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PORTABLE SYSTEMS AND METHODS FOR ANKLE REHABILITATION

CROSS-REFERENCE TO RELATED APPLICATION
{0001 | This application claims priority to United States Provisional Patent Application
No. 62/760,798, filed November 13, 2018, which is incorporated herein by reference in the

entirety.

BACKGROUND

{6602} The future of neurorchabilitation lies in addressing the many difficulties
assoctated with improving mobility and mental processing for post-stroke patients. Of
particular interest 1s the restoration of the ability to smoothly coordinate movement of the lower
extremitics, ¢specially the ankle. Ankle function is often impaired following a brain injury,
such as a stroke, which can lead to difficulty in moving, loss of balance, and an increased risk
of falling. Rehabilitation exercises are critical to regaining functional usc of the ankle joint.
Of particelar relevance to rchabilitation is the practice of movement priming, where a patient
is exposed to a stimulus indicating how to move the affected joint and must motor plan how to
respond. Prinung can be categorized as a restorative intervention that reduces impairment by
targeting underlying neural mechanisms in newrological disorders. Movement priming has
been shown to facilitate motor leamning and cause changes in neuroplasticity, aiding
rchabilitation.

{6003] A key obstacle to effective rehabilitation, including that via movement prinung,
is patient compliance. Rehabilitation exercises often inclode long periods of repetitive
exercises and utilize specialized machinery that often cannot be brought to a residential setting.
Such factors lead to low compliance and poor rehabilitation outcomes. Therefore, there exists
aneed to provide engaging, motivating rehabilitation exercises to increase patient participation.
Additionally, there exists a need for inexpensive, portable rehabilitation devices that can be

safely and effectively used inside or outside of a clinical sctting,.

SUMMARY
{6604] An aspect of the present disclosure relates to a method for improved
rehabilitation of ankle motion by visvally-driven priming of motor movement, the method
comprising (1) operating a sensor to generate a first signal representative of ankle angle overa
first pertod of time; (it) determining, based on the first signal, a range of angles detected over
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the first period of time:; (311} operating a display to provide an indication fo prime a repetitive
motor movement, wherein the indication represents at least a portion of the repetitive motor
movement; {(iv) operating the sensor to generate a sccond signal representative of ankle angle
over a second period of time; {v) during the second period of time, mapping the second signal
to a user location relative to the repetitive motor movement; (vi} during the second period of
time, operating the display to update the imdication that represents the repetitive motor
movement, wherein operating the display to update the indication that ropresents the repetitive
motor movement includes opdating a location, relative to the representation of the repetitive
motor movement, of a cursor according to the user location.

[G005] Another aspect of the present disclosure relates to a non-transifory computer-
readable medium, having stored thercon program instructions that, upon execution by the
controller, cause the controller to perform the method as otherwise described herein.

{3606] Another aspect of the present disclosure relates to a system comprising (i) a
sensor configured to measure an ankle angle; (11) a display; (11) a controller comprising at least
one processor, wherein the controlier is configured to perform operations including: (a)
operating a sensor to generate a first signal representative of ankle angle over a first period of
time; (b) determining, based on the first signal, a range of angles detected over the first period
of time; {c} operating a display to provide an indication to prime a repetitive motor movement,
wherein the indication represents at least a portion of the repetitive motor movement; {d)
operating the sensor to generate a second signal representative of ankle angle over a second
period of time; (¢} durnng the second period of time, mapping the second signal to a user
location relative to the repetitive motor movement: (f) during the sccond period of time,
operating the display to update the indication that represents the repetitive motor movement,
wherein operating the display to update the indication that represents the repetitive motor
movement includes updating a location, relative to the representation of the repetitive motor
movement, of a cursor according to the user location.

{6007) Another aspect of the present disclosure relates to a system comprising (i) a
sensor configured to measure an ankle angle; (i) a display; (i) a controller comprising at least
one processor: {iv) a non-transitory computer-readable medium, having stored thereon program
mstractions that, upon execation by the controller, cause the controller to perform the method
as otherwise described herein.

{3608] These as well as other aspects, advantages, and alternatives will become
apparent to those of ordimary skill in the art by reading the following detailed description with
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reference where appropriate to the accompanying drawings. Further, it should be understood
that the description provided in this swmmary section and elsewhere in this document is
intended to illustrate the claimed subject matter by way of example and not by way of

Iimitation.

BRIEF DESCRIPTION OF THE FIGURES
{6009} Figures 1A through IF illustratc varous screens that may be displayed,

according to example embodiments.

{6610] Figure 2 illustrates a movement tracking device, according to an example
cmbodiment.
HELRY Figure 3A through 3E illustrate varnous view of a heel resting device, according

to an example embodiment.

[6612) Figure 4 illustrates a movement tracking or sensing device, according to an
example embodiment.

{8613} Figure 5 illustrates a system including a wireless patient controller, according
to an example embodiment.

[6014] Figure 6 illustrates a system including a connectable VR system, according to
an example embodiment.

HEDRY] Figure 7 illustrates a lateral view of a heel resting device ncorporating a sensor
according to an example embodiment.

{06616] Figure 8 illustrates a top view of a heel resting device incorporating a sensor
according to an example embodiment.

{6617} Other embodiments not shown herein are contemplated.

DETAILED DESCRIPTION
{3018] Examples of methods and systems are deseribed herein. It should be understood
that the words “excraplary.” “example,” and “illustrative.” are used herein to mean “‘serving as
an example, instance, or illustration.” Any embodiment or feature described herein as
“exemplary,” “example,” or “Hustrative,” 1s not necessarnily to be construed as preferred or
advantageous over other embodiments or features. Farther, the exemplary embodiments
described herein are not meant to be limiting. It will be readily understood that certain aspects
of the disclosed svstems and methods can be arranged and combined i a wide vanety of

different configurations.
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i Overview

{6619} Visually-driven priming of motor movement typically includes a stimulus to
indicate to the patient a motor function that is about to be performed. In a rchabilitation
scenario, this motor function typically centers around the function of a body part that has been
mpaired (e.g., by trauma to the body part itself, or by ischemic or other varicties of damage to
a portion of the brain or nerves associated with the body part). Recent research suggests that
visually-driven priming of motor movement leads to implicit motor leaming and increases in
neuroplasticity. Such effects can, i turn, lead to increased motor fimction. Several criteria
must be addressed in order to successfilly prime a motor movement. First, the action should
be anticipated, that is, the patient should be shown the movement to be completed some length
of time before the movement actually needs to occur. Second, the movement should be
repetitive. Repetitive in this context may mean an identical movement is indicated a number
of times consecutively, or merely that the same type of movement is indicated (2.g., moving
up and then moving down) with vanation in amplitude, timing, movement shape, or other
properties of the repeated movement. The third criterion is that the movement shoold be
“skillful,” such that it takes a concentrated effort to perform the movement. In part to achieve
these criteria, in certain embodiments of the present invention the repetitive motor movement
meludes multiple identical cveles of a penodic motion spanning a period of time. A display
may be operated to provide an indication to prime this motor movement, and the indication can
represent at least one full cvele of the repetitive motor movement. In other embodiments, the
mdication can represent at least 1.5 full cycles of the repetitive motor movement, or at least 2
full cveles of the repetitive motor movement. For clarity, it may be desirable to restrict the
displayed indication such that less than 10 full cycles of the repetitive motor movement are
mndicated, or less than 6 full cycles. For example. the indication may ropresent between 0.3
and & full cycles of the repetitive motor movement, or between 1 and 6 full cycles, or between
1.5 and 4 full eycles. It will be understood that more or fewer full eycles {or portions thereof)
could be indicated.

{06620] The indication may take several forms as may be deemed clinically efficacious.
In some embodiments, the indicated path could be computer generated.  Additionally or
alternatively, the ndicated path could be easily comparable to a cursor representing the current
{e.g., live} performance of the patient. In various embodiments, the indicated path could be
randomized, randomized within certain constraints (¢.g., a sinusoid with a randomly-selected
magnitude, period, offset, or other properties), or follow a non-random pattern. As such, in
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certain embodiments, the indication to prime a repetitive motor movement could include
providing an indication {¢.g., a graphical representation) of a geometric path. Non-limiting
examples of such a geometric path are a linear path (¢ g, positively-sloped, negativelv-sloped,
vertical, horizontal), a sinusoidal path, a dampened or amplified sinusoidal path, a step-function
path, a circalar path, and a parabolic path. The path may be continuous or discontinuous. In
some embodiments, several different types of geometric paths could be used consecutively
{c.g.. in a serial fashion) 1o provide varied motor movements to increase the “skillfulness” of
the task(s} and also to maintain patient interest.

{6021} In certain embodiments as otherwise described herein, the indication may
nclude an indication of a continuous trace. fn certain embodiments, the indication may include
an indication of a plurality of discrete symbols, icons, or other graphical representations. The
discrete symbols may be provided simultaneously with the continsous trace. Additionally or
alternatively, either the discrete symbol(s) or the continuous trace, but not both, may be
displayed. Insome embodiments, the discrete symbols may represent sclected points along the
continuous trace. In certain embodiments, the discrete svmbols could correspond with (e g,
be placed along) the continuous trace even though the continuous trace is not displayed (L.,
made invisible).

j6022] In various embodiments, the symbols may be part of a rewards system. In such
scenarios, the method may further include (1) determining a distance between the location of
the cursor and a location of a particelar symbol of the plurality of discrete symbols {e.g., a
nearest symbol to the cursor); (1) determining that the distance is less than a distance threshold
value, and (1i1) responsive to determining that the distance is less than the distance threshold
value, incrementing or decrementing a counter (¢.g., a score or reward counter). This particular
embodiment may be constructed to give the impression to the user {¢.g., patient) that the
symbols are being collected (e.g., accumulated) or redeemed. In certain embodiments, a sound
could be played concurrent with {or subsequent to} the determination that the distance from the
cursor to the particular symbol is less than the threshold distance. Additionally, some
embodiments may include the counter as visible on the screen, n order to motivate the user
and provide a sense of accomplishment. In other embodiments, the counter may be hidden m
order to prevent a behavior hindering the performance {¢.g., distraction}. The method may
further include, responsive to determining that the distance from the location of the cursor to
the particular symbol i3 less than the threshold value, operating the display to remove at least
a portion of the indication from the display. One example of this method would be the removal
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of the particular symbol from the display. The method may further comprise placing in the
location of the removed particular symbol an alternative symbol that represents the first
particular symbol as “collecied” or “redeemed.” Que or more of the above actions may further
enhance the perception by the user than the svmbol are being redeemed or collected through
their motor movement. In some embodiments, the indication, cursor, and operation of the
display could be chosen or selected to optimize the user experience and to ncrease at least one

of: the priming cffect, the cfficacy of the rchabilitation, and/or the user’s desire to continue the

rchabilitation.
{6623} It will be understood that there are several different ways that the signal from

the sensor can be translated to {c.g.. associated with} the displaved user location. In an
embodiment, the user location may be determined with respect to a vertical axis or plane. This
is taken to mean that the data encoded in the signal generated from the sensor that is
representative of ankle angle could be used to encode the user location vertically on the display,
if the display is considered a quasi-2D plane. As such, changes in the ankle angle of the user
can be used to make the cursor representing the user location go “vp” and “down” with respect
to the display. Additionally or alternatively, the user location can be determined with respect
to a horizontal axis or plane. Additionally or alternatively, the user location could be
determined based on a radial position around a central point. In such scenarios, the ankle angle
could be represented/displayed on the display as a cartoon representation of the user’s ankle.
Additionally or alternatively, a tachometer or ancther type of visual representation could be
utilized to measure and/or monitor a user’s motor movement.

{6624} For effective placement of the cursor representing the user location, and n order
to make the imdication placement appropriate for individual users of varying ability {(e.g.,
varying ankle range of motion), it may be desired to calibrate the range of the user location via
a first measurement during which their maximal range and ankle angles {(e.g., range of motion)
is measured. In such scenarios, subsequently mapping the ankle angle signal (¢.g., doring a
rehabilitative task or game) to the user location relative to a primed repetitive motor movement
could include mapping the ankle angle signal to the user location relative to the repetitive motor
movement such that 80% of the range of angles detected during the calibration period is
mapped to a full range of the primed repetitive motor movement. In certain embodiments, the
full range of the repetitive motor movement is determined according to the ankle signal during
the calibration time period. In other embodiments, mapping the ankle angle signal, during a
primed motion rehabilitation task, to the aser location relative to the repetitive motor movement
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could be performed such that 70%, at least 60%, or some other specified fraction of the detected
range of angles is mapped to a full range of the repetitive motor movement. In other
cembodiments, the range of possible desired user locations could correspond to between 60%
and 99% of the inithial maximal range or range of motion, or between 70% and 90%, or between
75% and 85%, or less than 93%, or less than 90%, or less than 85%, or greater than 606%, or
greater than 75% of the full range. In some embodiments, adjustment of the user location
relative to the full range may be performed to increase user comfort or increase range of motion
performed during the rehabilitation period.

{6625] In order to give feedback on the user's performance of the primed motor
movenent, an embodiment of the invention as otherwise described herein s deriving, from the
detected ankle angle signal during a primed repetitive motor movement task, a quantitative
measurement of a user’s performance of the repetitive motor movement.  Such guantitation
may be important for clinicians to evaluate the health of the user. It may also be useful for
users to have a quantitative assessment of their performance. As such, it may be desired for
the method to further include storing the quantitative measurement for later retricval. This
would allow user performance over time to be tracked and analyzed for progression or
regression, or for changes due to other adjustments of rchabilitation treatment. I may be
further desired to compare the guantitative measurement to a goal threshold and to store the
resolt for later retrieval. The display may be further operated to indicate the result of the
comparison. It may also be desired for the result of the comparison to be not displaved. Inan
embodiment, the quantitative measurcroent 18 representative of the accuracy with which the
user performed the indicated repetitive motor movement. Accuracy may be determined as the
number of times the user navigates the cursor representing the user location to within the
threshold distance of a particular svmbol of the plurality of discrete symbols divided by the
maxinum number of instances possible, expressed as a percentage. Other determinations of
accuracy, as well as other metrics, may be envisioned by one of skill in the art to best represent
user performance. Performances reaching the goal threshold (e.g., 90% accuracy, or 75%
accuracy, or 60% accuracy, or 50% accuracy) may then be rewarded with a token or other
reward. The reward may be digital or physical, and various rewards may be given for different
goal thresholds. Other thresholds for successful performance may be selected as required.
{6626} In some embodiments, the systems and methods described herein may include
recording and/or taking into account several periods of use to adjust operating procedures. In
certamn embodiments as otherwise described herein, the method may further comprise (1)
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operating the sensor to generate a further signal representative of ankle angle over a further
period of time; (i1} during the further period of time, mapping the ankle angle signal to a user
of time, operating the display to update the indication that represents the repetifive motor
movement, wherein operating the display to update the indication that represents the repetitive
motor movement includes updating a location, relative to the representation of the repetitive
motor movement, of the cursor according to the user location.

{8627} An operating parameter that may be adjusted 1s the speed of the indication of
the motor movement. For example, the speed that the user is expected to perform a repetitive
motor movement may be adjusted based on the user’s performance, ¢.g., the speed may be
mereased if the user performs well and decreased if the user performs poorly. As such, the
method may mclude operating the display during a first period of time, corresponding to the
performance of the repetitive motor movement task a first time, to update the indication that
represents the user's performance of the repetitive motor movement such that the
representation of the repetitive motor movement is translated across the display at a first speed.
The method may additionally inchude operating the display during a second period of time,
corresponding to the performance of the repetitive motor movement task a sccond time, to
update the indication that represents the user’s performance of the repetitive motor movement
such that the representation of the repetitive motor movement is translated across the display
at a second speed. It will be understood that other operating parameters can be adjusted
between the different periods of time that correspond to different performances of a repetitive
motor movement task. The method can further inclade determining that a quantitative measure
of the user’s performance during the first period of time is fess than a goal threshold and,
responsive to determining the quantitative measure is less than the goal threshold, operating
the controller such that the second speed is less than the first speed. Similarly, the method
could further include determining that the quantitative measure is greater than the goal
threshold. In response to determining that the quantitative measure is greater than the goal
threshold, the countroller could be operated such that the second speed is greater than the first
speed. In such scenarios, adjusting a respective speed according to the comparison of the
guantitative measure to the goal threshold could provide a way for the aser or clinician to
automatically adjust the difficulty of the rchabilitation exercise in response to user
performance. Among other aspects, this allows for improved rehabilitation outcomes by
providing an experience that is appropriately challenging, rewarding, and engaging, instead of
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being overly frustrating.

{6628} Rehabilitation can be an exhausting activity, both mentally and physically. The
duration of the repetitive motor movement task(s} should be selected so as to conform to the
abilities of the user and also to increase gains in motor movement. This duration may be
selected according to clinical data indicating increases m neuroachvity. In certain
embodiments, the duration of a single repetitive motor movement task, or the cumulative
duration of a sct of such tasks, could be between 15 and 25 minutes, or between 18 and 22
minutes {e.g., 20 minutes}. In certain embodiments, the duration could be greater than 10
minutes, or greater than 15 minutes {¢.g., greater than 18 minutes, or greater than 20 minutes).
In certain embodiments, the duration is fess than 30 munutes, or less than 23 nunutes, or less
than 22 munutes. Similarly, the duration should be selected so as 1o conform to the abilities of
the user and also fo increase gains in motor movement. The duration of the repetitive motor
movement task(s) may be sclecied according to clinical data indicating increases in
neurocactivity. In certain embodiments, the duration could be between 5 and 35 minutes, or
between 10 and 25 minutes {e.g., 15 minutes). In certain embodiments, the duration could be
greater than 5 minutes, or greater than 10 minutes {¢.g., greater than 13 minutes, or greater than
20 minutes). In certain embodiments, the duration could be less than 30 minutes, or less than
20 minutes, or less than 15 minutes. In some example embodiments, the duration of different
{e.g., first and second) repetitive motor movement tasks could be cqual. Alternatively, in other
embodiments the duration of a first repetitive motor movement task is greater than the duration
of a second repetitive motor movement task, or vice versa. 1t will be understood that other time
periods and/or durations are possible and contemplated.

{6029} Additional gains in motor movement ability may be achieved by incorporating
an interval of rest between multiple repetitive motor movement tasks. In certain ernbodiments,
the method may also melude: (i) operating the sensor to generate a further signal representative
of ankle angle over a further period of time; then (it} during the further period of time, mapping
the further signal to a user location relative to the repetitive motor movement. During the
further period of time, the method further includes (1it) operating the display to update the
indication that represents the repetitive motor movement, wherein operating the display to
gpdate the indication that represents the repetitive motor movement ncludes updating a
location, relative to the representation of the repetitive motor movement, of the cursor
according to the user location; whercin the further period of time follows a prior period of time
after an interval of rest. Similar to selecting the durations of periods during which a repetitive
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motor movement task is performed, the interval of rest may be selected by the chinician or user
in order to increase rehabilitative results. For example, the interval of rest may be between 0.5
and 15 minutes, or between 2 and 12 minutes, or between 3 and 8 munuies, or less than 30
minuies, or less than 10 minutes {e.g., less than 5 nunutes).

{B3630] The rehabilitation may be enhanced by the provision of brain stimulation. The
brain stimulation may be concurrent with at least one of a period of performance of a repetitive
motor movement task. The brain stimulation may also be concurrent with an interval of rest,
or be administered immediately before a period of performance of a repetitive motor movement
task the first period of time or immediately after such a period. Examples of possible brain
stunulation techniques could include sound (e.g., particular notes or music, a particular rhythm
or volume), direct vibration {¢.g., a vibrating wearable such as a bracelet), electnical stimulation

(e.g., to the leg), and magnetic stimulation {¢.g., to the brain). It may be desirable for one mode

£,
of stimulation to be used in a clinical setting while another mode is used when the treatment is
done outside of a clinical setting {c.g., at home). It will be understood that other suitable
techniques are possible and contemplated.

{6631} Beneficially, rehabilitation exercises may be designed to be minimally mvasive
whife butlding the targeted abilities. Accordingly, in cortain embodiments, the ankic may be
permitted to rotate around more than one axis. This allows for a lighter, more portable ankle
angle sensor (e.g., a sensor that consists of a small sensor module and a strap used to attach the
sensor module to a user’s foot) and also provides the user with a way to develop ancillary,
stabilizing control of the ankle beyond the single measured degree of motion. Depending on
pser ability, in some scenarios, the ankle may be free to rotate around exactly two axes, or to
freely rotate around any axis.

{6032] Regardless of the degrees of freedom associated with ankle rotation, i some
examples, systems and methods described herein may only measure and display the rotation
around or about a single axis. To this end, the sensor could be configured to detect ankle
rotation about a given axis. Alternatively, the sensor can be configured to generate t signals
from the ankle rotation based about a single axis. This approach may provide the measurement
of only the desirable motion and discards information about other ankle rotations that the user
may be mstructed to avoid.

{6633} Often, a hindrance to effective rehabilitation is discomfort associated with
performing the exercise which leads to an aversion to continned rehabilitation. To help remedy
this, 10 certain embodiments the sensor could be integrated into a garment {e.g., a sock, a
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compression sock, a shoe, a boot, a sandal, an ankle band, an ankle brace, etc.). Integration
with a familiar object could improve case of use and increase comfort level for the user. The
garment may also be designed to mimic realistic ankle support, such as that typically provided
bv a shoe or sock mn evervday conventional use.

{B034] Figures 7 and figure 8 display two views of an example embodiment wherein
the system additionally includes a heel rest, and wherein the sensor (¢.g., an accelerometer, a
bend sensor} is incorporated nto a garment. The heel rest allows ankle elevation, allowing for
a full range of motion. In the displayed example embodiment, the user wears a garment {e.g.,
an ankle brace) with at least one sensor incorporated.  Examples of the sensor locations are
shown by the dashed lines. For example, a flex sensor may be incorporated (e.g., sewn or
otherwise adhered to/within the matenal of the ankle brace or other garment). Some possible
modes of ankle motion are shown by double-ended arrows. The sensor may be configured to
measure one or more of these modes.

{6633} It will be understond that the display may be operably connected to a variety of
devices. In some embodiments, the ankle angle signals, and/or other information, such as
calibration data or other user-gspecific data could be transmitted and received by way of a
wireless communication link. To certain embodiments, the display could be operablv connected
to at least one of a smartphone, tablet, laptop computer, or ancther computing device adapted
to receive wircless input signals. It may be desired for the sensor to be operably connected to
a device that is portable and/or inexpensive. In certain embodiments, the sensor could be
operably connected 1o a smartphone or smart watch.

{6636} it will be understood that a variety of techmiques could be utihized to measure
ankle angle. Examples of possible sensors could mclude sensors comprising a flex sensor,
comprising a gyroscope, comprising an accelerometer, and comprising a depth sensor. In
certain embodiments the sensor mcludes more than one sensor type. In some embodiments,
mnclusion of more than one sensor type may beneficially increase data resolution and/or data
reliability. More than one sensor type may also provide valuable mformation beyond what is

mcluded in the first, second, and third signals.

18 Example Svstems
{6037} Figure 2 illustrates an exemplary embodiment of a sensing device configured

for selective use by a patient. To this end, the sensing device can be configured of any soitable

design or material, and can inchude an adjustable or expandable strap for connecting the device
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to a movable patient part, such as the foot. Altematively, one or more sensing devices, or
sensing mechanism(s), can be integrally formed in an expandable fabric device selectively
worn by the patient, such as a tube or sock, or any other suitable configuration.

[3638] The systems and methods described herein could provide a way to “ganmify” a
rehabilitation activity. Such a game can be configured and adapied to provide priming
formation visually to the patient during operation of the system by coordinating a correct
movement based on the pre-game range of motion determined for the patient, and then display
a trace of the real time patient mput data to help the patient aim toward and see the correct
movement information. Various versions or embodiments of the instructional game can start
by measuring the user’s range of foot dorsiflexion and plantartiexion using a sensing device
attached to the patient to input the data. These measurements can be incorporated by the
mnstructional gameplay to adjust the output and extent of the priming exercise based on the
ability of the patient to allow patients with varied ranges of motion to operate the system and
play the priming excreises successfully.

{6639} In an embodiment, the priming nformation delivered visually to the patient
includes movements directed to ankle dorsiflexion and plantarflexion to control a trace that
shows the movement of the patient compared to a target movement stored in the processor. A
number of desired repeated motions can function as the target movement for the patient that
results in a priming outcome when coupled with the visual information received while plaving
a game.

{0640] As illustrated 10 Figure 1A {c.g., Screen A), the target movement can be an
object moving through a 2D side-scrolling obstacle course. The course can be composed of
small dots that appear in waveforms, including a sinc wave, squares, saw tooth wave, and
triangles, for example. When the pationt’s circle hits a dot, the device can vibrates to provide
haptic feedback, or provide visual information indicating to the patient that they have
performed the and the dot changes color from red to green. At the end of the game, the patient
is shown the percent of dots collected.

[0041] In accordance with the present disclosure, another priming version of the
instructional game can be similar to the basic game with additions including narrative elements,
cartoon-style visuals, avatar customization, and the ability to collect and display items to
further engage the patient and help the patient to focus during activity. In this version of the
mstructional game, the patient can select activities and receive messages presenting a choice
of priming exercises.
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{6042} As illustrated in Figure 1B (c.g., Screen B), the patient may customize an
“avatar,” a cartoon representation of the patient, by providing their name and gender and
choosing one of cight skin tone options and one of eight hair color options. Tt will be
understood that other types of custonuzations and/or personalization may be possible and
contemplated.

{0043} After the system is configured for use by the patient in any embodiment, the
range of motion of the patient can be measured by the system, as shown in Figure 1C (o2,
Sereen Cy. In this embodiment, the patient can be guided by a brightly colored shoe, for
example.

{0044] After theur range of motion has been measured and saved, the patient can select
a prinung exercise game in some embodiments, or a preselected priming exercise game can
start automatically or based on an input from the patient. In an embodiment, the game can
present options to the patient such as “Explore and find flowers,” “Play ping pong,” or re-
measure vour range of motion, as shown 1o Figure 1D, (¢.g., Screen D) below. The output
display can include transitions that change information to help maintain attention to the visual
display, as seen from the change in background color of Screen D to Figure 1E, (c.g., Screen
E), for example.

{B0345] In an embodiment shown i Figure IF {e.g., Screen F), a 2D side-scrolling
cbstacle course can be presented with visual output information demonstrating correct
movement for the priming exercise. In this embodiment, the display can indicate which visual
targets the patient has negotiated successfully such as by transforming the coins to white dotted
circles, for example. In this embodiment, the patient can use their priming exercise movements
to control a cartoon plane with their avatar in it, and thev collect coins that are arranged in
patterns when they perform the priming exercise successfully.

[B046] At the end of the game, the system can display the percent of comns collected
during the session, if desired, and can also reward the patient with flowers based on their
performance, or display other feedback to the patient as desired. For example, if the patient
scorcs above 95% in the side-scrolling priming cxercise, they can earn five flowers: if they
score above 75%, they can eam three flowers; if they score above 50%, they can eam two
flowers; and any other score can be rewarded with one flower, for example, as shown in Figure
1G (e.g., Screen G},

{3047} After a selected priming exercise is complete, the patient can perform various
relaxing excreises or engage in fun activities with the system to further encourage engagement,
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for example, as shown in Figure 1H (e.g., Screen H).

{6048} Other priming games can guide the patient through other priming exercises, as
shown in Figure 11 {c.g., Screen 1), for example. Here the paticnt can play a game of ping pong
against a computer opponent. In this game, the patient can use their ankle movements to move
a small, graphical representation of a ping pong paddie up and down. Although this game does
not require as much consistent ankle movement as the side-scroller game, it is engaging and
can provide patients with a fun change of pace from the side-scroller game while still providing
a priming visual output regarding correct movement for flexing the foot.

{6049] Embodiments of a system constructed in accordance with the principles herein
for a priming ankle rchabilitation system for stroke patients can increase user motivation,
exercise compliance, and mmprove movement outcomes based on the combined physical and
cognitive stimulation provided by the system.

{6050] ‘The underlying problem solved with a system constructed in accordance with
the principles of the present invention is the low motivation and the difficulty of attending in-
person physical therapy sessions for the post-stroke patient. The tmpaired condition of patienis
post-stroke often prevents them from completing needed physical therapy as recommended.
For this reason, engaging svstoms that achieve better rehabilitation results and provide portable
options for the patients are needed to improve the short and long term outcome of this patient
population.

[6651]) In an embodiment, an excraplary interface for the system can enable multiple
people to work on the game in different roles for the sake of ¢fficiency, or can enable social
media and group play by the patieats. Other embodiments use engaging, visually appealing

priming games to present priming information and exercises to patients that are also clinically

[6052] In order to maximize comfort and provide an exact starting point and baschne
for the patient, an exemplary system constructed in accordance with the principles herein can
include a heel rest as tlustrated in Figures 3A through 3E below.

{6053} In certain cmbodiments, the priming game can be played on a tablet or other
suitable mobile device. Other embodiments using projected imagery or glasses adapted to
receive mput from a processor are contemplated as well.

{06654] A suitable sensing device constructed in accordance with the principles of the
present disclosure can include a number of possible designs. One exemplary design, shown in
Figures 4A though 4E allows for an expandable or adjustable material to selectively connect a
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sensor or other suitable movement tracking output device to the foot of a patient in order to
operate a svstem constructed in accordance with the principles herein.

{6035] As illustrated in Figured 5 and 6, exemplary systems constructed in accordance
with the principles herein can include bidirectional devices for communicating feedback,
messages, or instractions during use of the system. Further, outputs from the system can be
used to analyze and modify other connectable devices, such as VR systems or other devices
that can be eraployed to further teach the priming information bevond or after the system herein
provides the priming exercises to the patient. To this end, a progress bar can be displayved, if
desired, during operation of the system such that patient progress through a priming game can
be coordinated for stops and starts with the patient input. allowing for possible interruptions
during operation of the system. Tn certain embodiments, the system can include a suitable
sensor reader. Further, scene transition buttons and other modifications input by clinicians and
or patients can provide direction to the exercises to work toward achieving a proposed clinical
outcome. For example, clinicians could modify the length, scttings and difficulty of priming
games of the system. Additionally, climicians can decide if less than folly unrestricted motion
but greater flexibility than fully restricied motion is recommended for a given patient, and
maodifications of the system herein could include devices to match the desired clinical
performance, such as partially restricted sensor systems.

{3636} Systems constructed in accordance with the principles hercin can further
provide error feedback to the patient, if desired. For example, if the device is unplugged or the
connection 1s otherwise not working for at least three seconds at the start of the scene, an error
message can appear on the screen with instructions on how to repair the connection and a button

to restart the scenc.

HER Conclusion

{6657) The above detailed description describes various features and fonctions of the
disclosed systems, devices, and methods with reference to the accompanying figures. In the
figures, similar symbols typically identify similar components, unless context indicates
otherwise. The tHustrative embodiments described 1 the detailed description, figures, and
claims are not meant to be limiting. Other embodiments can be utilized, and other changes can
be made, without departing from the scope of the subject matter presented herein. B will be
readily understood that the aspects of the present disclosure, as generally described herein, and

iHustrated in the figures, can be arranged, substituted, combined, separated, and designed in a
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wide variety of different configurations, all of which are explicitly contemplated herein.
{6058] The computer-readable medium may also mchide non-transitory computer-
readable media such as computer-readable media that stores data for short periods of time like
register memory, processor cache, and/or random access memory (RAM). The computer-
readable media may also mchude non-transitory computer-readable media that stores program
code and/or data for longer periods of time, such as secondary or persistent long term storage,
like read only memory (ROM), optical or magoetic disks, and/or compact-disc read only
memory (CD-ROM), for example. The computer-readable media may also be any other
volatile or non-volatile storage systems. A computer-readable mediom may be considered a
computcr-readable storage medium, for example, or a tangible storage device.

HEESH] While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed hercin are for purposes of illustration and are not intended to be

hmiting, with the true scope being indicated by the following claims.

iv. Enumerated Example Embodiments

{30360} Embodiments of the present disclosure may thus relate to one ofthe enumerated
example embodiments (EEEs) listed below. I will be appreciates that features indicated with
respect to one EEE can be combined with other EEEs.

{6061} EEE 1 is a system for pruning an tnjured patient for physical therapy using
visually driven priming motor movement comprising: (i} a display configured to transmit a
series of priming instructional data stored in a memory of the system and selectively sutput to
the display during operation of the system, the series of priming instructional data forming an
output display of correct patient motor movement for a priming exercise; (11} a processor
operatively connected to the memory of the system; (i1} the processor configured to compute
a calibration input from a baseline position; (iv) the calibration input including an analysis of
paticnt data input concerning a range of motion for the patient from the baseline position and
calibration data stored in the memory of the system; (v) the processor configured to adjust the
speed, length and difficuity of the cutput display based on at least one of the calibration input,
motor movement input data received from a motor movement sensing device of the system
during operation, or other input; (vi} the motor movement sensing device configured to track
and transmit motor movement by the patient in three dimensions duning operation of the

systen; (vit) the system configured to output to the display and generate a trace on the display
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of x and v components of the motor movement data received in real-time from the motor
movement sensing device of the system relative to the output display of correct patient motor
movement for the priming exercise to form a visual mapping display including both the real-
time x and v components of the data from the patient compared to the correct patient motor
movement for the priming exercise; {viit) the display screen selectively displaying additional
paticnt inputs to the system via a voice, keyboard, or other input device during set up and/or
operation of the system; and the system configured to deliver at least one stimulation input to
the patient during operation of the system.

{6062} EEE 2 1s the system of EEE I, wherein the ocutput display configured to
selectively gencrate and display audio and visual information related to patient awards earned
based on motor movement input data received during operation of the system that correlates to
the correct patient motor movement for the priming exercise for a pre-selected time period.
{3063) EEE 3 is the system of EEE I, whercin the at least one stinwdation input
comprising at least one of an audio track white noise, vibration source {¢.g., Thera bracelet),
functional electric stimulator (FES), music, and brain stimulator.

{6064} EEE 4 is the system of EEE 2, wherein display of information related to patient
awards carned based on motor movement input data received during operation of the system
melades converting a visual element of the output display to temporarily display a rotating gold
cot.

{6665} EEE 5 is the system of EEE 1, wherein the display, processor and memory are
operably connected in at least one of a smart phone, tablet, computer, or other processing and
storage device having an interface, and including a component adapted to receive wireless input
signals.

{0066] EEE 6 is the system of EEE 1, wherein one or more of a motor or cognitive
deficit 1s visually mapped via the output display for the priming exercise.

jB367] EEE 7 1s the system of EEE 1, wherein the exercise plane for performing the

priming exercise is unrestricted and measured from the baseline to reduce fatigue.

{6068} EEE 8 is the system of EEE 1. wherein the output display is portable.
{6669} EEE 9 is the system of EEE 1, wherein the motor movement sensing device

further comprises a sensor secured to a strap, the strap configured for selectively securing the
sensor on a moveable body part of the patient.

{6670} EEE 10 is the svstem of EEE 1, wherein the motor movement sensing device
further comprises a motion sensor integrated into a sock, slipper, or other wearable device.

17



WO 2020/102411 PCT/US2019/061264

{6071} EEE 11 is the system of EEE 1, firther comprising a button or command to
restart the system from the point of operation when the system received the last input data from
the patient.

[6672] EEE 12 1s the svstem of EEE 1, wherein the visual mapping display includes
additional memory mapping data from the systen.

{B6673] EEE 13 is the system of EEE 1, further comprising an elevation device
configured to provide a comfortable base for the patient to rest the baseline engaging body part
during operation of the system.

{6674} EEE 14 15 a visual mapping output for a cognitive or motor injury based on data
analyzed and presented on a display system from a remote sensor selectively secured to a
moveable patient body part.

{0075] EEE 15 is the system of EEE 1, whercin the motor movement sensing device
further comprises a sensor secured to a strap, the strap configured for selectively securing the
sensor on a movable body part of the patient.

{6676} EEE 16 1s the system of EEE 1, wherein the motor movement sensing device
further comprises a flex sensor.

{6677} EEE 17 1s the system of EEE 1, wherein the visual mapping display includes
additional memory mapping data from the system.

{6078} EEE 18 is the system of EEE 1, further comprising an elevation device
configured to provide a comfortable base for the patient to rest the baseline engaging body part
during operation of the system.

{6679} EEE 19 is a visual mapping output for a cognitive or motor injury based on data
analyzed and presented on a display system from a remote sensor selectively secured to a
moveable patient body part.

[6080] EEE 20 15 a tele~rchabilitation system comprising: (i) tracking outputs generated
by and transmitied to patient priming exercise tracking device(s} systems configared to allow
the patient and/or clinician to track progress and send or display signals to patients to keep up
with their exercises; and (it) a dashboard operably connected to the tracking outputs waming
the patient that the patient is not complying with the prescribed exercises.

{6081} While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of lustration and are not intended to be
fimiting, with the true scope being mdicated by the following claims.
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CLAIMS
We claim:

I. A systern comprising:

a sensor configured to measure an ankle angle,

a display,

a controller comprising at least one processor, wherein the controller is configured to
perform operations including:

operating a sensor (o generate a first signal representative of ankle angle over
a first period of time;

determining, based on the first signal, a range of angles detected over the first
period of time;

operating a display to provide an indication to prime a repetitive motor
movement, wherein the indication represents at least a portion of the repetitive motor
movement,

operating the sensor to gencerate a second signal representative of ankle angle
over a second period of time;

during the second period of time, mapping the second signal to a user location
relative to the repetitive motor movement; and

during the second period of time, operating the display to update the indication
that represents the repetitive motor movement, wherein operating the display to
update the indication that represents the repetitive motor movement inchudes updating
alocation, relative to the representation of the repetitive motor movement, of a cursor
according to the user location.

2. The system of claim 1, wherein the repetitive motor movement consists of
multiple identical cycles of a periodic motion spanning the second period of time.

3. The system of claim 2, wherein providing an indication to prime a repetitive
motor movement comprises providing an indication that represents at least one full cycle of
the repetitive motor movement.

4. The system of claims 2 or 3, wherein providing an indication to prime a
repetitive motor movement comprises providing an indication that represents at least 1.5 full
cyeles of the repetitive motor movement.

5. The system of claims 1-4, wherein providing an indication to prime a
repetitive motor movement comprises providing an indication of a geometric path.
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6. The system of claims 1-4, wherein providing an indication to prime a
repetitive motor movement comprises providing an indication of a continuous trace.

7. The system of clatms 1-6, wherein providing an indication to prime a
repetitive motor movement comprises providing an indication of a plurality of discrete
symbols.

3. ‘The system of claim 7, further comprising:

determining a distance between the location of the cursor and a location of a particular
symbol of the plurality of discrete symbols;

determining that the distance is less than a distance threshold value: and

responsive to determining that the distance is less than the distance threshold value,
merementing or decrementing a counter,

9. The system of claim 8, wherein the counter is visible on the display.

10. The system of claims 8 or 9, further comprising:

responsive to deternuning that the distance is less than the distance threshold value,
operating the display to remove at least a portion of the indication from the display.

11, The system according to any preceding claim, wherein the user location is a

vertical location.

12, The system of any of claims 1-10, wherein the user location is a borizontal
location.
13, The system of claims 1-10, wherein the user location is an angular location

relative to a central pomt.

14, The system of any preceding claim, wherein mapping the second signal to the
user location relative to the repetitive motor movement comprises mapping the second signal
to the user location relative to the repetitive motor movement such that 80% of the detected
range of angles 1s mapped to a full range of the repetitive motor movement .

15, The system of any preceding claim, further comprising deriving, from the
second signal, a quantitative measurement of a user’s performance of the repetitive motor
movement.

16. The system of claim 15, further comprising storing the quantitative
measurement for later retrieval.

17, The system of claims 15 or 16, further comprising comparing the quantitative

measurement to a goal threshold and storing the result for later retnieval.
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18, The system of claim 17, further comprising operating the display to indicate

the result of the comparison.

19, The svstem of clatus 15-18, wherein the quantitative measurement is
accuracy.
20.  The system of claim 17, wherein the system further comprises:

operating the sensor to generate a third signal representative of ankle angle overa
third period of time;

during the third period of time, mapping the third signal to a user location relative to
the repetitive motor movement; and

during the third period of time, operating the display to update the indication that
represents the repetitive motor movement, wherein operating the display to update the
indication that represents the repetitive motor movement includes updating a location,
relative to the representation of the repetitive motor movement, of the cursor according to the
user location.

21, The system of claim 20, wherein operating the display during the second
period of time to update the indication that represents the repetitive motor movement
comprises updating the indication such that the representation of the repetitive motor
movement 1s translated across the display at a first speed and wherein operating the display
during the third period of time to vpdate the indication that represents the repetitive motor
movement comprises updating the indication such that the representation of the repetitive
motor movement is translated across the display at a second speed.

22, The system of claim 21, further comprising determining the quantitative
measure 15 less than the goal threshold and, responsive to determining the quantitative
measure is less than the goal threshold, operating the display such that the second speed is
tess than the first speed.

23, 'The system of claims 21 or 22, further comprising determining the quantitative
measure is greater than the goal threshold and, responsive to determining the quantitative
measurc is greater than the goal threshold, operating the display such that the second speed is
greater than the first speed.

24, The system of any preceding claim, wherein the system further comprises:

operating the sensor to generate a third signal representative of ankle angle overa

third period of time;
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daring the third period of time, mapping the third signal to a user location relative to
the repetitive motor movement; and

during the third period of time, operating the display to update the indication that
represents the repetitive motor movement, wherein operating the display to update the
mdication that represents the repetitive motor movement includes updating a location,
relative to the representation of the repetitive motor movement, of the cursor according to the
user focation;

wherein the third period of time follows the second period of time after an interval of
rest.

25, The system of any of preceding claim, wherein the second period of time is
between 18 and 22 minutes.

26, The system of any of claims 20-25, wherein the third period of time is
between 8 and 12 minutes.

27. The system of anv of claims 24-26, wherein the interval of rest i1s between one
and three minutes.

28, The system of any preceding claim, wherein the system further comprises
providing brain stimulation.

29, The system of claim 28, wherein the brain stimulation is concwrrent with at
least one of the first pertod of time, second period of time, and third period of time.

30, The svstem of claims 28 or 29, wherein the brain stimulation is sound, direct
vibration, clectrical stimulation, or magnetic stimulation.

31, The system of any preceding claim, wherein the ankle is permitted to rotate
arcund more than one axis.

32, The system of any preceding claim, wherein the sensor detects ankle rotation
only around a single axis.

33

The system of any preceding claim, wherein the sensor generates the first,

second, and third signals from the ankle rotation only around a single axis.

34, The system of any preceding claim, wherein the sensor is integrated into a
garment.
35, The aystem of any preceding claim, wherein the display is operably connected

to at least one of a smart phone, tablet, computer, or other device adapted to receive wireless

mput signals.
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36.  The system of any preceding claim, wherein the sensor is operably connected

to a smart phone or smart watch.

37.  The system of any preceding claim, wherein the sensor comprises a flex
SEeNSOr.

38.  The system of any of claims 1-36, wherein the sensor comprises a gyroscope.

39, 'The system of any of claims 1-36, wherein the sensor comprises an
accelerometer.

40.  The system of any of claims 1-36, wherein the sensor comprises a depth
Sensor.

41, The system of any preceding claim, wherein the sensor includes more than one
8ensor type.

42, A method for improved rehabilitation of ankle motion by visually-driven

priming of motor movement, the method comprising:

operating a sensor to generate a first signal representative of ankle angle over a first
period of time;

determining, based on the first signal, a range of angles detected over the first period
of tire;

operating a display to provide an indication to prime a repetitive motor movement,
wherein the indication represents at least a portion of the repetitive motor movement;

operating the sensor to generate a second signal representative of ankle angle overa
second period ot time;

during the second period of time, mapping the second signal to a user location relative
to the repetitive motor movement; and

during the second period of time, operating the display to update the indication that
represents the repetitive motor movement, wherein operating the display to update the
ndication that represents the repetitive motor movement includes updating a location,
relative to the representation of the repetitive motor movement, of a cursor according to the
user [ocation.

43, The method of claim 42, wherein the repetitive motor movement consists of
multiple wdentical cycles of a periodic motion spanning the second period of time.

44, The method of claim 43, wherein providing an indication to prime a repetitive
motor movement comprises providing an indication that represents at least one full cycle of
the repetitive motor movement.
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45, The method of claims 43 or 44, wherein providing an mdication o prime a
repetitive motor movement comprises providing an indication that represents at least 1.5 full
cveles of the repetitive motor movement.

46.  The method of claims 42-45, wheremn providing an indication to prime a
repetitive motor movement comprises providing an indication of a geometric path.

47 ‘The method of claims 42-45, wherein providing an indication to prime a
repetitive motor movement comprises providing an indication of a continuous trace.

48.  The method of claims 42-47, wherein providing an indication to prime a
repetitive motor movement comprises providing an indication of a plurality of discrete
symbols.

49, The method of claim 48, further comprising:

determining a distance between the location of the cursor and a location of a particular
symbol of the plurality of discrete symbols;

determining that the distance is less than a distance threshold value; and

responstve to determining that the distance is less than the distance threshold value,
mcrementing or decrementing a counter,

30.  The method of claim 49, wherein the counter is visible on the display.

51, The method of claims 49 or 30, further comprising:

responsive to determining that the distance is less than the distance threshold value,
operating the display to remove at least a portion of the indication from the display.

52. A method according to any of claims 42-51, wherein the user location is a

vertical location.

53, The method of any of claims 42-51, wherein the user location is a horizontal
location.
54, The method of claims 42-51, wherein the user location 1s an angular location

relative to a central point.

55, The method of any of claims 42-54, wherein mapping the second signal to the
user [ocation relative to the repetitive motor movement comprises mapping the second signal
to the user location relative to the repetitive motor movement such that 80% of the detected
range of angles is mapped to a full range of the repetitive motor movement .

56.  The method of any of clatms 42-55, further comprising deriving, from the
second signal, a quantitative measurement of a user’s performance of the repetitive motor

movement.
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57.  The method of claim 46, further comprising storing the quantitative
measurement for later retrieval.

58, The method of claims 56 or 57, turther comprising comparing the quantitative
measurement to a goal threshold and storing the result for later retnieval.

59, The method of claim 58, further comprising operating the display to mdicate

the resuft of the comparison.

60.  The method of claims 56-59, wherein the quantitative measurement is
ACCUTaCY.
61.  The method of claim 58, wherein the method further comprises:

operating the sensor to generate a third signal representative of ankle angle overa
third period of time;

during the third period of time, mapping the third signal to a user location relative to
the repetitive motor movement; and

during the third period of time, operating the display to update the indication that
represents the repetitive motor movement, wherein operating the display to update the
indication that represents the repetitive motor movement inchudes updating a location,
relative to the representation of the repetitive motor movement, of the cursor according to the
user location.

62.  The method of claim 61, wherein operating the display during the second
period of time to update the indication that represents the repetitive motor movement
comprises updating the indication such that the representation of the repetitive motor
movement is translated across the display at a first speed and wherein operating the display
during the third period of time to update the indication that represents the repetitive mator
mavement comprises updating the mdication such that the representation of the repetitive
motor movement is transtated across the display at a second speed.

63.  The method of claim 62, further comprising determining the quantitative
measure is less than the goal threshold and, responsive to determining the quantitative
measurc 1s less than the goal threshold, operating the display such that the second speed is
less than the first speed.

64.  The method of claims 62 or 63, further comprising determining the
quantitative measure s greater than the goal threshold and, responsive to determining the
quantitative measure s greater than the goal threshold, operating the display such that the

second speed is greater than the first speed.
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65.  The method of any of claims 42-64, wherein the method further comprises:

operating the sensor to generate a third signal representative of ankle angle overa
third period of time;

during the third period of time, mapping the third signal to a user location relative to
the repetitive motor movement; and

during the third period of time, operating the display to update the indication that
represents the repetitive motor movement, wherein operating the display to update the
mdication that represents the repetitive motor movement inchides updating a location,
relative to the representation of the repetitive motor movement, of the cursor according to the
user location;

wherein the third period of time follows the second pertod of time after an interval of
rest.

66.  The method of any of claims 42-66, wherein the second period of time is
between 18 and 22 minutes.

67.  The method of any of claims 61-66, wherein the third peniod of time is
between 8 and 12 minutes.

68.  The method of any of claims 65-67, wherein the interval of rest is between one
and three minutes.

69. The method of claims 42-68, wherein the method further comprises providing
brain stimulation.

70, The method of claim 69, wherein the brain stimulation is concurrent with at
least one of the first period of time, second period of time, and third period of time.

71 The method of claims 69 or 70, wherein the brain stimulation is sound, direct
vibration, electrical stimulation, or magnetic stimulation.

72, The method of any of claims 42-71, wherein the ankle is permitted to rotate
around more than one axis.

73, The method of any of claims 42-72, wherein the sensor detects ankle rotation
only around a single axis.

74, The method of any of claims 42-73, wherein the sensor generates the first,
second, and third signals from the ankde rotation only around a single axis.

75.  The method of any of claims 42-74, wherein the sensor is integrated into a

garment,
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76.  The method of any of claims 42-75, wherein the display is operably connected
to at least one of a smart phone, tablet, computer, or other device adapted to receive wireless
input signals.

77.  The method of any of claims 42-76, wherein the sensor is operably connected
to a smart phone or smart watch.

78.  The method of any of claims 42-77, wherein the sensor comprises a flex
Sensor.

79.  The method of any of claims 42-77, wherein the sensor comprises a

2yroscope.

80.  The mothod of any of claims 42-77. wherein the sensor comprises an
accelerometer.

81.  The method of any of claims 42-77, wherein the sensor comprises a depth
SENSOr.

82. The method of any of claims 42-81, wherein the sensor includes more than

one sensor type.

83. A non-transitory computer-readable medium, having stored thereon program
mstructions that, upon execution by the controller, cause the controller to perform the method
of any one of claims 42-71.

34. A system comprising:

a sensor configured to measure an ankle angle;

adisplay;

a controller comprising at least one processor; and

a non-transitory compuicr-readable medium, having stored thereon program
mstructions that, upon execution by the controller, cause the controller to perform the method

of any of claims 42-71.
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