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Overview
Psychoacoustic measurements Objective Methods:
» Acoustics and hearing * Tympanometry
* Pure tone audiometry « Acoustically evoked
+ Speech audiometry potentials

« Otoacoustic emissions

« Just over 10 min per topic...

Textbooks on audiology in German

Audiometrie Praxis der
Audiometrie

Eine Aniltng 10 e prokiiche Hirprtusg

% Thieme e.. ( hogrefe

.

Several text books are available
» You should have access to the current edition of one of them




The Basics:
auditory

Acoustics and
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




Frequency ranges

¢ Infrasound: ... 20 Hz

* Audible sound: 20 Hz ... 20 kHz
* (Audiogram: only 125 — 8000 Hz)

e Ultrasound: 20 kHz ...

Audiogramm

125 250 500 1000 2000 4000 8000 Hz

Logarithmic perception of frequencies
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Piano tuning
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FIG. 1. Tuning of a piano (from Ref. 1), thick line: PFTS
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dB = Logarithmic scale

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

» Calculation:

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

dB = logarithmic scale

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




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

* Linear: 10 steps, reduction in amplitude10% ¥ <
per step

dB sound pressure level (SPL)
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Audiogramm
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Pure tone audiometry

= measurement of hearing thresholds as a
function of the frequency

Normal audiogram

125 250 500 1000 2000 4000 8000 Hz

Audiometric symbols (CH, international)

Left ear: Right ear:
Air conduction (AC): X (o)
Bone conduction (BC): > <
Uncomfortable level: >¢ -0

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




Audiometric symbols (CH, international)

Left ear: Right ear:
No masking masking No masking masking
Air conduction (AC): X 0O (@) A
Bone conduction (BC): > ] < C
Uncomfortable level: >¢ -o-

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 (o]
Bone conduction (BC): < >
Uncomfortable level: ¥Y1///4 ¥1///4

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

Audiometric symbols (D)

Left ear: Right ear:
With and without masking ~ With and without masking

Aircondud - Always provide a legend |O
Bone cond liSting all the symbols used |>

in your audiogram
rrei 4 777

Uncomfor;

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




Setting for Audiometry: Schematic view

Sound proof chamber
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Transducers

* Head phones
* Insert phones
* Bone vibrator

* Loudspeaker

* (for sound field
measurements)

Air conduction and bone conduction




Signals and test paradigms
Sruston 500 Hz 1000 Hz 2000 Hz

AAAAAAAA

}ﬂ ﬂ ﬂ n ﬂ =1 Freuenz '4 4 Q
st

Aufsteigender Pegel

10 O Antwort
@ keine Antwort
0
dB 104 ---C------ - — —Q «— Schwelle
20
30




Conductive and sensorineural
hearing loss in an audiogram
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Shadow curves
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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

Preferred masking method in Switzerland:
«Gleitenden Vertaubung»

. Min. required Max. allowed
Hearing threshold . .
king level masking level
reported by the masking level 9
patient (dB HL)
True hearing

threshold

Masking noise: level
at contralateral ear (dB HL)

Speech audiometry

= Evaluation of speech understanding
using standardized tests




Some speech tests used in Switzerland

Tests in quiet:
« German:
* Freiburger Worter
« Freiburger Zahlen
* French:
« Fournier: Mots dissylabiques
» Fournier: Mots monosylabiques
* ltalian:
« Bocca e Pellegrini: Parole
» Bocca e Pellegrini: Numeri

Tests in Noise:
+ Basler Satztest
* In German only
+ Words in noise (WIN)

« German
* French
« ltalian

+ Matrix tests (OLSA)
* many languages
* And several more...

Freiburger Zahlentest - Schweizeraufsprache 1987 nach F. Keller

d8_| Grp %re | %
1 98 22 54 19 86 71 35 47" 80" 63
2 53" 14 39 68 57 9085 :315 7246
3 51 36 43 17 99 45 82 24 60,48
4 67 83 55 13 28 92 34; 708049476
H 62. 5823 16 41 .37 89.:30 .95 574
6 32 65 83 50 91 27 18447956
% 59 77 62 40 96 73 19::84:¢ 38095
3 93. 78 13 66 57 -39 80 75 862424
9 88 42 65 23 76 15° 94 87 2960
10 33 18 64 52 97 45 30 6926808
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Freiburger Wértertest - Schweizeraufsprache 1987 nach F. Keller
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SPRACHAUDIOGRAMM
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“Hearing loss for speech” (Sprachhérverlust”) — link
between speech- and pure tone audiogram

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

« Corresponds (mostly) to average hearing threshold at 500,1000 and 2000 Hz
in pure tone audiogram

Verstandlichket %
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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
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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
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Is the number test useful?

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

But:
It can provide important information in patients with poor
speech understanding
« ltis a very fast and useful tool for
+ quality control and

+ to check the plausibility — can give e.g. important clues in cases of
aggravation or simulation

Aggravation in speech audiogram

Normiarven;  Zaetes i
10 o
© AL *With aggravation
2 0
To / :
te :
& 0| 20| 30| 4 s0[=2 | 60| 7¢ 80| 90| |700|
g w0 ¥
2 3
30 4
»
10
955 2 [ T S K 0
a® SPLimous neer
Normiarven;  Zahetes st
10 .
o «After solution of problems
2 0
in /
Sa s 7
= EHEHEN X EHERE so| |90 |ro0]
B AW = Left numbers
2,
% i »— Left words
1 : o0 Right numbers
i 1 S 4« E B kL 8

% X
S i o—o Right words




Sozialindex: % Hearing loss

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

* French monosyllabic words: levels are 5 dB lower
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Electric Response Audiometry
(ERA)

= Electrical response of the central nervous
system to acoustic stimuli

Book chapter 11

Abbreviations and terms

For the measurement procedure:

« ERA = Electric response audiometry

« ERA = Elektrische Reaktions Audiometrie
For the potentials:

* AEP = Acoustically evoked potential

* AEP = Auditorisch evozierte Potentiale




Electric Response Audiometry: Schematic view
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Different acoustically evoked
potentials (AEP)

Short latency response AEP - Most frequently used
(1ms - 10 ms) - Broadband hearing threshold
- Vigilance independent

Middle latency response AEP - Partly myogenic source
(10 ms - 50 ms) - Variable in children

Late or long-latency response - Cognitive effects
AEP - Vigilance effects

(50 ms — 500 ms)

€

20 50 100 200 500 1000

MAEP SAEP
P300, CNV




Short latency response
acoustically evoked potential

Still more names and abbreviations:
Potentials:

» Auditory brainstem response (ABR)
» Frihe auditorisch evozierte Potentiale (FAEP)

Measurement:
+ Brainstem electric response audiometry (BERA)
* Hirnstammaudiometrie

Book chapter 11.1

Short latency response AEP

111 ‘4 Stimuli level:
I
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v
65dB
0.5 v ‘|V v‘
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?
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W 296 (2000 — 4000 Hz)

0 2 4 6 8 10ms

Example of ABR: normal hearing
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Example of ABR: profound deafness
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Where can ABR be used? Examples

* Children:

+ To determine (or: to confirm) hearing threshold (frequent:
after failed newborn hearing screening using OAE!)

 Diagnosis of auditory neuropathy

* Adults:

» Suspected malingering or hysterical deafness (Simulation
and aggravation)

« Before cochlea implantation
» Retrocochlear pathologies
» Subjects who are unable to cooperate in audiometry

Some signalg in the time- and frequency domain
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Frequency specific ERA measurement
(Book chapter 11.2)

* Generally:
* Measurements take longer
* Limited reliability below 1000 Hz
» Used increasingly

» Selected methods:
» ABR with tone-pips

« Auditory steady state potentials (ASSR)
* Chirp-ERA

Frequency specific ERA: 3 methods

+ ERA with tone-pips instead of clicks:

« Limited frequency specificity (can be improved with notched
noise)

« Long duration of measurement

« Auditory steady state potentials (ASSR):

« Simultaneous measurement of several frequencies is
possible
» Could become method of choice in the future

* Chirp ERA

(Book chapter 11.2)

ERA with tone-pips
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Amplitude

ASSR / MASTER

1000 Hz / 80 Hz

2000 Hz / 84 Hz
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Chirp-ERA

Rationale:

« Wave propagation along the Basilar membrane stretches response
+ This can be compensated by presenting low frequencies earlier

aufrichtung der Wellen—————
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Otoacoustic emissions
(OAE)
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- (SOAEs

Types of OAE

= spontaneous otoacoustic emissions)

* TEOAE

= transiently evoked otoacoustic emissions

+ DPOAE

TEOAE

= transiently evoked OAE

* How to measure:

* sound level:

* Presentin:

click into ear and measurement of
acoustic response

approx. 10 dB SPL (infant 20 dB)

normal hearing and hearing loss
less than 20-30 dB




Principle of OAE measurement

Computer

Amplifier

Signal
generator

Controller and
evaluation
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OAE-Measurement

Testdaten Nio
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DPOAE
= distortion product emissions OAE

* How to measure: 2 Sinus tones into ear and
measurement of distortion

¢ Present in: normal hearing and hearing loss
below approx. 30-50 dB
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DPOAE-Measurement: Example

a8 125 250 500 1000 2000 4000 8000 Hz
0
10 0—0—C 1
20 ‘
30 ‘
40
s 7, A WP 5
60 .
70 ®
80 //
90
100
110
120
130
Audiogram DP-Gram

Comparison TEOAE - DPOAE

TEOAE DPOAE
» Up to 20-30 dB + Up to 30-50 dB
hearing loss hearing loss
 poorer frequency * better frequency
sensitivity sensitivity
‘ TEOAE ® 22:—/377 EEZ DPOAQ‘
TEOAE® 40— ‘ | DPOAE @
60 ——— I
TEOAEQ ol = DPOAEG |
asaisll |

OAE: What do we really measure?

» Middle ear function (2x sound
transmission)

« Active function of the inner ear

NOT overall hearing




Some frequent uses of OAE

» Screening of newborns

* Verification of subjective hearing test
* in children (very frequent!)
* in adults

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)

» Characteristic of the material, not of the signal




Two media with different acoustical

impedances
Sy

Incoming sound
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Reflexion

Schematic view of tympanometry
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Normal tympanogram (Type A)
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Low pressure in middle ear (Type C)

ml
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1
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Middle ear effusion(Type B)
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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

Relaxed Contracted
s1 o2 5
Voluntary Hiss
T T
T T
. T T
contraction of ——
Sz e ;
. d dI H } X (cannot be measured)
miadie ear ) ===
I
muscles [1] igiss
H I
|
s4 —= H
1 1
| T
-
N —H
f T
[1] Kompis M et al. Voluntary T .
increase of acoustic middle ear S8 11X
impedances with simultaneous H I —
sound attenuation associated with 1 f ! ! !
mild hyperaccusis (VIMH). Acta panpnepeyepeii s e
otolaryngol. 139(4): 373-378 (2019)  E ik Bk r




Probable Physiological benefit
of stapedius reflex

* Protection of the ear from acoustic trauma by:

* Loud external stimuli (does not work for very short
stimuli!)
+ Own voice (loud!)

 Possible better understanding in noise
+ Higher attenuation of low frequencies

Principle of stapedius reflex
measurement

* white: normal
* red: M. Stapedius

g activated
@
g * Measurement:
3 * Height of peak as a
function of time
Pressure
Tympanometry

with and without noise (90dB) at contralateral ear
ml
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1
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-4088 -2eg @ +208 daPa




Stapedius reflex

ml Y 226Hz CS 1888 Hz
MAaNUAL daPa: @
180 | 585 100
L T HL lwm
1.01 .03 .10
.18 ————
15 sec
Reflex - decay
ml Y 226Hz CS 1080 Hz
ON:18.8 OFF:3.5 daPa ]
Normal — 00 P
No decay: s
16 ~
, " on: 8087 oFF:378° Miaparois”
Pathological oo}
decay: "

15 sec

Stapedius reflex measurements can
give valuable information on:

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

* Recruitment (Metz-Recruitment)

+ Sensorineural- vs. conductive hearing loss

« Signs of retrocochlear hearing disorder




Thank you for your attention




