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Description

[0001] The invention relates to an auditory prosthesis
for permanent implantation, including optical fibres for
permanent implantation into the inner ear of a human
with impaired hearing. In greater detail, the invention pro-
vides an auditory prosthesis which has one or a plurality
of optic fibres for the transmission of stimulating light sig-
nals for activating the sensory cells within the inner ear.
Further, the invention relates to a process for producing
the auditory prosthesis of the invention, and to a process
for imparting excitation signals to the organ of Corti for
eliciting auditory nervous signals in a human or animal.

State of the art

[0002] The sensory epithelium of the inner ear is com-
posed of one row of inner hair cells and three rows of
outer hair cells, located within the organ of Corti that re-
sides on the basilar membrane. In the intact ear, sound
pressure waves from the environment travel through the
external auditory canal, are then transmitted through the
ear drum and middle ear ossicles to the fluid within the
cochlea. The fluid movement within the cochlea induces
the depolarization of the sensory epithelium formed by
the hair cells. This depolarisation is transformed into
nervous signals which are transmitted from the base of
the hair cells to the dendrites of the spiral ganglion, which
is the first neuron on the auditory pathway and from the
spiral ganglion further to the central auditory system, and
finally reaching the auditory cortex to elicit a sound per-
ception. Further, it is known that auditory nerve fibres are
frequency tuned so that the ones from the base of the
cochlea transmit high frequency sound information and
the ones from the apical turn are transmit information of
low frequency tones to the brain. The nervous signals
transmitted via the spiral ganglion cells to the central au-
ditory system can be recorded as auditory brainstem re-
sponses (ABR).
[0003] US 2006/0161227 A1 describes an implant
which directs light onto auditory neurons to evoke com-
pound action potentials. The embodiments described
show that the working end of an optical fibre is distanced
from the target site of auditory neurons. The description
of the animal experiments shows that the laser beam was
delivered to the auditory nerve as a target site, to which
the fibres were directed perpendicular to the spiral gan-
glion cells and at a shallow angle towards the spiral gan-
glion cells. The histological data confirm that the spiral
ganglion cells in the basal turn were stimulated by the
laser beam.
[0004] Wenzel et al. in Journal of Biomedical Optics
12(2) 021007 (2007) and WO 2005/089497 A2 describe
the manipulation of the hearing impression by modifying
the stiffness of the basilar membrane within the inner ear.
The basilar membrane is a tuned structure based on its
biophysical properties mass stiffness and damping.
These again are dependent on the structural molecules

collagen, glycosaminoglycans and proteoglycans. The
collagen fibres, are regarded as the main source for the
stiffness of the basilar membrane Accordingly, changing
the structure of the collagen fibres of the basilar mem-
brane would induce changes in the tuning characteristics
of the basilar membrane and consequently changes of
the cochlear frequency map, i.e. the characteristic fre-
quency of the irradiated sections of the cochlea. The basi-
lar membrane has been stained with trypan blue and ir-
radiated with a 694 nm ruby laser, 3 ms pulses and using
a 600 mm core diameter optic fibre. Wenzel et al. dem-
onstrated that laser irradiation of trypan blue stained basi-
lar membrane in vivo induced collagen remodelling within
14 days after laser irradiation.
[0005] Wenzel et al. in Lasers in Surgery and Medicine
35: 174 - 180 (2004) describe ex vivo experiments dem-
onstrating that collagen changes within the basilar mem-
brane can be induced by laser irradiation of a trypan blue
stained basilar membrane. Wenzel et al. discuss that la-
ser irradiation to the cochlea might be used for the ther-
apy of partial hearing loss by changing the frequency
responsiveness of the cochlea through collagen remod-
elling within the basilar membrane, Wenzel et al. indicate
that laser treatment of the basilar membrane carries a
substantial risk of damaging the neural epithelium by
thermal effects of the laser treatment.
[0006] The state of art as represented by WO
2005/089497 and Wenzel et al. modifies the frequency
response of the basilar membrane by laser treatment of
the basilar membrane, resulting in the stiffening of the
basilar membrane and hence in a modified frequency
map. These publications do not relate to a permanent
implant but use a laser for modulating the frequency re-
sponse behaviour of the cochlea by treatment with a la-
ser. The evocation of auditory nerve signals in response
to laser irradiation therefore is not employed.
[0007] WO 2007/013891 A2 describes a cochlea im-
plant for placing into the cochlea for stimulating auditory
neurons, the implant comprising optical fibres for guiding
laser irradiation to a target site of auditory neurons. The
auditory neurons which are associated with spiral gan-
glion cells are stimulated by irradiation with a tunable
pulsed laser, thus circumventing signalling by the hair
cells of the organ of Corti, i.e. without requiring a func-
tional hair cell.
[0008] Fridberger and Ren in NeuroReport, vol. 17,
pages 33 - 37 (2006) quote that laser light can accelerate
small objects, and they come to the conclusion that a
moderately powerful laser might provide sufficient force
to move the organ of Corti. In agreement with their initial
considerations that movement of the organ of Corti de-
pends on the power of the laser applied, a 1.3 W laser
diode was used at 50 ms pulses separated by 500 ms.
Experiments demonstrated that the mechanical re-
sponse from the basilar membrane was in the form of an
oscillating motion which decayed to zero response in ap-
proximately 500 ms, which indicates a decline in cochlear
sensitivity, damage of the pathway for nervous signal
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generation and/or of the pathway for nervous signal
transduction.
[0009] When aiming the laser at bone surrounding the
cochlea, no electrical responses were recorded by Frid-
berger and Ren. Further, repeated exposure of the co-
chlea to the laser pulse resulted in an abolishment of an
evoked response. When aiming the laser at the ossicles
of the middle ear, compound action potentials of the au-
ditory nerve could be recorded, which resembled those
evoked by acoustic clicks. As identical results were ob-
tained when aiming the laser at the bony bulla, Fridberger
and Ren conclude that these responses were artifacts
which are caused by local heating of the bony structures
due to absorption of the laser light resulted in a rapid
local heating, which in turn generated sound. The results
of Fridberger and Ren indicate as well that the hearing
organ is locally resonant when this mode of stimulation
is used. Further, it was found that repeated exposure
caused a decline in cochlear sensitivity, and further re-
sulted in the inability of the cochlea to record additional
mechanical responses. They conclude that the organ of
Corti can be moved by forces generated by moderately
powerful lasers, but with the laser irradiation having the
severe limitation in the finding that heating causes cellu-
lar damage. From their results, Fridberger and Ren con-
clude as well that in clinical laser applications, high power
lasers used during middle ear surgery for ablating bone
surrounding the cochlea may cause hearing loss as the
organ of Corti is sensitive to intense light.
[0010] Richter et al. in Hearing Research 242, 42 - 51
(2008) describe that cochlear implants can be used to
successfully stimulate the auditory neurons, especially
the spiral ganglions, by application of laser irradiation
from an optical fibre. In detail, compound activation po-
tentials could be generated by laser stimulation of the
spiral ganglion also in deafened experimental animals,
which were proven not to have functional sensory cells.
As with electrical stimulation by electrodes, the auditory
nerves are directly stimulated without participation of
sensory cells.
[0011] Izzo et al. in Biophysical Journal 3159 - 3166
(2008) describe the stimulation of the auditory nerves by
irradiation at a wavelength of 1.94 mm, differing from the
1.85 mm irradiation used for neural activation to spiral
ganglion cells in Izzo et al. in IEEE Transactions on Bi-
omedical Engineering, 1180 - 1114 (2007).
[0012] Further, Izzo et al. in Lasers in Surgery and
Medicine 745 - 753 (2006) showed that it is possible to
stimulate the auditory nerve with optical radiation, also
in animals in which the hair cells were destroyed through
a chronic deafening procedure. Optical stimulation of the
auditory nerve could be shown to be stable for several
hours without causing obvious damages to the cochlea
and radiation energy was elevated to up to 20 - 40 dB.
[0013] The state of art according to WO 2007/013891
and publications of Izzo et al. circumvent the activity of
any sensory cells of the ear, e.g. of the organ of Corti,
but uses laser pulses for direct stimulation of the auditory

nerve. Direct stimulation of the auditory nerve avoids the
direct impact of the laser irradiation onto the sensory cells
of the organ of Corti, which direct irradiation of the organ
of Corti according to Fridberger and Ren causes as a
decline in cochlea sensitivity and in an inability to record
additional mechanical responses on the basis of their
finding that repeated exposure to laser irradiation caused
a decline in cochlea sensitivity.

Object of the invention

[0014] It is an object of the invention to provide an al-
ternative hearing device, which is especially suitable to
induce nerve signals in a patient by intracochlear stimu-
lation of sensory cells.

General description of the invention

[0015] The invention achieves the above object by the
features of the claims.
The invention relates to a hearing aid device for humans
or animals with impaired hearing, who have an at least
partially functional organ of Corti and a functional nervous
signalling pathway from the organ of Corti via the auditory
nerve to the brain.
[0016] The invention provides for an alternative to the
state of art devices which are directly stimulating the au-
ditory nerve as the auditory prostheses or hearing aid
device of the invention has one or a plurality of optical
fibres for the transduction of stimulating light signals to
inner ear sensory cells. Accordingly, the invention is for
use in humans having at least some functional hair cells,
i.e. at least a fraction of the organ of Corti functional,
excluding humans with complete sensorineural deaf-
ness. For example, the device of the invention is suitable
for implantation into patients with moderate to severe
sensorineural hearing loss e.g. praesbiacusis (age relat-
ed hearing loss), noise induced hearing loss, viral or drug
induced hearing loss, and other causes.
[0017] In the intact ear, the organ of Corti generates
nervous signals in response to mechanical stimuli, which
nervous signals are passed to the auditory neurons. The
device of the invention contains an arrangement of opti-
cal fibres, which optical fibres have a length that is pre-
determined for arrangement of their end sections adja-
cent to the organ of Corti. In detail, the optical fibres are
dimensioned to terminate in end sections which are in
the very next vicinity but not contacting an impaired but
residual functional organ of Corti section. Consequently,
the end section of the optical fibres of the device are
dimensioned for receiving light irradiation that is modu-
lated in accordance with a sound signal adjacent to an
organ of Corti section for transmitting a signal to the pre-
determined target sites of residual functional organ of
Corti sections. Following implantation, the optical fibres
of the auditory prostheses have their end sections local-
ized within the cochlea and adjacent to residual functional
organ of Corti sections for delivering an excitation signal
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that is caused by pulsed light conducted through the op-
tical fibre to an end section. Residual functional sections
of the organ of Corti are functional inner hair cells, and
optionally excluding outer hair cells.
[0018] Accordingly, the auditory prosthesis contains
optical fibres dimensioned for positioning their end sec-
tions into the cochlea and adjacent functional inner hair
cells. Therefore, the auditory prosthesis and the method
for imparting an excitation signal caused by modulated
pulsed laser irradiation or a comparable light source like
for example a light emitting diode (LED) conducted to the
end section of an optical fibre for stimulation of functional
organ of Corti sections are especially suitable for use in
humans having no functional outer hair cells but having
functional inner hair cells. The excitation signal emitted
from the end section of the optical fibre as caused by the
pulsed light irradiation conducted to the end section in-
duces the depolarisation of the residual functional inner
hair cells generating nervous signals which are then
transmitted to the auditory nerve contacting the organ of
Corti. Subsequently, the auditory nerve transmits the
nervous signals to the brain, where the nervous signals
generate a sound perception.
[0019] Due to the optical fibres being dimensioned to
terminate in end sections adjacent to functional organ of
Corti sections, the device of the invention in general is
adapted to achieve a localized activation of organ of Corti
sections after implantation. As a consequence, and es-
pecially in embodiments in which optical fibres of the de-
vice are coupled to a laser that is controlled by a modu-
lator to generate irradiation specific for a pre-determined
range of sound-frequencies, the device of the invention
effects a frequency-specific activation of the organ of
Corti, that is needed for speech perception especially in
noisy environment and more complex sounds. For im-
parting excitation signals which are generated by mod-
ulated pulsed laser irradiation or a comparable light
source like for example a light emitting diode (LED) con-
ducted within an optical fibre, e.g. an LED coupled to an
optical fibre, in order to elicit nervous signals in residual
functional organ of Corti sections, the auditory prosthesis
preferably contains optical fibres which are dimensioned
to terminate in end sections within the cochlea at different
sites or sections of the organ of Corti, e.g. having different
lengths for locating their end sections at different internal
parts of the cochlea.
[0020] The device of the invention is disposed for gen-
erating and emitting an excitation signal at the end sec-
tion of an optical fibre by containing a laser or another
pulsed light source, optically coupled to the optical fibre
opposite its end section. The excitation signal is gener-
ated by the modulated pulsed light irradiation conducted
from the light source to the end section of the optical fibre.
For the purpose of describing the invention, the term laser
also includes irradiation sources producing non-coherent
irradiation, e.g. an LED. Depending on the embodiment
of the optical fibre end section, the excitation signal can
comprise or essentially consist of light irradiation, or in

embodiments with an irradiation absorbing material
present at the end section of the optical fibre the excita-
tion signal can comprise or essentially consist of vibra-
tion. A vibration component of an excitation signal is
transmitted to the organ of Corti sections by the device
of the invention, e.g. in the process of the invention using
the device, by transmission across the intracochlear fluid.
Accordingly, the device provides for the generation of
excitation signals which can be frequency modulated in
dependence on an acoustic signal, and for the transmit-
tance of the excitation signal across the spacing sepa-
rating the end section of the optical fibre from the organ
of Corti section. The spacing of the end section of the
optical fibre form the organ of Corti section provides for
the absence of mechanical coupling between the optical
fibre and the organ of Corti section, as the end section
is arranged directly underneath the organ of Corti section,
i.e. the optical fibre ends in a spacing from the organ of
Corti section without any portions of the device present
in the spacing.
[0021] In detail, the invention provides an auditory
prostheses for a hearing impaired human having an at
least partially functional organ of Corti, the device com-
prising a pulsed light source capable of producing pulsed
light irradiation, a control unit coupled to the pulsed light
source for controlling and modulating the production of
light irradiation, and at least one optical fibre coupled to
the pulsed light source for reception of light irradiation
produced by the pulsed light source, wherein the pulsed
light source and the optical fibre form an optical path ter-
minating in an end section of the optical fibre opposite
the pulsed light source, and wherein the optical fibre is
dimensioned for arranging its end section in a spacing
adjacent to partial functional sections of the organ of
Corti. Preferably, the pulsed light source is a pulsed laser
or a comparable light source like for example a light emit-
ting diode (LED). The optical fibres preferably are adapt-
ed for permanent implantation of at least a section of the
fibres into the cochlea, and the optical fibres can option-
ally be adapted for permanent implantation adjacent the
outside surface of the cochlea. The spacing of the end
section, also termed output surface of the fibre, is e.g. in
the range of 0.1 mm to 2 mm. Optionally, the end sections
of the optical fibres are provided with a light irradiation
absorbing material, which is e.g. selected from the group
of an at least partially light irradiation absorbing surface
e.g. structure of the fibres, a metal, a metal oxide, or a
plastic. Further optionally, the cross-sectional surface of
the end section of the optical fibre is arranged in an angle
of 0° to 90° from the longitudinal fibre axis, e.g. the end
section of the optical fibre is bent in an angle of 10° to
90° from the longitudinal fibre axis, preferably the cross-
sectional surface of the end sections of the optical fibres
are arranged in an angle of 45° from the longitudinal fibre
axis.
[0022] Further, the auditory prosthesis of the invention
can be operated by a process which is suitable for im-
proving hearing perception in a human with an at least
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partially functional organ of Corti, the process for oper-
ating comprising the steps of producing pulsed light irra-
diation in a pulsed light source, controlling and modulat-
ing the frequency of the pulsed light irradiation, transmit-
ting the modulated pulsed light irradiation into the direc-
tion of functional sections of the organ of Corti through
at least one optical fibre coupled to the pulsed light source
and receiving the pulsed irradiation, wherein the pulsed
light source and the optical fibre form an optical path ter-
minating in an end section of the optical fibre opposite
the pulsed light source, and wherein the optical fibre is
dimensioned for arranging its end section in a spacing
adjacent to functional sections of the organ of Corti. Pref-
erably, the pulsed irradiation is a pulsed laser irradiation
or a comparable light source like for example a light emit-
ting diode (LED). The optical fibres are preferably made
of or coated by a material adapted for permanent implan-
tation into at least a section into the cochlea or for per-
manent implantation adjacent the outside surface of the
cochlea. The spacing is preferably in the range of 0.1 mm
to 2 mm. Optionally, the end sections of the optical fibres
are provided with a light irradiation absorbing material,
e.g. selected from the group of an at least partially laser
irradiation absorbing surface e.g. an irradiation absorb-
ing surface structure of the fibres, a metal, a metal oxide
or a plastic. Preferably, the cross-sectional surface of the
end section of the optical fibre is arranged in an angle of
0° to 90° from the longitudinal fibre axis, e.g. the optical
fibre is bent or shaped in an angle of 10° to 90° from the
longitudinal fibre axis, preferably at 45° from the longitu-
dinal fibre axis.
[0023] Further, the invention provides a process for
producing the auditory prostheses that is suitable for use
by a hearing impaired human having an at least partially
functional organ of Corti, the process comprising the
steps of providing a pulsed light source capable of pro-
ducing pulsed irradiation, coupling a control unit to the
pulsed light source for controlling and modulating the pro-
duction of pulsed irradiation, and coupling one or more
optical fibres to the pulsed light source for reception of
pulsed irradiation produced by the pulsed light source,
adapting at least a section of the fibres for permanent
implantation of adjacent the organ of Corti by dimension-
ing the optical fibres for termination in end sections in a
spacing adjacent to functional sections of the organ of
Corti. Preferably, the pulsed light source is a pulsed laser
or a comparable light source like for example a light emit-
ting diode (LED).
[0024] In the invention, essentially the only surface of
the device emitting energy, e.g. an excitation signal for
inducing a nervous signal in an organ of Corti section is
the end section of the optical fibre, preferably the cross-
sectional surface of the optical fibre, which forms, option-
ally including an irradiation absorbing material layer, the
terminus of the energy conducting path within the device.
[0025] The cochlear stimulator device preferably con-
tains a receiver, a transducer of the acoustic signals into
electrical current serving as a signal representing the

acoustic signal received, a laser or another pulsed light
source connected to the transducer for receiving the elec-
trical current and for generating modulated pulsed light
irradiation in dependence from the electrical current, and
one or more optical fibres optically coupled to the exit of
the light source, wherein the optical path for conduction
of light irradiation within the device ends in the end sec-
tion of the optical fibre, which end section is arranged
opposite the end to which the light source is coupled to
the fibre. For emitting a excitation signal that induces
vibration in the organ of Corti section for induction of au-
ditory nervous signals, the device contains an end sec-
tion terminating each optical fibre, and therefore termi-
nating the optical path within the device in the end sec-
tion. The optical path contains, and preferably consists
of, a laser or another pulsed light source and one or more
optical fibres optically coupled to the laser with optical
elements like lenses optionally arranged between the la-
ser and the optical fibre and/or at the end of the optical
fibre opposite the laser, wherein each optical fibre is di-
mensioned to terminate in an end section in a spacing
adjacent a functional organ of Corti section. The end sec-
tion is preferably selected from the cross-sectional sur-
face of the end section of an optical fibre, from an optical
element like a lens arranged at this cross-sectional sur-
face of the optical fibre, and preferably from the cross-
sectional surface of the end section of an optical fibre
provided with an irradiation absorbing material.
[0026] In the preferred embodiment, the end sections
of the optical fibres are provided with a light absorbing
material, e.g. contacted by an absorbing material by coat-
ing or physical attachment of the absorbing material, be-
cause it has been found that an absorbing material con-
tacting the end sections of the optical fibres results in the
generation of a mechanical pulse directly at the fibre end-
ing, e.g. in embodiments of the device containing at least
1, preferably 2 to 100, more preferably 5 to 20 optical
fibres, each dimensioned to a different length for arrange-
ment adjacent to spaced functional sections of the organ
of Corti. The improved spatial resolution of cochlea stim-
ulation obtained by optical fibres having absorbing ma-
terial at their end sections, and hence the improved res-
olution of frequency channels, is currently assumed to
be the result of the reduction of the scattering or spread-
ing of optical irradiation emitted from the end sections of
the optical fibres and/or the result of the generation of
vibration caused by laser irradiation due to the presence
of the absorbing material.
[0027] Generally, in the invention a laser contains a
laser medium and an optical resonator arranged at the
laser medium as well as optical elements for forming co-
herent irradiation, i.e. laser irradiation, e.g. one or more
lenses.
[0028] Preferably, the implantable portion of the device
of the invention is designed to have a conformation adapt-
ed for insertion or implantation into the cochlea, e.g. the
sections optical fibres which are implantable into the co-
chlea preferably are in an elongate first shape, which can
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be converted to a second spiral shape during the implan-
tation process into the cochlea. The change of the shape
from the first conformation to the second conformation
can be caused by a stiffening wire arranged in parallel
to the optical fibres and withdrawal of the stiffening wire
during the process of implantation. For effecting the
change of conformation during the implantation process,
the arrangement of implantable sections of optical fibres
is elastic and forced by the stiffening wire into a first con-
formation, while the second spiral conformation, which
is the relaxed, i.e. non-stressed conformation, is as-
sumed due to elastic shape recovery by stress-relief at
withdrawal of the stiffening wire. In accordance with the
optical fibres conducting irradiation to their end sections
which are dimensioned for positioning directly opposite
and in a spacing to functional sections of the organ of
Corti, the implantable portion of the device can also be
referred to as an optical cochlea stimulator.
[0029] The optical fibres are preferably adapted for im-
plantation of at least a section including their end section
into the cochlea for arrangement of the end sections di-
rectly in front of functional organ of Corti sections. In the
alternative, the fibres are adapted for implantation of at
least a section including their end section adjacent the
outside the cochlea for arrangement of the end sections
adjacent a region of the cochlea opposite one or more
functional organ of Corti sections, e.g. with the optical
fibres dimensioned for arrangement of their end sections
adjacent the basilar membrane.
[0030] Preferably, the optical fibres in the invention are
essentially parallel to one another, and more preferably,
the optical fibres are attached to one another. For attach-
ment of the optical fibres, they can be embedded in a
biocompatible, elastic material, e.g. silicone.
[0031] Preferably, the optical fibres have a non-trans-
parent radial outer surface, e.g. provided by a non-trans-
parent coating or a non-transparent radial surface struc-
ture. The non-transparent radial outer surface of optical
fibres can e.g. be provided by a coating of a material
having a diffraction index differing from the diffraction in-
dex of the material of which the optical fibres consist, for
example a glass coating of a glass having a higher or
lower diffraction index than glass of the optical fibre. An-
other example of such a coating is a metal or metal oxide
coating, e.g. comprising or consisting of gold, titanium,
silver, titanium dioxide and/or silver oxide. The cross-
sectional fibre surface, which is preferably perpendicular
to the longitudinal axis of the fibre at the end of the fibre
which is dimensioned for arrangement adjacent to the
organ of Corti, can be optically transparent, but preferably
it has reduced transparency or is optically non-transpar-
ent to serve as an absorbing material, e.g. a coating by
a material of reduced optical transparency or a non-trans-
parent material. This embodiment has been found to pre-
dominantly produce mechanical pulses directly at the end
section of the fibre. Reduced transparency of a surface
of the end section can be obtained by coating with an
irradiation absorbing material or by generation of an ir-

radiation absorbing surface structure, e.g. by providing
a roughened surface, e.g. by etching or mechanical abra-
sion.
[0032] The end section of the optical fibre preferably
has its cross-sectional surface in an angle of 0° to 90°,
e.g. at 45° to its longitudinal axis so that the irradiation
transmitted along the fibre can exit the end section
through the cross-sectional surface or can be reflected
by the cross-sectional surface and irradiate in an angle
to the longitudinal fibre axis, e.g. between 0° and 120°,
preferably at 90° to the longitudinal fibre axis. The angle
of irradiation other than along the longitudinal axis of the
fibre is preferred for delivery of irradiation to sections of
the organ of Corti which are positioned in an angle from
the longitudinal axis of the fibre, e.g. for organ of Corti
sections parallel to the longitudinal fibre axis it is preferred
that the cross-sectional surface of the end section is in
an angle of 45° from the fibre longitudinal axis to guide
irradiation e.g. at 90° from the fibre axis towards the organ
of Corti sections.
[0033] It has been found in animal experiments that
laser irradiation transmitted through the optical fibres to
sections of the organ of Corti elicits auditory brainstem
responses (ABR) for laser energy levels from
1-30mJ/pulse. Prolonged exposure of organ of Corti sec-
tions to the pulsed irradiation emitted from the device of
the invention did not produce significant cellular damage
but resulted in the generation of ABR in accordance with
irradiation, and essentially without loss of ABR ampli-
tudes over extended periods of time, indicating that the
device of the invention is suitable for long-term use as a
cochlear stimulator. From the animal experiments it can
be deduced that for activation of the organ of Corti it is
preferred that the laser and the optical fibres are set to
emit a maximum laser pulse energy in the nJ- to mJ-
range, e.g. in a range of about 1 nJ to 1 mJ, preferably
in the range of about 1 nJ to 50 mJ, e.g. at a pulse fre-
quency of 1Hz to 1000 MHz, preferably at 1Hz to 100kHz,
e.g. at pulse durations in the fs- to ms- range, e.g. in a
range of about 1 fs to 1 ms, preferably to 1 ms, preferably
in the range of 1 fs to 1 ns or to 1 ns. For optimum signal
generation the so-called stress-confinement has to be
fulfilled, which means that the laser pulse duration has
to be short compared to the time the acoustic signal
needs to propagate through the optical penetration depth
at the speed of sound: 

wherein τL is the pulse duration of a single pulse, ma is
the optical absorption coefficient of the irradiated mate-
rial, and c0 is the local speed of sound.
[0034] In stress-confinement conditions, essentially no
energy dissipation will occur during generation of the
acoustic signal.
[0035] Due to the spatial confinement of irradiation ex-
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iting the end sections of the optical fibres and the dimen-
sioning of the optical fibres for their positioning adjacent
pre-determined sections of the organ of Corti, which sec-
tions are specific for auditory frequencies, the device of
the invention has the advantage of combining frequency-
specific excitation of the organ of Corti, and hence of
frequency-specific excitation of the auditory nerve con-
tacting the organ of Corti, with a tolerable burden on the
organ of Corti sections, i.e. a non-destructive excitation
of the sensory cells, allowing for frequency specific co-
chlear stimulation and for its long-term use. The invention
provides for an alternative to the state of art devices which
are designed and disposed to directly transmit vibration
to the ear by mechanical coupling of a transducer element
which emits vibration signals in response to input signals.
The cochlear stimulator device of the invention has one
or a plurality of light sources (e.g.. Q-switched laser, or
a light emitting diode (LED) which are coupled to optical
fibres for the transduction of stimulating light signals to
the end section(s) terminating the optical path, which end
sections are dimensioned for arrangement in a spacing
and adjacent an organ of Corti section. Due to the dimen-
sioning of the device for positioning of the end section of
its optical path in a spaced relationship from an organ of
Corti sensory cell, the device of the invention is not de-
signed nor dimensioned for direct transmittance of vibra-
tion signals by direct mechanical coupling of the device,
e.g. of the fibres to a portion of the natural vibration signal
transduction pathway. The spacing of the end section
emitting excitations signals effects a stimulation of the
sensory cells without mechanical coupling.
[0036] In contrast to state of art devices using rigidly
mechanically coupled vibration generators to introduce
vibration signals to a structure of the ear, the embodi-
ments of the invention surprisingly demonstrate that laser
irradiation conducted to the end section of an optical fibre,
wherein the optical fibre is dimensioned for arrangement
of its end section adjacent and in a spacing from a func-
tional organ of Corti section target site, is sufficient to
generate and transmit excitation signals to the target site
without direct mechanical coupling of the device to the
target site. Whereas state of art devices use a transducer
which emits acoustic sound vibration with direct attach-
ment of the transducer to a bony structure of the ear or
to the tympanic membrane, the device of the invention
contains an optical path essentially consisting of a laser
and an optical fibre coupled to the laser, which fibre is
dimensioned for arrangement of its end section terminat-
ing the optical path adjacent but not contacting the organ
of Corti target site. Accordingly, the invention shows that
a device having a pulsed light source coupled to an op-
tical fibre, the end section of which is dimensioned for
arrangement adjacent a target site, and not in contact
with the target site, effects the generation of auditory
nervous signals in dependence on frequency modulated
pulsed light irradiation conducted to the end section ter-
minating the optical path.
[0037] The device and process of the invention have

the advantage over state of art devices which are dis-
posed to transmit vibration signals across a mechanical
coupling of a transducer to a target site of the ear in that
no direct contact and no direct mechanical coupling of
the end section of the optic fibre to the target site is nec-
essary, and should in fact be avoided in order to reduce
undesired pulses and other side effects, e.g. infections,
the risk of loss of mechanical coupling, the risk of perfo-
ration of anatomical structures like the tympanic mem-
brane, the meninges due to mechanical stress caused
by the mechanical contact or positioning procedure. Due
to the spacing of the end section of the optical fibre from
the target site, there is no need for precise placement of
a part of the device to a target site, and no need for a
mechanical bond between a part of the device and a tar-
get site. Accordingly, the device and process of the in-
vention allow for a simple localisation of the end section
of the optical fibre adjacent a target site without require-
ment for mechanical contact, and in addition avoid a
change of the vibration characteristics of the target site
and of the hearing perception, because no mechanical
bond is made, and because no weight is added to the
target site, e.g. to an element of the natural vibration
transduction pathway.
[0038] Without wishing to be bound by theory, it is at
present presumed that the excitation of the sensory cells
of the organ of Corti effected by laser irradiation exiting
from the end sections of optical fibres that are adjacent
to the sensory cells is caused by mechanical pulses gen-
erated by the irradiated laser pulses, rather than by direct
effects of incident irradiation. In embodiments of the in-
vention containing an irradiation absorbing material at
the end section of the optical fibre, an excitation signal
comprising vibration is assumed to be emitted from the
end section, which vibration is generated by laser irradi-
ation conducted from the laser to the end section of an
optical fibre. This explanation of the observed gentle and
non-destructive excitation over extended periods of ex-
citation of sensory cells by the auditory prostheses of the
invention is commensurate with the observation that the
provision of the end section of each optical fibre with an
absorbing material does not significantly reduce, and
preferably increases the excitation of the organ of Corti
sections when compared for the same irradiation.
[0039] In the practice of the invention, the optical fibres
are dimensioned for permanently positioning their end
sections adjacent to the organ of Corti sensory cells, and
preferably by arrangement of the optical fibres within the
cochlea. Accordingly, the optical fibres are preferably di-
mensioned for permanent positioning their end sections
closely adjacent the basilar membrane, because the ex-
citation of organ of Corti sections is effected by laser-light
induced excitation signals.
[0040] Preferably, optical fibres are of circular cross-
section with a core diameter of up to 50 mm, more pref-
erably with a core diameter smaller than 30 mm. The op-
tical fibre can be made out of different materials e.g. from
the group of glass, plastics or organic materials, e.g. silk.
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[0041] The absorbing material, e.g. fixed to the end
section of an optical fibre by coating or gluing of the ab-
sorbing material, preferably has reduced transparency
or is non-transparent to the irradiation. The absorbing
material converts incident irradiation that is conducted to
the end section of an optical fibre to a mechanical pulse,
e.g. a pressure pulse, for exciting the organ of Corti cells.
By way of example, absorbing material can be a rough-
ened surface section of the end section of the optical
fibre, e.g. obtained by etching, or a metal or metal oxide,
e.g. selected from the group consisting of gold, silver,
platinum, titanium or oxides thereof, or a natural or syn-
thetic plastic material, e.g. selected from the group con-
sisting of biocompatible polymers Preferably, an irradia-
tion absorbing material is arranged at the cross-sectional
surface of the end section of an optical fibre.
[0042] For generating laser irradiation in response to
input signals, preferably in response to sound, the device
in addition to the optical fibres comprises a laser con-
nected to the optical fibres for generation of laser irradi-
ation and coupling the laser irradiation into the optical
fibres. Preferably, the laser is coupled and connected to
the optical fibres in a distance to the end sections of the
optical fibres, e.g. at an end opposite the end sections
which are dimensioned for arrangement adjacent to and
in a spacing from an organ of Corti section.
[0043] The optical fibres can each be coupled with an
individual light source, or an optical switch can be ar-
ranged between one or more laser media or light sources
and two or more optical fibres. Embodiments comprising
an optical switch preferably have one or more laser media
or another pulsed light source coupled to an input side
of the optical switch and two or more optical fibres cou-
pled to an output side of the optical switch.
[0044] Further, the device optionally comprises an op-
tical modulator for modulating the irradiation, which op-
tical modulator can e.g. be arranged between the laser
and an optical fibre, and in the presence of an optical
switch, the optical modulator can be arranged between
the laser and the input side of the optical switch, or pref-
erably between the output side of the optical switch and
an optical fibre.
[0045] The laser preferably has an average power out-
put at or below about 100 mW, more preferably of about
1-50 mW, measured at a frequency of 1Hz. Suitably, the
laser emits at a wavelength of 200 nm to 5000 nm, more
preferably at a wavelength of 300 nm to 3000 nm, more
preferably at 400 nm to 600 nm, most preferably below
550 nm or below 500 nm. The laser emits irradiation with
a pulse length in the range of about 1 fs to 1 ms, preferably
in the range up to 1 ms, more preferably in the range of
1 ps to 1 ns. An exemplary laser is a 532 nm Nd:YAG
laser (obtainable from Quantel Brilliant BW, France), set
at 10 ns pulses at a frequency of 10 Hz, e.g. controlled
to emit up to 30 mJ/pulse for an average of 500 pulses.
Most preferably, especially in embodiments with the end
sections of the optical fibres being uncoated, i.e. having
no absorption material attached, the device is set to a

laser pulse duration shorter than the duration of the transit
of an acoustic wave across the irradiated volume. For
the limitation of the laser pulse duration to a value smaller
than the duration of the transit of an acoustic wave across
the irradiated volume, the components of the device pref-
erably are pre-set, e.g. the controller unit controlling the
laser, the laser, the optional optical switch, and the op-
tional optical modulator are controlled, e.g. by the con-
troller unit, to limit the laser pulse duration to a preset
value. Preferred values for laser pulse duration are in the
range of 1fs-1msec, preferably 1ns-1msec, more prefer-
ably of up to 20 or up to 10 ns, preferably in combination
with a maximum pulse energy of 20 mJ, more preferably
of about up to 13 to 15 mJ.
[0046] Preferably, pulsed mode of operation lasers are
used, e.g. Q-switched laser, or a light emitting diode
(LED).
[0047] For controlling the irradiation, the laser is con-
nected to a control unit which activates the light source
to emit pulsed irradiation which is modulated in response
to frequency signals received by the control unit. The
frequency signals preferably are generated in response
to sound received by a receiver containing a sound-de-
pendent frequency signal generator. The receiver can be
an acoustic receiver or a receiver of radio frequency
waves, and the output of the receiver is preferably cou-
pled to the control unit.
[0048] There is also described a process for evocation
of ABR in a human or in an animal by imparting pulses
to the cochlea by the steps of generating pulsed light
irradiation in a laser, which pulsed light irradiation pref-
erably is also frequency-modulated in dependency of a
sound-signal, transmitting the laser irradiation to a resid-
ual functional organ of Corti by one or multiple optical
fibre which are dimensioned and arranged with its end
section adjacent to a residual functional organ of Corti
section. The process can be performed for extended pe-
riods of time, allowing the generation of nervous signals
in the organ of Corti, and hence the generation of sound
perception in the brain of the cochlear stimulator recipi-
ent. Process parameters are as described with reference
to the device, and preferably, the process is performed
by the device as described herein.

Detailed description of the invention

[0049] The invention is now described in greater detail
with reference to the figures and by way of example which
describe preferred modes for carrying out the invention.

Brief description of the figures

[0050]

- Fig. 1 schematically shows the set up of the example,
- Fig. 2A shows accumulated auditory brainstem re-

sponse (ABR) measurement results in hearing ani-
mals,
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- Fig. 2B shows accumulated auditory brainstem re-
sponse (ABR) measurement results in hearing ani-
mals (before deafening), and in the subsequently
deafened animals (after deafening),

- Fig. 2C shows accumulated auditory brainstem re-
sponse (ABR) measurement results in hearing ani-
mals (90 dB, 13 mJ before), and OBR in the subse-
quently deafened animals at varying points in time
after deafening (13 mJ after 15 min, 13 mJ after 30
min), and a negative test without irradiation (0 mJ),

- Fig. 3A shows accumulated acoustic auditory brain-
stem response (AABR) measurement results in
hearing animals at various sound levels applied (20
to 90 dB),

- Fig. 3B shows accumulated optically induced audi-
tory brainstem response (OABR) measurement re-
sults in deafened animals at various laser irradiation
energy levels applied (0 to 23 mJ/pulse),

- Fig. 3C shows the graph of the magnitude of the
OABR measurements in dependence on the laser
pulse energy applied,

- Fig. 3D shows the frequency specificity of spike ac-
tivity signals within the inferior colliculus in experi-
mental animals in response to activation of high fre-
quency regions of the organ of Corti sections accord-
ing to the invention, and

- Fig. 4 schematically shows an embodiment of the
device according invention as partially positioned
within the cochlea.

Example 1: Generation of sound perception by pulsed 
laser irradiation of organ of Corti cells in an animal model

[0051] 8 pigmented guinea pigs (Charles River Labo-
ratories, Solingen, Germany) of either sex (300 to 600 g)
were used according to the guidelines of the Animal Care
and Use Committee of the Medical University of Hanno-
ver and Lower Saxony. Animals were initially anesthe-
tized with 40 mg/kg of ketamine (Ketanest, Albrecht, Au-
lendorf/Württemberg, Germany) and 10 mg/kg xylazine
(Rompun, Bayer Health Care, Leverkusen, Germany),
and maintained with 1/4-1/2 of the initial dosage every
30-60 minutes to maintain an are flexive state. Further
administered were 0.05 mg/kg of the anticholinergic
agent Robinul (Riemser Arzneimittel, Greifswald-Insel
Riems, Germany) intramuscularly, 5 mg/kg of the anal-
gesic Rimadyl (Pfizer, Karlsruhe, Germany) and 13 ml/kg
Ringer solution subcutaneously. Throughout the exper-
iment the body temperature was maintained at 38°C us-
ing a water heating pad.
[0052] For placing the optical fibre with its end section
adjacent the organ of Corti, a retroauricular incision was
made to expose and open the left tympanic bulla to vis-
ualize the round window (RW) membrane. After stabilis-
ing the head with a custom-made holder, a 50-mm core-
diameter optical fibre was inverted into the bulla using a
micromanipulator (H. Saur, Reutlingen, Germany). The
fibre was positioned near the RW membrane and direct-

ed towards the basilar membrane (BM) and osseous spi-
ral lamina (OSL) as schematically shown in Fig. 1. In
additional experiments, the RW membrane was opened
and the fibre was inserted into the cochlea pointing to-
wards the BM and OSL.
[0053] For stimulation, a 532 nm Nd:YAG laser (Qu-
antel Brilliant BW, France) was used that delivers 10 ns
pulses with a repetition rate of 10 Hz. Optically-induced
auditory brainstem responses (O-ABRs) were recorded
to varying energy levels (radiant exposure 0-23 mJ/pulse,
500 repetitions/average) and compared them to acous-
tically-driven auditory brainstem responses (A-ABRs) re-
corded preoperatively. O-ABRs are shown in Fig. 2B, A-
ABRs in Fig. 2A.
[0054] The acoustic stimuli were delivered monaurally
through polyurethane foam ear tips connected via plastic
tubes to calibrated transducers (TIP-300 Tubal Insert
Phone, Nicolet Biomedical Inc., Wisconsin, USA.). Since
the A-ABRs were initially used to confirm normal hearing
thresholds in the animals, varying levels from 10-90 dB
SPL in 10 dB steps for clicks (100 ms duration, alternating
polarity) were used for stimulation. The contralateral
(right) ear was masked with white noise at 30 dB below
stimulus level for the left ear. All recordings were obtained
in an electrically shielded and sound attenuated chamber
using the Nicolet Viking IV® system (Nicolet Biomedical
Inc.). Subdermal needle electrodes (Subdermal EMG
Needle Electrodes, 12mm, Medtronic Xomed, Jackson-
ville, Florida USA.) were placed at the vertex (reference),
right and left mastoids (signals), and in the neck muscles
(ground). Each recorded signal was filtered between 300
and 3000 Hz and averaged across 500 trials. The thresh-
old was defined as the lowest stimulus level that gener-
ated a visually detectable waveform. For acoustic stim-
ulation, thresholds were considered normal if they were
below 40 dB SPL for click stimuli.
[0055] For an assessment if OABRs resulted from di-
rect activation of the cochlea or the auditory nerve, deaf-
ened guinea pigs were stimulated (i.e., those without
functional hair cells). For deafening, a single intraperito-
neal injection of 400 mg/kg body weight kanamycin
(American Pharmaceutical Partners, Inc., Schaumburg,
IL, USA) was administered followed 2 hours later by an
intravenous injection of 25 mg/kg body weight ethacrynic
acid (Merck & Co. Inc., Whitehouse Station, New Jersey,
USA). Acoustic thresholds were measured before deaf-
ening, one week after the deafening procedure, and im-
mediately before the animals were used for the experi-
ment. The lack of an AABR response at 100 dB sound
input was selected as the criterion for a successful deaf-
ening procedure. To ensure a functional auditory nerve
in these deafened guinea pigs, ABR caused by electrical
stimulation were also obtained. Electrical stimulation was
performed with a monopolar ball electrode inserted into
the cochlea through the round window and a ground elec-
trode placed into the neck muscle. Single biphasic 50 ms
pulses at a rate of 50 pulses/second were applied. The
pulse level varied from 25 to 160 mA in 5 mA steps.
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[0056] Results are shown in Fig. 2A as ABR and OBR,
respectively, with the X-axis in ms for hearing animals
for 90 dB sound signal applied (90 dB), 10 mJ laser pulses
applied at the intact RW, directed onto the organ of Corti
(10 mJ RW intact), 10 mJ laser pulses applied into the
perilymph and directed toward the basilar membrane
through the open round window membrane (10 mJ in the
perilymph), laser pulses directed to the soft tissue sur-
rounding the bulla (muscle) indicating no response, and
a negative test showing that no irradiation (0 J) didn’t
induce any nervous signal (control measurement). All O-
ABRs exhibited the classical Jewett wave shape ob-
tained from acoustic stimulation except for a shorter la-
tency of about 0.8 ms. The activity was quite similar
whether we stimulated through the intact RW or inserted
the fibre through the RW demonstrating that the O-ABRs
were not dependent on vibration of the RW membrane
as shown in Fig 2A. Since the activity degraded and fluc-
tuated over time after opening the RW, only findings
based on stimulation through the intact RW are present-
ed. Further, no O-ABRs were elicited when stimulating
the soft tissue (muscle) surrounding the bulla (Fig. 2A)
indicating that the activity is not induced by an laser in-
duced artefact in close proximity to the cochlea. Noise
generated by laser irradiation hitting structures around
the cochlea would have caused a sound that would be
transmitted through the ear, was not detected.
[0057] For examination of the possible mechanism in
which the 532 nm laser elicits brainstem responses, fur-
ther experiments were performed in deafened guinea
pigs that were void of functional hair cells through the
administration of ethacrynic acid and kanamycin. When
the cochlea was optically stimulated by laser irradiation,
no O-ABRs could be excited (Fig. 2C). However, when
the cochlea was stimulated with electrical current, it was
possible to elicit electrical brainstem responses (ABR,
55mA). These findings suggest that the green laser light
at the parameters used predominantly activates the or-
gan of Corti rather than causing a direct activation of au-
ditory nerve fibres. An activation mechanism due through
laser stimulation of the dendrites of the spiral ganglion,
e.g. auditory synapses contacting the hair cells, that are
not covered by bone instead of the excitation of organ of
Corti sections by laser irradiation was practically exclud-
ed by the experimental data with deafened animals as
therein, no O-ABRs could be evoked by laser irradiation.
[0058] Fig. 2B ABR measured in hearing animals (90
dB before deafening) and in deafened animals (100 dB
after deafening), as well as OABR in deafened animals
(30 mJ after deafening, 50 mJ after deafening), and 55mA
showing ABR signals evoked by electric stimulation of
the cochlea in deafened animals for comparison.
[0059] In Fig. 2C, the AABR’s in hearing animals (90
dB) are compared with the OABR’s in the same hearing
animal during continuous optical stimulation with 13 mJ
for a period of 30 minutes. The amplitudes of the induced
OABR answers remained constant over this stimulation
time period indicating no functional damage to the organ

of Corti. A similar behaviour of the auditory system in
response to acoustic and optical stimulation are repre-
sented in Figure 3A and B showing increase in amplitude
of the evoked ABR’s in both types of stimulation.
[0060] Although the O-ABR peak amplitudes varied
slightly across animals, in all cases O-ABR peak ampli-
tudes increased with increasing energy levels generally
reaching saturation around 15 mJ (Fig. 3C). The normal-
ized wave V amplitude versus maximum O-ABR peak
amplitude values as averaged over the animals and dem-
onstrates similar input/output function and through this
demonstrates the consistency of laser stimulation at the
RW across animals. The O-ABRs also remained consist-
ent to stimulation over time, including stimulation at 13
mJ/pulse and 10 pulses/s for 30 minutes (Fig. 2B) indi-
cating minimal or no damage within the cochlea due to
our repeated laser stimulation. Based on the amplitude
values reaching a saturation at approx. 13 mJ pulses, it
is preferred that the laser irradiation is pulsed with each
pulse having a maximum energy of below 20 mJ to avoid
excessive stress on the organ of Corti, while allowing to
induce the maximum intensity ABR.

Example 2: Activation of different organ of Corti sections 
by 532 nm laser pulses causes frequency specific audi-
tory signals in the inferior colliculus:

[0061] Using the general experimental set up as de-
scribed in Example 1, the frequency specific activity in
the inferior colliculus was measured. The multi channel
electrode inserted into the inferior colliculus having its
contacts along its length, allows for the frequency specific
recording of auditory signals in the inferior colliculus, as
activity in different regions of the inferior colliculus in re-
sponse to acoustic signals received by the cochlea. The
electrode had 16 segments for measurement and was
coupled to a recorder receiving the signals from each of
the 16 segments in one of 16 channels. In this example,
the optical fibre was coupled to the laser which generated
irradiation of 13 mJ/pulse in 10 ns pulses with a repetition
rate of 10 Hz at a wavelength of 532 nm.
[0062] Herein, the optical fibre was inserted into the
cochlea at the round window level. The auditory signals
measured for the frequency specific layers of the inferior
colliculus are shown in Fig. 3D for each channel from
channel 1 (Ch1) for the low frequencies represented in
the inferior colliculus up to channel 16 (Ch16) for the high
frequencies represented in the inferior colliculus. The
measurement results show that a signal occurring at
about 2 to 10 ms in the high frequency channels 14 to
16 (Ch14 to Ch16) essentially compared to nonspecific
background activation level in the lower frequency chan-
nels. This result demonstrates that the dimensioning of
an optical fibre in the device of the invention for termina-
tion in a spacing adjacent an organ of Corti section allows
the generation of frequency specific auditory signals in
the central auditory pathway.
[0063] It can be concluded from these results that the
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dimensioning of an optical fibre for termination adjacent
an organ of Corti section, and hence the conduction of
pulsed light irradiation to the organ of Corti section, allows
for the generation of auditory signals which are frequency
specific. Accordingly, a device of the invention containing
two or more optical fibres which are dimensioned to ter-
minate in end sections adjacent spaced apart organ of
Corti sections preferred because it is suitable for eliciting
auditory signals of a respective number of two or more
frequencies.
[0064] A preferred embodiment of the device is shown
schematically in Fig. 4. The device contains a laser 1 and
one or more optical fibres 2 optically coupled to the output
section of the laser for receiving laser irradiation. As an
example for a device containing more than one optical
fibres, a bundle CS of optical fibres is shown, each of
which is optically coupled to a laser 1. Preferably, in em-
bodiments containing several optical fibres CS, an optical
switch is arranged between the laser and the optical fi-
bres for controlling the laser irradiation transmitted to
each fibre. Each of the optical fibres 2 terminates in an
end section 3, each of which is positioned in a spacing
adjacent an organ of Corti section because each optical
fibre 2 is dimensioned for termination in an end section
3 in a spacing adjacent an organ of Corti section. Laser
irradiation emitted from the laser 1 is conducted along
the optical fibres 2 to their end sections 3. At end sections
3, laser irradiation generates an excitation signal, shown
in Fig. 4 as a signal cone 5 exiting each end section 3.
For eliciting auditory nervous signals in organ of Corti
sections in the described process, the optical fibres 2 are
positioned to cross the middle ear M to enter the cochlea
for arranging the end sections 3 within the cochlea C.
The auditory nerve AN delivers nervous signals gener-
ated in the cochlea C to the brain.
[0065] The laser 1 or a comparable light source like for
example a light emitting diode (LED) is coupled to a mod-
ulator containing a receiver section, which modulator
controls laser 1 to generate pulsed laser irradiation with
frequency modulation in dependence on signals received
by its receiver section. The signals preferably represent
acoustic signals. The modulator preferably is designed
for permanent implantation under the skin of a human.
The signals can be generated by an external sender that
is e.g. part of an external transducer LHA which controls
the signals in dependence on acoustic signals. The ex-
ternal transducer LHA can be attached to the pinna P.

Claims

1. An auditory prostheses for a hearing impaired hu-
man having an at least partially functional organ of
Corti (C), the device comprising
a pulsed light source capable of producing pulsed
irradiation,
a control unit coupled to the pulsed light source for
controlling and modulating the production of pulsed

irradiation, and
one or more optical fibres (2) coupled to the pulsed
light source for reception of pulsed irradiation pro-
duced by the pulsed light source, which optical fibres
(2) are adapted for permanent implantation of at least
a section of the fibres adjacent the organ of Corti (C),
characterized in that the optical fibres (2) are adapt-
ed for transduction of stimulating light signals to func-
tional inner hair cells, which optical fibres (2) are di-
mensioned for termination in end sections (3) in a
spacing adjacent to functional inner hair cells.

2. The auditory prostheses according to claim 1, where-
in the pulsed light source is a pulsed laser (1) or a
light emitting diode (LED).

3. The auditory prostheses according to claim 1 or 2,
wherein the optical fibres (2) are adapted for perma-
nent implantation of at least a section of the optical
fibres (2) into the cochlea (C).

4. The auditory prostheses according to claim 1 or 2,
wherein the optical fibres (2) are adapted for perma-
nent implantation adjacent the outside surface of the
cochlea (C).

5. The auditory prostheses according to one of the pre-
ceding claims, wherein the spacing is essentially in
the range of 0.1mm to 2mm.

6. The auditory prostheses according to one of the pre-
ceding claims, wherein the end sections (3) of the
optical fibres (2) are provided with a light absorbing
material.

7. The auditory prostheses according to claim 6, where-
in the absorbing material is selected from the group
comprising an at least partially light irradiation ab-
sorbing surface structure of the fibres, a coating com-
prising or consisting of a metal, a metal oxide, and
a plastic.

8. The auditory prostheses according to one of the pre-
ceding claims, wherein the cross-sectional surface
of the end section (3) of the optical fibre (2) is ar-
ranged in an angle of 0° to 90° from the longitudinal
fibre axis.

9. The auditory prostheses according to claim 8, where-
in the end section of the optical fibre is bent in an
angle of 0° to 90° from the longitudinal fibre axis.

10. The auditory prostheses according to one of the pre-
ceding claims, wherein the cross-sectional surface
of the end sections (3) of the optical fibres (2) are
arranged in an angle of 45° from the longitudinal fibre
axis.

19 20 



EP 2 391 320 B1

12

5

10

15

20

25

30

35

40

45

50

55

11. A process for producing an auditory prostheses for
a hearing impaired human having an at least partially
functional organ of Corti, the process comprising the
steps of providing a pulsed light source capable of
producing pulsed light irradiation, coupling a control
unit to the pulsed light source for controlling and mod-
ulating the production of light irradiation, and
coupling at least one optical fibre (2) to the pulsed
light source for reception of light irradiation produced
by the pulsed light source,
arranging the pulsed light source and the optical fibre
(2) to form an optical path terminating in an end sec-
tion (3) of the optical fibre (2) opposite the pulsed
light source, and dimensioning the optical fibre (2)
for arranging its end section (3) in a spacing adjacent
to functional inner hair cells, which optical fibres (2)
are adapted for transduction of stimulating light sig-
nals to functional inner hair cells.

12. The process according to claim 11, wherein the
pulsed light source is a pulsed laser (1) or a light
emitting diode (LED).

13. The process according to claim 11 or 12, wherein
the optical fibres (2) are adapted for permanent im-
plantation of at least a section of the optical fibres
(2) into the cochlea (C).

14. The process according to one of claims 11 to 13,
wherein the optical fibres (2) are adapted for perma-
nent implantation adjacent the outside surface of the
cochlea (C).

15. The process according to one of claims 11 to 14,
wherein the spacing is in the range of 0.1mm to 2mm.

16. The process according to one of claims 11 to 15,
wherein the end sections (3) of the optical fibres (2)
are provided with a light absorbing material.

17. The process according to one of claims 11 to 16,
wherein the absorbing material is selected from the
group comprising an at least partially light irradiation
absorbing surface structure of the fibres, a coating
comprising or consisting of a metal, a metal oxide,
and a plastic.

18. The process according to one of claims 11 to 17,
wherein the cross-sectional surface of the end sec-
tion (3) of the optical fibre (2) is arranged in an angle
of 0° to 90° from the longitudinal fibre axis.

19. The process according to one of claims 11 to 18,
wherein the end section of the optical fibre is bent in
an angle of 0° to 90° from the longitudinal fibre axis.

20. The process according to one of claims 11 to 19,
wherein the cross-sectional surface of the end sec-

tions (3) of the optical fibres (2) are arranged in an
angle of 45° from the longitudinal fibre axis.

Patentansprüche

1. Hörprothese für einen höreingeschränkten Men-
schen, der ein wenigstens teilweise funktionsfähiges
Corti-Organ (C) aufweist, wobei das Gerät
eine gepulste Laserlichtquelle, die in der Lage zur
Erzeugung gepulster Strahlung ist, eine Steuerungs-
einheit, die zur Steuerung und Modulation der Er-
zeugung gepulster Strahlung mit der gepulsten
Lichtquelle gekoppelt ist und
eine oder mehrere optische Fasern (2), die zum
Empfangen gepulster Strahlung, die von der gepuls-
ten Lichtquelle erzeugt wird, mit der gepulsten Licht-
quelle gekoppelt sind, wobei die optischen Fasern
(2) zur dauerhaften Implantation wenigstens eines
Abschnitts der Fasern angrenzend an das Corti-Or-
gan (C) angepasst sind, dadurch gekennzeichnet,
dass die optischen Fasern (2) zur Übertragung sti-
mulierender Lichtsignale an funktionsfähige innere
Haarzellen angepasst sind, wobei die optischen Fa-
sern (2) dimensioniert sind, dass sie in Endabschnit-
ten (3) in einem Abstand angrenzend an funktions-
fähige innere Haarzellen enden.

2. Hörprothese nach Anspruch 1, bei der die gepulste
Lichtquelle ein gepulster Laser (1) oder eine lichte-
mittierende Diode (LED) ist.

3. Hörprothese nach Anspruch 1 oder 2, bei der die
optischen Fasern (2) zur dauerhaften Implantation
wenigstens eines Abschnitts der optischen Fasern
(2) in die Cochlea (C) angepasst sind.

4. Hörprothese nach Anspruch 1 oder 2, bei der die
optischen Fasern (2) zur permanenten Implantation
angrenzend an die äußere Oberfläche der Cochlea
(C) angepasst sind.

5. Hörprothese nach einem der voranstehenden An-
sprüche, bei der der Abstand im Wesentlichen im
Bereich von 0,1 mm bis 2 mm ist.

6. Hörprothese nach einem der voranstehenden An-
sprüche, bei der die Endabschnitte (3) der optischen
Fasern (2) mit einem Licht absorbierenden Material
versehen sind.

7. Hörprothese nach Anspruch 6, bei der das absor-
bierende Material aus der Gruppe ausgewählt ist,
die eine wenigstens teilweise Lichtstrahlung absor-
bierende Oberflächenstruktur der Fasern, eine Be-
schichtung, die ein Metall, ein Metalloxid und einen
Kunststoff umfasst oder daraus besteht.
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8. Hörprothese nach einem der voranstehenden An-
sprüche, bei der die Querschnittsfläche des En-
dabschnitts (3) der optischen Faser (2) in einem Win-
kel von 0° bis 90° von der Längsachse der Faser
angeordnet ist.

9. Hörprothese nach Anspruch 8, bei der der En-
dabschnitt der optischen Faser in einem Winkel von
0° bis 90° von der Längsachse der Faser gebogen
ist.

10. Hörprothese nach einem der voranstehenden An-
sprüche, bei der die Querschnittsfläche der En-
dabschnitte (3) der optischen Fasern (2) in einem
Winkel von 45° von der Längsachse der Fasern an-
geordnet ist.

11. Verfahren zur Herstellung einer Hörprothese für ei-
nen höreingeschränkten Menschen, der ein wenigs-
tens teilweise funktionsfähiges Corti-Organ auf-
weist, wobei das Verfahren die Schritte des Bereit-
stellens einer gepulsten Lichtquelle umfasst, die zur
Erzeugung gepulster Lichtstrahlung fähig ist,
des Koppelns einer Steuerungseinheit mit der ge-
pulsten Lichtquelle zum Steuern und Modulieren der
Erzeugung von Lichtstrahlung und
des Koppelns wenigstens einer optischen Faser (2)
an die gepulste Lichtquelle zum Empfangen von
Lichtstrahlung, die von der gepulsten Lichtquelle er-
zeugt wird,
des Anordnens der gepulsten Lichtquelle und der
optischen Faser (2), dass sie einen optischen Pfad
bilden, der in einem Endabschnitt (3) der optischen
Faser (2) gegenüber der gepulsten Lichtquelle endet
und des Dimensionierens der optischen Faser (2)
zum Anordnen ihres Endabschnitts (3) in einem Ab-
stand angrenzend an funktionsfähige innere Haar-
zellen, wobei die optischen Fasern (2) zur Übertra-
gung stimulierender Lichtsignale an funktionsfähige
innere Haarzellen angepasst sind.

12. Verfahren nach Anspruch 11, bei dem die gepulste
Lichtquelle ein gepulster Laser (1) oder eine Licht
emittierende Diode (LED) ist.

13. Verfahren nach Anspruch 11 oder 12, bei dem die
optischen Fasern (2) zur dauerhaften Implantation
wenigstens eines Abschnitts der optischen Fasern
(2) in die Cochlea (C) angepasst sind.

14. Verfahren nach einem der Ansprüche 11 bis 13, bei
dem die optischen Fasern (2) zur dauerhaften Imp-
lantation angrenzend an die äußere Oberfläche der
Cochlea (C) angepasst sind.

15. Verfahren nach einem der Ansprüche 11 bis 14, bei
dem der Abstand im Bereich von 0,1 mm bis 2 mm
beträgt.

16. Verfahren nach einem der Ansprüche 11 bis 15, bei
dem die Endabschnitte (3) der optischen Fasern (2)
mit einem Licht absorbierenden Material versehen
sind.

17. Verfahren nach einem der Ansprüche 11 bis 16, bei
dem das absorbierende Material aus der Gruppe
ausgewählt ist, die eine wenigstens teilweise Licht-
strahlung absorbierende Oberflächenstruktur der
Fasern umfasst, eine Beschichtung, die Metall um-
fasst oder daraus besteht, ein Metalloxid und einen
Kunststoff.

18. Verfahren nach einem der Ansprüche 11 bis 17, bei
dem die Querschnittsfläche des Endabschnitts (3)
der optischen Faser (2) in einem Winkel von 0° bis
90° von der Längsachse der Faser angeordnet ist.

19. Verfahren nach einem der Ansprüche 11 bis 18, bei
dem der Endabschnitt der optischen Faser in einem
Winkel von 0° bis 90° von der Längsachse der Faser
gebogen ist.

20. Verfahren nach einem der Ansprüche 11 bis 19, bei
dem die Querschnittsfläche der Endabschnitte (3)
der optischen Fasern (2), in einem Winkel von 45°
von der Längsachse der Fasern angeordnet ist.

Revendications

1. Prothèse auditive pour personnes malentendantes
ayant au moins un organe de Corti (C) partiellement
fonctionnel, le dispositif comportant
une source de lumière pulsée capable de produire
une radiation pulsée,
une unité de commande couplée à la source de lu-
mière pulsée pour le contrôle et la modulation de la
production de radiation pulsée, et
une ou plusieurs fibres optiques (2) couplées à la
source de lumière pulsée pour la réception de radia-
tion pulsée produite par la source de lumière pulsée,
lesquelles fibres optiques (2) sont adaptées pour
l’implantation permanente d’au moins une partie des
fibres adjacentes à l’organe de Corti (C), caractéri-
sée en ce que les fibres optiques (2) sont adaptées
pour la transduction de signaux lumineux stimulants
aux cellules ciliées internes fonctionnelles, lesquel-
les fibres optiques (2) sont dimensionnées pour se
terminer aux sections d’extrémité (3) à un espace-
ment adjacent aux cellules ciliées internes fonction-
nelles.

2. Prothèse auditive selon la revendication 1, où la
source de lumière pulsée est un laser pulsé (1) ou
une diode électroluminescente (DEL).

3. Prothèse auditive selon la revendication 1 ou la re-
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vendication 2, lesquelles fibres optiques (2) sont
adaptées pour l’implantation permanente d’au moins
une partie des fibres optiques (2) dans la cochlée (C).

4. Prothèse auditive selon la revendication 1 ou la re-
vendication 2, lesquelles fibres optiques (2) sont
adaptées pour une implantation permanente adja-
cente à la surface externe de la cochlée (C).

5. Prothèse auditive selon l’une des revendications
précédentes, où l’espacement est essentiellement
compris entre 0,1 mm et 2 mm.

6. Prothèse auditive selon l’une des revendications
précédentes, où les sections d’extrémité (3) des fi-
bres optiques (2) sont pourvues d’un matériau ab-
sorbant la lumière.

7. Prothèse auditive selon la revendication 6, où le ma-
tériau absorbant est choisi dans le groupe compre-
nant une structure superficielle absorbant au moins
partiellement la radiation lumineuse des fibres, un
revêtement comprenant ou composé d’un métal,
d’un oxyde métallique et d’un plastique.

8. Prothèse auditive selon l’une des revendications
précédentes, où la surface transversale de la section
d’extrémité (3) de la fibre optique (2) est disposée à
un angle de 0° à 90° par rapport à l’axe des fibres
longitudinales.

9. Prothèse auditive selon la revendication 8, où la sec-
tion d’extrémité de la fibre optique est recourbée à
un angle de 0° à 90° par rapport à l’axe des fibres
longitudinales.

10. Prothèse auditive selon l’une des revendications
précédentes, où la surface transversale des sections
d’extrémité (3) des fibres optiques (2) est disposée
à un angle de 45° par rapport à l’axe des fibres lon-
gitudinales.

11. Processus de fabrication d’une prothèse auditive
pour personnes malentendantes ayant au moins un
organe de Corti partiellement fonctionnel, le proces-
sus comprenant les étapes consistant à fournir une
source de lumière pulsée capable de produire de la
lumière pulsée de l’irradiation, le couplage d’une uni-
té de commande de la source de lumière pulsée pour
le contrôle et la modulation de la production de lu-
mière de l’irradiation, et
le couplage d’au moins une fibre optique (2) à la
source de lumière pulsée pour la réception de radia-
tion lumineuse produite par la source de lumière pul-
sée, l’aménagement de la source de lumière pulsée
et de la fibre optique (2) pour former un chemin op-
tique se terminant dans une section d’extrémité (3)
de la fibre optique (2) en face de la source de lumière

pulsée, et le dimensionnement de la fibre optique (2)
pour aménager sa section d’extrémité (3) à un es-
pacement adjacent aux cellules ciliées internes fonc-
tionnelles, lesquelles fibres optiques (2) sont adap-
tées pour la transduction de signaux lumineux sti-
mulants aux cellules ciliées internes fonctionnelles.

12. Processus selon la revendication 11, où la source
de lumière pulsée est un laser pulsé (1) ou une diode
électroluminescente (DEL).

13. Processus selon la revendication 11 ou la revendi-
cation 12, lesquelles fibres optiques (2) sont adap-
tées pour l’implantation permanente d’au moins une
partie des fibres optiques (2) dans la cochlée (C).

14. Processus selon l’une des revendications 11 à 13,
ou les fibres optiques (2) sont adaptées pour une
implantation permanente adjacente à la surface ex-
terne de la cochlée (C).

15. Processus selon l’une quelconque des revendica-
tions 11 à 14, où l’espacement est essentiellement
compris entre 0,1 mm et 2 mm.

16. Processus selon l’une quelconque des revendica-
tions 11 à 15, où les sections d’extrémité (3) des
fibres optiques (2) sont pourvues d’un matériau ab-
sorbant la lumière.

17. Processus selon l’une quelconque des revendica-
tions 11 à 16, où le matériau absorbant est choisi
dans le groupe comprenant une structure superfi-
cielle des fibres absorbant au moins partiellement la
radiation lumineuse, un revêtement comprenant ou
composé d’un métal, d’un oxyde métallique et d’un
plastique.

18. Processus selon l’une quelconque des revendica-
tions 11 à 17, où la surface transversale de la section
d’extrémité (3) de la fibre optique (2) est disposée à
un angle de 0° à 90° par rapport à l’axe des fibres
longitudinales.

19. Processus selon l’une quelconque des revendica-
tions 11 à 18, où la section d’extrémité de la fibre
optique est recourbée à un angle de 0° à 90’ par
rapport à l’axe des fibres longitudinales.

20. Processus selon l’une des revendications 11 à 19,
où la surface transversale des sections d’extrémité
(3) des fibres optiques (2) est disposée à un angle
de 45° par rapport à l’axe des fibres longitudinales.
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