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DESCRIPTION

“Device for treating inner ear disorders such as tinnitus or hearing loss”

Technical field of the invention

The device for treating inner ear disorders of the present invention is of the
type that enables electrical stimuli to be generated that are suitable for treating
auditory disorders such as tinnitus or hearing loss.

Background of the invention

Hearing loss is classified as conductive or sensorineural. Conductive
hearing loss tends to have a mechanical origin since the sound is not conducted
effectively from the outer ear to the middle ear. Discrimination is barely affected,
and most cases can be resolved by means of surgery or a correct prescriptive
amplification.

Sensorineural hearing loss as a hearing disorder tends to appear when
there is damage to the inner ear, or in the nerve pathway between the inner ear
and the brain. This is the most common type of hearing loss, and it cannot be
corrected medically or through surgery. The majority of cases can be resolved by
a correct prescriptive amplification.

The level of hearing loss of a patient can be measured in a known manner
by means of an audiogram. An audiogram is a graph that shows the results of pure
tone audiometry tests, automatic audiometry or computerised audiometry,
normally in a standardized frequency set. It illustrates the type, grade and
configuration of the hearing loss.

Another sensorineural hearing disorder is tinnitus, which presents as a
continuous tone that is perceived by a patient in one or both ears.

In order to determine the frequency of the tinnitus, a broad band noise is
introduced in a known manner and the patient is asked to identify when their
tinnitus is no longer audible. Other additional tinnitus tests include residual
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inhibition, which registers the amount of time the sound of an individual in the ears
is reduced or disappears after a period of masking.

Devices are known for the treatment of sensorineural hearing disorders
such as tinnitus by means of an electrical stimulation signal. However, the electrical
stimulation signal in the known devices is designed to generate an electrical current
that stimulates neurons and maintains a neuronal activation rate, it being
necessary to maintain a frequency that enables the neurons to recover from the
stimulation. This entails using low frequencies to maintain the neuronal activation

rate.

The location where the electrical stimulation signal is applied in a patient is
also important as it is necessary to apply said electrical stimulation signal to points
adjacent to nerves, the placement of the devices that apply the electrical
stimulation signal being important in order to achieve satisfactory results.

Devices are known in which the electrical stimulation signal is applied on
the tongue. These devices are provided with a peripheral that the patient must
insert in the mouth to be in contact with the tongue in order to perform a therapeutic
effect. The patent document EP2842530 discloses one of these devices. However,

the use of these devices is uncomfortable for the patient.

Therefore, an object of the present invention is to disclose a device for
treating hearing disorders that is simple, easy for the patient to use and effective.

Description of the invention

The device of the present invention for treating inner ear disorders such as
sensorineural disorders of the inner ear such as tinnitus or hearing loss in a patient
is of the type that comprises at least one electrode adapted to transmit an electrical
stimulation signal to the patient.

In essence, the device is characterised in that the at least one electrode is
mounted on a support configured such that when the at least one electrode is
placed on a patient it is arranged on the anterosuperior part of the mastoid process
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of the patient, behind the insertion line of the auricle, on the skin, such that the
electrical stimulation signal transmitted from the at least one electrode reaches the
anterosuperior part of the mastoid process of the patient. Naturally, contact with
the hair must be minimised such that the one or more electrodes are arranged on
the skin on the extension of the imaginary horizontal line that passes through the
external auditory canal. Given that this part of the mastoid process on which the
one or more electrodes will be placed is located behind the auricle, it is important
that the device enable the one or more electrodes to be arranged on the skin
behind the auricle and on the anterior end of the mastoid process that is next to
the external auditory canal. The one or more electrodes are thus arranged away
from the muscle insertion of the sternocleidomastoid. It is intended that the device
has two electrodes to conduct the electrical stimulation signal therebetween,
although it is only necessary for one of the electrodes to be arranged on the
anterosuperior part of the mastoid process, it being possible for the other electrode
to be arranged on another point of the head. However, when the two electrodes
are mounted on the support and are arranged on the anterosuperior part of the
mastoid process, the energy of the electrical stimulation signal is concentrated on
the anterosuperior part of the mastoid process, thus achieving a better effect.
Naturally, the electrical stimulation signal, which is alternating and does not have
a direct component, is carried through the skin of the patient between the
electrodes, spreading the electrical stimulation signal through the skin to the
indicated part of the mastoid process.

In an embodiment variant, the electrical stimulation signal has a main frequency
component greater than 200 kHz and lower than 600 kHz, preferably greater than
300 kHz, the main frequency of the electrical stimulation signal being within the
intermediate frequency band according to the recommendation ITU-R V.431-8 of
8 August 2015, for example within the lower 10% of this intermediate frequency
band, between 300 and 600 kHz. Advantageously, by means of the device object
of the present invention, the electrical stimulation signal is applied by means of the
electrodes, stimulating the anterosuperior part of the mastoid process of the
patient, target, which has a spongy constitution with multiple cavities and is
adjacent to the external auditory canal, producing a localised diathermic effect that
achieves the therapeutic effect of improving inner ear disorders. A main frequency
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component can be a frequency peak or lobe that includes this main frequency, with
a certain band width, or a frequency band that includes the main frequency. This
main frequency component can also be the fundamental frequency of a periodic
signal, such as, for example, a square, triangular or sinusoidal signal. It is intended
that a main frequency component is preferably greater than one of the following
frequencies: 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330,
340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440 or 450 kHz; and is preferably
lower than one of the following frequencies: 600, 590, 580, 570, 560, 550 o 540
kHz. Naturally, other electrical stimulation signals that have sufficient power within
this frequency band, for example, greater than 5 W, or greater than 6 W, or greater
than 7 W, such as 7.5 W, can be considered to have main frequency component
in this band and can be used for the therapeutic effect, for example upon being
applied by means of the device of the present invention. Naturally, it is advisable
that the power of the electrical stimulation signal be concentrated within the
frequency bands that produce the therapeutic effect in order to optimise the power
concentration and use of the signal.

In an embodiment variant, the electrical stimulation signal has a main
frequency component between 450 and 540 kHz, within the intermediate frequency
band. Specifically, the electrical stimulation signal can have a main frequency
component of 495 kHz, which although ideally has a band width that is as narrow
as possible, it is contemplated that it can have a band width up to 90 kHz, thus
encompassing the frequencies between 450 and 540 kHz, in which an optimal
diathermic effect is achieved in order to improve the inner ear disorders. As such,
a main frequency component is preferably greater than 450, 460, 470, 480 or 490
kHz, and is preferably less than 540, 530, 520, 510 or 500 kHz. It is envisaged that
the electrical stimulation signal has a voltage of 5V and a current of 1.5 A, it even
being possible to generate it by means of a portable battery that could be
incorporated into the device.

In an embodiment variant, in the direction with the smallest distance
between the first electrode and the second electrode, the distance between the
first electrode and the second electrode is less than the distance between the ends
of the first electrode and the distance between the ends of the second electrode,
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thus promoting that when they are applied to the skin of the patient, the resistance
of the skin between the first electrode and the second electrode is low and enables
the passage of the electrical stimulation signal and its propagation towards the
anterosuperior part of the mastoid process. Specifically, it is provided that the
separation distance is between 3 and 7 millimetres, typically 5 millimetres, the
distance between the ends of each electrode being between 10 and 15 millimetres,
typically 14 millimetres, the electrodes being 10 millimetres wide, these dimensions
being suitable for the electrodes to be arranged on the anterosuperior part of the
mastoid process. Naturally, if the support only has one electrode, the other
electrode of the pair of electrodes is arranged in another area of the head, the
distance between the ends could be up to 35 millimetres. However, being able to

use different pairs of electrodes to treat each inner ear of the patient is intended.

In an embodiment variant, the first electrode and the second electrode are
equal, which prevents decompensations and an electrode from heating or wearing
more than the other.

In an embodiment variant, the first electrode and the second electrode are
placed in a support that enables a fast and easy placement of the electrodes on
the mastoid process of the patient, which can be performed even by the patient
him/herself without the help of a healthcare professionals. It is intended that the
support can have different forms suitable such that when it is placed on the head
of the patient the one or more electrodes are correctly positioned. Naturally, it is
intended that the support can have different forms that easily enable the correct
placement of the one or more electrodes on the patient. These shapes can be,
among others, in the form of earphones, a hearing aid, headphones, hook earbuds,
in the form of glasses or glasses temples or in the form of a helmet or hat, such
that when the support is placed on the patient, the one or more electrodes that
transmit the electrical stimulation signal are correctly arranged on the
anterosuperior part of the mastoid process of the ear to be treated.

In an embodiment variant, the first electrode and the second electrode are
arranged symmetrically on the support, thus achieving that the electrical
stimulation signal flows homogeneously.
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In an embodiment variant, the first electrode and the second electrode are
arched, enabling the possibility of adapting to the shape of the head of the patient
and even favouring the depression thereof into the skin of the head of the patient.
In this way, it is also intended that the support is adapted to exercise a certain force
in the direction normal to the electrodes, improving the contact thereof with the
skin, for example when the support is in the form of headphones. Naturally, it is
intended that only one electrode can be arched and the other can be arranged on
different parts of the patient, although it is preferably contemplated that both are
arched and are located close to each other, on the anterosuperior part of the
mastoid process.

In an embodiment variant, the first electrode and the second electrode are
parallel to each other, thus achieving that the electrical stimulation signal flows
homogeneously.

In an embodiment variant, the support is adapted to be placed on the head
of the patient, the support being configured such that, when the support is placed
on the head of the patient, the mastoid process of the patient is arranged adjacent
to the first electrode and the second electrode.

In an embodiment variant, the support comprises an earcup adapted to be
placed on the auricle of the patient. Naturally, it is intended that the support can
have two earcups, each earcup being provided with a first electrode and a second
electrode, each pair of electrodes being adapted to be arranged adjacent,
respectively, to each one of the two mastoid processes on each side of the head
of the patient, even being able to use the same generation means and the same
electrical stimulation signal, which can form part of the same device or be arranged
remotely, for example in a console connected to the device, for example by means
of a cable.

In an embodiment variant, the first electrode and the second electrode are
arranged in the periphery of the earcup, thus facilitating the correct arrangement
of the first electrode and the second electrode when the earcup is placed and that



10

15

20

25

30

-7-

the patient can clearly feel the first electrode and the second electrode.

In an embodiment variant, the support comprises an earcup the cross
section of which, for example, the horizontal cross section thereof, determines a
horseshoe arch, that is it is C-shaped, forming an arch greater than 180 degrees
that determines an inner area where the auricle is housed, being trapped.
Therefore, the earcup is adapted to be placed covering and surrounding the auricle
of the patient, at least one electrode being arranged at one end of the earcup, such
that the electrode is arranged behind the auricle of the patient, on the
anterosuperior part of the mastoid process when the patient places the earcup,
which may be mounted on earphones.

In an embodiment variant, the support is also provided with sound emitting
means, such as a speaker, which complements the therapeutic effect of the
electrical stimulation signal on the mastoid process.

In an embodiment variant, the sound emitting means are adapted to emit
sound with a stop frequency band, the stop frequency band being the frequency
band of the tinnitus of the patient.

In an embodiment variant, the device comprises processing means
adapted to stop a frequency band of an audio signal, such that the stopping of the
frequency band by means of signal processing techniques can be programmed,
for example in a processor.

In an embodiment variant, the support are earbuds that enable the one or
more electrodes to be duly placed on the target part of the mastoid process of the
patient.

Therefore, it is possible to perform through the use, for example, of a device
of the present invention a therapeutic method for treating inner ear disorders, for
example sensorineural inner ear disorders such as tinnitus or hearing loss. As such
ear disorders can be treated by applying an electrical stimulation signal to the
anterosuperior part of the mastoid process, by means of electrodes, for example a
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stimulation signal as described above, for example with a main frequency
component greater than 200 and 600 kHz, more specifically an intermediate
frequency in this range, more specifically an electrical stimulation signal with a
main frequency component between 450 and 540 kHz and more specifically an
electrical stimulation signal with a main frequency component of 495 kHz.

Brief description of the drawings

In order to complement the description made herein and with the aim of
improving the understanding of the features of the invention, a set of drawings is
attached to the present specification in which the following has been represented

in an illustrative and non-limiting manner:

Figure 1 shows a diagram of a device of the present invention;

Figure 2 shows an example of an electrical stimulation signal for a device of the
present invention;

Figure 3 shows, on the skull of a patient, the arrangement of the anterosuperior
part of the mastoid process, which is the target for a device of the present invention.
Figure 4 shows an operation diagram of a device of the present invention on a
patient.

Figure 5 shows a first electrode and a second electrode for a device of the present
invention in a correlative fitting position.

Figures 6a and 6b show a first embodiment of a device according to the present
invention placed on the head de a patient;

Figures 7a and 7b show the device of figures 6a and 6b;

Figure 7c shows a detailed view of the cross section of the device of Figures 7a
and 7b;

Figures 8a and 8b show a second embodiment of a device according to the present
invention placed on the head of a patient; and

Figure 9 shows a third embodiment of a device according to the present invention
placed on the head of a patient.

Detailed description of the drawings

The device 1 according to the invention has been used to perform a pilot
clinical study to assess the effect of applying high frequencies on the mastoid
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process 101 of adult patients with tinnitus, and also sensorineural hearing loss.

The device 1 used further comprises generation means 2 for generating an
electrical stimulation signal 3 and electrodes 5a, 5b to apply the electrical
stimulation signal 3 on the patient 100. In order to facilitate the correct placement
of the electrodes 5a, 5b on the mastoid process 101 of the patient 100, which is
the target zone, the electrodes 5a, 5b are configured to, upon being placed on the
head 102 of the patient 100, be correctly placed in order to be able to apply the
electrical stimulation signal 3 on the anterosuperior part of the mastoid process
101 of the patient 100.

In an embodiment variant, the electrical stimulation signal 3 is a high
frequency signal, which has a main frequency component greater than 200 kHz
and less than 600 kHz. This frequency range is advised against in the state of the
art for treating hearing disorders, as it is higher than the neural activation rate,
since the known devices act directly on the nerves, stimulating them to treat
hearing disorders, such as tinnitus.

However, applying a frequency greater than 200 kHz and less than 600 kHz
on the mastoid process 101, by applying an electrical stimulation signal 3 of 5 V
and 1.5 A, has been surprisingly observed to have a very localised diathermic
effect that has, after the study, not only allowed an improvement to be obtained in
the tinnitus previously diagnosed in patients, but also an improvement in
sensorineural hearing loss. Naturally, it is expected that other voltages and
amperages have the same effect.

The inclusion criteria of the study were patients between 18 and 70 years
of age, with no debilitating chronic illnesses, no drug treatment, with indifferent
hearing loss, no vertigo or instability. In addition, tinnitus evolving for more than 6
months, which is non-pulsatile, with gradual onset, not linked to traumatic events,
with a tinnitus volume scale (1-100) of between 40 and 60, with a tinnitus handicap
inventory (THI) of between 25 and 65. An experimental group, with experimental
treatment, and a placebo group are established, with one group or another being
assigned randomly.
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During the study, a screening phase was initially performed, which lasted a
maximum of 3 months which was necessary to recruit the participants of the study.
It is expected that the patients that are already being treated in USD Audiology,
subjected to a hearing test and audiometric tests in the last six months

The treatment performed in the study lasted for a total of 6 consecutive
weeks, with 2 sessions a week lasting approximately 40 minutes each, using the
device 1 for about 15-20 min per ear, to be performed with a separation between

sessions of min. 2 and max. 4 days one from another.

The end of the treatment has been set at the end of the sixth week.
Subsequently, two control assessments have been planned, one of which takes
place 12 weeks and another 6 months after the start of the study.

The results of the study show a significant improvement of both THI (>10
points) and a minimum level of masking (>=5dB) at the end of the treatment in the
experimental group compared to the placebo group. In addition, although the study
was initially designed to particularly research tinnitus, according to the study, a
large number of patients were found to have improved PTA of more than 10dB HL
in the treated ear upon finishing the treatment and the following three months.

According to the study, these results can be related to a diathermic effect
located in the metabolism of the inner ear and homeostasis, meaning that it is
expected that they can also be applied to other inner ear disorders, for example to
treat patients with Méniére's disease.

This study has been performed using a device 1 according to the present
invention, embodiments of which are described below. Naturally, it is intended that
other embodiments of the device 1, the embodiments of which are not described,

would also provide the desired therapeutic effect.

Figure 1 shows a diagram of the device 1 for treating sensorineural
disorders of the inner ear such as tinnitus or hearing loss in a patient 100. As can
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be seen, the represented device 1 comprises generation means 2 for generating
an electrical stimulation signal 3 and electrodes 5a, 5b of the electrical stimulation
signal 3 to the patient 100, specifically, the electrodes 5a, 5b are configured to
apply the electrical stimulation signal 3 on the anterosuperior part of the mastoid
process 101 of the patient 100. The device 1 comprises a first electrode 5a and a
second electrode 5b. The placement of at least one electrode 5a, 5b on the patient
100 is important for the invention, as shall be detailed below. Naturally, the
generation means 2 can be provided outside the device 1, for example in a
console, peripheral or remote control, and transfer the electrical stimulation signal
3 for example by means of a cable directly to the electrodes 5a, 5b of the device
1.

In the diagram shown, the device 1 is further provided with sound emitting
means 9 adapted to emit sound with a stop frequency band, having processing
means 11 adapted to stop a frequency band of an audio signal 12. These sound
emitting means 9 are optional and the incorporation thereof has been shown to
improve still more the therapeutic effect of the applied electrical stimulation signal
3. Naturally, the processing means can also be provided outside the device 1, for
example a console, peripheral or remote control, and transfer the audio signal 12
for example, by means of a cable directly to the sound emitting means 9 of the
device 1. It is intended that a single cable can be used for one or more of supplying
the device 1, transferring the audio signal 12, optionally already processed, and
sending other data, such as start, stop commands or commands to transfer records
of the status of the device 1.

Figure 2 shows an electrical stimulation signal 3 suitable for use in the
device 1 of the present invention and used in the study. It can be seen that figure
2 shows the frequency spectrum of an electrical stimulation signal 3 suitable for
use in a device 1 of the present invention, specifically the power spectrum or power
spectral density, where it can be seen that the electrical stimulation signal 3 has a
main frequency component greater than 200 and less than 600 kHz, specifically
the main frequency is between 450kHz and 540kHz with its peak around 495kHz.
It is possible for the signal to additionally have other main frequency components,
for example, frequency peaks in other ranges. It can be seen that in the
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represented electrical stimulation signal 3. It can be seen in the represented
electrical stimulation signal 3 that is of the band width of the main frequency, the
other frequency components of the signal are sufficiently attenuated, being
considered noise. Thus, it is intended that the electrical stimulation signal 3 can be
an essentially sinusoidal signal with a fundamental frequency around 495kHz,
although other forms of electrical stimulation signal 3 are also considered, the main
or fundamental frequency of which is the same, for example a square signal, or
saw-tooth signal, which have other frequency components, but maintain the
fundamental frequency within the previously indicated range. It can be seen that
the electrical stimulation signal 3 is represented in dBm, meaning that the scale is
logarithmic, the power of the peak being much greater than 495kHz, which would
be slightly less than 40 dBm, while the power of the rest of the frequencies would
be much lower. It can be seen that given that in this case the electrical stimulation
signal 3is a5V and 1.5 A signal, its power would be 7.5 W, corresponding to 38.75
dBm which is approximately the value of the peak at 495 kHz, meaning that
primarily all the power of the signal is around this frequency, specifically the power
is concentrated in this peak frequency and possibly within a band width up to 90
kHz, between 450kHz and 540kHz, where the power falls 30 dBm. Outside this
band width, in the signal 3 shown, the power of the signa is very low, comparable
to noise. The possibility of using another type of electrical stimulation signal 3, with
other frequencies, is not ruled out in order to obtain the therapeutic effect when
applied to the anterosuperior part of the mastoid process 101, specifically other
signals with main frequencies within the intermediate band, or frequencies close to
this band, such as between 200 kHz and 600 kHz, not ruling out that effects can
be produced even with lower frequencies and that, for example, are greater than
100 kHz.

Figure 3 shows the anterosuperior part of the mastoid process 101 of a
patient 100 on which the at least one electrode 5a, 5b of a device 1 of the present
invention must be placed, this anterosuperior part is the target part on which the
electrical stimulation signal 3 must impact as it circulates between the two
electrodes 5a, 5b, such that the electrical stimulation signal 3 transmitted from the
at least one electrode 5a, 5b reaches the anterosuperior part of the mastoid
process 101 of the patient 100. The electrical stimulation signal 3 that is transmitted
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from the at least one electrode 5a, 5b reaches the anterosuperior part of the
mastoid process 101 of the patient 100 when at least one electrode 5a, 5b is
arranged on the anterosuperior part of the mastoid process 101. Figure 3 shows
the auricle 103 of the patient 100, showing that the anterosuperior part of the
mastoid process 101 is covered by the auricle 103, such that the device 1 must be
configured to access the posterior part of the auricle 103 in order to arrange the
one or more electrodes 5a, 5b on the anterosuperior part of the target mastoid
process 101, such that the passage of the electrical stimulation signal 3 stimulates
this target zone. This target zone is the middle part of the mastoid process behind
the insertion line of the auricle 103 on the skin, which may be considered the
anterosuperior quadrant of the mastoid process 101, in the zone adjacent to the
external auditory canal 105, typically in the continuation of the horizontal imaginary
line 104 that passes through the external auditory canal. Thus, as it is placed on
the patient 100, the at least one electrode 5a, 5b is arranged on the anterosuperior
part of the mastoid process 101 of the patient 100 such that the electrical
stimulation signal 3 transmitted from the at least one electrode 5a, 5b reaches the
anterosuperior part of the mastoid process 101 of the patient 100, stimulating it to
obtain a therapeutic effect.

Figure 4 shows a diagram of the electrodes 5a, 5b to transmit the electrical
stimulation signal 3 of the device 1 when they are applied to a patient 100. It can
be seen that the electrodes 5a, 5b comprise a first electrode 5a and a second
electrode 5b that are arranged on the head 102 of the patient 100. The electrodes
5a, 5b are mounted on a support 6 that facilitates the application of the electrodes
5a, 5b on the anterosuperior part of the mastoid process 101 which is where the
electrical stimulation signal 3 is to be applied. As can be seen, the electrical
stimulation signal 3 is conducted through the patient 100 between the electrodes
5a, 5b propagating the electrical stimulation signal 3 by covering the mastoid
process 101 of the patient 100. It is intended depending on the resistance of the
patient 100 between the electrodes 5a, 5b that the electrical stimulation signal 3
can also be radiated, for example partially, since the connection between the
electrodes 5a, 5b through the patient 100 can be modelled as a resistance and
condenser in parallel.
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Figure 5 shows an example of electrodes 5a, 5b for a device 1 of the
present invention. It can be seen that the electrodes 5a, 5b are arched, to facilitate
the contact with the skin of the patient 100. It can also be seen that in the direction
of the smallest distance between the first electrode 5a and the second electrode
5b, the separation distance d1 between the first electrode 5a and the second
electrode 5b is less than the distance between ends d2 of the first electrode 5a and
the distance between ends d2 of the second electrode 5b. In this case the distance
between ends d2 of each electrode 5a, 5b is the same because the electrodes 5a,
5b are equal and parallel to each other. It can be seen that in this case the
electrodes 5a, 5b that are made of metal, are attached to a dielectric base 15 that
is installed in the support 6 of the device 1, such that the electrodes 5a, 5b are

arranged on the support 6.

Figures 6a and 6b show a first embodiment of the device 1 according to the
invention, which comprises a first electrode 5a and a second electrode 5b. It can
be seen that the first electrode 5a and the second electrode 5b are equal and
parallel to each other, and that in the direction of the smallest distance between
the first electrode 5a and the second electrode 5b, the distance between the first
electrode 5a and the secondo electrode 5b is less than the distance between ends
of the first electrode 5a and the distance between ends of the second electrode 5b

and are arranged in an earcup 10 provided with a pad 8.

The first electrode 5a and the second electrode 5b are placed in a support
6 which in this case are in the form of earphones 7, also known as headphones or
headsets, that facilitate the placement of the device 1 on the head 102 of a patient
100, such that the electrodes 5a, 5b are configured arranged to apply the electrical
stimulation signal 3 on the anterosuperior part of the mastoid process 101 of the
patient 100, that is, they are duly placed on the skin of the head 102 of the patient
100, behind the auricle 103. The electrodes 5a, 5b apply, during the treatment of
the inner ear disorder, an electrical stimulation signal 3 as previously described,
with a main frequency component greater than 200 kHz and less than 600 kHz,

preferably a signal with a main frequency within an intermediate frequency band.

Itis intended that the device 1 is provided with a timer to limit the time during
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which the electrical stimulation signal 3 can be applied, preferably enabling a use
of 15 or 20 minutes for each ear, and not enabling the electrical stimulation signal
3 to be applied again in an ear until at least 24 hours have passed.

It can be seen that the support 6 comprises an earcup 10 adapted to be
placed on and around the auricle 103 of the patient 100 with a pad 8 for a more
comfortable fastening. El first electrode 5a and the second electrode 5b are
arranged on the periphery of the earcup 10, which enables the electrodes 5a, 5b
to be easily placed behind the auricle 103, on the anterosuperior part of the mastoid
process 101 of the patient 100. Given that the device 1 has two earcups 10, it is
possible to have pairs of electrodes 5a, 5b in each one of the earcups 10. Naturally,
the treatment of the inner ear disorders is only performed in the ear affected by, for
example, tinnitus or hearing loss. This treatment is performed by applying the
electrical stimulation signal 3 by means of electrodes 5a, 5b and optionally for
treating tinnitus by emitting sound by means of the sound emitting means 9 with a
stop frequency band, the stop frequency band being that which corresponds to the
frequency of the tinnitus of the patient 100 in that ear, which has been previously

determined via known techniques.

In this case, given that the support 6 of are headphones 7, sound emitting
means 9 can also be used, incorporated in the earcups 10 to emit sound to
complement the treatment of the inner ear disorders as described above. Naturally,
it is intended that the headphones 7 are provided with an adjustable headband 13
that joins the two earcups 10 above the head 102 of the patient 100, such that the
patient 100 may adjust the device 1 such that they are correctly arranged
surrounding and clasping the auricles 103, the electrodes 5a, 5b thus
automatically being correctly placed on each one of the mastoid processes 101,
exerting a certain pressure on the head 102 to ensure the contact of the electrodes
5a, 5b. Naturally, the earcups 10 may be devoid of the headband 13, for example
being fitted on the auricle 103 of the patient, or provided with other fastening

means, which enable the correct arrangement thereof.

Figures 7a and 7b show more detailed views of this first embodiment of the
device 1 in the form of headphones 7 wherein the support 6 comprises one earcup
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10 adapted to be placed on the auricle 103 of the patient 100, the first electrode
5a and the second electrode 5b being arranged symmetrically, arched at the
periphery of the earcup 10, and parallel to each other. It can also be seen that in
order for the device 1 to be self-supporting, the power supply means, such as
batteries, are arranged inside the earcups 10, the earcups 10 being provided with
a charging port 14, for example a USB port suitable for connecting a power cable
and sending data. It is also intended that the device 1 can be connected directly to
a power source, in this case being provided with a power cable. When the device
1 is self-supporting it allows greater freedom of movement for the patient 100
during the use thereof, but it is also intended that it can be connected to a power
source, for example by means of a cable. It is intended that the cable can directly
connect the electrodes 5a, 5b to generation means 2 of the electrical stimulation
signal 3 arranged separated, for example arranged in a control console connected
to the headphones 7. In this case, the device 1 is formed by the headphones and
the control console. This console can also provide the sound already duly
processed directly to the sound emitting means 9. It is also intended that when the
device 1 is self-supporting and the sound emitting means 9 are used, it is provided
with receiving means of a wireless radio signal that enables a wireless radio signal
to be received from remote emitters, which wireless radio signal is converted into
the audio signal 12 to be emitted by the sound emitting means 9. These receiving
means of a Wireless radio signal can be a Bluetooth sound receiver or even a
modulated frequency radio receiver. In this case, it is intended that the audio signal
12 can be sent having already processed, for example with the stop frequency
band, or can be processed after it has been received. It is also intended that when
the device 1 is self-supporting and contained, the processing means 11 of the
audio signal 12 generate a predetermined audio signal 12, for example a white
noise signal with a stop frequency band. It is intended that the device 1 has control
means that enables the indication of the frequency to be stopped.

Figure 7c shows the cross section C that can be seen in Figure 7b to
illustrate that the support 6 comprises an earcup 10 with a cross section C that
determines a horseshoe arch, that is C-shaped, forming an arch greater than 180
degrees to thus form an inner area 16, for example 5 cm by 7 cm, with an edge
having an overhang of at least 1 cm, in which to house, the auricle 103, trapping
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it. Therefore, the earcup 10 is adapted to be placed covering and surrounding the
auricle 103, with, in this case, the first electrode 5a arranged at one end of the
earcup 10, such that the first electrode 5a, which is mounted on the base 15 is
arranged behind the auricle 103 of the patient 100, on the anterosuperior part of
the mastoid process 101. A flexible pad 8 is also included at the end of the earcup
10 to facilitate the housing of the auricle 103 in the inner area 16. Thus, when the
patient places the earcup 10 on themselves, which may be mounted on
headphones 7, the electrodes 5a, 5b are duly placed for the treatment without the
involvement of medical personnel being necessary, which means that the patient
100 can perform the treatment themselves, for example at home. Naturally, the
earcup 10 can have a single electrode 5a, 5b, the other electrode being arranged
in the other area of the body of the patient 100, although for a more effective
treatment, it is recommended that both electrodes 5a, 5b be arranged on the
anterosuperior part of the mastoid process 101, thus minimizing contact with the
hair. It can also be seen that the ear 10 also has sound emitting means 9, a
loudspeaker, that can be used to complement the treatment.

Figures 8a and 8b show a second embodiment of the device 1 according
to the invention, wherein the electrodes 5a, 5b are mounted on a support 6 in the
form of a glasses frame, the one or more electrodes 5a, 5b being mounted on the
curved ends of the temples, such that they are arranged behind the auricle 103
and on the anterosuperior part of the mastoid process 101.

Figure 9 shows a third embodiment of the device 1 according to the
invention, wherein the electrodes 5a, 5b are mounted on a support 6 in the form
of a helmet or hat, the helmet or hat being adapted to be arranged behind the
auricle 103, the part of the helmet or hat adapted to be arranged behind the auricle
103 being provided with the one or more electrodes 5a, 5b, such that they are
arranged behind the auricle 103 and on the anterosuperior part of the mastoid
process 101.
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CLAIMS

1. A device (1) for treating inner ear disorders such as tinnitus or
hearing loss in a patient (100) comprising at least one electrode (5a, 5b) adapted
to transmit an electrical stimulation signal (3) to the patient (100), characterised in
that the at least one electrode (5a, 5b) is mounted on a support (6) configured such
that when it is placed on the patient (100) the at least one electrode (5a, 5b) is
arranged on the anterosuperior part of the mastoid process (101) of the patient
(100) such that the electrical stimulation signal (3) transmitted from the at least one
electrode (5a, 5b) reaches the anterosuperior part of the mastoid process (101) of
the patient (100).

2. The device (1) according to the preceding claim, characterised in
that the electrical stimulation signal (3) has a main frequency component greater
than 200 kHz and less than 600 kHz.

3. The device (1) according to the preceding claim, characterised in
that the electrical stimulation signal (3) has a main frequency component of
between 450 kHz and 540 kHz.

4, The device (1) according to the preceding claim, characterised in
that the electrical stimulation signal (3) has a main frequency component of 495
kHz.

5. The device (1) according to any one of the preceding claims,
characterised in that it comprises a first electrode (5a) and a second electrode (5b)
mounted on the support (6) configured such that when the electrodes (5a, 5b) are
placed on the patient (100) they are arranged on the anterosuperior part of the
mastoid process (101) of the patient (100).

6. The device (1) according to the preceding claim, characterised in
that, in the direction of the smallest distance between the first electrode (5a) and
the second electrode (5b), the separation distance (d1) between the first electrode
(5a) and the second electrode (5b) is less than the distance between ends (d2) of
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the first electrode (5a) and the distance between ends (d2) of the second electrode
(5b).

7. The device (1) according to any one of claims 5 to 6, characterised
in that the first electrode (5a) and the second electrode (5b) are equal.

8. The device (1) according to any one of claims 5 to 7, characterised
in that the first electrode (5a) and the second electrode (5b) are arranged
symmetrically on the support (6).

9. The device (1) according to any one of claims 5 to 8, characterised
in that the first electrode (5a) and the second electrode (5b) are arched.

10.  The device (1) according to any one of claims 5 to 9, characterised
in that the first electrode (5a) and the second electrode (5b) are parallel to each
other.

11. The device (1) according to any one of the preceding claims,
characterised in that the support (6) comprises an earcup (10) the cross section
(C) of which determines a horseshoe arch, the earcup (10) being adapted to be
placed covering and surrounding the auricle (103) of the patient (100), the at least
one electrode (5a, 5b) being arranged at one end of the earcup (10).

12.  The device (1) according to any one of the preceding claims,
characterised in that it is also provided with sound emitting means (9).

13. The device (1) according to the preceding claim, characterised in
that the sound emitting means (9) are adapted to emit sound with a stop frequency
band.

14. The device (1) according to the preceding claim, characterised in
that it comprises processing means (11) adapted to stop a frequency band of an
audio signal (12).
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15. The device (1) according to any one of the preceding claims,
characterised in that the support (6) are headphones (7).



