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PORTABLE HAND REHABILITATION DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Serial No. 61/645,682 filed as a provisional
application on May 11, 2012. That application was entitled “Portable Hand Rehabilitation Device,”

and is incorporated herein in its entirety by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

THE NAMES OF THE PARTIES TO A JOINT RESEARCH AGREEMENT

[0003] Not applicable.

BACKGROUND OF THE INVENTION
Field of the Invention

[0004] The present invention relates to rehabilitative devices. More specifically, the invention
relates to a portable device for enhancing motor function in paretic extremities, such as the hands of a

stroke victim.

Technology in the Field of the Invention

[0005] Many individuals in the United States suffer from limited motor function in their
extremities. This may be due to any of several causes. Some individuals may, for example, have
suffered a stroke. The term “stroke” is a lay term that typically refers to a condition wherein the blood

supply to an area of the brain is temporarily cut off. This is referred to as an “ischemic stroke.”

[0006] In an ischemic stroke, a clot interrupts blood flow to a part of the brain. When blood fails to
get through the brain, the oxygen supply to the affected area is cut of, causing brain cells to die. The
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longer the brain is without blood, the more severe the damage will be. Where the portion of the brain
that controls movement of the upper extremities is damaged, the individual may be left in a state of

partial paralysis, or paresis.

[0007] Some strokes are referred to as “hemorrhagic.” A hemorrhagic stroke occurs when a blood
vessel in the brain itself ruptures. This produces bleeding into the brain matter, causing damage to

surrounding brain cells.

[0008] Regardless of the type, stroke is the most common cause of disability in the United States.
There are approximately 650,000 new and 180,000 recurrent strokes each year in the United States.
About a quarter of stroke survivors are considered permanently disabled. Stroke patient rehabilitation

is a billion dollar industry in the United States.

[0009] Individuals may also lose function in one or more extremities as a result of an injury. Such
injuries may occur due to a car accident, a diving accident, a fall, or other trauma. In these instances,
the individual’s cervical spine and nerves may be injured, again producing paresis in the hands.

Additionally, such trauma can produce brain injury.

[0010] In addition to these events, some individuals may develop partial upper paralysis as a result
of a medical condition. Examples of such conditions include amyotrophic lateral sclerosis (ALS),
hypokalemic periodic paralysis, cerebral palsy, or other discases. Finally, some individuals may suffer
some degree of paresis due to brain injury caused by an explosion or accident incident to work or

military duty.

[0011] When any of these conditions of partial paralysis occur, the individual is left with limited
motor function in their arms. The most common disability among the numerous stroke survivors is
weakness of the hand. Such individuals have difficulty performing routine tasks such as eating, turning
off a light, manipulating a remote control, typing, or countless other activities that most people take for

granted.

[0012] In many instances, individuals with limited motor function will undergo therapy. Such

therapy may take place at a rehabilitation facility or at a medical office. Some patients undergo
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expensive rehab through the use of so-called robots. Such therapy tends to be expensive. In other
instances, a daily regimen of home-based rehabilitation is prescribed to achieve hand and finger
functional recovery. However, home-based programs are sometimes limited by the motivation of the

patient and the patient’s desire or ability to use proper techniques.

[0013] Therefore, a need exists for a hand rehabilitation device that will efficiently improve hand
function in stroke patients and injury victims at home or other remote location. Further, a need exists
for a home-based device that provides somatosensory, or touch-based, signals as functional guidance
during rehabilitation. Still further, a need exists for a portable device that does not rely upon

percutaneous electrical stimulation or implant and that engages the patient's brain.

BRIEF SUMMARY OF THE INVENTION

[0014] A portable rehabilitation device for chronic neurological disorders, including stroke and
traumatic brain injuries, is provided herein. The device is used for patient therapy to improve control

of paretic muscles in a patient extremity.

[0015] In one embodiment, the therapeutic device comprises a plurality of micro-motors. Each
micro-motor is configured to deliver a vibratory sensation to selected extremity points. An example of
extremity points is the patient's fingers. The micro-motors provide vibratory input to the extremity

points.

[0016] Each micro-motor is dimensioned to reside on a patient’s respective finger or, in one
embodiment, along the patient's foot or toes. In one arrangement, five micro-motors are provided for
cach device, representing the usual number of digits on a patient’s hand. In another arrangement,
twelve micro-motors are provided. These represent one micro-motor on the dorsal side of each finger,
one micro-motor on the ventral side of each finger, and a micro-motor positioned on each of the dorsal

and ventral sides of the patient's wrist.

[0017] The device also includes a power source. The power source is in electrical communication
with each of the micro-motors. The power source may be, for example, one or more batteries or a

USB cable. In the latter instance, the USB cable may be plugged into a portable processing unit such
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as a laptop or a personal digital assistant. The processing unit, in turn, may be programmed to allow
the patient or a health care provider to select a regimen of treatment to be delivered by the micro-

motors.

[0018] The therapeutic device also includes a micro-processor, or controller. The micro-processor
is programmed to actuate the micro-motors for designated times and sequences. The micro-processor
may be pre-programmed to offer a variety of different times and sequences to increase patient interest
and challenge. The micro-processor may communicate with each of the micro-motors through either a

wired or through a wireless signal.

[0019] The device also includes a housing. The housing supports and protects the micro-processor
and the batteries. The micro-processor may communicate with the batteries and the micro-motors
through a printed circuit board. Where the micro-processor communicates with micro-motors
wirelessly, then the housing will also include a transmitter for sending a wireless signal such as

through the use of Blue Tooth or Wi-Max.

[0020] Preferably, the therapeutic device also has a power switch. The power switch allows the
patient or a health care assistant to manually activate and de-activate the controller and micro-motors.
This extends battery life. In addition, the therapeutic device also preferably includes a light source.
The light source is arranged on the housing to deliver visual input to the patient when a micro-motor is

vibrating.

[0021] In a preferred embodiment, each of the plurality of micro-motors is dimensioned to reside
on a patient’s finger. The device may then further include a glove for supporting each of the micro-
motors adjacent to the patient’s respective fingers. A strap may be provided for supporting the
housing on the patient's wrist. The strap may be embedded in the glove. Alternatively, the housing is
embedded in the glove itself without need of a separate strap. Alternatively still, no separate housing
is used, but the micro-processor and associated electronics are embedded in the glove through so-

called flex-electronics.
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[0022] A method of using somatosensory input as a functional guidance to improve motor
function in a patient extremity is also presented herein. In the method, the patient responds to both
light and vibratory signals initiated by the controller. In this way, the patient receives somatosensory
input guidance for motor tasks, requiring active brain engagement. Vibratory input combined with

optional visual input provides go-cues and stop-cues for the patient.

[0023] The method includes securing a therapeutic device around a patient’s wrist. The
therapeutic device is constructed in accordance with the device described generally above, in its
various embodiments. The method also includes initiating a first cycle of vibratory inputs from the
micro-motors according to the programming of the micro-processor The method then includes
monitoring patient movement of the extremity points in response to the vibratory inputs of the

respective micro-motors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] So that the manner in which the present invention can be better understood, certain
illustrations, charts, photographs and/or flow charts are appended hereto. It is to be noted, however,
that the drawings illustrate only selected embodiments of the inventions and are therefore not to be
considered limiting of scope, for the inventions may admit to other equally effective embodiments and

applications.

[0025] Figure 1A is a perspective view of a portable hand rehabilitation device according to the
present invention, in one embodiment. An illustrative control unit and glove are shown, along with

wires extending from the control unit and into the glove.

[0026] Figure 1B is a perspective view of a portable hand rehabilitation device according to the

present invention, in an alternate embodiment. An illustrative control unit and glove are again shown.

[0027] Figure 2A provides a pair of control units and wires of the rehabilitation device of Figure
1A. One unit is for a patient’s left hand, while the other unit is for a patient’s right hand. In both

units, wires are seen extending from the control units to respective micro-motors.



WO 2013/170246 PCT/US2013/040701

[0028] Figure 2B provides a pair of control units and wires of the rehabilitation device of Figure
IB. One unit is for a patient’s left hand, while the other unit is for a patient’s right hand. In both

units, wires are seen extending from the control units to respective micro-motors.

[0029] Figure 3A offers an exploded view of the control unit of Figure 2A. Selected components
within the housing are seen, including a printed circuit board, a micro-controller, an LED and a pair of

batteries.

[0030] Figure 3B offers an exploded view of the control unit of Figure 2B. Selected components
within the housing are seen, including a printed circuit board, a micro-controller, a plurality of LED

lights and a pair of batteries.

[0031] Figure 4 provides perspective views of a micro-motor, in one aspect. Four separate

drawings are designated as “A,” “B.,” “C,” and “D.”
9 9 9

[0032] The drawings designated as “A” and “B” represent the top and bottom portions of a micro-

motor housing, respectively.

[0033] The drawing designated as “C” provides the bottom housing with a vibratory device resting

therein.

[0034] The drawing designated as “D” shows the top and bottom portions of the housing

connected together to form the micro-motor. The vibratory device and leads reside therein.

[0035] Figure 5 is a flow chart showing steps for performing a method for providing neuro-
clectrical stimulation of a patient’s upper extremities, in one embodiment. The method uses

somatosensory input as a functional guidance to improve motor function.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0036] Figure 1A is a perspective view of a portable rehabilitation device 100A according to the
present invention, in one embodiment. The device 100A shown in the illustrative embodiment of

Figure 1A generally includes a control unit 110A. The control unit 110A defines a micro-processor
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(seen at 111 in Figure 3A) and associated circuitry held within a housing 112A. The housing 112A,
in turn, is optionally secured to a patient's wrist (not shown) or other extremity using a strap 120 or

other securing means.

[0037] In one embodiment the microprocessor is the MSP430F2013 provided by Texas
Instruments, Inc. of Plano, Texas. However, any suitable microprocessor may be used that allows a

patient to activate and control cycles for somatosensory inputs.

[0038] The rehabilitation device 100A also includes a plurality of micro-motors 130. The micro-
motors 130 are transducers that convert electrical energy into mechanical energy. In one aspect, the
micro-motors 130 are so-called coin vibration motors, such as the C1020BO0OF&81 motor of Jinlong
Machinery & Electronics Co. of Wenzhou, Zhejiang, China and Brooklyn, New York. In the view of
Figure 1A, only a portion of one micro-motor 130 is visible, it being understood that the micro-motors

130 are embedded in the fingers of a glove 150A.

[0039] The rehabilitation device 100A further includes electrical wires 140. The wires 140
transmit electric current from a battery (shown at 170 in Figure 3A) within the housing 112A to each
of the micro-motors 130. Separate positive and negative wires extend from the housing 112A to each
of the micro-motors 130. Electrical current is transmitted through the wires 140 according to signals

sent by the microprocessor 111.

[0040] In the arrangement of Figure 1A, the rehabilitation device 100A is a hand rehabilitation
device. This means that the rehabilitation device 100A is configured to deliver somatosensory input to
a patient's hand. In this instance, the strap 120 is configured and dimensioned to secure the housing
120 to a patient's wrist. This also means that the micro-motors 130 are placed along the patient's

fingers.

[0041] To support the micro-motors 130 on the patient's fingers, a glove 150A is provided. In the
illustrative arrangement of Figure 1A, the glove 150A is a right-hand glove. It is understood that a
second hand rehabilitation device 100A may be provided along with a left-hand glove (not shown). In
either instance, the micro-motors 130 may be embedded within the glove 150A along either the dorsal

side or the ventral side of the patient's fingers.
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[0042] It is noted that the term “finger” as used herein includes the thumb. 1t is also noted that the
glove 150A preferably leaves the finger tips exposed to enable mobility and to facilitate tactile

sensation.

[0043] Figure 2A is a perspective view of a pair of hand rehabilitation devices 100A (without
gloves). Each device 100A includes a control unit. One control unit, designated as 110A-L, includes
wires 130 configured to deliver signals to micro-motors 130 on a patient's left hand; a second control
unit, designated as 100A-R, includes wires 130 configured to deliver signals to micro-motors 130 on a
patient's right hand. The micro-motors are individually designated as 132, 133, 134, 135 and 136.
Micro-motors 132 are designed to reside within the glove 150A adjacent to a patient’s thumb (not
shown), while micro-motors 133, 134, 135 and 136 are dimensioned to reside within the glove 150A

adjacent to the patient’s four respective fingers (also not shown).

[0044] Control signals are provided from the control units 110A-L, 110A-R to the micro-motors
132, 133, 134, 135, 136 in pre-programmed sequences and for designated times. For example, a
control signal may be sent to a first micro-motor, ¢.g., 132, to cause it to vibrate for 10 seconds.
During this time, the patient will respond to the vibratory input by wiggling, rotating, flexing, or
otherwise exercising the extremity point corresponding to that micro-motor 132. Thereafter, the signal
is terminated. After a dead period of, for example, 4 seconds, a new control signal may be sent to a
second micro-motor, ¢.g., 134, to cause it to vibrate for 10 seconds; then, that control signal will be
terminated and a new dead period of, say, 5 seconds will follow. This cycle may be continued for
cach micro-motor 132, 133, 134, 135, 136 until control signals have been sent to each micro-motor

for, say, three cycles.

[0045] Each control unit 110A-L, 110A-R includes a housing 112A. In the illustrative
arrangement of Figure 2A, the housing 112A has a generally rectangular profile. However, it is
understood that the geometry of the housing 112A is not significant so long as it is small enough to be
portable and, preferably, to be worn immediately on an extremity. The extremity may be a wrist or
ankle. The housing 112A includes a base 114 having openings or slots 124. The slots 124 receive and
support the strap 120.
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[0046] The straps 120 in Figure 2A are ideally dimensioned to wrap around the patient's left and
right wrists, respectively. The straps 120 will include any securing means (not shown) for securing the
housings 112A to the patient's respective wrists. Such securing means may be buckles, clips, hook-
and-loop materials, snaps, magnets, or other items well known for securing clothing, bandages or

straps.

[0047] Each rehabilitation device 100A includes a light 104. The light 104 may be, for example, a
red light-emitting diode (LED). The LED light 104 comes on whenever a control signal is being sent
from the control unit 110A to a micro-motor 130. Illumination of the light 104 indicates the
occurrence of vibration generated by one of the five micro-motors 132, 133, 134, 135, 136. The LED
light 104 may be manually overridden (turned off) using a switch 106. This allows vibratory input
only to guide patient tasks.

[0048] Each rehabilitation device 100A also includes a reset button 105. The reset button 105

allows the patient or a health care assistant to restart vibration and light cycles for the devices 100A.

[0049] Figure 3A offers an exploded view of the control unit 110A of the devices 100A of Figure
2A. Various components are seen, including the housing 112A, the reset button 105 and the light
104A.

[0050] Figure 3A also shows a power switch 160. The power switch 160 allows the patient or a
health care assistant to turn the rehabilitation device 100A off when the device 100A is not in
operation. This, in turn, conserves battery power. The power switch 160 extends through an opening

1 in the housing 112A.

[0051] The device 100A runs on a power source. Preferably, the power source comprises one or
more batteries, such as AA batteries 170. In this way, the device 100A is highly portable. However,

the invention does not preclude the use of a power pack and power cord.

[0052] Various openings are provided in the housing 112A of the device 100A. Opening 115
accommodates the reset button 105; opening 114A accommodates the light 104A; and opening 116A
accommodates the LED switch 106A.
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[0053] A printed circuit board 162 resides within the housing 112A. The printed circuit board 162
provides electrical communication between various electrical components. Outputs 164 extend from
the printed circuit board 162 to deliver control signals from the micro-processer 111 to the micro-

motors 130.

[0054] The printed circuit board 162 is supported by the base 114. Openings 163 are provided
along corners of the printed circuit board 162 for landing on corresponding sockets 113 in the base
114 and for receiving attachment screws (not shown). The base 114 includes the slots 124 for
receiving the strap 120 of Figure 1A. The base 114 also includes a battery case 127 for receiving AA
batteries 170. Finally, the base 114 offers an opening 165 through which electrical leads 172, 174
pass. The electrical leads 172, 174 provide electrical communication between the batteries 170 and

the printed circuit board 162.

[0055] It is noted that in the arrangement of Figure 3A, the batteries 170 reside under the base
114. A battery case cover 175 is provided to secure the batteries 170 in place under the base 114. For
purposes of this disclosure, such an arrangement is considered storing the batteries 170 within the

housing 112A.

[0056] Figure 4 provides perspective views of a micro-motor 430, in one aspect. Four separate

drawings are designated as “A,” “B.,” “C,” and “D.”
9 9 9

[0057] The drawings designated as “A” and “B” represent top 432 and bottom 434 portions of a
micro-motor housing, respectively. The top 432 and bottom 434 portions are designed to mate

together in order to form a shell for holding a vibratory device 436.

[0058] The drawing designated as “C” shows the bottom portion 434 of the housing. Here, a
vibratory device 436 has been placed therein. Wires 438 extend from the vibratory device 436 and out
of the bottom portion 434 of the housing. In operation, the wires 438 will connect to the circuitry of

the printed circuit board 162.

[0059] The drawing designated as “D” shows the top 432 and bottom 434 portions of the housing

connected together. This represents the complete micro-motor 430. The micro-motor 430 may be, for

10
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example, a so-called coin motor or pancake motor having a diameter of 8 to 16 mm and a thickness of
3 to 8§ mm. The micro-motor 130 may have a rated voltage of about 1.5 to 5.0 volts, and an

operational speed of about 5,000 to 20,000 rpm or, more preferably, 7,500 to 11,000 rpm.

[0060] The micro-motor 436 is intended to be in electrical communication with a controller, such
as micro-processer 111. As noted, a micro-processer 111 resides within the housing 112A of the
control unit 110A. The micro-processer 111 is arranged to transmit signals to the micro-motors
(shown in Figure 2A as micro-motors 132, 133, 134, 135 and 136) and the light 104A in cycles. For
example, a first vibratory signal may be sent to a first micro-motor 132, and a first light signal may be
simultaneously sent to the light 104A. This causes the first micro-motor 132 and the light 104A to
illuminate simultancously. The light 104A will stay illuminated for as long as the first micro-motor

132 is vibrating, providing the patient with somatosensory input.

[0061] During this time, the patient will move the finger that is receiving vibrations from the first
micro-motor 132. Motion will continue for as long as the micro-motor 132 is vibrating and the light
104A is illuminated. After a designated period of time, such as 5 seconds or 10 seconds, the signals
will be discontinued, causing the first micro-motor 132 to no longer vibrate and causing the light 104A
to no longer illuminate. Thereafter, a short dead period will be introduced where no vibrations and no

illumination take place. The patient will rest during the dead period, and await a next signal.

[0062] After the dead period, a next set of signals will be sent by the micro-processer 111. For
example, a second vibratory signal may be sent to micro-motor 136, with a corresponding light signal
being sent to the light 104A. This new set of signals may take place for a period of, for example, three
to eight seconds, during which time the patient will move or exercise the finger associated with micro-
motor 136. Thereafter, a second dead period will be introduced. Each dead period may be, for

example, from 2 to 10 seconds or, more preferably, about 4 seconds.

[0063] It is noted that the light switch 106A allows the patient or health care attendant to override
the illumination of the light 104A during vibration cycles. This introduces a level of difficulty to the
patient during rehabilitation. The patient must then rely solely upon tactile sensation to know when to

begin exercising an extremity part. To introduce further complexity, the micro-processer 111 may be

11
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programmed such that vibratory periods are random as between the micro-motors 132, 133, 134, 135,
136. Furthermore, the times for vibratory periods may be different, such that a first signal is, for
example, 6 seconds; a second signal is 8 seconds; a third signal is 2 seconds; a fourth signal is 10
seconds; and a fifth signal is 5 seconds. Dead periods between these signals may also be varied, such
as between 2 and 8 seconds. In this way, the patient is challenged to concentrate on the tactile and,

optionally, visual stimulation for exercise.

[0064] The micro-processer 111 is pre-programmed to conduct a number of therapy cycles. In one
aspect, the patient or physical therapist communicates with the micro-processer 111 through a so-
called smart phone or a tablet, such as the iPhone® or the iPad® offered by Apple, Inc. of Cupertino,
California. The communication may be through Bluetooth or other wireless communication system
using an application on the smart phone or tablet. The application, or “App,” allows the patient or his

or her therapist to select a cycle and a level of difficulty.

[0065] In one aspect, the degree of current to a particular micro-motor 130 may be varied. As the
patient improves, the degree of current may be reduced, causing vibratory input to be more subtle.

This further increases the level of difficulty.

[0066] The portable rehabilitation device 100A of Figure 1A presents one embodiment for a
rehabilitation device. In this embodiment, five micro-motors 130 are provided, with each micro-motor
130 arranged to provide vibratory stimulation to a selected finger. However, additional micro-motors

130 may be provided to increase stimulation.

[0067] Figure 1B is a perspective view of a portable rehabilitation device 100B according to the
present invention, in an alternate embodiment. The device 100B shown in Figure 1B represents a
more advanced embodiment.  Here, two micro-motors 130 are placed along each finger 180,
preferably on the dorsal side and on the ventral side of each finger 180. In addition, two micro-motors
131 are placed along a wrist 181, with one micro-motor 131 being on the dorsal side and the other
being on the ventral side of the wrist 181. In this way stimuli may be delivered not only to the fingers
180, but also to the wrist 181. Stimuli are delivered on each side of the fingers and wrist to increase

somatosensory input.

12
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[0068] As with the device 100A, the portable rehabilitation device 100B shown in Figure 1B
includes a control unit 110B. The control unit 110B defines a micro-processor (seen at 111 in Figure
3B) and associated circuitry held within a housing 112B. The housing 112B, in turn, is secured to the

patient's wrist 181 (or, alternatively, ankle) using a brace 120B or other securing means.

[0069] In one embodiment the microprocessor is the MSP430-F2013 provided by Texas
Instruments, Inc. of Plano, Texas. This is an ultra-low power controller that features a 16-bit RISC
CPU, 16-bit registers, and constant generators that contribute to code efficiency. A digitally
controlled oscillator (DCO) allows wake-up from low-power modes to active mode in less than 1 us.
However, any suitable micro-processor may be used that allows a patient to activate and control cycles

for somatosensory input.

[0070] As noted, the rehabilitation device 100B also includes a plurality of micro-motors 130.
The micro-motors 130 may be designed in accordance with the micro-motors 130 / 430 described
above in connection with Figures 2A and 4. In this respect, the micro-motors 130 are transducers that
convert electrical energy into mechanical energy. Cycles of mechanical energy are generated by the

micro-motors 130, forming vibrations.

[0071] The rehabilitation device 100B further includes electrical wires (seen at 140 in Figure 2B).
The wires 140 transmit electric current from batteries (shown at 170 in Figure 3B) within the housing
112B to cach of the micro-motors 130. In the arrangement of Figure 1B, the wires 140 are encased
within insulated channels of a glove 150B. Electrical current is transmitted through the channels

according to signals sent by the micro-processor 111.

[0072] It is noted here that the glove 150B of Figure 1B covers only a portion of the hand and
fingers. In this instance, the glove 150B is really more of a skeleton. The skeleton design increases
comfort to the patient and is easier to don and doff. For purposes of the present disclosure, the term
“glove” includes any support structure for carrying a hand rehabilitation device 100B. Preferably, the
support structure includes an elastic material that is sewn into a middle posterior portion of the glove

150B. This allows more of a “one size fits all” or “two sizes fits all” approach.

[0073] Figure 2B is a perspective view of a pair of hand rehabilitation devices 100B. Each device

100B includes a micro-processor (seen at 111 in Figure 3B). The micro-processors 111 reside within
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and are part of a control unit. One control unit, designated as 110B-L, includes wires 140 configured
to deliver vibratory signals to micro-motors 130 on a patient's left hand; a second control unit,
designated as 110B-R, includes wires 130 configured to deliver vibratory signals to micro-motors 130
on a patient's right hand. The micro-motors are individually designated as 132, 133, 134, 135 and 136.
Micro-motors 132 are designed to reside along the glove 150B adjacent to a patient’s thumb (not
shown in Figure 2B), while micro-motors 133, 134, 135 and 136 arc dimensioned to reside within the

glove 150B adjacent to the patient’s fingers (also not shown).

[0074] It is noted in the arrangement of Figure 2B that the micro-motors 132, 133, 134, 135, 136
are arranged in pairs. As discussed above, the micro-motors are arranged in pairs so that mechanical

stimuli may be beneficially delivered to a patient's fingers on opposing sides of each respective finger.

[0075] Signals are provided from the micro-processors 111 in the control units 110B-L, 110B-R to
the micro-motors 132, 133, 134, 135, 136 in pre-programmed sequences and for designated times. For
example, a control signal may be sent to a first micro-motor pair, e.g., 132, to cause the pair to vibrate
for 10 seconds. During this time, the patient will wiggle, rotate, flex, or otherwise exercise the finger
associated with the micro-motor pair. Thereafter; the signal is terminated. After a dead period of, for
example, 4 seconds, a new control signal may be sent to a second micro-motor pair, e.g., 135, to cause
the micro-motors to vibrate for 10 seconds; then, that control signal will be terminated and a new dead
period of, for example, 6 seconds will follow. This cycle may be continued for each micro-motor pair
132, 133, 134, 135, 136 until control signals have been sent to each micro-motor pair for, say, five

cycles.

[0076] As noted, each micro-processor, or controller 111, resides within a housing 112B. In the
illustrative arrangement of Figure 2B, the housing 112B has a generally rectangular profile.
However, it is understood that the geometry of the housing 112B is not significant so long as it is
small enough to be portable and, preferably, to be worn immediately on an extremity. The extremity
may be a wrist or ankle. The housing 112B includes a base 114 and may have openings or slots 124
that receive a strap 120. More preferably, the housing 112B is embedded into the brace 120 for the

device 100B as shown in the embodiment of Figure 1B.
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[0077] The rehabilitation devices 100B-L and 100B-R include the light 104A and the override
switch 106A as described above in connection with Figure 2A. However, the rehabilitation devices
100B-L, 100B-R also include a bank of lights 104B. The individual lights in the bank of lights 104B
may also be, for example, red light-emitting diodes (LED's). Each LED light 104B corresponds to a
micro-motor pair 130. In addition, an override switch 106B is provided for each light in the bank of

lights 104B.

[0078] In the rehabilitation device 100B, the patient is presented with a choice of using no lights,
using one light 104A, or using the bank of lights 104B. When using the bank of lights 104B, the
patient has the choice of overriding one, two, three or four of the lights 104B using switches in a bank

of override switches 104B.

[0079] Where the patient chooses to use only the single light 104A in a rehabilitation device 110B,
the patient will turn the switches in the bank of override switches 106B to an “off” position. This
overrides the lights in the bank of lights 104B to keep them from being illuminated when control
signals are sent to a micro-motor 130. The rehabilitation devices 100B-L, 100B-R then operate in the
same manner as described above for the rehabilitation devices 100A-L, 100A-R. Somatosensory
input will include illumination of single lights 104A in the rehabilitation devices 110B when any

micro-motor 130 is vibrating.

[0080] Where the patient chooses to use the lights in the bank of lights 104B, the patient will turn
the single switch 106A in cach rehabilitation device 100B-L, 100B-R to an “off” position. This
overrides the single lights 104A and keeps them from illuminating when control signals are being sent
to the pairs of micro-motors 130. The rehabilitation devices 100B-L and 100B-R then offer visual
input for the patient in the form of either sequenced or random illumination of selected lights in the

bank of lights 104B.

[0081] In operation, an LED light in the bank of lights 104B is illuminated when a control signal is
sent from the micro-processor 111 to a selected pair of micro-motors 130. Stated another way,

illumination of a light 104B indicates the occurrence of vibration generated by one of the five micro-
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motor pairs 132, 133, 134, 135, 136. Of interest, the illuminated light corresponds in position in the

housing 112B to a micro-motor pair 130.

[0082] It is again noted that selected lights in the bank of lights 104B may be turned off by turning
a corresponding override switch in the bank of switches 106B to an "off" position. This allows only

vibratory input, increasing the level of challenge to the patient in his or her rehabilitation process.

[0083] Each rehabilitation device 100B also includes a reset button 105. The reset button 105

allows the patient or a health care assistant to restart vibration and light cycles for the devices 100B.

[0084] Figure 3B offers an exploded view of a control unit 110B of the devices 100B of Figure
2B. Various components are seen, including the micro-processor 111, the reset button 105 and the
lights 106A, 106B. Additional features include the power switch 160 and the batteries 170. Still
additional features include opening 115 for the reset button 105; opening 114A for the single light
104A; and opening 116A for the single LED switch 106A. Additional openings include openings
114B for the bank of lights 104B and openings 116B for the bank of override switches 106B.

[0085] Additional features of the control unit 110B are generally in accordance with the control unit
110A, except for offering the bank of lights 104B and the bank of override switches 106B, and except
for the use of micro-motor pairs 132, 133, 134, 135, 136. Accordingly, additional details concerning
the control unit 110B need not be repeated. However, it is noted that dorsal and ventral micro-motors

may optionally be separately programed during for exercise.

[0086] The rehabilitation devices 100A, 100B operate to improve motor function in a patient by
providing vibratory stimulation in the fingers along with visual prompting. Medical research in the
neurosciences field suggests that physical stimulation improves somatosensory input, which in turn
enhances motor recovery in stroke patients. Further, using vibration as a trigger (go cue), the devices
facilitate brain engagement, which is believed to be more efficient in promoting motor recovery than

using somatosensory input as passive stimulation only.

[0087] Studies have suggested that somatosensory-related activation levels in SI are modulated by

the context within which tactile stimuli are delivered. Vibro-tactile stimuli may be active or may be
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passive. Vibro-tactile stimuli presented during active frequency discrimination are associated with
enhanced ST activity when compared to that elicited by passive vibro-tactile input. Active use of the
combination of tactile and visual stimuli enhances attentional control over perceptual selection. It is
believed that activity of SI neurons differs, depending on functional significance of somatosensory

inputs.

[0088] It has been observed by the applicants herein that hand/wrist movements that are guided by
somatosensory inputs initiate faster and reach target with greater success rates when compared with
movements guided by visual input alone. Therefore, the present invention employs somatosensory
inputs as active guidance of motor tasks in the form of a portable device. In contrast to expensive
robot-aided therapy that is usually offered in rehabilitation centers, the devices herein offer a portable,

cost-efficient instrument for long-term home-based rehabilitation.

[0089] During hand rehabilitation, the housing will be attached to the patient’s wrist. The micro-
motors will be positioned along individual fingers, wrists and/or palmar pads. The controller is
programmed to provide a timing and sequence of vibrations among the micro-motors that enables
improved motor function. The controller may be re-programmed as needed to offer increased
challenge to the patient during recovery. In one aspect, current is reduced to decrease the level of

vibratory stimulation, thereby increasing the challenge to the patient during rehabilitation.

[0090] The vibro-somatosensory inputs delivered by the micro-motors can be used as the go-cue
and/or stop signal, depending on the design of the rehabilitation task. The vibratory inputs can also

serve as a somatosensory feedback when coupled with hand movements for stroke victims.

[0091] The therapeutic device described herein provides an active functional task-guidance during
rehabilitation to mobilize a larger number of neural elements. Such neural elements may include both
central and peripheral structures to facilitate hand function. The device emphasizes patients’ attention
during rehabilitation, which is important in effective functional recovery of a deficit hand. The device
may be applied to the lower extremity of the patient as well. In this instance, the glove may be

modified to serve as a sock.
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[0092] In one aspect, the housing includes a USB connection that allows data gathered concerning
use of the device to be uploaded to a computer as a digital file. Uploading may take place, for
example, at a doctor’s office or a rchabilitation center. Alternatively, uploading may be done on a
patient’s computer or hand-held device, and then sent via electronic mail to a health care provider.
This confirms that the rehabilitation device is actually being used by the patient and helps the provider,
the carrier, or CMS establish benchmarks. In one aspect, the USB connection also allows the micro-

processor to be re-programmed to create different sequences of vibratory and/or light sequences.

[0093] Figure 5 is a flow chart showing steps for performing a method 500 for providing neuro-
electrical stimulation of a patient’s upper extremities, in one embodiment. The method 500 uses

somatosensory input as a functional guidance to improve motor function.

[0094] In one embodiment, the method 500 first includes attaching a therapeutic device to a
patient's extremity. This is seen in Box 510. The extremity is preferably the patient's wrist, but may
alternatively be an ankle. The therapeutic device is arranged such that at least one micro-motor is
placed along a corresponding patient digit (or extremity point). Where the therapeutic device is

attached to the patient's wrist, the micro-motors will be placed along the fingers (including the thumb).

[0095] In one aspect, the micro-motors are positioned in pairs. This means that micro-motors are
placed on opposing sides of a patient's respective fingers. This increases the tactile stimuli to the

patient.

[0096] The method 500 next includes activating the therapeutic device. This is provided in Box
520. Activating the therapeutic device generates a sequence of control signals that are sent to the
various micro-motors. The micro-motors, in turn, vibrate to deliver vibratory somatosensory inputs to

the patient. Activating the therapeutic device may be done by pressing a reset button.

[0097] The control signals are sent by a micro-processor as discussed above. Times for delivering

control signals may be adjusted, and times for dead periods between control signals may vary.

[0098] The method 500 further includes the optional step of turning a switch to an “on” position.

This is indicated at Box 530. When the switch is in the “on” position, a light is illuminated during the
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time that a micro-motor is vibrating. In this way, the patient also receives visual as well as

somatosensory inputs.

[0099] The method 500 also comprises monitoring patient movement of digits in response to the
vibratory and optional visual inputs. This is secen at Box 540. Monitoring may mean assistance and
encouragement offered by a physical therapist or attendant. Alternatively or in addition, monitoring
may mean evaluation by the patient himself or herself. Alternatively or in addition, monitoring may

mean recording therapy cycles and transmitting those to a health care provider or an insurance entity.

[00100] The method 500 also includes resetting the therapeutic device. This is shown at Box 550.
Resetting the therapeutic device initiates a new cycle of vibratory and, optionally, visual inputs. The
new cycle of vibratory inputs provides a different sequence of control signals, a different duration of

control signals, or both. Resetting may also be done by pressing a reset button.

[00101]  Optionally, the method 500 includes selecting lights from a bank of lights on the therapeutic
device. This is given at Box 560. The selected lights will illuminate when a corresponding micro-

motor is vibrating.

[00102]  While it will be apparent that the inventions herein described are well calculated to achieve
the benefits and advantages set forth above, it will be appreciated that the inventions are susceptible to

modification, variation and change without departing from the spirit thereof.
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CLAIMS

1. A portable therapeutic device for improving voluntary control of paretic muscles in a patient
extremity, comprising:

a plurality of micro-motors configured to deliver a vibratory sensation to selected patient
extremity points as vibratory inputs;

a housing;

a light source arranged on the housing to deliver visual input to the patient when a micro-motor
is vibrating;

a micro-processor residing within the housing and programmed to send control signals to
actuate the micro-motors and light source for designated times and sequences in order to form cycles
of somatosensory inputs;

a manual override switch for selectively preventing the light source from illuminating during
cycles of somatosensory inputs; and

a reset button for initiating a new cycle of somatosensory inputs in response to manual

resetting.

2. The therapeutic device of claim 1, further comprising:
one or more batteries residing within the housing for providing power; and

a power switch for manually activating and de-activating power to the micro-processor.

3. The therapeutic device of claim 1, wherein:

the extremity points are fingers such that each of the plurality of micro-motors is dimensioned
to reside on a patient’s finger; and

the device further comprises a glove for supporting each of the micro-motors adjacent to the

patient’s respective fingers.

4. The therapeutic device of claim 1, wherein:

each of the plurality of micro-motors is dimensioned to reside on a patient’s foot; and

20



WO 2013/170246 PCT/US2013/040701

the device further comprises a sock for supporting each of the micro-motors along the patient’s

foot.

5. The therapeutic device of claim 1, wherein the controller communicates with each of the

micro-motors through either a wired or a wireless signal.

6. The therapeutic device of claim 1, wherein:
the cycles of somatosensory inputs comprise at least a first cycle and a second cycle; and
the second cycle of vibratory inputs provides a different sequence of control signals, a different

duration of control signals, or both, relative to the first cycle.

7. The therapeutic device of claim 1, wherein:

the extremity points are fingers such that each of the plurality of micro-motors is dimensioned
to reside on a patient’s finger;

the plurality of micro-motors comprises pairs of micro-motors such that a pair of micro-motors
resides on opposing sides of each of the patient's fingers;

the device further comprises a pair of micro-motors placed on the dorsal and ventral sides of
the patient's wrist, respectively; and

the cycles of somatosensory inputs comprise cycles of vibratory and light inputs delivered and

corresponding to the patient's fingers and wrist.

8. The therapeutic device of claim 1, wherein:
the housing containing the light source, the micro-processor and the batteries defines a control
unit; and

the control unit is dimensioned to reside along the patient's wrist.

9. The therapeutic device of claim 1, further comprising;:

a glove for supporting each of the micro-motors adjacent to the patient’s respective fingers.
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10.  The therapeutic device of claim 9, wherein the control unit is embedded into the glove

proximate the patient's wrist.

11.  The therapeutic device of claim 7, further comprising:
a bank of lights corresponding to the pairs of micro-motors such that a light is illuminated

when a control signal is sent to vibrate a corresponding pair of micro-motors.

12. The therapeutic device of claim 11, further comprising:
a bank of override switches having switches that correspond to the lights in the bank of lights
and to the pairs of micro-motors for selectively preventing a light from illuminating during cycles of

somatosensory inputs.

13. The therapeutic device of claim 11, further comprising:

a memory for storing patient use events.

14. A method of using somatosensory input as a functional guidance to improve motor function in
a patient extremity, comprising:
securing a therapeutic device around a patient’s wrist, the therapeutic device comprising:

a plurality of micro-motors configured to deliver a vibratory sensation to a
patient extremity points as vibratory inputs, with each micro-motor being dimensioned
to reside on a patient’s respective finger,

a housing,

a light source arranged on the housing to deliver visual input to the patient when
a micro-motor is vibrating, and

a micro-processor residing within the housing and programmed to send control
signals to actuate the micro-motors and light source for designated times and sequences
in order to form cycles of somatosensory inputs;

initiating a first cycle of vibratory inputs from the micro-motors according to the programming

of the micro-processor; and
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monitoring patient movement of the extremity points in response to the vibratory inputs of the

respective micro-motors.

15.  The method of claim 14, further comprising:
pressing a reset button on the housing in order to initiate a second cycle of vibratory inputs

after completing the first cycle.

16. The method of claim 14, further comprising:

placing an override switch along the housing in an “on” position so that the light source
illuminates when a micro-motor is vibrating; and

receiving visual feedback from the light source during the first cycle;

and wherein the therapeutic device further comprises:

one or more batteries residing within the housing for providing power, and

a power switch for manually activating and de-activating power to the micro-processor.

17. The method of claim 16, wherein:

the therapeutic device further comprises a glove for supporting each of the micro-motors
adjacent to the patient’s respective fingers;

the cycles of somatosensory inputs comprise at least a first cycle and a second cycle; and

the second cycle of vibratory inputs provides a different sequence of control signals, a different

duration of control signals, or both, relative to the first cycle.

18. The method of claim 16, wherein:

the plurality of micro-motors comprises pairs of micro-motors such that a first pair of micro-
motors resides on opposing sides of each of the patient's fingers;

the device further comprises a pair of micro-motors placed on the dorsal and ventral sides of
the patient's wrist, respectively; and

the cycles of somatosensory inputs comprise cycles of vibratory inputs delivered to the

patient's fingers and wrist.
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19. The method of claim 18, wherein:

the therapeutic device further comprises a bank of lights corresponding to the pairs of micro-
motors such that a light is illuminated when a control signal is sent to vibrate a corresponding pair of
micro-motors, and a bank of override switches having switches that correspond to the lights in the
bank of lights and to the pairs of micro-motors for selectively preventing a light from illuminating
during cycles of somatosensory inputs; and

the method further comprises placing at least one of the override switches along the bank of
switches in an “on” position so that the light sources corresponding to that at least one override switch
illuminate when corresponding micro-motors are vibrating; and

receiving visual feedback from the corresponding light sources during the first cycle.

20. A portable therapeutic device for improving voluntary control of paretic muscles in a patient's
upper extremity, comprising:

a plurality of micro-motors configured to deliver a vibratory sensation to the patient's fingers
as vibratory inputs, wherein the micro-motors are arranged in pairs placed along opposing sides of
ecach finger;

a glove dimensioned to fit onto the patient’s hand and supporting each of the micro-motors
adjacent to the patient’s respective fingers;

a light source placed along the glove to deliver visual input to the patient when a micro-motor
is vibrating;

a micro-processor embedded in the glove and programmed to send control signals to actuate
the micro-motors and light source for designated times and sequences in order to form cycles of
somatosensory inputs;

a manual override switch for selectively preventing the light source from illuminating during
cycles of somatosensory inputs; and

a reset button for initiating a new cycle of somatosensory inputs in response to manual

resetting.
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