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(7) ABSTRACT

There is described an integrated unweighted gait training
system having an unweighting system comprising a computer
controller; a gait measurement system in communication
with the controller; and a display in communication with the
computer controller adapted and configured to provide real-
time feedback to a user of the integrated unweighting gait
training system. The unweighting system may be a differen-
tial air pressure (DAP) unweighting system or a non-DAP
unweighting system.
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[0003] All publications and patent applications mentioned
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application was specifically and individually indicated to be
incorporated by reference.

FIELD

[0004] This application relates to biomechanical evaluation
and training systems, especially those for correction or
improvement of gait and especially in conjunction with an
assistance system such as a differential air pressure assistance
system.

BACKGROUND

[0005] Gait correction is a key goal of therapists in healing
and training their patients. Gait training helps injured patients
to recover from injuries that affect how they run, walk, and jog
and helps prevent future injuries. Even though methods of
quantitative measuring gait are well known, there are signifi-
cant limitations in current methods. Many gait evaluation
tools are designed primarily to measure gait function at full
body weight, and many patients are unable to bear full body
weight or have abnormal gait at full body weight and lack the
ability to effectively alter their gait under such load. Addi-
tionally, these systems are typically designed for investiga-

Jan. 14,2016

tional purposes, presenting detailed data to analysis-oriented
researchers. Unloading systems such as harnesses or pools
apply pressure in a fashion that alters gait undesirably and
therefore impair accurate evaluation or training of gait. Due to
the way differential air pressure unweighing systems support
their patients, they do not introduce the same external factors
that harnesses and pools do. Because of the lack of gait
measurement tools in differential air pressure systems, many
clinical therapists, who are tasked with correcting gait and not
only measuring it, often rely exclusively on their experience
to estimate what and how the patient should be training with
respect to their gait. This approach has shown to be effective,
however the practice is more art than science, so standard of
care can vary between therapists providing treatment.
[0006] Though a number of gait measurement tools exist
primarily for laboratory environments, there are several rea-
sons why these systems are not widely used in the rehab
environment. In the lab environment, the tools to instrument
a patient are generally more costly than most therapy centers
can afford. The laboratories themselves are designed to gather
data, not to effectively treat patient problems. Even an analy-
sis done on the data that has been gathered is rarely helpful to
the patient during the treatment session, partially because the
labs do not have quantitative data available in real time. Often
the data is also not presented in an understandable way so
laboratory environments are sub-optimal at treating patients.
[0007] In addition to the limitations of the current equip-
ment used for gait measurement, many patients simply lack
the strength or experience too much pain to perform suitably
in full weightbearing systenis to attain gait improvements. As
a result of the variations in patient training ability as well as
the variety of gait systems, there remains a need for improved
systems to train and improve gait in patients.

SUMMARY OF THE DISCLOSURE

[0008] In general, in one embodiment, an integrated
unweighted gait training system, includes an unweighting
system comprising a computer controller, a gait measurement
system in communication with the controller, and a display in
communication with the computer controller adapted and
configured to provide real-time feedback to a user of the
integrated unweighting gait training system.

[0009] This and other embodiments can include one or
more of the following features. Inone aspect, the unweighting
system can be a differential air pressure unweighting system.
In another aspect, the unweighting system can be a non-DAP
unweighting system. In a further aspect, the non-DAP
unweighting system can be a support frame type non-DAP
unweighting system. In an alternative aspect, the non-DAP
unweighting system can be a curved arch type non-DAP
unweighting system. In yet another aspect, the non-DAP
unweighting system can be an unweighting arch type non-
DAP unweighting system. In still another aspect, the non-
DAP unweighting system can be a monocolumn type non-
DAP unweighing system. In one aspect, the non-DAP
unweighting system can be a cantilevered type non-DAP
unweighting system. In another aspect, the gait measurement
system can further include an enclosure, a pair of sensors
supported by the enclosure and positioned such that when the
enclosure is coupled to a treadmill of the integrated unweight-
ing system a portion of the tread is within the detectable range
of the pair of sensors, and a processor in communication with
the pair of sensors and having computer readable instructions
to receive and process an output from the pair of sensors and
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to perform calculations related to obtaining gait parameters
based on the input from the sensors. In a further aspect, the
processor can perform calculations to obtain tread belt speed,
time of foot impact and left/right foot indication.

[0010] Ingeneral, in one embodiment, a self-contained gait
feedback device for detecting motion of a user on a treadmill
includes an enclosure, a pair of sensors supported by the
enclosure and positioned such that when the housing is
coupled to the treadmill a portion of the tread is within the
detectable range of the pair of sensors, a processor supported
by the enclosure and in communication with the pair of sen-
sors and having computer readable instructions to receive and
process an output from the pair of sensors, and a display in
communication with the processor supported by the disclo-
sure.

[0011] This and other embodiments can include one or
more of the following features. In one aspect, the self-con-
tained feedback device can include the computer readable
instructions to receive and process an output from the sensors
and can further include performing calculations related to
obtaining one of more gait parameters based in part on the
output from the pair of sensors. In another aspect, the self-
contained feedback device can include the computer readable
instructions to receive and process an output from the sensors
and can further include outputting the one of more gait param-
eters to the display. In a further aspect, the self-contained
feedback device can include the display and can further
include a processor having computer readable instructions for
receiving and performing calculations related to obtaining
one of more gait parameters based in part on the output from
the pair of sensors. In an alternative aspect, the self-contained
feedback device can include the computer readable instruc-
tions of the processor in the display and can further include
outputting the one of more gait parameters on the display. In
yet another aspect, the processor can be adapted and config-
ured to provide clock signal synchronized sensor output data
from the pair of sensors. In still another aspect, the processor
can be adapted and configured to provide clock signal syn-
chronized sensor output data from the pair of sensors. In one
aspect, the sensors can be IR sensors, optical mouse sensors,
laser sensors, proximity sensors, or light sensors. In another
aspect, the display can be a PC, a tablet or a smart phone. In
a further aspect, communication with the display can be wired
or wirelessly. In an alternative aspect, the display can be in
communication with the processor supported by the enclo-
sure. In yetanother aspect, the self-contained feedback device
can further include an unweighting system positioned to pro-
vide controlled unweighting of a user of the treadmill, the
unweighting system can have a computer controller in com-
munication with the processor. In still another aspect, the
display can be adapted and configured to provide real-time
feedback to a user of the unweighting system. In one aspect,
the unweighting system can be a differential air pressure
unweighting system. In another aspect, the unweighting sys-
tem can be a non-DAP unweighting system. In a further
aspect, the non-DAP unweighting system can be a support
frame type non-DAP unweighting system. In an alternative
aspect, the non-DAP unweighting system can be a curved
arch type non-DAP unweighting system. In yet another
aspect, the non-DAP unweighting system can be an
unweighting arch type non-DAP unweighting system. In still
another aspect, the non-DAP unweighting system can be a
monocolumn type non-DAP unweighing system. In still
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another aspect, the non-DAP unweighting system can be a
cantilevered type non-DAP unweighting system.

[0012] In general, in one embodiment, an integrated differ-
ential air pressure assisted gait training system includes a
differential air pressure system having a computer controller,
at least one gait measurement or indication system in com-
munication with the computer controller, and a computer
readable database stored within or accessible to the computer
controller comprising collected DAP system data from the
differential air pressure system and gait system data from the
at least one gait measurement or indication system

[0013] This and other embodiments can include one or
more of the following features. In one aspect, the DAP system
data can include one or more of pressure setting and control,
calibration data, system type, auxiliary systems, exercise sys-
tem controls. In another aspect, the gait system data can
include video, user worn sensor or equipment sensor. In a
further aspect, the computer readable database can further
include synthesized data from at least one of DAP system data
or gait system data. In an alternative aspect, the synthesized
data can be triggered from another data stream. In still another
aspect, the synthesized data can be processed data by manipu-
lating one or more data streams. In one aspect, the synthesized
data can be calculated data by comparing or relating two or
more data streams. In another aspect, the synthesized data can
include using algorithms to produce outcomes of one or more
data streams. Ina further aspect, can further include a display
in communication with the computer controller adapted and
can be configured to provide real-time feedback to a user of
the differential air pressure system. In an alternative aspect,
the system can further include video input in database. In yet
another aspect, the video data stored can be collected based
on a trigger from another component or device of the inte-
grated system. In still another aspect, the database can be
accessible to computer controller or accessible to the control-
ler via wired or wireless communication. In one aspect, the
system can include at least one gait measurement or indica-
tion system and can further include an enclosure, a pair of
sensors supported by the enclosure and positioned such that
when the enclosure is coupled to a treadmill of the integrated
unweighting system a portion of the tread can be within the
detectable range of the pair of sensors, and a processor sup-
ported by the enclosure and in communication with the pair of
sensors and having computer readable instructions to receive
and process an output from the pair of sensors and to perform
calculations related to obtaining gait parameters based on the
input from the sensors.

[0014] Ingeneral, in one embodiment, a method of training
an individual to improve or alter walking or running mechan-
ics by unweighting includes preparing the individual for
training in a differential air pressure environment provided by
a differential air pressure system, performing a training rou-
tine with the individual to improve or alter walking or running
mechanics while the user is experiencing unweighting by the
differential air pressure system, simultaneously measuring
one or more of a user gait parameter or a user biomechanical
parameter during the performing step, and collecting the one
or more measured user gait parameter or measured user bio-
mechanical parameter under instructions from a controller of
the differential air pressure system.

[0015] Ingeneral, in one embodiment, a method of training
an individual to improve or alter walking or running mechan-
ics by unweighting includes preparing the individual for
training in a non-differential air pressure environment pro-
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vided by a non-differential air pressure system, performing a
training routine with the individual to improve or alter walk-
ing or running mechanics while the user is experiencing
unweighting by the non-differential air pressure system,
simultaneously measuring one or more of a user gait param-
eter or a user biomechanical parameter during the performing
step, and collecting the one or more measured user gait
parameter or measured user biomechanical parameter under
instructions from a controller of the non-differential air pres-
sure system.

[0016] This and other embodiments can include one or
more of the following features. In one aspect, the preparing
step can further include the user accessing the differential air
pressure environment and initiating the training without
assistance. In another aspect, the preparing step can further
include the user accessing the differential air pressure envi-
ronment without assistance and initiating or performing the
training with assistance. In a further aspect, the assistance
during performing the training can be provided by a person.
In an alternative aspect, the assistance during performing the
training can be provided automatically by the differential air
pressure system. In yet another aspect, the collecting step can
further include collecting the individual’s heart rate and a
treadmill incline measurement. In still another aspect, the
collecting step can further include collecting a signal from a
heart rate monitor worn by the individual. In one aspect, the
collecting step can further include collecting data from a
gyroscopic sensor or an accelerometer sensor worn by the
patient. In another aspect, the one or more parameters of the
user’s gait or biomechanics can be one or more of: a stride
length, a ground reaction force, a lateral movement of aknee,
an angle of a knee, an angle of an ankle, a strike pattern of a
forefoot, a strike pattern of aheel, a muscle activation pattern,
and a movement symmetry.

[0017] In general, in one embodiment, a method of provid-
ing integrated differential air pressure assisted gait training
includes unweighting the user in an integrated differential air
pressure system, performing a therapy routine with the user,
collecting under control of the integrated differential air pres-
sure system controller output data from a plurality of compo-
nents of the integrated differential air pressure system during
the unweighting step and the performing step, and recom-
mending a user action for gait correction based on one or
more of the output data from the collecting step.

[0018] This and other embodiments can include one or
more of the following features. In one aspect, the output data
caninclude synthesized data. In another aspect, the collecting
step can further include a continuous output data stream, a
nearly continuous output data stream, a segmented output
data stream, or a synthesized output data stream from the
integrated differential air pressure system. In a further aspect,
the method can further include storing the output data in a
database. In an alternative aspect, the database can contain
DAP and gait system data corresponding to a user’s progress
through a continuum of care. In yet another aspect, the con-
tinuum of care can range from immobile, to partially mobile,
to fully mobile. In still another aspect, the method can further
include comparing the data to data from a device in another
segment ofthe continuum of care. In one aspect, the data from
adevice from another segment can be gait data collected from
aleg worn actuator. In another aspect, the data can be gait data
collected from full mobility measurement system. In a further
aspect, the recommending step can permit connection of

Jan. 14,2016

alteration of a parameter of the differential air pressure sys-
tem or user gait change to real time feedback.

[0019] Ingeneral, in one embodiment, a self-contained bio-
metric sensor system for detecting motion of a user on a
treadmill including an enclosure, a pair of sensors supported
by the enclosure and positioned such that when the housing is
coupled to a treadmill a portion of the tread is within the
detectable range of the pair of sensors, and a processor in
communication with the pair of sensors and having computer
readable instructions to receive and process an output from
the pair of sensors and to perform calculations related to
obtaining gait parameters based on the input from the sensors.
[0020] This and other embodiments can include one or
more of the following features. In one aspect, the processor
can be adapted and configured to provide clock signal syn-
chronized sensor output data from the pair of sensors. In
another aspect, the sensors can be IR sensors, optical mouse
sensors, laser sensors, proximity sensors, or light sensors. In
a further aspect, the self-contained biometric sensor system
can further include a display in communication with the pro-
cessor. In an alternative aspect, the display can be a PC, a
tablet or a smart phone. In yet another aspect, the display can
further include a computer readable code adapted and con-
figured to determine one or more gait parameters based on the
processor output. In still another aspect, communication with
the display can be wired or wirelessly. In one aspect, the
self-contained biometric sensor system can further include an
accelerometer attached to the treadmill and configured to
provide an output to the processor. In another aspect, the
self-contained biometric sensor system can further include an
acoustic sensor positioned to detect a footfall sound and con-
figured to provide an output to the processor. In a further
aspect, the self-contained biometric sensor system can
include the processor computer readable instructions for pro-
viding a real-time measurement of a plurality of gait param-
eters for a user on the treadmill. In an alternative aspect, the
plurality of gait parameters of a user on a treadmill can be one
or more of speed, cadence, left/right stride length, left/right
stride time, foot placement phase asymmetry and stride time
Jitter.

[0021] This and other embodiments can include one or
more of the following features. In one aspect, gait measure-
ment or parameters can be provided to the system from a
self-contained biometric sensor system that provides accu-
rate, real-time measurement of a plurality of gait parameters
of a user on a treadmill within the range of the sensors of the
system.

[0022] Ingeneral, in one embodiment, a system for provid-
ing differential air pressure assisted gait training includes a
differential air pressure system comprising a computer con-
troller, a gait measurement system in communication with the
controller, and a display in communication with the computer
controller adapted and configured to provide real-time feed-
back to a user of the differential air pressure system.

[0023] In another aspect, the gait measurement system can
be a self-contained biometric sensor system having a com-
puter controller adapted and configured to collect gait data. In
a further aspect, there are computer readable instructions in
the computer controller of the self-contained biometric sen-
sor system which provides drawing edits on a display. In an
alternative aspect, the computer readable instructions in the
computer controller which provides for visual indicia on top
of a video output. In yet another aspect, the display can be
adapted and configured to implement user provided drawings



US 2016/0007885 A1l

using a touch screen. In one aspect, the display or a touch
screen in communication with the system controller can be
within reach of the user. In another aspect, the real time
feedback to the user of an integrated gait training system can
be provided in a representation including a graphic feedback
as to the user’s gait symmetry. In a further aspect, the real time
feedback to the user can be adisplay of synthesized data. In an
alternative aspect, the synthesized data can be triggered from
another data stream. In yet another aspect, the synthesized
data can be processed data by manipulating one or more data
streams. In still another aspect, the synthesized data can be
calculated data by comparing or relating two or more data
streams. In one aspect, the synthesized data can further
include using algorithms to produce outcomes of one or more
data streams.

[0024] In another aspect, during a user’s operation of an
integrated gait training system a display output can be
changed by a trigger from a sensor or component in a gait
measurement system. In a further aspect, the display output
can be changed to provide an indication of the user’s DAP
assisted force asymmetry data. In an alternative aspect, the
display output can be changed to provide an indication of the
user’s DAP cadence asymmetry data. In yet another aspect,
the display output can be changed to provide an indication of
the user’s DAP upper body phase coordination data.

[0025] In still another aspect, the display output can be
changed. In one aspect, the real time feedback can include an
arrow oriented to indicate to the user an indication of a
detected force asymmetry. In a further aspect, the real time
feedback can include an arrow oriented to indicate to the user
an indication ofa detected cadence asymmetry. In an alterna-
tive aspect, the real time feedback can further include an
arrow oriented to indicate to the user an indication of a DAP
assisted force asymmetry data.

[0026] In yet another aspect, the gait measurement system
can furtherinclude a camera, a ground force sensor, an inertial
sensor on the user’s leg, and an inertial sensor on the user’s
hips. In still another aspect, the gait measurement system can
further include an EEMG sensor and an inertial sensor. In one
aspect, the gait measurement system can further include a
user sensor In another aspect, the user sensor can be on or
implanted in a user. In a further aspect, the user sensor can be
an instrumented or a marked article worn by the user. In an
alternative aspect, the user sensor can be a prosthesis, an
exoskeleton, an active EEM, a passive EEM, a biofeedback
device, an instrumented or marked pair of shoes, an instru-
mented or marked pair of pants, an instrumented or marked
shirt, an instrumented or marked article worn by the user. In
yet another aspect, an equipment sensor can further include a
belt sensor, a force sensor, a feet tracking sensor, or a self-
contained biometric sensor adapted and configured to obtain
gait parameters. In still another aspect, the gait measurement
system can further include a user sensor and an equipment
Sensor.

[0027] In one aspect, the gait measurement system can
further include a video camera. In another aspect, the gait
measurement system can include one or more of an instru-
mented treadmill, a biological sensor for muscle activity, and
avideo system for monitoring and analyzing gait mechanics.
[0028] Ina furtheraspect, the system can further include an
output device for communication to a user of an integrated
unweighting training system that can be one or more of a
visual output device, an audible output device or a tactile
device.
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[0029] In an alternative aspect, the gait measurement sys-
tem can provide a user’s left and right heel strike data and a
user’s hip rotation accelerometer data to the computer con-
troller.

[0030] In yet another aspect, an output of the computer
controller sent to the display can provide an indication of
DAP upper body phase coordination data. In still another
aspect, the gait measurement system can provide a user’s left
and right load cell contact time data and the matching belt
speed data to the computer controller. In one aspect, an output
of the computer controller sent to the display can provide an
indication of DAP cadence asymmetry data. In another
aspect, a user’s left and right load cell force data can be
matched with a clock signal data in the computer controller.
In a further aspect, an output of the computer controller sent
to the display can provide an indication of DAP assisted force
asymmetry data. In an alternative aspect, the differential air
pressure system can include a category 1 system, a category 2
system, or a category 3 system. In yet another aspect, the gait
measurement system can be adapted and configured to moni-
tor and provide data related to user force asymmetry, user
cadence asymmetry or user upper body phase coordination.
In one aspect, processing can include applying a patient spe-
cific factor, a calibration factor or a metric associated with the
user to a portion of the data stream. In another aspect, the
collected data can include left and right load cell force data
matched with a clock signal to provide an indication of DAP
assisted force asymmetry data.

[0031] Ina further aspect, the DAP assisted force asymme-
try data can be provided to the display or a feedback indicator.
In an alternative aspect, the display output can be based on or
representing a portion of the limbs of the user within the
differential air pressure system. In yet another aspect, the
display output can further include markings to indicate
desired gait motion. In still another aspect, the display output
can further include a real time overlay. In one aspect, the
display output can be triggered by an equipment sensor or a
sensor worn on the user. In another aspect, the display output
can be a triggered limited time duration video. This and other
embodiments can include one or more of the following fea-
tures. In one aspect, feedback provided to a user can further
include one or a variety of types of biofeedback providing in
conjunction with the integrated gait therapy system. In
another aspect, the biofeedback can be an audible feedback
signal triggered to when a user is to perform a move.

[0032] In a further aspect, the biofeedback can be an elec-
tronic stimulation sequence that starts a muscle firing
sequence in the user. Inan alternative aspect, the biofeedback
can be a visual cue and an audible sensory stimulator trig-
gered in synchrony with the therapy performed by the inte-
grated unweighting and gait training system. In vet another
aspect, biofeedback can include the stimulation of designated
and associated action groups to help with training of a target-
ing muscle group. In still another aspect, providing biofeed-
back can include a step of causing electronic stimulation
controlling one or more muscle groups as well as mechanical
apparatuses that work to augment the function of one or more
muscle groups the stimulation. In one aspect, the targeted
stimulation area can be a muscle group. In another aspect, the
targeted muscle group can be a tendon group or area. In a
further aspect, while raising a leg activating a vibrator acting
on a flexor and associated tendons in the lower hamstring area
of the leg. In an alternative aspect, the biofeedback can
include providing on or more sensory stimulators triggered in
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synchrony with the therapy. In yet another aspect, the sensory
stimulator can provide an electrical stimulation, a vibration
stimulation or another tactile stimulation. In still another
aspect, the therapy can include feedback for force, cadence or
phase coordination. Wherein the therapy includes training for
desired cadence, training cadence or footfall pattern.

[0033] In general, in one embodiment, there is a patient
worn data sensor, such as for example a shoe based sensor
system for collecting and storing or transmitting data appro-
priate to the type of sensor to the integrated unweighted gait
training system In one aspect, the integrated unweighting gait
system receives the patient worn sensor data and integrates
the patient worn sensor data from or collected by the patient
worn sensor into a feedback loop to unweight a patient to
achieve a desired gait. Thereafter, optionally, is the step of
capturing additional patient worn sensor data. Thereafter the
step of providing a biofeedback signal to the user based upon
patient worn sensor inputs is performed when the user is using
the patient worn sensor in an environment outside of the
integrated unweighting gait training system. Thereafter, in
some embodiments, there is a step of during an additional
unweighted training session the patient worn sensor data
from an environment outside of the integrated unweighting
gait training system is used as part of the data in a subsequent
unweighted gait therapy treatment session. In one specific
exemplary aspect the patient worn sensor is a shoe sensor. In
other exemplary embodiments, the patient worn sensor is any
of the patient worn sensors described herein or as is appro-
priate for any of those listed in FIGS. 2, 3A, 3B, and 15, for
example.

[0034] This and other embodiments can include one or
more of the following features. In one aspect, the feedback
loop can further include providing biomechanics feedback to
the user for biomechanics modification.

[0035] In still other variations to an integrated gait training
system, the gait measurement or parameters are providedto a
controller or processor the integrated gait training system
from a self-contained biometric sensor system that provides
accurate, real-time measurement of a plurality of gait param-
eters of a user on a treadmill within the range of the sensors of
the system. In one aspect, the plurality of gait parameters of a
user on a treadmill are: speed, cadence, Left/Right Stride
Length, and Left/Right Stride Time. In still other aspects, the
plurality of gait parameters of a user on a treadmill further
comprising foot placement phase asymmetry and stride time
Jitter.

[0036] In still another aspect there is provided a method of
determining tread belt speed using an embodiment of the
self-contained biometric sensor system described herein. In
one specific embodiment, the sensors of the self-contained
biometric sensor system are positioned over the treadmill belt
so that reflectivity of the belt surface under the sensor(s) can
be measured. In one specific embodiment, the sensors are an
infrared emitter/detector pair (sensor). Next, applying a strip
of reflective material of a precise, known length to the tread-
mill belt. The applying step is performed so that reflectivity of
the belt surface changes dramatically while the strip is under
the sensor. The type of strip and placement will vary depend-
ing upon the specific sensor type and placement on the tread-
mill. Next, using sensor output signals in conjunction with
microprocessor clock timestamp a period of high reflectivity
is used to determine the treadmill speed. In one example, if a
one-foot strip of reflective material takes one second to pass
under the sensor, the speed of the tread belt is 1 foot/second,
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or approximately 0.68 miles per hour. In further embodiments
configured for higher treadmill speeds, once the system has
been calibrated to the known length marker, front to front or
rear to rear edge detection can also be used for greater accu-
racy for a given sampling rate. The method may further
include input from a foot fall or foot impact sensor such as an
accelerometer, load cell or acoustic sensor.

[0037] This and other embodiments can include one or
more of the following features.

[0038] In one aspect, the operations of the integrated sys-
tem during a user therapy session can include at least one user
action recommendation or system control function related to
using synthesized data.

[0039] In another aspect, the at least one action related to
control using synthesized data can include the use of DAP
system data or gait system data triggered from another data
stream.

[0040] In a further aspect, the at least one action related to
control using synthesized data can include the use of pro-
cessed DAP system data or gait system data by manipulating
one or more data streams.

[0041] In an altemnative aspect, the at least one action
related to control using synthesized data can include the use
of calculated DAP system data or gait system data produced
by comparing or relating two or more data streams.

[0042] Inyet another aspect, the at least one action related
to control using synthesized data can include the use of algo-
rithms to produce outcomes of one or more DAP system data
streams or gait system data streams

[0043] In general, in one embodiment, a method of provid-
ing integrated unweighting assisted gait training for a user
having impaired walking biomechanics includes unweight-
ing the user in an appropriate unweighting system, perform-
ing a therapy routine with the user, collecting data under
control of a controller or a computer processor of the appro-
priate unweighting system from a plurality of components of
the integrated differential air pressure system during the
unweighting step and the performing step, and analyzing one
or more of the output data from the collecting step to deter-
mine whether to adapt the performing step. Thereafter, deter-
mining to adapt the performing step wherein an adaptive step
or an adjustment step comes from a therapist, from the system
or as part of a data controlled therapy. In still other aspects, the
step of analyzing is done by person or by the controller of an
unweighting system. Still further, after the analyzing step,
optionally, there follows a step of continuing the performing
step without adapting the therapy routine. Still further, after
the analyzing step there follows a step of continuing the
performing step after adapting the therapy routine. Other
optional steps include: providing the user with feedback
regarding how the user’s impaired walking biomechanics are
changing; repeating the unweighting, performing, collecting
and analyzing steps to progressively re-train the user for
walking or running with proper biomechanics; or repeating
the unweighting, performing, collecting and analyzing steps
to progressively proceed from a partial unweighting environ-
ment during the unweighting step to a full weight bearing
environment during the unweighting step.

[0044] In one aspect, the unweighting step can be adapted
and configured to provide a partial unweighting environment
specific to the rehabilitation of a patient diagnosed with a
disease or an injury. In another aspect, the unweighting envi-
ronment can be adjusted to achieve a symmetrical walking
pattern for the patient. In a further aspect, the unweighted
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environment can be adjusted by the user. In an alternative
aspect, the unweighted environment can be adjusted by the
differential air pressure system according to a predetermined
protocol. In yet another aspect, the collecting step can be
initiated by detecting a heel strike and triggering a video
stream capture. In still another aspect, the video capture can
run for a set time limit. In one aspect, a loop recorder can be
used in conjunction with a high definition video stream. In
another aspect, the collecting step can further include using a
timing offset to trigger the capture of a portion of the high
definition stream in the loop just prior to the heel strike
reading. In a further aspect, the collecting step can further
include storing the data stream that, optionally, can be stored
for an additional timing factor after heel strike. In an alterna-
tive aspect, there is a step of cutting down the size of the
collected video stream to that portion synchronized with a
trigger event. In yet another aspect, there is a step of providing
one or more of visual feedback, audible feedback or tactile
feedback based on the analyzing step. In still another aspect,
the providing step can be performed by a therapeutic stimu-
lator. In one aspect, the providing step can be performed by a
tactile stimulator, an electrical stimulation or a vibration trig-
gered in synchrony with the therapy.

[0045] In still other aspects of the various embodiments
described herein, the system processor or controller of an
integrated gait training system or the processor of a self-
contained biometric sensor system contains computer read-
able instructions adapted and configured according to system
configuration for receiving, collecting and processing as
appropriate under a common time stamp the data provided
from the multiple data streams of the integrated gait training
system or the self-contained biometric sensor system.

[0046] Instill further additional aspects, the system proces-
sor or controller of a gait training system or the processor of
a self-contained biometric sensor system is adapted and con-
figured for collection of simultaneous, synthesized data from
one or more components of the gait training system or the
self-contained biometric sensor system. In some further
aspects, the integrated gait training system includes an
unweighting system. In one embodiment, the unweighting
system is a differential air pressure unweighting system. In
still another embodiment, the unweighting system is a non-
differential air pressure unweighting system. In still further
embodiments the non-DAP unweighting system is a support
frame type non-DAP unweighting system or a curved arch
type non-DAP unweighting system, or an unweighting arch
type non-DAP unweighting system, or a monocolumn type
non-DAP unweighing system or a cantilevered type non-DAP
unweighting system.

[0047] In still other aspects of the various embodiments
described herein, the system processor or controller of an
integrated gait training system or the processor of a self-
contained biometric sensor system contains computer read-
able instructions adapted and configured for storing, in a
computer readable database stored within or accessible to the
processor, the collected, synchronized or synthesized data of
the unweighting system and the gait system. In some aspects,
the collected, synchronized or synthesized data includes,
depending upon system configuration and therapy performed
data of one ormore of pressure setting and control, calibration
data, system type, auxiliary systems, exercise system con-
trols, video, user worn sensor or equipment sensor, synthe-
sized data triggered from another data stream, synthesized
data from processed data from manipulating one or more data
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streams, synthesized data calculated by comparing or relating
two or more data streams, or, optionally, synthesized data
obtained using algorithms to produce outcomes of one or
more data streams. In still other aspects, collected, synchro-
nized or synthesized data is displayed, output or provided to
provide real-time feedback to a user of the system. In still
further aspects, there are computer readable instructions for
synthesizing the system by integration of independent data
streams collected into another set of data or stream of data
used in conjunction with the therapy or training performed
using the system. In still other aspects, collected, synchro-
nized or synthesized data is derived from the type of patient
receiving therapy and the specific system selected for his
patient category (i.e., class 1,2 or3). In some aspects, the type
of patient or system is one factor in determining the type of
data synthesis applied to a specific patient therapy session or
course of therapy. In still other aspects, collected, synchro-
nized or synthesized data from one component is used to
indicate the relevance of a subset of data from another com-
ponent or source. It is to be appreciated that the resulting data
or data stream can be presented in real time, or packaged in a
way to inform another person or system or process of the state
of the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Thenovel features of the invention are set forth with
particularity in the examples that follow. A better understand-
ing of the features and advantages of the present invention
will be obtained by reference to the following detailed
description that sets forth illustrative embodiments, in which
the principles of the invention are utilized, and the accompa-
nying drawings of which:

[0049] FIG. 1is anexemplary method of providing therapy
for a patient using a differential pressure system having mea-
sured gait feedback capabilities.

[0050] FIG. 2is an exemplary data collection table or sum-
mary of data inputs in an exemplary integrated differential
pressure control system having gait measurement capabili-
ties.

[0051] FIG. 3 is an isometric view of a differential air
pressure training system having integrated gait capabilities
and a performance feedback monitor.

[0052] FIG. 3A illustrates the system of FIG. 3 with a
GaitBox shown in position on the treadmill frame.

[0053] FIG. 4 is an exemplary specific workflow of a
therapy and training process.

[0054] FIG. 5is an exemplary multi-sensor data stream and
synthesis flow for the workflow described in FIG. 4.

[0055] FIG. 6 is a specific patient training example for the
system and technique described in FIGS. 3 and 4.

[0056] FIG. 7 is a flowchart of one alternative outcome
based on the adapt therapy step from the method of FIG. 1.
[0057] FIG. 8 is an isometric view of an exemplary system
using multiple gait analysis tools to provide real-time feed-
back on a display to a patient.

[0058] FIG.9is anexemplary data collection, synthesis and
information processing flow for the system of FIG. 8.

[0059] FIG. 10 is an exemplary work flow.

[0060] FIG. 11 is a specific patient example using the work
flow and method of F1G. 9.

[0061] FIG. 12 is an additional alternative process for
adjusting gait therapy.
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[0062] FIG. 13 is an additional alternative process for
adjusting gait therapy in a differential air pressure training
environment.

[0063] FIG. 14 is an additional alternative process for
adjusting gait therapy in a differential air pressure environ-
ment.

[0064] FIG. 15 is an isometric view of a differential air
pressure training system have additional gait data measure-
ment devices.

[0065] FIGS. 16 and 17 are information collection and
work flow examples for the use of the system in FIG. 15.
[0066] FIG. 18 is a specific patient example for the use of
the system in FIG. 15 using the methods and work flow of
FIGS. 16 and 17.

[0067] FIG. 19 is an isometric view of a differential air
pressure training system have additional gait data measure-
ment devices.

[0068] FIGS. 20 and 21 are information collection and
work flow examples for the use of the system in FIG. 19.
[0069] FIG. 22 is specific patient example for the use of the
system in FIG. 19 using the methods and work flow of FIGS.
20 and 21.

[0070] FIG. 23 is another illustrative therapy method of
using differential air pressure assisted training using gait
measurements and physical therapist analysis to adapt
therapy.

[0071] FIG. 24 is another illustrative therapy method of
using differential air pressure assisted training where thera-
pists determine appropriate multi-sensor synthesis and
therapy, with display of synthesized real time feedback, plus
adjustments to therapy that are controlled by the physical
therapist.

[0072] FIG. 25 is another illustrative therapy method of
using differential air pressure assisted training where thera-
pists determine appropriate multi-sensor synthesis and
therapy, displaying synthesized real time feedback that is data
controlled.

[0073] FIG. 26 is an example of a two element data synthe-
sis in an integrated differential air pressure and gait training
system.

[0074] FIGS. 27-29 are examples of two element data syn-
thesis in an integrated differential air pressure and gait train-
ing system that also include a display with optional additional
feedback that is visual, audible or tactile.

[0075] FIG. 30A illustrates a perspective view of a Gait-
Box.

[0076] FIG. 30B illustrates a schematic.

[0077] FIGS. 31A, 31B and 31C illustrate normal and

exemplary gait abnormality foot fall patterns.
[0078] FIG. 32 is a flow chart of one a technique for bio-
metric factor calculations.

DETAILED DESCRIPTION

[0079] There are available differential air pressure systems
suited to training users or patients in different categories
based on a number of factors such as, for example, patient
ability to access the machine, the specific training needs of the
patient and the physical capabilities of the patient as well as
whether the patient requires assistance during training and if
so to what degree. For purposes of discussion, three basic
categories will be used. Category 1 is healthy athletic with no
assistance required. Category 2 is moderate assistance (post-
surgical recovery) where the patient can stand in the system
with assistance and remain upright. Category 3 patients
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require assistance for ingress/egress as well as support during
therapy. A number of differential air pressure systems for
various levels of patient assistance before, during or after use
are described in the non-provisional patent application
entitled “Differential Air Pressure Systems and Methods of
Using and Calibrating Such Systems for Mobility Impaired
Users” application Ser. No. 13/423,124 filed on Mar. 16,2012
(“the *124 application”). The entirety of this application is
incorporated herein by reference.

[0080] While desiring not to be bound by theory, it is
believed that a patient’s biomechanics will change as a result
of unweighting in a differential air pressure system due to
reduced pain or need for leg strength that the user may not
possess due to injury, age, or illness. Further, a patient in such
an unweighting environment has greater ability to intention-
ally change their biomechanics and gait patterns in response
to feedback as compared to the ability to change gait patterns
in a full body-weight loading environment. This enhanced
ability of a patient to modify gait patterns in a differential
pressure unloading environment is a core distinction of the
current invention. Due to the greater ability in such an envi-
ronment to modify gait, therapy in such an environment can
be more effective than in other environments when combined
with gait measurement systems and feedback systems than
such gait training could be without those measurements and
feedback systems and can be more effective than training with
such feedback in a full-weightbearing environment in which
the patient is less able to modify gait patterns. Achieving
proper mechanics is an important aspect to proper rehabilita-
tion of gait and motor training. Embodiments of the invention
described herein provide systems and methods that are suited
to the integration of measurements of gait and biomechanics
with level of unweighting. Still further, aspects of the inven-
tive methods described herein provide for specific rehabilita-
tion protocols integrating biomechanics measurements with
unweighting which are believed to provide more effective and
more precise rehabilitation as compared to conventional
visual assessments by the therapist or patient during
unweighting rehabilitation and more effective and more pre-
cise rehabilitation than with biomechanics measures in a full
bodyweight environment or alternate unweighting environ-
ment such as a pool or harness in which gait mechanics are
significantly altered by the unweighting system.

[0081] This application will describe the integration of one
or more gait measurement systems for use with a differential
air pressure system. Integrated training systems such as these
will provide a greater variety of controlled training and
therapy for patients of all patient categories. Impairment to a
patient’s ability to complete or participate fully in gait train-
ing may come from a number of sources. For example, a
patient with a neurological disorder may have motor impair-
ment along with muscle weakness. One aspect of off-loading
apatient using the inventive systems described herein permits
the use of differential pressure assistance to unload the patient
to reduce the impact of the impairment due to weakness. In
another example, a patient recovering from orthopedic sur-
gery may experience pain when exercising with full weight.
While this patient may physically be able to modify their gait
at full weightbearing where a weak patient may not, the
reduction of pain allows for the patient to mentally cope with
some necessary mechanical corrections that need to be made.
Another aspect of off-loading a patient using the inventive
systems described herein permits the use of differential pres-
sure assistance to unload the patient to reduce the impact of
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the impairment due to pain. These are two examples of how a
DAP system with integrated gait capabilities can assist in
controllably and reliably removing common barriers to gait
training.

[0082] Embodiments of the present invention provide for
the integration of a pressure assisted unweighting environ-
ment with biomechanics and gait measurements and a range
of therapies for gait improvement. Gait training and biome-
chanics are commonly evaluated in order to assess walking
and running dynamics and to assist patients or athletes in
improving their mechanics. Embodiments include a range of
devices such as instrumented treadmills, biological sensors
for muscle activity, and video systems for monitoring and
analyzing gait mechanics. One or more of these gait measure-
ment systems are training devices that are integrated with a
differential air pressure system to provide a controlled,
repeatable unweighting environment for gait and walking or
running mechanics. Embodiments of the present invention
provide a system to retrain individuals to improve or alter
walking or running mechanics by unweighting the individual
in a differential air pressure environment and simultaneously
measuring one or more parameters of gait or biomechanics
such as stride length, ground reaction force, lateral movement
of knees, angles of knees and ankles, forefoot or heel strike
parameters, muscle activation patterns, or movement symme-
try.

[0083] In many patients, the parameters described above
are suboptimal at full weightbearing walking or running. For
example, a patient with recent orthopedic surgery in one
lower limb, such as total knee arthroplasty will typically walk
with asymmetric motion. In an unweighting environment,
such a patient can walk with greater symmetry due to reduced
pain. Retraining symmetry in walking can be important in
speeding the recovery of function in such a patient and reduc-
ing risk of future injury due to the asymmetry of gait in such
a patient. Embodiments of the differential air pressure
assisted gait training methods herein provide an effective
method of retraining symmetry of mechanics and gait to
enable the patient to practice walking symmetrically, provid-
ing feedback to the patient when such symmetry is achieved
and when it i3 violated.

[0084] One specific aspect of treatment using this method-
ology is to unweight the patient and measure biomechanics,
determine at what level of unweighting the desired mechanics
of gait and motion can be achieved, and then provide feed-
back to the patient, athlete, trainer or physical therapist on an
ongoing or periodic basis. Such feedback would enable rec-
ognition of proper mechanics and would reinforce more time
walking or running with proper mechanics. More time spent
walking or running with proper mechanics would retrain
muscles in proper motion and would drive neuroplasticity to
train such proper motion. Over time, as the desired gait
mechanics are achieved with more consistency, the amount of
unweighting may be progressively reduced in order to accli-
mate the user to walking or running in this new method of gait
patterns until such patterns are set as new biomechanics at full
gravity.

[0085] In still further additional treatment methodologies,
electrical stimulation of muscles, braces to align joints, pow-
ered exoskeletal support, and other established gait training
and muscle training methods may be integrated into progres-
sive unweighting and reloading protocols to facilitate the gait
training. These standard methods of gait training may be
more effective when modified for performance in an inte-
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grated gait and differential air pressure environment of
unweighting, where proper biomechanics can be achieved
more readily for patients than in a full gravity environment.
[0086] In one aspect there is provided a differential air
pressure and gait training system to improve gait training in
patients with impaired biomechanics by enabling the patient
to walk or run in a partial unweighting environment with
feedback regarding how the patient’s biomechanics are
changing, so that the patient can retrain walking or running
with proper biomechanics and then gradually apply this new
training progressively back to a full weightbearing environ-
ment.

[0087] Inanother aspect, there is provided a differential air
pressure and gait training system that enables exercise and
rehabilitation of patients from disease or injury in a partial
unweighting environment with biomechanics and gait feed-
back to reduce risk of further injury and to enable improve-
ment of the rehabilitation protocols. In one specific example,
a patient with hip fracture could exercise and walk through
their rehabilitation program at the right level of unweighting
to enable symmetrical walking so that they learn to walk
properly, rather than learning to walk in a manner that com-
pensates for the injured side and therefore exposes the patient
to progressive further injury due to the asymmetrical walking
pattern.

[0088] FIG. 1isanexemplary method of providing therapy
for patient using a differential pressure having measured gait
feedback capabilities.

[0089] First, with an understanding of the different types of
differential pressure systems available, the patient type to use
the system, and the desired therapy to be performed, select an
appropriate system to perform therapy with a user. A number
of systems types for categories 1, 2 and 3 are provided in the
’124 application. A category 1 system includes for example
FIG. 2A ofthe *124 application. A category 2 system includes
for example FIG. 7A of the *124 application. A category 3
system includes for example FIGS. 1A and 19 of the 124
application.

[0090] Next, customize the system to this patient. Customi-
zation may take on many forms such as based on the specific
type or configuration of the differential air pressure system
being used, personal calibration techniques, or inputs of spe-
cific patient parameters, or protocols or patient specific train-
ing goals.

[0091] Next, the user performs the therapy in the system
according to the input program or protocol.

[0092] Next, the system will collect gait and differential
pressure and other system parameters while therapy is ongo-
ing.
[0093]
[0094] Next, determine whether to adapt the therapy based
on the prior analysis step. One result of this step is to adapt the
therapy and continue to perform the therapy as adapted.
Another result is to continue to perform therapy without
adapting the therapy based on the analysis.

[0095] One example of the format of a data table for an
integrated differential air pressure and gait measuring and
training device is show in FIG. 2. This representative data
system envisions collection and synthesis of data from several
data streams depending upon the specific configuration of the
system being used for therapy. The contents of FIG. 2 (i.e., the
data table or variables collected, controlled, processed or
manipulated by the control system) will vary to the degree

Next, the system will analyze the collected data.
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needed to include collection of the various continuous, nearly
continuous or segmented data streams including synthesized
data from the therapy system.

[0096] Simultaneous data collection refers to the general
process of collecting data from multiple data streams under a
common time stamp. Itis to be appreciated that embodiments
of the various inventive differential pressure assisted gait
training systems described herein are adapted and configured
for this purpose. However, the various inventive systems are
also adapted and configured to synthesize the data that is
being collected from the systems, subsystems, accessories,
and sensors as shown in the exemplary datatable (See F1G. 2).
As used herein, synthesis of data refers to the integration of
the independent data streams collected into another set of data
or stream of data used in conjunction with the therapy or
training undertaken in the system. Synthesis goes beyond
basic data collection in that the data is put together to straight-
forwardly assist the patient or therapist understand the work-
out from a quantitative standpoint. Data collection systems
just record data, but do not take steps towards helping a
patient or therapist who do not have training or experience
with the direct data being collected. In one alternative, the
type of data synthesis is derived from the type of patient
receiving therapy and the specific system selected for his
patient category (i.e., class 1, 2 or 3). As such, the type of
patient or system is one factor in determining the type of data
synthesis needed for a specific patient therapy session or
course of therapy. In still further alternatives, the data col-
lected from one component is used to indicate the relevance of
asubset of data from another source. In one specific example,
there is a camera providing a high definition video stream of
a post knee surgery patient’s knee movement during therapy.
The storage and later processing requirement for such a high
volume of data may be a difficult and time consuming task. In
one specific example of data synthesis, a force sensor on a
treadmill is used to indicate heel strike and triggers the cap-
ture of a video stream that runs for a set time limit. In another
specific embodiment, there is also a loop recorder used in
conjunction with the high definition video stream. In this
example, the heel strike sensor, employed in conjunction with
atiming offset, is used to trigger the capture of a portion of the
high definition stream in the loop just prior to the heel strike
reading. Thereafter, the data stream is stored for an additional
timing factor after heel strike. During the use of this data, the
relevant portion of the video is now cut down to and synchro-
nized with the recording or relevant trigger, here a heel strike
reading in this example. FIG. 26 illustrates the selective com-
bination of heel strike data with video stream data to represent
the collection of frame grab or snippet of DAP and gait data.
The data or datasteam can be presented in real time, or pack-
aged in a way to inform a doctor, therapist, shoe maker, etc. of
the state of the patient.

[0097] Instill another example, a self-contained biometric
sensor system—referred to herein as GaitBox—is another
form of Gait system sensor that may be employed according
to the various Gait techniques described herein. The GaitBox
provides accurate, real-time measurement of basic gait
parameters on any treadmill. The basic gait parameters are:
Speed (distance divided by time); Cadence (number of steps
per minute); Left/Right Stride Length (distance between suc-
cessive impacts of same foot, e.g. left-foot-impact to left-
foot-impact); and Left/Right Stride Time (time between suc-
cessive impacts of same foot). Other additional gait
parameters include, by way of example and not limitation,
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foot placement phase asymmetry (right to left step time com-
pared with left to right step time) and stride time jitter (varia-
tion in timing between subsequent footfalls on the same or
opposite sides).

[0098] A GaitBox is shown on the treadmill frame in FIG.
3A. Additional details of GaitBox as set forth below with
regard to FIGS. 30A and 30B.

[0099] Other more advanced types of synthesis are also
performed by embodiments of the inventive system. In
another exemplary system a data stream that is being col-
lected may be processed prior to or in conjunction with
recording. Here, processing may take on a number of differ-
ent forms such as applying a patient specific factor such as a
calibration factor or other metric associated with a specific
patient. One example of a kind of data synthesis is shown in
FIG. 27. FIG. 27 illustrates how the left and right load cell
force data may be matched with a clock signal to provide an
indication of DAP assisted force asymmetry data. The DAP
assisted force asymmetry data is then provided to the user in
a simple display or other feedback technique such as the
indicator shown on the right side of FIG. 27. The placement of
the arrow in the middle is the desired location. As the user
trains, the detected force asymmetry will cause deflection of
the arrow. As the patient alters his gait, the arrow moves in a
corresponding direction.

[0100] Another example of a kind of data synthesis is
shown in FIG. 28. FIG. 28 illustrates how the left and right
load cell contact time data may be matched with belt speed
data to provide an indication of DAP cadence asymmetry
data. The DAP assisted cadence asymmetry data is then pro-
vided to the user in a simple display or other feedback tech-
nique such as the indicator shown on the right side of FIG. 28.
The placement of the arrow in the middle is the desired
location. As the user trains, the detected cadence asymmetry
will cause deflection of the arrow. As the patient alters his gait,
the arrow moves in a corresponding direction.

[0101] Another example of a kind of data synthesis is
shown in FIG. 29. FIG. 29 illustrates how the left and right
heel strike data may be matched with a hip rotation acceler-
ometer data to provide an indication of DAP upper body
phase coordination data. The DAP upper body phase coordi-
nation data is then provided to the user in a simple display or
other feedback technique such as the indicator shown on the
right side of FIG. 29. The placement of the arrow in the
middle is the desired location. As the user trains, the detected
upper body phase coordination data will cause deflection of
the arrow. As the patient alters his body phase coordination,
the arrow moves in a corresponding direction.

[0102] Another form of processing may be the application
of use factors, calibration settings or auxiliary component
settings applied to data streams based on the kinds of specific
systems, auxiliary systems or components utilized in a spe-
cific training scenario. In this way, data can be collected in a
raw form as well as with normalization factors to standardize
data collected from different sensors, components or patient
settings. Thusly, data collected for different patients using
similarly configured systems but with different components
may have data collected that will permit the patient specific
data to be compared and/or aggregated for wide spread data
collection. Consider this specific example. A normalizing
factor would be the factor used where a CAT 2 training system
with a shoe sensor from vendor A and a post-surgery knee
male in Toledo and a CAT 2 training system with a shoe
sensor from vendor B with a post-surgery knee male in
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Topeka will each record the respective patient’s own raw data
but there will be corresponding normalized data that elimi-
nates the variations (if any) between the sensors from differ-
ent shoes and different vendors. In a similar way, where
needed based on specific circumstances, all or some of the
components in the system (See FIG. 2) may be processed
such that a common or normalized data setting may be
applied so that when data is collected from systems with
different specific components, the data streams may include
both raw and normalized. In one specific embodiment, the
application of one or more normalization factors is one kind
of data synthesis.

[0103] In still another type of data synthesis, the data from
one or more data streams may be used in calculations or
further processing to yield a determination or outcome related
to the input data streams or according to the therapy being
undertaken. One example is the use of an algorithm to per-
form transformations of one or more data streams. The output
of these functions will be stored along with the other recorded
data. In still another example, an algorithm may include vari-
ous weighting factors to a data stream such that some data
may be processed in a manner consistent with the type of
therapy being delivered. In still further specific examples, a
processing algorithm may include fuzzy logic or artificial
intelligence using a computer processor adapted and config-
ured for that purpose.

[0104] Current state of the art therapy uses DAP technology
to unweight a patient while the physical therapist provides
feedback by viewing the patient as they work out. Some
systems incorporate a video feedback element that allows the
patient to view themselves from various angles. By using only
onetypeof feedback, there may be optimal treatments that are
left unidentified by the therapist. By integrating multiple
measurement systems with a DAP system, synthesizing the
data streams, and presenting the information in an appropriate
way, a therapist would have the ability to utilize information
that has only been able to be gathered in a laboratory setting
in the past. The therapist would have the ability to then ana-
lyze and more effectively set workouts for the patient to
improve recovery time.

[0105] FIG. 3, for example, illustrates a patient a using a
DAP system with cameras, ground force sensors, and inertial
sensors on the user’s legs and hips. In this view, the pressure
bag that normally covers the frame and defines the pressure
chamber is removed to permit the interior details of the pres-
sure chamber and the instruments contained therein to be
observed. Throughout the workout, the system takes data
about the user’s gait, speed, incline, and effective body-
weight. That information is synthesized and given to the
therapist during or at the end of the workout. In one alterna-
tive, the therapist can then watch a video that shows the
patient’s movements, speed, weighting, and the angles of the
hips at each point. The therapist can use that information to
more effectively set the next workout, leading to better recov-
ery times. Due to the placement of the sensors, biomechanics
points such as the user’s hips, that are not visible through the
enclosure of a current DAP system, can be measured, tracked
and evaluated.

[0106] FIG. 4 illustrates a more specific work flow of the
therapy and training process described. FIG. 5 is an exem-
plary data stream and synthesis flow for the above described
example. FIG. 6 is a specific patient training example for the
above described system and technique of training.
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[0107] While the method of FIG. 1 provides a general pro-
cedure for conducting therapy using differential pressure and
date measurement feedback, there are alternatives to be pro-
vided by the therapy system. These alternative outcomes
based on the “adapt therapy” step will now be discussed from
a manual feedback to a generally increasing automatically
controlled feedback system. It is to be appreciated that while
these alternative feedback mechanisms are described as dis-
crete separate configurations, the system may adapt any or all
of these feedback mechanisms for any particular user, specific
training session, or ongoing therapy protocol.

[0108] FIG. 7 describes one alternative outcome based on
adapt therapy step. In this outcome the system provides an
output of results. Next the user will interpret the output of
results. Then, the user makes an adjustment to the therapy
system based on the user’s interpretation of the results. There-
after, the therapy session will continue or be set for the next
training session.

[0109] FIG. 8 illustrates one exemplary system using mul-
tiple gait analysis tools and DAP to provide real-time feed-
back to assist patients and therapists. In this view, the pressure
bag that normally covers the frame and defines the pressure
chamber is removed to permit the interior details of the pres-
sure chamber and the instruments contained therein to be
observed. To help the therapists identify better treatments,
incorporating an analysis aspect into the first system would
allow the therapists to receive real-time input on ways to
improve the workout from a quantitative standpoint. The state
of the art treatments now use either video feedback or force
sensors with DAP to show the therapist or patient limited
aspects of their gait. By integrating and synthesizing mul-
tiples sensors and measurement systems together, and pro-
viding analysis, the patients and therapists will be able to
more accurately and thoroughly judge and correct or modify
gait in a desired fashion.

[0110] That system can be extended to include feedback
from other sensors used to capture gait, workout parameters,
other physiological measurements, or psychological ele-
ments according to specific system, component, therapy or
patient requirements. Integrating data from, for example,
EEMG sensors and inertial sensors into understandable infor-
mation would give a depth of information to a patient or
therapist to adjust their gait with the assistance of unweight-
ing that does not exist today. Further, in a DAP environment,
such data is more useful to a patient and therapist than it
would be in a full weightbearing environment because of the
greater ability of the patient to adjust gait mechanics in the
DAP environment. Similarly, the DAP environment permits
greater ability to adjust gait desirably in response to these
inputs than does an alternate environment such as pools or
harness systems in which the gait measurements would be
altered by the forces and restrictions placed on the user by the
harness or pool environment and the ability of the user to
adjust gait is less in such environments than in a DAP envi-
ronment.

[0111] FIG. 9 illustrates an exeniplary data collection and
information processing flow for this specific system configu-
ration and therapy example. F1G. 10 illustrates one exemplary
work flow scenario. FIG. 11 is one example of a patient
specific therapy procedure using the system and methods
above. The patient in this example would likely use a category
2 or category 3 system as described in the 124 application.
[0112] FIG. 12 differs from FIG. 7 in the outcome based on
the adaptive therapy step in that the system will now provide
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arecommendation for gait correction. In this alternative out-
come, the system provides an output or results with a recom-
mended action. Exemplary recommended actions might be a
biomechanical adjustment for gait correction. For example,
the system may indicate for the user to change the orientation
of their foot, rotate their ankle, bend theirknees more, or other
adjustments that are based on analysis of the patient gait data
to correct or modify that patient’s gait. Another exemplary
representative recommended action would be for the system
to recommend repeating the last gait therapy routine however
at a different amount of differential pressure assist. For
example, in one possible embodiment, ifa desired gait pattern
were achieved at a certain degree of unweighting, the system
could recommend to the patient every few minutes to slightly
increase the amount of loading by unweighting less in order to
find the point at which desired mechanics patterns are no
longer maintained. This would permit precise determination
of the unweighting level needed to train proper mechanics for
this patient. Other recommended actions are possible based
on the specific patient performance and performance param-
eters entered into the treatment system. The user next is
allowed to accept or reject the recommended action or to
accept with modification the recommended action from the
system. Thereafter the system performs the therapy either as
a next segment of training or in a subsequent training session.

[0113] FIG. 13 differs from FIG. 12 in that the outcome
based on the adaptive therapy step is more automated in the
system’s response to the users performance. Here again the
analysis is performed based on the collected data and the
patient performance. The system analysis will generate an
output for the system adjustment based on the accepted pro-
tocol. Here this protocol might be for specific postsurgical
training, gait correction, or other patient specific therapy end-
points. A significant advantage to this type of system is that it
will be able to modify gaitin ways a therapist could not. As an
example, research may show that attempting to develop a
slightly asymmetrical gait in a DAP environment produces
better results at full weightbearing. The system would be able
to adjust speed, incline, and bodyweight between left and
right footplants, or plant vs. pushoff stages of walking or
running. A therapist would not be able to control a system that
quickly and accurately, where a fully automated system
could. Next, the system will implement the adjustment to the
therapy and the therapy session will proceed in the next
segment of treatment or in the next session of treatment.
Optionally, the system’s ability to implement an adjustment
to the therapy is limited. This limit is set on the amount that a
control parameter can change per session or per training
increment during a session. In this way, the system may be
able to only change the system parameters within an estab-
lished safe limit of parameter change for this patient type, age,
previous performance, established protocol, or other safety
related parameter for system adjustment.

[0114] FIG. 14 differs from FIG. 13 in that the outcome
based on the analysis is generated by and automatically
implemented by the system. This version of the system pro-
vides integrated and automated correction of gait therapy and
differential pressure support parameters based on patient per-
formance, gait data collection and analysis, and specific
inputs of a patient training protocol. Here again the adapt
therapy step is based on the prior analysis of collected data
and review of patient performance and other parameters. The
system analysis will generate an output for system adjustment
based on the patient protocol. The system output and adjust-
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ment will be applied to the system during therapy with or
alternatively without notice to the user depending upon
patient specific training parameters. Thereafter, the therapy
will continue using the adjusted system parameters.

[0115] FIG. 15 illustrates a system using gait analysis tools
to directly control workout parameters. In this view, the pres-
sure bag that normally covers the frame and defines the pres-
sure chamber is removed to permit the interior details of the
pressure chamber and the instruments contained therein to be
observed. If the analysis of the incoming sensor data is appro-
priate, the system can be extended to directly control workout
parameters to automatically optimize a therapy session to
improve specific aspects of gait. The system would take input
from the sensors such a EMG, video, inertial, and ground
force; then evaluvate what workout parameters (effective
bodyweight, speed, incline, balance, efc. . . . ) need to be
adjusted to optimally improve the patient’s gait. The system
can also monitor the gait changes observed during the session
to determine if the desired improvement is achieved and test
alternate parameter settings within allowed ranges while pro-
viding feedback to the patient to assist in guiding patient-
directed gait modification attempts while measuring the
changes in gait patterns made in response to this feedback.
The feedback loop between the patient, the system’s sensors,
the changes in workout parameters, and the methods of
directing gait changes can iteratively interact to enable
desired gait modification to be achieved. This allows a patient
to recover more quickly, and allows a therapist to concentrate
on other aspects of patient health improvement.

[0116] Therapists would be enabled to set bounds for how
much the workout parameters can change, so as not to cause
an injury or overwork the patient. Limitations on particular
aspects of the therapy could also be accessed from a database
based on research, a physician’s recommendations based on
the procedure or from a database of comparable patent and/or
system configurations therapies and outcomes. Therapists
would also be enabled to set specific desired gait parameter
changes or targets desired so that the feedback process could
be directed by the system to reinforce and enable incremental
improvements toward the desired gait mechanics patterns.

[0117] FIGS. 16 and 17 provide examples of a work flow
(FIG. 17) and data stream/synthesis (FIG. 16) for the exem-
plary system. FIG. 18 provides one specific example of how
a system may work is that the therapist sets the system to
improve the pronation of the foot during the push-off phase of
walking. The patient in this example would likely use a cat-
egory 1 system as described in the *124 application. The
therapist also sets the maximum speed at 2 mph, so as not to
cause the patient to start running. The system will then go
through a diagnostic process where it changes weight,
incline, and effective bodyweight while providing audible,
visual, tactile or other feedback to the patient regarding the
parameter to be modified, determining which combination of
settings enables the patient to achieve the best pronation of
the foot. As the workout goes along and the patient works on
improving their pronation, the unit can incrementally
increase the effective bodyweight as a means to eventually
train the patient to pronate their foot at full bodyweight. If the
system starts to detect the user is having trouble pronating, it
can also either slow the treadmill or unweight the patient to a
greater degree to give the user more time to pronate the foot or
reduce load on the foot to enable better pronation. At the end
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of the workout, the therapist would receive a report of how the
user progressed and a suggestion for where the next workout
should begin.

[0118] FIG. 19 illustrates still another exemplary system
using gait analysis tools, DAP Technology, and biofeedback
to train and/or improve gait. In this view, the pressure bag that
normally covers the frame and defines the pressure chamber
is removed to permit the interior details of the pressure cham-
ber and the instruments contained therein to be observed.
With regard to the training technique of FIG. 19, an additional
feature is the continuous recording of the electrical activity of
the muscles in the form of electromyograms (EMGs). These
are real-time recordings of the electrical activity of the
muscles measured with surface electrodes, or, optionally,
with fine wire electrodes, or with a mix of electrode types.

[0119] FIGS. 20 and 21 provide examples of a work flow
(FIG. 21) and data stream/synthesis (FIG. 20) for the exem-
plary system. FIG. 22 provides a specific example for a
patient undergoing such therapy. The patient in this example
would likely use a category 3 system as described in the *124
application. In one specific aspect, some patients undergoing
gait correction therapies may have suffered an injury that
impedes the normal biological feedback loops that existin the
body. For example, a stroke patient may no longer be able to
feel pressure in their right leg as sensitively as they feel
pressure in their left leg. This will cause an asymmetry in gait
that needs to be corrected. Even with gait analysis and auto-
matic workout adjustments, the patient may still have prob-
lems achieving regular gait due to the damage to the biologi-
cal feedback loop of the patient. In current therapies, the
therapist manually adjusts the position of the patient’s legs. In
a differential air pressure environment, access to the patient’s
lower body can prove difficult. By adding some other form of
biological feedback being controlled by the system, a patient
may be able to more rapidly achieve proper gait mechanics,
without the necessity of a therapist manually manipulating
the legs.

[0120] In various alternative embodiments, there may be
used one or a variety of types of biofeedback integrated into
a system with gait measurement, analysis, and DAP based
upon the specific therapy needs of a specific patient or class of
patient. For purposes of illustration, exemplary types of bio-
feedback may include indicators to give the patient a sensa-
tion that triggers the patient to act such as an audible alarm
when the patient needs to lift their leg, an electronic stimula-
tion sequence that starts a muscle firing sequence to extend
the foot, a visual cue and the like. One additional aspect of the
embodiment of FIG. 19 is the provision for the full stimula-
tion of designated and associated action groups to help with
training of a targeting muscle group. The full stimulation may
be caused by electronic stimulation controlling one or more
muscle groups as well as mechanical apparatuses that work to
augment the function of one or more muscle groups. In one
example, the targeted stimulation area is a muscle group. In
another, the targeted muscle group is a tendon group or area.
For example, when the leg is being raised, flexor and associ-
ated tendons in the lower hamstring area on the back of the leg
are optionally subject to vibration or another type of full
stimulation. This is thought to strengthen the desired nerve
pathways to allow the patient to develop toward over ground
locomotion. Therapeutic stimulators meant to provide sensa-
tion may provide electrical stimulation or may be vibrator or
other tactile stimulators or other sensory stimulators triggered
in synchrony with the therapy, as needed.
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Examples

[0121] In one example, a Differential Air Pressure System
having gait correction capabilities integrated with a prosthe-
sis or other proprioceptive feedback or training device. In this
specific example, the integration of a differential air pressure
system with gait capabilities as described above with machine
control capabilities, enables feedback or training using
muscle memory motion via an assistance device. Addition-
ally or alternatively, there may be modifications to the control
system depending upon the control requirements of the type
of motion assist device incorporated into the DAP system.
[0122] In still another example related to a sensor of the
type worn by a patient, the patient may wear shoes having
integrated instrumentation such as, for example, motion sen-
sors, inertial sensors, force sensors and the like. The shoe may
store the data collected from the onboard sensors onboard for
later incorporation and synchronization with other system
collected data. Additionally or alternatively, the shoe may
include transmission capabilities to send data from the shoe to
a suitable receiver on the system. In this way, data from the
shoe(s) used by the patient are included into the simulta-
neously collected data stream as discussed above. In still
another embodiment, the shoe sensor is used to record patient
activity while outside of the differential air pressure training
system described herein. Data may also be collected from
sensors worn outside of the DAP training and integrated with
the data collected when using the DAP system with integrated
gait capabilities. This would for example enable the system to
determine differences in gait pattern evident while training at
partial body weight with the sensor data indicating gait
parameters in full body weight locomotion. Still further there
1s provided access for collection of other exercises conducted
in support of the patient training. For example, a patient
conducting strength training in addition to DAP gait training
may have that training data downloaded or entered along with
the DAP gait training data in order to have a comprehensive
data set collected in the DAP gait system that reflects the
patient’s entire training and therapy effort. For example, a
patient with a stroke causing impairment in one leg, may have
strength training data in that leg correlated by the system with
gait changes to determine which strength training processes
are helping to improve gait and to reinforce which specific
muscle groups need further therapy for flexibility, strength or
other parameters in order to achieve desired gait improve-
ment.

[0123] Inone specific example, there is a shoe based sensor
system that collects and stores or collects and transmits data
on various pressure points to provide gait instruction while
using a system described herein or performing one of the
illustrative methods of therapy. The DAP gait system inte-
grates with the shoe based data collection system in a feed-
back loop to unweight a patient to achieve desired gait, and
then capture data or, optionally, provide biofeedback based
upon sensor inputs when they are off the treadmill in normal
activity. In this way, the integrated DAP gait training system
becomes part of the treatment modality to use unweighting
therapy and biomechanics training as part of the feedback
loop to accelerate biomechanics modification.

[0124] In still another specific example, patient uses a dif-
ferential air pressure system with gait training capabilities to
unweight and retrain while integrating foot sensor data to
achieve desired patterns. The patient practices during several
thirty minute sessions at slowly progressing reloading while
maintaining the desired pattern. When the patient can achieve
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the desired sensor and biomechanics pattern at 90% of body
weight, the patient is provided shoes with the sensors to take
home and use regularly recording the data and feeding back
real time data to a mobile device such as a cell phone, personal
data assistant (PDA) or smart phone. The data tracking shows
how closely the patient is adhering to the desired walking
mechanics achieved in the DAP environment and what devia-
tions are monitored. The next session on the DAP gait training
system, the gait training protocol uses that data to determine
unweighting and a training program that specifically helps
correct the poor mechanics tracked in the full weightbearing
environment. When proper mechanics are achieved in the
unweighting environment, another series of 30 minute prac-
tice sessions using those mechanics while unweighted with
biofeedback to maintain proper gait is provided to help the
patient relearn proper gait mechanics. This pattern is repeated
several times until the patient reliably and repeatably adopts
the new gait pattern and maintains that pattern in full gravity
walking.

[0125] FIGS. 23, 24, and 25 are flow charts of additional
patient training work flows using the DAP and gait systems
described herein.

[0126] The various embodiments of an integrated differen-
tial air pressure and gait training described herein also
includes a computer controller in communication with the
various system inputs (see, e.g., FIGS. 2, §, 9, 16, and 20) as
well as other components for the control and monitoring of
the therapy system. In some embodiments, the system
receives inputs from data collected by GaitBox used with the
system. A keyboard and a monitor attached to the system or
available during use enables the user or a trainer/therapist to
input selected differential air pressure, calibration, kinematic
parameters, gait parameters, dynamic stepping parameters
and other parameters depending upon patient therapy objec-
tives and system configurations into the computer-based con-
trol and performance monitor system. The term user, here,
covers the patient and/or a therapist and/or a physician and/or
an assistant. A user interface to the system is implemented by
a keyboard/monitor setup or GUI screen or touch pad or
wireless controller attached to or in communication with the
system control computer. In one aspect, the input device is
easily reachable by the patient, as long as the patient has
enough use of upper limbs. It enables the user (therapist or
patient) to input selected kinematic and dynamic stepping
parameters, treadmill speed, differential air pressure and
other system specific parameters into the control and monitor
system. A condensed stepping performance can also be
viewed on this monitor interface in real time, based on pre-
selected performance parameters (see e.g., the display in FIG.
3 or FIG. 8). It is to be appreciated that display in that con-
figuration or in others may be modified to include an exter-
nally located digital monitor system displays the patient’s
gait and/or stepping performance in selected details in real
time. In one aspect, the display is triggered for collection or
display based on other parameters such as in the heel strike
example above for recording a video data stream of knee
bend.

[0127] In addition, the system control computer includes
the components and sub-systems used for a data recording
system that enables the storage of all training related and time
based and time coordinated data, including electromyogram
(EMG) signals among others as illustrated and described
above in FIGS. 2, 5,9, 16, and 20. In addition or optionally,
the system receiver inputs from data collected by or provided
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from a GaitBox used with the system. This collected data may
be used in real time or near real time during a therapy session.
In still further examples, the collected data may be stored for
off-line diagnostic analysis, therapy adjustment and planning
with other patients of similar type. The architecture of the data
recording part of the system enables the storage of all training
related and time based and time coordinated data, including
electromyogram (EMG), torque and position signals, for off-
line diagnostic analysis of patient motion, dependencies and
strengths, in order to provide a comparison to expected pat-
terns of nondisabled subjects. The system will be capable of
adjusting or correcting for measured abnormalities in the
patient’s motion. In still further alternatives, the data col-
lected may be normalized to a common data collection stan-
dard for differential air pressure treatment systems to remove
variations in specific equipment, components, measuring
devices and the like. The normalization or standardization of
data collection enables the data collected from one patient to
be used to guide the therapy of another patient by showing
performance parameters and system configurations.

[0128] In one aspect, it is to be appreciated that the inte-
grated DAP system with gait measurement may be operated
to use differential pressure assistance to selectively and con-
trollably adjust the mechanical load acting on the patient
while optimizing the work or therapy performed by the
patient to provide effective stepping and standing during
therapy along with measurable and repeatable data collection,
synthesis feedback into specific therapy regimes and proto-
cols.

[0129] In still another aspect, the systems and method of
gait training described herein (optionally including the use of
a GaitBox for data collection) provide a true user controlled
gait training environment. The integrated DAP and gait mea-
surement systems of FIGS. 3 and 8, for example, provide the
user or trainer with feedback that permits the immediate
connection of alteration of system parameters or gait change
to feedback. The ability of a user or trainer to see immediately
the outcome of the latest change to system settings or gait
modification as improving, worsening or have no impact is an
important link in the therapy chain as yet unattained by con-
ventional training systems. The freedom of range of motion
provided by the DAP training system minimizes or reduces
the impact of patient off-loading from adverse gait impact. In
other words, other patient assist devices such as harness or
suspension systems tend to alter gait artificially rather than
permitting the uninhibited range of motion afforded ina DAP
environment.

[0130] The GaitBox provides accurate, real-time measure-
ment of basic gait parameters on any treadmill.

[0131] The basic gait parameters are: Speed (distance
divided by time); Cadence (number of steps per minute);
Left/Right Stride Length (distance between successive
impacts of same foot, e.g. left-foot-impact to left-foot-im-
pact); and Left/Right Stride Time (time between successive
impacts of same foot). Other additional gait parameters
include, by way of example and not limitation, foot placement
phase asymmetry (right to left step time compared with left to
right step time) and stride time jitter (variation in timing
between subsequent footfalls on the same or opposite sides).

[0132] FIG. 32 illustrates a method of calculating a variety
of factors.
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[0133] 1In one aspect, to calculate these values when some-
one is walking or running on a treadmill requires:

[0134] An accurate (microsecond resolution) clock

[0135] The speed of the tread belt

[0136] The time of foot impact, and

[0137] Which foot (left/right) impacted the tread deck
[0138] Inoneembodiment, the GaitBox obtains these mea-

surements in the following ways:

[0139] Accurate clock—the various sensors are attached
to a microprocessor which has a regular clock interrupt
with 4 microsecond resolution.

[0140] Tread Belt Speed—an infrared emitter/detector
pair (sensor) is positioned over the treadmill belt so that
reflectivity of the belt surface under the sensor can be
measured. A strip of reflective material of a precise,
known length is applied to the treadmill belt, so that
reflectivity of the belt surface changes dramatically
while the strip is under the sensor. The duration of the
period of high reflectivity (as measured by the micro-
processor clock) gives the treadmill speed. For example,
if a one-foot strip of reflective material takes one second
to pass under the sensor, the speed of the tread belt is 1
foot/second, or approximately 0.68 miles per hour. At
higher speeds, once the system has been calibrated to the
known length marker, front to front or rear to rear edge
detection can also be used for greater accuracy for a
given sampling rate.

[0141] Time of foot impact—an accelerometer is
attached to the treadmill frame. When a foot impacts the
tread mill deck (which is supported by the treadmill
frame, perhaps with cushioning), the resulting accelera-
tion of the deck is transmitted to the frame and sensed by
the accelerometer and “stamped” with the elapsed time
in microseconds as measured by the microprocessor
clock. An acoustic sensor can also be used to detect for
impacts. Alternatively, a different marker of stride peri-
odicity canbe used, such as when each leg passes in front
of the proximity sensor or sensors.

[0142] Which foot—an infrared proximeter is mounted
so that its beam (and hence area of detection) is directed
perpendicular to the direction of belt travel. The “near
foot” (closest to the proximeter) interrupts the beam
twice: once briefly, during the swing forward (towards
impact) and again when the foot is planted on the tread-
mill, moving backwards. When swing forward is
detected, the next impact will be for the “near foot” (left
or right depends on the side to which the GaitBox is
mounted).

[0143] FIG. 30A is a perspective view of a GaitBox. The
GaitBox is an enclosure with a pair of sensor (S1, S2) posi-
tioned in an appropriate location and aspect on the enclosure
to obtain information for user calculations as described
above. Shown in phantom on the top of the enclosure is an
optional display.

[0144] FIG. 30B is an illustration of the functional compo-
nents of a representative GaitBox. The sensors (S1, S2) may
be any sensor suited to obtaining the user parameters
described herein. Exemplary sensors include IR sensor, opti-
cal mouse style laser sensors, proximity sensors, light or other
sensors suited for use in the GaitBox operating environment.
The processor includes the computer readable instructions to
receive and process the output from the sensors (S1, S2). The
process may provide the outputs listed or other outputs as
desired forany of the above-described Gait analysis or system
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implementations. As illustrated, the processor may provide
an output to a display that is on the GaitBox (see F1G. 30A) or
in communication with the GaitBox. The display may be
separate from the GaitBox and any associated exercise equip-
ment or Gait processing system or it may be integrated into
these other systems. The GaitBox also includes one or more
of typical communication modes based on the desired opera-
tions or use of the GaitBox outputs.

[0145] Itis to be appreciated that one or more of the Gait-
Box characteristics, functions or capabilities may be used to
provide inputs/outputs or other information to enhance the
operations of the various Gait techniques as shown and
described herein.

Visual Display

[0146] The basic visual display of the GaitBox may be on
the GaitBox (FIG. 30A) or provided as an output to a dedi-
cated device or to a display that is part of the exercise equip-
ment or Gait system used in cooperation with GaitBox. In
general, the visual display presents the following informa-
tion:
[0147]
[0148]
[0149]

Elapsed Time (updated every second)

Elapsed Distance (updated every second)

Elapsed Steps (updated every step)
[0150] Average values for

[0151] Speed (total distance/total time-updated once
a second)

[0152] Cadence (total steps/total time-updated every
step)

[0153] Left/Right Stride Length (total length of
strides on given side/total time-updated after each
stride)

[0154] Left/Right Stride Time Percentage (total time
of strides on given side/total time—updated after every
stride)

[0155] Instantaneous values for

[0156] Speed (current speed reading)

[0157] Cadence (based on the duration of the last
step—updated after every stride)

[0158] Left/Right Stride Length (length of last stride—
updated after every stride)

[0159] Left/Right Stride Time Percentage (duration of
stride on given side/duration of last two strides—up-
dated after every stride)

[0160] As mentioned above, the visual display can be pre-
sented via native software running on a PC, atablet, or a smart
phone, i.e. a software application designed to run on one or
more of these platforms). Although the microprocessor in the
GaitBox itself may do some processing of the raw sensor date
(e.g. noise filtering or error correction), the actual data display
is performed by the software application running on the dis-
play device. We will refer to this as the “GaitBox application”
(as opposed to the GaitBox hardware, consisting of the sen-
sors and microprocessor).

[0161] As shown in FIG. 30B, the Gaitbox will communi-
cate with the display device wirelessly via Bluetooth or Wi-
Fi, although other implementations could use a wired con-
nection such as Ethernet or RS-232.

Video

[0162] In an alternative embodiments or in addition, the
GaitBox system incorporates one or more video cameras,
which can communicate with the processor and/or as well as
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visual display in either a wired or wireless configuration. In
one aspect, the visual display will show the video in real time.
In some configurations, the video may appear on a separate
“page” which can be selected by the user, or alongside other
information on the primary screen. If multiple cameras are
available, the GaitBox application provides for selection of
the camera to be displayed. In some embodiments, a GaitBox
application provides for simultaneous display of multiple
camera views.

Visual Feedback

[0163] Insome aspects,the computer readable instructions
in the application which manage the visual display provide
for drawing edits such as lines and shapes (e.g. rectangles or
circles) or other visual indicia on top of the video. These user
provided drawings may be implemented using a touch screen,
for example.

[0164] Inaddition to the basic gait parameters, the applica-
tion which manages the visual display may provide graphic
feedback as to the symmetry of gait. For example, two bars
(representing left/right stride length) might appear on the
display, and the user instructed to make the two bars equal in
length (and of a specific height, i.e. stride length).

Reporting

[0165] The GaitBox application includes computer read-
able instructions to generate a summary report (total time,
total distance, total steps, average speed, average cadence,
and statistical measures of left/right stride length and time
percentage (min/max/mean/median/standard deviation) or
any other collected parameter, calculated parameter in any
combination or as specified by a user. In addition, the report
may be preserved in some fashion either on or off the display
system (e.g. printing, stored as a file, or e-mailed).

User Identification

[0166] Some versions of the GaitBox application will allow
the user to identify themselves. For example, on a smartphone
the Gaitbox application might be used to scan the QR code
from a membership card. A PC-based implementation of the
GaitBox application might recognize an RFID chip or incor-
porate a fingerprint scanner. Once identified, the gait infor-
mation collected by the GaitBox application (including
video, in some implementations) would be associated with
that user.

Data Storage

[0167] Some implementations of the GaitBox application
will allow the results of a session to be saved locally. Some
implementations will allow the information to be saved on a
server on the Internet. Data storage may be performed using
any of the communication modes available (see FIG. 30B) or
via USB, firewire or other physical data port provided on a
GaitBox.

Web Access

[0168] If GaitBox session data is saved to a server on the
Internet, a Web-based application will make that information
available via a browser. If information is associated with a
particular user, they will have the ability to see only the
information from their own sessions.
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[0169] While the various Gait techniques and systems and
the GaitBox are shown in use and configured for providing
therapy utilizing DAP systems, the various embodiments of
the present inventions are not so limited. The gait methods
and systems described herein, particularly for the GaitBox,
may be adapted and configured for use with a treadmill with
(as described) or without a DAP or other assisted use device.
[0170] Inadditionto the above described, techniques, other
variations of implementing the system are possible. In one
example, at low walking speeds, detecting a foot strike with
an accelerometer mounted to the treadmill deck is challeng-
ing, due to the amount of background vibration induced by
the treadmill motor itself. An alternate embodiment is to use
an acoustic microphone alone or in conjunction with any of
the above described aspects to detect foot strikes. In still
another alternative embodiment, the detection of foot strikes
is neglected altogether and instead leg proximity sensors are
employed to measure the intervals between successive pas-
sages of the legs in front of the sensors.

[0171] To capture more complete workout data, the present
invention can also capture user’s heart rate and treadmill
incline through wireless heart rate monitoring sensors and
gyroscopic or accelerometer sensors

[0172] Insituations where patients progress through a con-
tinuum of care, from immobile, to partially mobile, to fully
mobile, gait data generated by the current invention can be
connected and compared with data from devices aimed at
other segments of the care continuum. An example might be
gait data collected from a Tibion bionic leg matched against
data collected from the present invention, compared to gait
data collected from full mobility measurement system such as
those produced by Optogait or Zebris. Doing so allows show-
ing efficacy of treatment over time, beyond the range of any
single system.

[0173] The current invention enables the measurement of
gait asymmetry through the use of leg proximity sensor
mounted on either side of the treadmill by reference to FIGS.
31A-31C. FIG. 31A is a normal symmetrical stride. FIGS.
31B and 31C illustrate two kinds of gait abnormality, phase
asymmetry (FIG. 32B) and stride jitter (FIG. 31C). In FIG.
31B A is compared to B. In FIG. 32C, Al is compared to A2.
[0174] Instillfurtheraspects, the Gait methods and systems
described herein, in particular the GaitBox embodiments,
may be used in conjunction with other unweighting devices or
systems. Exemplary non-DAP based unweighting systems
are described in, for example, co-pending commonly owned
provisional patent applications: “SUPPORT FRAME AND
RELATED UNWEIGHTING SYSTEM,” filed Mar. 14,
2013, application No. 61/784,387, attorney no. 10189-708.
100; “CURVED ARCH UNWEIGHTING SYSTEMS,”
application No. 61/772,964, filed Mar. 5, 2013, attorney no.
11889-709.100; “UNWEIGHTING ARCH SYSTEMS,”
application No. 61/773,019, filed Mar. 5, 2013, attorney no.
11889-710.100; “MONOCOLUMN UNWEIGHTING SYS-
TEMS,” application No. 61/773,037, filed Mar. 5, 2013, attor-
ney no. 11889-711.100; and “CANTILEVERED
UNWEIGHTING SYSTEMS,” filed Mar. 14, 2013, applica-
tion No. 61/784,510, attorney no. 11889-713.100, each of
which are incorporated by reference its entirety.

[0175] Ina further exemplary implementation of the above
described systems, there may also be available to a user a
progression of personal assistance, unweighted training and
rehabilitative systems along with other non-assistive or con-
ventional exercise systems. This variety of training systems
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may be considered a continuum of care. Anindividual may be
training to recover from a stroke or surgery. Such an indi-
vidual may not be able to move without assistance. As such,
one of the assistive devices described herein would be used as
the starting point for this person’s training or rehabilitation
program. In one aspect, the user may be provided with an
assistive device that in this context refers to a device that may
include an actuator or other form of imparting locomotion to
the user’s limb or frame to assist the user in the biomechanics
of walking. In one aspect, there may be one or more actuators
coupled to the person’s limbs or about one or more joints to
aid in moving the person’s limbs to provide assisted mobility
training. Next, after some sessions and improvements, the
person may progress to one of the various unweighting sys-
tems or other assistive training systems described herein.
After a progression through the stages of assistive training,
the person may progress to the use of unassisted training or
exercise equipment. In general this continuum of care from
fully assisted (alone or in combination with unweighting
training) progresses to unweighting types of training. The
user may then progress to lesser amounts of unweighting (i.e.,
the unweighting system provides less and less assistance) as
the user gets stronger and more able to accomplish gait and
mobility independently. Until the user reaches the use unas-
sisted exercise and independence of gait and other biome-
chanical training and rehabilitation.

[0176] The systems described herein may also be config-
ured to accommodate a user’s progress through the above
mentioned stages or continuum of care from assistive loco-
motion devices or systems, to unweighting systems to lesser
degrees of unweighting systems to the use of conventional
exercise equipment and training systems. In the exemplary
descriptions of the implementation of these integrated train-
ing systems, the term “training device” is intended to include
any of the herein described training systems including
assisted locomotion devices or systems or actuator based limb
mounted components; non-DAP unweighting systems; DAP
unweighting systems or conventional training systems such
as treadmills, stationary bikes, elliptical trainers, stair climb-
ers and the like.

[0177] Referring again to FIG. 5, the system downloads a
treatment or workout program to the appropriate assisted,
unweighting or other training device. Either the training sys-
tem or the treatment management and scheduling system may
send an approval request to a medical professional or to an
insurance provider for approval. For example, a networked
training device could be pre-set for a workout session based
on knowledge of who will be using the machine during that
session. A physical therapist could adjust the program locally
as required, either prior to or during the session. The system
will allow for review and modification of a recommended
user program by the associated physical therapist or trainer.
For example, in some embodiments, the system allows a
therapist to create or modify pre-programmed workout ses-
sions and attach these to an appointment scheduled by the
user, overriding any system-generated workout session. In
some embodiments, the training device or systems have edit-
ing capabilities on a display/control unit associated with the
treadmill, or on a mobile device by means of an “app.” In
some cases the display or control unit is removable.

[0178] Once the treatment is set, the user gets into the
training device or system and performs a treatment or work-
out according to the suggested treatment protocol provided
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either by the training device or system, the treatment man-
agement and scheduling system, the physical therapist, or a
combination of these.

[0179] In some embodiments, prior to starting the treat-
ment, the user is identified by the DAP system as the proper
user for the specific treatment. For example, the training
device or system may be capable of identifying the individual
user, based on some unique ID which is presented to the
machine prior to use. The system will know the age, sex, and
medical diagnoses (if applicable) of each user. In some
embodiments, the system may require that a user who has
scheduled time on a machine to identify themselves to the
machine (via keypad, RFID, bar/QR code, magnetic card
swipe, biometrics, or other identification technology) at the
beginning of their scheduled session. This provides confir-
mation that the user kept the scheduled appointment, ensures
that any treatment protocol sent to the machine is used by the
intended user, and allows performance data to be attached to
thatuser’s treatment history. Where a patient does not have an
identification means, the user can create a profile. The train-
ing device or system may maintain a profile of each user. In
general, users will identify themselves prior to using the
system. In some embodiments, a “guest” identification acts as
a catch-all for users without a profile. The system will track
utilization by individual users and can report on utilization
statistics and workout parameters to the healthcare practitio-
ner for medical evaluation, to the user for personal medical
and health records and monitoring, and to third parties such as
insurance providers or reimbursement agencies for medical
reimbursement to the clinic or healthcare practitioner or for
compliance verification of activities by the patient associated
with medical insurance or wellness program monitoring.
[0180] Advantageously, in some embodiments, a patient
identification means can help monitor (and encourage) a
patient’s compliance with a treatment program. The patient’s
identification means such as an access card may be read by a
medical professional during scheduled checkups to monitor
the patient’s progress. Monitoring progress may also be used
to track, monitor, adjust or improve upon a user’s progression
along the continuum of care as described above.

[0181] Once the user has completed his session, the user
can provide feedback to the training device or system in any
number of ways. For example, the training device or system
can receive and store information on the user’s satisfaction
with the treatment, overall mood, level of pain, etc. In some
embodiments, the training device or system is capable of
recording a broad range of information about user perfor-
mance, including but not limited to duration, speed, incline,
percentage body weight, heart rate, and gait factors. More-
over, the training device or system can receive and store
information provided by amedical professional observing the
user’s treatment on the training device or system. For
example, a physical therapist may rate the user’s progress
and/or provide notes on the user’s treatment, or progression
from one assistive device or technique to the next along the
continuum of care described above. Any of this information
can be directly entered into the device or training system
either by a computer terminal interface connected to the
device or system or through a receiving means directly con-
nected to the device or training system. For example a touch
pad monitor may be connected to the device or system to
receive input.

[0182] The device or training system may also be config-
ured to send information to another device such as a printer or
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computer. The information can be sent via email to a doctor,
insurance company, or a patient file. In other embodiments,
the information can be printed and added to a physical file at
the facility. Additionally, the information may be sent to the
treatment management and scheduling system to be stored in
the database for archival and retrieval purposes. For example,
the training device or system may be capable of transmitting
that information to a central information processing system.

[0183] Insome embodiments, information is sent to a doc-
tor or insurance company if the treatment protocol indicates
that more sessions are required and the user does not have a
prescription or insurance coverage for the remaining sug-
gested sessions. In some embodiments, a predictive algo-
rithm is used to evaluate whether a suggested treatment pro-
tocol generated by the training device or system or the
treatment management and scheduling system is consistent
with the prescribed treatment by a medical professional. In
one aspect, the system will also predict or recommend the
progression of a user from one type of assisted training device
or system to another based on user performance, goals, his-
torical data or one or more factors provided by a predictive
training algorithm. If, for example, the predictive algorithm
shows that the number of covered sessions remaining is less
than the number of treatments predicted to achieve the desired
outcome, the system (DAP, non-DAP, training device or sys-
tem or treatment management and scheduling) will generate
a reminder to the facility/therapist that re-authorization is
required. The system may also generate the required docu-
mentation needed for re-authorization.

[0184] In some embodiments, to determine proper sched-
uling of the appropriate training device or system, the treat-
ment management and scheduling system evaluates criteria
besides the machine being used, such as specific therapist or
skill set, whether the patient needs assistance in entering or
using the machine (including need for lift access or a particu-
lar personal training device or locomotion system or gait
monitoring system), video recording systems, gait analysis
capabilities, insurance qualification and provider network,
and transportation to/from the appointment.

[0185] Insomeembodiments, the system will use data from
gait analysis, user performance, user experience, etc. to drive
scheduling. For example, the treatment management and
scheduling system may receive and gather a user’s informa-
tion after the first treatment. Based on that information, the
treatment management and scheduling system can provide
the user with additional sessions or a series of sessions for
continued treatment based on the first treatment and the end
goal. In other embodiments, the treatment management and
scheduling system continuously assesses the user’s perfor-
mance and information after each session to determine
whether to modify treatment parameters or scheduling. For
example, a user reports that they experienced pain during the
appointment, the system may suggest delaying the next
appointment, to allow for more recovery time or may recom-
mend a greater degree of unweighting, or different unweight-
ing system or technique at the next session. If the machine
senses gait asymmetry that may be associated with muscle
strength, the system may recommend possible strength or
flexibility rehab therapies as part of the PT evaluation and
possible treatment considerations and the system could moni-
tor compliance with specific recommended activities if such
activities are performed on machines connected to the system
or if the patient is wearing sensors that enable data capture of
such activity when not on connected machines.
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[0186] In further embodiments, the treatment management
and scheduling systems allow a sequence of appointments to
be scheduled, based on either a number (e.g. 10 appoint-
ments) or a desired outcome (e.g. walking at 3% incline at 2
mph at 95% of body weight). Rather than schedule a single
appointment as described, multiple appointments can be
scheduled by the user according to desired number of
appointments or treatment protocol. The system can monitor
patient compliance with the treatment schedule and can
monitor patient progress toward the desired outcomes. If
necessary, the system can communicate recommended or
possible modification to the treatment sessions required.
Such communications could be provided to the healthcare
practitioner, to the patient, to the insurance provider or to
other parties with associated data and rationale based on
patient-specific or population data metrics.

[0187] In some embodiments, the treatment management
and scheduling systems will create a recommended program
for a user’s next appointment, based on, among other things,
the patient’s purpose in using the machine, their current medi-
cal condition, their historical performance, and aggregate
data collected by the system about the performance and
progress of other users with similar characteristics. The sys-
tem may do so by comparing the user’s performance data
from the last treatment session with aggregated data collected
by the system for a population of users. The system may then
generate a recommended treatment program for the user’s
next appointment based on the comparison of the user’s infor-
mation and stats with the data for the population of users.

[0188] In some embodiments, the aggregated data may
include a performance database based on the demographic
and medical data about users and their related workout ses-
sions. This performance database will include and accumu-
late a qualitative measure from the user about their experience
(e.g. pain, satisfaction) during the session. In further embodi-
ments, the aggregated data may include and accumulate data
from medical personnel (e.g. physical therapists supervising
users) as to the outcome of a user’s treatment session. This
data will also be stored in the performance database.

[0189] In some embodiments, the user may not have any
prior experience with the assistive devices or training systems
(either DAP or non-DAP unweighting). In such cases, the
systems described can design a suitable treatment based on
the user’s information. For example, auser withno prior DAP
system experience may wish to use DAP to improve the user’s
running speed. To design the appropriate DAP system, the
treatment management and scheduling system may receive
the user’s information regarding the desired treatment result.
In this example, the user may input into the treatment and
scheduling system that she wants to decrease the time needed
for her to run a mile. The user may optionally input additional
information regarding her location and the time slot for the
treatment. The treatment and scheduling system then
employs a predictive algorithm, such as the ones described
above, to determine the appropriate treatment and DAP sys-
tem for the user. The predictive algorithm may compare the
user’s information to that in a database with aggregate data
(including performance data) regarding the population of
users that have used a DAP system. The algorithm then
assesses the treatment parameters employed by other users to
determine what treatment would be suitable for the user. The
treatment management and scheduling system may then pro-
vide one or more suggested treatments to the user and have the
user decide on a treatment.
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[0190] In the case where multiple treatment options are
available, the user may first decide on the type of treatment.
Once that is selected, the treatment management and sched-
uling system may then determine which training system,
progression of systems or other rehabilitation equipment can
provide that treatment regime. For example, if the algorithm
determines that users can improve running speed by modify-
ing gait or by running under positive pressure, the system may
offer those two treatment options to the user. If strength or
flexibility improvement is needed along with use of the DAP
system, for example, then scheduling system can recommend
treatments involving multiple modes of therapy. If the user
picks gait modification as a treatment, the treatment manage-
ment and scheduling system may then match the user with
DAP systems having gait analysis capability. Alternatively,
the treatment management and scheduling system may offer
the non-DAP unweighting systems to the user and indicate in
the listing that the non-DAP system selected can provide gait
or an alternative unweighted treatment.

[0191] While the invention herein disclosed has been
described by means of specific embodiments and applications
thereof, numerous modifications, combinations and varia-
tions could be made thereto by those skilled in the art without
departing from the scope of the various inventive embodi-
ments and alternatives described herein.

What is claimed is:

1. An integrated unweighted gait training system, compris-
ing:

an unweighting system comprising a computer controller;

a gait measurement system in communication with the

controller; and

a display in communication with the computer controller

adapted and configured to provide real-time feedback to
auserofthe integrated unweighting gait training system.

2. The system of claim 1 wherein the unweighting system
is a differential air pressure (DAP) unweighting system.

3. The system of claim 1 wherein the unweighting system
is a non-DAP unweighting system.

4. The system of claim 3 wherein the non-DAP unweight-
ing system is a support frame type non-DAP unweighting
system.

5. The system of claim 3 wherein the non-DAP unweight-
ing system is a curved arch type non-DAP unweighting sys-
tem.

6. The system of claim 3 wherein the non-DAP unweight-
ing system is an unweighting arch type non-DAP unweight-
ing system.

7. The system of claim 3 wherein the non-DAP unweight-
ing system is a monocolumn type non-DAP unweighing sys-
tem.

8. The system of claim 3 wherein the non-DAP unweight-
ing system is a cantilevered type non-DAP unweighting sys-
tem.

9. The system of claim 1 the gait measurement system
further comprising:

an enclosure;

apair of sensors supported by the enclosure and positioned

such that when the enclosure is coupled to a treadmill of
the integrated unweighting system a portion of the tread
is within the detectable range of the pair of sensors; and

a processor in communication with the pair of sensors and

having computer readable instructions to receive and
process an output from the pair of sensors and to perform
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calculations related to obtaining gait parameters based
on the input from the sensors.

10. The system of claim 9 wherein the processor performs
calculations to obtain tread belt speed, time of foot impact and
left/right foot indication.

11. A self-contained gait feedback device for detecting
motion of a user on a treadmill, comprising:

an enclosure;

a pair of sensors supported by the enclosure and positioned
such that when the housing is coupled to the treadmill a
portion of the tread is within the detectable range of the
pair of sensors;

a processor in communication with the pair of sensors and
having computer readable instructions to receive and
process an output from the pair of sensors; and

a display in communication with the processor.

12. The self-contained feedback device of claim 11 the
computer readable instructions to receive and process an out-
put from the sensors further comprising: performing calcula-
tions related to obtaining one of more gait parameters based in
part on the output from the pair of sensors.

13. The self-contained feedback device of claim 12 the
computer readable instructions to receive and process an out-
put from the sensors further comprising: outputting the one of
more gait parameters to the display.

14. The self-contained feedback device of claim 11 the
display further comprising a processor having computer read-
able instructions for receiving and performing calculations
related to obtaining one of more gait parameters based in part
on the output from the pair of sensors.

15. The self-contained feedback device of claim 14 the
computer readable instructions of the processor in the display
further comprising: outputting the one of more gait param-
eters on the display.

16. The self-contained feedback device of claim 11
wherein the processor is adapted and configured to provide
clock signal synchronized sensor output data from the pair of
Sensors.

17. The self-contained feedback device of claim 14
wherein the processor is adapted and configured to provide
clock signal synchronized sensor output data from the pair of
SEensors.

18. The self-contained feedback device of claim 11
wherein the sensors are IR sensors, optical mouse sensors,
laser sensors, proximity sensors, or light sensors.

19. The self-contained feedback device of claim 11 or 14
wherein the display is a PC, a tablet or a smart phone.

20. The self-contained feedback device of claim 11 or 14
wherein communication with the display is wired or wire-
lessly.

21. The self-contained feedback device of claim 11
wherein the display in communication with the processor
supported by the enclosure.

22. The self-contained feedback device of any of claims
11-21 further comprising:

an unweighting system positioned to provide controlled
unweighting of a user of the treadmill, the unweighting
system having a computer controller in communication
with the processor of claim 11 or 14.

23. The self-contained feedback device of any of the above
claims wherein the display is adapted and configured to pro-
vide real-time feedback to a user of the unweighting system.

24. The system of claim 22 wherein the unweighting sys-
tem is a differential air pressure (DAP) unweighting system.
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25. The system of claim 22 wherein the unweighting sys-
tem is a non-DAP unweighting system.

26. The system of claim 25 wherein the non-DAP
unweighting system is a support frame type non-DAP
unweighting system.

27. The system of claim 25 wherein the non-DAP
unweighting system is a curved arch type non-DAP
unweighting system.

28. The system of claim 25 wherein the non-DAP
unweighting system is an unweighting arch type non-DAP
unweighting system.

29. The system of claim 25 wherein the non-DAP
unweighting system is a monocolumn type non-DAP
unweighing system.

30. The system of claim 25 wherein the non-DAP
unweighting system is a cantilevered type non-DAP
unweighting system.

31. An integrated differential air pressure assisted gait
training system, comprising:

a differential air pressure system having a computer con-

troller;
at least one gait measurement or indication system in com-
munication with the computer controller; and

acomputer readable database stored within or accessible to
the computer controller comprising collected DAP sys-
tem data from the differential air pressure system and
gait system data from the at least one gait measurement
or indication system.

32. The system of claim 31 wherein the DAP system data
comprising one or more of pressure setting and control, cali-
bration data, system type, auxiliary systems, exercise system
controls.

33. The system of claim 31 wherein the gait system data
comprising video, user worn sensor or equipment sensor.

34. The system of claim 31 wherein the computer readable
database further comprises synthesized data from at least one
of DAP system data or gait system data.

35. The system of claim 34 wherein the synthesized data is
triggered from another data stream.

36. The system of claim 34 wherein the synthesized data is
processed data by manipulating one or more data streams.

37. The system of claim 34 wherein the synthesized data is
calculated data by comparing or relating two or more data
streams.

38. The system of claim 34 wherein the synthesized data
comprises using algorithms to produce outcomes of one or
more data streams.

39. The system of claim 31 further comprising a display in
communication with the computer controller adapted and
configured to provide real-time feedback to a user of the
differential air pressure system.

40. The system of claim 31 further comprising video input
in database.

41. The system of claim 40 wherein the video data stored is
collected based on a trigger from another component or
device of the integrated system.

42. The system of claim 31 wherein the database is acces-
sible to computer controller or accessible to the controller via
wired or wireless communication.

43. The system of claim 31 the at least one gait measure-
ment or indication system further comprising:

an enclosure;

apair of sensors supported by the enclosure and positioned

such that when the enclosure is coupled to a treadmill of
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the integrated unweighting system a portion of the tread
is within the detectable range of the pair of sensors; and
a processor in communication with the pair of sensors and
having computer readable instructions to receive and
process an output from the pair of sensors and to perform
calculations related to obtaining gait parameters based
on the input from the sensors.
44. A method of training an individual to improve or alter
walking or running mechanics by unweighting, comprising:
preparing the individual for training in an weighting envi-
ronment provided by an unweighting system;

performing a training routine with the individual to
improve or alter walking or running mechanics while the
user is experiencing unweighting by the unweighting
system;

simultaneously measuring one or more of a user gait

parameter or a user biomechanical parameter during the
performing step; and

collecting the one or more measured user gait parameter or

measured user biomechanical parameter under instruc-
tions from a controller of the unweighting system.

45. The method of claim 44 the preparing step further
comprising the user accessing the unweighting environment
and initiating the training without assistance.

46. The method of claim 44 the preparing step further
comprising the individual accessing the unweighting envi-
ronment without assistance and initiating or performing the
training with assistance.

47. The method of claim 46 wherein the assistance during
performing the training is provided by a person.

48. The method of claim 46 wherein the assistance during
performing the training is provided automatically by the
unweighting system.

49. The method of claim 44 the collecting step further
comprising collecting the individual’s heart rate and a tread-
mill incline measurement.

50. The method of claim 44 the collecting step further
comprising collecting a signal from a heart rate monitor worn
by the individual.

51. The method of claim 44 the collecting step further
comprising collecting data from a gyroscopic sensor or an
accelerometer sensor worn by the individual.

52. The method of claim 44 wherein the one or more
parameters of the individual’s gait or biomechanics is one or
more of: a stride length, a ground reaction force, a lateral
movement of a knee, an angle of a knee, an angle of an ankle,
a strike pattern of a forefoot, a strike pattern of a heel, a
muscle activation pattern, and a movement symmetry.

53. The method of claim 44 wherein the unweighting envi-
ronment is provided by a differential air pressure type
unweighting system.

54. The method of claim 44 wherein the unweighting envi-
ronment is provided by a non-differential air pressure type
unweighting system.

55. A method of providing integrated differential air pres-
sure assisted gait training, comprising:

unweighting the user in an integrated differential air pres-

sure system;

performing a therapy routine with the user;

collecting under control of the integrated differential air

pressure system controller output data from a plurality
of components of the integrated differential air pressure
system during the unweighting step and the performing
step; and
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recommending a user action for gait correction based on

one or mote of the output data from the collecting step.

56. The method of claim 55 wherein the output data com-
prises synthesized data.

57. The method of claim 55 the collecting step further
comprising a continuous output data stream, anearly continu-
ous output data stream, a segmented output data stream, or a
synthesized output data stream from the integrated differen-
tial air pressure system.

58. The method of claim 55 further comprising storing the
output data in a database.

59. The method of claim 58 wherein the database contains
DAP and gait system data corresponding to a user’s progress
through a continuum of care.

60. The method of claim 59 wherein the continuum of care
ranges from immobile, to partially mobile, to fully mobile.

61. The method of claim 60 further comprising comparing
the data to data from a device in another segment of the
continuum of care.

62. The method of claim 61 wherein the data from a device
from another segment is gait data collected from a leg worn
actuator.

63. The method of claim 61 wherein the data is gait data
collected from a full mobility measurement system.

64. The method of claim 55 wherein the recommending
step permits connection of an alteration of a parameter of the
differential air pressure system or user gait change to a real
time feedback.

65. A self-contained biometric sensor system for detecting
motion of a user on a treadmill, comprising:

an enclosure;

apair of sensors supported by the enclosure and positioned

such that when the housing is coupled to a treadmill a
portion of the tread is within the detectable range of the
pair of sensors;

a processor in communication with the pair of sensors and

having computer readable instructions to receive and
process an output from the pair of sensors and to perform
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calculations related to obtaining gait parameters based
on the input from the sensors.

66. The self-contained biometric sensor system of claim 65
wherein the processor is adapted and configured to provide
clock signal synchronized sensor output data from the pair of
Sensors.

67. The self-contained biometric sensor system of claim 65
wherein the sensors are IR sensors, optical mouse sensors,
laser sensors, proximity sensors, or light sensors.

68. The self-contained biometric sensor system of claim 65
further comprising: a display in communication with the pro-
Cessor.

69. The self-contained biometric sensor system of claim 65
wherein the display is a PC, a tablet or a smart phone.

70. The self-contained biometric sensor system of claim 68
the display further comprising a computer readable code
adapted and configured to determine one or more gait param-
eters based on the processor output.

71. The self-contained biometric sensor system of claim 68
wherein communication with the display is wired or wire-
lessly.

72. The self-contained biometric sensor system of claim 65
further comprising an accelerometer attached to the treadmill
and configured to provide an output to the processor.

73. The self-contained biometric sensor system of claim 65
further comprising an acoustic sensor positioned to detect a
footfall sound and configured to provide an output to the
processor.

74. The self-contained biometric sensor system of claim 65
the processor computer readable instructions for providing a
real-time measurement of a plurality of gait parameters for a
user on the treadmill.

75. The self-contained biometric sensor system of claim 74
wherein the plurality of gait parameters of a user on a tread-
mill are one or more of speed, cadence, left/right stride length,
left/right stride time, foot placement phase asymmetry and
stride time jitter.
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