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Description

OBJECT OF THE INVENTION

[0001] The presentinvention relates to neuroprosthet-
ic device for monitoring and suppression of pathological
tremor in a user via the stimulation of peripheral afferent
pathways. The resulting afferent inflow projects into the
central nervous system (spinal cord and brain) where it
modulates the activity of the neural structures responsi-
ble for generating/maintaining pathological tremor.
Therefore, with this device, functional compensation (i.e.,
attenuation) of the pathological tremor by the stimulation
of the afferent pathways is achieved, in particular in the
upper limbs.

[0002] The main fields of application of the present in-
vention are the material and electronic equipment within
the orthoprosthetic and rehabilitation industries.

BACKGROUND OF THE INVENTION

[0003] Pathological tremor can be defined as a strong
involuntary oscillatory movement of a body part. Tremor
is the most common movementdisorderand itsincidence
and prevalence are increasing with the aging of the world
population, affecting 15% of people aged between 50
and 89 years. The most common are tremors caused by
the two neurodegenerative diseases: Parkinson’s dis-
ease and essential tremor. Although the disorder is not
life-threatening, more than 65% of population suffering
from upper limb tremor reports serious difficulties in per-
forming their activities of daily living (ADL), greatly de-
creasing theirindependence and quality of life. The most
common treatments are drug therapy or surgery. Patents
and references described in this document are the cur-
rent techniques for the treatment of tremor. However,
25% of patients do not benefit from any of these treat-
ments, and this calls for the creation of alternative treat-
ments to tremor.

[0004] The pathological tremors - simply referred to as
tremors in the remainder of the document - arise due to
various conditions. As a result, it is very difficult to differ-
entiate tremors according to their etiology. Because their
exactunderlying mechanisms have notyetbeen clarified,
none of them is fully understood. In the state-of-the-art,
the tremors are treated with drug therapy or surgery,
which may include thalamotomy or pallidotomy, or more
commonly nowadays, thalamic stimulation (DBS). Unfor-
tunately, both alternatives have significant drawbacks:
drugs often have side effects, and show a decrease in
effectiveness over the years of use (Olanow, CW et al.
(2000) Preventing levodopa-induced dyskinesias, Ann
Neurol 47 , S167-S176; discussion S176-168), while the
DBS is associated with an increased risk of intracranial
hemorrhage (~ 4% of patients) (Kleiner-Fisman, G, et al.
(2006). Subthalamic nucleus deep brain stimulation:
Summary and meta-analysis of outcomes, Mov Disord
21, S290-S304) and psychiatric manifestations (Pi-

10

15

20

25

30

35

40

45

50

55

asecki, SD et al. (2004) Psychiatric Complications of
deep brain stimulation for Parkinson’s disease, J Clin
Psychiatry 65, 845-849), moreover, the percentage of
eligible patients is very low (Perlmutter, JS et al. (2006)
Deep brain stimulation, Annu Rev Neurosci 29, 229-257),
for example, only 1.6 to 4.5% of the Parkinson’s disease
patients (Morgante, L, et al. (2007) How many parkinso-
nian patients are suitable candidates for deep brain stim-
ulation of subthalamic nucleus? Results of a question-
naire, Parkinsonism Relat Disord 13, 528-531). Further-
more, the mechanisms accounting for the alleviation of
tremor symptoms by drugs, thalamotomy or DBS are un-
known, hampering the refinement of the existing treat-
ment forms, and the development of novel ones.

[0005] Recently, the state of the art has demonstrated
the feasibility of managing upper limb tremors with bio-
mechanical loading, applied either through robotic ex-
oskeletons, ortranscutaneous neurostimulation. This ap-
proach, on the contrary to pharmacotherapy or surgery,
suppresses tremors by the modification of limb biome-
chanics, and not by targeting their site of origin. In spite
of attaining a systematic attenuation of moderate and
severe tremors, there are a number of limitations in wear-
ability, comfort, and selectivity (Rocon, E, et al. (2007)
Design and validation of a rehabilitation robotic exoskel-
eton for tremor assessment and suppression, |IEEE
Trans Neural SystRehabilEng 15, 367-378). These tech-
niques are protected by various patents: ES200301767,

ES200402966, US5562707, and  US6959215
US7643882B2.
[0006] Recent experiments with subthreshold (affer-

ent) transcutaneous stimulation carried out in the frame-
work of TREMOR project (ICT-2007-224051) showed
significanttremor attenuation in a number of patients (un-
published results). This finding is in agreement with a
recentwork on restoration oflocomotion in rodent models
of Parkinson Disease through spinal cord stimulation
(Fuentes, R, Peterson, et al. (2009) Spinal cord stimula-
tion restores locomotion in animal models of Parkinson’s
disease, Science 323, 1578-1582). Therefore, current
evidences support the idea that stimulation of the afferent
pathways may alleviate the symptoms of tremors, prob-
ably by a disruption of low-frequency synchronization in
the corticobasal ganglia circuits (Fuentes, R, etal. ( 2010)
Restoration of locomotive function in Parkinson’s dis-
ease by spinal cord stimulation: mechanistic approach,
Eur J Neurosci 32, 1100-1108).

[0007] Within the state of the art, there are several pat-
ents that describe different techniques of stimulation but
none protects the concept of this invention. The patent
US20060217781A1 (Systems and methods for treating
disorders of the central nervous system by the modula-
tion of brain networks) describes a series of methods and
systems for the treatment of brain disorders through the
neuromodulation of brain structures. The patent de-
scribes a number of methods for implementing neuro-
modulation (electrical, optical, magnetic or chemical
stimulation) of the structures of the brain associated with
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the disease. Patent US20060212089 (Device for the de-
synchronization of neuronal brain activity) focuses on the
description of a device for the desynchronization of brain
areas. Importantly, all of the proposed techniques are
focused on the direct stimulation of the brain and not on
the stimulation of peripheral afferent pathways (sensory
nerves), as described in this patent. The patent applica-
tion US2011184489 entitled "Method of Treating Parkin-
son’s Disease and Other Movement Disorders" de-
scribes a method for the treatment of disorders associ-
ated with Parkinson’s disease based on electrical stim-
ulation of the spinal cord. Patent WO2010141155A1 en-
titled "Selective neuromodulation using energy-efficient
waveforms" describes methods for selectively neuro-
modulation in mammals.

[0008] The patent application WO2005122894 "Meth-
od and electronic computing device for suppressing and
evaluating tremors and spastic movements in relation to
input and control peripherals" describes a method and
device for discerning the tremor movement generated by
neurological disorders. Document US-A-6 081 744 dis-
closes the most relevant prior art.

Disclosure of the invention

[0009] The present invention discloses a neuropros-
thetic device for monitoring and suppression of patho-
logical tremor in a user via neurostimulation of the pe-
ripheral afferent pathways (sensory nerves). This inven-
tion is employed as an alternative treatment to the reduc-
tion of tremor in patients suffering from the pathologies
that generate tremor, in particular Essential tremor and
Parkinson Disease. Itindustrial application takes the form
of a neuroprosthesis (implanted or transcutaneous) to
reduce the tremor through the neuromodulation of the
afferent pathways. The final product therefore is a neu-
roprosthesis, integrating all the electronics for the control,
acquisition and processing of tremor variables acquired
by bioelectrical sensors (e.g., EMG) or biomechanical
movement sensors (e.g., inertial measurement units).
This electronics is preferably integrated into a textile sub-
strate to be worn on the human upper limb, with a set of
electrodes (implantable or transcutaneous) for neuros-
timulation. The neuroprosthetic device, in addition to sup-
pressing tremor, may be a tremor-monitoring tool during
the patient’s daily life. Furthermore, the proposed method
allows adapting automatically the neuromodulation strat-
egy to the different conditions of tremor movement in
each patient.

[0010] Theinvention is defined in claim 1. Any embod-
iment, which is in contradiction to the subject-matter of
claim 1 is not part of the invention.

[0011] In another particular implementation of the in-
vention, the device comprises an external device con-
nectable to a programmable electronic device with an
interface for accessing the functionalities of at least one
wearable element. In a more particular implementation
of the invention, the target programmable electronic de-
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vice can be a computer, a tablet, a smartphone or a sim-
ilar device. It is also envisaged that in another particular
implementation of the invention, the external device com-
prises means for displaying measurements taken by the
neuroprosthetic device based on the acquired signals, a
processor for analysis and generation of diagnostics and
reports of tremor and a memory to store the measure-
ments performed by the neuroprosthetic device.

[0012] In another particular implementation of the in-
vention, atleast one bioelectric sensoris selected among
a classic multichannel bipolar EMG, high-density elec-
tromyography sensors (hdsEMG), electroencephalogra-
phy sensors (EEG), ora combination of those, measuring
electrical activities of the muscles and brain and charac-
terizing the pathological tremor and/or voluntary move-
ment intentions of the user.

[0013] In another particular implementation of the in-
vention, at least one biomechanical sensor is an inertial
sensor selected from gyroscopes, accelerometers, mag-
netometers or a combination of those.

[0014] In another particular implementation of the in-
vention, at least one electromyography sensor is a mul-
tichannel thin film electrode.

[0015] In another particular implementation of the in-
vention, at least one stimulation electrode is a thin film
multi-channel electrode.

[0016] In another particular implementation of the in-
vention, the connection between the programmable elec-
tronic device and the external device is selected from a
wireless connection or a wired connection.

[0017] Therefore, the present invention discloses an
ambulatory neuroprosthesis, to remotely monitor and
treat tremor during the user’s daily life, where the neuro-
prosthesis integrates a neural stimulation and a high res-
olution measurement systems; these two components
are integrated into the neuroprosthesis object of this in-
vention. As a result, with the measurement and stimula-
tion systems integrated into the neuroprosthetic device,
the system will merge neural and biomechanical infor-
mation to achieve a correct parameterization of tremor
in everyday life, and use this information to control the
closed-loop stimulation for tremor suppression. Addition-
ally, this data will be interpreted in order to assess the
tremor, and provide both to the neurologist and the indi-
vidual patientthe metrics reflecting the current status and
evolution of the tremor. This will facilitate remote moni-
toring of treatment. In addition, the patient will get more
involved in the therapy. It will also allow an objective com-
parison regarding a long-term drug therapy, which is the
current gold standard for the tremor treatment.

[0018] The neuroprosthesis concept provides a novel
way to manage the involuntary movements in the part of
the body affected by tremor. The system will be easy to
use and self-contained; this means that the acquisition,
control electronics and power supply will be incorporated
into the neuroprosthetic device, providing functional
treatment of the most common forms of tremor in upper
limb, for instance, those caused by Parkinson and es-
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sential tremor. It will facilitate the independence of the
patients, and maximize their time out of the care centers,
saving costs associated with medical care.

[0019] A second object of the present disclosure is a
method of monitoring and suppression of pathological
tremor in a user via the stimulation of peripheral afferent
pathways, utilizing the neuroprosthetic device described
above. This method comprises the following steps:

i) Tremor characterization by a plurality of bioelec-
trical and biomechanical sensors generating a bio-
electrical characterization signal and a biomechan-
ical characterization signal wherein these tremor
characterization signals comprise atleast frequency,
phase or amplitude of tremor;

ii) To provide the programmable electronic device
with these tremor characterization signals;

iii) Todistinguish the tremor from the voluntary move-
ment of the user through a conventional analysis of
the bioelectrical characterization signal and the bio-
mechanical characterization signal;

iv) To calculate the neurostimulation control signal
from the bioelectrical and biomechanical character-
ization signals, which is implemented in the module
for control, acquisition and processing of the pro-
grammable electronic device;

v) To generate the neurostimulation signal through
the electronic signal generator (i.e., electrical stim-
ulator) of the programmable electronic device and,

vi) To send the stimulation signals to the plurality of
neurostimulation electrodes that will stimulate the af-
ferents pathways.

[0020] In a particularimplementation, when the device
has at least one electroencephalography EEG sensor
which measures the brain activity of the user, the method
further comprises the following steps:

- To add to the signals measured in step i) the user's
brain activity as captured by atleast one EEG sensor
and generate a electroencephalography signal that
characterizes the intended user movement of the
body part affected by the tremor;

- To provide electroencephalography signals, in
phase Il) to the control, acquisition and processing
module of the programmable electronic device;

- Additionally, to use electroencephalography signal
in step iv) to calculate the neurostimulation signal to
be sent to the neurostimulation electrodes for the
activation of the afferents pathways.

[0021] In another particular implementation, stimula-
tion of the afferent pathways disrupts the low-frequency
synchronization in the corticobasal ganglia circuits of the
user.

[0022] In another particular implementation, the affer-
ent inflow generated by the stimulation of the peripheral
afferent pathways projects into the central nervous sys-
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tem (spinal cord and brain) where it modulates the activity
of the neural structures responsible for generating/main-
taining pathological tremor. The latter will result with
tremor attenuation.

[0023] In another particular implementation, the anal-
ysis employed by the programmable electronic device
for discriminating the tremor from the voluntary move-
ment is based on algorithms in the time and frequency
domain. More preferably, the algorithm used is the iter-
ative Hilbert transform. An implementation of this type of
signal analysis to differentiate trembling from the volun-
tary movement of the patient is described in the patent
application WO02005122894 (Method and electronic
computing device for suppressing and evaluating trem-
ors and spastic movementsin relation toinputand control
peripherals). However, one could employ any technique,
which allows clear differentiation of the signal generated
by a tremor from the signal generated by a voluntary
movement of a user that suffers from a neurological path-
ological condition.

[0024] In another particular implementation, the pro-
grammable electronic device sets:

- The parameters of neuromodulation strategies to be
executed, and
- The operating mode of the neuroprosthetic device.

[0025] In another particular implementation the calcu-
lation of neurostimulation signal in the programmable
electronic device is based on an algorithm in the frequen-
cy or time domain. More preferably, the algorithm in the
frequency or time domain is selected from an IEEE-1057
standard algorithm, a Kalman Filter and Benedict-Bord-
ner filter.

[0026] Therefore, in summary, the proposed patholog-
ical tremor monitoring and suppression methods consist
of two main stages:

The first stage is a strategy for identifying the character-
istics of the tremor from information gathered from a va-
riety of biomechanical (inertial sensors) or physiological
(EMG or EEG signal) sensors. The features obtained by
this strategy are at least the frequency, phase or ampli-
tude of the tremor signal, differentiating the pathological
tremor signal from the voluntary signal by means of any
digital algorithm or any analog or digital electronic circuit
designed for this purpose. Furthermore, information is
obtained on the cerebral activity, for example during
preparation and initiation of a voluntary movement of the
patient through the EEG signal. Additionally, the charac-
teristics obtained from tremor may be used to monitor,
track and log tremor during the patient’s daily life.
[0027] The second stage consists of a control loop for
the neuromodulation of afferent pathways, which uses
the tremor information obtained in the previous phase,
to define the intensity and timing of electrical stimulation
ofthe afferents pathways in orderto relieve the symptoms
of tremor, preferably, by interrupting the synchronization
of tremor-related oscillations at spinal level or brain,
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thereby preventing the development of tremor. In this
context, two possible control strategies are provided that
can be implemented by the method and device object of
this patent, both based on the neurophysiological tremor
origin:

- A first strategy is a desynchronization of the trem-
orogenic central network by means of afferent neu-
rostimulation. The rationale for the first approach is
that essential tremor and Parkinson’s disease are
primarily caused by the brain structures that exhibit
an abnormal oscillatory activity. Although a detailed
description of such networks is still lacking, it is ac-
cepted that the desynchronization of this abnormal
activity is the mechanism that mediates tremor man-
agement with deep brain stimulation, and also likely,
through pharmacotherapy. In addition, the delivery
of afferent stimuli to the supraspinal centers from the
periphery has recently been shown to improve the
symptoms of Parkinson’s disease. The neurostimu-
lator defined in this patent will directly stimulate the
nervesinnervating the tremulous muscles. This stim-
ulation will be reaching the central tremorogenic net-
work without interfering with other neural processes.
To this end, the neurostimulator will stimulate in a
range of frequencies aimed at causing a desynchro-
nization of the tremor network.

- The second strategy is the decorrelation of the com-
mon input to motor neurons that innervate the affect-
ed muscles. This approach relies on the hypothesis
that the desynchronization of the common tremor
input to the motor neuron pool may reduce tremor
amplitude. The rationale for this is that a secondary
input, commonly projected to a pool of motor neu-
rons, hampers the transmission of a primary input -
in this case the tremor. Indeed, this technique is
based on today treatments known to alleviate the
symptoms of Parkinson’s disease by vibrating the
whole body. Interestingly, the experiments showing
that limb cooling reduces the severity of tremor aris-
ing from Parkinson’s disease, essential tremor, and
multiple sclerosis, also provide support of this ap-
proach.

[0028] Furthermore, by using an Internet connection,
the neuroprosthetic device can send objective informa-
tion for the physician to monitor in real time (online) the
effects of treatment for tremor suppression.

[0029] The main advantages of the device objects of
this invention compared to other techniques and devices
within the state of the art could be summarized as:

- ltis a portable and ambulatory.

- ltis less invasive than DBS and the percentage of
eligible patients is higher.

- ltis the first technique based on the afferent stimu-
lation for minimizing the tremor.

- The concept proposed in this patent will replace or
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complement the pharmacological treatment of trem-
or.

- Thedevice will allow monitoring tremor of the patient
under any treatment, which could be based on the
neuroprosthetic device described in this document
or conventional treatment (pharmacotherapy or sur-
gery).

- Itdoes notlimitthe range of movements and freedom
of the patient.

DETAILED DESCRIPTION OF THE FIGURES

[0030]

Figure 1. - lllustrates schematically the architecture
of a particular implementation of the neuroprosthetic
device defined in the present invention.

Figure 2. - lllustrates an example implementation of
the device object of the invention placed on a limb
of a user.

Figure 3. - lllustrates an example implementation of
the method of monitoring and suppression of path-
ological tremors defined in the present invention.

EXAMPLES

[0031] This section provides a description of several
implementations of the invention, with an illustrative and
non-limiting approach, making reference to the number-
ing adopted in the figures.

[0032] Figure 1 shows an implementation of the neu-
roprosthetic device composed of the wearable garment
(1), in this case textile, and the connectable external de-
vice (2) from where the operation of the neuroprosthesis
and the tremor characteristics are monitored.

[0033] This neuroprosthesis, which will be useful for
monitoring, diagnosis and pathological tremor suppres-
sion in any of its variants, is being composed of the fol-
lowing components:

= Wearable garment (1) that enables the integration
of inertial sensors, and electronics for neurostimula-
tion and electrophysiological signal acquisition and
processing, together with a module for data storage
and communication. This item (1) provide long-term
records of neural and biomechanical data of the body
part to which it is placed, and will treat the tremor
during the patient’s daily life by delivering the afferent
stimulation. The collected information is analyzed,
and derived metrics are extracted to provide both
the patientand clinician with feedback of the therapy
progress. The clinician will have remote access to
this data, and will be able to adjust the therapy, and
the user will be involved in the treatment.

= Bioelectric sensors (3):
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a. Electrodes to measure surface (EMG) or in-
tramuscular (iEMG) electromyography (6).
These may be bipolar or high-density electrodes
(6) .

b. Electrodes to measure electroencephalogra-
phy (EEG) (5).

[0034] The information from the bioelectric sensors
may be useful for the management of control strategies
for neurostimulation.

= Motion sensors (4) such as inertial sensors (IMUs)
).
= Electrodes (transcutaneous or implantable) for
neurostimulation (8).

= A programmable electronic device (9) which may
be a microcontroller, microprocessor, DSP, ... com-
puter, which is responsible for:

a. The identification and tracking of the tremor
motion using appropriate state of the art algo-
rithms.

b. The implementation of control algorithms for
neurostimulation.

¢. The acquisition of the sensors signals (3, 4)
of the wearable element (1).

d. The generation of signals for neurostimula-
tion.

e. Communication with an external device (2).
The programmable electronic device (9) is able
to communicate both wirelessly (Bluetooth, Zig-
bee, WiFi or IrDA) or through cables (TCP / IP,
serial cable) with the external device (2).

= An external device (2) (PC, iDevice (iPhone,
iPad), Smartphone or similar) responsible for:

- The implementation of an interface to access all
the features of the neuroprosthesis. This inter-
face allows:

i. The adjustment of the parameters of the
control strategies for neurostimulation.

ii. The definition of the operation mode of
the neuroprosthesis.

ii. The presentation of the variables meas-
ured by the neuroprosthesis.

iv. The analysis of the tremor motion.

v. The presentation of the machine-based
diagnostic.

vi. The storage of the data acquired by the
neuroprosthesis.

vii. The preparation of reports.

- The communication (wirelessly or via cables)
with the neuroprosthesis.

[0035] Forthe case in which the electrodes for neuros-
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timulation are implantable (8), all the electronics would
be integrated into the textile and only the electrode (in-
tramuscular thin film or wire) would be implanted in the
muscle. For the case in which the electrodes for neuros-
timulation are transcutaneous (8), all the electronics and
the electrodes would be integrated into the textile.
[0036] The programmable electronic device (9) com-
prises the entire electronic for control, acquisition and
processing of the signals acquired by the sensors. The
electronic device (9) is also running different calibration
strategies for the control and suppression of tremor and
it is capable of generating the appropriate signal for the
afferent neurostimulation based on the information gath-
ered by the sensors (3,4) and it is also able to commu-
nicate with the external device (2). This external device
(2), which is connected to the programmable electronic
device (9), is able to provide an interface to access all
the features of the neuroprosthesis (1) and present data
in a convenient way to the users, who could be a patient
or a clinician.

[0037] The sensors, biomechanical and bioelectrical
(3, 4), would be used to extract information about the
patient's movement and, from the algorithms pro-
grammed into the neuroprosthesis, extract features of
patient’s tremor. These tremor features allow customiza-
tion of stimulation applied to each patient.

[0038] The use of this neuroprosthetic device is two-
fold. On one hand, it can be used as a tool for tremor
evaluation and objectification in patients under normal
conditions or under any tremor suppression treatment
(pharmacological or surgical) and, on the other hand, as
a tool for treatment of these patients with tremors.
[0039] Figure 2 shows another implementation of the
neuroprostetic device object of the present invention in
which the wearable garment is placed on the arm and
forearm of a user. Therefore the wearable element (1),
which in this case will be textile, integrates bioelectrical
sensors (3), movement sensors (4), a programmable
electronic device (9) and neurostimulation electrodes (8).
[0040] This example is based on the adoption of two
gyroscopes as motion sensors (4). These sensors are
integrated into a flexible substrate, and are therefore very
convenient for the integration within the garment.
[0041] Both gyros are placed on the textile structure
on both sides of the wrist joint and provide information
about the absolute angular speed of the segments (hand
and forearm) in the plane of motion of the joint. The sen-
sors measure the frequency range between 0 and 50 Hz,
thereby covering the entire frequency range of possible
tremors.

[0042] Bioelectric sensors (3) used in the example for
the measurement of bioelectrical activity are the high-
density multichannel thin film IEMG electrodes. Electro-
encephalography (5) (EEG) sensors are also used and
are responsible for detecting the user’s voluntary inten-
tion to move.

[0043] Inthe example, implantable thin film electrodes
(8) are used for neurostimulation and are responsible for
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the generation of electric fields that modulate the upper
limb afferent pathways, projecting the afferent inflow to
spinal and supraspinal centers, thereby causing the in-
terruption of the low frequency synchronization in corti-
cobasales ganglia circuits and, consequently, the sup-
pression of tremor.

[0044] All algorithms used for cancellation of tremor
could be implemented using programming environments
that are suitable for the development of real time systems
(e.g., C++). The algorithms are implemented in a micro-
controller (integrated in the programmable electronic de-
vice (9)) capable of capturing all the sensor signals. In
this particular example the acquisition rate is 200 kHz
and the resolution 12 bits. This microcontroller also in-
corporates a Bluetooth module for wireless communica-
tion with the external device (2), not shown in the Figure.
[0045] The strategy for identifying and monitoring the
tremor is based on the signals from the sensors (bioe-
lectrical (3) and biomechanical (4)). The EEG signal sen-
sors provide the information about the patient intent to
move voluntarily by integrating two Bayesian classifiers
that are based on different characteristics of the event
related desynchronization (ERD) in EEG signals. EMG
sensors indicate the onset of tremor and finally, the am-
plitude and frequency of the tremor are extracted from
the inertial sensor data. The sampling frequency chosen
for the loop identification is 1 KHz.

[0046] As external device (2) responsible for the im-
plementation of the user interface is based on an iPad.
The user interface is programmed into the iOS operating
system. The communication between the programmable
electronic device (9) and the external device (2) is made
via Bluetooth.

[0047] The platformin this example provides long-term
records of neural and biomechanical data of upper limb
tremor. The tremor is treated during the patient’s daily
life by afferent nerve stimulation. The collected informa-
tion is analyzed, and metrics are derived in order to pro-
vide the feedback about the performance of the therapy
to the patient and the clinician. The remote medical pro-
fessional has remote access to these data via the inter-
face programmed in the iPad, and is able to adjust the
therapy. As aresult, the useris more involved in the treat-
ment.

[0048] The final product will thus be an aesthetically
appealing wearable neuroprosthesis that will integrate
all the electronics for control, acquisition and processing,
and the flexible inertial sensors on a textile substrate,
together with a set of implantable thin film electrodes for
neurostimulation and neural recordings. The neuropros-
thesis constitutes an alternative management of tremor,
either alone or in combination with pharmacotherapy.
[0049] Figure 3 shows a particular example of the
method for monitoring and suppression of pathological
tremors in which biomechanical characterization signals
(12), captured by the inertial sensors (4), bioelectrical
characterization signals (13), captured by the electromy-
ography sensors (3) and electroencephalography sen-
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sors (14) are sent to the programmable electronic device
(9) which differentiate (15) the tremor (16) from the vol-
untary movement (17) of the user. This operation is per-
formed in the control acquisition and processing module
(10) of the electronic device (9). From the characteriza-
tion of tremor signal (16) the control module (10) calcu-
lates (18) the necessary neurostimulation to compensate
the tremor (16). This signal is sent to neurostimulation
signal generator (11), generating (19) this signal and
sending it to the neurostimulation electrodes (8) that
eventually generate (20) the afferent inflow to the central
nervous system.

Claims

1. Neuroprosthetic system for monitoring and suppres-
sion of pathological tremor in a user via stimulation
ofthe afferent pathways, characterized by compris-
ing at least one wearable element configured to be
located on an upper limb of the user, wherein the
wearable element comprises:

-Atleast one bioelectrical sensorthat generates
a bioelectrical characterization signal of the
tremor,

- At least one biomechanical sensor that gener-
ates a biomechanical characterization signal of
the tremor;

- A programmable electronic device comprising
at least one control, acquisition and processing
module for receiving and analyzing the bioelec-
trical and the biomechanical characterization
signals, an electric signal generator for gener-
ating a signal of the afferent nerve stimulation
based on the bioelectric and biomechanical
characterization signals defined previously;

- At least one EEG sensor configured to meas-
ure brain activity and generate an electroen-
cephalography signal which characterizes in-
tended voluntary movement of the user with the
body part suffering from tremor and,

- At least one transcutaneous stimulation elec-
trode integrated in the wearable element that
generates the neuromodulation of the afferent
pathways.

2. Neuroprosthetic system according to claim 1, char-
acterized by comprising an external device con-
nectable to the programmable electronic device that
implements an interface for accessing the function-
alities of the at least one electroencephalography
sensor and the wearable element.

3. Neuroprosthetic system according toclaim 1, where-
in the at least one bioelectrical sensor is selected
between inertial sensors, sensors of conventional
and high resolution electromyography, electroen-
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cephalography sensors measuring brain activity and
characterizing the user intention to move or a com-
bination of those.

Neuroprosthetic system according to claim 3, in
which the inertial sensors are selected from gyro-
scopes, accelerometers, magnetometers and a
combination of those.

Neuroprosthetic system according to claim 3, in
which the electromyography sensors are multichan-
nel thin film electrodes.

Neuroprosthetic system according to any of the pre-
ceding claims, wherein at least one stimulation elec-
trode is a thin film multi-channel electrode.

Neuroprosthetic system according to any of the pre-
ceding claims, wherein the programmable electronic
device is selected from a microcontroller, a micro-
processor, a DSP and a computer.

Neuroprosthetic system according to claim 2, where-
in the external device is selected from a computer,
a smartphone and a tablet device.

Neuroprosthetic system according to any of the
claims 2 or 8, wherein the connection between the
programmable electronic device and the external de-
vice is selected from a wireless connection or a wired
connection.

Neuroprosthetic system according to any of the
claims 2, 8 and 9, wherein the external device com-
prises means for displaying measurements taken by
the neuroprosthetic diagnostic device based on the
available sensors, a processor for analysis of tremor
and generation of diagnostics and reporting, and a
memory storage for the measurements made by the
neuroprosthetic device.

Patentanspriiche

1.

Neuroprothetisches System zur Uberwachung und
Unterdrickung von pathologischem Tremor bei ei-
nem Benutzer durch Stimulation der afferenten Bah-
nen, dadurch gekennzeichnet, dass es mindes-
tens ein tragbares Element umfasst, das so konfigu-
riert ist, dass es an einer oberen Extremitat des Be-
nutzers angeordnet werden kann, wobei das trag-
bare Element umfasst:

- mindestens einen bioelektrischen Sensor, der
ein bioelektrisches Charakterisierungssignal
des Tremors erzeugt;

- mindestens einen biomechanischen Sensor,
der ein biomechanisches Charakterisierungssi-
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gnal des Tremors erzeugt;

- eine programmierbare elektronische Vorrich-
tung, die mindestens ein Steuerungs-, Erfas-
sungs- und Verarbeitungsmodul zum Empfan-
gen und Analysieren der bioelektrischen und bi-
omechanischen Charakterisierungssignale um-
fasst, einen elektrischen Signalgenerator zum
Erzeugen eines Signals der afferenten Nerven-
stimulation aufder Grundlage derzuvor definier-
ten bioelektrischen und biomechanischen Cha-
rakterisierungssignale;

- mindestens einen EEG-Sensor, der so konfi-
guriert ist, dass er die Gehirnaktivitat misst und
ein Elektroenzephalographie-Signal erzeugt,
das die beabsichtigte willentliche Bewegung
des Benutzers mit dem Kérperteil, der unter Tre-
mor leidet, charakterisiert, und

-mindestens eine in das tragbare Element inte-
grierte transkutane Stimulationselektrode, wel-
che die Neuromodulation der afferenten Bahnen
erzeugt.

Neuroprothetisches System gemaf Anspruch 1, da-
durch gekennzeichnet, dass es ein externes, an
die programmierbare elektronische Vorrichtung an-
schlieBbares Gerat umfasst, welches eine Schnitt-
stelle zum Zugreifen auf die Funktionalitaten des
mindestens einen Elektroenzephalographie-Sen-
sors und des tragbaren Elements implementiert.

Neuroprothetisches System geman Anspruch 1, wo-
bei der mindestens eine bioelektrische Sensor aus-
gewahlt ist aus Tragheitssensoren, Sensoren fur
konventionelle und hochauflésende Elektromyogra-
phie, Elektroenzephalographie-Sensoren, welche
die Gehirnaktivitat messen und die Bewegungsab-
sicht des Benutzers charakterisieren, oder einer
Kombination dieser Sensoren.

Neuroprothetisches System geman Anspruch 3, bei
dem die Tragheitssensoren aus Gyroskopen, Be-
schleunigungssensoren, Magnetometern und einer
Kombination davon ausgewahlt werden.

Neuroprothetisches System geman Anspruch 3, bei
dem die Elektromyographiesensoren mehrkanalige
Dunnfilmelektroden sind.

Neuroprothetisches System gemaR einem der vor-
hergehenden Anspriche, wobei mindestens eine
Stimulationselektrode eine Dunnfilm-Mehrkanale-
lektrode ist.

Neuroprothetisches System gemaR einem der vor-
hergehenden Anspriiche, wobei die programmier-
bare elektronische Vorrichtung ausgewahlt ist aus
einem Mikrocontroller, einem Mikroprozessor, ei-
nem DSP und einem Computer.
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Neuroprothetisches System gemaR Anspruch 2, wo-
bei das externe Gerat aus einem Computer, einem
Smartphone und einem Tablet-Geratausgewahlt ist.

Neuroprothetisches System gemafR einem der An-
spruche 2 oder 8, wobei die Verbindung zwischen
der programmierbaren elektronischen Vorrichtung
und dem externen Gerét aus einer drahtlosen Ver-
bindung oder einer drahtgebundenen Verbindung
ausgewahlt ist.

Neuroprothetisches System gemafR einem der An-
spriiche 2, 8 und 9, wobei das externe Gerat Mittel
zur Anzeige der von der neuroprothetischen Diag-
nosevorrichtung auf der Grundlage der verfugbaren
Sensoren Ubernommenen Messwerte, einen Pro-
zessor zur Analyse des Tremors und zur Erstellung
von Diagnosen und Berichten sowie einen Speicher
far die von der neuroprothetischen Vorrichtung
durchgefuhrten Messungen umfasst.

Revendications

- Systéme neuroprothétique pour surveiller et sup-
primer des tremblements pathologiques chez un uti-
lisateur par stimulation des voies afférentes, carac-
térisé en ce qu’il comprend au moins un élément
enfilable configuré pour étre situé sur un membre
supérieur de [l'utilisateur, [I'élément enfilable
comprenant :

- au moins un capteur bioélectrique qui génére
un signal bioélectrique de caractérisation du
tremblement ;

- au moins un capteur biomécanique qui génére
un signal de caractérisation biomécanique du
tremblement ;

- un dispositif électronique programmable com-
prenant au moins un module de commande,
d’acquisition et de traitement pour recevoir et
analyser les signaux de caractérisation bioélec-
trique et biomécanique, un générateur de signal
électrique pour générer un signal de stimulation
nerveuse afférente en fonction des signaux de
caractérisation bioélectrique et biomécanique
définis précédemment ;

- au moins un capteur EEG configuré pour me-
surer l'activité cérébrale et générer un signal
d’électro-encéphalographie qui caractérise le
mouvement volontaire intentionnel de I'utilisa-
teur avec la partie du corps souffrant de trem-
blements, et

- au moins une électrode de stimulation trans-
cutanée intégrée dans I'élément enfilable qui
géneére la neuromodulation des voies afféren-
tes.
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2,

10.

- Systéme neuroprothétique selon la revendication
1, caractérisé en ce qu’il comprend un dispositif
externe connectable au dispositif électronique pro-
grammable, qui met en ceuvre une interface d’accés
aux fonctionnalités dudit au moins un capteur
d’électro-encéphalographie et de I'élément enfila-
ble.

- Systéme neuroprothétique selon la revendication
1, danslequel leditau moins un capteur bioélectrique
est choisi parmi des capteurs inertiels, des capteurs
d’'électromyographie conventionnelle et a haute ré-
solution, des capteurs d’électro-encéphalographie
mesurant I'activité cérébrale et caractérisant I'inten-
tion de I'utilisateur de se déplacer, ou une combinai-
son de ceux-cCi.

- Systéme neuroprothétique selon la revendication
3, dans lequel les capteurs inertiels sont choisis par-
mi les gyroscopes, les accélérométres, les magné-
tométres et une combinaison de ceux-ci.

- Systéme neuroprothétique selon la revendication
3, danslequelles capteurs d’électromyographie sont
des électrodes multicanaux a couches minces.

- Systéme neuroprothétique selon I'une quelconque
des revendications précédentes, dans lequel au
moins une électrode de stimulation est une électrode
multicanaux a couches minces.

- Systéme neuroprothétique selon I'une quelconque
des revendications précédentes, dans lequel le dis-
positif électronique programmable est choisi parmi
un microcontréleur, un microprocesseur, un DSP et
un ordinateur.

- Systéme neuroprothétique selon la revendication
2, dans lequel le dispositif externe est choisi parmi
un ordinateur, un smartphone et une tablette.

- Systéme neuroprothétique selon I'une quelconque
des revendications 2 ou 8, dans lequel la connexion
entre le dispositif électronique programmable et le
dispositif externe est choisie parmi une connexion
sans fil ou une connexion filaire.

- Systéme neuroprothétique selon I'une quelconque
des revendications 2, 8 et 9, dans lequel le dispositif
externe comprend des moyens pour afficher des me-
sures prises par le dispositif de diagnostic neuropro-
thétiqgue en fonction des capteurs disponibles, un
processeur pour l'analyse des tremblements et la
génération de diagnostics et de rapports, et un
moyen de stockage dans une mémoire des mesures
effectuées par le dispositif neuroprothétique.
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