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(57) ABSTRACT

A sensor-based quantification and analysis system includes
an input device including a plurality of sensors that generate
an input based on a force. The input device also includes a
transmission device that transmits force information based
on the input. The system also includes an output device that
receives the force information. A processing unit selects, for
each of the plurality of sensors, one of a plurality of levels
of a likelihood of tissue damage based on the force and a
predetermined time period. Further, the output device

Int. CL. includes a display that presents or logs the one of the
A61B 5/103 (2006.01) plurality of levels of the likelihood of tissue damage for each
A61B 5/00 (2006.01) of the plurality of sensors.
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PERIPHERAL SENSORY AND
SUPERSENSORY REPLACEMENT SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/284,592, filed Oct. 28, 2011, which
is based upon and claims the benefit of priority under 35
U.S.C. § 119(e)(1) from U.S. Provisional Application No.
61/408,373, filed Oct. 29, 2010, the entire contents of which
are herein incorporated by reference.

BACKGROUND

[0002] A peripheral sensory and “supersensory” quantifi-
cation, replacement, augmentation and analysis system is
provided. More particularly, a data acquisition and trans-
mission unit, a processing unit, and a receiving unit are
provided. Some exemplary applications of the system
include uses in healthcare, athletics, occupational health and
safety and the military. Prominent healthcare uses include
the management of peripheral neuropathy, lower extremity
amputees and other rehabilitating patients.

[0003] Decreased or absent sensation resulting from
peripheral neuropathy (or any other condition leading to
inadequate sensation) leads to tremendous morbidity and
poses a great challenge to the healthcare team caring for
these patients. Sixty percent of peripheral neuropathy is
secondary to Diabetes, with the remaining 40% being attrib-
uted to all other causes.

[0004] Nearly half of all diabetics will develop clinically
significant peripheral neuropathy over the course of their
lifetime; 25% are afflicted at any given point in time, and
7.5% of patients are symptomatic at the time of presentation.
The vast majority of patients with peripheral neuropathy (of
any cause) have a chronic, distal, symmetric polyneuropathy
(i.e. decreased sensation in a stocking-and-glove distribu-
tion), affecting the nerves in a length-dependent fashion.
Indeed, this prevalence data is thought to be skewed toward
clinically relevant cases of peripheral neuropathy, and are
likely somewhat underestimated. This prevalence data may
be even further underestimated without the routine use of
more sensitive methods of detection, including autonomic
and quantitative sensory testing.

[0005] The prevalence of Diabetes in North America is
7%; nearly half of these patients ultimately have clinical
courses complicated by peripheral neuropathy. The lifetime
risk of a diabetic foot ulcer in these patients ranges from
15-25%, with a 2% annual incidence of ulceration. It has
been estimated that 50% of all ulcers recur within 3 years,
leading to further deleterious effects on patient quality of life
and the health economy. Indeed, studies have shown that
foot ulcers cause substantial emotional, physical, productiv-
ity, and financial losses. What is more, Diabetic Foot Syn-
drome (DFS) precedes 84% of all lower extremity amputa-
tions. In terms of the associated economic burden, the cost
of treating a single diabetic foot ulcer (not factoring in
recurrence) ranges from $18-$28,000 CDN, and approaches
$35-50,000 CDN when the end result is amputation.
[0006] The consequences of peripheral neuropathy are
manifold. First, this loss of protective sensation leads inad-
equate plantar feedback and therefore unchecked pressure
distribution, leading to focal ischemia, pressure necrosis,
ulceration, and then finally, infection and gangrene. Second,
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impaired sensation leads to balance dysfunction (“mal-
equilibrioception™) and subsequent gait and mobility issues.
Normal equilibrioception results from a coordination of
visual, vestibular, and tactile/proprioceptive (predominantly
plantar) inputs. While some variation exists between indi-
viduals, humans typically require two intact systems to
achieve normal balance perception. In addition to the bal-
ance issues posed by decreased peripheral sensation, the lack
of real-time feedback of when the plantar surface is on (and
when it is elevated off of) the ground surface has further
deleterious effects on mobility, often resulting in a slow,
unsure and shuffling gait, and increased potential for falls.
[0007] These sensory, balance and gait concerns also
apply to lower extremity amputees (users of prosthetic
limbs) and other rehab sectors. In North America, it is
estimated that 1 in 200 people are living with a lower
extremity amputation, with these estimates expected to more
than double by 2050. At present, this equates to over 1.7
million people. Indications for such amputation include
severe ischemic disease of the lower extremity, traumatic
mangling, tumor resection, infection, congenital limb defi-
ciency, vascular compromise, and infection (often a conse-
quence of severe pressure-induced diabetic ulceration). Fol-
lowing amputation, patients have problems with both care of
the amputation stump, as well as their prosthesis. He or she
must learn to apply, walk with, remove and care for the
prosthesis; he or she must also monitor the stump skin for
any pressure points, and ambulate on difficult terrain (in both
light and dark) with inadequate sensory feedback from both
the stump and the sole of the prosthesis. Resulting problems
include stump damage, infection, further amputation and
death, as well as issues with walking, balance and potential
falls.

BRIEF SUMMARY

[0008] Previous work in plantar pressure monitoring for
the purposes of sensory substitution has used a plantar
pressure data acquisition system to simply look at a center
of foot position for people with balance issues. The system
has “threshold alarm” feedback for center of foot position,
that alerts the user with an electrical impulse on the tongue,
when the foot is displaced from a normal, balanced stance.
These outdated systems (which are only experimental and
are not commercially available) do not provide the user with
continuous, real-time feedback of differential pressures over
the entire plantar surface, or of specific components of
interest on the lower extremity as a whole.

[0009] Further, prior systems use sensors that require more
power, which limit usability and commercialization poten-
tial. The only pressure-sensing insole developed to date that
has been made commercially available (albeit mostly to
institutions for research purposes) is the “F-Scan” system
(by Tekscan). This system takes in large number of pressure
inputs. Because of the volume of input data, it is not easily
transmitted wirelessly, rendering the device to a cumber-
some, wired system. No commercially available, user-
friendly, wireless pressure-sensing insole has ever been
developed and commercialized.

[0010] Patients rehabilitating from strokes would benefit
from such a device. The lifetime risk of stroke is 1 in 6. Of
the 85% of people who go on to survive their stroke, nearly
10% (4.8 million) experience long-term gait disturbance and
related rehabilitation needs. These sensory feedback require-
ments are met with the inventor’s proposed system.
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[0011] Outside of healthcare, the system has extensive
applications in athletics and activity monitoring and opti-
mization, including individual and group tracking, team
dynamic analysis, quantification of kinetics and kinematics,
performance quantification, compliance assessment and
activity mapping.

[0012] Military applications include the development of
sensory replacement and augmentation systems for the pur-
poses of detection of, and alerting the user to, pertinent
environmental features and imminent danger (including, but
not limited to sensing methods involving detection of: TNT,
landmines, foreign bodies, heat (infrared), radiation (Gei-
ger), sulphur dioxide, and other chemicals of interest).
[0013] Occupational Health and Safety applications
include the exemplary case of a lower extremity-based
device that is used to detect (and alert the user or employee
to) situations of over-lifting or improper lifting. This force
and kinetics/kinematics application also has uses in health-
care monitoring (in rehabilitating, users of prosthetics, and
diabetic, cardiac, obese, post-cancer and post-operative
patients, for example).

[0014] In one example, a sensor-based quantification and
analysis system includes an input device including a plural-
ity of sensors that generate an input based on a force. The
input device also includes a transmission device that trans-
mits force information based on the input. Further, the
system includes an output device that receives the force
information. A processing unit selects, for each of the
plurality of sensors, one of a plurality of levels of a likeli-
hood of tissue damage based on the force and a predeter-
mined time period. In addition, the output device includes a
display that presents or logs the one of the plurality of levels
of the likelihood of tissue damage for each of the plurality
of sensors.

[0015] The input device optionally includes a sensor that
senses supersensory data. The transmission device option-
ally transmits supersensory information based on the super-
sensory data to the output device. The display optionally
presents or logs feedback data based on the supersensory
information.

[0016] The display preferably presents the one of the
plurality of levels of the likelihood of tissue damage using
at least one of a visual display and a tactile display.
[0017] 1In one example, the display presents the one of the
plurality of levels of the likelihood of tissue damage using
the tactile display. The tactile display is at least one of
electro-tactile, vibro-tactile, and temperature-tactile. The
tactile display is affixed to a back.

[0018] In a further example, the tactile display is arranged
to provide a neuroplastic effect.

[0019] The display preferably logs and stores the one of
the plurality of levels of the likelihood of tissue damage
remotely from the input device.

[0020] In one aspect, the display presents the one of the
plurality of levels of the likelihood of tissue damage using
an auditory method.

[0021] The display preferably includes a visual output unit
that displays a plurality of areas corresponding to locations
of the plurality of sensors.

[0022] The output device preferably includes a wristband.
[0023] In another aspect, the input device includes a
temperature sensor and a moisture sensor. The transmission
device transmits information based on a temperature sensed
by the temperature sensor and a moisture sensed by the
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moisture sensor. The display presents information based on
the temperature and the moisture.

[0024] Ina further aspect, the processing unit is located in
at least one of the input device and the output device.
[0025] In another example, a sensor-based quantification
and analysis system includes an input device including a
plurality of means for generating an input based on a force.
The input device also includes means for transmitting force
information based on the input. The system further includes
an output device that receives the force information. The
system also includes a means for selecting, for each of the
plurality of means for generating, one of a plurality of levels
of a likelihood of tissue damage based on the force and a
predetermined time period. The output device includes dis-
play means that present or log the one of the plurality of
levels of the likelihood of tissue damage for each of the
plurality of means for generating.

[0026] In a further example, a quantification and analysis
method includes generating an input based on a force, using
a plurality of sensors. The method also includes transmitting
force information based on the input, and receiving the force
information. In addition, the method includes selecting, for
each of the plurality of sensors, one of a plurality of levels
of a likelihood of tissue damage based on the force and a
predetermined time period. Further, the method includes
presenting or logging the one of the plurality of levels of the
likelihood of tissue damage for each of the plurality of
Sensors.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0027] A more complete appreciation of the disclosure and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings, wherein:
[0028] FIG. 1 illustrates an example of a system including
an input device and a receiving device.

[0029] FIG. 2 illustrates a schematic diagram of the sys-
tem.

[0030] FIG. 3 illustrates an example input device (multiple
views).

[0031] FIG. 4 illustrates an exemplary positioning of an

array of sensors.

[0032] FIG. 5 illustrates another exemplary positioning of
an array of sensors.

[0033] FIG. 6 illustrates an exemplary algorithmic pro-
cessing performed by a processing device.

[0034] FIG. 7 illustrates an example output device (mul-
tiple views).
[0035] FIG. 8 illustrates another example output devices

(multiple views).

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0036] In the management of peripheral neuropathy, the
current gold standard of care includes primary prevention
via diabetes education and prescription of traditional
orthotic insoles. Beyond this, reactionary wound care and
ulcer/infection control is the standard of care. This is an
outdated approach applying principles of sickcare, not pre-
ventative healthcare that the present system offers. Further,
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in terms of economics, the present system carries huge
potential savings for both the patient and the healthcare
system, detailed as follows.

[0037] FIG. 1 shows an exemplary system employing two
parts: an input device, such as the input device 3, which will
receive and transmit pressure readings from across a foot;
and a receiving device, such as the wristband 1 or a back
display 2.

[0038] In one exemplary aspect shown in FIG. 2, an input
device designed to record pressures along the bottom of the
foot is provided. In one example, the input device is an
insole. Via a communication system, the pressure data is sent
to one of a series of potential receiving devices, such as a
specially designed wristwatch, described in greater detail
below.

[0039] As also described in greater detail below, the
communication system may be based on a wireless com-
munication, and is therefore able to interact with a whole
host of devices for ease of information transfer and/or
personal health monitoring. Potential receiving devices
include (but are not limited to) wristwatches, USB keys,
enabled dongles, cellular telephones and personal laptops.

[0040] Another potential receiving device is a stimulator
designed to be worn on the back, described in greater detail
below, which will thus send a stimulus, in the form of a
display (in the form of an electrotactile, electrotextile,
vibrotactile, chemotactile, temperature- and/or pressure-me-
diated stimulus) to the user. The sensate skin of the back will
receive the stimulus, and through the phenomenon of neural
plasticity, the user—with enough practice—may learn to
interpret the stimulus as input from the foot. Together with
the input device, this receiving device creates a sensory
replacement or augmentation system.

[0041] Further, in one example, the receiving device is
made to contain software for data requisition. Thus, in the
example of the back display, the data requisition software is
engineered to transmit data in the form of a real-time,
differential electrical impulse over the embedded stimulators
in the back display.

[0042] The system described herein can be advanta-
geously employed for the prevention and treatment of pres-
sure-related diabetic foot disease (e.g. balance and gait
issues, ulceration, infection, and amputation). Other uses
include applications in patient rehabilitation (amputation-
and stroke-related, for example), athletic and/or activity
monitoring, military and OH&S uses. The sensors can be
embedded in a custom- or generic-made insole, for example.
The data acquired by the system can be used for custom-
made, pressure-relieving foot orthotics, as well as for relay
of pressure status to the patient/user or a third party (includ-
ing healthcare practitioners). In addition, the system can be
used to improve gait and balance in patients with decreased/
absent plantar sensation (e.g. patients with peripheral neu-
ropathy and/or lower extremity amputation), or to assist an
athlete in optimizing foot and ankle manipulation, or, in
general, their kinetics and kinematics.

[0043] Other aspects of the system include the inclusion of
further diagnostic sensors and algorithms, enabling the
device to measure aspects such as: GPS, heart rate, respi-
ratory rate, blood pressure, temperature, blood oxygen satu-
ration, blood flow, blood or environmental content quanti-
fication (e.g. glucose, electrolytes, minerals, oxygen, carbon
dioxide, carbon monoxide, HbA1C, Ethanol, protein, lipid,
carbohydrate, cortisol, lactate, pH, pro- and anti-inflamma-
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tory markers, MMPs, Growth Factors, bacterial content),
hydration status/tissue turgor, joint position, features of gait
analysis (including supination and pronation), device break-
down, pedometry, accelerometry, velocity, calorimetry, cen-
tre of gravity or centre of foot position, friction, traction,
contact area, connectivity/insulation, EEG data, and/or ECG
data. These sensors can be placed within a pressure sensor
(or other sensor) grid of the input device in, for example, a
checkerboard pattern. An example of a laser blood flowme-
ter is described in, for example, U.S. Pat. No. 6,944,494,
entitled “Motion Measuring Device,” issued Sep. 13, 2005,
the entire contents of which are hereby incorporated by
reference. In one example, the input device comprises
multiple devices, located at different anatomic (or extra-
corporeal) locations on one or many individuals or objects.
In another example, the output system comprises multiple
devices, located at different anatomic (or extra-corporeal)
locations on one or many individuals or objects. In different
examples, the input and output devices can be the same or
different devices.

[0044] In addition, the pressure sensor technology of this
system can be applied to help prevent and manage pressure
ulcers on various parts of the body, including (but not
limited to) the foot, leg, buttock, sacrum, back, elbow,
shoulder/scapula and scalp. The technology may also be
used to enable tactile feedback in robotic surgery and
applications related to surgical (and other forms of tactile- or
sensor-based) education.

[0045] The present system can be used to prevent and treat
Diabetic Foot Disease, and improve gait and balance issues
in patients with decreased or absent plantar sensory feed-
back.

[0046] Advantageously, the present system has a low-
profile, ergonomic, user-friendly device utilizing ultra-low
power consumption, provides improved quality of life for
the users of the device, has potential for cost-effectiveness
and global healthcare system savings, and may employ
state-of-the-art wireless technology and innovative materi-
als. The low profile and ergonomic features of the stimulator
are derived from the use of light and thin sensors/stimula-
tors. Low power can be achieved through the choice of
wireless communication protocol, type of sensor and stimu-
lator as well as the chipset and electronics used.

1. Input Device(s)

[0047] Preferred input devices include any foot-based
system (e.g. insoles, shoes/boots, casts, lower limb prosthe-
ses, pads that can be adhered to the bottom of an amputation
stump, etc.), and any hand-based system (e.g. gloves, mitts).
Beyond these peripherally attached devices, other inputs of
interest would be developed with the intention of preventing
other common areas for pressure ulcer development (e.g.
clothing or mats to detect when the patient is at risk of
developing buttock, sacral, ischial, scapular, and scalp ulcer-
ation). Further, the present system can be realized in, but is
not limited to, lone sensors (that are adhesive and/or ban-
dage based, for example), anklets, air-casts, splints, pros-
thetics and dressings themselves.

[0048] FIG. 3 illustrates one exemplary embodiment of
the input device An insole containing an array 11 of embed-
ded pressure or force sensors for monitoring of pressure or
force distribution (real-time or sporadic) over the bottom of
the foot is provided. The array of pressure sensors can be
distributed over, and laminated within, an upper surface 12
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of a low compression, polyurethane insole that is made of a
resiliently flexible material that is designed to fit in a shoe.
The pressure sensors are, for example, low power piezo-
electric or piezoresistive capacitive sensors. In one example,
the pressure sensors are A401 FlexiForce sensors produced
by Tekscan, Inc. of South Boston, Mass.

[0049] Contained within the insole bulk, or an affixed
device, is a wireless transmission node 13 designed for
integration and transmission of, for example, a 4 Hz wireless
signal containing “real-time” or sporadic information per-
taining to pressure or force distribution (or any other mea-
sured other input) from the foot or other anatomic location,
including—but not limited to—the sole. The array 11 of
pressure sensors communicate with the wireless transmis-
sion node 13 via a ribbon cable 14. The input device, as well
as the other devices described herein can employ a low
power chipset that is run by a real-time operating system
(RTOS), which enables communication through low power
wired or wireless protocols, such as, but not limited to
ANT+®, ZigBee®, Gazel, Bluetooth® and Bluetooth® LE
protocols.

[0050] Under the array 11 of pressure sensors, a cushion
layer 15 is provided. Under the cushion layer 15, a support
layer 16 is provided. In some embodiments, the support
layer extends from the heel to the toes. Alternatively, the
support layer extends merely from the heel to the arch.

[0051] The input device is not limited to the configuration
illustrated in FIG. 3. For example, generic, formed or flat, or
custom orthotic insole designs are all possible. A low-profile
model is a flat, 2D, low-profile insole based of polyurethane,
for example. Formed models (which may be generic or
custom made) may be polyurethane-based, and are three-
dimensional molded insoles designed to realign the lower
limb with added arch support, with emphasis in design on
improving foot function, and relieving associated heel, ankle
and limb pain by reducing excess pressure on, as well as
pronation and supination of, the foot, or other specific needs
of the patient/user. This insole is may be based on pressure
data acquired from a patient-specific gait analysis. In some
embodiments, the insole is fashioned to support the shape of
the foot, whereas in other embodiments, the insole is fash-
ioned as a flat, non-supportive structure.

[0052] FIG. 4 shows an example in which the sensors 41
are placed in the insole strategically. The present inventors
recognize that different areas of the foot have different risk
categories. For example, the higher risk areas of the foot are
based on bony prominences and foot biomechanics. The
highest area of risk is the first metatarsal-phalangeal (MTP)
joint 46. Other key areas are the other MTP joints, the toes
(such as great toe 42), the heel 43 and the lateral side of the
foot.

[0053] Further, pressure sensors are of more use when
located at areas in the insole corresponding to pressure
points (bony prominences) in the foot, where safe pressure
thresholds are more likely to be exceeded.

[0054] Thus, in one example, the sensors are placed at
locations corresponding to bony prominences (pressure
points) in the feet, which will not change for generic types
of input devices, such as insoles. FIG. 4 shows some of the
sensor locations relative to an arch 44 of the foot and the
small toe 45. For custom fit types of input devices, depend-
ing on abnormalities in the shape of the individual’s foot, the
sensors may be placed in different locations.
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[0055] The insole contains embedded (or affixed on a
wired or wireless basis) software to receive the pressure or
force data from the sensors. The embedded (or affixed on a
wired or wireless basis) software differentially maps the
pressure in an insole, for example, for use in a pressure or
force sensing, monitoring, analysis, feedback and/or thera-
peutic system. This information may be analyzed by a
processing unit, described below, in either the input or
receiving device. As shown in FIG. 3, a layout of spaced-
apart pressure sensors is embedded in the insole, each of
which has a predetermined height and diameter. The input
device provides a real-time pressure or force (or other input)
map of the body part being measured: in this example, the
sole of the foot. When mapping the pressure or force
incurred over the insole, recordings from each sensor can be
differentially received as a function of time. Also, in the
present example, the system will record the broad range of
pressures or forces (or other sensor-based inputs) encoun-
tered anatomically or physiologically or by an outside body
(animate or inanimate).

[0056] Depending on the output device described below,
the density and location of the sensors will vary somewhat.
In examples focusing on simpler output units (e.g. the
wristband), sensors will only be placed at high-risk loca-
tions, such as bony prominences. In an embodiment includ-
ing a back display, there is a high density of sensors (likely
in the range of one sensor per square centimeter) so that the
sensory substitution felt through the back is of a higher
resolution, and essentially a “map” of the sole, not just
discrete points of concern.

[0057] As illustrated in 4 and 5, the number of sensors are
varied to achieve different levels of resolution. For example,
FIG. 4 illustrates an option with eight strategically placed
sensors per insole, and FIG. 5 illustrates a high-resolution
option containing one sensor per regular area, e.g., per
square centimeter, over the entire surface of the insole. The
eight pressure sensors in FIG. 4 are located such that each
correspond to an area most prone to ulceration (two sensors
over the toes, three across the five MTP joints, two along the
lateral plantar foot and one on the heel of the foot). The
example in FIG. 5 contains pressure sensors at each regular
interval over the surface of the insole and conveys informa-
tion from the entire plantar surface. Thus, the example in
FIG. 5 is more effective with respect to ulcer prevention and
plantar sensory replacement or augmentation.

[0058] Inaddition to incorporating the input device into an
insole, the use of thin, low-profile pressure (or other) sensors
also allow the input device to be realized as a sock, or other
article of clothing. In the above-described embodiment, the
insole is removable from a shoe. However, it is also con-
templated that the insole is part of a shoe, or that the said
insole is part of a sock. Likewise, the pressure sensors can
extend over a variable area within the shoe or the sock.
[0059] Realizing the input device as a sock or shoe is
preferable, in that such a device gives greater coverage than
merely the sole of the foot. In such an example, the sensor
location can change to non-plantar surfaces. As discussed
above, the location and density of pressure sensors depend
on the output device being used. If the output device is based
on a wristband output, there would be fewer sensors at key
locations.

[0060] Modifications can include additional sensors (to
detect, for example, TNT). If a sensor has been included to
detect an environmental danger (e.g. in the case of TNT
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detection), then the sensor would be placed in a location
external to the article of clothing itself.

[0061] While a whole host of sensors may be included,
additional sensors of particular preference are: temperature,
moisture, blood flow and blood glucose sensors. Pressure
aside, these are the major potential impediments to the
healing of diabetic wounds.

[0062] In the case of sensors incorporated to measure
physiological phenomenon (e.g. blood glucose level), those
sensors would need to be located in proximity to the skin
interface. Some sensors, like temperature sensors, are
unique in that they may be located within the article of
clothing itself or external to it, depending on whether the
external environment or the user’s body temperature/imme-
diate skin interface temperature are of interest.

[0063] Environmental temperature sensors, for example,
would be more useful when incorporated into the part of the
insole corresponding to the forefoot. The reason for this is
that in diabetics (a group who commonly burns their feet
unknowingly), the area of the foot most likely to come in
contact with hot environments/flame is the front of the foort;
temperature sensors placed at the forefoot would more
efficiently diagnose an unsafe environment.

[0064] Environmental temperature sensors embedded
with the aim of identifying “danger” zones (e.g. flames)
would be located at or near the skin itself. The temperature
of this area would be the primary point of concern, whether
or not the user’s own body heat impacted that measurement.
[0065] Inthe case ofa system in which the sensor has been
included to measure body temperature itself, there will
likely be more than one temperature sensor, and this would
be located most strategically to avoid having external tem-
perature conditions impact that measurement (e.g. not
placed near the forefoot).

[0066] In the case of sensors intended to measure blood
flow and content-related sensors, these may most appropri-
ately be located in anatomic areas with superficial blood
vessels (e.g. the dorsum of the foot or around the medial
aspect of the ankle).

[0067] Sensors can also be located in non-plantar aspects
of the shoe. In addition, for non-foot-based applications, the
input device may be contained in a direct contact sensor
(applied by an adhesive or band, for example), any article of
clothing (gloves, shirts, undergarments, hats, belts, watches,
necklaces), or a blanket or pad that may be placed on any
anatomic location of interest.

[0068] Therapeutic technologies may be incorporated in
the input device, including a transcutaneous electrical nerve
stimulation (TENS) unit (for example, for developed ulcers
on the foot), and capabilities for temperature, moisture
and/or pressure/force auto-adjustment. For devices that
employ such therapeutic modalities, these can also be on an
overlay pattern with sensors.

II. Communication Device

[0069] The system of the present disclosure has extensive
applications, depending on the input device and receiving
device that the input device is “talking” to via a communi-
cation system. In one exemplary case, the communication
system is a low-profile, low energy wireless protocol. The
communication system could comprise any wired and/or
wireless, fibre optic, or human circuit. In the wireless
example, the information can be variously transmitted to an
output device, such as a wristwatch, a cellular phone, a USB
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key, a dongle, a personal laptop computer, or a sensory
replacement or augmentation system, which will be
described in greater detail below.

[0070] Pressure or force (or other sensor-based) data from
the input device can be transmitted via a low-profile, ultra-
low energy wireless protocol to an output device, such as a
wristband.

[0071] An input device, such as the foot pod, will simply
broadcast data. If a receiver is within range it will acquire the
signal and do a “handshake” to sync its respective RF
antenna.

III. Processing Device

[0072] The processing device may be included in the
previously described input device, the later described output
device, or any other device in the system.

[0073] The processing device in one exemplary aspect of
the present disclosure employs a system that does provide
the user with continuous, real-time feedback of differential
pressures over the entire plantar surface. The inventors have
found this to be particularly beneficial, as gait is a dynamic
exercise employing constant feedback from the plantar sole,
and the potential for neural plasticity would theoretically be
maximized with a biofeedback loop that projects an output
that more closely resembles the native, deficient sense.
Additionally, the real-time, differential pressure system can
provide the user with information about texture and foreign
object location. A rock under a discrete aspect on the foot,
for example, may not be appreciated with the aforemen-
tioned experimental system.

[0074] FIG. 6 shows an exemplary algorithm for a pres-
sure sensor data conversion to display scale. The algorithm
begins at step S100, at which the array of sensors receives
a timer interrupt activation. The array of sensors are then
turned on at step S105. At step S110, the sensors perform a
measurement. In a preferred embodiment, the performed
measurement measures a force or pressure. In further pre-
ferred embodiment, a humidity or temperature is measured.
At step S115, the sensors are turned off.

[0075] The processing device then performs a stratifica-
tion of a likelihood of tissue damage, letting Pt=pressure
threshold (approx. 30 mmHg).

[0076] In one example, the likelihood of tissue damage is
stratified into four levels. In that example, Level 1 corre-
sponds to less than 25% of pressure measurements exceed-
ing Pt, within a 15 minute time frame. Thus, at step S120,
the processing device determines whether 25% of the mea-
surements within the 15 minute time frame exceed Pt. If so,
the algorithm proceeds to step S125, where a signal indi-
cating display level 1 is transmitted. If not, the processing
device determines at step S130 whether 26-40% of the
pressure measurements exceed Pt, within a 15 minute time
frame. If so, the algorithm proceeds to step S135, where a
signal indicating display level 2 is transmitted. If not, the
processing device determines at step S140 whether 41-50%
of the pressure measurements exceed Pt, within a 15 minute
time frame. If so, the algorithm proceeds to step S145, where
a signal indicating display level 3 is transmitted. If not, the
processing device determines at step S150 whether more
than 50% of the pressure measurements exceed Pt, within a
15 minute time frame. If so, the algorithm proceeds to step
S155, where a signal indicating display level 4 is transmit-
ted. If not, the algorithm proceeds to step S160. These signal
transmissions can be sent to an output device by a wireless
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communication, for example. In embodiments in which the
processing device is internal to an output device, the signal
can be sent within the output device to, for example, a visual
display unit. In any case, after the signal transmissions, the
algorithm proceeds to step S160.

[0077] At step S160, the sensors return to sleep mode. The
algorithm then ends.

[0078] If a sensor measures the pressure at 4 Hz, then
within 15 minutes a total of 3600 measurements are taken.
Thus, if a sensor corresponding to a region L1 as shown in
the drawings measures that more than 1800 out of 3600
measurements is above the pressure threshold, the process-
ing device generates a signal so that a the output device
generates an alert for region L1 on the display. Measure-
ments exceeding the threshold do not have to be consecutive
in order to cause an alert.

[0079] When using multiple sensors in single region, the
sensor with the highest value will dictate what the process-
ing device determines. Thus, if any sensor in a region is
high, then the processing device will generate a signal for
the output device, in which the whole region lights up.

[0080] Further, key principles in the management of dia-
betic foot ulcers include the adherence to the principles of
good wound care, such as adequate offloading of pressure,
prompt treatment of infection, and moist wound dressings
(while avoiding maceration from over-moisture). Taken
together, this information lends that a system measuring
combinations of moisture, temperature, bacterial load and
pressure would be more comprehensive for the care of the
diabetic or neuropathic foot than a system which only
measures one of these aspects of optimal care. Thus, one
embodiment includes a plurality of moisture, temperature,
and bacterial load sensors that provide information to the
processing device. The processing device then makes a
determination based on the information received from those
Sensors.

[0081] Beyond this, the inventors are aware that tempera-
ture differences of >4 F (>2.2 C) between a plantar site and
other plantar sites is an early indicator of impending ulcer-
ation. Thus, in an embodiment in which the input device
includes multiple temperature sensors, the processing device
provides an additional alert to the output device if the
temperature difference between two of the temperature
sensors exceeds 4 degrees Fahrenheit.

[0082] If the measurement frequency increases (i.e. 10
Hz), the percentage would remain the same, however the
software algorithm would be slightly modified as more
measurements would be compared to the pressure threshold
within the previous 15 minute time frame. The 15 minute
time frame shifts with the passage of time, which allows for
continuous monitoring.

[0083] Further, the processing of the analog (raw) sensor
output will change if the sensors are located within the shoe.
The processing will depend on 1) the biomechanics of the
device that the sensor is embedded in; and 2) the subsequent
effects those biomechanics have on the raw pressure output.

[0084] The processing device may determine that a for-
eign object, such as a rock, is in a shoe as follows. If the
foreign object is creating a localized pressure increase, the
processing device will generate a signal for the display, if the
sensor exceeds the threshold for more than a number of
readings taken at a standardized frequency. The signal will
alert the user to inspect the shoe.
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[0085] Further, when walking, a sensor might inappropri-
ately trip the processing device’s alarm threshold. Therefore,
the processing device requires several trips of the sensor,
such as the percentage of pressure measurements described
above. This stratification takes into account a user’s
cadence, particularly when running.

[0086] Further, the processing device will be able to also
count steps/impact, and from that, cadence can be deter-
mined.

[0087] The processing device can also control the sensors
to turn off when no readings are received within a prede-
termined time. The device will go into sleep mode between
measurements at a predetermined time interval. The watch
will not go into sleep mode unless it is instructed (e.g.,
button on watch) or both insoles are out of range. If for
example, the left insole is malfunctioning or out of range, the
processing device can generate a signal for the display to
alert the user of this fact.

[0088] Neuropathy-related applications are concerned
with identifying situations in which a pressure threshold as
a function of time (e.g. several minutes) has been exceeded.
The pressure threshold in this situation is relatively low; an
alert-able scenarioc would be one in which even small
pressure measurements have been seen (and not offloaded)
over the course of a relatively longer period of time.
[0089] In Occupational Health and Safety contexts, the
data from the sensors will be processed by the processing
device differently, depending on the application. For
example, in the case of OH&S applications intended to
identify “overlifting,” the analysis of the data is done in a
way to identify situations in which a relatively higher
pressure threshold has been exceeded over a short time
period (a single or few-point frame of time).

[0090] Further, in a pressure/force auto-adjustment, a
pressure-sensing insole may incorporate the capability to
“auto-adjust.” Say, for example, the wearer had exceeded (or
was at risk for exceeding) a safe pressure threshold over the
right first metatarsal head. The insole would have incorpo-
rated within it the intrinsic capability to re-form in such a
way that pressure would be redistributed, and the area of
concern would be offloaded. An example of accomplishing
this would be by way of an insole with discrete air pockets
that would auto-inflate or deflate to accomplish the imme-
diate needs of the user by way of a processing device output.
[0091] Modified systems also incorporating this principle
of auto-adjustment have ample utility in pressure sore pre-
vention of other forms (e.g. circumvention of sacral ulcer
development in bed- and wheelchair-ridden patients).
[0092] Itis also possible to update various thresholds (e.g.,
pressure, duration, sensor activation, actuator activation).

IV Output Device

[0093] The system of the present disclosure encompasses
a series of solutions for sensory replacement, augmentation
and analysis. For example, potential output devices for use
with the input device include clothing, wristbands, laptop
computers, USB sticks, dongles, cellular or smartphones,
televisions, web-based applications, other displays (includ-
ing, but not limited to, LCD displays), back displays and
heads-up display devices, such as those manufactured by
4iiii™. When relaying data via stimulation, these may be
located on the body of interest and/or a different body.

[0094] Depending on the application, one output device
will be preferable over another. The three most preferable
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exemplary output devices are: 1) an LCD display; 2) a back
display; and 3) a USB key (or other method of directly
uploading data to a central location).

[0095] The LCD display is most useful in the situation of
a diabetic patient (or other patient with peripheral neuropa-
thy), who wishes to be simply alerted to situations in which
damage may be done. This encompasses any patient with a
fear of, and therefore a wish to mitigate the risk of, devel-
oping pressure-related damage.

[0096] The back display feedback device will be prefer-
able for rehabilitation applications, as the patient will be able
to have real-time direct feedback, and substitute sensation
for that which he or she is deficient in. The same goes for any
patient with: a) dense peripheral neuropathy; and/or b) a
desire to “feel” the bottom of a prosthesis (e.g. the foot
component).

[0097] The USB key (or other method of directly upload-
ing data to a central location) output device is most appli-
cable for the collection and analysis of the data by either a
third party (e.g. physician) or future analysis by the patient
him- or herself (e.g. viewing graphs of pressure encountered
over time).

[0098] In one example of the LCD display, illustrated in
FIG. 7, a wristband 70 includes the LCD display 72, which
is designed to display both graphical and numerical data
pertaining to pressure or force incurred on the bottom of the
foot. The LCD display also includes a node 76 for receiving
wireless data signals. The wristband can be, for example, a
digital timepiece provided with a quartz oscillator, fre-
quency divider and counting circuits, a decoder and a digital
electro-optical display device. In addition to the functions
described above, the timepiece can be suitable to operate as
a standard digital wristwatch to display time data. The
wristband can also display data received wirelessly from
another device, including: GPS, heart rate, respiratory rate,
blood pressure, temperature, blood oxygen saturation, blood
flow, blood or environmental content quantification (e.g.
glucose, electrolytes, minerals, oxygen, carbon dioxide,
carbon monoxide, HbA 1C, Ethanol, protein, lipid, carbohy-
drate, cortisol, lactate, pH, pro- and anti-inflammatory mark-
ers, MMPs, Growth Factors, bacterial content), hydration
status/tissue turgor, joint position, features of gait analysis
(including supination, pronation), device breakdown,
pedometry, accelerometry, velocity, calorimetry. centre of
gravity or centre of foot position, friction, traction, contact
area, connectivity/insulation, EEG data, and/or ECG data. In
addition, the data received from the input device may be
stored and/or uploaded.

[0099] As discussed above, temperature, moisture, blood
flow and blood glucose displays would be preferred, as these
are the major potential impediments to the healing of
diabetic wounds.

[0100] The wristband may also display other sensor data,
such as temperature, moisture, and GPS status. Together,
these measurements would give a more comprehensive view
of the status of the foot. The GPS function, in particular,
would enable tracking with respect to both patient activity
compliance and/or athletic monitoring.

[0101] Because different areas of the foot have different
risk categories, in the wristwatch face, a representation of
each sole is divided into 7 areas (I.1-L7 and R1-R7). These
represent areas that act as different functional units in
biomechanics and kinematics of the feet.
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[0102] Further, in some embodiments, the 7 areas track the
placement of the sensors in the input device. For example,
area 1 corresponds to the sensor underneath the second and
third toes in FIG. 4. Area L2 corresponds to the sensor
underneath the great toe 41. Area 1.4 corresponds to the first
MTP joint, and area L3 corresponds to the two other sensors
along the other MTP joints, as shown in FIG. 4. Area L5
corresponds to the two sensors along the lateral foot between
the MTP joints and the heel. Area L6 corresponds to an arch
of the foot, whose sensors are not shown in FIG. 4. Area L7
corresponds to the sensor at the heel of FIG. 4.

[0103] In output device embodiments in which the input
device sensors are located as shown in FIG. §, the output
device includes areas corresponding to the location of each
Sensor.

[0104] The device preferably displays at area 74 both
graphical, auditory, vibrational and/or numerical data
regarding the real-time pressures or other sensory data (such
as temperature) encountered over the bottom of the foot. The
wristband can be configured to display these outputs at the
same time, or alone in different modes, for example.
[0105] A graphical display portion can include a repro-
duction of the outline of the feet (or other body part) with
color (or grayscale) differentiation based on data from the
input device. For example, on the graphical display portion,
areas lighting up as green (or non-lit) refer to areas with low
pressures that would be tolerated by the foot (or other body
part) for any duration of time (e.g. <30 mmHg or Level 1).
Areas lighting up as yellow (or grayscale) correspond to
areas on the sole (or other body part) with pressures exceed-
ing those tolerated (e.g. >30 mmHg), but that have been
incurred for less than a specified time threshold (e.g. a 15
minute threshold or Level 2). Areas lighting up as red (or
black or blinking) correspond to areas on the sole (or other
body part) with pressures exceeding those tolerated (e.g. >30
mmHg), but that have been incurred for greater than the time
threshold (or Levels 3 and/or 4). When that threshold is met,
the wearer can be alerted via, for example, a visual, vibra-
tional or auditory cue. The alert can subside once the
pressure in question has been alleviated. For example, the
color (or shading) will change from red (or dark or blinking)
to green (or unlit) if a threshold for pressure offloading time
has been reached. In addition to the red/yellow/green color
scheme and grayscale discussed above, other schematic
systems may be used, such as by using area 74.

[0106] In another aspect, as shown in FIG. 8, a display 80
mounted on the low back (or other anatomic location) of the
patient is provided. In one embodiment, the display receives
information for providing feedback to a user by way of a
wired communication. In another example, the display
receives wireless data signals via node 84. When the display
receives data wirelessly, the data is provided to a display
grid 86 by way of a ribbon cable 88.

[0107] This stimulating pad can transmit data to a user by
an electrotactile, electrotextile, chemotactile, vibrotactile,
pressure- or temperature-based output. The display can be
affixed and held immobile to the area by way of a belt 82
worn around the mid-abdomen, or any other know means of
adhering pads to the body that will be readily apparent to one
of ordinary skill in the art. This device is more acceptable to
patients than the previously described Tongue-Display Unit
(TDU), as a patient will not have to wear an oral appliance,
and will therefore not sacrifice taste, eating, or speech in
order to achieve the goal of plantar sensation. The Iumbar
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back is an ideal site for plantar sensory replacement and
augmentation (but is not the exclusive potential site for an
output display), as it has nearly identical two-point discrimi-
nation properties (static tactile, electrotactile and vibrotac-
tile) in comparison to the plantar foot, and it comprises a
location that would typically not be involved in peripheral
neuropathy. Moreover, the device can be easily worn under
clothing and is therefore discrete and socially acceptable.
The device has a low-profile, ergonomic design, utilizing
low power consumption. Although the present embodiment
is described using the example of a device mounted to the
back using a belt, other types of devices are also possible for
use as output devices. In addition to the belt other methods
of ensuring the back display is held in place are for example,
gel type skin contacts, tight fitting clothing, or other mate-
rials that will allow for contact with the skin. For example,
the stimulators may be worn in isolation (worn via an
adhesive and/or bandage based, for example), socks, casts,
anklets, air-casts, splints, prosthetics and dressings them-
selves, any article of clothing (gloves, shirts, undergarments,
hats, belts, watches, necklaces), or a blanket or pad that may
be placed on any anatomic location of interest. Advantages
provided by incorporating the input device in other loca-
tions, such as hats or blankets include identification of areas
in danger of pressure sore development in at-risk patients.
[0108] In one example, plantar sensors convey informa-
tion to the lumbar back via the stimulator illustrated in FIG.
8. The sensor locations are determined by areas in the foot
prone to over-pressure, and therefore, complications of
peripheral neuropathy, for any reason. For example, the
sensors in the display are the same as those shown in FIG.
3. In another example, the sensors are in the back display in
analogous locations to the areas 1.1-L.7 and R1-R7 described
with reference to FIG. 7.

[0109] The vibrations or stimulus applied to the back are
presented in a particular pattern, and will have a fluctuating
frequency. Each pressure sensor in the insole will corre-
spond to a stimulator over the back. The array applied to the
back will be fashioned to represent the input (e.g. an
insole-shaped area on the back would correspond to an
insole-shaped area that is being measured). Frequency of the
stimulus exerted by any particular stimulator will change
according to the pressure measured by the corresponding
sensor in the input device. For example, a higher pressure
would correspond to a higher frequency stimulus. As the
pressure input magnitude changes over time (e.g. over the
course of the gait cycle), so too does the intensity of the
corresponding stimulus felt on the back.

[0110] In addition to providing feedback via a real-time
stimulus (e.g. electrotactile), the back display will also alert
the user if a safety threshold has been exceeded. In the case
of an electrotactile system, the voltage that stimulates the
back will vary in accordance with the pressure encountered
by the foot. If the pressure safety threshold has been
exceeded, for example, the user can be alerted by way of a)
an increase in the voltage; b) a beep; or ¢) a vibration at the
location corresponding to where the thresholds has been
exceeded. The vibrating function would function as the best
alerting/localizing feature. This alert would only subside
when pressure is offloaded, and force encountered is within
a normal, safe range.

[0111] Further, in any display contacting the user’s body
(including the wristwatch or back display), a stimulator can
amplify the body’s feedback.
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[0112] Further, the stimulator could either be overlapped
with the sensor or immediately adjacent to it. In such a case,
the stimulators would be located within the insole itself (or
sock, etc.) as with the sensors. When the input device is a
sock or a shoe, which gives greater coverage than the sole
of the foot, the position of the stimulators can change.

[0113] Preferred modes of stimulation are electrotactile
and vibrotactile. These are preferable for ergonomics in
terms of creating a lower profile display. These would also
be more comfortable to the user.

[0114] The back display can be realized in male and
female styles, and in a spectrum of sizes dictated by waist
circumference. For example, sizes can cover a waist cit-
cumference range between 23-50 inches. An exemplary
back display is fitted to the patient for maximum comfort.

[0115] The output device employed herein may be a
Tongue Display Unit (TDU).

V System Power and Power Management

[0116] The power for the system in the exemplary case
could employ a coin cell battery. Other power options
include any other form of battery, a battery pack, an elec-
trical cord designed to be plugged in to a power source,
solar-powered, and/or self-powered (kinetic/movement,
temperature, moisture, friction).

[0117] The system (communication, sensors, chipset) will
have standard low-power features; the software program-
ming will be optimized to further increase power savings.

VI. Further Modifications

[0118] Other possible sensor-based replacement, augmen-
tation and analysis systems include systems that monitor any
anatomic location of interest. For example, real-time solu-
tions can be provided to mounitor pressures on either pros-
thetic hands or gloves for hands deficient of sensation (e.g.
those following certain Brachial Plexus injuries), and on the
sacrum in quadriplegic and paraplegic patients. Sensors can
be affixed with a glove, pads that attach to certain areas of
the hand, or it can be built into prosthetics. These variations
on the system may assist amputees, or patients that are prone
to bedsores (e.g. bedridden, quadriplegic and paraplegic
patients).

[0119] More specialized devices are also possible that
offer highly technical users more sophisticated features,
such as higher resolution systems and alternate anatomic
sites and methods for relay of pressure or force data. In other
examples, the input device can include sensors that monitor:
GPS, heart rate, respiratory rate, blood pressure, tempera-
ture, blood oxygen saturation, blood flow, blood or environ-
mental content quantification (e.g. glucose, electrolytes,
minerals, oxygen, carbon dioxide, carbon monoxide,
HbAI1C, Ethanol, protein, lipid, carbohydrate, cortisol, lac-
tate, pH, pro- and anti-inflammatory markers, MMPs,
Growth Factors, bacterial content), hydration status/tissue
turgor, joint position, features of gait analysis (including
supination, pronation), device breakdown, pedometry, accel-
erometry, velocity, calorimetry, centre of gravity or centre of
foot position, friction, traction, contact area, connectivity/
insulation, EEG data, and/or ECG data. Sensors measuring
blood flow may use an external laser. This technology allows
prediction of ulceration weeks before there are clinical signs
of disease.
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[0120] As discussed above, pressure or force sensors can
be spaced as shown in FIGS. 3-5. For electro-tactile (or other
sensory) feedback, the comprehensive sensor grid illustrated
in FIG. 5 is beneficial for providing a sufficient amount of
data. However, moisture and temperature data, for example,
will not have to be collected in grid-like format and so only
a few sensors in strategic places will be needed. For
example, some configurations may include only three to five
sensors, with sensors located at the heel, toes and arch. A
grid of sensors of one type can be overlain on another,
provided that they do not contact the same point, i.e. a
checkerboard pattern. For example, a blood flow sensor
could be placed at the arch of the foot, where skin is the
thinnest.

[0121] Regarding modifications for an athlete’s foot
manipulation, one way of quantitatively analyzing athletic
(especially running) performance is by assessing body kinet-
ics and kinematics in a lab setting (a “Human Performance
Lab”). The benefit of this set-up is a highly structured
environment, designed to facilitate the acquisition of quan-
titative data pertaining to all aspects of the gait cycle (“gait
analysis™). The overarching disadvantage is the artificial
(simulated) nature of this set-up, which inherently places
limits on the generalizability of these results to the “real
world.”

[0122] The system has the advantage of using sensor-
based data (especially pressure data) in an effort to quantify
kinetics and kinematics in a “real world” situation. For
example, one problem that may be identified in a Human
Performance Lab is “over-supination” of the foot. The
present device would be able to identify this situation—on
a real-time, real-world basis by recognizing relatively higher
pressures on the lateral side of the insole, and appropriately
alerting the user. Failure to acknowledge abnormal wear
patterns, such as this, could result in mechanical problems
and sports injuries. In this way, athletic performance and
endurance may be optimized.

[0123] In the case of athletics, the sensors of utmost

importance are: pressure, acceleration/velocity/distance, and
GPS.

[0124] As illustrated in examples shown in FIG. 2, sensor
data is broadcast to many potential units, such as a dongle,
a USB stick, the wristwatch discussed above, a TV, a
personal computer or laptop, another other display (includ-
ing an LCD display) and/or an electro-tactile (or other) back
(or other body part) display. As discussed above, the elec-
trotactile back display would use electrical impulses to
stimulate the low back to transpose the pressures measured
by the sensors in the insole. Electrical impulses in the
electrotactile back display are strong enough to stimulate the
nerve but not cause contraction in the muscle. Since the
strength of the impulses needed vary between patients, the
power can be made adjustable by way of scaled increments.

[0125] Although the illustrated example of the back dis-
play includes a belt holding the display in place so that
electrodes do not shift, the electrodes could be held in place
by an adhesive conducting gel that is in contact with the
skin.

[0126] Obviously, numerous modifications and variations
of the present disclosure are possible in light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims, the invention may be prac-
ticed otherwise than as specifically described herein.
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We claim:

1. A sensor-based quantification and analysis system,
comprising:

an input device including
a plurality of sensors. each sensor for generating an

input based on a force; and
a transmission device for transmitting force informa-
tion based on the inputs;

a processing unit for receiving the force information and
selecting, based on the force information, one of a
plurality of levels of a sensation; and

an output device including a stimulator for presenting the
level of the sensation and the location of the sensors via
a stimulus, to provide a neuroplastic effect.

2. The system of claim 1, wherein:

the input device includes a sensor for sensing supersen-
sory data;

the transmission device is configured for transmitting
supersensory information based on the supersensory
data; and

the processing unit is configured for receiving the super-
sensory information and selecting the level of the
sensation based on the force information and the super-
sensory information.

3. The system of claim 1, wherein

the input device includes a temperature sensor for gener-
ating a temperature input based on a temperature;

the transmission device is configured for transmitting
temperature information based on the temperature
input; and

the processing unit is configured for receiving the tem-
perature information and selecting the level of the
sensation based on the force information and the tem-
perature information.

4. The system of claim 1, wherein:

the input device includes a moisture sensor for generating
a moisture input based on a moisture;

the transmission device is configured for transmitting
moisture information based on the moisture input; and

the processing unit is configured for receiving the mois-
ture information and selecting the level of the sensation
based on the force information and the moisture infor-
mation.

5. The system of claim 1, wherein the output device stores
the one of a plurality of levels of the sensation for at least
one sensor of the plurality of sensors.

6. The system of claim 1, wherein the stimulator presents
the one of a plurality of levels of the sensation using at least
one of electro-tactile, vibro-tactile, and temperature-tactile
stimulus.

7. The system of claim 1, wherein the stimulator is
positioned to provide the stimulus over an area of a user’s
body in a pattern corresponding to the relative locations of
the sensors on the user’s body, to present the location of the
sensors that are generating the input based on the force.

8. The system of claim 7 wherein the plurality of sensors
are positioned relative to one another to receive the force
information from portions of the user’s feet.

9. The system of claim 8 wherein the stimulator is
positioned to provide the stimulus to the back of the user.

10. The system of claim 1, wherein the output device is
configured to present the one of the plurality of levels of the
sensation using an auditory method.
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11. The system of claim 1, wherein the output device
includes a visual display for displaying a plurality of areas
corresponding to locations of the plurality of sensors.

12. The system of claim 1, wherein the levels of the
sensation are based on a location of the generated inputs on
a user’s body.

13. The system of claim 12, wherein at least a portion of
the plurality of sensors are positioned relative to one another
to correspond to bony prominences of the user’s feet.

14. The system of claim 13 wherein the portion of the
plurality of sensors corresponding to the bony prominences
of the user’s feet have a lower threshold for at least one of
the levels of sensation than sensors corresponding to other
areas of the user’s feet.

15. The system of claim 14 wherein the threshold is a
pressure threshold.

16. The system of claim 13, wherein the stimulator is
configured to be affixed to a back of a user.

17. A quantification and analysis method, comprising:

generating an input based on a force, using a plurality of

sensors;

transmitting force information based on the input;

receiving the force information;

selecting, for each of the plurality of sensors, one of a

plurality of levels of a sensation based on the force
information; and

presenting the level of the sensation for each of the

plurality of sensors using a stimulator to provide a
neuroplastic effect.

18. The method of claim 17 further comprising:

generating a supersensory input based on supersensory

data, using a sensor that senses supersensory data;
transmitting supersensory information based on the super-
sensory input;

receiving the supersensory information; and

selecting the level of the sensation based on the force

information and the supersensory information.

19. The method of claim 17 further comprising:

generating a temperature input, using a temperature sen-

sor;

transmitting temperature information based on the tem-

perature input;

receiving the temperature information; and

selecting the level of the sensation based on the force

information and the temperature information.
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20. The method of claim 17 further comprising:

generating a moisture input, using a moisture sensor;

transmitting moisture information based on the moisture
input;

receiving the moisture information; and

selecting the level of the sensation based on the force

information and the moisture information.

21. The method of claim 17 further comprising storing the
one of a plurality of levels of the sensation for at least one
sensor of the plurality of sensors.

22. The method of claim 17 wherein presenting the level
of the sensation comprises providing a stimulus over an area
of a user’s body in a pattern corresponding to the relative
locations of the sensors on the user’s body to present the
location of the sensors that are used for generating the input
based on the force.

23. The method of claim 17 wherein presenting the level
of the sensation comprises providing a stimulus over an area
of a user’s body in a pattern corresponding to the relative
locations of the sensors on the user’s feet to present the
location of the sensors that are used for generating the input
based on the force.

24. The method of claim 23 wherein the area of a user’s
body comprises the user’s back.

25. The method of claim 17 further comprising presenting
the one of a plurality of levels of the sensation using an
auditory alert.

26. The method of claim 17 further comprising presenting
the one of a plurality of levels of the sensation using a visual
display.

27. The method of claim 17 wherein the levels of the
sensation are based on a location of the generated inputs on
a user’s body.

28. The method of claim 27 wherein the levels of the
sensation are based on locations of the generated inputs
relative to one another, corresponding to bony prominences
of the user’s feet.

29. The method of claim 28 wherein at least one of the
levels of sensation based on bony prominences of the user’s
feet has a lower threshold than based on other areas of the
user’s feet,

30. The method of claim 29 wherein the threshold is a
pressure threshold.

31. The method of claim 28 wherein presenting the level
of the sensation comprises providing a stimulus to the user’s
back in a pattern corresponding to the relative locations of
the sensors on the user’s feet.
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SENSOR

-PRESSURE SENSORS
-TEMPERATURE SENSORS
-MOISTURE SENSORS

DATA (SUB)SET

RISK STRATIFIED FEEDBACK

ANT+
BT-LE

MCU + COMMUNICATION
PROTOCOL
-DATA ALGORITHM
ANALYZE SENSOR DATA
-WIRELESS COMM.

REAL-TIME,
DIRECT
FEEDBACK

GRAPHIC DISPLAY

-WRISTBAND
-HANDHELD DISPLAY
-PC MONITOR

FUTURE ANALYSIS

BACK STIMULATOR

-ELECTRO-TACTILE
-VIBRO-TACTILE
-PRESSURE-TACTILE
-TEMPERATURE-TACTILE

DATA COLLECTION

-GIS ONLINE DATABASE
-PC THROUGH USB
-PRIVATE NETWORK
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