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PART 1: Cochlear Mechanics

* How we associated the Outer Hair
Cell motility, cochlear
micromechanics, and the nonlinearity
of the cochlear amplifier.....
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The vibration pattern of the basilar membrane in the
cochlea is induced by pressure forces within the
cochlear scalae , which give rise to the notion of a
Travelling Wave (TW) .

The first attempts to explain this behavior , by von
Békésy, considered the travelling wave as a passive
phenomenon.
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PART 1: Travelling Wave patterns
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PART 1: Cochlear Mechanics,
OHC expansion
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Courtecy:
http://Jumech.mit.edu/hearing/intro/intro.html
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* In 1978 David Kemp discovered that the use
of transient acoustical stimuli could affect the
functional status of the cochlear amplifier
(CA).

* The CA upon stimulation could generate
retrograde acoustical waves, recordable in
the external auditory meatus. The responses
were coined as cochlear echoes and later as
otoacoustic emissions.
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The First transient OAES
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Stimulus OAE
Cochlea |——

OAEs = Otoacoustic Emissions

recorded in the external auditory canal

=

Acoustic energy produced by the cochlea and
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Types of OAEs

Transient (TEOAES): Evoked by stimulating the
cochlea with a transient signal (i.e. click, gated tone pip)

Distortion Product (DPOAES): Evoked by

stimulating the cochlea with two pure tones of different
frequency.

Spontaneous (SOAES): Recorded at the absence
of any stimulus.
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Types of OAEs: Modern views

The last few years the relationship of the different types of OAEs
have been attributed to the presence of two distinct cochlear
mechanisms, which gave rise to a different OAE taxonomy not
in terms of the evoking stimulus , but in terms of the generation
mechanism.

Shera and Guinan (1999) postulated that the OAE signals (we
commonly record), are the cumulative results of nonlinear
distortion processes (generating the DPOAEs) and reflection
mechanisms (generating TEOAES). Thismodelling approach is
known as the two source interference model.
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Shera and Guinan, JASA (1 1999)
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Shera and Guinan, JASA ( 1999) -
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What type of information can we get from the OAEsS ?

* Micro-alterations of the cochlear functionality are

reflected as alterations of the OHC function.

* Therefore from the OAE information we can
CONSTRUCT an analytical image of the
cochlea.
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A Nonlinear system / Function: usually
displays distortion effects like saturation,
frequency compression etc.

The cochlea DISTORTS easily due to its high
tuning.

Active Cochlea: Assumes that the vibration of
the Basilar Membrane is enhanced LOCALLY
by the movement (length expansion) of the
OHCs.

The cochlea when operates NORMALLY as a
non-linear system. When it starts presenting
hearing deficits operates as a Linear system.
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TEOAEs / DPOAEs
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Part 5 ,

* DPOAEs are more frequency sensitive than
TEOAEs.

* This misconception has been generated by the
familiar audiological represenation of the DP-
GRAM. In reality both types of OAESs provide
frequency specific information for a particular
cochlear segment.
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* High intensity DPs do not reflect the ACTIVE
properties of the cochlear Amplifier.

* This mis-conception was based on early findings
suggesting the contribution of Active and Passive
cochlear components to the DP-response.

* Recent evidence by Avan et al (JASA, 2001;2003)
have suggested that although high-level DPOAEs
are expected to be poor audiometric indicators,
they seem well adapted to assessing the functional
integrity of nonlinear elements in OHCs.
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» Considering the number of OAE types, the
corresponding cochlear generation mechanisms
must be many.

* This is a direct consequeance of following the
classical theory of OAE categorization
(taxonomy). The modern theory underlines two
main mechanisms which generate all types of
emissions.
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* The relationship between the Hearing Threshold
and OAEs DOES NOT HOLD.

* This is TRUE only for mixed hearing loss cases.
Recent data by Jannssen et al (2003) show that
DPOAEs can predict PTA thresholds up to 50 dB
HL (sensorineural losses ONLY)
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PART 2: Impact of OAEs

* Hearing Science:

Nonlinearity of the sound transduction
(mainly OHC functioning).
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PART 2: Impact of OAEs

* Hearing Science:

Issues related to the existence (and
consequences) of the cochlear amplifier (i.e
tuning properties) .
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PART 2: Impact of OAEs

* Hearing Science:

Indices of cochlear stress. Usually caused by
aminiglycoside antibiotics, industrial
solvents, loop-diuretics, antineoplastic
molecules and noise (+impulsive)

Otoprotection from Reactive Oxygen
Species (ROS) : Scavengers , anti-oxidants,
glutamate antagonists
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PART 2: Impact of OAEs

* Hearing Science: Detection of Cochlear Stress,
represented mainly by
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PART 2: Noise on OHCs
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* Hearing Science:

Issues related to the medial efferent control
of the auditory periphery. Ipsi and Contra-
lateral suppression studies
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PART 2: Impact of OAEs

* Clinical Applications:

Neonatal and Children hearing screening.
Issues related to the identification of Auditory
Neuropathy.
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* Clinical Applications:

Monitoring of Ototoxicity (caused by the
creation of cochlear stress)
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Cisplatin
2nd
treatment
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PART 2: Impact of OAESs

* Clinical Applications:

Detection of retro-cochlear auditory disorders
(suppression effects on the OAEs). The
standard suppression effects are of small
magnitude (2-3 dB at MAX) and it is STILL
difficult to evaluate properly all interested cases.

Nevertheless, there are NEW METHODS of
suppression estimation (vector estimation) |,
showing changes as large as 12dB , which
migdht facilitate the application of suppression
studies.
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OAE Suppression
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* Clinical Applications :

Identification of the eterozygotes (carriers) of of
hearing losses caused by well defined hearing
impairment syndromes (ie the Usher
syndrome).

Unfortunately the inter-subject variability makes
OAE-predictions very difficult. The OAE-test
accuarcy will never approximate the accuracy
of specific gene-probes (mutations of
connexin-26)
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* Clinical Applications.

Tinnitus monitoring. The presenter is not convinced
of the available evidence... but probably things might
change in the future.

In theory, the OAE pattern in the tinnitus zone is
different that the OAE pattern in normal hearing
subjects.
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PART 4: The technology of the OAE protocols

To explore cochlear function with the TEOAES,
the available protocols are:

LINEAR: 75 dB SPL, windowed from 3.5 -12.5 ms
(preterm, term neonates) and 4.5 - 12.5 ms (adults).

QuickScreen: 80- 82 dB SPL, window duration: 2.5 -
12.5 ms.

FUTURE: To commercialize the MLS method, able to
stimulate the cochlea with rates up to 3000 - 5000 Hz.
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PART 4: The technology of the OAE protocols

To explore cochlear function with the DPOAES,
several protocols are available:

For neonatal screening : 75-65, 70-70 65-55 dB
SPL. The first two are used in environments with
high ambient noise (i.e NICU set-up). Noise levels <
-15 dB SPL.

Evaluation of the cochlear amplifier (Genetics,
ototoxicity, noise studies): 60-50 or 50-40 dB SPL.
Noise levels < -15 dB SPL.
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PART 4: The technology of the OAE protocols

FUTURE of DPOAESs: Multi-tone testing in
which the cochlea is stimulated by 3 pairs of
frequencies.

Exploration of other families of distortion
products.So far there are no studies supporting
the clinical use of other f;-f, families
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PART 4: Developments of the OAE analysis

Traditionally OAEs ( TEOAEs, DPOAEs and
SOAES) are evaluated in the frequency domain.

From the early days of the ILO-88, the TEOAE
waveforms were transformed into the frequency
domain by a Fast Fourier Transform (FFT)
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PART 4: Developments of the OAE analysis

To detect better the non-linearities of the
cochlear amplifier, more advanced methods have

been used the last 5 years.
Time-Frequency TEOAE analysis.
Time-Scale TEOAE analysis (wavelet decomposition)
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PART 4: Developments of the TF OAE analysis

Stavros Hatzopoulos Ph. D. Dept. of Audiology, University of Ferrara

PART 4: Developments of the TF OAE analysis
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PART 4: Developments of the OAE analysis

By using these advanced techniques we were
able to identify three main categories of
components into the TEOAE response:

* The Horizontal type component is related to
spontaneous emissions.

* The vertical type component is related with traces of
the acoustic artifact.

* We hypothesize that the decreasing frequency
components could reflect distortion product otoacoustic

emissions. <
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* Due to the significant developments in the software part
of the AABR equipment, the time differences between an
OAE vs an AABR hearing screening, have been
severely reduced.

* Nevertheless the average AABR apparatus costs twice
as much as an OAE screening device.

* This is the main reason why the fourth generation OAE
equipment provide OAE and ABR facilities (to get the
best of both worlds).
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