Psychoacoustics of hearing
impairment

What do we know about
physiological reflections of
sensori-neural hearing loss?

focus on hair cell damage

Auditory Nerve Structure and Function
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Outer Hair Cells are relatively

vulnerable to damage, leading to ...

e Decreases in basilar membrane
movement and hence increased
thresholds to sound

¢ A loss of cochlear compression (a
linearised input/output function)

e Loss of frequency tuning (analogous to
widened filters in an auditory filter
bank).
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A
Inner Hair Cell (IHC) damage ...

¢ Leads to a more sparse representation of
all auditory information passed on to
higher auditory centres. Relation of 0165 gy o T e i

e There are possibly even regions of the Hair Cell § of B |
cochlea without any IHCs — so-called loss to g of ]
dead regions. ) g o :

e Hence, there may be a degradation of a aUdlogram I
wide variety of auditory abilities (e.g. ~ Distance from Stapes (mm)
temporal resolution).
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Auditory Nerve Fiber Responses From Damaged Cochleas
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Effects of OHC
damage and
total loss on
tuning in the

auditory
nerve
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An auditory area in sensori-
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Categorical scaling of loudness
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Changes in frequency selectivity
Rosen & Baker (2002) . ‘Dead’ regions

0l w21 3° e Regions in the inner ear with absent or

o] y “ o non-functioning inner hair cells (IHCs)
g ., v 3 e No BM vibrations in such regions are
: ] . w0 directly sensed
§ o "o e e But spread of BM vibration means that
N o 0] o3 tones can be detected ‘off-place’
2 ® . o g - by auditory nerve fibres typically sensitive to a
Ly e 0 01 o ;: % different frequency region
. S S R e Most clearly seen when measuring PTCs
- b S o % ~ directly interpretable
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Psychophysical tuning curves (PTCs)

Psychophysical tuning curves (PTCs)
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Diagnosing dead regions

e PTCs perhaps clinically impractical

e TEN test (threshold equalizing noise)

- a broad band noise designed to produce
approximately equal masked thresholds over a
wide frequency range

e Rationale

- a tone within a dead region is detected with
neurons whose CF is remote from the tone
frequency ...

- so amplitude of BM in the remote region smaller
than in the dead region ...

- so broad-band noise more effective, as it need
only mask the reduced response at the remote
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