Basics of Audiometry — part 1
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Overview
Psychoacoustic measurements Objective Methods:
» Acoustics and hearing + Tympanometry

* Pure tone audiometry
« Speech audiometry

+ Otoacoustic emissions

Part 2 by Dr. Oppermanng - Acoustically evoked
potentials

« Only 10 min per topic

Textbooks on audiology in German

Audiometrie Praxis der

Audiometrie

weas Atldiologie
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+ Several text books are available
» You should own preferably the newest edition of one of them




The Basics: Acoustics and
auditory perception

Acoustics = the science covering mechanical
vibrations, wave propagations, generation and
measurement in gases, liquids and solid
materials

Longitudinal wave propagation
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Physical features and percetion
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Amplitude corresponds to Loudness

Frequency corresponds to pitch




Audiogramm
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Logarithmic perception of frequencies
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Tuning of a piano
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dB = Logarithmic scale

» dB = dezibel = 1/10 Bell
* relative measure: requires a reference

« Calculation:

Lgg = 10 - logy, (P4/Py)  (Power or energy)
=20 -logqo (Ay/A))  (Amplitude)

dB = logarithmic scale

10dB
= factor of 10 in power / energy
= approx. factor of 2 in subjective loudness

Examples: logarithmic
perception of lodness
* Logarithmic: 20 steps of 1 dB v 9
+ Logarithmic: 12 steps of 5 dB

- Linear: 10 steps, reduction in amplitude10% < ¥
per step
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Pure tone audiometry

= measurement of hearing thresholds as a
function of the frequency

Normal audiogram
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Audiometric symbols (CH, international)

Left ear: Right ear:

No masking masking No masking masking

Air conduction (AC): X O (0] A
Bone conduction (BC): > | < C
Uncomfortable level: >¢ -~

Note: AC: right = red = round
BC: right: open to the right

Audiometric symbols (D)

Left ear: Right ear:
With and without masking ~ With and without masking
Air conduction (AC): X @)
Bone conduction (BC): < >
Uncomfortable level: Y11//4 Y/1//4

Note: AC: right = red = round
BC: Left: looks like letter "L”

Set-up for Audiometry: Schematic view

Sound proof chamber

Audio- Transducer
meter Feed-

Back by
patient

Investigator




Sound proof chamber

| -

Audiometer

Transducers

* Head phones
* Insert phones
» Bone vibrator

* Loudspeaker

« (for sound field
measurements)




Air conduction and bone conduction

Signals and test paradigms
st 500 Hz 1000 Hz 2000 Hz
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Conductive and sensorineural
hearing loss in an audiogram
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Shadow curves
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Example for a
measurement
without masking

The right ear
Is completely
deaf...




UBERHOREN

Masking

Signal used for masking: Narrow band noise in
contralateral ear

When is it necessary: As soon as you might measure
the shadow curve (signal heard first by contralateral ear)

Requirement: Masking level must be neither too low nor
too high

Different masking paradigms exist, and are in use.
you should KNOW ONE OF THEM WELL

Prinzip der gleitenden Vertaubung

Minimal Maximal
Angegebene notwendiger zulassiger

k Maskier
am Messohr
(dB)

Hérschwelle

Pegel des Maskierungsgeréusches
am Gegenohr (dB)




Speech audiometry

= Evaluation of speech understanding
using standardized tests

Some speech tests used in Switzerland

Test in quiet: Test in Noise:
« German: + Basler Satztest
« Freiburger Worter + Words in noise (WIN)
+ Freiburger Zahlen + Matrix tests (OLSA in
* French: German)
* Mots dissylabiques + And several more...
* Mots monodissylabiques
« [talian:

« Bocca e Pellegrini: Parole
« Bocca e Pellegrini: Numeri

Freiburger Zahlentest - Schweizeraufsprache 1987 nach F. Keller

dB Grp % re A

98 22 54 19 86 71 35 47 80 63

53 14 39 68 57 90 B85 31 72 46

51 36 43 17 99 45 82 24 60 48

67 83 55 13 .28 92 34 70 49 76

32 65 8 S50 91 27 18 44 79 56

59 77 62 40 9 73 19 .84 38,95

93 78 13 66 57 39 80 7516224
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5 62 58 23 16 41 37 89 3095 74
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3

9

88 42 65 23 76 15 94 87 29 .60

10} 33 18 64 52 97 45 30 6926578




Freiburger Wortertest - Schweizeraufsprache 1987 nach F. Keller
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Schil Hut Korb. Zank. Laut, Kies. Dank Schaur, Pech
Stau Bass. Fell Pracht, Mais. Gramm. Sieb, Ohr, Lump. Dreck
Lack Plerd, Schiacht
Sohn. Druck Held, Bahn, List, Flug. Narr. Kork. Reis
Kalk Lehm, Grund. Fass Schmied Amt Ross. Puls Meer. Graf. Bier. Schweiss, Dokh
Schver Plahl Blech. Faust. Rang. Pult. Nest, Heu, Schicht, Zoll, Stand. Lohn. Angst

King. Uh, Mal. Speer. Sinn, Fiuss. Rock. Haupt, Gang, Trieb, Schmalz, Boot

<k Spolt Aas Teig Hanl, Stch
Traum. Pass. Kunst. Monch, Bart, Los, Schit

EEEREER

2 Plad Hell Bref, Arzt. Haus, Bund, Fracht. Stem, Loch, Zahn

1. Stolz. At Wurm, Ding Trab, Kieid, Bett. Schatz, Wut, Pflock
Gruss. Wohl. Plan. Krieg. Abt. Pfifl. Bein, Sturm, Tee Mann, Frost

Ton. St Heer Bauch, Kreuz Akt Gluck Pfund, Seit, Mokeh, Rad
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SPRACHAUDIOGRAMM
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1st Important term: Sprachhérverlust
(“hearing loss for speech”)

- Difference in dB between measured level for 50% speech
understanding for numbers and the average level for normal
hearing subjects

« Usually corresponds well to threshold average at 500/1000 and
2000 Hz in pure tone audiogram
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2"d Important term: Diskriminationsverlust
(“loss of discrimination”)

- Difference between maximal understanding for
monosyllabic words and 100 %
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Is the number test really useful?

« Cochlear implant candidate with useful hearing only below
1000 Hz.

» Test with and without hearing aids

Nombuer  Iahiented Evoar

@ } Unaided:
% I é -8 Numbers
fo J e B s —s Monosyllabic words
B> ] 2 ;
" ; Aided:
» 3 A mn O30 Numbers
S L &, T }‘ i O—L Monosyllabic words

Is the number test really useful?

« Provides relatively little additional information in
« cooperative patients with
- relatively good hearing

But:

« It provides important information in patients with poor speech
understanding

« ltis a very fast and useful tool for
« quality control and

« to check the plausibility of your measurement (e.g. can give important
clues in cases of aggravation or simulation)




Aggravation in speech audiogram
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Sozialindex: % Hearing loss

« Freiburger Wérter: Average loss at 60, 75, 90 dB
« Example right ear: (55% + 30% + 15%) / 3 = 33.3%
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Tympanometry

Acoustical impendence measurement of
tympanic membrane

Book: chapter 9




Acoustical impedance

« Definition: ratio of:
sound pressure amplitude : motion amplitude

(low acoustical impendence = soft medium
high acoustical impendence = stiff medium)

» Medium characteristic, not signal characteristic

Sudden change acoustical impedance
i
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Normal tympanogram (Type A)
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Low pressure in middle ear
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Tympanometry: Characteristics and limits

» Fast (< 1 min)
* Non-invasive
* Provides useful information about middle ear

requirements:
» Free external ear channel, intact tympanic
membrane

* measuring probe can be properly placed




Stapedius reflex
measurement

M. Stapedius reflex measurement with
tympanometry

Some characteristics of the
stapedius reflex

Always bilateral releasing, even if unilateral loud stimuli
(70-100 dB)

Latency approx. 100 ms

Does not normally relax within measurement time
also: 100 ms before your own voice sets in

Rare:

» No reflex at all (rare without pathology)
« voluntary control of reflex (extremely rare)




Probable Physiological benefit
of stapedius reflex

« Protection of the ear from acoustic trauma by:

* Loud external stimuli (does not work for very short
stimulil)

» Own voice (loud!)

» Possible better understanding in noise
« Higher attenuation of low frequencies

Principle of stapedius reflex
measurement

» white: normal
 red: M. Stapedius

§ activated
©
= * Measurement:
§ » Height of peak as a
function of time
Pressure
Tympanometry

with and without noise (90dB) at contralateral ear
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Stapedius reflex
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Stapedius reflex measurements can
convey valuable information on:

» Hearing at high levels at ear side of stimulus
« Fixation of stapes

+ Recruitment (Metz-Recruitment)

» Sensorineural- / transmission hearing loss

« Signs of retrocochlear hearing disorder




