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CLOSED LOOP NEURAL ACTIVITY TRIGGERED
REHABILITATION DEVICE AND METHOD

REFERENCE TO GOVERNMENT GRANT
This invention was made with United States government support awarded by the
following agency: NIH, RR025012. The United States government has certain rights in

this invention.

FIELD OF THE INVENTION

This invention relates generally to brain injuries, and in particular, to a closed
loop, neural activity triggered rehabilitation device and method that facilitates the

recovery of a patient from the effects of a sensory motor disability.

BACKGROUND AND SUMMARY OF THE INVENTION

Injuries to the brain from trauma, stroke or the like are unfortunately, quite
common. By way of example, each year, approximately 780,000 people suffer a new or
recurrent stroke in the United States. Approximately 85% of these patients survive and
require rehabilitation. As a result, stroke is the leading cause of long-term disability in
the U.S. Nearly four million Americans are living with the effects of stroke, with millions
of family and friends acting as caregivers, and the estimated direct and indirect costs of
stroke continue to escalate. It is estimated that the cost of stroke between 2005-2050 will
approach $2.2 trillion and the majority of these costs with be directed towards long-term

care and rehabilitation.

As previously noted, the most common treatment for stroke is physical
rehabilitation. It is well known in stroke rehabilitation that passive movement repetition

from the afflicted limb can produce notable recovery of lost function. This process is
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traditionally done by physical therapists, who are limited by the number of repetitions
that they can reasonably provide in one session. Physical therapists are also limited in the
number of patients that can be seen for therapy during a given time period. This, in turn,
may cause an undue burden on the rehabilitation clinic and potential lapses in the

treatment regimen for potential patients.

While passive movement repetition can be an effective rehabilitation strategy, the
recovery can be slow, painstaking and suboptimal. To circumvent this issue, several
products have attempted to provide more automated methods to promote rehabilitation,
although they have generally been hampered by cost (Robotic therapies) or
effectiveness/invasiveness (implantable cortical stimulators). There is growing scientific
evidence that points to closed-loop functional neural stimulation as a viable means of

driving plasticity in both the intact and damaged nervous system.

Therefore, it is a primary object and feature of the present invention to provide a
closed loop, neural activity triggered rehabilitation device and method that facilitates the

recovery of a patient from the effects of a sensory motor disability.

It is a further object and feature of the present invention to provide a closed loop,
neural activity triggered rehabilitation device and method that utilizes passive movement
repetition of an afflicted limb with limited time requirements placed upon a physical

therapist working with a patient.

It is a still further object and feature of the present invention to provide a closed
loop, neural activity triggered rehabilitation device and method that is simple to

implement and easy to use.

In accordance with the present invention, a closed loop, neural activity triggered

rehabilitation device is provided for facilitating recovery of a patient from the effects of a
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sensory motor disability. The patient includes a brain and at least one body part. The
device includes a sensor system positionable adjacent the brain. The sensor system
detects 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.

The device may further include a sensory stimulation module operatively
connected to the patient to provide sensory feedback thereto. The sensory stimulation
module includes a tongue stimulator operatively connectable to a tongue of the patient.
A central processing unit interconnects the sensor system and the functional stimulation
component. The central processing unit causes the functional stimulation component to
stimulate the at least one body part in response to the neural signals detected. The sensor

system includes an electroencephalography sensor.

It is contemplated for the at least one body part to be at one muscle and for the
sensor system to include a plurality of sensors. It is also contemplated for the functional
stimulation component to include a plurality of muscle stimulators connectable to the at
least one muscle. The device may also include a central processing unit operatively
connected to the plurality of muscle stimulators and a multichannel amplifier
interconnecting each of the plurality of sensors to the central processing unit.

A sensory stimulation module operatively connected to the central processing unit and to
the patient to provide sensory feedback thereto. The sensory stimulation module includes
a tongue stimulator operatively connectable to a tongue of the patient. The functional
stimulation component stimulates the at least one muscle in response to predetermined
parameters including a location of the sensory motor disability and a time period since

the one onset sensory motor disability.

In accordance with a further aspect of the present invention, a closed loop, neural

activity triggered rehabilitation device is provided for facilitating recovery of a patient
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from the effects of a sensory motor disability. The patient includes a brain and a muscle.
The device includes a plurality of sensors positionable adjacent the brain for detecting
neural signals. A plurality of muscle stimulators are operatively connectable to the at
least one muscle. The plurality of muscle stimulators stimulate the at least one muscle in

response to the neural signals detected.

A sensory stimulation module is operatively connected to the patient to provide
sensory feedback thereto. The sensory stimulation module includes a tongue stimulator
operatively connectable to a tongue of the patient. A central processing unit
interconnects the plurality of sensors and the plurality of stimulators. The central
processing unit causes the plurality of stimulators to stimulate the at least one body part
in response to the neural signals detected. The plurality of sensors are

electroencephalography sensors.

The device may include a central processing unit operatively connected to the
plurality of stimulators and a multichannel amplifier interconnecting each of the plurality
of sensors to the central processing unit. In such arrangement, a sensory stimulation
module may be operatively connected to the central processing unit and to the patient to
provide sensory feedback thereto. The sensory stimulation module includes a tongue

stimulator operatively connectable to a tongue of the patient.

In accordance with a still further aspect of the present invention, a method is
provided for facilitating the recovery of a patient from the effects of a sensory motor
disability. The method includes the step of measuring neural signals from a brain using
scalp-electroencephalography waves. Electrical stimulation is provided to a body part

(e.g. a muscle or a nerve) in response to the measured neural signals.

General sensory stimulation is applied to the patient in conjunction with the

electrical stimulation. The general sensory stimulation may be applied to a tongue of the
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patient. In addition, the scalp electrodes may be positioned on the patient to measure the
neural signals. It is contemplated for the scalp electrodes to be electroencephalography
sensors. A function magnetic resonance imaging test may be conducted to determine a

proper position of the scalp electrodes to measure the neural signals.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings furnished herewith illustrate a preferred construction of the present
invention in which the above advantages and features are clearly disclosed as well as
others which will be readily understood from the following description of the illustrated
embodiment.

In the drawings:

Fig. 1 is a first schematic view of a rehabilitation device in accordance with the
present invention interconnected to a patient;

Fig. 2 is a second schematic view of a rehabilitation device in accordance with the
present invention; and

Fig. 3 is a schematic view of an alternate embodiment of a rehabilitation device in

accordance with the present invention

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to Figs. 1-2, a closed loop, neural activity triggered rehabilitation device
in accordance with the present invention is generally designated by the reference numeral
10. It is intend for rehabilitation device 10 to facilitate the recovery of patient 12 from
the effects of a sensory motor disability, e.g. from a stroke, as hereinafter described.
Rehabilitation device 10 includes sensor system 11 having an array of
electroencephalography sensors 14 positionable on scalp 16 of patient 12 to measure

fluctuations in electrical potential associated with real-time volitional command signals
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from the motor cortex. As is known, the motor cortex is the area of the cerebral cortex
wherein impulses from the nerve centers to the muscles originate. The neural activity
detected by the plurality of electroencephalography sensors 14 corresponds to a spacio-
temporal sequence of neural activity in the immediate vicinity of sensors 14. It has been
found that by determining the spatiotemporal patterns of neural activity detected by array
of electroencephalography sensors 14, one may determine the volitional command signal
from the motor cortex uniquely associated therewith. Hence, these spatiotemporal
patterns can be correlated to a patient’s desire to move a specific muscle in the patient’s

arm or leg.

The array of electroencephalography sensors 14 are operatively connected to a
multichannel electroencephalography amplifier 18 which, in turn, is operatively
connected to analog-to-digital converter 20. Analog-to-digital converter 20 is connected
to a central processing unit (CPU) 22 of a conventional computer, such as laptop
computer 24 through a USB connector or the like. It is intended for CPU 22 to execute a
control system algorithm stored on laptop computer 24, as hereinafter described, to

effectuate the methodology of the present invention.

Rehabilitation device 10 further includes a multichannel functional electric
stimulation (FES) component 26 operatively connected to CPU 22 of laptop 24 through a
USB connection or the like. It is intended for each channel 28 of FES component 26 to
be operatively connected to at least one body part, such as muscle 29, of patient 12 to
activate the body part. By way of example, each channel 28 of FES component 26 may
include a pair of surface electrodes engageable with the skin of patient 12 for nerve
stimulation of the underlying tissue. More specifically, CPU 22 provides controlled
current pulses to the pairs of surface electrodes of each channel 28 of FES component 26
which, in turn, are applied to the skin of patient 12. By providing controlled electrical
pulses to each channel 28 of FES component 26, unique, synchronized current pulses

may be applied at different muscle sites thereby stimulating coordinated limb movement.
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Rehabilitation device 10 also includes sensory stimulation module 30 operatively
connected to CPU 22 of laptop 24 through a USB connection or the like. It is intended
for sensory stimulation module (SSM) 30 to provide senéory feedback to patient 12 and
to increase the general excitability of the afflicted sensory-motor system of patient 12

through latent intact neural pathways. Bach-y-rita, United States Patent No. 6,430,450,

entitled “T ongue Placed Tactile Output Device,” discloses an exemplary sensory
stimulation module for use in conjunction with the rehabilitation device of the present
invention. The Bach-y-rita ‘450 patent is assigned to the assignee of the present invention
and is incorporated by reference into the present application as if fully described herein.
The tongue placed, tactile output device disclosed in the ‘450 patent includes an array of
tactile elements integral with a mouth part sized to be received and stabilized within the
mouth. The array of tactile elements is positioned over a lower surface of the mouth part
so as to be in contact with the tongue when the mouth part is received within the mouth.
In response to the control system algorithm, CPU 22 provides spatially encoded signals to
the array of tactile elements to selectively excite selected ones of the array of tactile
elements, for reasons hereinafter described. Alternatively, it is contemplated as being
within the scope of the present invention for sensory stimulation module (SSM) 30 to
provide sensory feedback to patient 12 in the form of visual and/or audio stimulation to
patient 12. It is intended for such feedback to increase the general excitability of the
afflicted sensory-motor system of patient 12 through latent intact neural pathways. The
visual and/or audio stimulation to patient 12 may occur alone or in combination with the

physical stimulation heretofore described.

In order to effectuate the methodology of the present invention, patient 12
undergoes a functional magnetic resonance imaging (fMRI) test to determine a proper
position of array of electroencephalography sensors 14 on scalp 16 to measure
fluctuations in electrical potential associated with real-time volitional command signals

from the motor cortex of patient 12. As is known, an (fMRI) test allows one to identify
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which areas of a sensory motor disability victim’s motor cortex are being used by patient

12 in an attempt to move at least one selected muscle 29 in limb 30 of patient 12.

Once the areas of a victim’s motor cortex are identified, array of
electroencephalography sensors 14 are positioned on scalp 16 of patient 12 at the located
areas to measure fluctuations in electrical potential associated with real-time volitional
command signals from the motor cortex of patient 12. The mouth part of sensory
stimulation module 30 is inserted into the mouth of patient 12 such that the array of
tactile elements of sensory stimulation module 30 is positioned over a lower surface of
the mouth part so as to be in contact with the tongue of patient 12. In addition, each
channel 28 of FES component 26 is operatively connected to at least one muscle 29 of

patient 12 to contract the at least one selected muscle 29 in selected limb 30 of patient 12.

In operation, the fluctuations in electrical potential associated with real-time
volitional command signals from the motor cortex detected by array of
electroencephalography sensors 14 are amplified by multi-channel amplifier 18 and
converted into digital data by an analog to digital converter 20. The digital data is
provided to CPU 22 which, in response to the digital data and the control system
algorithm, generates spatially encoded signals for transmission to sensory stimulation
module 30 and controlled current pulses for transmission to each channel 28 of FES
component 26. Signals may also be provided by CPU 22 to a visual and/or audio
stimulation module (not shown) for reasons heretofore described. It is contemplated for
the control system algorithm executed by CPU 22 to be dependent on a physician
selected set of parameters based upon the individual needs of patient 12. By way of
example, these parameters may include the location of a stroke in patient 12, the motor
deficits suffered by patient 12 as a result of the stroke, the time passed since the stroke,
and/or the like). It is intended for a physician to use laptop 24 to input the selected set of

parameters into the control system algorithm.
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As heretofore described, the unique, synchronized current pulses supplied by CPU
22 to each channel 28 of FES component 26, stimulates contraction of the selected at
least one muscle 29 of limb 30. In addition, the spatially encoded signals transmitted by
CPU 22 to the array of tactile elements of sensory stimulation module 30 selectively
excite selected tactile elements of the array of tactile elements. By selectively exciting
selected tactile elements, sensory feedback is provided to patient 12 so as to increase the
general excitability of the afflicted sensory-motor system of patient 12 through the

patient’s latent intact neural pathways.

Referring to Fig. 3, an alternate embodiment of a closed loop, neural activity
triggered rehabilitation device in accordance with the present invention is generally
designated by the reference numeral 50. It is intend for rehabilitation device 50 to
facilitate the recovery of patient 12 from the effects of a sensory motor disability, e.g.
from a stroke, as hereinafter described. Rehabilitation device 50 includes sensor system
52 having an array of electroencephalography sensor modules 54. Each sensor module
54 includes electroencephalography sensor 56 positionable on scalp 16 of patient 12 to
measure fluctuations in electrical potential associated with real-time volitional command
signals from the motor cortex, for reasons heretofore described. The neural activity
detected by each sensor 56 corresponds to a temporal sequence of action potentials of the

neurons in the immediate vicinity thereof.

Sensor modules 54 also include microprocessors 58 for receiving digital data from
sensors 56 that corresponds to fluctuations in electrical potential associated with real-time
volitional command signals from the motor cortex detected. Microprocessors 58 of
sensor modules 54 may communicate with each other and generate spatially encoded
signals for transmission to functional electric stimulation modules 60 of stimulation
system 62 via wireless communicators 64. Functional electric stimulation modules 60
are operatively connected to wireless communicators 66 for receiving the spatially

encoded signals transmitted to functional electric stimulation modules 60 by sensor
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modules 54 and for supplying the same to microprocessors 68 of functional electric
stimulation modules 60. It is intended for channels 70 of functional electric stimulation
modules 60 to be operatively connected to microprocessors 68 and to at least one body
part, such as muscle 29, of patient 12, to activate the body part. By way of example, each
channel 70 may include a pair of surface electrodes engageable with the skin of patient
12 for nerve stimulation of the underlying tissue. In response to the spatially encoded
signals received, microprocessors 68 provide controlled current pulses to the pairs of
surface electrodes of channel 70 which, in turn, are applied to the skin of patient 12. By
providing controlled current pulses to channel 70, unique, synchronized current pulses

may be applied at different muscle sites thereby stimulating coordinated limb movement.

It is further contemplated to insert sensory stimulation module 72 into the mouth
of patient 12 such that the array of tactile elements of sensory stimulation module 72 is
positioned over a lower surface of the mouth part so as to be in contact with the tongue of
patient 12. Sensory stimulation module 72 is operatively connected to microprocessor 74
which, in turn, is operatively connected to wireless communicator 76. Wireless
communicator 76 is adapted for receiving spatially encoded signals transmitted by sensor
modules 54 and/or by functional electric stimulation modules 60. In response to the
spatially encoded signals received, microprocessor 74 selectively excites selected tactile
elements of the array of tactile elements of sensory stimulation module 72. By
selectively exciting selected tactile elements, sensory feedback is provided to patient 12
so as to increase the general excitability of the afflicted sensory-motor system of patient
12 through the patient’s latent intact neural pathways. Alternatively, it is contemplated as
being within the scope of the present invention for sensory stimulation module (SSM) 72
to provide sensory feedback to patient 12 in the form of visual and/or audio stimulation to
patient 12. It is intended for such feedback to increase the general excitability of the
afflicted sensory-motor system of patient 12 through latent intact neural pathways. The
visual and/or audio stimulation to patient 12 may occur alone or in combination with the

physical stimulation heretofore described.

10
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Various modes of carrying out the invention are contemplated as being within the
scope of the following claims particularly pointing out and distinctly claiming the subject

5 matter which is regarded as the invention.

11
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CLAIMS

We claim:

1. A closed loop, neural activity triggered rehabilitation device for facilitating
recovery of a patient from the effects of a sensory motor disability, the patient including a
brain and a body part, the device comprising:

a sensor system positionable adjacent the brain, the sensor system for detecting
neural signals; and

a functional stimulation component operatively connectable to at least one body
part, the functional stimulation component stimulating the at least one body part in

response to the neural signals detected.

2. The device of claim 1 further comprising a sensory stimulation module

operatively connected to the patient to provide sensory feedback thereto.

3. The device of claim 2 wherein the sensory stimulation module includes a

tongue stimulator operatively connectable to a tongue of the patient.

4. The device of claim 1 further comprising a sensory stimulation module, the

sensory stimulation module providing sensory feedback to the patient.

5. The device of claim 4 wherein the sensory feedback is at least one of audio

stimulation and visual stimulation of the patient.

6. The device of claim 1 further comprising a central processing unit
interconnecting the sensor system and the functional stimulation component, the central
processing unit causing the functional stimulation component to stimulate the at least one

body part in response to the neural signals detected.

12
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7. The device of claim 1 wherein the sensor system includes an

electroencephalography sensor.

8. The device of claim 1 wherein the body part is at least one muscle and wherein:

the sensor system includes a plurality of sensors;

the functional stimulation component includes a plurality of muscle stimulators
connectable to the at least one muscle; and
wherein the device further comprises:

a central processing unit operatively connected to the plurality of muscle
stimulators; and

a multichannel amplifier interconnecting each of the plurality of sensors to the

central processing unit.

9. The device of claim 8 further comprising a sensory stimulation module
operatively connected to the central processing unit and to the patient to provide sensory

feedback thereto.

10. The device of claim 9 wherein the sensory stimulation module includes a

tongue stimulator operatively connectable to a tongue of the patient.

11. The device of claim 1 wherein the functional stimulation component
stimulates the at least one body part in response to predetermined parameters including a
location of the sensory motor disability and a time period since the onset of the sensory

motor disability.

13



10

15

20

25

30

WO 2011/109199 PCT/US2011/025839

12. A closed loop, neural activity triggered rehabilitation device for facilitating
recovery of a patient from the effects of a sensory motor disability, the patient including a
brain and a body part, the device comprising:

a plurality of sensors positionable adjacent the brain for detecting neural signals;
and

a plurality of stimulators operatively connectable to the at least one body part, the
plurality of stimulators stimulating the at least one body part in response to the neural

signals detected.

13. The device of claim 12 further comprising a sensory stimulation module

operatively connected to the patient to provide sensory feedback thereto.

14. The device of claim 13 wherein the sensory stimulation module includes a

tongue stimulator operatively connectable to a tongue of the patient.

15. The device of claim 12 further comprising a sensory stimulation module, the

sensory stimulation module providing sensory feedback to the patient.

16. The device of claim 15 wherein the sensory feedback is at least one of audio

stimulation and visual stimulation of the patient.

17. The device of claim 12 further comprising a central processing unit
interconnecting the plurality of sensors and the plurality of stimulators, the central
processing unit causing the plurality of stimulators to stimulate the at least one body part

in response to the neural signals detected.

18. The device of claim 12 wherein the plurality of sensors are

electroencephalography sensors.

14
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19. The device of claim 12 further comprising:
a central processing unit operatively connected to the plurality of stimulators; and
a multichannel amplifier interconnecting each of the plurality of sensors to the

central processing unit.

5
20. The device of claim 19 further comprising a sensory stimulation module
operatively connected to the central processing unit and to the patient to provide sensory
feedback thereto.
10 21. The device of claim 20 wherein the sensory stimulation module includes a

tongue stimulator operatively connectable to a tongue of the patient.

15
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22. A method for facilitating the recovery of a patient from the effects of a
sensory motor disability, comprising the steps of:

measuring neural signals from a brain using scalp-electroencephalography waves;

and

applying electrical stimulation to a body part in response to the measured neural

signals.

23. The method of claim 22 comprising the additional step of applying general

sensory stimulation to the patient in conjunction with the electrical stimulation.

24. The method of claim 23 wherein the general sensory stimulation is applied to

a tongue of the patient.

25. The method of claim 22 wherein the step of applying general sensory
stimulation includes the step of providing at least one of audio stimulation and visual

stimulation of the patient.

26. The method of claim 22 comprising the additional step of positioning scalp

electrodes on the patient to measure the neural signals.

27. The method of claim 26 wherein the scalp electrodes are

electroencephalography sensors.
28. The method of claim 26 comprising the additional step of conducting a
functional magnetic resonance imaging test to determine a proper position of the scalp

electrodes to measure the neural signals.

29. The method of claim 22 wherein the body part is a muscle.

16
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30. The method of claim 22 wherein the body part is a nerve.

17
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