sound. For example, if the string of aguitaris
plucked gently, asoft (faint) soundisheard but if it isplucked hard, it displaces
morefromitsrest position, that is, itsamplitude of vibration increasesand loud
sound is produced.

*  Areaof avibrating body

Larger theareaof avibrating body, louder isthe sound produced. A large drum
produces|ouder sound than asmall drum. Church bells can be heard from agreat
distance becausethey havealargevibrating area.

+ Distancefromthesource
Loudness of asound decreaseswith theincreasein distance of thelistener fromthe
source.

The decibel scale

Theintengty level of asound can bemeasuredindecibd (dB). Theminimum|oudness
of asound audibleat any frequency isconsidered to bezero (i.e. zerodB). If the
intensity increases 10 times of thereferencelevel (zero dB), sound level becomes
10 dB. If loudnessincreases by 100 times, the sound level becomes20dB. The
sengitivity of the human ear varieswith frequency. Theweakest sound corresponding
to zero decibd cannot be heard by us. The soundsof intensity 140 decibelsor more
produce painintheear and will ultimately damagethe ddli catetissues. Thefollowing
figureillustratesthelevel of soundindB of varioussounds.

Decibel rating
Threshoid of Pam | — = =
Set Engine || Sof 1
Carhom | J
L . 1 tismirbance =
Mormal conversation | /\\ /\ / \Inuc
Whisper Ll
Mear total sile!:m / \/l 1 \_\\ / 1 \

o o Ao 0 L W00 120 a0 280

Difference between LOUDNESS and PITCH
LOUDNESS PITCH

* Loudnessistheproperty of soundby |+ Pitchisthat characteristic of sound by
virtue of which aloud sound can be which a shrill sound can be
distinguished from the faint one. distinguished fromagraveor flat one.

* Loudness depends on the amount of |+ Pitch does not depend upon the
sound energy received by the ears energy received by the ears.

per unit time.
* Loudness does not depend on |+ Pitchof asound changeswith change
frequency of a sound. in frequency.
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Quality or Timbre

We can identify aperson by hisvoice. How isthis possible? Because each person's
voiceisdifferent. Thecharacteristic of sound which enablesusto distingui sh between
two sounds of the same pitch and loudness, produced by two different sourcesis
cdled qudity or timbre.

Types of sound

Puretone- sound with asinglefrequency iscalled puretone sound.

Eg: Sound produced by tuning fork.

Complextone

Sound hearing of morethan onefrequency iscalled acomplex tone. Ineveryday
lifewearenormally exposed to complex tones.

Eg: Music, peech

Complex soundscan be periodic or gperiodic. Periodic complex soundsrepesat the
component waveformsat regular interval, gperiodic sound do not repest this.

Musical sound

When the waveforms of a sound repeats itself

periodically that sound is called musical sound. AJL\/J\/\/JL\/\M\
Musica sound producesasmooth and pleasing effect

totheear.

Noise

Noiseisacombination of soundsof irregular

frequency and is unpleasant to the ear where

thereisno periodic repetition of thewaveform

of the sound.

Noise can affect our quality of life. It can hamper our ability to do daily tasks,
increasefatigue, and causeirritability, noisy classrooms can makeit harder for al
childrentolearn. Just trying to hold aconversation in anoisy atmosphere requires
more concentration and energy. Noise can cause changesin thebody like

e  Hearingimparment

*  Increaseblood pressure
e Changeinheart beats

e Disturbed digestion

*  Prematurebirth

* Diguptdeep
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DIFFERENCE BETWEEN MUSIC AND NOISE

Musical sound Noise

1. Itispleasant to the ear. 1. Itisdispleasingto theear.

2. It is produced by regular periodic |2. It is produced by irregular vibrations
vibrations of abody. of abody.

3. The amplitude and frequency of |3. Theamplitudeof vibration may change
vibration do not change suddenly. suddenly.

4. Sounds produced by musical |4. Soundsproduced by machines, moving
instruments are musical sound. cars, etc. produce noise.

Assessment activity

Makealist of the soundsyou liketo hear and those you prefer not to hear inthe
tablebeow:

Pleasant Sound Unpleasant sound

Range of human hearing

We haveleant that sound isproduced asaresult of vibrations. But human ear isnot
sensitiveto vibrations of al frequencies. A normal ear can hear only sounds of
frequencies ranging from 20Hz - 20000Hz. This is called Audible Range of
Frequencies. Sounds of frequencies greater than 20000Hz is called Ultrasonic
sounds. Though human ear cannot hear ultrasonics, some animalslikedogs, bats,
monkeys, deer, leopards, dol phins can hear them.

Sounds having frequencieslessthan 20Hz are called infrasonicsounds. Infrasonic
sounds are produced by vibrating pendulum, earthquakes, vol canic eruptions,
€lephants, whales.

Sound of frequencies between 1000 Hz and 5000 Hz are heard best by amost all
the people. For many peopl e frequencies above 16000 Hz are not audible. Above
70yrsat 8000 Hz audibility islow. Thisiswhy, old peoplefind it difficult to hear
when others speak.
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Speech Frequencies

Frequencies of 500, 1000 and 2000Hz are called speech frequenciesas most of
human voicefdlswithinthisrange. PTA ( Puretoneaverage) istheaverageaverage
threshold of hearingin these three speech frequencies. It roughly correspondsto to
the speech reception threshol d.

Uses of ultrasonic sounds

A specia whistle called Galton'sW histle can produce frequencies greater than
20000Hz. Dogs can be specidly trained to respond thiswhistle.

»  Ultrasonic soundsare used by fishermentoidentify shoa of fishinthesea

e Ultrasonic sound isused in sonar to measure depth of sea.

e Itisusedindishwashing machines. Water and detergentsarevibrated by ultra-
sonicvibratorsto clean dirty utendls.

* Itisusedfor homogenising milk. Fresh milk isagitated with ultrasonic vibrator
to mix desired amount of fat and powder to obtain milk.

e Itisusedinscanning andimaginginterna organsof the body.

e Ultrasonic soundisused inthetreatment of arthritisand muscular pain.

e Itisusedtodetect faultsinthemetal sheets.

e Dolphinsa so useultrasonic sound to locate any obstaclesor prey inthe path
whilesvimminginthesea

Bats can produce ultrasonics. The ultrasonics produced by the batsreturn to them

after getting reflected from any object. This enables them to detect any prey or

obstaclesintheir paths

Development of auditory behaviour

Inachild'searly devel opment stagethey will be exposed to many new and wonderful

sounds. For fully devel opment of speech and language skillsthey must be ableto

hear adequately from thetime of birth.

Birth to3 months

Baby should startleto environmenta sounds such asdoor damming, dog barking
etc. Many timesyou will see, anincreasein thisbehaviour in the presenceof their
parents. Thisstageof babbling isbecausethe child produceslargevariety of sounds
with no repetition of any sound produced.




Reference Book [l

Sartling Reflex
3-6 Months

Baby should begin to turn the head and | aterali se sound. Babbling using different
gpeech soundsshould emerge. Thisisthestageof laling. Thechild may start repesting
hisown sound and asthe stage progressesthe child's sound repertory getsnarrowed
further.

6-9 Months

Baby should turn toward interesting sounds such asvoices, music, and animals.
Many timesachild will stoptheir activity when they hear asound or nameiscaled.
Speech behaviour should start to include, more speech like soundswith greater
frequency. Child startsrepeating the sound hehearsfrom outside.

9-12 Months

Child should generdly hear soft soundsand whispers. They should beabletolocdise
inevery direction, high andlow and | eft to right. Speech like sounds and jabbering
behaviour will occur with greater regularity. Thechild likesoundsare heard and it
getsnarrowed. Moreand moreword like soundsare heard. By theend of thisstage
the child startsusing very common wordswith meaning and entersthe stage of
'truespeech’.

18 Months

Child should be ableto recognize voices and different environmenta sounds, and
they should be ableto point to and identify various objects. Their vocabulary should
includeahandful of words.

2years

Child should be ableto follow s mpledirections, point to body partswhen named,
hear you from another room and speak in sentences contai ning two and threewords.
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Assessment activity

Prepare achart showing achild'sresponsetowards sound in different devel opment

Sound Treated rooms

Objectslikemirrorsmeta sor hard objectslike buildings or stonesreflects sound,
but materia swith loosetextureabsorb sound. Eg: Curtains, straw, carpetsetc. The
wallsof Cinemathesatre or auditorium are coated with rough materialsso that they
do not reflect any sound. If echo formed the quality of sound heard by people
becomes poor. Ordinary roomsin our homesare small compared to theatres. Thus
theorigina sound and reflected sound reach the earsalmost at the sametime and
hence no echoisformed.

Itisby reflection on hard walls and by absorptioninloose materids, onecan control
theacoustic propertiesof aroom. Walls covered with absorptivemateria s'deaden'
aroom and there will be no reverberation. Because of the stronger effects of
absorption upon high frequencies, signals are deprived of their high frequency
componentsand sound ismuffled.

Roomsin which audiometric tests are to be conducted must be reasonably quiet.
Testing must not be disturbed by neither soundsnor by thoseintruding from outside.
Such roomsare known as sound-treated rooms. The outside wallsof such rooms
must contain heavy, hard surfaced shell in order to keepout extraneous noises. The
insdeislined with absorptive materia to keep reverberation low

Detailing of Practical Activities

1. Tuningfork experiment
Materialsrequired

*  Tuningfork of different frequencies
Rubber hammer
2. Vibraethe fork by striking it against arubber hammer and hold it infront of
theear canal.
- What do you experience?
- Wehear the sound of thetuning fork
- Whenyou holdthevibrating tuningfork of different sizes, what do you
experience?
We experiencethat thereisadifferencein quality of sound of each tuning fork.

&
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With differencein size of each tuning fork the tuning fork may be vibrating with
different periodsof vibration.

Interference

»  Vibrationof atuningfork produces sound.

*  Thetuningforksof different sizesand number produce soundsof different
frequenciesor qualities.

3. What happensto the sound of thevibrating tuning fork held near your canal
over alongtime.

The sound becomes softer and softer and becomesinaudible ultimately.

Interference

Sound islouder at the beginning and becomes softer and softer and ultimately

inaudible.

4. What happenswhenthetuning fork isemitted by strikingthe hammer forcefully
and thenwith lessforce.

Observation

Whenthetuning fork isemitted by striking the hammer forcefully the sound heard

will bemoreintense or the sound heard will belouder.

When thetuning fork isemitted by striking with arubber hammer with lessforce
sound produced will beintense or softer.

Interference

When thevibrating body vibrateswith moreforce the sound will be moreintense
and when vibrating body vibrateswith lessforce the sound produced will beless
intense or soft.
*  Experiment showing resonance.
*  Prepareachart showing environmental sounds according to thefrequency.
*  Prepareachart showing the devel opment of auditory behaviour.
*  Familarizethestructure of sound treated roomsduring OJT.
TE questions
1. Roomsinwhichaudiometric testsareto be conducted must be quiet. Express
your opinions.
2.  Givereasons?
- Agtronautswhilein space can communicate only through radio.

&
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- Musicispleasant to hear but noiseisnot.
- You canrecognizeyour friend by hearing hisvoice on atelephone.
3. Differentiatebetween
- Pitchandloudness
- Ultrasonic sound and infrasonic sound
4. Fllintheblanks.
a. Therangeof audiblesoundis Hzto Hz.
(25 to 35000Hz,20 to 20000Hz,13 to 15000H2)
b. Soundleve ismeasuredin
c. Therepetition of reflected sound from adistant object iscalled
(Refraction, Echo, Diffraction, Interference
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3.2 AUDITORY SYSTEM - ANATOMY &
PHYSIOLOGY

Overview

Theear isthe sense organ that enablesusto hear. Hearing can be defined asthe
perception of sound energy viathebrainand central nervoussystem. Hearing conssts
of two components: identification of sounds(what the soundis) and localisation of
those sounds (where the sounds are coming from). Theear isdivided into three
main parts- theouter ear, themiddleear, and theinner ear. Theinner ear isfilled
withfluid. Theinner ear also containsthe receptorsfor sound which convert fluid
motion into e ectrica signalsknown asaction potentia sthat are sent tothebrainto
enable sound perception. Theairborne sound waves must therefore be channelled
toward and transferred into theinner ear for hearing to occur. Therole of the outer
and middleear isto transmit sound to theinner ear. They aso hel p compensatefor
thelossin sound energy that naturaly occurs when the sound waves passfromair
intowater by amplifying the sound energy during the process of sound transmission.
Inaddition to converting sound wavesinto nerveaction potentids, theinner ear is
asoresponsblefor thesense of equilibrium, which relatesto our generd abilitiesfor
bal ance and coordination.

Learning outcomes of the unit
External Ear

o Identifiesdifferent partsof theexterna ear.

*  Explainsthefunctionsof each part.

* Liststhepartsof external ear.

e  Sketchesthepartsof tympanic membrane, pinna, auditory canal.
»  Locatesthetympanic membrane using otoscope.

Middleear

»  Categorizesdifferent partsof middleesr.
¢ |dentifiesthecontentsof middleear.

»  Ligtsout thefunctionsof ear ossicles, musclesof middleear ligaments, blood
vesselsand nerves.

*  Comparesthemiddleear cavity withthe Eustachiantube.
*  Explainstheimportanceof Eustachian tube.
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Internal ear

e Identifiesand classify thepartsof interna ear.

e Comparesbony labyrinth and membranelabyrinth.

» Differentiatesdifferent partsof internal ear.

»  Liststhepartsand functionsof vestibular system.

*  Explansthemechanisam of hearing.

e Compares themechanism of Air conduction and Bone conduction.
*  Explainsthemechanism of sound localization.

Auditory Nerve & Central Auditory Pathway

*  Explainstheoriginand branchesof vestibulocochlear nerve.
Identifiesthetransmission of acoustic reflex through auditory nerve.
*  Recognizestheimportance of 8" nervein hearingand balancing.

* Ligsthedifferent levelsof auditory pathway.

Theories of hearing

»  Explainsthefour different theoriesof hearing.
e Comparesthefour theoriesof hearing.

The Ear

Inner ear

Semicircular
Cochiear canals

Vestibular nerve

Facial nerve

-." / /Audrlow nerve

Eustachean
tube

{ % i R, 8
2a A :'. i .

o .-\ | ; Stapes
. wcuk Middle

Malleus
ear
Ear canal
I Ear drum

T
Outer ear

Theear isan organ of hearing and balance. It issupplied by V1" cranial nerve

(Vestibulocochlear). For the purpose of description ear isdividedinto:

&
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a Externd Ear

b. MiddleEar

c. Internd Ear

a. External Ear

Theexternd ear consists of Helix

i. Pnmna Triangular fossa \ /7<

ii. External Auditory Meatus

(Ca’]d) Crus of helix

RPinnae(Auricle):
The Pinnaeisthe expanded portion
which projects from the side of the .' \ s
head. Itiscomposed of afibroeglastic \
cartilage covered by skin with a
conical shape.Thelobuleisthelowest Lobuse
part of Pinnaewhichissoft pliablewith out cartilage andiscomposed of connective
tissue covered by skin.

Scaphoid fossa

Crura of antihelix

Tragus — I 4
Concha cava

N Antitragus

Functions

1. Theauricleisrespongblefor gathering soundsfrom theacoustical environment
from avast areaand concentratetheminto themiddieear.

2. Itdsohepsinthelocalization of the sound.

3. Pinneeisdesignedinsuchaway that itismoreefficientindelivering highfre-
guency soundsthan low frequency sounds.

External Auditory Meatus (Canal)

Theexternd auditory meatus conducts sound wavesfromtheauricleto thetympanic
membrane. Thecanal is'S shaped and isabout 24 mm length. It hastwo parts:

a.  Outer Cartilaginouspart

b.  Inner bony part

Outer Cartilaginous part

Cartilaginouspart isabout 8 mm of thetotal length. Thisregion congstsof ceruminous
glands(which secretesear wax), sebaceousglandsand hair follicles. Thecombination
of ceruminousglandsand hair follicles prevent the entry of foreign objects (insects,
dusts, microbesetc.) from reaching thetympanic membrane.
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C. Innerbony part
It formsabout 16 mm of themeatusand isdevoid of hair and ceruminous glands.

Tympanic Membrane (Ear Drum)

Tympanic membraneisathin translucent N pars facoida

partion between theexternd auditory mestus \g / /Anwfmd
and themiddle ear. Itisoval and conical | _ LT, shortprocess
shapeinshgpemeasuring 9x 10mmx 0.1mm 1 E ¥

thickness. Itisplaced obliquely at anangle !
of 55 degreefrom thefloor of meatus. The "™
tympanic membrane is held tense by the

inward pull of the tensor tympani muscle A= ~
whichisinsertedinto the upper end of the pars ionca P Loro o ght

handleof Malleus. TYMPANIC MEMBRANE

Manubrium
o of malleus

Surfaces:

Themembranehas outer surfacesand inner surfaces.
Outer surfaces:

Outer surfaceisconcaveandislined by skintissue.
Inner surface:

Inner surfaceis convex and provides attachment to the handle of Malleuswhich
extendsuptoitscentre. Thepoint of maximum convexity liesat thetip of thehandle
of Mdleusandiscalled umbo.

Partsof tympanic membrane:
a. Parstensa:

Itisthegreater part of thetympanic membrane. It hasthreelayers- an outer layer
of skin,amedia layer of fibroustissue, inner layer of submucoustissue.

b. Par sflaccida:

Itisthe upper 1/3 rd of the tympanic membrane. It has 2 layers, an outer layer of
skinand aninner layer of submucoustissue.
Functions:

1. Thefunction of thetympanic membraneisto accumulate acousticimpulses
from Pinnaeand direct them tothe middie ear.

2. Thetympanic membraneaso helpsinthelocdization

&
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Middle ear (Tympanum, tympanic cavity)

Middleear isanarrow air filled space situated in the petrous part of thetemporal
bone between the external and internal ear. It has 6 walls - an outer wall
accommodating the tympanic membrane, inner wall, 2 lateral walls, aroof and a
floor. The cavity iscompressed from sideto sideand isbiconcave shape. The cavity
of middleear islined by submucoustissue and subdividedinto:

Auditory ossicles
Malleus

Incus

Stapes

Stabilizing ligaments ——

— Oval

External acoustic meatus —— window

— Round

. window
Tympanic membrane ——— d

Tympanic cavity
(middle ear)

a.  Tympanic cavity proper - which isoppositeto the tympanic membrane.

b.  Epitympanum - which liesabovethetympanic membrane.

c.  Hypotympanum-which liesbelow thetympanic membrane.
Communications: The opening of the Eustachian tubeison thefloor of thetympanic
cavity towardsitsanterior wall.

Contentsof middleear: Themiddleear contentsareasfollows;
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a.  Osscularchan:
It consistsof 3 ossicles, two small musclesand anumber of ligaments.

Ossicles(Malleus, Incus, Stapes)

Muscles (Tensor tympani, Stapedi ous muscles)

Ligaments

b.
C.

Blood vessls
Nerves(chordate tympani and tympanic plexus)

Functions

1

It transmits sound wavesfrom the externa ear to theinterna ear throughthe
ear Ossiclesand thustransformstheairbornevibrations of thetympanic mem-
branetoliquid bornevibrationsintotheinternd ear.

Theintensity of sound wavesisincreased by the Ossicles. It may noted that the
frequency of sound does not change.

Assesment activity

Draw and label thetympanum using thefollowing definitions given below:

akrwbdPE

Ear Ossicles

Therearethrecear Ossicles,  Matma

a Mdleus M
b. Incus oo
c. Stapes

o
Malleus Frocess

Malleusresemblesahammer. It
isthelargest and most lateraly
placed ear Ossiclesof theear. v

The part of thetympanum whichis oppositeto thetympanic membrane.
The part of thetympanum whichisbel ow the tympanic membrane.

The part of the tympanum which isabovethe tympanic membrane.
Thelatera wall of middle ear cavity isformed by.

Thestructureinthe middle ear that communi cateswith the nasopharynx.

Shint Frocess

Crus

Fooiciaia

Procesy Coruni

Pisbldebratm
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Parts:

a. Round head liesin the epitympani c recess and articul ates posteriorly with the

body of incus.
Theneck liesagainst parsflaccida

c. Thehandleextendsdownwards, backwardsand isembedded inthe middle
fibrouslayer of thetympanic membrane.
Incus

Itissocalled becauseit resemblesan anvil.
Parts:

a.  Thebodyislargeand articulateswith the head of Maleus.
b. Short Process.
c. Longprocessprojectsdownwardsjust behind and paralel with thehandle of

the malleus.
d. Lenticular process- articulateswith thehead of stapes.
Stapes

Stapesresemblesadtirrup. It isthesmallest and most medially placed Ossicles of
theear.

Parts:

a) Thesmal head articulateswith thelenticular process of incus.

b) Theneckisnarrow and providesinsertion to the stapedious muscle.

c¢) Twolimbs-Anterior and posterior [imbswhich are attached to thefoot plate.
d) Footplateisoval inshapeand isattached tothe oval window.

Functions

The function of the ossiclesisto pick up acoustic impulses from the tympanic
membrane, subjected to themiddleear transformer action and transmit theamplified
energy totheinner ear.

Assessment activity

Draw adiagramindicating the articulations of ear Ossicles.
Muscles of the middle ear

Therearetwo musclesinthemiddleear.

a.  Tensortympani
b. Stgpediousmuscle
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1. Acousticreflex/auditory reflex/tympanicreflex

Thetensor tympani muscle attached to the handle of Malleustensesthe tympanic
tympanic membrane while the stapedious muscl e attached to the neck of stapes,
reducesthemovement of stapes. Theseactionsof themusclesareknown collectively
astheAcoudticreflex. Thisreflex mufflesthetransfer of vibrationsfrom theeardrum
totheoval window.

2. Coordinating speech with hearing

Themusclesof themiddleear al so assi st in coordinating speech with hearing, so that
the sound of our own speech isnot so loud asto damage our inner ear and drown
out soft or high-pitched soundsfrom other sources. Just aswe are about to spesk,
thebrain signalsthemiddle ear musclesto contract, dampening the sense of hearing
in coordination with the sound of our own voice. This makesit possibleto hear
other peoplewhileweare speaking ourselves.

Eustachian tube

Eustachian tube connectsmiddleear cavity with Nasopharynx. Inadults itis36mm
long. Theupper 1/3rd portionis (12mm) bony covered by submucoustissueand
2/3rdiscartilaginous (24mm)covered by submucoustissue. Thetwo portions meet
ananglecdledishmus.

This tube acts as an air pressure equalizer and ventilates the middie ear. The
cartilaginousportion isdaosed normaly but openswhilechewing, swalowing, yavning
and forcefully blowing. When the eustachian tube opens, the air pressure between
theouter and middleear isequalized. Thetransmission of sound through theeardrum
isoptimal whentheair pressureis equalized between the outer and middle ear.
Whentheair pressure between the outer and middle ear isunequal, theeardrumis
forced outward or inward caus ng discomfort and the ability of theeardrumto transmit
sound isreduced.

Impedance matching mechanism of middle ear
Two processesareinvolved in theimpedance matching mechanism of middlieear.
They are:

1. Theareaof thetympanic membraneislarger than that of the stapesfootplate.
Theforcescollected over the ear drum are concentrated over asmaller area,
thusincreasing the pressurein oval window. The pressureisincreased by the

ratio of thesetwo areasi.e. 18.75times (tel escopic transmission).
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2. Thesecond processisthelever action of the middle ear bones. Thearm of the
incusisshorter than that of the Malleus, and thisproducesalever action that
increasestheforce and decreasesthevel ocity at the stapes. Sincethemalleus
is2.1timeslonger than theincus, thelever action multipliestheforceby 2.1
times.

Assessment activity

Draw adiagram of middle ear and label usingthefollowingterms.

a.  Tympanicmembrane
b. Malleus, Incus, Stapes
c. Tensortympanimuscle, Stapediusmuscle

Internal ear

Cochlea

Posterior semicircular canal / : > )—\1
1= =

Lateral semicircular canal““"\—“\_:'__ﬁ .
Vestibule -

Bony Labyrinth

Semicircular canals,

Anterior
" i
Posterior \

membranous labyrinth

lLateral

Cochlear
nerve

Membranous Cochlea

Cochlear
duct

Anlenor—————
Lateral 4/

Posterior

Membraneous labyrinth

Itisthe innermost part of ear whichisresponsiblefor sound detection and bal ance.
Theinternd ear or [abyrinth liesinthetemporal bone. It consistsof thebony labyrinth
within which thereisamembranous|abyrinth. The bony labyrinthisanetwork of

&>
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passageswith bony wals. Themembranouslabyrinth runsing deof thebony labyrinth.
Itisseparated from the bony labyrinth by afluid caled perilymph. The membranous
labyrinthisfilled with another fluid called endolymph.

Bony labyrinth
Thebony labyrinth consists of three parts.

a.  Thecochlea

b. Thevestibule

c. Thesemicircular cands
a. Thecochlea

Thebony cochlearesemblestheshd | of asnail.
It has a conical central axis (known as the
modiolus) around which the cochlear cand
makestwo and three quarter turns. On cross

scala vestibull

= n of
S—

section it containsthree compartments. q,,.ﬁl-[“(;}:‘;\i‘?’b _
i, Scaavetibuli e e
ii. Scaamedia /
iii.  Scaatympani

i.  Scalavestibuli: Scalavestibuli isabovethe Reissners membranein the co-
chlear duct. Itisfilled with perilymph

ii. Scalamediaisinbetween thebasilar membrane and Reissnersmembraneon
thecochlear duct. It isfilled with endolymph. Thebasilar membrane supports
theorgan of corti whichisthe end organ of hearing.

ii.  Scalatympani: Scalatympani isbelow the basilar membraneof the cochlear
duct .Itisfilled with perilymph. Thescalavestibuli comesin contact with scala
tympani at the helicotremaat the apex of moduolus. Scalamediaisaclosed
tube.

Function of cochlea: Thefunction of cochleaisto convert acoustic energy into

electrical impulses. Theelectrical impul ses generated in the cochleaare cochlear

potentias.

b. Vestibule

Itisthecentral chamber of thelabrynth. It liesmedia to the middleear cavity. Its
lateral wall opensinto themiddleear whichisclosed by footplate of stapes. Inthe
posterosuperior part of the vestibulearethefive openingsof semicircular canals.

&>
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c. Semicircular canals

They arethreein number, lateral, posterior, superior and liein planesat right angles
to oneanother. Each cana hasan ampulated end which opensindependently into
thevestibule. Non-ampul ated ends of posterior and superior canal unitetoforma
common channd caled crus-commune.

Membranous labrynth

Likebony labrynth, membranous|abrynth cons sts of three main parts:

a.  Spiral duct of cochlea(organ of hearing)

b. Utricleand saccule(organ of static balance)

c. Semi-circular ducts(organ of kinetic balance)

Duct of cochlea

It isaso caled membranous cochleaand occupiesthemiddle part of cochlear cand
between the scalavestibuleand scalatympani. Itistriangular in crosssection. The
floor isformed by basilar membrane, the roof by Reissner'smembrane and outer
wall by thebony wall of cochlea. Thebasilar membrane supportsthe organ of corti
whichistheend organ of hearing.

Organ of corti

It issituated abovethe basilar membrane. It moves along with the movement of
basilar membrane. Important components of organ of corti are:

a  Tunnd of corti:

isformedbythe
inner and outer Scala vestbul =
rods. It contains e o
a fluid called R vascutans —
cortilymph. N
b. Haircdls They < T
are important /""“’"" '““"'T:“&
receptor cellsof
hearing and
transduces \\ ,MIQ m}mmm
sound energy e scanymonn o P
into electrical RENORSICS

energy. Therearefour rowsof hair cells. A singlerow of inner hair cellsand
threerowsof outer hair cells. The structure of the organ of corti and thefour
rowsof hair cellsareplaced continuoudly in the cochlear duct fromitsbaseto
apex. Thehair cellsat itsbase are attached to nerveradiations.
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c. Tectorial membrane(TM): Tectoria membraneissituated inthescadamedia It
ismadeof jelly like substance and iselectrically charged. Thehair cellsare
embedded in Tectorial membrane.

Utricle and saccule

Theuitricleliesinthe posterior part of bony vestibule. It receivesthefive openings of
thesemicircular cand. Theduct of saccule uniteswith theduct of utricletoformthe
duct of endolymphaticus. The sensory epithelium of theutricleiscaled themacula
Macul ae are the end organsthat giveinformation about the position of the head.
They are static balance receptors.

Semicircular ducts

Thethreesemicircular ductsliewithinthe corresponding bony cand's. Each duct has
an ampullacorresponding to that of thebony cand. Ineach ampulla, thereisanend
organ called the cristae. Cristae respond to pressure changesin the endolymph
caused by themovement of head.

Auditory nerve

Auditory nerveisaso called 8" crania nerve. It isformed by the bundling together
of nerveradiations coming out of cochleain theinternal auditory canal. Auditory
nerve endsat the brain stem.Thefunction of auditorynerveisto receive cochlear
potential sfrom the cochleaand transmitted to the brainstem.

Central Auditory pathway (Ascending pathway)

e =
T \‘TIV ' Transverse temporal gyrus
[ s 7
== P~/ Acoustic radiation
- S
- Medial geniculate body
Inferior coliculus

Cochlear nuclei f] Lateral lemniscus

Cochlear nerve Trapezold body

Spinal organ — ¢ #¥

Bipolar neuron of cochlear ganglion

Thenervefibersof cochleacombineswith the vestibuleto form vestibul ocochl ear

nerve (V1™ CN). Further course of auditory pathway isasfollows:
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Dorsa or Ventral cochlear nuclei
Superior Olivary complex
Nucleusof lateral lemniscus
Inferior colliculus
Medilageniculate

Auditoy cortex

o gk wbdpE

Assessment activity

Draw ablock showing the structure of centra auditory pathway.
Physiology of hearing

auricle incus scala
scala
“n malleus vestibuli  ‘97PoN!

oval i

T
cochlea

tympanic membrane stapes

organ of Corti

sound waves

round window basilar membrane

[.outer ear .miuuie ear .mner ear ]

A sound signal from the environment is collected by pinna, pinnapassesthrough
externd auditory cand and srikesthetympanic membrane. Vibrationsof thetympanic
membranearetransmitted to stapes of footplatethrough achain of ossicles coupled
to thetympanic membrane. Movements of stapesfootpl ate cause pressure changes
inthelabyrinthinefluidswhich movethebasilar membrane. Thisstimulatesthe hair
cellsof theorgan of corti. Itisthesehair cell swhich act astransducersand convert
themechanica energy into e ectrica impul seswhichtravel dongtheauditory nerve.
Thusthe mechanism of hearing can bebroadly dividedinto:

1. Mechanica conduction of sound (conductive apparatus).

2. Transduction of mechanical energy to electrical impul ses (sensory system of
cochleq).

3. Conduction of ectrica impulsestothebrain (neura pathways).
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Assessment activity

Prepare ablock diagram showing the conduction of high frequency sound across
theear.

How we hear?

Air conduction istheprimary mechanism of hearing.Itinvolvescarrying sound waves
through the externa auditory canal to the tympanic membrane. There, the sound
vibrationscausethetympanic membraneandtheear ossclestomove, thustranamitting
thevibrationstotheinner ear structures.

Air and bone conduction %

The cochlea can be
stimulated
directly by
bone
conduction  as|
well as by sound
passing
through  the| §
middle ear.

<

Bone conduction providesan additional pathway whereby sound wavesvibrate
the skull bonesand transmit the vibrationsto theinner ear structures. Both air and
bone conduction useacommonfind pathway involving transmission of thevibrations
totheinner ear structures, then onthecrania nerveand thetempora |obe.

-

Physiology of balance

/ Cerebrum
Labyrinth ¢—— Central
Eyes «——| connections |$—— | Cerebellum
. (Nerve)
Skin ¢——
Muscle

Joints | Equilibrium

Thevestibuleand semicircular canasare concerned with thefunction of balancing
(proprioceptive mechanism). Other proprioceptorsof the body are muscles, joints,

&
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skin and eyes. These organs are connected to the cerebellum and the cerebrum,
wherethefina perception of the sense of theequilibrium occurs.

Any changeof position of the head cause movement in the perilymph and endolymph
which stimul atesthe nerve endingsand hair cellsin the vestibuleand semi circular
canals. Theresultant nerveimpul ses aretransmitted by the vestibular branch of 8"
cranial nerveto the cerebelum. Theimpulsesfrom all proprioceptiveforcesare
coordinated inthebrain and equilibrium ismaintai ned.

Sound Localization

Locdizationistheability of apersonto pinpoint asound source. A person determines
thedirection from which sound emanates by two princi ple mechanisms

* Interaura timedifference (ITD): Itisthedifferenceintime betweenthe sound
reaching both earsof thelistener. If aperson|ooking straight towardsthe sound,
the sound reaches both ears exactly at the same instant. If theright ear is
closer to the sound than thel eft ear, the sound signalsfrom theright ear enter
thebrain ahead of thosefromtheleft ear.

* Interaurd intengity differences(11D): Itisthedifferenceintheintensity of sound
reaching thetwo earsof thelistener. This difference occurs becausethe head
act asbarrier thus caus ng, an acoustic shadow that preventshigh frequency
soundsfrom reaching thefar ear.

Theeyesaso helpinlocalization of sound.
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Theories of Hearing

Place Theory: (Theory of Helmholtz)
Accordingtothistheory each Laseuz ol

p|tCh has its own Separate 7 2,000 HEZ
place on basilar membrane. N \

Perception of pitch depends

DASILAIR MEMBRAAN

Begin einde

hoge-frequentie
(1,500 - 20,0000 Hz
BASILAIR MEMBRAAN

ontheseparatevibration point Bégm eindo
. midden-frequentie
onthebasilar membranefor G ST o T
HZ — P
each frequenCy. il ey BASILAIR Beg/nE_ ‘_ _e} -
TelephoneTheory: 5.000 uz scotiipn ey

According to Rutherfords Tel ephone theory the discrimination of pitch depends
upon therateof firing of individua nervefibresand thefrequency isanalyzedinthe
central system.

Wever'sVolley theory:

Thistheory representsacombination of both place and tel ephonetheories. According
tothistheory higher frequenciesare perceived by placemechanism, lower frequencies
are perceived by placemechanism.

TravellingWaveT heory:

According to Von Beksey, sound waves starting at the oval window produce
vibraionswhichtravel dongthebasement membrane. Initidly theamplitudeof wave
ismaximum ,whiletravelling further onwardsthe magnitude decreasesand dies. The
maximum amplitude depends upon the frequency.

Detailing of Practicals

1. Examinationof externa ear and tympanic membrane using otoscope
Procedure

During an ear examination, atool called otoscopeisused to look at the outer ear
cana and ear drum. The otoscope hasalight, amagnifying lens, afunnel shaped
viewing piecewith anarrow pointed end called aspeculum.

Hold the otoscope in one hand and use the free hand to pull the outer ear upward
and backward. In children the auricle (pinna) should be pulled downward and
backward. This straightensthe earcana and helpsto seeinsidetheear. Hold the
otoscopelikeapen or pencil and usethelittlefinger areaasafulcrum. Thisprevents
injury if the patient turn suddenly. While you look through the otoscope, moveit

gently at different angles so that you can seethe ear canal wallsand ear drum.
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*  Inspect theexterna auditory canal.

*  BEvaduatethetympanic membrane.

*  Notethecolor (red, white, yellow) and trand ucency (transparent or opague)
and position (retracted, neutral or bulging) of ear drum.

* Identify theparstensawithitsconeof light and the position of maleushandle.

Normal
Auditory cand - some hair with yellow to brown cerumen.
Ear drum - pinkish grey in color, trand ucent in neutra position.

» Maleusliesinoblique position behind the upper part of eardrum
e Mobilewitharinflation

' Eardrum

Otoscope

2. Prepare coloured charts showing the structure of ear, air conduction pathway,
Bone conduction pathway, Central auditory pathway.

3. UsingMode sidentify the partsof ear.

TE questions

1. Whichof thefollowing structuresisnot found intheinner ear?
(Cochlear Nuclei, Basilar Membrane, Organ of Corti, Semicircular canals)

2. Thescientist whowonaNobel prizein 1961 for hiswork on sound transduc-
tionintheinner ear (William Rutherford, George von Bekesy, John Amoore,
Hermannvon Hemholtz).
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Themembranethat separatesthe scalavestibulefrom the scalamedia?
(Tectoridmembrane, Organ of Corti, Baslar membrane, Tympanic membrane)

Thesmall bony chamber of theinner ear which coilsfor about two and ahalf
turnsisknown asthe

(Ova window, Cochlea, Semicircular candss)
Thefirst structurein thebrainstemto receiveinput from both earsiscalled the

(Superior olivary nucleus, Media geniculate body, Nucleusof latera lemnis-
cus, Inferior colliculus)

The scientist who won aNobe prizein 1961 for hiswork on thebasilar mem-
brane?

The base of the cochleadeal swith

a) Lowfrequency

b) Highfrequency

¢) Middlefrequency

d) Noneof these

What arethefunctionsof themiddleear?

a) Amplification, Protection, Impedance matching

b) Protection, Impedancematching, Pressure Equalization
c) Protection, Localization, Impedance matching
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3.3 HEARING LOSS

Overview

Thisunit dealswith different typesof hearing lossesand some of the most common
causes. Theaim of thisunit isto devel op anideaabout defect intheauditory system
leadingto hearingloss.

Learning outcomes of the unit

Defineshearingloss.

Classifieshearinglossbased on pathol ogy.

Comparesdifferent typesof hearingloss.

Analysesthedifferent causes of conductive, sensory neura and mixed hearing
loss.

Differentiates congenital/acquired, prelingual/post lingua hearingloss.
DefinesNIHL and presbycusis.

Compares organicand non organic hearingloss.

Predictstheeffect of hearing losson devel opment.

Comparestypesof hearing |oss based on severity.
Classifieshearinglossbased on degree of hearingloss.

Differentiatesmild, moderate, moderately severe, severeand profound hear-
ingloss.

Anaysesdifferent degreesof hearingloss.

Anaysestheconfiguration of hearingloss.

Comparesunilatera vshilatera, symmetrica vsasymmetrical, progressivevs
sudden, fluctuating vsstable hearing loss.

Identifiesaudiogram and itssignificance.

Identifiesthenatificationsused for plotting audiogram.

Comparesdifferent patterns of audiogram.

Evduatesaudiogram patterns.

Hearing Loss

Hearinglossor hearingimparmentisapartia or tota inability to hear anditsseverity
may vary from mild to severeor profound. It can be dueto different causes some of
which can besuccesstully treated with medicine or surgery depending on thedisease
process.
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Common symptoms of hearing loss

*  Severedischargefrom ear (otorrhoea).

e Earpan(ear ache).

e Tinnitus(ringing sound or noiseintheear).

*  Vertigo (A personfedsasif they or the objectsaround them aremoving when
they arenot).

e Speakingtooloud/so soft.

*  Increasingthevolumeof TV abovenormad level.

*  Notabletofollow instructionsclearly.

«  Difficult tounderstand speechinnoisy Situations.

*  Anydructura abnormalitiesseenin outer ear.

Classification of Hearing loss
Clinically hearingloss can beclassfiedinto two:

I.  Organichearingloss

[1.  Nonorganichearingloss

. Organichearingloss

Organic hearing lossis a decrease in hearing due to anatomic or physiological
abnormadlitiesof auditory system.

Organic hearing loss can be of threetypes:

Conductivehearingloss

Sensory hearingloss

Mixed hearingloss

Neura lossof hearing

Central lossof hearing

1. Conductive hearing loss

In conductive hearing | oss, the sound conducting mechanismisdefective. Thisis
becausethe r cochleawoul d be ableto recognize sound vibrations, but somethingis
blocking the sound waves and thereforethese vibrations do not reach the cochlea.
Astheinner ear and other sensory neura structuresare norma, thehearing by bone
conductionwill benormal. Thisimpaired air conductionwith norma boneconduction
iscalled conductive hearing | oss.Conductive hearing | oss makes sound softer and
less easy to hear.Thistype of loss can often be corrected medically or surgically.

a krwDNPE
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Congenital causes
Theseareabnormalitiespresent fromthenbirth.
a  Meata atresia(absenceof externa auditory meatus)

b. Fixation of stapesfoot plate

c. Fixationof maleushead

d. Osscular discontinuity

e. Congenita cholesteatoma(an abnormal skin growthinthemiddlieear behind
theear drum)

f.  Absenceof oval window
Acquired causes

Theseareabnormalitiesdevel oped after birth.

Wax or foreign body in the external auditory canal
Ear infectionslikeotitisexternaand otitismedia
Tumorsof external auditory canal

Perforated tympanic membrane

Poor Eustachian tubefunction

Tumorsof middleear

Ossicular chaindidocation

Coallection of fluidinmiddieear

2. Sensory Loss of hearing

Itisthe hearing loss duethe defect or damage of cochlea.

@ "o a0 o

Causesof sensory hearingloss.
Congenital causes

a Geneticcauses

b. Vird infectionsduring pregnancy period
c. Madformation of theinner ear

d. Prematurebirth

Acquired causes

a.  Headinjury

b. Labrynthitis

c. Traumatolabyrinth

d. Virdinfections




B ECG & Audiometric Technology

Intake of ototoxic drugs

Exposuretoloud noise

Presbycusis (Hearing | oss associated with old age)

. Mixed hearingloss

When aconductive hearingl oss hgppensin combination with sensory loss. In other
words, theremay be damageinthe outer or middleear and intheinner ear (cochlea)

wQ ™ o

Causes: In some advanced cases of Otosclerosis, Head trauma, middle ear tumors,
chronic superlativeotitismediaetc.

4. Neural lossof hearing: Itisthe hearing loss dueto damage or dysfunction of
auditory nerve.
Causes. Tumour, Head injury

5. Central hearinglossisdueto thedefect or dysfunction of the central auditory
pathways.

[I. Nonorganichearingloss

Non organic hearing lossisthe hearing | oss due to non obvious pathol ogy. Non

organic hearing | oss can be of two types.

a. Malingering (Feigned hearing l0oss)
Thishearing lossisdueto conscious effort on the part of subject to deceive. The

subject triesto usethe hearinglossfor the better circumstancessuch aslegd, socid
Or service compensation

b. Hysterical hearing loss

Thistype of deafnessisamanifestation of hysteria.lt isasubconsciouswish to
elevatethe hearing threshold and is therefore outside the patients control.

Prelingual vs Post lingual Hearing loss

Prelingual hearing loss meanshearing | oss occurring before the devel opment of
languageinanindividud. Thiswill beusualy happen by birth or dueto somereasons
soon after thethebirth likemeningitisetc. Thiswill affect the speech and language
devel opment of the child badly.Early identification and intervention will beessentid
inthese cases.

Post lingual hearingloss means hearing loss that devel oped after the onset of
language. Thismay be dueto someaccidentsor diseasesthat happened after language
development.With proper diagnosisand intervention their language devel opment
will bemoreeffective.
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Noise induced Hearing loss (NIHL)

Listeningtoloud noisefor long periodsof time can cause apermanent hearingloss
by disrupting theddlicate hearing system.Thisiscaled noiseinduced hearing loss.If
thehair cellsare damaged by loud noisethe signal's cannot be correctly interpreted
by the brain. Once hair cellsare damaged thereisno current treatment to repair
them. Theresulting hearing lossis permanent.

Presbycusis (Senile deafness):

Hearinglossassociated with old age, especidly high frequency sounds. Itiscaused
by structurd changesin hair cellsof inner ear. Presbycusismost often occursin both
ears, dthough not necessarily at the sametimeor rate. Becausethelossof hearingis
so gradud, peoplewith presbycusismay not redizethat their hearingisdiminishing.
They may havedifficulty in distinguishing and understanding conversationin noisy
gtuations.

Assessment Activity

Complete thetable given below:
Conductive hearing loss Sensory neural hearing loss
e Earwaxaccumulation e Headinjury
Completethetable.
Conductive deafness Defect in external and middle ear
e Sensory neura deafness .
Degree of Hearing loss

Degreeof hearing lossreferstothe severity of theloss. Thetablebelow showsone
of themorecommonly used classification systems. Thenumbersarerepresentatives
of thepatientshearinglossrangein decibels(dBHL).
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Degree of hearing loss Hearing loss range (dB HL)
Normal 0to 25
Mild 261040
Moderate 41to 55
Moderately severe 56t0 70
Severe 71t0 90
Profound 91+

Configuration of Hearing Loss

Theconfiguration, or shape, of the hearing lossrefersto the degree and pattern of
hearing lossacrossfrequencies(tones), asillustrated in agraph caled an audiogram.
For example, ahearing lossthat affectsonly the high toneswould be described asa
high-frequency | oss. Its configuration would show good hearinginthelow tonesand
poor hearinginthehightones.

Ontheother hand, if only thelow frequencieswereaffected, the configuration would
show poorer hearing for low tonesand better hearing for hightones. Some hearing
loss configurationsareflat, indicating the same amount of hearing lossfor low and
hightones.

Other descriptors associated with hearing loss are:

Bilateral versus unilateral Hearing Loss

Bilateral hearinglossmeanshearinglossin both ears.Unilaterd hearingloss(UHL)
meansthat hearingisnormal in oneear but thereishearinglossintheother ear. The
hearing loss can rangefrom mild to very severe. UHL can occur in both adultsand
children.

ChildrenwithUHL areat higher risk for having academic, speech-language, and
socia-emotiond difficultiesthan their normal hearing peers. Thismay be because
UHL isoften not identified, and the children do not receiveintervention.

Below aresome possible causesof UHL.:
*  Hearinglossthat runsinthefamily (genetic or hereditary).
e Anouter, middle, or inner ear donormality.

e Syndromessuch asDown and Usher syndrome.
e lllnesssesorinfectionsasCMV, Rubdlla.
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*  Headinjury

*  Exposuretoloud noise.

e Traumaticbraininjury (TBI).

Symmetrical versus asymmetrical Hearing Loss

Symmetrical meansthe degreeand the configuration of the hearinglossarethesame
ineach ear. Asymmetrical meansthe degreeand configuration aredifferentin each
eqr.

Progressive versus sudden Hearing Loss

Progressive meansthat hearing | oss becomesworse over time. Sudden meansthat
thelosshappens quickly. Such ahearinglossrequiresimmediate medical attention
to determineitscause and treatment.

Fluctuating versus stable Hearing Loss

Fluctuating means hearing | ossthat changesover time. Sometimesgetting better,
Sometimesgetting worse. Stable hearinglossdoes not changeovertime andremains
thesame.

Thereisan old saying that you should not put

anything smdl_erthan you el bow i_nyour_ edr. Taking Cave of t%
Not all old sayingsaretruebut thisoneis. It %d’
isnot even agood ideato useacotton swab P'T
toremoveear wax. Thiscan pushwax degper
inyour ear. lrritating the ear canal with acotton swab can evenlead to an ear cana
infection. If you want to remove excess ear wax you can clean the opening of your
ear by usngawash cloth. Don't put anything sharpin your earsbecauseit can cause
serious damageto tympanic membrane. Sometimes swimming can lead to acase of
swimmer'sear. Do not swimindirty water. Dry your earsafter swimming and shake
out excesswater.

Youv: anf

NORMAL HEARING LOSS
FREQUENCY (1 HZ)

Audiogram 125 250 500 1000 2000 4000 8000

750 1500 3000 6000

-10 T T T T
Anaudiogramisgraph showsaudiblethresholdfor o :l’ II __'__ﬂlr,_;_ " }Ltl
standardized frequencies as measured by an 5 ; O
audiometre. In an audiogram thex axisrepresents = ——t—t——t—
frequency measuredin Hzand Y axisrepresents & T
intensity measured in decibels. Audiogram gives - 2 I IR
information about variousthreshol ds of hearing, $ R
degreeof hearinglossand typeof hearingloss. 2 I

100 ! ! ! !
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Notations used in Audiogram

Notations used for plotting audiogram are,

Downward placed arrow bel ow threshold notation suggestsno responseand
thenotation isplaced at theavail able maximumintensity of theAudiometer for
that frequency.

L. O———O AC right ear unmasked
2. x——X AC left unmasked

3. —1 AC right masked

4. ,N—/\  AC leftmasked

ST [ BC right unmasked

6. Jerrrrrene ] BC Left unmasked

T P r BCright masked

8 el BC left masked

Audiogram patterns in different types of hearing loss
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Normal Hearing

Theair conduction and bone conduction threshol dsfor al frequenciestested shows

thresholds of hearing at 0dB or upto 15-20dB is suggestive of norma hearing.



Reference Book [l

0
10 | N
20 L &3 |
= = - 1
30 L [R5 \ il
e L]
40 AR [Wiat
m L 5
° 50
p @. S
5 80 !
o 70
£
H 80
@
T g
100
110
120
130
140
125 250 500 1000 2000 4000 8000

Frequency Hz

Bilateral NoiseInduced Hearing L oss

Prolonged exposuretoloud noiseresultsinthethreshold of 4 KHz showing asudden

dip suggestive of noiseinduced hearingloss.

]

10
20
30

70
80

Hearing level dB

90

100
110
120
130

140

|
- e . il
- e —— i ——r
2
- -n-’:::::-—“‘:'
" -
— ,.// |
B—————g—
|
125 250 500 1000 2000 4000 8000

Frequency Hz

Bilateral ConductiveL ossof Hearing

Conductivelossof hearing showsalossin conductive hearing especidly inthelow
and middlefrequencieswith normal bone conductionan all frequencies.
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Frequency Hz
Bilateral M oderate ConductivelL oss(Bilateral Otosclerosis)
Audiogram showing lossin air conduction hearing and normal bone conduction

hearing on all frequencies except at 2000Hz showing adip in bone conduction
hearing of 10to 15dB, suggestive of Otosclerosis.
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Bilateral Moderate Sensory L ossof Hearing

An audiogram showing aprogressiveincreaseintheair and bone conduction hearing
thresholdswhichincreasesprogressively from lower to middleand higher frequencies

with an averagelossof 55 dB suggestsamoderate sensory |oss of hearing.
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Hearing level dB

Bilateral Moderate Mixed L oss of Hearing

Anaudiogram showinga progressively increasing lossfrom low tomediumtohigh
frequenciesinair conduction inair conduction hearing and aprogressvely increasing
lossacrosslow to medium to high frequencies in bone conduction hearing suggestive

of mixed hearingloss.

Hearing level dB

An audiogram showing someair conduction hearinginthelower frequenciesand an
averageloss of 90 dB or more on medium and higher frequencieswith no bone
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Bilateral Profound Sensory L ossof Hearing (left cor ner audiogram)

Anaudiogram showing hearingin air conduction onlow frequenciesand no hearing
on the middle and higher frequencies and an absent on bone conduction hearing
acrossal frequencies shows aprofound sensory |oss of hearing with aleft corner
audiogram.

Effects of Hearing loss on development
Itiswell recognized that hearingiscritical to speech and language devel opment,
communication, and learning. Children with listening difficultiesdueto hearing loss

or auditory process ng problems continueto be an underidentified and undeserved
popul ation.

Theearlier hearinglossoccurred in achild'slife, the more seriousthe effectson
childsdevelopment. Similarly, the earlier the problemisidentified and intervention
begun, theless seriousthe ultimateimpact.

Therearefour mgjor waysinwhich hearinglossaffectschildren:

1. Itcausesddayinthedevel opment of receptiveand expressive communication
skills(speechand language).
2. Thelanguagedeficit causes|earning problemsthat resultin reduced academic

achievement.
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3.
4.

Communication difficultiesoften lead to socid isolation and poor sl f-concept.
It may have animpact on vocationa choices.

Specific Effects
Vocabulary

Vocabulary developsmoredowly in children having hearing loss.
Childrenwith hearinglosslearns concretewordslike cat, jump, fiveand red
more easily than abstract wordslikebefore, after, equal to, and jed ous. They
aso havedifficulty with function wordslikethe, an, are, and.

The gap between the vocabul ary of children with normal hearing and those
with hearing losswidenswith age. Children with hearing lossdo not catch up
without intervention.

Children with hearingloss have difficulty understanding wordswith multiple
meanings. For example, theword bank can mean the edge of astreamor a
place wherewe put money.

Sentence Structure

Children with hearing loss comprehend and produce shorter and s mpler sen-
tencesthat childrenwith norma hearing.

Children with hearing loss often have difficulty in understanding and writing
complex sentences, such asthosewith relative clauses (" Theteacher whomi
havefor math was sick today.") or passive voice ("The Ball wasthrown by
Mary”)

Children with hearing | oss often cannot hear word endings such as-sor -ed.
This leads to misunderstandings and misuse of verb tense, pluralisation,
nonagreement of subject and verb, and possessives.

Speaking

Children with hearing loss often cannot hear quiet speech soundssuch as"s’,
"sh","f","t" and "k" and therefore do not includethem in their speech. Thus,
speech may bedifficult to understand.

Children with hearing loss may not hear their own voiceswhen they speak.
They may speak too loudly or not loud enough. They may have aspeaking
pitch that istoo high. They may sound likethey are mumbling becauise of poor
stress, poor inflection, or poor rate of speaking.
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Academic Achievement

e Childrenwith hearing loss havedifficulty with all areas of academic achieve-
ment, Especialy reading and mathematica concepts.

e Childrenwithtoo mild to moderate hearing losses, on average, achieveoneto
four gradelower thantheir peerswith normal hearing, unlessappropriate man-
agement occurs.

*  Childrenwith severeto profound hearing lossesusudly achieve skillsno higher
than thethird-or fourth-gradelevel, unlessappropriate educationd interven-
tion occursearly.

*  Thegapinacademic achievement between children with normal hearing and
thosewith hearing lossusualy widens asthey progressin school.

*  Theleve of achievement isrelated to parental involvement and the quality,
qudlity, andtiming of the support serviceschildrenreceive.

Social functioning

e Children with severeto profound hearing losses often report fedling isol ated,
without friends, ands unhappy in school, particularly whentheir socialization
with other childrenwith hearing lossislimited.

*  Thesesocid problemsappear to bemorefrequent in children withamild or
moderate hearing lossesthan inthose with asevere profound | oss.

Detailing of practicals:

1. Identification of different typesof hearinglossfromthe different audiogram
patterns.

2. Preparechart showing the notationsused in audiogram.

TE questions

1. Differentiatethefollowingterms.
a. Prdingua vspostlingua hearingloss.
b. Bilaterd vsunilaerd hearingloss.

2. Prepareachart showing the classification of hearing loss.

Mentionthe characteristicsof conductive hearing loss.

4. Prepareachart showing the symbolsused in audiogram with unmasked and
masked conditions.

w

&>
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3.4 Hearing Assessment

Over view

Hearing assessment isvery important for the proper diagnosisof hearinglossand
for selectingthe proper hearing ad. It invol ves hearing eva uation using case history
and doing puretone audiometry. Puretone audiometer isthedectronic devicewhich
iswidely usedfor testing hearing. It hel psusto provide subjectiveinformation about
apatient'shearingloss. It soidentifiesaperson'sability to hear speech. Thereare
varioustypesof hearing testsavailable, including Pure tone audiometry and speech
audiometry.

Learning outcomes of the unit

e Identifiesthe partsand functionsof audiometer.
» Differentiatesthedifferent typesof audiometers.
*  Comparestheuseof screening and diagnostic audiometer.

*  Collectsnecessary information for preparing case history which leadsto diag-
noss.

*  Explainstheimportanceof casehistory evaluationin audiometric testing.
»  Predictstheneed for management of the patient.
Audiometers

Audiometer istheinstrument for the measurement of the hearing.

Types of audometers
Theaudiometersareavailabieintwotypes. Theseare,

a  SubjectiveAudiometers
b. ObjectiveAudiometers
SubjectiveAudiometers

SubjectiveAudiometersare audiometersthat depend on theactive participation of
thepatient, in order to obtain theresults of the hearing tests conducted.

ThesubjectivetypesAudiometersare:

1. PuretoneAudiometers
2.  SpeechAudiometers
3. ScreeningAudiometers
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Types of pure tone Audiometers

Typel: Clinica diagnogtic puretoneaudiometerswithprovisonfor puretoneair
conduction, bone conduction, freefield Audiometry and diagnostic spe-
cid teds.

Type2: PuretonescreeningAudiometerswith provisionfor puretoneAudiometry
and speech Audiometry.

Type3: PuretoneAudiometerswith provisonfor puretonetesting only.

A
— ‘J

f— t’.{.:.,':" 2y
s
£

MA 53 true two channel
audiometer

Puretone audiometer

Pure toneAudiometer isadiagnostic instrument used for conducting Puretone
Audiometry. Itisan el ectronicinstrument capabl e of producing puretone sounds of
different frequenciesat variableintengties.

Block diagram of pure tone audiomter

= .-\\ Switch
( o / -— -— -— oo
Pure Tone Amplifsar Alternuator I
Geanarator (hearing level _— - —
dial) é é / \\
FLs i slal LM " 1
e y

Partsof puretoneAudiometer
The partsof puretoneAudiometer are:

Freguency control: That providesthe puretonesof different frequenciesrequired
for thehearing test.

Audio ocillatorsare avail ablein the puretone Audiometer to generate puretones

of required frequenciesfor thetest.
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Intensity control: To providethetest signals of therequiredintensities from 0 to
120/100 dB in steps of 5dB.

Interruptor: To providetest signalsfor therequired timefor the purposeof thetest
when required, and withdraw it when not required.

Noise control: To provide masking noise of intensities0-100dB in stepsof 10dB.
Microphone: To providespeech, livevoicesetc astest Sgnals of required intensities.

Mode selector: To select the presentation of test signasof therequired intensity
through head phones, bone conduction vibrator, freefiel d speaker etc.

Function selector: Which allows selection of pure tone Audiometry, speech
Audiometry, freefield screening Audiometry, Specid testsetc.

Head phones. Red and blueto providethetest signalsby air conductionin right
ear,or |eft ear or both ears.

Bone conduction vibrator: To provide the tests signalsby bone conduction.

Masking control: To providenoise of therequiredintensitiesin stepsof 5/10dB in
the non test ear asand when required.

V-U Meter: Tofind out whenthetest signa is"on" for thetest and " off" when not
required.It also alowsto know whether theintensity of test Signdl is, of therequired
intensity itself, or it islessthan or morethanthe requiredintensity.

Freefield speaker: To provide thetest signalsinfreefield instead of head phones
or bone conduction vibrator when required.

Objectiveaudiometers

Objective audiometersare audiometerswhich providethetest resultsof Audiometry
without the voluntary participation of the person being tested. Herethetest results
aremachinegenerated and independent.

The objectiveAudiometersused in hearing evaluation are;
1. Brain Stem Evoked ResponseAudiometer

2. OtoAcoustic Emission Screener (OAE)

3. ImpedenceAudiometer/Middleear anylser

Case history

Ca=higtory dicitsand recordsdl therdevant informationsind uding persond details
of thecase, family history, detailsof prenatal, natal and postnatal history, medical
history and trestments, milestones of devel opment etc. Theobjectiveof dicitingand
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recording the detail sof case history areto pinpoint the nature, causesand the severity
of handicap, the management options available for a successful treatment and
rehabilitation.

Evaluation performa

Reg. No : Data

Referred by

CaseName Age/Gender

Local Address : Permanent Address :

Education : (Normal School, Specia, Not Attending, Play School, LKG LP,
UP, HS, Above)

Didtrict
Father'sName: Occupation

Age :
Education - (Below matriculation, Matriculation, PDC, Above)

Mother'sName: Occupation
Age :
Education : (Below Matriculation, Matriculation, PDC, Above)
Occupation
ShlingHigtory : (Positive, negative) Rdigion
LanguagesKnown
Consanguinity : (Positive, Negetive)
Informants :
Present Complaints
Family History : Positive/Negetive
Medica History : Positive/Negative
Ear Examingtion

Tuningfork tests:

Thesetestsare performed with tuning fork of different frequencies such as 256,
512, 1024, 2048 and 4096 Hz. But for routine clinical practice, tuning fork of
512Hz isideal. Forksof lower frequencies produce sense of bonevibration while
those of higher frequency have shorter decay time and arethus not routindy used.
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Theclinicaly usefull tuning fork testsinclude:

1. Rinn€sTest
2. Weber Test
3. ABCtest

Rinne's test (Sir Adolf Rinne 1855)

Weber's Test Rinne's Test

Wtk » 512 He luning

fore press aganst
1 : he mastod bore and
. 8 then hoid £ om away

\ \ \ froe e 4
/ §12 Mz Tuning Fork 1 \ \ N
AW ; placed in midling WV WV WS

l Bl W dar OF
" ;_-E Whiore can you hear ‘ : | - ) b

| | the bumzing nolsa™ LA J 1\
/1 / J
| o

Avibrating tuning fork isplaced infront of theear cand for testing AC. Instruct him
to tell the examiner when he stops hearing. It isthen transferred to the mastoid
processfor BC test. Normally the person can hear moretimeinACthan BC. This
isbecauseair conductionisbetter than BC. Thisiscalled Rinne€spositive (whichis
normal). In conductive deafness bone conduction is better than air conduction
(Rinne'snegative). In neural deafnessair conduction and bone conductions are
decreased, but still air conduction isbetter than bone conduction.

False Rinne negative:

When aperson hasunilatera severe sensory neural deaf ness hisbone conduction
and air conduction aremarkedly reduced on diseased Sde. But the patient indicates
good hearingin affected ear. Thisiscalled false Rinnenegative. Itisdueto crossing
of sound from affected ear to thenormal ear through the skull vibration and patient
really hearsthrough the opposite norma ear. Thiscan beavoided by masking.

Weber test

Avibratingtuning fork isplaced over the vertex or forehead of the patient. A normal
person can hear the vibrationsin both earsequally. In conductive deafness, itis
better heardin affected ear or Weber'sislaterdized to affected ear. In neurd deafness,
itisbetter heard in better ear or Weber'sislateralized to normal ear.
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ABC test

A vibrating tuningfork iskept over the mastoid process of the patient. Instruct him
totdl when hestopshearing. Immediately transfer thetuning fork ontotheexaminers
mastoid process and check whether he can receive any sound. Hereit isassumed
that the hearing power of examinersisnormal.

Interpretation of tuning fork test resultsin different typesof hearingloss.

Tests Normal Conductive Sensory
L oss Neural Loss
Rinne | AC>BC (Rinnepositive) | BC>AC (Rinne negative) | AC>BC
Weber | Not lateralized Lateralized to poorer ear | Lateralizedto
better ear
ABC | Same as examiner's Same as examiner's Reduced

Detailing of practical activities

Tuning fork test
Rinne's Test

Principle . Thistest comparestheduration of air conduction and bone
conduction of thesameear.

Materialsrequired: Tuningfork having512 Hz.

Procedure : Thetuningfork issetinto vibration by striking it against a
rubber hammer. It isthen placed infront of the ear canal for
testing air conduction. When the patient stops hearing the
handleof thetuning fork ispressed onthe mastoid prominence.
Ask the patient to compare the duration of sound heard by
ACandBC.

Interpretation
Observation No: 1

Thecasefailsto hear the sound again after he stopped hearing the sound fromin
front of theear canals Rinne'sPositive.

Observation No: 2

The case resumes hearing the sound again after he stopped hearing fromin front of
theear cand and pressed against themastoid bone. Then thetest indicatesconductive

hearingloss Rinne'snegative.
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Weber test
Princple

Procedure

Interpretation

Weber test compares BC of thetwo ears. Itisparticularly useful
for testing unilateral deafness.

Thetest isperformed by placing the foot plate of avibrating
tuning fork at the vertex of the Skull. The patient isasked in
which ear thesound isheard.

Observation No: 1

Weber isheard in the Poorer ear? The poorer ear has conductiveloss.

Observation No: 2

Weber islateralized to better ear? The poorer ear has sensory neural |oss.

Observation No: 3

Weber isheardin Midline? Both earshave equal |oss.

Absolute bone conduction test

Principle

Procedure

Interpretation

This test compares the ABC of the patient with that of the
examiner, assuming that theexaminer hasnorma hearing. Thus
one can detect sensory neural deafnessin apatient.

For testingABC theear cand isblocked by afinger. Thevibrating
tuning fork isplaced on the mastoid of the patient. Assoonashe
stopshearing, itistransferred to the mastoid of the examiner
after closinghisear candl.

Observation No: 1

a) Thetester doesn't hear thetuning fork sound after the patient stopped hearing
sound-Norma hearing.

b) Thetester continuesto hear thetuning fork sound after the case stopped hear-
ing the sound for aperiod of counting up to'x' (where'x’' will beanumber.
Eg: 1,2, 3,4, and soon.
The patient has hearing loss of reduced X' numbers.

2. Identify the partsof audiometer.
3. Familiarizetheformat of casehistory.
4. Preparation of casehistory under guidance.
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TE questions
1. Prepareacomparison chart showing theinterpretation of tuning fork testin
caseof normal, conductive and sensory neural deafness.
2. Differentiatethefollowingterms.
a) ScreeningAudiometer b) DiagnosticAudiometer ¢) Clinical Audiometer
3. Incaseof unilateral sensory neura deafnesstheresult of rinne'stest may be
fdsenegdive.
a) Explainthemechanismof falserinnenegative.
b) Mentionany onemethod to overcomethefase Rinnenegativeinthiscase.
4. Listoutthetypesof audiometers.
Extended activities

1. Prepareaseminar ontheimpact of noisepollution.

2. VisitanAudiology Lab and prepare anote on the structure of sound treated
room.

3. Prepareapower point presentation about the structure of ear.

4. Observethevoicequality in the speech conductive and sensory nuera hearing
loss.

5. Cadllectlionof casehistoriesof different typesduring OJT.
List of practicals
e Experiment showinggeneration and transmission of sound-Tuningfork experi-
ment.
e Experiment showing resonance.
*  Listout theenvironmenta sound accordingtothefrequency.
e Observation of different responsesto soundininfants.
*  Familiarizethe structure of sound treated rooms.
e Preparation of coloured charts.
- AC pathway
- BCpathway
- Structureof ear
- Centra auditory pathway
e Identification of different partsof auditory syslem using models.
e Examination of external ear & tympamic membrane using otoscope.
*  Observethevoicequaity in thespeech of conductive and sensory neural hear-
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Identification of different typesof H.L from given audiogram pattern.
Identification of different parts of audiometer.

Chartsand model preparation based on audiometer block diagram.
Performingtuning fork tests:

- Rinnestest

- Weber test

- ABCTest

Familarizetheformat of casehistory.

Observation of casehistory.

Collection of case histories of different typesduring OJT.
Preparation of case histories under the guidance of experts.
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Module 4
Basics of Practical Audiometry

Overview

Hearing testing isvery important for identifying hearing loss and for the proper
rehabilitation. After getting informati on about the basi cs of audiology, thereisaneed
to develop skill inpractica audiometry. Practical audiometry involvesabattery of
tests. Thisincludesbasic testsand special tests. Audiological test methods, like
variousother clinica investigations, can be categorisedinto behaviourd, subjective
and obyjectivetechniques. Thebehavioural and subjective classesare often grouped
asone.

Behavioura methodsinvolvemonitoring the patients reactionsto auditory stimuli.
Theresponsemay beinvoluntary, Eg: when using thedistractiontechniqueaninfant
will ingtinctively turntolocateasound of interest. It may aso bevoluntary.

Subjective methods requirethe patient to vol unteer aresponse, such asin puretone
or speech audiometry.

Objective hearing testsrequireonly passive co-operation from theparticipant. These
testswhich may be performedto gaininsght into thepotential causesof theabnormdity
include, tympanometry, otoacoustic emissions screening (OAEs)and
electophysiologica testing (BERA).

Thismodulegivesusbasi c awareness about theseaudiol ogical tests.

Oncehearinglossisidentified, next sepisrehabilitation. In caseif surgica or medica
treatment isnot effective, then theaudiol ogist will suggest hearingaid. Hearingaid
technology hasadvanced considerablysthat, they areavailableinawidevariety and
range. Thereare permanent implantslike cochlear and middle ear implants, which
actudly replacesthelogt function of ear. For proper fitting of hearingaids, particularly
for Behind The Ear (BTE) type, an ear mouldisessential. Anearmouldisadevice
worninserted into the ear for sound conduction or ear protection. Thusthismodule
givesinformation about various audiol ogical tests, hearing ads, cochlear implants
and ear moulds.
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4.1 Puretone audiometry

Over view

Pure ToneAudiometry isanimportant investigation for auditory dysfunction. It not
only givesanideaabout the hearing handicap and thedegree of hearinglossbutitis
also avauable method for diagnosing ear diseases. Pure tone audiometry isa
subj ectivemethod for the assessment of hearing loss. The procedures undertakenin
thisstudy involvesair conduction and bone conductiontesting, freefield screening
and play audiometry. Masking proceduresthat are adopted in PTA areto ensure
that thethresholdsobtained by PTA areof test ear itsdf. The calibration procedures
areinstrumental and biological, which ensures that the hearing measurements
undertaken are carried out in exact measures.

Learning outcomes of the unit

PuretoneAudiometry

*  Recognizesthestrategies adopted in puretonetesting.

»  Choosesthefreguency intensity method for test procedure.

*  Explainsthemethod of placing headphonefor puretonetesting.

*  Experimentsthestrategiesfor air conduction and bone conduction testing.

*  Recordsair conduction and bone conduction threshol d.

*  Andyzestheair conduction and bone conduction threshol d obtai ned.

*  Recordsaudiogramsusing the symbols.

*  Writestheinterpretation of theresultsof puretoneaudiometer.

Masking

*  Definesmasking.

* Identifiestheneed of masking.

»  Differentiatesminimum masking, effective masking and over masking.

*  Practicesmaskinginlaboratory.

Calibration of Audiometers

* Identifiestheneed of calibration.

*  Peformscalibrationof audiometer.

*  Explainscalibrationof audiometer.

Patients and Clinicians Role in Testing

Patient infor mation: Theexaminer must establish agood rapport with the patient
beforethetest begins. Thiswill enablethe examiner to obtain areliable case history
and to study the patients communi cative behaviour. Overal impairment of the patient
can bemadeby varying thevocal intensity during questioning.

Ear canal examination: Theear canalsarenot to be occluded with debrissuch
ascerumen or cotton. Thisshould be confirmed by the examiner, using an otoscope.
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Theexaminer should trained in thisprocedure so that the tympanic membranecan
bevisudized easily and quickly.

Instructionstothepatient:

Theexaminer must makesurethat thefollowing pointsareclearly understood by the
patient.

ad Theamof testistofind out thefaintest tonesthelistener can hear.

b) Thedifferent tonepitchesareheardinonly oneear a atime.

c) Animmediate physical response should be made each timeatoneisheard,
evenwhenvery fant.

d) Themotor response should ceaseimmediately after tone cessation.
Response Strategy

The patient must raise and lower the forearm/hand/finger or useapatient signal
switchthat activatesalight visibleto theexaminer.

Ear phoneplacement

a.  Thepatient must removeeyeglasses, ear jewel lary, hearing aidsor chewing
gum.

b. Theposition of ear phonesare maximally extended on the head band before
placement to provide adequate room for the patients head.

c. Thehead phonesare placed according to the universal colour codes (red for
right ear & bluefor |eft ear).

d. Ear phonesshould not be hand held during thetest becausethe pressureand
position can easily vary over time, and a so an undesirablelow frequency en-
ergy can betransmitted to the ear canal through contact with the hand.

Ear selection

Thetest should beginwith the ear that appears more sensitive.
Frequency selection

Threshold test usualy beginsat 1000 Hz because of following reasons.

a Pitchfamiliar tomost listeners.

b) Tedtretestreiabilityismaximumat 1000 Hz.

Listener position

If threshold testsare conducted in single room, the patient must be seated insuch a
way that movementsof theexaminer cannot bedirectly observed by the patient, but

those of the patient arevisibleto theexaminer.
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Puretone audiometry (Huggson-Westlake procedure)

Aim

*  Whether thesubject hasadefinitehearingloss.

*  Whether hearing lossisconductive/sensory neural/mixed type.

* Insensory neura hearinglosswhether the deafnessis cochlear or retro co-
chlear.

*  Tonotethedegreeof dysfunction.

Principle: Puretonethreshold audiometry isthe standard behavioura procedurefor

establishing auditory Sensitivity. Air conduction test isdone by head phonesand

bone conduction test by bone vibrators. The comparison of air conduction and

bone conduction threshold provides afundamental index of auditory function for

otologicdiagnosis. Heretheahility of the patient to hear the puretonesinthefrequency
range of 250to 8KHz ismeasured.

Ingtructionsgivento the Patient:

1. Thedifferent tonepitcheswill beheardin oneear a atime.

2. Animmediateresponse should be made each timeatoneisheard, even when
very faint or barely perceptible by raising theindex of the side on which the
sound isheard. Theresponsesare mandatory every timethetest toneisheard.

3. Themotor response should ceaseimmediatdly after cessation of thetest Signdl.

Ligener familiarization:

Initial presentationat 30dB for every listener. If thetoneisheard thetest isbegun. If

not the tone is presented 20dB higher. If still inaudible a 10dB increase is

recommended until aresponseisobtained.

Procedure:
Evaluatethecasehistory:

1. Switch'ON'theaudiometer and keep for sometime.

2. Ear phoneplacement.

»  Should beplaced according to theuniversal colour codes (Red for right and
bluefor |eft ear).

»  Thecushion should cover theentire pinnae.

»  Thecentreof the head phone should bedirectly oppositeto the opening of the
ear cand.

3. Puretoneaudiometry beginsby testing thefrequency of 1KHz. Theear that
testedfirstistheright ear unlesstheleft ear hasmore hearing than theright ear.
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4. Theintensity of thetest signalsareto beincreased instepsof 5dB and itis
lowered instepsof 10 dB.

5. After establishing thethresholdsof 1KHz thethresholds are established for
frequencies 2K, 4K, 6k & 8k inthat order. After establishing thethreshold of
8K thethreshold of 1KHz isrepeated to ascertain "test reliability”. If there-
peated threshold obtained isthe same or with in +/- 5dB level the newly ob-
tained threshold, isaccepted asthethreshold of 1k. After repeating thethresh-
oldsof 1KHz, thethresholds of 500 & 250 Hz are al so established. (In case
the newly obtai ned threshold of 1KHz showsavariation beyond +/- 5dB, the
head phones haveto beremoved and the patient hasto beinstructed again and
then thewhol e procedure hasto be repeated.)

After obtaining thethresholds of the ear tested first, the thresholds of the other ear

areestablished for frequencies 250, 500, 1K, 2k, 4k, 6k & 8KHzinthat order. The

minimum intensity at which 65% or more positive responses are obtained on 3

repeated presentationsis accepted asthethreshold of that frequency of that ear.

Bone conduction test

For Bone conduction testing a bone vibrator with headband is used. The bone
conduction vibrator is placed on the mastoid bone at the point at which a steady
loud toneisheard with maximum loudness. The head band is adjusted to hold the
vibrator at thispoint. For testing bone conduction threshol ds, thefrequenciestested
are 250, 500, 1K, 2K & 4KHz only. The thresholds are established in the same
way asinthe case of AC thresholds. BC thresholdsof both the earsare established.

Audiogram O i ) o

|
Thethresholdsobtained by AC and BC areplotted |
in an audiogram blank with frequency along X'
axisand hearinglossexpressedindB aong'Y"
axisby making use of appropriate notations.
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Notations used for plotting audiogram

Notationsused for plotting audiogram are:
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1. O———O  ACrightear unmasked
2. —X AC | eft unmasked

3 —-q10 AC right masked

4. N—A  AC leftmasked

T [ BC right unmasked

6. ] ] BC Left unmasked

A T r BCright masked

< T TR - BCleft masked

Downward arrow placed bel ow the threshol d notation suggests no response
and thenotationisplaced a theavail able maximum intensity of theAudiometer
for that frequency.

Pure tone average (PTA)

Puretoneaverage (PTA) istheaverage of thresholds of 500, 1000 and 2000 Hz of
the ear concerned.

PTA = threshold of 500 + 1000 + 2000Hz/3

Interpretation:

Normal: Normally both Ac curves and BC curves superimpose in the graph at
intensitiesOto 20 dB.

Conductive deafness

The conductive deafnessis dueto mafunction of external and/or middieear. The
cochleaisnot affected. (Conductivelosswill show alossof hearing by air conduction
only and bone conduction will benormal (Air-Bonegap is present).

Sensory neural loss

Inthistypeof hearingloss, thedefect liesin cochleaand neura pathways. Thebone
conduction thresholdsand air conduction thresholdsareequa and therewill beloss
inair conduction and bone conduction.

Mixed hearingloss:

Thehearing lossaffects both air and bone conduction hearing, but the hearing loss
for theair conductionwill bemorethan thelossin bone conduction.

Free field Audiometry

Freefield audiometry isconducted by using afreefield speaker asoutputdevicefor
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the presentation of test signals,instead of the headphones or bonevibrator. It is
conducted especialy in children who refuseto put on head set for the hearing test.
Thetest signa sarereceived by thechildreninfreefield and theclinician eval uates
theeffect of presentation of test sgna inthechild by making note of the childsovert
behaviourssuch as"alistening attitude”, cessation of activity ", overt responsessuch
asturning of head towardsthe source of sound, cry and startle responses, responses
of happinessand enjoyment etc.

Play Audiometry

Play audiometry istheterm used when puretonetesting is carried out in young
children, usualy uptotheageof 8 years, by diciting play oriented activitiesin response
to auditory stimuli. Conventiona methodsinvolvevoluntary overt responsesof the
child in response to the test signals presented through head phones or bone
conduction vibrator. In play audiometry, the child istaught to respond to the test
signal by carrying out aspecific game, every timethey hear asound. By treating
audiometry asagametheyounger Childsmotivationand concentration areimproved,
asaresult of whichtheresultsobtained are both reliable and extensive.

Aided Audiometry

Aided audiometry isthe audiometry conducted in personswith hearing l ossfitted
with hearing aid after hearing eva uation, hearingaid trid and fitting. It isconducted
by providing the test signalsin free field and the hearing, discrimination and
comprehension of speech areevauated.

Masking

Masking isthe presentation of noisein
the non test ear for the purpose of
eliminating cross-hearing.

Masking is done while testing air
conduction hearing as well as bone
conduction heering. APPLIED TO NON-TEST EAR
For masking broad band noise, narrow

band noise, white noise etc. are used.
Narrow band noiseisthemost effective noisefor masking.

Inter aurd attenuationistheeffectivereductionintheintensity of thetest sgnd of the

test ear whenit crosses over to the opposite ear.
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Inair conduction hearinginter aurd attenuationis35dB.

In boneconduction hearinginter aurd attenuationis0 dB, that isthereisno reduction
intheintengity of thetest signa giventothetest ear reachesthenontest ear. Thisis
S0 because when the bone conduction vibratesas aresult of sound stimulation, the
skull, asawhole, vibrates and the bone conducted soundisreceivedin both earsat
equd intengty.

Minimum Maskingistheintensity of noisethat isrequired to makeatest signal of
intensity of OdB inaudiblein thenontest ear. Minimum maskingis40dB. That is,
theminimumintensity of noiserequiredto mask asignal of OdB is40dB of noise.

Effective masking isthe minimum intensity of noise required to mask the test
signal intheontest ear. Effectivemasking isca culated by using theformula.

Minimum masking = Intensity of test signal intest ear - inter aural attenuation + 40
dB. (Anintensity of noiseof 10-15 dB abovethelevd of effective maskingwell not
affect thethreshold of thetest ear.)

Over maskingisthecondition wheretheintensity of themasking noiseinthenontest
ear effectsthe hearing of thetest signa inthetest ear. Noiselevelsin nontest ear of
intensitiesexceeding 15to 20 dB aboveeffectivemaskingwill resultin over masking

Masking Noise

Therearethreetypes of noisesthat are used for masking, which arewhite noise,
narrow band noiseand speech noise.

Whitenoise/Broad band noise: White noise containsall thefrequenciesinthe
audible spectrum and iscomparableto thewhitelight which containsdl the colours
of visiblespectrum, which isused for masking.

Narrow Band Noise: Itisthe most effectivetype of noise used for masking and
containsasmall range of frequencies. It containssmall range of frequenciesabove
and below thefrequency to be masked.

Speech noise: Itisanoisehaving frequency range of 300 - 3000Hz only.

Biological Calibration of Audiometers

Audiometry isthe measurement of hearing and audiometer istheinstrument for
measurement of hearing. If the measurement of hearing hasto be correct andreliable
the audiometer must bemaintained in astate of calibration.

Audiometer calibrationisof two types, which are (a) Instumental calibration by
making useof calibration equipmentsand (b) biological calibration.

N
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Intheclinical Situation theaudiometer cdibrationisensured by resortingto biological
cdibration. Biological calibrationisdone by comparing thethresholds of thetester
daily or periodically with thethreshol ds obtained on the same person on theday on
which theaudiometer was brought to theclinic after aphysical calibration. Sothe
origina thresholds of thetester iscompared with the repeated thresholdsand the
difference between the original thresholdsand the repeated threshol ds are noted,
and thisdifferenceisadded to or subtracted from the obtained threshol ds of the
day. Inthisway the audiometer not in calibration physically isused to obtained
actud reliablethresholds.

Detailing of practicals

*  Peforming Pure ToneAudiometry of normal cases(10) and plotting audio-
gramindependently.

*  Manifestation of threshold shift in different level sof masking in the opposite
eqr.

e Subjectivecdibration of audiometer.

TE Questions

1. A personissubjected to hearing evaluation and results obtainedisasfollows.

Right ear 250 500 ([ 1000 | 2000 | 4000 | 8000
AC 40 50 50 45 50 65
BC 15 15 15 15 | ...

a) Plotanaudiogramusingthegiven data.
b) Evduatetheplotted audiogram.
c) Mentionthecharecteristicsof thistypeof deafness.

2. Isit necessary to mask opposite ear while conducting pure tone audiometry.
Justify your answer.

3. Prepareachart showing the notations used in puretone audiometry.

4.  Audiometer should bechecked daily before conducting thetest. Mentionsthe
stepsthat you follow during daily check.
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4.2. Special Tests of Hearing

Overview

Thepuretone specid testsof hearing wasdevel oped for the purposeof differentiating
between cochlear and retrocochl ear pathol ogies. In casesof hearinglosssuch as
recruitment or tone decay the most common specid testare, SISI,ABLBand TDT

Learning outcomes of the unit

*  Ddfinesrecruitment.

* Identifiesthedifferent test to find out recruitment.

*  Explainsthedifferent test procedures of recruitment.

* PracticesSISI, ABLB and tone decay test.

* Anayzesthetest resultsof SISI, ABLB, andtone decay test.
Recruitment

Recruitment isan abnormal growthin theloudness of acontinuous sound without a
correspondingincreaseintheactud intensity of sound. Theear which doesnot hear
low intensity sounds beginsto hear greater intensity soundsas!oud or even louder
than normal hearing ear. Thusaloud sound whichistolerableinnormal ear may
grow intolerably loud in recruiting ear. The patients with recruitement are poor
candidatesfor hearing aids. Recruitement istypicaly seeninlesonsof cochlea(Eg:
meniere'sdisease, presbycusis) and thus hel psto differentiate acochlear froma
retrocochlear sensoryneura hearingloss. Recruitment isrel ated to dysfunction of
the cochleawith an ateration in endolymph aswel | asstructural changeintheorgan
of corti.

Test for Recruitment
a. SISl Test (Short Increment Sensitivity Index Test)

Patientswith cochlear lesionsdistinguish smaler changesin intensity of puretones
better than normal persons and thosewith conductiveor retrocochl ear pathol ogy.
SIS test isthus used to differentiate acochlear from aretrocochl ear lesion.

Inthistest, acontinuoustoneispresented 20dB abovethethreshold and sustained
for about 2 minutes. Every 5 secondsthe toneisincreased by 1dB and 20 such
beepsare presented. Pati ent needstoindicate the begpsheard. Percentage of beeps
heardiscalcul ated.

Patientswith normal hearing, conductive deafness, and retro cochlear disorders
(beyond cochlear) obtained very low SISI score, usualy between 0-20% (-ve SIS)).
Patientswith cochlear disordersusudly have high scoresof 70 - 100% (+ve SISl)
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b. ABLB Test (AlternateBinaural L oudness Balance Test)
Thistestisused dinicdly to determinewhether recruitment is present in the abonormal
ear of patient with unilateral deafness. Thistest compares|oudnessgrowthinthe
abnormal ear with theloudnessgrowthinthe normd ear.

A toneabovetheair conduction thresholdisintroduced inthe good ear and held for
1second. A tone of the same frequency and intensity isthen introduced into the
opposite ear (deaf ear).

Thetoneispresented to each ear dternately and theintensity in the deef ear israised
or lowered until the patient indicatesthat thetonein each ear isequally loud.

R L R L

0 . 20

50 -
80 |-

100 |-

X X x X

Mo recruicment
Cump!ete recruitment

The starting intensity isthreshold + 20dB. Thisbal ancing test continuesat 20 dB
intervalsingood ear until full recruitment isreached or thetest isdiscontinued when
the patient experiences discomfort. Thefrequenciesusualy tested at 500 Hz, 2K
Hz, 4KHz. Theresults of ABLB test isrecorded in aladdergram. For plotting
ladder gram'O'isused toindicate hearingleve at right ear and X" for |eft ear. The
two symbolsarejoined by alineto show that both ear are equally loud.

L addergram showing nonrecruiting and recruiting cases.

Test for Auditory Adaptation

Tone Decay Test (TDT)

Itisameasure of nervefatigue and isused to detect retro cochlear lesions. Normally
aperson can hear tone continuoudy for 60seconds. In nervefatigue, hestopshearing
ealier.

A tone of 4000Hz is presented at 5dB above the patient's threshold of hearing,
continuody for aperiod of 60seconds. If the patient topshearing earlier, intengity is

>
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increased by another 5dB. The procedureiscontinued till the patient can hear the
tone continuously for 60secondsor no level exists abovethethreshold wherethe
toneisaudiblefor full 60seconds.theresult isexpressed as number of decay. A
decay morethan 25dB isdiagnostic of aretrocochlear lesion.

Assessment activity

1. Whicharetheincrementsusedin SISI test?

2. Whichintensity incrementisusedfor evauationinthe SIS test?
3. Inwhichorder onedB incrementsare presented for SIS| test?
4. Draw ladder gramfor theABLB Test conducted.

Detailing of practicals

Short increment sensitivity index

Aim:

Totest the ability of the case to detect increments of 1 dB in a continuous tone
presented to the case of 20 dBSL.

Ingtruction:

Thecaseisingructedtolisten to the continuoustone and report when they experience
anincreaseintheloudness of the continuoustone reaching the ear by raising and
putting down theindex finger. Responsesare expected for every loud, soft or feeble
increaseinloudness.

The caseis made familiar with thetest by eliciting responses for 5dB and 3dB
incrementsfor anumber of times. Thentheincrement intensity isset at 1dB and 5
onedB incrementsare presented and the responses noted. After thistheincrements
intensity isshifted to OdB. If no fal seresponsesisobtained at 0dB increment, the
increment intensity isshifted to 5dB followed by 3dB and then 5 onedB increments.
Thusby ensuringfalse positive responses 20 one dB increment responsesare noted.
Thetotal number of reliableresponsesmultiplied by 5 givesthe SIS score.

SISl scoreintherange of 0-20%isnegative
25-65% doubtful
70-100% Positive

ABLB (Alternate Binaural Loudness Balance) TEST
Aim:
To detect the presence of recruitment.
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Recruitment isgenerally present in cochlear |osspatients. Hereit ispresumed one
earisnormal or near normal.

Purpose: Used in evaluation of sensor neural hearing 1oss.
Procedure

Initial settings

Audiometer Function Selector isshifted toABLB

The headphonesare put on

Test frequencies. 250-4000Hz

Instructions to the patient
You aregoing to hear atonefirst in your normal ear and then inthe poorer ear.

Thetonewill becoming aternatively to both ears. The Loudness of tonein your
normal ear will be constant but theloudnessinyour poorer ear will vary. You have
toindicateto me (by raising or lowering your hands) whether theloudnessin the
poorer ear isless'equa/morethantheloudnessinthenormal ear. Thetest will continue
till you say that the loudnessin both the earsisthe same. You should judge the
loudnessascorrectly aspossible.

Method:

Thetoneinthe better ear isset at 20dBSL and thetoneis presented continuously.
Now the sametoneisaso available in the poorer ear. Now the caseisasked to
match thetonesfor equa loudnessby raising or lowering theintensity of thetonein
thepoorer ear. Thetwo intensitiesare recorded on theladdergram of therespective
frequencies. Thesameisrepeated for intensities40dBSL, 60dBSL, 80dBSL etc up
to audiometric limitsfor normal ear and the respectiveintensitiesfor theaffected ear
are established and noted in theladdergram.

I nter pretation:

Convergence of the spokesin theladdergram towardsthe affected side indicates
recruitment.

Tone decay test

To detect theretro cochlear lesions.

Principle

Thistest determinesif the hearing threshold deteriorates with continuous tone

stimulation closeto threshol d.
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Procedure:

1.

Instructionsto patient: Hewill belistening to acontinuoustone and he must
indicatethat he hearsthetone by raising hisfinger. He must keep hisfinger
raised aslong as heis able to hear the tone. He must put his finger down
immediately when he ceasesto hear thetoneand raised again, When he starts
hearing thetoneagain.

Thetest isstarted at 20 dB abovethreshold and the stop watch started. The
toneisraised in stepsof 50B every timethecase stopshearinganditismain-
tained continuoudly for period of 1 minuteor thetotal increasereaches 35dB
SL (35db + threshold intensity). Thetonedecay isconducted on frequencies
4k,2k,1k and 500Hz in that order.

Interpretation:

If thenoted tonedecay is

0- 5dB in 60 secondstonedecay isnormal.

10-15dB in 60 second tonedecay ismild.

20- 25 dB in 60 secondstone decay is moderate.

35dB or morein 60 secondstone decay is marked.
TE Questions

1.

A Personwithrecruitment isapoor candidatefor hearing aid. Justify thisstate-
ment.

Draw laddergrams showing recruiting and non recruiting cases.

SIS| score of two personsare 15 and 95. Identify the case with recruitment.
Statethereason.

What isthe specific observation intone decay that isnot normal.
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4.3. Speech Audiometry

Overview

Speech audiometry hasbecomeafundamenta tool in hearing-lossassessment. In
conjunctionwith pure-toneaudiometry, it canaidin determining thedegreeand type
of hearingloss. Speech audiometry a so providesinformation regarding discomfort
or toleranceto speech stimuli and information onword recognition abilities.

Theinformation gained by speech audiometry hel psto determine proper gain and
maximum output of hearing aids and other amplifying devicesfor patientswith
significant hearing losses and hel p assess how well they hear in noise. Speech
audiometry dsofacilitatesaudiol ogical rehabilitation management.

Learning outcomes of the unit

Speech Audiometry

|dentifiestheimportance of speech audiometrictest.
Choosestheright test environment.

Recogni zesthe vari ous parameters associ ated with speech audiometry.
Identifiesthesignificanceof SRT test.

Explainsthe procedure of SRT test.

Analyzesthe SRT of each ear.
Identifiesthesignificanceof SD tedt.

Explainsthe procedure of speech discriminationtest.
Records SD score of each ear.

Analyzesthe SD score.

DefinesMCL,UCL & DR.
Explainsthesignificanceof MCL, UCL, DR.
RecordsMCL, UCL.

AnayzesDR.

Indications
Speech audiometry can be used for thefollowing:

Assessment of degreeand type of hearing loss.

Examination of word recognition abilities.

Examination of discomfort or toleranceto speech stimuli.

Determination of proper gain and maximum output of amplifying devices.
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Equipment

Inmost circumstances, speech audiometry isperformed in a2-room testing suite.
Audiologistswork from the audiometri c equi pment room, while patients undergo
testing inthe eva uation room. Theaudi ometric equi pment room containsthe speech
audiometer, whichisusually part of adiagnostic audiometer. The speech-testing
portion of the diagnostic audiometer usually consists of 2 channelsthat provide
variousinputsand outputs.

Speech audiometer input devicesinclude microphones (for livevoicetesting), tape
recorders, and CDsfor recorded testing. Various output devices, including earphones,
ear inserts, bone-conduction vibrators, and loudspeakers, arelocated inthetesting
suite.

Testsusing speech materia s can be performed using earphones, withtest material
presented into 1 or both earphones. Testing can also be performed via abone-
conduction vibrator. In addition to these methods, speech materia can be presented
using loudspeakersinthe sound-field environment.

Parameters of speech audiometry
Themain parametersof speech audiometry are:

1. Speechawareness/detection threshold

2. Speechreception/recoginition threshold (SRT)

3. Speechdiscriminationscore (SDS)

1. Speech-awarenessthresholds

Speech-awarenessthreshold (SAT) isa so known as speech-detection threshold
(SDT). The objective of thismeasurement isto obtain the lowest level at which
speech can be detected at least hdf thetime. Thistest does not have patients repeat
words; it requires patientsto merely indicate when speech stimuli are present.

The SAT isespecialy useful for patientstoo young to understand or repeat words.
It may bethe only behavioral measurement that can be madewith thispopul ation.
The SAT may also be used for patientswho speak another language or who have
impai red language function because of neurologica insul.

2.  Speech-recognition threshold
The speech-recognition threshold (SRT) issometimesreferred to asthe speech-

reception threshold. The objective of thismeasureisto obtain thelowest level at
which 50% of the words are repeated correctly by the patient.
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A set of spondee words (two Speech Audiogram
syllablewordswith equal stresson
each syllable, Eg: basebdl, sunlight,

8

Coeductive

daydream etc) isdelivered to each §=w G

ear through the headphone of an | ¥ € o—0—0
audiometer. The wordlists are §4a Retro-cophlear
delivered in the form of recorded |, /q %

tapes or monitored voice and their Gl
intengty variedin 5dB stepsuntil half O 10 20 30 40 50 &0 70 80 0 100
of the words given are repeated Anghbcation in o8

correctly.

Inclinical practice, thereisacorrel ation between SRT and PTA of aperson.
SRT=PTA+/-12dB

SRT better than PTA by more than 10dB suggests afunctional hearing lossi.e.
maingering.

3. Speech discrimination score(SDS)

Itisameasureof patient'sability to understand speech. Here phonetically balanced
(PB) words (singlesyllablewordse.g. pin, sin, day, busetc.) aredelivered to each
ear at anintensity 30-40 dB abovethe SRT. SDSisthe percentage of words correctly
heard by the patient. In normal personsor those with conductive hearing lossa
score of 90-100% can be obtained. In sensory hearinglossa) SDSisreducedin
cochlear hearinglossb) Very much reduced in retro cochlear hearing loss.

Thus speech audiometry helps

1. Todifferentiate an organic hearinglossfromthefunctiona one.

2. Indicatestheintensty a whioch discrimination scoreisthebest, whichisuseful
forfittinghearingaid.

3. Hdpstodifferentiate acochlear fromretrocochlear lesion.

M ost comfortableloudnesslevel and uncomfortableloudnessievel

Most comfortable loudness level

Thetest that determinestheintensity level of speechthatismost comfortably loudis
called themost comfortableloudnesslevel (MCL) test.

*  For most patientswith normal hearing, speech ismost comfortableat 40-50
dB abovethe SRT.
*  MCL isreducedfor many patientswho have sensorineura hearingloss(SNHL).
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M CL measurement can be obtained using cold running or continuous speech
viarecorded or monitored live-voice presentation. Patientsareinstructed to
indicate when speechisperceivedto beat the MCL.

MCL can be used to help determine hearing aid gain for patients who are
candidatesfor amplification.

UncomfortableL oudnessL evel (UCL)

Itistheminimum intensity level at which the speech isuncomfortably loud for the
person. For normal hearing subjectsthisintengity often extendsto theupper limit of
theintensity level of theaudiometer (100- 120 dB). The patient isingtructedto give
signa when the speech isuncomfortably loud.

Hel psto determinethe upper hearing limit for speech.

It providesthe maximum level at which word-recognition testscan beadmin-
istered.

UCL candsoindicatemaximum tolerableamplification.

UCL isaso cdled threshold of discomfort, tolerancelevel, and theloudness
discomfortleve (LDL).

Dynamic Range (DR)

Dynamicrangerepresentsthelimitsof useful hearingin each ear andiscomputed by
subtracting SRT from UCL. For many patients with SNHL, this range can be
extremely limited because of recruitment or abnormal loudness perception.

Detailing of practicals

Speech audiometry

a
b.

Test of speech Reception Threshold (SRT)
Test of speech discrimination (SD)

Aim:

The purpose of conducting the SRT test isto establish whether theresultsof pure
tone audiometry test conducted arereliableor not.

The

purpose of conducting speech discrimination test is to find out whether

discriminationlossisavailableor not.

Thesetestsare useful in differentiating hearing lossesdueto conductive, cochlear, or
retrocochlear pathol ogy.
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SRT

Thetest materia used for conducting SRT test isalist of 20 spondiac words. Each
spondiac word contai nstwo monosyl labi c words spoken with equal stress.

Testy administration

Tobeginwith the caseisinstructed to listen to and repeat the spondai c words that
are heard through the headphones. Spondiac words are presented at 20 dB above
the PTA of the ear tested. Thewords are presented in succession, each timethe
intengty of thetest Soondaic wordsisreduced instepsof 5dB till theintensity required
to makethe caserepeat 50% of the gponda c wordsisobtained. SRT istheminimum
intengity required to makethe case repeat correctly 50% of the spondaic words. If
the pure tone audiometry test results arereliable, the obtained SRT will bevery
much nearer to PTA of the caseof that ear.

SD

SD test isconducted making use of phonetically balanced word list. Phonetically
bal anced word list contains 25 words each. The PB word list are presented at an
intensity of 40 dB above SRT of that ear of the case. The SD scoresareequa tothe
number of PB words repeated correctly by the case multiplied by 4. Higher
di scriminati on scores suggest better speech discrimination.

Uncomfortable loundness (UCL)

Aim:

Toestablishleve at whichthelistener reports sound as being uncomfortable.
Principle:

This test determines the sound levels at which pure tones are perceived as
uncomfortably loud. Thedifference b/w uncomfortableloudnesslevel and hearing
threshold level isameasure of dynamic range of hearing.

Instruction to the patients

1. Youaregoingtolistento soundswhichwill be madelouder and louder.
2. You haveto indicate when the sound become uncomfortably loud.

(i.e. youwould not be ableto listen thetonefor any length of time).
Procedure:

1. Statingataleve (indB) iscomfortablefor the patient on the groundsof the

puretoneaudiogram.
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2. 1secondtone pulsesare presented monaurally at 1 second intervalsfor cho-
senfrequency.
3. Intensityisincreasedin5db steps.

4. Thepatientistoldtoindicate assoon asthe sound becomesuncomfortably
loud
Interpretation:

Normal hearing subjectsusually refer discomfort around 90dB.

Most comfortable loudness level

Aim:

Toestablishtheleve at which apatient cantolerateloud soundswithin comfortable
limits

Principle

Itistheintensity at which speechismost comfortablefor the patient. Thepatientis

ingtructed to signd, when speechis most comfortably loud for him, astheexaminer
variestheintensity at suprathresholdleves.

Procedure:
1. Starting at threshold for the test frequency the patient ispresented monaurally
with 1 second tone pulseat 1 second intervals.

2.  Stimulusintensity isincreased in 5 dB stepsand the patient istold to indicate
when the soundsbecometoo loud.

3. Intensity isthendecreased by 10dB.

4. Steps2and 3arerepeatedinorder to alow the patient to adjust to the various
levels, until aleve isreached whichthe patient estimates asbeing most com-
fortable.

I nter pretation:
1. Most normal hearing subjects cantol erate sounds at about 50-70d B.

2. Subjects withtoleranceproblemswill report on MCL which canbeaslow as
15-20dB.

Assessment activity

Find out the dynamic range of any three persons and comparetheresults.
TE Questions

1. Ligttheindicationsof speech audiometry?

2. SDSof Mr.X is30%. Interpet theresult with justification.
3. WhatisPTA-SRT correlation?
4

Compare SRT and SD.
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4.4. Objective tests of hearing

Overview

Objectivetests of hearing require no voluntary indication from the patient that an
auditory stimulus has been perceived. It ispossible, however, for the patient to
influence theresults by interfering with the procedure. Objectivetestsarenot a
measure of hearing assuch; they assesstheintegrity a variouslevel sof theauditory
pathway but not itsentirety. It also helpsusto test difficult to test populationi.e.
children, disabled persons, malingerersetc.

Objective hearing tests include:

*  Auditory brainstem responsetesting - to check the electrical activity inthe
brainin responseto asound. Electrodes are placed on the head to measurethe
brainwaves.

»  Otoacoustic emission testing - to check thefunction of thetiny haircellsinthe
cochlea. Thefaint sound madeby thehaircellsin responseto soundiscalled
the otoacoustic emission.

e Tympanometry - A rubber tipisinsertedinto theear and air ispumpedinto the
ear canal. Thisisnot atest of hearing, but checksif the eardrum can move
normaly.

Thischapter isdevoted to abrief description of objective measurementswidely

used in audiology - immittance audiometry, evoked otoacoustic emission and the

auditory brainstem response (ABR).

Learning outcome of the units

*  Explansobjectiveaudiometry.

» Identifiesthesgnificanceof objectiveaudiometry.

* DefinesBSERA.

e Identifiesthesignificanceof BSERA.

*  Explainstheprocedurein brief and BSERA graph familiarization.
* DefinesOAE.

e Identifiessgnificanceof OAE.

*  Explainsprocedurein brief and familiarization of test results.
»  Definestheprincipleof Tympanometry.

e ldentifiesthe partsand functionsof tympanometer.

»  Explanstheprocedure of Tympanometry.
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*  Comparesdifferent tympanogramsi.e. middle ear compliance/impedance,
middleair pressureand AMR threshol d.

Brain stem evoked response audiometry BSERA/BERA

BERA isanobjectiveway of diciting brain ssem potentia sin responseto audiol ogica
click stimuli. Thesewaves are recorded by el ectrodes placed over thescalp. This
investigation wasfirst described by Jewett and Willistonin 1971.

Eventhough BERA providesinformation regarding auditory function and sensitivity,
itisnot asubgtitutefor other methods of audiological evauation. It should beviewed
inconjunctionwith other audiologica investigations.

Procedure

Thestimulus, either intheform of click or tonepipistransmitted to theear viaa
transducer placedintheinsert ear phoneor head phone. Thewaveformsof impul ses
generated at thelevel of brain stem arerecorded by the placement of electrodes
over thescalp.

Electr ode placement:

Sincetheelectrodes should be placed over the head, the hair must befree of oil.
The patient should beingructed to have shampoo bath beforecoming for investigation.
The standard el ectrode configuration for BERA involves placinganon inverting
electrode over thevertex of the head, and inverting el ectrodes placed over the ear
lobeor mastoid prominence. Onemoreearthing eectrodeis placed over theforehead.
Thisearthing e ectrodeisimportant for proper functioning of preamplifier.

Sincethepotentiad srecorded areinfar field, well displaced from thesteof impulse
generation, thewaveformsrecorded are very weak and they need to beamplified.
Thisamplificationisachieved by improvingthesignd : noiseratio.

Inauditory brain stem evoked response audiometry, theimpul ses are generated by
thebrain stem. Theseimpul ses, when recorded, contain aseriesof pesksand troughs.
Thepositive peaks (vortex positive) arereferred to by the Roman numerals| - VII.
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These peaksare considered to originate from thefollowing anatomical sites:

1. Cochlear nerves-wavesl andll

2. Cochlear nucleus- wavelll

3. Superior olivary complex - wavelV

4. Nulcle of lateral lemniscus- waveV

5. Inferior colliculus- wavesVIand VI

These peaks occur in most readableformin responseto click stimuli over aperiod
of 1- 10 millisecondsafter thestimulusin normal hearing adults.

BERA isresistant to the effectsof deep, sedation and anesthesia.
Uses of BERA

» ltisaneffectivescreening test for eval uating the cases of deafnessduetoretro
cochlear pathology.

e Usedinscreening new bornsfor deafness.

*  Usadforintra- operativemonitoring of central and peripheral nervous system.

e Monitoring patientinICO.

OtoAcoustic Emission (OAE)

SOFT-TIPED PROBE
(HOUSING TRANSDUCERS)
STIMULLUS
GENERATION| == ]
\ ¥
L -
~=[D
SIGNAL !
ANALYSIS | =~

OtoA coustic Emissionsarelow intensity sounds produced by movements of outer
hair cellsof cochleaand are produced either spontaneoudly or in responseto the
acoustic stimuli. The normal cochleadoesnot just receive sounds. It a so produce
low intensity sound called O to Acoustic Emission. These soundsare produced by
the cochlea, most preferably by the cochlear outer haircells, when they expand and
contract. Thisisarelatively new test used to asses hearing processin newborns.
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Absenceof OtoAcoustic Emissionsindicates structurally damaged or nonfunctiond
outer hair clls.

Inthistest aprobethat contains both aloudspeaker and asensitive microphoneis
insertedintothe ear.

Principle: Tonesare sent from theloudspeaker it travel sthrough themiddle ear and
stimulatesthehair cellsin the cochlea. The hairsrespond by generating their own
minute sound which are detected by the microphone and is called oto acoustic
emisson.

If thereisahearing lossthe hairsin the cochleadoes not generate thisminute sound.
Thereare 4 typesof OAE.

1. Shontaneous Oto Acoustic Emission (SOAE): These are sounds emitted

from the cochleawithout an acoustic stimulus.

2. Transient evoked oto acoustic emission (TEOAE): There are sounds emit-
ted in responseto an acoustic stimulus of very short duration usually click.

3. Distoration product Oto Acoustic Emission (DPOAE): These are sounds
emitted in responseto two simultaneoustones of different frequencies.

4. Sustained frequency Oto Acoustic Emission (SFOAE): These are sounds
emitted in responseto acontinuous tone.

Conditions Required for OAE Test

*  Unobstructed EAC

*  Sed of theEAC withthe probe

*  Optiond positioning of the probe

*  Absenceof theMiddleear leson

*  Functioning of thecochleaouter hair cells
* Rdativey quiet recording environment

Impedence audiometry

Itisan objectivetest widely usedin clinical practiceand isparticularly useful in
children. It consstsof:

a  Tympanometry
b. Acousdticreflex measurements
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Tympanometry

Itisbasedonasimpleprinciple, i.e.
when a sound strikes a tympanic
membrane, some of the sound
energy isabsorbedwhiletherestis
reflected. A stiffer tympanic
membrane would reflect more of
sound energy than acompliant one.
By changing the pressures in a
sedl ed external auditory cana and then measuring thereflected sound energy, itis
possibleto find the compliance or stiffness of the tympano-ossicular system and
thusfind the healthy or diseased status of themiddleear.

Tympanometry

220 Hr Ione generator

Equipment

Essentialy, the equipment consists of aprobe which snugly fitsinto the external

auditory cand and hasthreechannels:

I.  Todeliver atoneof 220Hz- probetone

ii. Topick upthereflected sound through amicrophoneand

li. Tobringabout changesinair pressureintheear cana from positiveto normal
andthento negative

Procedure

After an otoscopy (examination of the ear with an otoscope) to ensurethat the path

totheeardrum isclear and that thereis no perforation, the test is performed by

inserting thetympanometer probeintheear cand. Theingrument changesthe pressure

inthe ear, generates apuretone, and measures the eardrum responsesto the sound

at different pressures. By charting the compliance of tympano-ossicular system againgt

variouspressure changes, different typesof graphs called tympanogramsare obtai ned

which arediagnostic of certain middleear pathologies.

Types of tympanogram
TypeA Norma Tympanogram.

TypeAs  Complianceislower at or near ambient air pressure. Seeninfixation of
ossicles, Eg: otosclerosisor maleusfixation.

TypeAd High compliance at or near ambient pressure. Seen in ossicular

discontinuity or thinand lax tympanic membrane.
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TypeB

TypeC

Compliance

A flat or dome shaped graph. No changein compliancewith pressure
changes. Seeninmiddleearfluid or thick tympanic membrane.

Maximum compliance occurswith negetive pressureinexcessof 100mm
of H20. Seeninretracted tympanic membrane and may show some
fludinmiddleear.

25

2.0

Normal Range /l(\ Type Ad
Type C / \ Type A
1.0 Loded Jpe

- M\&:ﬁﬁ‘

-400 -200 0 +200 +400
Air Pressure in mm H,0
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Acoustic Reflex Test

TheAcoustic reflex test isameasure of thethreshold at which the stapedial reflex
occurs. Itisbased on thefact that aloud sound, 70-100dB above thethreshold of
hearing of aparticular ear causeshilaterd contraction of the stapedial muscleswhich
can be detected by tympanometry. Tone can be delivered to one ear and thereflex
can be picked up fromthesameear (ipsilatera) or theopposite ear (contralaterd).

Theinstrumenta setup to measuretheacoustic reflex isatymponometer havinga
method of delivering both asound to either ear aswell asmeasuring the admittance
of atympanic membrane. Reflex may be measured in 500 Hz, 1000 Hz, 2000 Hz.

Theamplitude of thereflex latency (Thetime delay between the stimulusand the
responseto thestimulus) can berecorded. Thereflex latenciesin normd patient are
101 msranging from 40 - 150 ms.

Generally threshold of 70-90 dB soundisrequired to produce an acoustic reflex in

anormd hearing person. Reflex may beabsent even tolouder inputsin personwith
conductive deafness, Otosclerosisor other middleear diseaseand in severe SND.

Uses

*  ARTishepful in checking theparticular type of hearing lossesin situations
wherepatientsreliability isquestionablei.e. maingerers.

*  Theyoccasiondly point to central nervous system mafunctioning. It helpsto
find auditory nerveandfacia nervelesion.

* Totestthehearingininfantsand young children. It isan objective method.

»  Todetect cochlear pathology, presence of stapedial reflex at lower intensities
e.g. 40to 60dB than theusua 70dB indicates recruitement and thusacochlear
typeof hearingloss.

Detailing of Practical activity:
Observation of objectivetest during OJT and prepareareport.
TE questions

1. Eustachiantubedisfunction causes negative pressureinmiddie ear. Mention
thetypeof tympanograminthiscase.

2. Draw atympanogram of condition showingfluidin ME.

3. Draw different typesof tympanogram and mention the ear conditions associ-
ated with each of them.
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4.5. HEARING AIDS & EAR MOULDS

Overview

Hearing aids, or hearing instruments, aretypically prescribed to peoplewho have
someresidual hearing, and physically normal and hedthy ears, and areavailablein
awiderangeof styles.

Themain function of the hearing aid isto provide audibility of awide range of
soundswithout making them uncomfortably loud to the hearing aid user. In order to
achievethis, the hearing aid comprises asaminimum amicrophonethat picksup
surrounding sounds, an amplifier that increasestheleve of soundsdepending onthe
input level, and areceiver that deliversthe amplified sound to the ear. To operate,
the hearing aid needs power which getsfrom abattery. Most modern hearing aids
aredigital, which meansthat the analogue signal picked up by the microphoneis
convertedtodigital form.

Hearing aidsarefitted with proper ear moulds, preferably custom ear moulds.

Thisunit ded swith different typesof hearing aids,characteristicsof hearing aids,
cochlear implantsand earmoul ds.

Learning outcomes of the unit

»  Defineshearingad.

* Identifiesthepartsandfunctionsof hearingaid.

* Classfies, categorieshearingaid.

*  Evauatesthemeritsand demeritsof AC and BC hearingaid.

* Decidesthefactorsto be considered while selectingahearing aid.

*  Comparesadvantagesof binaural hearing aid over monaura hearing aid.

*  Careand maintenanceof hearingaid.

*  Definesear mould.

*  Recognizestheneed of ear mould.

* Identifiesthemeritsand demerits of different typesof ear moulds.

Hearing aids

A hearingadisadevicetoamplify the sound reaching theear. Essentidly it consists
of threeparts:

*  Microphone: which picksup soundsand convertstheminto eectrica impul ses.
*  Amplifier: Magnifiesthed ectrica impulses, increasestheintengity of the inpt.
* Recaver: Convertstheeectrica impulsesback to sound.

Thisamplified soundiscarried through theear mould to theear candl.
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In addition to these basic components most of the hearing aidshaveagain control,
tone control ON/OFF switch and battery.

Battery

Microphone | —| Amplifier > Receiver

l

Volume Control

Block diagram of abasichearing aid

Characteristics of hearing aid

1) Gan

2) Maximum power output

3) Frequency response

1) Gan: Isthelevd of amplification acrossdifferent frequenciesfrom the hearing
ad.

2)  Maximum power output: It isthemaximum output that can be obtained from
the hearing aid. Normally the maximum power output of thehearingaidis
equd toinput intensity plusgain, subject to amaximum of its maximum power
output (MPO).

3) Frequency response: Frequency response of ahearing aid istherange of fre-
guenciesthat areavailablein the output of ahearing aid with their respective
maximum power output acrossdifferent frequencies.

Classification of hearing aids
Based on the placement hearing aidsareclassfied into:

1. Airconduction hearingad: Inthistheamplified sound istransmitted viatheear
cand tothetympanic membrane.

2. Boneconduction hearingaid: Instead of areceiver it hasabonevibrator which
fitsonthemastoid bone and directly stimulatethe cochlea. Thistypeof aidis
specially useful inpersonswith actively draining ears, externa otitisor with

congenital absenceof ear canal.
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Air conduction hearing aids arethefollowing types.

A. Bodywornhearingaids

Thisistheout fashioned model of hearing aids, whichiskept in the pocket of the
user. In body worn hearing aid, themicrophone, amplifier and batteriesare housed
withinthehearing aid case. A hearing aid cord linksthereceiver of thehearing aid
withthe case. Therecelver isattached to asolid ear mould and fitstotheear. These
hearing aids areextremely useful in profound hearing loss cases, asit can provide
aufficient gainwithout feedback. They ordinarily have asmuch high frequency range.

Merits

1. Abletomanipulatethe control switch easily
2.  Nofeedback problem

3. Lowcost
4. Morebatterylife
Demerits

1. Lessclarity of sound (highwind/cloth noise)

2. Cosmetic gppearanceisless

3. Locdlisation problemspresent

B. Behindtheear (BTE) hearingaids

Theseare conventiond hearing aidsdesigned tofit behind the
pinna. They fit to arange of mild to profound hearing losses. {
Thisisthemost commonly used hearingaid. Theseareavailable | _
inavariety of sizes. Many of these can be connected to an g —
externa sound sourcesuch asassistivelistening devicesvia k @
connecting cord audio boot. '

Merits

Fitstoa widerangeof hearingloss
Canbeeasly serviced

Variouscontrol operationsareavailable
Better battery life

Better locdization

Demerits

o~ wnNPE

Cosmeticproblem
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C. Intheear (ITE)hearingaids

InITE hearing aidsthe componentsare housed in ashell that
fitsthe outer part of the ear(concha).

Merits

1. Lessfeedback problem comparedto CIS.

2. Venting possible (putting small holethrough the hearing aid tocut unwanted
frequencies).

Demerits

1. Lowbatterylife

2. Notsuitablefor profound hearingloss

D. Inthecanal (ITC)hearingaids

Thesizeof thel TCisb/w ITE & CIC hearingaids. Theaid fitswithinthe conches &
cartilaginousportion of theear candl.

Merits

1. Good cosmetic appearance
2. Telephoneusemorecomfortable
Demerits

1. Lesshaterylife

2. Notsuitablefor extremehearing lossears

E. Completelyinthecanal (CIC) hearingaids
Thesearethesmalest hearing aids. Their componentsare housed entirely withinthe
cartilaginousportion of theexterna auditory cand.

Merits

1. Improved cosmetic appearance
2. Lessfeedback problem

3. Normd telephoneuse
Demerits

1. Needtohavelargeear cana
2. Not suitablefor extremehearing loss
3. Lessbatterylifeand high cost
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F. Spectacletypehearingaids

In this all the components of the rm Gt @)
hearing aid are housed within the
auricular part of the spectacleframe.
They aresuitablefor awiderangeof =
hearing loss. Themain disadvantage
is the need to combine optics with
hearingaid.

Based on technology hearing aids
can be classified into: Analog,
programmable &digital hearing
aids.

A. Anaog-Anaog hearing aid usesconventiona e ectronics, whichisnow be-
coming outdated. It amplifiesthe continuous sound wavesby s mply makingiit
larger. It cannot differentiate different soundsand so they amplify al thesounds
equally. Thisresultsin some sound to betoo loud while others may be difficult
to hear. This can be adjusted by changing the volume of the hearing aid. It
provides|essspeech clarity compared to digital aids

B. Programmable hearing aid - It isan advanced type of hearingaid. They are
equipped with different programsthat aresaved init. These programs can be
switched on/off depending uponthe environment. They areless costly com-
paredtodigital hearingaids.

C. Digitd hearingads- Theseinstrumentstaketheincoming signa from themi-
crophoneand convertsit into adigital format and then processesthe signal
using digital technol ogy before converting to analog sound. Thesigna are pro-
cessed with high speed processor according to instructionswritten to the chip.
It eliminatesthe need for most conventional analog components. Infact digital
hearing aids arewearable mini computers.

Hearing aid selection

Whilesdectingahearingaid, consderationisgivento:

1. Typeof hearingad

Which ear should befitted

Configuration of hearing loss(typeof frequency affected)

Degreeof hearingloss
Typeof hearingloss

a bk~ wbd
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6. Ageanddisability of the patient

7. Speechdiscrimination score

8.  Threshold of discomfort

9. Comfortableloudnessleve

10. The hearing aid should have maximum acoustic output, gain & frequency re-
sponse.

11. Presenceof recruitment

12. Condition of theouter and middleear

13. Cosmetic acceptanceof theaid

14. Typeof ear mould

15. Typeof fitting (Monoaurd or Binaura)

Monaural vs Binaural Hearing Aid

Monaural hearing aid: If oneear isfitted with hearingaid it iscalled monaural

hearingaid.

Binaural hearing aid: Consists of 2 complete hearing aids so that each ear is

provided with its own separate microphoneamplifier and reciever.

Advantagesof binaoura hearingad:

*  Improved soundlocdisation

*  Improved sense of distancefrom the sound source

*  Improved speechdiscriminationinnoise

e Binaurd frequency advantage

e Improved qudity

*  Avoidanceof head shadow effects

e Subjectivefedingand baanced hearing

Care and maintenance of hearing aid

Hearing aidsare small, expensive el ectronic devicesthat require specid careto
ensure proper functioning.

e Visud check

Check thehearing aid daily to find any cracksin casing, ear hook etc. Check for
presence of wax in tubing, check any battery lesk.

e Ligeningcheck

Listen through hearing aid using alistening tube and ensure that the sound comes
clear and not wesak. Listen for any turbulence or breaking of output. Listentofind

any whistling sound.
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*  Check batteries

Useabattery tester to check the strength of batteries. Batteries should beremoved
if thehearingaidisnot in usefor along period of time.

* Cleanhearingadregularly

Check for dirt or grease. Cleaning of hearing aid involveswiping them periodically
with adry cloth or tissue. Wax can be removed using specia wax tool.

*  Avoidfeedback

Feedback isthewhistling sound that can be heard fromthe hearing aid. Thefeedback
can beavoided by placing thehearingaid properly to theear canal, by making use of
proper fitting ear moulds.

Troubleshooting tips
(If thehearing aid iswesak or dead)

*  Makesurethat thehearingaidisswitched on.

» Ifthereisavolumecontrol, makesurethat itisturnedloud enough for you to
hear.

*  Check thebattery-isit working? Isthebattery placed withthe positive (+) sSign
facingup?

»  Check thereceiver opening on any vent openings and make surethey are not
blocked with wax or other deburis.

*  Check toseeif thetubingisstill connected properly and that it isnot bent or
twisted.

*  Check toseeif themicrophone openingisnot blocked. If itis, usebrushin
your tool kitto cleanit.
(If thehearing aid isdistorted or intermittent...)

*  Check thetubingfor moisture. If moisture present, removeit withanair blower.

*  Check thetubingfor cracksand holes. If you seeany, call your audiologist.

*  Replacethebattery becauseit may beweak or defective.

» Iftherearecordsconnectingtothehearing aid or other hearing assistive de-
vice, check for cracksand replacethe cord if necessary.
(If thehearing aid sequelsor whistles.)

*  Check that thevolumeisnot turned up too high.

*  Besuretheinstrument or ear mouldisseated snuggly inthe ear.

*  Makesurethat themicrophoneisnot covered by objects such asahat, scarf,
or collar.
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*  Haveyour audiologistsor doctor look inyour ear cana and check for exces-
Siveear wax buildup.

Battery basics

*  Removethetab onthe battery beforeinsertinginto thehearing aid.

* Insert thebattery placed with the positive (+) signfacing up.

*  Openthebattery door whenthehearingaidisnot in use. Doing sowill extend
thelifeof the battery and allow the hearing aid to dry out.

*  Storethebatteriesinacool dry placebut notinrefrigerator.

« Batteriesareharmful if swallowed.

Cochlear implants

Speech roTossor
Transmier

Emciodes Cochisa

Cochlear implant isan electronic devicethat replace the function of the damaged
inner ear Unlike hearing aids, which makethe sound louder, cochlear implant bypass
thedamaged hair cdllsof inner ear (cochlea) to provide sound signalsdirectly tothe
brain.

Themain partsof cochlear implantsare:

1. A sound processor worn behind the ear or on the body, captures sound and
turnitintodigital code. The sound processor has a battery that powersthe
entiresystem.

2. Thesound processor transmitsthedigitally coded sound through the coil on
theoutsideof headtotheimplant.

3. Thecochlear implant convertsthedigitally coded soundinto electrical im-
pulses and sends these impul ses along the electrode array placed in the co-




Reference Book [l

4. Theimplantseectrodes stimulatethe cochlear nervewhich the sendstheim-
pulsesto the brain wherethey areinterpreted as sound.

Benefits of cochlear implant

Hear better with acochlear implant than with ahearing aid.

*  Cochlear implant achieve an average of 80 % sentence understanding, com-
pared with 10% sentence understanding for hearingads.

»  Canfocusbetter when innoisy environments.

*  Reconnect with missed soundsthat they could not hear beforetheir cochlear
implant.

»  Better hearing innoisy situations such asrestaurants, conferencesand other
crowded places.

EAR MOULDS

Ear moulds are coupling devicesthat holds

hearing aid receivers securely and
comfortably totheearsof thehearingaid user.

o —

NS ( Clear tube

Top tip Size mark

. Band
Canal portion |

Different types of ear moulds Buttof tip AN

Ear mouldsareavailableinvarioustypes. The Efﬂ’
maintypesof ear mouldsare:

1. Standard ear moulds

2.  Customear moulds

3. Mushroomtypeear tips

Ear moulds are processed in hard or soft
materids.

How to wear the
open ear mould

Sandard ear moulds
They are (a) Factory made ear ;%
mouldsof different sizesavailable [

for right and left ear separately.
They are made of hard plastic or
soft materids.

Custom ear moulds

They are ear moulds made on the exact ear impression of the hearing aid user. They
are made of hard or soft materials. Custom ear moulds areavailablein different

types.
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(@ Custom ear mouldswith snaprings for usewith pocket model hearing aids.

(b) Custom ear moulds soft or hard with attached flexible pol ythene tubingsfor
usewith behind the ear or spectacleair conduction hearing aids.

() Phantom ear moulds- with only the edges of the ear mould structure and ear
candl. Itisused with behind theear hearing aids.

(d) Shell typecustom ear moulds- which are good to accommodate conchatype,
inthe cana type or completely inthe cana hearingaidswithinit.

Mush room typeear tips

They aremade of soft materials. It hasabulbousportionwhich holdsit tightly tothe
ear canal and the tubing or snap ring holdsit securely tothehearing aid.

1 Processing of custom ear mould

For the making of custom ear mouldstheproceduresinvolved are:

Ear examinations

Plugging of ear cand/s

Earimpression

Trimming and waxing of earimpression

Preparation of Plaster caste dye

Processing theear mould

Trimming, canalling, polishing & fixing ear mouldring or tubing

Ear Examination

Ear examinationisconducted to make surethat theear isfreeof ear infectionsor
blockage. Ear examinationis carried out using an otoscope under proper lighting.

PN O MwDdDPRE

2. PluggingtheEar canal

Whileattempting earimpressionit isnecessary to block theear cand with threaded
cotton ear Plug of therequired diameter. Thisthreaded cotton ear Plug ensuresthat
theimpression material isfilled intherequired spaceonly & itispulled out easily
whenitisset.

3. Earimpresson

Theimpressonmaterid if filledin aSyringeanditisinjectedintotheear to cover
the canal and pinnae portion of theear. Silicon based ear impression pasteisused
for ear impression.

4. Trimmingand waxing of impression

Theear impressionistrimmed to theexact requirementsand thentheimpressionis

given aParaffinwax coating by dippingitin molten paraffin wax.
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5. Preparation of Plaster castedye

Theimpression materia isplaced on aflat surfacewith itscanal portion pointing
upwards. Theimpressionis covered by an ear mould flask and aplaster of paris
solutioninwater ispouredinto theear mould flask tofill it completely. When the
Plaster isset theimpressionispulled out fromthe plaster casteand aplaster caste
dyeisready.

6. Processingtheear mould

The Plaster castedyeisfilled with silicon gdl for soft ear mould or hydroxyl Propile
methacrilitefor hard ear mould. Whenit is Set themould isremoved fromthe Plaster
caste.

7. Trimming, canalling, polishing & fixing ear mould or tubing

The ear mould then istrimmed, polished and fitted with Snap ring or Polythene
tubing. Whenintheear hearing aidsareto befitted, the ear mouldisprocessedin
hard materia and theinside of the ear mould ishollowed out to accommodate the
miniaturehearingadinsdeit.

Detailing of practicals

1. Identification of different typesof hearingaids.

2. ldentification of different typesof ear moulds.

3. Observation of ear mould preparation during Field vist/OJT.

TE Questions

1.  Whichout of thefollowingisnot apart of cochlear implant.
a) Microphone b) Headphone c) Electrode d) Speech processor

2. Draw ablock diagram of ahearing aid system and explain thefunctionsof each
block.

Extended Activities

1. Screeningof hearing handicapped in normal schoal.

2. Participationin medical campsfor handicapped conducted by medical ex-
perts.

3. Vidstahearingaid center andinteract with theexperts.

List of Practical activities

*  Familiarisation of patient preparation for puretone audiometry.

*  Observation of puretoneaudiometry and participatingin plotting audiogram.

»  Performing puretone audiometry of normal casesand plotting audiogram (10




B ECG & Audiometric Technology

*  Manifedtation of threshold shift in different levelsof maskingin oppositeear.
e Subjectivecdibration of audiometer.

e Observation of speech audiometry (5 cases).

»  Peform Special testsof hearing (Tonedecay, SISI, ABLB).

e ldentification of varioustypes of hearing aidsand ear moulds.
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