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comprising: a brain activity sensor (14) for
measuring a patient's brain activity related
to controlling the damaged muscle and/or
nerve; - a muscle sensor (18) for measur-
ing a muscular activity of the damaged
muscle and/or a neural activity of the dam-
aged nerve; a display (22) for displaying a
representation (34) of an affected body
part of the patient (24); and a control unit
(20) for determining an intended move-
ment of the affected body part in which the
damaged muscle and/or nerve is arranged,
and for controlling the display (22) to dis-
play a representation (36) of the intended
movement, wherein the control unit (20) is
configured to determine the intended

FIG.1A

movement based on the patient's brain
activity measured by the brain activity
sensor (14) and based on the muscular
and/or neural activity of the damaged
muscle and/or nerve measured by the
muscle sensor (18).
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Rehabilitation system and method

FIELD OF THE INVENTION

The present invention relates to a rehabilitation system for a patient suffering
from a damaged muscle and/or nerve. The present invention particularly relates to a
rehabilitation system that addresses patients with a healthy brain activity but an impeded
muscular activity, wherein the system helps such patients to exercise the movement of their
impaired limb. Further, the present invention relates to a corresponding method for

rehabilitating a patient.

BACKGROUND OF THE INVENTION

A general characteristic common to patients suffering from temporary
paralysis due to trauma, hernia, longtime lying in bed, or just simply old age is the fact that
although such patients may have a healthy neuro-activity necessary for limbic motion, their
muscles and/or nerves are damaged.

Rehabilitation for damaged muscles and/or nerves is currently done mainly in
rehabilitation centers where patients are under the care of physiatrists, rehab nurses,
occupational therapists and physical therapists and undergo specific physiotherapy programs
aiming at recovering the damaged element in the muscle and/or nerve. Physical therapists
also use hot and/or cold packs as well as ultrasound systems which use high frequency waves
to produce heat.

The costs associated with muscle nerve regeneration can be enormous. For
instance, "according to statistics reported by the Foundation for Spinal Cord Injury
Prevention and Cure, the lifetime medical costs for paraplegia are $1 million. The lifetime
medical costs for quadriplegia range from $1.5 million to $3 million. The statistics do not
include lost wages or other financial losses" (http://www.georgiaaccidentlaws.com/
georgiaautoaccidentparalysislaws.html). Effective, but cost-saving rehabilitation systems for
the home use are therefore desirable.

US 2011/0213266 A1 discloses a closed loop, neural activity triggered
rehabilitation device and method for facilitating recovery of a patient from the effects of a

sensory motor disability. The device includes a sensor system positionable adjacent the brain
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of the patient for detecting neural signals. A functional stimulation component is operatively
connectable to at least one body part, such as a muscle or a nerve. The functional stimulation
component stimulates the at least one body part in response to the neural signals detected. A
sensory stimulation module is operatively connected to the patient to provide sensory
feedback thereto.

While such closed loop systems have shown advantageous recovery effects for
the patients, the recovery of the patient still progresses very slowly, with many set-backs and
very small steps forward that are difficult, if not impossible, to perceive by the patient
especially in the beginning. Not being able to perceive the benefits of the treatment
commonly leads to patient discouragement, lack of trust and adherence to the program or
device, thereby impeding the rehabilitation process. Many patients expect a very fast
recovery and if no such fast recovery may be perceived by the patient, they mistrust the
functionality of the device. Known devices are often lacking to give the patients a feedback
about the recovery process as well as to support the patients to exercise the movement of
their impaired limb. User-adherence to such devices is therefore in most of the cases quite
low.

Thus, there is still room for improvement.

US 2006/0195042 A1 discloses a system and method for a biological interface
system that processes multicellular signals of a patient and controls one or more devices. The
system includes a sensor that detects the multicellular signals and a processing unit for
producing the control signal based on the multicellular signals. The system further includes
an automated configuration routine that is used to set or modify the value of one or more
system configuration parameters.

US 5,692,517 A discloses a method and apparatus for assisting a user to
control a device in response to a combination of electroencephalographic and

electromyographic potentials.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a rehabilitation system for a
patient suffering from damaged muscles and/or nerves, wherein the system substantially
alleviates or overcomes the above mentioned problems. In particular, it is an object of the
present invention to provide a rehabilitation system which is applicable for home use and
improves the user-adherence compared to known devices of this type. It is furthermore an

object to provide a corresponding rehabilitation method.
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According to a first aspect of the present invention, a rehabilitation system for
a patient suffering from a damaged muscle and/or nerve is presented, wherein the system
comprises:

- a brain activity sensor for measuring a patient’s brain activity related to
controlling the damaged muscle and/or nerve;

- a muscle sensor for measuring a muscular activity of the damaged muscle
and/or a neural activity of the damaged nerve;

- a display for displaying a representation of an affected body part of the patient;
and

- a control unit for determining an intended movement of the affected body part
in which the damaged muscle and/or nerve is arranged, and for controlling the display to
display a representation of the intended movement, wherein the control unit is configured to
determine the intended movement based on the patient’s brain activity measured by the brain
activity sensor and based on the muscular and/or neural activity of the damaged muscle
and/or nerve measured by the muscle sensor.

According to a second aspect of the present invention, a method for
rehabilitating a patient suffering from a damaged muscle and/or nerve is provided, wherein
the method comprises the steps of:

- measuring a patient’s brain activity related to controlling the damaged muscle
and/or nerve;

- measuring a muscular activity of the damaged muscle and/or a neural activity
of the damaged nerve;

- determining an intended movement of an affected body part in which the
damaged muscle and/or nerve is arranged, wherein the intended movement is determined
based on the patient’s brain activity and based on the muscular and/or neural activity of the
damaged muscle and/or nerve; and

- displaying the intended movement of the affected body part to the patient.

Preferred embodiments of the invention are defined in the dependent claims. It
shall be understood that the claimed method has similar and/or identical preferred
embodiments as the claimed system and as defined in the dependent claims.

The idea of the present invention is to support the patient in recovering his/her
damaged muscle and/or nerve by providing the patient with a visual feedback about the
movement he/she intends with the affected body part in which the damaged muscle and/or

nerve is arranged. This visual feedback helps the patient to understand more about his/her
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body and the way of moving the affected body part. In addition, by visualizing the intended
movement, the patient is facilitated to perceive at an early stage the positive effects of the
therapy. In this way patients are able to visualize the progress in the recovery of their neuro-
pathways even before their impaired limb is able to actually move, thereby staying motivated
to adhere to their therapy program, and enhancing their chance of rehabilitation success. The
visual feedback is provided via a display that displays a representation of the intended
movement of the affected body part, ¢.g. in an image sequence.

One of the central features of the presented system is that the intended
movement of the affected body part is not only determined by an analysis of the neural
activity within the brain, but also based on the muscular activity of the damaged muscle
and/or the neural activity of the damaged nerve. The system thereto measures the patient's
brain activity related to controlling the damaged muscle and/or nerve by means of a brain
activity sensor, while concurrently measuring the muscular activity of the damaged muscle
and/or the neural activity of the damaged nerve by means of a muscle sensor. Both the
signals of the brain activity sensor and the signals of the muscle sensor are used to determine
how, meaning in which way and to what extend, the patient intends to move the affected
body part.

The above-mentioned approach (using both signals regarding neural and
muscular activity) provides several advantages: The patient of the brain might be healthy, but
it may not act in an optimal way. Calculating/estimating the intended movement of the
affected body part based on both brain data and muscle data may thus lead to a more accurate
determination of the intended movement, and therefore to a more realistic visualization on
the display. A more realistic visualization of the intended movement on the display on the
other hand improves the feedback to the patient, such that the recovery of the damaged
muscle and/or nerve may be improved with this system. The visual feedback on the display
also supports the brain of the patient to associate the given visual stimulus with the neural
commands of the brain and the muscular responses of the damaged muscle.

The brain is continuously looking for association and tries to find correlations
between brain activity and muscular activity. A well-known statement is "firing together is
wiring together”. This means that if the brain detects that a stimulation from the environment
evokes neural activity in two groups of neurons, the two groups of neurons will be connected.
The visualization of the intended movement on the display may thus strengthen the
correlations within the brain, and may therefore significantly help to improve the

rehabilitation success.
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Measuring the muscular activity in addition to the brain activity furthermore
provides the advantage that the recovery progress of the damaged muscle and/or nerve may
be tracked over time, such that the patient may receive a feedback regarding the recovery
progress by means of the presented system. This might especially be helpful in an early stage
of the rehabilitation therapy. Patients may in this way perceive progress of the therapy even
before their impaired limbs including the damaged muscle and/or nerve are able to actually
move. Hence, patients may stay motivated to adhere to the therapy program, such that the
chance of rehabilitation success is enhanced.

The determination of the intended movement of the affected body part may be
based on a calculation/estimation in which the signals of the muscle sensor and the brain
activity sensor are added together. This calculation may also include a weighted average of
the signals of the muscles sensor and the signals of the brain activity sensor. Since it is
especially at the beginning of the recovery process expected that the muscle sensor will
deliver no or at least less signals than the brain activity sensor, the muscle sensor may be also
configured to measure the muscular activity of muscles arranged in the proximity of the
damaged muscle. This allows improving the determination of the intended movement of the
affected body part especially at the beginning of the recovery process. If the damaged muscle
and/or nerve recover step by step during the therapy, the muscle sensor will deliver more and
more accurate signals, such that the accuracy of the determination of the intended movement
of the affected body part may even be increased during the ongoing therapy.

The control unit is preferably configured to control the display to display the
representation of the intended movement by moving the representation of the affected body
part of the patient in real-time on the display. This means that the intended movement is not
only visualized by means of an arrow or other graphical symbol on the display, but by
moving the representation of the affected body part in a realistic manner on the display, ¢.g.
in a small video sequence. The term "real-time" in this context means that this visualization is
provided concurrently to the measurement of the brain activity and the muscular activity.
This increases the reality effect for the patient and helps the patient's brain to find
associations in the way explained above.

The representation on the display may not only include the affected body part,
but also the whole body of the patient. As it will be elucidated further below, the control unit
may control the display to display an avatar mirroring the patient. This avatar so to say
virtually shows the movement of the affected body part that the patient is intending. The

avatar in other words acts as a "movement educator”.
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It is important to note that the movement of the avatar shown on the display is
not necessarily equal to the "real" movement of the patient's body part. As long as the muscle
and/or nerves within said body parts are impaired/damaged, the "real" movement of the body
part will be less intense than the intended movement shown on the display. This is why brain
activity and muscular activity have to be analyzed both for determining the intended
movement of the patient.

According to an embodiment, the system further includes a headgear, wherein
the brain activity sensor is arranged at or embedded into the headgear. The brain activity
sensor may thus be realized as a portable, wearable component. This results in a non-invasive
device that disturbs the patient as few as possible.

The headgear preferably comprises one of a belt, strap, band, gear or harness
that is configured to be worn on the head of the patient. For example, the headgear may be
realized as a stretchable strap that may be worn on the head of the patient.

The brain activity sensor comprises at least one electroencephalographic
(EEQ) celectrode for recording the electrical activity along the scalp of the patient. In practice,
the brain activity sensor will comprise a plurality of EEG electrodes placed at different
positions of the scalp of the patient, as this is known from many other applications in this
technical field. These EEG electrodes measure voltage fluctuations resulting from ionic
current flows within the neurons of the brain. The afore-mentioned monitoring of the patient's
brain activity is done in the known way by analyzing the spectral content of the EEG signals,
1.¢. the type of neural oscillations observed in the signals provided by the EEG electrodes.

The muscle sensor preferably comprises at least one electromyographic
(EMQ) clectrode. This EMG sensor is preferably arranged at or embedded into a body
attachment component that is configured to worn on a limb of the patient. For example, the
body attachment component may be realized as a stretchable strap that may be worn on a leg
or an arm of the patient.

According to a further embodiment, the system may comprise a sound
generation unit, wherein the control unit is configured to control the sound generation unit to
generate a sound indicative of the intended movement.

In this case the patient will not only receive a visual feedback via the display,
but also an audible feedback via the sound generation unit. The sound generation unit may,
for example, include a loudspeaker that produces a sound which is indicative of the intended
movement. The term "intended movement" again refers to the movement of the affected body

part that is determined by means of the control unit based on the patient's brain activity
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measured by the brain activity sensor and based on the muscular and/or neural activity of the
damaged muscle and/or nerve measured by the muscle sensor. For example, the control unit
may be configured to control the sound generation unit to generate a sound, wherein the type
and/or the sound level is adapted to the type and/or intensity of the determined movement of
the affected body part. The sound is preferably provided concurrently to the visual simulation
on the display as well as concurrently to the brain commands and muscular responses of the
patient. Such a multi-sensorial simulation of the patient improves the recovery process of the
damaged muscle and/or nerve even more.

In order to further increase the multi-sensorial stimulation effect, the system
may furthermore comprise a tactile stimulation unit for stimulating the damaged muscle
and/or nerve by means of tactile stimulation.

According to an embodiment, the stimulation unit may comprise at least one
of (i) a vibration element for stimulating the damaged muscle and/or nerve by means of
vibration and (ii) a thermo element for stimulation the damaged muscle and/or nerve by
means of heat and/or cold. The stimulation unit may be arranged at or embedded into the
above-mentioned attachment component into which the muscle sensor may be embedded as
well.

The additional tactile stimulation unit is preferably controlled by the control
unit. The tactile stimulation may either be provided separately (at another instant of time than
the visualization of the intended movement on the display, i.e. before or after said
visualization), or it may be provided concurrently with the visualization of the intended
movement on the display. In the first case, the system may be switchable between two
modes, a stimulation mode and a limb exercise mode. In the stimulation mode the damaged
muscle and/or nerve is stimulated by means of the stimulation unit. In the limb exercise mode
the patient may train the damaged muscle and/or nerve in the above-mentioned way using the
display on which the determined intended movement is visualized. In the second case, when
the tactile stimulation is provided concurrently with the visualization on the display, the
control unit may be configured to control the tactile stimulation unit to adapt the tactile
stimulation based on the patient's brain activity measured by the brain activity sensor and/or
based on the muscular activity of the damaged muscle measured by the muscle sensor.

According to a further embodiment, the system may further comprise a
database for storing a plurality of measurement results of the brain activity sensor and/or the
muscle sensor, and an evaluation unit for comparing the plurality of measurement results

with each other in order to determine a recovery progress of the patient.
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This allows measuring the patient's brain activity and/or the patient's muscular
activity at different instants of time during the therapy, such that the system (the evaluation
unit) may calculate statistics regarding the recovery progress in the limb muscle responses.
The evaluation unit may, for example, be configured to compare the difference of the signals
of brain activity and the muscular activity measured at one instant of time t; to the difference
of the signals of the brain activity and the muscular activity measured at a second instant of
time t; (t; + At).

In this embodiment, the control unit may be furthermore configured to control
the display to display a visual indicator that is indicative of the recovery progress of the
patient. The patient may thus receive a visual feedback on the display regarding the recovery
progress. This may help to motivate the patient especially in the beginning of the therapy
when the patient does not perceive any progress him/herself, while the progress is already
measurable by the brain activity sensor and the muscle sensor. The user-adherence may thus
be further improved, since the patient receives a positive feedback and may at least visually
perceive the effect of the therapy.

In a further embodiment, the rehabilitation system may further comprise a
reward unit to display a visual reward and/or for controlling the sound generation unit to
produce an audible reward based on the recovery progress determined by the evaluation unit.
The patient may thus get a positive feedback by means of a graphical symbol displayed on
the display and/or by means of encouragement comments, music or sounds generated by the
sound generation unit that motivate him/her to keep on training the damaged muscle and/or
nerve.

According to a further embodiment, the system may comprise a therapy unit
for determining a suggested stimulation for stimulating the damaged muscle and/or nerve,
wherein said suggested stimulation is based on the plurality of measurement results of the
brain activity sensor and/or the muscle sensor stored in the database. The therapy unit may be
configured to control the display to display a visual indicator explaining (either graphically or
in text form) the suggested stimulation to the patient. This may include suggestions regarding
which limbs should be given priority to be exercised more in the coming days, weeks or
months. The therapy may thus be adapted to the personal needs of the patient.

The therapy unit may also be connected to the tactile stimulation unit in order
to control the tactile stimulation unit based on the plurality of measurement results of the
brain activity sensor and/or the muscle sensor. In other words, the therapy unit may be

configured to control the stimulation unit for stimulating the damaged muscle and/or nerve
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by means of tactile stimulation, wherein the tactile stimulation is based on the plurality of
measurement results of the brain activity sensor and/or the muscle sensor stored in the
database. The therapy is thus automatically adapted to the patient's needs.

According to a further embodiment, the rehabilitation system may furthermore
comprise a database for storing a plurality of measurement results of the brain activity sensor
and/or the muscle sensor, and an evaluation unit for comparing the plurality of measurement
results with corresponding reference measurement results of at least one other patient.

The database may, for example, include a remotely arranged database that is
accessible by the rehabilitation system via the internet. If other users use the same or a
similar type of rehabilitation system, the therapy progress of the patient at hand may be
compared to the other patients. The evaluation unit may in this case be configured to control
the display to display a visual indicator that is indicative of the comparison of the
measurement results of the patient with the measurement results of the other patients. Hence,
the patient may receive a feedback how he/she performs compared to other patients having
the same or similar disease. For example, statistical comparisons between the patient at hand
and other patients may be displayed on the display.

In a further embodiment, the control unit is configured to control the display to
display an avatar, wherein the avatar includes the representation of the affected body part.
Such an avatar appears to be more realistic for the patient than just simply showing a video
sequence of the movement of a visual representation affected body part on the display.

In a refinement, the rehabilitation system may further comprise an input
interface for receiving anatomical information of the patient, wherein the control unit is
configured to control the display to adapt the avatar based on the anatomical information of
the patient.

In this case, the visualized avatar so to say mirrors the "real” patient's
appearance and shows the intended movement of the affected body part of the patient in a
realistic way. The avatar may, for example be visualized in real-size on the display. The
above-mentioned input interface allows to input a picture of the patient or his/her face as well
as to input the height, weight and/or other anatomical characteristics of the patient, such that

the control unit may generate an avatar that resembles the appearance of the patient best.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other aspects of the invention will be apparent from and elucidated

with reference to the embodiments described hereinafter. In the following drawings
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Fig. 1A shows a schematic view of a first embodiment of a rehabilitation
system according to the present invention;

Fig. 1B shows a schematic view of a body attachment component including a
muscle sensor of the rehabilitation system according to the first embodiment;

Fig. 2A shows a schematic view of a second embodiment of the rehabilitation
system according to the present invention;

Fig. 2B shows a schematic view of the body attachment component including
the muscle sensor of the rehabilitation system according to the second embodiment; and

Fig. 3 shows a schematic diagram illustrating a method for rehabilitating a

patient according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1A shows a first embodiment of a rehabilitation system according to the
present invention. The rehabilitation system is therein denoted in its entirety with reference
numeral 10.

The rehabilitation system 10 comprises a headgear 12 including a brain
activity sensor 14, a body attachment component 16 including a muscle sensor 18, a control
unit 20 and a display 22. An enlarged schematic view of an exemplary body attachment
component 16 including the muscle sensor 18 is shown in Fig. 1B.

The headgear 12 is configured to be worn on the head/scalp of a patient 24.
The headgear 12 is preferably realized as a strap, band or cap at which the brain activity
sensor is arranged or into which the brain activity sensor 14 is embedded. The brain activity
sensor preferably comprises a plurality of encephalographic (EEG) electrodes that are
configured to measure the brain activity of the patient 24. Such EEG electrodes are well-
known in the art and shall thus not be further detailed in the following.

The body attachment component 16 is realized as a wearable component that
may be worn on one of the limbs of the patient 24, i.e. on an arm or a leg of the patient 24.
According to a preferred embodiment, said body attachment component preferably comprises
one of a belt, strap, band, gear or harness that is made of an elastic material, such that the
body attachment component 16 fits to an arm as well as to a leg of the patient 24, wherein the
patient 24 does not have to manually adapt its size. The muscle sensor 18 preferably
comprises a plurality of electromyographic (EMG) electrodes 26 which are arranged at or

embedded into the body attachment component 16. These EMG ¢lectrodes 26 are configured
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to measure a muscular and/or neural activity of a damaged muscle and/or nerve of the patient
24.

The control unit 20 may be realized as a processor, microprocessor or
computer having software stored thereon for controlling the display 22 according to the
principle of the present invention, as this will be elucidated in detail further below.

The display 22 may comprise a screen, such as a monitor with a cathode ray
tube, a LCD monitor, a plasma monitor or any other type of monitor. Alternatively, the
display 22 may comprise a projector or beamer for projecting images onto a wall or screen.

The control unit 20 is connected to the brain activity sensor 14, to the muscle
sensor 18 as well as to the display 22. The connection 28 between the control 20 and the
brain activity sensor 14 as well as the connection 30 between the control unit 20 and the
muscle sensor 18 as well as the connection 32 between the control unit 20 and the display 22
may cither be hard-wired or wireless (e.g. using a Bluetooth®, an infrared, a WLAN or near
field communication technique). Even though the control unit 20 is in Fig. 1A shown as a
separate unit that is arranged remotely from the headgear 12, the body attachment component
16 and the display 22, parts of the control unit 20 or the whole control unit 20 may be
integrated into or arranged at the headgear 12, the body attachment component 16 or the
display 22.

The presented system 10 addresses patients 24 with a generally healthy neuro-
activity necessary for limbic motion, but damaged muscles and/or muscle nerves. The system
10 should help such patients 22 to revitalize the muscle tonus and/or muscle nerves necessary
for limbic motion. The system shall particularly help such patients 24 to exercise their limbs
in which the damaged muscles and/or muscle nerves are arranged.

The patient 24 receives a visual feedback on the display 22 that shows him/her
how to move the limb comprising the damaged muscles and/or nerves. The control unit 20
receives the measurement signals from the brain activity sensor 14 and the muscle sensor 18.
From these signals the control unit 20 determines an intended movement of the body part in
which the damaged muscles and/or nerves are arranged.

In other words, the control unit 20 is configured to determine the intended
movement of the affected body part based on both the patient's brain activity and the
muscular and/or neural activity of the damaged muscles and/or nerves. The term "intended
movement" thereby denotes the movement of the affected body part that is

estimated/calculated based on both of these signals.
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A central feature of the system 10 is the visualization of this intended
movement on the display 22. The display 22 thereto displays a representation 34 of the
affected body part of the patient 24. In a preferred embodiment, the display 22 is configured
to display an avatar that mirrors the anatomical appearance of the patient 24. However, in
some cases it might also be sufficient to display only a graphical representation of the
affected body part of the patient 24 on the display 22.

The control unit 20 furthermore controls the display 22 to display a graphical
representation 36 of the intended movement by moving the representation 34 of the affected
body part of the patient 24 in real-time on the display 22. The intended movement, which is
calculated based on both the signals of the brain activity sensor 14 and the muscle sensor 18,
may e.g. be visualized to the user by means of a small video sequence. Said video sequence
may show the calculated movement of the affected limb (in the example shown in Fig. 1A
the movement of the right leg) on the display 22. The control unit 20 thus controls the
visualized avatar 34 to execute the intended limb movement that is determined from the on-
going neuro-activity involved in the movement process.

Again it shall be noted that the intended movement is determined from both
the neuro-activity in the motor cortex associated with said intended movement as well as
from the muscular activity measured by means of the muscle sensor 18. Taking both of these
signals allows a more accurate determination of the intended movement. Including the
signals of the muscle sensor 18 into this determination as well furthermore allows tracking
the recovery process of the damaged muscles and/or nerves over time. The EEG electrodes of
the brain activity sensor 14 send the patient's neuro-activity initiated as a part of the
command from the brain to the limb, whereas the EMG electrodes 26 of the muscle sensor 18
sends the level of response in the limb muscles.

The graphical visualization of the intended movement on the display 22 does
not only teach the patient 24 how to move the affected limb, but may also give him/her a
visual feedback on his neural and muscular activity regarding the affected body part. The
control unit 20 is preferably configured to determine the intended movement by adding the
signals of the brain activity sensor 14 and the muscle sensor 18. This determination may also
include a weighted average of both of these signals. At the beginning of the recovery process
the muscle sensor 18 will most probably add only minor signal parts, since the level of
response of the limb muscles that is sensed via the EMG electrodes 26 is in this stage
normally rather low (due to the muscle being still impaired). However, during the therapy it

is expected that the level of response sensed by the EMG electrodes 26 increases more and
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more, such that the signals of the muscle sensor 18 increasingly participate to the
determination of the intended movement over time. In order to increase the accuracy of the
movement determination, the muscle sensor 18 may be configured to also measure the
muscular activity of neighboring muscles that are not damaged. The control unit 20 may thus
at the beginning also use the signals of the neighboring muscles in addition to the signals of
the brain activity sensor 14 for determining the intended movement that is concurrently
displayed on the display 22.

Figs. 2A and 2B show a second embodiment of the system 10 according to the
present invention. Same or similar components are therein denoted by the same reference
numerals as before. These already presented components shall not be explained again.

Additionally to the components of the system 10 according to the first
embodiment, the system 10 according to the second embodiment further comprises a sound
generation unit 38, an input interface 40 and a database 42. The sound generation unit 38, the
input interface 40 and the database 42 are connected to the control unit 20. The connections
44, 46, 48 between these components 38, 40, 42 and the control unit 20 may again be realized
either as hard-wired connections or as wireless connections.

The sound generation unit 38 may, for example, comprise a loudspeaker or
any other type of device for generating sounds. The input interface 40 may comprise a
keyboard, mouse, an USB-interface or any other type of data interface that allows a user to
input or transfer data to the control unit 20. The input interface 40 may also be used to adapt
the settings of the control unit 20. The database 42 may include any type of storage means,
such as a hard drive that is accessible by the control unit 20 by any type of data network, e.g.
a local area network (LAN) or the internet. The database 42 may also be part of a computer
that includes the control unit 20.

The control unit 20 may according to the second embodiment shown in Fig.
2A furthermore comprise several sub-units: an evaluation unit 50, a reward unit 52 and a
therapy unit 54. All of these units 50, 52, 54 may be part of the control unit 20. However, the
evaluation unit 50, the reward unit 52 and the therapy unit 54 may alternatively also be
realized as separate entities. In practice, these units 50, 52, 54 are preferably realized as
integrated parts of the control unit 20 and are software- and/or hardware-based.

The addition of the sound generation unit 38 enables to produce sounds
congruently with the visual stimulation (representation 36 of the intended movement) on the
display 22. The control unit 20 may control the sound generation unit 38 to generate a sound

that is indicative of the intended movement. The type and/or loudness of this sound may be
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adapted to the type and/or intensity of the determined intended movement. The sound
generated by the sound generation unit 18 is also based on the signals of the brain activity
sensor 14 and the muscle sensor 16. The sensorial stimulation of the patient 24 is thus
expanded to one additional stimulus (an audible stimulus).

The input interface 40 may, for example, be used to input a picture of the
patient 24, a height of the patient 24, a weight of the patient 24 and/or an indication of the
built of the patient 24 (lean/medium/heavy). The graphical representation 34 of the avatar
may thus be based on the anatomical information of the patient 24 that are received via the
input interface 40. This provides an even more realistic feeling for the patient, since the
avatar in this case mirrors the patient 24 in a graphical form as realistic as possible.

The database 42 may be used for storing the measurement results of the brain
activity sensor 14 and/or the muscle sensor 18. Storing these measurement results allows
evaluating the recovery process of the patient 24 over time. The evaluation unit 50 is
configured to compare the measurement results gathered over time with each other in order to
determine a recovery progress of the patient 24. The evaluation unit 50 may, for example,
calculate statistics regarding the recovery process in the limb muscles by comparing the level
of response measured by the EMG electrodes at the beginning of the therapy with the level of
response measured by the EMG electrodes 26 at a later stage of the therapy. This statistic
may help the patient 24 to perceive the benefits of the therapy. The display 22 may display a
dashboard indicating the activity level of the damaged muscle and/or nerve together with
trends over time. The evaluation unit 50 may also be configured to compare the difference of
the brain activity signals and the muscle signals over time in order to generate a statistic
including the trend of this difference over time. If said difference decreases over time, this
may be an indicator of a positive effect of the therapy.

The reward unit 52 may be configured to control the display 22 to display a
visual indicator that is indicative of the recovery process evaluated by the evaluation unit 50.
This may help to motivate the patient 24 to proceed with the therapy. If the evaluation unit 50
determines a positive recovery progress of the patient 24, the reward unit 52 could display a
graphical item for motivating the patient 24. The reward unit 52 may also be configured to
control the sound generation unit 38 to produce a corresponding sound that gives the patient
24 a feedback regarding the recovery process. The sound generation unit 38 may, for
example, output encouragement comments which celebrate the success by means of an

audible sensory reward.
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The database 42 may be also used to store a plurality of reference
measurement results of brain activity sensors and/or muscle sensors of the type mentioned
above which belong to other patients. This may help to compare the measurement results of
the patient 24 at hand with the reference measurement results of the other patients. The
evaluation unit 50 may thereto be configured to compare the measurement results of the
patient 24 with corresponding reference measurement results of the other patients and to
control the display 22 to display a visual indicator that is indicative of said comparison. This
visual indicator may comprise a statistical comparison including a table or dashboard.

As shown in Fig. 2A, the control unit 20 may according to the second
embodiment also comprise a therapy unit 54. This therapy unit 54 may be configured to
determine a suggested stimulation for stimulating the damaged muscle and/or nerve, wherein
said suggested simulation is based on the plurality of measurement results of the brain
activity sensor 14 and/or the muscle sensor 18. The therapy unit 54 may be configured to
control the display 22 and/or the sound generation unit 38 to output suggestions how to train
the affected body part of the patient 24 best.

As shown in Fig. 2B, the body attachment component 16 comprises according
to the second embodiment not only the EMG electrodes 26 of the muscle sensor 18, but also
a tactile stimulation unit 60 including plurality of vibration elements 56 and a plurality of
thermo elements 58. The vibration elements 56 may stimulate the damaged muscle and/or
nerve of the patient 24 by means of vibration. The thermo elements 58 may stimulate the
damaged muscle and/or nerve of the patient 24 by means of heat and/or cold. These vibration
elements 56 and thermo elements 58 may be controlled by means of the control unit 20.
According to a first alternative, the system 10 may be switchable between two different
modes, a simulation mode, in which the damaged muscle and/or nerve is stimulated by means
of the vibration element 56 and/or the thermo elements 58, and a limb exercise mode, in
which the patient 24 is shown the intended movement on the display as explained before.
According to a second alternative, the vibration elements 56 and/or the thermo elements 58
may be controlled by means of the therapy unit 54. In other words, the vibration elements 56
and/or the thermo elements 58 are in this case automatically controlled based on the
measurement results of the brain activity sensor 14 and/or the muscle sensor 18, such that a
closed-loop system is realized.

Fig. 3 summarizes the method according to the present invention in a
schematic manner. In a first step 101, a patient's brain activity related to controlling the

damaged muscle and/or nerve is measured by means of a brain activity sensor 14. In a second
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step 102, a muscular and/or neural activity of the damaged muscle and/or nerve is measured
by means of a muscle sensor 16. In a third step 103, an intended movement of an affected
body part in which the damaged muscle and/or nerve is arranged is determined. The intended
movement is determined based on the patient's brain activity and based on the muscular
and/or neural activity of the damaged muscle and/or nerve. In the fourth and last step 104, the
intended movement of the affected body part is shown to the patient on a display 22.

It shall be noted that the additional and alternative embodiments mentioned
above with reference to Figs. 1 and 2 may be included in the presented method as well.

It shall be noted that Fig. 3 shows the presented method for simplicity reasons
in a sequential form. However, steps 101-104 are in practice carried out concurrently.

Lastly, it shall be also noted that the components of the second embodiment of
the system 10, which were not elucidated with reference to the first embodiment shown in
Fig. 1, do not necessarily have to be provided altogether. For example, the sound generation
unit 38, the input interface 40 and the database 42 are independent parts. The system 10 may
therefore also comprise only one of these components. The body attachment component 16
may similarly comprise only one of the vibration elements 56 and the thermo elements 58.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims.

In the claims, the word "comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the claims. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.

Any reference signs in the claims should not be construed as limiting the

scope.
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CLAIMS:

1. A rehabilitation system (10) for a patient (24) suffering from a damaged
muscle and/or nerve, said system (10) comprising:

- a brain activity sensor (14) for measuring a patient’s brain activity related to
controlling the damaged muscle and/or nerve;

- a muscle sensor (18) for measuring a muscular activity of the damaged muscle
and/or a neural activity of the damaged nerve;

- a display (22) for displaying a representation (34) of an affected body part of
the patient (24); and

- a control unit (20) for determining an intended movement of the affected body
part in which the damaged muscle and/or nerve is arranged, and for controlling the display
(22) to display a representation (36) of the intended movement, wherein the control unit (20)
is configured to determine the intended movement based on the patient’s brain activity
measured by the brain activity sensor (14) and based on the muscular and/or neural activity

of the damaged muscle and/or nerve measured by the muscle sensor (18).

2. The rehabilitation system according to claim 1, wherein the control unit (20) is
configured to control the display (22) to display the representation (36) of the intended
movement by moving the representation (34) of the affected body part of the patient (24) in
real-time on the display (22).

3. The rehabilitation system according to claim 1, wherein the brain activity

sensor (14) comprises at least one electroencephalographic (EEG) electrode.

4. The rehabilitation system according to claim 1, further comprising a headgear

(12), wherein the brain activity sensor (14) is arranged at or embedded into the headgear (12).

5. The rehabilitation system according to claim 1, wherein the muscle sensor (18)

comprises at least one electromyographic (EMG) electrode (26).



10

15

20

25

30

WO 2015/185420 PCT/EP2015/061752
18

6. The rehabilitation system according to claim 1, further comprising a sound
generation unit (38), wherein the control unit (20) is configured to control the sound

generation unit (38) to generate a sound indicative of the intended movement.

7. The rehabilitation system according to claim 1, further comprising a tactile
stimulation unit (60) for stimulating the damaged muscle and/or nerve by means of tactile

stimulation.

8. The rehabilitation system according to claim 1, wherein the tactile stimulation
unit (60) comprises at least one of (i) a vibration element (56) for stimulating the damaged
muscle and/or nerve by means of vibration and (ii) a thermo element (58) for stimulating the

damaged muscle and/or nerve by means of heat and/or cold.

9. The rehabilitation system according to claim 1, further comprising:

- a database (42) for storing a plurality of measurement results of the brain
activity sensor (14) and/or the muscle sensor (18); and

- an evaluation unit (50) for comparing the plurality of measurement results

with each other in order to determine a recovery progress of the patient (24).

10. The rehabilitation system according to claim 9, wherein the control unit (20) is
configured to control the display (22) to display a visual indicator that is indicative of the

recovery progress of the patient (24).

11. The rehabilitation system according to claim 9, further comprising a therapy
unit (54) for determining a suggested stimulation for stimulating the damaged muscle and/or
nerve, said suggested stimulation being based on the plurality of measurement results of the

brain activity sensor (14) and/or the muscle sensor (18).

12. The rehabilitation system according to claim 1, further comprising:

- a database (42) for storing a plurality of measurement results of the brain
activity sensor (14) and/or the muscle sensor (18); and

- an evaluation unit (50) for comparing the plurality of measurement results

with corresponding reference measurement results of at least one other patient.
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13. The rehabilitation system according to claim 1, wherein the control unit (20) is
configured to control the display (22) to display an avatar, wherein the avatar includes the

representation (34) of the affected body part.

14. The rehabilitation system according to claim 13, further comprising an input
interface (40) for receiving anatomical information of the patient (24), wherein the control
unit (20) is configured to control the display (22) to adapt the avatar based on the anatomical
information of the patient (24).

15. Method for rehabilitating a patient (24) suffering from a damaged muscle
and/or nerve, said method comprising the steps of:

- measuring (101) a patient’s brain activity related to controlling the damaged
muscle and/or nerve;

- measuring (102) a muscular activity of the damaged muscle and/or a neural
activity of the damaged nerve;

- determining (103) an intended movement of an affected body part in which the
damaged muscle and/or nerve is arranged, wherein the intended movement is determined
based on the patient’s brain activity and based on the muscular and/or neural activity of the
damaged muscle and/or nerve; and

- displaying (104) the intended movement of the affected body part to the
patient (24).
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