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e Hand book of clinical audiology(katz)

e Audiology Diagnosis
(Roeser,valente,Hossford-Dunn)
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Presentation Mode
Pure Tone Pure Tone (mastoid)

Air Conduction Bone Conduction

dB 500 1000 4000 Mean 500 1000 4000 Mean
20 0.2 1.2 0.6 0.7 0.5 0.9 0.6 0.7
40 1.8 3.0 2.2 23 2.9 4.5 1.6 3.0

| 60 36 ¢4 45 3.1 37 5.0 5.9 2.1 43
80 7.2 8.8 6.2 Z, 7.8 10.6 7 8.6
Mean 39 4.2 i

S —————————
*From

Dirks & Malmquist, 1964.
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500 Hz
Tone correction factor(CF) noise
10 — 0 10
15 — 5 — 20
25 — 5 — 30
35 — 5 — 40



- !ll Site of Lesion 1cesws

TaBLE 4.65. Calculations of hit rate (HR), false alarm rate (FAR),d' and A’ for
audiologic tests in rank order by HR.*

—
—

Rank order

HR Teste N HR% N FAR% d’ A’
1 ABR 818 95 1,289 11 2.9 0.96
2 BCL 40 85 119 8 2.5 0.94
3 ARC 1,333 84 2,719 15 2.0 0.91
4 PIPB 78 74 184 4 2.4 0.92
5 FBB 51 71 312 5 2.2 0.91
6 TDT 999 70 800 13 1.6 0.87
7 SISIM 286 69 336 10 1.8 0.88
8 SISI 490 65 410 16 1.4 0.83
9 ABLB 511 59 374 10 1> 0.84

10 BEK 723 49 585 7 1.4 0.83

11 SD 965 45 356 18 0.8 0.73

YOURCE: With permission from Robinette. M.S. “Inteoratine andiametric recultc? Tu 1ot
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THE AUDITORY PATHWAY: Diagram

e Superior Temporal Gyras
a CAuditory Clortesx)

- Suditory Badiation

Infenor Caolhculus

IMlidbraun

IDaorzal Cochlear INucleus \ . Lateral Lermunscus

YWentral Cochlear Mucleus . .

s
Fons™

Zaochlea i

—

- Superior Olivary Nucleus

-

L
E'-
!

© Spiwral Ganglion
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Statistical Fault

- ,‘ Model
Simuia gf¢ Time, location,
duration

olden, IVIOJE

-Exposed
S0 . Model
Desic ' Golden Model

(no fault injected)



Audiogram Sty

Response
FREQUENCY IN HERTZ (Hz) =
r
Leit[Ear 10 0 750" 506" 5000 " 6008 " Leh_Unspeelfied Right
- B T v AC
500 1K 2K 4K 8K 250 500 1K 2K 4K 8K 0 B ur
I I -10 10 4 r - : Masked
Fe L L
0 20 )WCJ
30 -.J/B*a ! BC - mastoid
10 P ' ,-L ' Y ' Unmasked > <™ <
20 50 r L/'J i Masked u] C
"\ : r : : ' BC - forehead
30 na v ' i ' Unmasked w
70 ; A k 4 Masked r q
40 80 »
‘_ % ' ' [ ' Sound Field
30 \r - ’ i C ) Acoustic Refiex
60 ! ' [, . Contralateral >~ ¥q
110 T, ; e il
70 120 " % g % Ipsilateral 1= -]
80 No Response
90 Ear
Left Unspecified Right
100 AC
110 Unmasked
Masked
- 120
Frequency in Hz Frequency in Hz BC - mastoid
Unmasked ; <> S
Masked
Key to Symbols aske 1, b
Unmasked Masked BC - forehead
Unmasked v
Air Conduction e O ------------ . Masked G Y 3)
Sound Field S
Bone Conduction  «:eeeee- A A ¥
Acoustic Reflex
Uncrossed Crossed Contralateral >y <
Arnuctic Raflay e Mo KA Ipsliatoral = o




(o) AT JU) s g
<

e ACte — BCte>10



=) sR o) sdilinl (il 5
o]

e ACte-BCnte >= |A
e ACte-ACnte >= |A



Audiometer

Pocket Hearo Dem rosoft Internet Explorer

Pocket Hear

HEARING EDUCATION & SCREENING SYSTE]

ONojoJoJoJoJoJoloJoX XoReNO) B cLosE




Speech Masking

e Supra-aural earphone

- SpeeCh I—eveITE _ BCNTE(real best tone500,1000 or 2000) >=
45 dB HL

e Supra-aural earphone

- Speech Levelrg — BCyrgreal average tones00,1000 & 2000)
>= 45 dB HL

e Supra-aural earphone
- Speech Level;g —Speech Leveln;g >=45 dB HL

- Ihﬁf\lf"l' ﬁf\rhl’\f\hf\
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e Mmin= BCte + ABGnte
e Mmax= BCte +40

2L jieS Jal )l mha Jl ng Ol daS Jhyda e



(AC) lsh o), sl O (adigy Jga 8
c ...

M., =AC, —40+ABG,

M, .= BC,, +40

max

) )b s 5 g s aS el 4
2L JS(UCL)
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Mmin= minimum Masking = Ui s Jélas
Mmax= maximum Masking = (il s il
40 = Minimum A
ABGnte= Air- Bone Gap of non test Ear
BCte= Bone Conduction of test Ear



Audiogram

Response

FREQUENCY IN HERTZ (Hz) ==
r

125 250 500__ 1000 2000 8000 Left Unspecified Right

4000
750 1500 3000 6000

AC
o B— g : ur
500 1K 2K 4K 8K 250 500 1K 2K 4K 8K | ' ' '
I -10 10 - L ; . Masked
C L L
20 )-q?c
0 30 -J.‘.'/B*a ! BC - mastoid
10 L ,.L ) Y I Unmasked > <™ <
o J T Maskod a C
20 o s : Ji: : ' BC - forehead
. 60 T v T ' Unmasked w
70 ; A k L Masked r q
T 40 % ' ' ' ' Sound Field
50 * : : : : Acoustic Refiex
T 100 T T ; 7
60 110 e N ,.;,“_y, Contralateral >~ -
70 120 - v: : : 1 Ipsilateral 1= -]
80 No Response
90 Ear
Left Unspecified Right
100 AC
110 Unmasked
Masked
120
Frequency in Hz Frequency in Hz BC - mastoid
Unmasked z' <> 6
Masked
Key to Symbols BC - forehead e =
Unmasked Masked
Unmasked 1{
Air Conduction Masked G J
Sound Field $
Bone Conduction Acoustic Reflex
Uncrossed Crossed Contralateral >y <
Arnuctic Raflay e Mo KA Ipsiatorel = 2




Hearing Level in dB (ANSI-96)

Audiogram Styles

A
250 500 1K 2K 4K 8K 40 250 500 1K 2K : 4
0
10
20
30
40
50
60
70
80
90
100
110
120
Frequency in Hz Frequency in Hz
Key to Symbols sgske ke
Air Conduction e O ............ .
Bone C A A
Uncrossed Crossed
A ic Reflex O B

HEARING LEVEL IN DECIBELS (dB)

AC

BC

nesponse
FREQUENCY IN HERTZ (Hz) =
r
125 250 500 1000 2000 4000 8000
b 750 1500 3000 6000 Lo s
' 1 ' ' AC
0 T T T T Unmasked
10 : : : - Masked VAN
N s s
a0 ] . . V _
30 BC - mastoid
a0 J. : s ¥ Unmasked > -~ <
X e [ Maskod B C
: : : : BC - forehead
i X s v ! Unmasked A
70 : . : - Masked ¥ a
L : ; ‘ 5 Sound Field b 3 S o
80 T T T T
100 ¢ L x £ Acoustic Refle:
T T T
110 ' : ' ' Contralateral >- |
v ' v v
120 = B i : Ipsilateral - —
EFFECTIVE MASKING LEVELS
TO THE NON-TEST EAR No Response
Npge 125 250 500 750 1500 1000 2000 3000 4000 6000 8000 Ear
L Left Unspecified Right
AC
N Unmasked
Masked ls
R
BC - mastoid
Unmasked z, L é
Masked 1‘ |J:
BC - forehead
Unmasked \r
Masked 3 J
Sound Field

Acoustic Refle:
Contralateral

Ipsilateral

TY (X

1A




Earphones

Ear Insert Earphones

Reduce masking
Reduce ear canal collapse

Enhanced stability of sound
delivered to ear

Supra-aural Earphones

Increase Comfort

Reduce spread of bacteria



SPEECH TESTING

e SRT (speech recognition threshold)
- Measure of speech threshold
- Typically use spondees

e SRA (speech recognition ability)
- Measure of clarity
- Supra threshold
- Typically use monosyllabic or sentence material



Speech Threshold
.

e Lowest level at which speech can be
recognized or detected
- SRT (could be any kind of speech material)
- ST (spondee threshold)
- SAT (speech awareness threshold)
- SDT (speech detection threshold)



Spondee Threshold
.

e ST —the lowest level in decibels spondees can be
recognize correctly
- Measure of threshold sensitivity for recognizing speech

-~ Provides estimation of hearing sensitivity in the primary speech
frequencies

-~ Comparable estimation of PTA (useful for cross-check)

e Spondee
— bisyllabic word enunciated with equal stress on both syllables



ST Materials
« /00007

e Baseball
e Cowboy
e Hotdog

e Sunset

e Ice cream
e Railroad
e Sidewalk



SRT
<

e Speech Recognition Threshold

- Lowest level in decibels at which speech can be
recognized correctly

- Sentences, spondees, etc.

- Typically use spondees unless otherwise
indicated



SAT/SDT
<

e Speech awareness or detection level

- Lowest level in decibels at which speech is
detected

- Used when patient unable to respond to
spondees

— Approximately 10 dB better threshold than for
SRT

e Audiometers are calibrated to speech recognition than
detection levels



Supra-threshold Speech Recognition
Ability

e Ability to correctly recognize speech at
supra-threshold levels (reported In
percentage of words correct at intensity level
of presentation)

- 100% at 80 dB HL
- 96% at 40 dB SL
e Measured scores are generally predictable

from degree, configuration and type of loss
from pure tone results



Speech Recognition Ability Materials
S

Discourse
Sentences

Words

syllables

Phonemes
Nonsense words
Synthetic sentences
Speech in noise
Filtered



Speech Test
.

e Live
e Recorded




Redundancy vs. HL Sensitivity

« ]
less more

Syllables
Redundancy Sensitivity
of to Hearing
Informational Words Loss
Content

Sentences

more less



Table 8-2. Lower and upper limits of the 95% critical differences for
percentage scores. Values within the range shown are not significantly
different from the value shown in the percentage Score columns (p > 0.05).
From Thornton & Raffin (1978), with permission of American Speech-
Language-Hearing Association.

Significant Difference ="

0 37-63

2 0-10 51 38-64

4 0-14 0-20 52 39-65

6 2-18 53 40-66

8 2-22 0-28 54 41-67

10 2-24 0-50 55 42-68

12 4-26 4-32 56 43-69

14 4-30 57 44-70

16 6-32 4-40 58 45-71

18 6-34 59 46-72

20 8-36 444 0-60 60 47-73

22 8-40 61 48-74

24 1042 8-48 62 49-74

26 1244 63 50-75

e Compare test result = a5
p u S 30 1448 10-70 65 52-77

32 16-50 12-56 66 53-78

34 18-52 67 54-79

. 36 20-54 16-60 68 55-80

e \When is there a o om
40 22-58 16-64 10-80 70 57-81

. " . 42 24-60 71 58-82
significant difference “  xm o ;o m
g 46 28-64 73 60-84

48 30-66 24-72 74 61-85

50 32-68 10-90 75 63-86

between test scores on 2 wn ww no e
54 36-72 77 65-87

56 38-74 32-80 78 66-88

h ’? 58 40-76 79 67-89
Speec Scores . 60 42-78 36-84 20-90 80 68-89
62 44-78 81 69-90

64 46-80 40-84 82 71-91

. 66 48-82 83 72-92

e These data permit 5 vn o we 8o na
70 52-86 30-90 85 74-93

- 72 54-86 48-92 86 75-94

f t 74 56-88 87 77-94

comparison of scores to CHEL e
78 60-92 89 79-96

- 80 64-92 56-96 40-100 90 81-96
determine whether there 2 e 0wy
84 68-94 60-96 92 83-98

. . . e . 86 70-96 93 85-98
88 74-96 68-96 94 86-99

IS a significant difference % 7em
92 78-98 72-100 96 89-99

94 82-98 97 91-100

96 86-100 80-100 98 92-100

98 90-100 99 94-100

100 96-100 92-100 80-100 100 97-100

a If score is less than 50%, find % score = 100 — observed score and subtract each
critical difference limit from 100.



Lower Confidence Levels

Table 8-1. Lower 95% confidence limits
PB,,, with the NU-6 test (Auditec),

for

recommended by Dubno, Lee, Klein, Matthews,

& Lam (1995), used with permission.

BERSERREEUNRNSRRLIINIISIREBEBSIIBRKRERR

BE88
RS SR RS8R RS RETARRRINNNISRERRES8STLRRER

N
-

Lower 95% Confidence
500, 1000, Limits In Percent for:
'2000Hz PTA ‘
(dB HL) 25-Word Lists  50-Word Lists
33 100 98
0.0 100 98
1.7 100



Each dot represents 1% of the
information contributing to speech
clarity.

Count the Dots

The number of dots that are audible
predict how well one understands

il e _

250 500 1K 2K 4K guiet speech from a six foot
: ; distance.
0 _
The dots are unevenly distributed,
with many more of them filling in
20 the gray zone between 1000 and
3000 Hz than in the 250 to 500 Hz
40 area.
0 Count the dots that are below
audiometric threshold.
80 The more dots that are below
threshold, the better one is able to
100 hear normal conversational speech.

The fewer dots that below
Source: Mueller H, Killion M. An easy method for calculating the articulation index. The Hearing th reShO | d , the more d |ff| Cu Ity

Journal 43(9): 14-17, 1990. Reprinted with permission.




Performance Intensity

ARTICULATION INDEX (Al)

(Audibility Index)

1m Ll L) L) Sl e L}

0 I sentences

80 \
-~ 7o} Nonsense Syllables
o>
. 60f
=
3 sof 1000 Single Syllable Words
- PBs (Write Down Answers)
g aof
Z

30

250 Single Syllable MRT
20 Rhyming Words
(Multiple Choice Answers)
10}
0 A A 1 1 1 A A 1 A

-12 9 6 -3 0 3 € 9 12 5 1B

SPEECH TO NOISE RATIO, dB

Source: Mueller H, Killion M. An easy method for calculating the articulation incax. The Hearing
Journal 43(9): 14-17, 1990. Reprinted with permission.



Count the Dot (Al)

100

250 500 1000 2000 4000 8000

125

1034d0D %

100

80

60

40

20

ARTICULATION INDEX IN %

OO

EACH DOT
REPRESENTS 1% OF

l

THE SPEECH CUES

+———— 45 dB HL presentation level

T13A3T ONIRIVIH



SNR Loss for 110 HA Wearers
100%

80%

60%
40% /
20% /

0 S 10 15 20

SNR-50 FOR 83 dB SPL SPEECH

Figure 9 Distribution of SNR loss among 110 hearing aid purchasers.

Median = 6.2 dB => 4.2 dB SNR loss

CUMULATIVE DISTRIBUTION IN %

e e e e EEe A W e
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Pl & Site
of Lesion gy Tog% 190% b

90~
80—
70—
60-
50-

40-
30.
20-
10-

Speech Recognition Score (Percent)

0 10 20 30 40 50 60 70 80 90 100
Level at Which Speech is Presented (dB HL)

Figure 8-6. Several representative examples over various kinds of performance-intensity
functions. (a) The same normal PI function from the prior figure. (b) The same normal PI
figure displaced rightward by 30dB HL due to a conductive loss. (c) The PI function of a
patient with sensorineural loss whose scores reach PB,,, of 80% at 70dB HL and remain
essentially the same at higher levels. (d) The PI function of a patient with sensorineural loss
with PB,,, of 76% at 70dB HL, which rolls over slightly at higher intensities. (e) A PI
function with PB,,, of 64% and pathologic rollover in a patient with retrocochlear
pathology.



Pathologic Pl

100 - ROLLOVER INDEX:
e Calculate § =T lgllz(:‘?g;x)'/ZEmin)/PBmm
PlforsN & [ "= PB...
= T & 64%
e When.40 8 =041
»w 60 r ——
of $ ol
greater, S o0
suggests & _ |
neuro e
o 20 |
rather & 0
than ety e
cochlear O 10 20 30 40 50 60 70 80 90 100

Level at Which Speech is Presented (dB HL)



Words for SRA

More Variable (Less Reliable> Qore Variable (Less Reliable)
B e
10 items
g 0 5
o9

g14 | 2
() o
€12 | £
S i 25 items (typical *half-list") ?
.g r —
> g | o
8 I 50 items (standard list) '@
gol @©
< 6 100 items >
g o
g 4 3
)]

2 K

0

0O 10 20 30 40 50 60 70 80 90 100
Speech Recognition Score (Percent)

Figure 8-9. Test scores become more variable (less reliable) as (1) the number of tested
items becomes smaller, and (2) when the percent correct approaches 50%. Notice how
reducing the size of the test has a bigger effect when the test size is relatively small (e.g.,
going from 50 items to 25 or 10) compared to when it is relatively large (e.g., going from 450
items to 400 or 350). From Gelfand (1993).



Speech Site of Lesion Diagnosis




Frqg. 5 -2 Date: /‘,/” Age: 6€
R

Name:
Audiometerused["“""“""’ i_s, ’, :i’l Seic . Eaamier

LecEnD PURE TONE AUDIOGRAM

Right (red)  Left (blue)
Unmasked <] K FREQUENCY IN HERTZ (Hz)
UnmaskeaNA D e 750 1500 3000 6000
Masked a g 125 250 500 1000 2000 4000 8000
AC MuskedNE A [ T T T T
Soundfisld | | | |
Soundtieid NR -10 | | 1 h
. Unmasked < > c | ] | |
udiogram 5- = g | B| 4 IRl
bone:  Masked 3 g % | |
MaskedNR [ - 10 | | | |
Unmasked T N2 & B I t
Forehead Unmasked NA } E : | |
bone:  Maskad 1 r - 20 | ~ | |
Masked NA e : i | |
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2 a0 | | | |
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SR Right Lelt Best bin. avg - | |
6] | |
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Thieelrea | 20 23 =] 1 ] | |
z | [ \
REMARKS: - 60 L I .
w
> ] ! |
W 70 I | ' |I
|
9 : | ! |
z
= 80 I ' 1 1
3 I
x 90 + | : |
I : | I
100 H ' I 1
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SAT SRT MCL ucL
IN QUIET IN NOISE

AP s JOHL y |k Hose
RIGHT o /6 g8 5—ouﬂ 70.1-3 ?0 L JA ‘o L« T8 54/ - ‘a L [R
Masking level in left g_g g e ol dB a8 el

Host l.&'pm 7 | O AL
LEFT I a8 /8 a8 ‘/[ uB 70 a8 JX Ligt JA {0 .,,,.3C /7/’/ List 47 List l‘
Masking level in rigm_L 48 g ; o8 a8 di 48
SOUND Ko st S0 He v Lovel
FIELD &l ¢ g i a5 4% .| 70| 72 l:g—A_ { % I:_z? Lst =

SRT DISCRIMINATION + dB S/N
s _Speudees s Clo w-22 2%

Type ol masking Type of masking

I P T Y BTV | e T e s and ~ Y~ UowveY




Name: F;., . A-dS5” § Date: —M Age: 7

U S 170/ :
Audiometer used["‘"‘"’"e g, 1707 sex £ Examiner:
B T PURE TONE AUDIOGRAM
Unmasked @ E 3 FREQUENCY IN HERTZ (Hz)
Unmasked NR (B k 750 1500 3000 000
e Waalad 4 EJ\‘ 125 250 500 1000 2000 4000 8000
- Masked NA t [x T T T |
Soundtield | 1 | |
Soundfield NA -10 L ! 1 4
Unmasked | > : Il : |
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o 8 4ooo _
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Audiometric Symbolsg
-

00 x=x
Right " Left

Bone

>\/<

Forehead

$ soundfield




Masked Audiometric Symbolsy
.

gy Air I5—\

Bone

Masked Left Ear Masked Right Ear

The idea behind masking is to keep one ear “busy” while
testing the opposite side



Normal Hearinge

Right / Left
1252

Frequency {Hz)

Audiogram
Symbol Key

right ey

e

AC
unmasked <)

AC
masked B
BC
unmasked <
BC
masked [
BC

foreneats |
masked |

BOTH

BC
forahena
unmasked

Sound |
Fleld b

Examples of NR

QL X
H ok

750 15K 3K




Types of Hearing Loss

e Conductive

— Bone Conduction better
than Air Conduction(more
than 10db)

e Sensorineural

- Bone Conduction equal to
Air Conduction

=

e Mixed

— Some amount of Air and
Bone Conduction loss that

- Isn’t equal



Prevalence of Hearing Loss

e Prevalence data vary by study and by age
range, but hearing loss is more prevalent
than any other condition(s)

— 6:1000 infants(6) | -
- 25-40% > 65 years(7)
-~ 70-80% > 80 years(7)




Right / Left
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Conductive Hearing Loss
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Conductive Hearing Loss
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High Frequency
Sensorineural Hearing
LOSS
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Mixed Hearing Loss
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Some Closing Thoughts

e Components of Sound

- Hertz
-~ Decibel

e Audiometric Symbols
- Unmasked and Masked

e Determine Amount of Loss
- Normal, Mild, Moderate, Severe, Profound

e Types of Hearing Loss
- Conductive
- Sensorineural
- Mixed









Presentation Mode
Pure Tone : Pure Tone (mastoid)

Air Conduction Bone Conduction

3 500 1000 4000  Mean 500 1000 4000  Mean |
) 0.2 1.2 0.6 0.7 0.5 0.9 0.6 07 |
) 1.8 3.0 22 2.3 2.9 45 1.6 30 |
) 36 4 45 3.1 37 5.0 5.9 2.1 43 |
| 7.2 8.3 6.2 7.4 7.8 10.6 7.3 8.6 !
ean 3.5 12 |

e ———————————————

m Dirks & Malmquist, 1964.
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Frequency

500 1000 2000 3000 4000 - 6
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 Mean Occlusion Effect
Frequency (Hz)
Study 250 300 1000

e —————————————— e ——
Elpern & Naunton, 1963 300 200 10,0
Goldstein & Hayes, 1965 122 13.1 4.9
Hodgson & Tillman, 1966 22.0 - 19.0 7.0
Dirks & Swindeman, 1967 23.7 19.3 7.5
Martin et al, 1974 20.0 15.0 5.0

Bezger & Kerivan, 1983 20.3 g_}_g 7.5




Speech Masking

« Supra-aural earphone
— Speech Levelrg — BCyrepest toney >= 45 dB HL

* Insert earphone
— Speech Levelg — BCyregpest tone) >= 70 dB HL
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e Starting Level (PTA ,A/C) = Thereshold of the NTE + CF
+ Safety Factor ( 10to 15 dB)
Ohisadal Jalet ile e (58 ) sa Jlanl 4l
monai Jale+(dB10 U 15)
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SRT (adigy a9
-

e Plte- IA SRT+ CF + AVg. ABGnte= Masking
Level (word intel)
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[1] - R. K. Beedle, 1971.



#S
= L 4 L4
u

5 sl Sl o)l e ds Gy gl Ol A A 0 @
S ediinl 8 A aS o auS e ealdinl o



O3 U3 s £ 9 o
SRT

e e i K ol i) sa aliald Kbt 35dB* - e 3l Ui K 4alind =SRT (se)l 5o st g g b pdan

Starting Level (SRT) = PL SRT te- 35 dB*+ Average ABGnte



S

e Starting Level = PL (TE)- 25dB*+
AVg.ABGnte(word recognition tests)
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BC

e Starting Level (PT/ BC) = threshold of the
nte+ CF + safety Factor (10-15 dB) + OE

Jale+ paai Jale + el e (58 ) s 43l
Aaws) il Olisalal
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